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BELGRADI,

in typographia principatus Serbici

1874,

The title page of the first journal volume in Latin

JpyUITBa OCHOBaHOT 1872. roguHe, NpBM NyT WTaMnaH 1874. rogune,

y KojeM ce 06jaBbyjy pasou €wiaHoBa CpIICKOT JIeKapCKOT pYIITBa,
TIPETIIATHMKA YaCOTIVCA ¥ 4IAHOBA IPYTUX APYIITaBa MEUIMHCKIX ¥ CPOTHIX
crpyka. O6jaBbyjy ce: YBOJHMIIN, OPUTMHAIHY PajIOBH, IPETXOHA U KpaTka ca-
OINIITEH:A, IIPUKa3y GO/IECHNKA U CTy4ajeBa, BULIeO-WIAHIIN, CTIUKe U3 KIIMHIIKe
MeJIVIHe, TIPET/Ie{HN PajIOBY, aKTye/THe TeMe, PaJIOBM 3a IIPAKCY, PajIOBY U3
MCTOpYje MeUIIMHE Y je3VKa MeMIINHE, MeIUIIMHCKE eTVKE VI Pery/aTOPHUX
CTaHJAp/la Y MeMIMHY, U3BEIITaj) ca KOHIPeca M Hay4YHMX CKYIIOBA, TINMYHY
CTaBOBMU, HAPYYEHY KOMEHTAPU, MICMa YPEJHUKY, IIPUKA3U KIbUTA, CTPyYHE
BeCTU, In memoriam u gpyru Npuao3mu.

CBU PyKOIICH KOji Ce pa3MaTpajy 3a ITamiame y ,,CPIIcKkoM apX1By 3a
IIe/IOKYITHO IEKapCTBO He MOTY Jia e IOofHeCy uin Aa 6yny pasMaTpaHu 3a
my6/mKoBarbe Ha ApyTuM MecTuMa. PasioBy He cmejy ia Oy/ly peTXOHO MTaM-
TIaHM Ha IPYTUM MeCTUMa (IeMMIIHO M/ Y OTIIYHOCTH).

ITpucnenn pykoruc Ypehusauku o6op 1mame perieH3eHTIIMA pajiyt CTPYYHe
nporieHe. YKONMMKO pelleH3eHTH TIPefioyKe M3MeHe VI JIONyHe, KOTIija pelleH-
3uje ce JOCTaB/ba ayTOPY C MONOOM JIa YHece TpakeHe M3MeHe Y TeKCT pajia W/
Jla apryMEeHTOBaHO 00Pas/IOKIL CBOje Hec/arame ¢ mpuMes6amMa pelieHseHTa.
Konauny ofryKy o mpuxBaramy pajia 3a IITaMITy JJOHOCH IJTaBHU VI OTOBOPHM
YPEIHUK.

3a o6jaB/beHe pajiose ce He ucmahyje XoHOpap, a ayTOpcKa Mpasa ce Ipe-
HOCe Ha u3fjaBaya. Pyxomucu u npunosu ce e Bpahajy. 3a penpopykuujy mim
MIOHOBHO 00jaB/blBatbe HEKOT CeTMEHTa pajia MyO/MMKoBaHor y ,,Cprickom ap-
XVBY HEOIXOJHA je CAIJIACHOCT M37laBayva.

PajioBu ce mTaMmnajy Ha eHITIECKOM j€3UKY Ca KPaTKMM Cafip>kKajeM Ha eH-
I7IecKOM 1 cprickoM jesuky (hupwmia), OTHOCHO Ha CPIICKOM je3MKY, ca KpaT-
KIM Cafip)KajeM Ha CPIICKOM U eHITIECKOM je3UKY.

AyTOpM MpyUXBaTajy IOTIYHY OATOBOPHOCT 3a TAYHOCT Ie/IOKYTIHOT Cajip-
aja pykomnuca. Marepujan nmy6nukaipyje IpefcTaB/ba MUAIUbEE ayToOpa I
HIIje HY)XHO 0oipa3 Muljberba CpIICKOT leKapcKor ApyiTsa. C 063upom Ha
6p3 HaIpeaK MeUIMHCKe HAyYHe 06/1aCTH, KOPUCHULY Tpeba [ja He3aBICHO
npolewyjy nHbOpMaLujy pe Hero LITO je KOPUCTE UK Ce Ha by OC/Iabajy.
CpIIcKO JTIeKapCKo APYLITBO, ypeaHuK uin Ypehusauku ogbop ,,Cprckor ap-
XUBa 32 L[e/IOKYITHO IEKAPCTBO He IPMUXBATajy 61110 KaKBY OATOBOPHOCT 32
HaBOJie y pajioByMa. PekaMHn matepujai Tpeba fja 6yzie y CKIafy ¢ e TM9KUM
(MeMIIMHCKMM) ¥ TIPAaBHUM CTaHAapAuMa. PekTaMHU MaTepujan yK/bydeH y
0Baj 9acOMIC He TAPAHTYje KBAaTUTET WM BPEJHOCT OT/IAIIeHOT TPOM3BO/aA,
OJJHOCHO TBpJjtbe pou3Bohaya.

ITopHeceHM PYKOIIVC IIOIPa3yMeBa Jia je HheroBo Iy0mKoBame ofo6puo
OJITOBOPHI Ay TOPUTET YCTAaHOBE Y KOjOj je MCTpakuBame 06aB/beHo. VsmaBay
ce Hehie cMaTpaTy MPaBHO OJATOBOPHYM Y C/Ty4ajy HOHOLIEHa 61110 KaKBOT
3axTeBa 3a KoMiensanujy. Tpeba fa ce HaBey CBM U3BOPM UHAHCHPaAHbA Pajia.

Cpncxu apXVB 3a IENIOKYITHO TeKapPCTBO je Yacomc CPIICKOT IeKapCKOoT
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SUMMARY

Introduction/Objective The aim of this study was to investigate the prevalence and conditions of teeth
with molar incisor hypomineralization (MIH) in the early adult population.

Methods A cross-sectional study was conducted involving 298 students from the School of Dental Medi-
cine, University of Belgrade, from the third to the fifth year of study. The presence of MIH was registered
on the basis of European Academy of Paediatric Dentistry diagnostic criteria, and oral health and caries
risk were assessed by standard dental examination and determination of DMF index values. The MIH
sample was divided into two groups: untreated teeth (the estimation of the degree of hypomineraliza-
tion was based on the color, location, and size of the hypomineralized part of the enamel) and treated
teeth (where types of preventive and various restorative treatments were registered). Statistical analysis
was performed using the x° test (p < 0.05).

Results MIH was observed in 90 subjects (30.2%). The results of the oral health examination showed that
the average DMF index was medium risk (7.66) for the MIH sample. MIH-untreated teeth showed a mild
or moderate degree of hypomineralization. The presence of extensive carious lesions, secondary caries,
as well as the loss of the first permanent molars was statistically significantly higher (p < 0.05) compared
to the sample without MIH changes.

Conclusion The study results confirmed the problem in recognizing and adequately treating MIH-altered
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INTRODUCTION

Hypomineralization of molars and incisors
(MIH) is a developmental enamel disorder
that affects first permanent molars and often
permanent incisors [1]. The clinical picture
of MIH depends on its severity and can range
from opaque white, cream-colored markings
or yellow-brown color, superficial enamel de-
fects to atypical caries located on at least one
permanent molar [2].

MIH is a qualitative enamel defect caused by
reduced mineralization, which, according to re-
search by Crombie et al. [3], can be up to 58.8%.
The mineralization disorder occurs at the level
of the enamel-dentine junction and spreads to-
wards the surface of the tooth. Pathogenetically,
MIH results from dysfunctional ameloblast re-
sorption and inhibition of proteolytic enzymes,
which results in retention of enamel proteins,
disruption of hydroxyapatite crystal growth and
enamel maturation [4]. The enamel of hypo-
mineralized teeth is structurally compromised

due to higher protein and water content, altered
color, increased porosity and irregularly orga-
nized hydroxyapatite crystals [5]. Mechanical
property tests (hardness and modulus of elas-
ticity) of enamel affected by MIH reveal signifi-
cantly lower values compared to healthy enamel
[3]. The consequences of this enamel structure
are increased tooth sensitivity (especially in the
early eruptive phase), increased accumulation
of dental plaque and, consequently, a tenden-
cy to rapid caries development [6]. Therefore,
MIH represents a public health concern that
negatively affects the oral health of patients, as
well as a significant therapeutic challenge for
clinicians [7, 8].

Although MIH can be diagnosed in child-
hood at the time of eruption of permanent first
molars and central incisors (6-8 years), clini-
cians are often faced with the consequences
of unrecognized MIH lesions that have not
been adequately treated [4]. MIH is often mis-
diagnosed or diagnosed too late, so the ther-
apy of hypomineralized teeth is delayed and
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inappropriate [9]. Due to extreme sensitivity and difficulty
in maintaining oral hygiene, patients with hypomineraliza-
tion avoid regular dental check-ups, which, combined with
difficulties in achieving proper anesthesia, consequently
deepen dental anxiety [9, 10]. Hypomineralized teeth are
sensitive and painful, and their therapy is therefore com-
plex and specific [10]. The porous structure of enamel
with weakly bonded crystals and irregular arrangement
of enamel prisms makes adhesion difficult, compromising
the success of restorative treatments, which often results in
the occurrence of subacute pulpitis [11]. Therefore, MIH
patients require significantly more dental interventions
compared to patients without MIH [12].

Therapeutic approaches for hypomineralized teeth can
be implemented in three directions: prevention, restorative
procedures (with or without endodontic therapy), and ex-
tractions. Preventive measures are implemented through
adequate risk assessment, early diagnosis, remineralization,
desensitization, fissure filling, education on maintaining
proper oral hygiene, and the benefits of anticariogenic nu-
trition. Materials used in restorative procedures are most
often glass ionomer cements (GIC), resin-modified GIC,
compomers, composite materials, metal crowns, and on-
lays [13-16].

After adequate preventive and restorative procedures
have been carried out, it is necessary to constantly con-
trol the marginal integrity of restorations (due to frequent
enamel fractures) and to ensure that the patient is adhering
to an adequate hygienic—dietary regime [15, 16, 17].

Studies on the prevalence and degree of hypomineral-
ization, as well as applied therapeutic procedures of MIH,
were conducted in children and their results indicate a
different prevalence of MIH (2.8-40.2%) [18]. Limited
data exist on monitoring the success of applied preven-
tive and therapeutic measures, as well as the follow-up of
MIH-affected teeth in early adulthood. It is necessary to
analyze the success of implemented preventive measures,
methods of therapy, as well as the stability and adequacy
of restorations using certain dental materials in the treat-
ment of MIH.

The aim of this study is to examine the prevalence and
condition of hypomineralized first permanent molars and
incisors in the population of young adult patients (students
of the School of Dental Medicine, University of Belgrade).

METHODS
Data source

The present study was designed as an observational cross-
sectional study and carried out during the summer se-
mester (March 14th - May 13th) of the academic year
2021/2022. The study protocol was approved by the Ethics
Committee of the School of Dental Medicine, University of
Belgrade, Belgrade, Serbia (No 36/31) in accordance with
the Declaration of Helsinki.
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Participants

Participants in this study were 298 students (223 female
and 75 male) in the sixth, eighth, and tenth semester at-
tending the School of Dental Medicine, University of
Belgrade, Belgrade, Serbia, who voluntarily gave and
signed their written consent (available in the Appendix)
to participate in the research. Students born between 1993
and 2001 participated in the study, with the majority of
participants born between 1998 and 2000, resulting in 157
students (more than 50%).

All students were divided into two groups: a sample
without MIH and a sample in which MIH was diagnosed.
Eligibility criteria were as follows: all students who showed
at least one tooth affected by molar-incisor hypominer-
alization were referred for inclusion in the study and cat-
egorized in the MIH group. Exclusion criteria were the
following: patients undergoing orthodontic treatment
with a fixed appliance, which did not allow an adequate
clinical examination. Students with other developmen-
tal defects of teeth (fluorosis, amelogenesis imperfecta,
and dentinogenesis imperfecta), or syndromes associated
with enamel formation defects were classified in the group
without MIH.

Recording procedure

The clinical examination was performed in a dental clinic
setting, using a standard dental mirror and probe by one
examiner, assisted by two students. Data on the status of
all teeth were recorded, classified, and entered into a modi-
fied WHO epidemiological survey record from 2013 [19].
After a clinical dental examination of the dental status of
all participants, an MIH sample was selected, consisting of
subjects in whom the diagnosis of hypomineralized molars
and incisors was confirmed. The presence of MIH was
registered on the basis of European Academy of Paediatric
Dentistry diagnostic criteria:

» Demarcated opacities,

o Enamel disintegration — posteruptive enamel break-
down,

« Atypical restorations,

o Extraction due to MIH,

« Retention or non-eruption of molars and incisors,

o Larger and atypical carious lesions with blurring along
the edges of the cavity [20].

Lesions smaller than 1 mm were not verified as MIH,
nor were changes in the form of opacity observed only on
the incisors, without molar involvement [20].

The condition of all teeth, including first permanent
molars and upper central incisors, was recorded in the
questionnaires for both groups (with or without MIH)
(questionnaires available in the Appendix). The occurrence
and size of carious lesions (primary and secondary) were
noted, as well as the presence of preventive treatments (seal-
ants), restoration of examined teeth (occurrence and size
of the fillings, prosthodontic treatment), endodontic treat-
ments, and the number of extracted teeth. Oral health and
caries risk were assessed by standard dental examination
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and determination of DMF-T (Decayed, Missing,
Filled Teeth) index values [21].

Jovanovi¢-Medojevi¢ M. et al.

Table 1. Distribution of color, localization and size of lesions of molar incisor
hypomineralization (MIH)-affected teeth that were not treated

The sample with MIH was divided into two | Teeth with MIiH 16 | 11 | 21 | 26 | 36 | 46 | TotalN (%)
groups: untreated teeth and teeth that had under- White 24 135136 | 18 | 14| 22 | 149(87)
gone preventive and restorative treatment. In un- | Color Yellow 211 ]213]7 16 (9)
treated hypomineralized teeth, information about Brown 1 1123 7(4)
color (white, yellow, or brown), localization (Ves- || ocalization | cuoular/oral | 14 | 12 | 14 | 11 | 11 | 18 | 80(46)
tibular or oral surfaces and/or occlusal or incisal) Occlusal/incisal | 13 | 24 | 23 | 10 | 8 | 14 | 92(54)
and size of the lesion (< 30% of the tooth surface <30% 24 35|37 |18 |17 |28 | 172(92)
(mild defects), 31-49% of the tooth surface (mod- | > 31-49% 311 3124 13(8)
erate defects), > 50% of the tooth surface (severe >50%

defects)) were recorded and, based on them, the
degree of hypomineralization was assessed [17].

Statistical analyses

Statistical analysis of the obtained data was performed us-
ing the y’ test for independent samples at a confidence level
of 5% (a = 0.05).

RESULTS

In the population of 298 students in the third, fourth,
and fifth year of basic integrated studies at the School of
Dental Medicine, University of Belgrade, Belgrade, Serbia,
MIH was observed in 90 subjects, representing 30.2% (75
female, 15 male). In the group with MIH (90 students),
nine subjects had no caries, fillings, or non-orthodontic
extractions.

The color distribution, localization, and size of enamel
defects are shown in Table 1. Among MIH-diagnosed teeth
without any preventive and therapeutic procedures, a mild
(92%) or moderate degree of hypomineralization (8%) was
observed, with mostly white spots (87%) that affected the
vestibular/oral (46%), that is, occlusal/incisal (54%) sur-
faces of the teeth relatively equally.

The results of the oral health examination showed that
the DMF for the sample with MIH (D - 37, M - 55, F -
589) / 90 = 7.66. The results of the analysis of teeth affected
by MIH in which different therapeutic procedures were
applied, revealed the presence of extensive caries lesions,
secondary caries, as well as the loss of teeth affected by
MIH that was statistically significantly higher (p < 0.05)

compared to the sample without MIH changes (Tables 2
and 3).

A statistically significant difference was observed in the
number of surfaces affected by fillings of the first perma-
nent molars in the sample with MIH compared to molars
not affected by hypomineralization (Table 4 and Figure 1).

DISCUSSION

The prevalence of MIH in our study was 30.2%. The de-
gree of representation is somewhat higher compared to the
results of epidemiological studies, which reported a rate
of 3.6-25% in European countries [22, 23]. However, the
results of the Jalevik [24] systematic review show a wider
variation in the prevalence of MIH (2.4-40.2%). There are
no official data on the prevalence of MIH for Serbia, al-
though it is estimated to be around 19.5% [25]. The reasons
for the higher degree of MIH in this population can be
found in the turbulent time in which the subjects were born
(time of NATO bombing and exposure to various stressful
and toxic factors) [1-4]. This increase in MIH is in agree-
ment with the results of an epidemiological pilot study by
Elzein et al. [26], who observed a positive correlation in
the prevalence of MIH in the bombed areas of Lebanon.

The sex of the students was not significant in the find-
ing of MIH, although a greater number of women showed
MIH changes (75 female and 15 male), which reflected the
structure of the sample (223 female and 75 male).

It is fully expected that teeth in which MIH has been
observed, where preventive and therapeutic procedures
have not been carried out, show mostly isolated mild

Table 2. Distribution of preventive and therapeutic procedures in a sample with and without molar incisor hypomineralization (MIH) on per-

manent first molars

Tested teeth

Procedure

16 26 36 46
Preventive and therapeutic without MIH | with MIH | without MIH | with MIH | without MIH | with MIH | without MIH | with MIH
method (208) (90) (208) (90) (208) (90) (208) (90)
Fissure sealing 52(25%) | 13(14.4%) 10 (9%) 52 (25%) 10 (9%) 60 (28.8%) | 13 (14.4%)
Temporary fill 1(1.1%)
DMG Icon
Endodontic therapy 2 (1%) 2 (1%) 1 (0.5%) 2 (1%) 1 (0.5%)
Crowns inlay onlay veneers 1(0.5%)
Non-orthodontic extractions 4 (1.9%) 5 (5.6%) 2(1%) 3(3.3%) 3(1.4%) 6 (2.9%) 3(1.4%) 13 (14.4%)
Caries 3(3.3%) 2 (1%) 4 (4.4%)
Secondary caries 2(1%) 4 (4.4%) 2(1%) 4 (4.4%) 1(0.5%) 2(1%) 1(0.5%) 4 (4.4%)
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Table 3. Distribution of preventive and therapeutic procedures in a sample with and
without molar incisor hypomineralization (MIH)on permanent upper central incisors

therapeutic procedures in the sample with
and without MIH on the first permanent

Tested teeth inci indi
Procedure mo'lars and central upper incisors indicates
11 21 an increased number of primary and sec-
Preventive and therapeutic | without MIH | with MIH | without MIH | with MIH ondary carious lesions in the MTH sample
method 208 90 208 90 . .
Fissure sealin (208) €0 (208) €0 compared to students without this hypo-
Temborar ﬁ”g mineralization. Hypomineralized molars
porary have a five- to 10-times greater need for
DMG Icon 1(1.1%) 2 (1%) i
. dental treatment than molars without MIH
Endodontic therapy 1(0.5%) 4 (4.4%) 4 (4.4%) 131. Th . fh . lized
Crowns inlay onlay veneers 1(0.5%) 2 (1%) 1(0.5%) 2 (1%) [ ]h ¢ refstoratlon N ypor{)lllnera 1ze
Non-orthodontic extractions t?et Yery N t.en presents a pro ern., espe-
Caries 201%) 1(0.5%) c1a11¥ in de.ﬁnlng the edges of the cavity (hy-
Secondary caries pomineralized parts of the enamel cause the
appearance of marginal permeability and
T endanger the success of the restoration). It
s Al 26 u MIH, IV, . .
o 0 CHTO% is recommended to include the complete
17.80% porous enamel in the cavity, but with the
e maximum preservation of healthy enamel
TR R—— that has changed color [26]. For this rea-
el = Wil ™ Witk = M1V, 23.30% L 220% M, son, it is extremely important to recognize
I " .
Mi M M Mo | VY T e MIH changes and start increased prevention
. 9 3.7 .
- il il e L i i as soon as MIH teeth emerge, due to their
T propensity for posteruptive enamel deterio-
% M S " Mz';'éfﬁ ration and higher prevalence of carious le-
1890% M, — sions. The frequent occurrence of secondary
1S MIH, IV, 14.40% — caries and tooth crown fractures requires
11.10% ey = more frequent dental controls with moni-
— o = wingtke ™ WO v . toring of the success of the implemented
ot “ Mix e 2.9 HE Min preventive and therapeutic procedures.
GtMH m [ Ba. Defects on the incisors are usually
milder than the changes on the molars,

Figure 1. Distribution number of surfaces with fillings on the first permanent molars

or moderate degree of hypomineralization, with mostly
white spots. This population includes 10% of BO students
(without caries, fillings, and extractions due to caries).
Therefore, it is extremely important to recognize the de-
gree of these hypomineralizing changes, in order to apply
adequate preventive and therapeutic measures. A mild or
moderate degree of hypomineralization with adequate
maintenance of oral hygiene enables a healthy set of teeth.

The increased degree of caries risk in the MIH sample
(7.66, i.e., medium caries risk) indicates a high vulner-
ability of the MIH population to the occurrence of cari-
ous lesions. The presentation of different preventive and

and the mild, mostly yellow-white changes
are discolored over time by food and drink
dyes and are less noticeable with age. Resin infiltration
technique (DMG Icon; DMG America LLC, Ridgefield
Park, NJ, USA) was performed on three teeth of the MIH
population in order to improve the aesthetic properties
of these teeth. This preparation improves optical proper-
ties by acting on translucency (the refractive index of the
resin infiltrate (1.52) is close to the index of healthy enamel
(1.62)) [19]. Preparation for aesthetic fillings of hypomin-
eralized incisors should be as conservative as possible, and
the degree of treatment depends on the patient’s age, aes-
thetic concern, and interest of the patients themselves, as
well as the severity of the lesion.

Table 4. Distribution number of surfaces with fillings on teeth 16, 26, 36, 46, 11, 21 in the sample with and without molar incisor hypominer-

alization (MIH)

Tested teeth 16 26 36 46 11 21
Number of surfaces without | with | without | with | without| with | without| with | without| with | without| With
with fillings MIH MIH MIH MIH MIH MIH MIH MIH MIH MIH MIH MIH
9 (208) (90) (208) (90) (208) (90) (208) (90) (208) (90) (208) (90)
| 2 16 2 21 4 21 4 13 2 2 4 4
(1%) | (17.8%) | (1%) | (23.3%) | (1.9%) | (23.3%) | (1.9%) | (14.4%) | (1%) (2.2%) | (1.9%) | (4.4%)
I 2(1%) 2 1 7 20 8 17 6 18 1 1
Y 1(233%) | (3.7%) | (22.2%) | (3.8%) | (18.9%) | (2.9%) | (20%) (1.1%) (1.1%)
m 4 12 2 13 14 4 10 2 2
(1.9%) | (13.3%) | (1%) | (14.4%) (15.5%) | (1.9%) | (11.1%) (2.2%) (2.2%)
v 2 4 6 1 10 1 8
(1%) (4.4%) (66.7%) | (0.5%) | (11.1%) | (0.5%) | (8.9%)
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However, the incisal edge of MIH central incisors tends
more often to have post-eruptive fractures, which represents
a challenge in restoration; thus, significantly more endodon-
tic treatments were performed on the central incisors of the
MIH population compared to students without MIH.

Also, the size of the restorations, that is, the number of
tooth surfaces included in the restoration is significantly
higher in the population of students with MIH. The large
area of hypomineralized first permanent molars is prob-
ably a consequence of higher enamel porosity and lower
mechanical resistance, especially in severe MIH lesions.
First permanent molars as occlusion carrier teeth must
be adequately restored prosthetically in order to prevent
pathological fractures of these teeth.

Endodontic treatment of first permanent molars with
MIH does not show a higher degree of frequency compared
to students without MIH. The reason is probably in the age
of the patients. Based on the anamnestic data obtained from
the subjects, it was found that the MIH-affected molars
were the cause of their dental problems from the moment
they erupted. They were restored with fillings that did not
persist long in the cavity, with frequent occurrence of sec-
ondary caries and crown fractures. Complex and long-term
endodontic therapies were carried out on such teeth, but
they usually had to be extracted. A systematic review by
Taylor et al. [27] showed that partial and coronal pulpoto-
mies have both short- and long-term high success rates,
while conventional pulpectomy or regenerative techniques
have limited success in MIH molars. Thus, partial or coro-
nal pulpotomies can be considered as a potential endodon-
tic treatment option for molars affected by MIH.

The presentation of different therapeutic procedures in
the sample with and without MIH on the first permanent
molars indicates an increased number of non-orthodontic
extractions in the MIH sample compared to students with-
out this hypomineralization. Extracted first permanent
molars have a significant impact on adequate occlusion,
and expensive implant-prosthetic solutions are necessary.
Extraction of first permanent molars with severe hypomin-
eralization changes and a poor prognosis must be considered
at an early age based on a comprehensive dental evaluation.
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A multidisciplinary approach that includes the opinion of
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to enable balance and compensation of the bite [28].
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over time and the possible formation of priorities and ways
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CONCLUSION
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and their adequate therapy. During the treatment of MIH
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long-term prognosis must be taken into account, as well
as specific characteristics in the form of increased pain
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Y4ecTanocT M TeXkMHa XMNoMMUHepanusaumje monapa M cekytuha y CTYAEHTCKO]

nonynaumju — cTyamja npeceka

Munuua JosaHosuh-Megojesuh', [iparaHa JosaHosuh?, MuHa MegojeBuh®#, Ctpaxutba Heguh', hophe Crpatummposuh’,

Carba Byjawkosuh', MupjaHa Byjatukosuh!’

'YHuBep3utet y beorpagy, Cromatonoluku dakynteT, KnuHnka 3a 6onect 3yba n eHgopoHuujy, beorpag, Cpbuja;

YHneepautet y beorpaay, Cromatonowku dakynteT, beorpag, Cpbuja;

YHneep3uTeT y bopgoy, MeauUmMHCKN ncTpaxinBauky LeHTap,broTuc’, Y1026, Boppo, paHuycka;
*YHuBep3uTeT y beorpagy, CromatonoLku Gakyntet, IMnnaHTONOLLKO-UCTPpaxmBayKy LeHTap, beorpag, Cpbuja;
YHueep3uTet y beorpaay, Cromatonowwku dakynteT, Kateapa 3a HctutyTcKe npeamerte, beorpag, Cpbuja

CAMETAK

Yeoa/Uwm Linmb oBor nctpaxusara 6uo je fa ce ncnutajy
YYeCTanocT U CTakbe XMMOMMHePan30BaHNX NPBUX CTalHUX
monapa (molar incisor hypomineralization — MIH) y cTyaeHTCKOj
nonynauuju.

Metope EnngemunonollKka cTyamnja npeceka cnpoBefeHa je
HaKoH aobujarba NMcaHe carnacHocTh 298 ncnutaHvka — cTy-
neHata Ctomatonowkor dakynteta YHuBep3uteta y beorpagy
oa lll po V roagnHe ctyauja. Mpucyctso MIH-a pernctposaHo
je Ha ocHoBYy KpuTepujyma EBponcke akagemuje 3a geuyjy cTo-
MaTonorujy, a CTaHA4apAHMM CTOMATOJOWKMM NPeriefom 1
oppehrBarbem BpeaHocTU nHAekca KEM npouereH je pusnk
3a OpasiHo 3[paBsbe 1 Kapujec. Y3opak ca MIH-om nogerbeH
je'y pBe rpyne: HeneyeHu 3y6u (Ha Kojma je Ha ocHoBy 6oje,
noKanusavmje 1 BeNMYMHe X1NoMVHepan3oBaHor fena rnehu
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npoLeHeH CTeneH XMnoMnuHepanusayuje) n neyeHu 3yom (Ha
KOjViMa Cy pervcTpoBaHu NPEBEHTVIBHM 1 Pa3INYNTL pecTa-
ypaTuBHM TpeTMaHu). [oaaum cy CTaTUCTUYKM aHann3npaHu
TecTom ¥* (0 = 0,05).

Pesynrtatn MIH je youeH Kog 90 ncnutaHuka (30,2%). Pesyntatu
OpanHor 34paBCTBEHOr Nperneaa nokasanu cy Aa je KEMN nHpexc
3a y3opak ca MIH-om 7,66. HetpeTupanu MIH 3y6u nokasanu cy
6narv nn ymepeHu cteneH xunomnHepanmsaupyje. lMpucycrso
€KCTEH3MBHWX KapWjeCHUX Ne3uja, CeKyHAapHOT Kapujeca 1
eKcTpaKLmja NpBrX CTalHVX Monapa b1no je CTaTUCTUYKM 3Ha-
uajHo Behe (p < 0,05) y nopehervy ca 3y6uma 6e3 npomeHa MIH.
3aksbyyak PesynTtati cTyguje cy notBpaunv npobnem y npe-
Mo3HaBatby W afjeKBaTHOM Neyetby 3yba n3mereHnx MIH-om.
KrbyuHe peun: xunomviHepanusalmja npmx Monapa v cekyT-
ha; MIH; ctypeHTcKa nonynauyja; cTyamja npeceka
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Informed Consent of the Patient

Researchers:

Prof. Dr. Mirjana VujaSkovic¢

Assoc. Prof. Dr. Milica Jovanovi¢-Medojevié
Student Dragana Jovanovi¢

Student Katarina Teofilovi¢

Study: Dental status of teeth affected by Molar-incisor hypomineralisation in students’ population

With this document, we wish to inform you about the aim and significance of this research. Please read this
document carefully, and if you have any additional questions, feel free to ask the researchers.

This study has been approved by the Ethics Committee of the Faculty of Dentistry, University of Belgrade, under the
number .........

What is MIH?

Molar-incisor hypomineralization (MIH) is a developmental disorder that most commonly affects the first
permanent molars and incisors. Healthy enamel is a highly mineralized hard dental tissue, composed of 96%
inorganic materials, 1% organic materials, and 3% water. MIH is a qualitative enamel defect caused by reduced
mineralization (lower percentages of apatite, calcium, and phosphate), making the enamel of these teeth
dysfunctional due to higher protein and water content. Hypomineralized enamel has an altered color, is porous,
prone to fractures, and more susceptible to rapid caries development.

What is the goal-aim of the study?

The goal of this study is to identify various etiological factors involved in the development of MIH, as well as to
assess the application of different therapeutic methods and the survival rate of MIH-affected teeth in younger adult
patients, specifically in the student population of the Faculty of Dentistry.

What data will be collected in this study?

Data will be collected on potential etiological factors that caused the development of dental hypomineralization, as
well as the size, location, and color of such lesions. The type of therapy applied to the hypomineralized teeth will
also be noted.

How will the data be handled?
At the end of the study, the results will be published in a scientific journal. In this article, no participant will be
identifiable. Data will be preserved for an indefinite time.

CONSENT FORM

I am well informed about this study. I have thoroughly read this information. I had the opportunity to ask any
questions regarding this research, and they were answered to my satisfaction. I agree to participate in this study. I
understand that I can withdraw my consent at any time without any justification.

Name and 1ast DAME: ..............ccoieeerece e e e
Date of Birth: ............
SIZNALULE: ...
Date: ...

By signing this, I confirm that I have been properly informed, both orally and in writing, about the research.
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Subject number

Dental record number

Patient’s initials

Date of birth

Smoker: 1-No 2 - Yes cigarettes per day

@
wio Epidemiological dental record 2013.

Dental Status by Tooth Surfaces:

Date of clinical examination

Clinical research record (patients without MIH)

Gender 1-M 2-F

18 |17 |16 |15 |14 |13 |12 |11 |21

22

23

24

25

26

27 |28

Occ.

Mes.

Buc.

Dis.

Oral.

48 |47 |46 |45 |44 |43 |42 |41 |31

32

33

34

35

36

37 38

Occ.

Mes.

Buc.

Dis.

Oral.
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Parameters recorded on different tooth surfaces and entered into the Status:

e 0 = healthy

e 1= cavity

e 2 =secondary cavity

e 3 =filling without caries

e 4 =missing due to caries

e 5 =missing for other reasons

e 6 =sealed fissures

e 7 =fixed prosthetic restorations/crowns, dental implants, veneers

e 8 =unerupted

e 9 = extracted for orthodontic reasons
Additional notes
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Subject number

Dental record number

Patient’s initials

Date of birth

Smoker: 1-No 2 - Yes cigarettes per day

wio Epidemiological dental record 2013.

Dental Status by Tooth Surfaces:

Date of clinical examination

Clinical research record (patients with MIH)

Gender 1-M 2-F

18 |17 |16 |15 |14 13 |12 |11 |21

22

23

24

25

26

27 |28

Occ.

Mes.

Buc.

Dis.

Oral.

48 |47 |46 |45 |44 43 42 |41 |31

32

33

34

35

36

37 |38

Occ.

Mes.

Buc.

Dis.

Oral.
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Parameters recorded on different tooth surfaces and entered into the Status:

e 0= healthy

e 1=cavity

e 2 =secondary cavity

e 3 =filling without caries

e 4 =missing due to caries

e 5 =missing for other reasons

e 6 =sealed fissures

e 7 =fixed prosthetic restorations/crowns, dental implants, veneers

e 8 =unerupted

e 9 =extracted for orthodontic reasons
Additional notes

Table 1. Color, localization, and size of lesions on MIH-affected teeth that have not been treated

Tooth affected by MIH 17 |16 11 |21 |26 27 |36 |37 |46 47
Color White

Yellowish

Brownish

Localisation Vestibular/oral

Occlusal/incisal

Size <30%

31-49%

> 50%

Legend: Color (white, yellowish, or brownish discoloration), Localization (vestibular and oral surfaces
and/or occlusal and incisal surfaces), Size of the lesion:

o < 30% of the tooth surface (mild defects)
o 31-49% of the tooth surface (moderate defects)
o 50% of the tooth surface (advanced defects)
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Table 2. Treatment Methods for Hypomineralized Teeth

MIH affected tooth 16 11 21 26 36 46

Fissure sealing

Temporary filling (perseverance of vitality or
endodontic treatment)

Composite or GIC filling (Black classification)
Endodontic treatment (quality assessment)
Crown, inlay, onlay

Extraction
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Exploiting maxillary sinus dimensions for sexual
determination in the Bosnian and Herzegovinian
population
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SUMMARY

Introduction/Objective This study aimed to evaluate sex assessment using cone-beam computed to-
mography (CBCT) images by analyzing the dimensions and volume of the maxillary sinus. Additionally,
the study aimed to develop prediction formulas for sex assessment and assess their accuracy for the
population of Bosnia and Herzegovina.

Methods A total of 150 CBCT images were analyzed, comprising 73 males and 77 females, aged 20-
69 years. The dimensions of the maxillary sinuses - specifically, the mediolateral, superoinferior, and
anteroposterior measurements — along with their volumes, were assessed using Romexis software.
Measurements were taken from both axial and coronal projections. To develop gender prediction for-
mulas, multiple regression analysis was employed. The accuracy of sex prediction was evaluated using
discriminant functional analysis.

Results Significant differences (p < 0.05) in sinus dimensions and volume were observed between sexes.
Males had larger maxillary sinuses: left sinus volume was 27.60 + 6.87 cm? in males versus 22.10 + 5.77 cm®
in females and right sinus volume was 27.48 + 7.02 cm® in males versus 21.65 + 5.42 cm® in females. The
right maxillary sinus provided the highest accuracy for sex prediction (75%), followed by the left sinus (71%).
Conclusion The dimensions and volume of the maxillary sinus vary significantly between sexes, with
males typically having larger sinuses. A gender prediction formula based on the right maxillary sinus
offers the highest accuracy for sex prediction, achieving 75%. This formula could be a valuable tool in
forensic applications specific to the Bosnian population when other methods are not available.
Keywords: maxillary sinus; sex determination; forensic identification; CBCT; sexual dimorphism

INTRODUCTION who may be victims of bomb explosions, natu-

ral disasters, or other types of accidents. It also

The maxillary sinus is a pneumatized hollow
space located in the central portion of the up-
per jaw. Its size varies among individuals and
can be influenced by factors such as age, sex,
the level of pneumatization, and early tooth
loss. The exact function of the maxillary sinus
is still not fully understood, but there are sev-
eral theories regarding its role. It is thought to
help minimize the weight of the head, contrib-
ute to voice resonance, and prepare air intake
by heating and humidifying the air [1].

This research examines the maxillary sinus
as a valuable anatomical feature for assessing
sex based on its dimensions. Sex assessment is a
crucial area in dental forensics, playing a signif-
icant role in identifying unknown individuals

contributes to establishing a person’s identity
when identity information is lacking. In addi-
tion to forensic applications, sex assessment is
also relevant in archaeological, biological, and
anthropological studies. [2, 3]. Forensic experts
face significant challenges in sex assessment
when only skeletal fragments of individuals are
available. The most critical aspect of anthropo-
logical examination is accurately determining
sex. Due to the knowledge of gender, half of the
possibilities are eliminated, as sex is a two-op-
tion framework, meaning it can be either male
or female. Accurate sex assessment is essential
because it significantly influences factors such
as age and physical constitution. This informa-
tion is valuable for researchers across various
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fields, including medical sciences, anthropology (particu-
larly in the examination of skeletal remains), criminology
(for identifying undocumented individuals, such as in ma-
jor accidents where identification is challenging), forensic
medicine, archaeology, and others [4, 5, 6].

There are several methods for assessing the sex of un-
identified individuals based on skeletal remains and their
anatomical features. These methods include measuring
the length and height of the head, the distance between
the basion and the prosthion, and the circumference of
the head. Other measurements involve the length of the
supraorbital edge, the size of the mastoid process and the
mandibular ramus, the shape and length of the palate, and
the circumference of the occipital condyle, among others.
[3]. Unlike other anatomical features used for sex assess-
ment, the maxillary sinus of individuals exposed to fire or
other disasters invariably remains intact. This characteris-
tic establishes the maxillary sinus as a crucial element in
forensic dentistry [4, 5].

The aim of this study was to evaluate sex differences
using cone-beam computed tomography (CBCT) images
to determine the dimensions and volume of the maxillary
sinus. Additionally, the study aimed to develop formulas
for sex prediction and assess their accuracy for the popula-
tion of Bosnia and Herzegovina.

METHODS

The study was designed to measure the mediolateral (ML),
superoinferior (SI) and anteroposterior (AP) linear dimen-
sions and the volume of both right and left maxillary sinus-
es using CBCT images. A total of 150 CBCT images includ-
ing 73 males and 77 females aged 20 to 69 from the existing
database of the Dental Clinic Specialist Center, Faculty
of Medicine, University of Banja Luka were observed
in this study. CBCT images were taken using Planmeca
Viso® G7 plus (Planmeca Group, Helsinki, Finland) fol-
lowing exposure parameter settings 90kW, 4-10mA,14s
and images acquisition at 0.2 mm voxel size. CBCT im-
ages were selected based on strict inclusion and exclusion

criteria. The inclusion criteria ensured that only images of
individuals with intact maxillary sinuses were included.
Exclusion criteria included individuals under 20 years of
age, as maxillary sinus development is typically completed
by the age of 18-20 years [7]. Additionally, images were
excluded if any pathological conditions were present, such
as maxillary sinus pathology, facial deformities involving
the maxilla, deep caries, periapical abscesses, odontogenic
cysts, tumors, or significant bone loss due to periodontal
disease. These criteria were applied to ensure the selec-
tion of healthy, anatomically intact cases, thus minimizing
the impact of potential factors that could compromise the
research results. Considering the retrospective design of
the study, the CBCT images were originally acquired for
various clinical purposes. The subjects’ written consent
was obtained, according to the Declaration of Helsinki, and
the study has been approved by the local ethics committee
(Ethics Committee for Research on Humans and Biological
Materials, Faculty of Medicine, University of Banja Luka,
under approval number No.18/4. 227/24).

Performed measurements were operated in the software
Romexis 6.0 (Planmeca Group). The ML and AP dimen-
sions of right and left maxillary sinuses were measured on
axial projection while the SI dimensions of right and left
maxillary sinuses were measured on coronal projection.
On the axial and coronal projections, the slices of CBCT
image whose ML, AP, and SI dimensions had the great-
est dimensions of the left and right maxillary sinus, were
chosen as the reference for measurements.

The ML dimension was defined as the longest distance
perpendicular from the medial wall of the sinus to the
most lateral wall of the lateral process of the maxillary
sinus in the axial projection (Figure 1). The AP was defined
as the longest distance from the most anterior point to the
most posterior point of the medial wall in the axial projec-
tion (Figure 2). The SI was defined as the longest distance
from the lowest point of the sinus floor to the highest point
of the sinus roof in the coronal projection (Figure 3). The
measurements were performed by two trained examiners,
who calibrated and cross-verified their results to ensure
accuracy and consistency.
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Figure 1. Mediolateral dimension of the max-
illary sinus on axial projection of cone-beam
computed tomography
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Figure 2. Anteroposterior dimension of the
maxillary sinus on axial projection of cone-beam
computed tomography

computed tomography
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Figure 3. Superoinferior dimension of the maxil-
lary sinus on coronal projection of cone-beam
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The volume of each maxillary sinus was calculated using
the following equation [4]:

Volume = (ML x AP x SI x 0.5)

The data collected were entered into Microsoft Excel
2017 (Microsoft Corporation, Redmond, WA, USA)
and statistically analyzed using IBM SPSS Statistics for
Windows, Version 22.0. (IBM Corp., Armonk, NY, USA).
The mean values of all obtained dimensions, standard
deviations, and statistical significance (p < 0.05) were
calculated. Multiple regression formulas were created
to predict sex based on the measured dimensions. If the
result of the formula was positive, the predicted sex was
male; if negative, female. The accuracy of sex prediction
was assessed using discriminant functional analysis, with
results expressed as percentages and displayed in tabular
form. Statistical significance was set at p < 0.05 for stan-
dard significance, p < 0.001 for highly significant results,
and p > 0.05 was considered non-significant.

RESULTS

The mean values and standard deviations of the dimen-
sions of the left and right maxillary sinuses revealed statis-
tically significant differences between males and females. A
statistically significant difference (p < 0.001) was observed
in all dimensions of both maxillary sinuses between males
and females, except for the AP dimension of the left maxil-
lary sinus (APL) (Table 1).

Table 1. Mean dimensions of maxillary sinus and their standard de-
viation (SD)

. . Male Female
Dimensions p-value
Mean (mm) = SD Mean (mm) + SD
MLL 3.26+042 3.01+0.44 < 0.001
SIL 423 +0.45 3.84+043 <0.001
APL 3.93+0.36 3.75+0.32 <0.002
MLR 3.24+041 2.97+043 <0.001
SIR 423 +0.53 3.84+042 <0.001
APR 3.94+0.35 3.74+0.34 <0.001

MLL - mediolateral dimension of the left maxillary sinus; SIL - superoinferior
dimension of the left maxillary sinus; APL — anteroposterior dimension of
the left maxillary sinus; MLR — mediolateral dimension of the right maxillary
sinus; SIR - superoinferior dimension of the right maxillary sinus; APR -
anteroposterior dimension of the right maxillary sinus

It was noted in comparison between the right and left
maxillary sinus that the all dimensions of left maxillary
sinus were marginally larger than the right maxillary sinus
in females. On the contrary, in males, the right maxillary
sinus was marginally larger in dimensions than the left
maxillary sinus, apart from the ML dimensions. The ML
dimension of the right maxillary sinus was less than ML
dimension of the left maxillary sinus in males. However,
these all-dimensions differences were statistically insig-
nificant (Table 2).

It was observed that the volume of the left maxillary
sinus (VL) was marginally larger than the volume of the
right maxillary sinus (VR) in males, while in females, the
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VL was smaller than the VR. Conversely, the VR was mar-
ginally larger than the VL in females, and smaller than the
VL in males. However, these differences in volume were
statistically insignificant. When comparing between gen-
ders, the volume of both maxillary sinuses was larger in
males than in females, and this difference was statistically
significant (Table 3).

Table 2. Comparison of dimensions of the left and right maxillary si-
nuses between males and females

Sex Dimensions Mean (mm) + SD** p-value
Right Left maxillary
maxillary sinus sinus
dimensions dimensions

ML 3.24+041 3.26+042 > 0.05
Males Sl 4.23 £0.53 423 £0.45 >0.05

AP 3.94+0.35 3.93+0.36 > 0.05

ML 2971043 3.01+£044 > 0.05
Females S| 3.84+0.42 3.84+043 > 0.05

AP 3.74+£0.34 3.75+0.32 > 0.05

ML - mediolateral dimension of the maxillary sinus on axial projection of
cone-beam computed tomography (CBCT); SI - superoinferior dimension
of the maxillary sinus on coronal projection of CBCT; AP - anteroposterior
dimension of the maxillary sinus on axial projection of CBCT; SD - standard
deviation

Table 3. Comparison of mean dimensions of volume of right and left
maxillary sinuses with standard deviation (SD) between males and
females

Sex Mean (mm3) + SD p-value
Right maxillary sinus | Left maxillary sinus
volume volume
Males 27.48 £7.02 27.60 = 6.87 >0.05
Females 21.65+5.42 22.10x5.77 > 0.05
p-value <0.001 <0.001

Gender prediction formulas (Formula 1, Formula 2,
Formula 3) were developed using multiple regression
analysis, based on the dimensions and volume of both the
right and left maxillary sinuses.

Formula 1. Sex prediction formula based on dimen-
sions and volume of the left maxillary sinus.

Predicted Sex = 6.44 — 0.55 x SIL - 1.60 x MLL - 1.33
x APL +0.24 x VL

Where:

o SIL = SI dimension of the left maxillary sinus

o MLL = ML dimension of the left maxillary sinus

o APL = AP dimension of the left maxillary sinus

o VL = Volume of the left maxillary sinus

Formula 2. Sex prediction formula based on dimen-
sions and volume of the right maxillary sinus.

Predicted Sex = 5.66 - 0.67 x SIR - 1.28 x MLR - 1.16
x APR +0.22 x VR

Where:

« SIR = SI dimension of the right maxillary sinus

o MLR = ML dimension of the right maxillary sinus

o APR = AP dimension of the right maxillary sinus

o VR = Volume of the right maxillary sinus

Formula 3. Sex prediction formula based on dimen-
sions and volume of both maxillary sinuses.
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Predicted Sex = 7.16 — 0.03 x SIL - 1.25 xMLL - 0.81
X APL +0.13 x VL - 0.69 x SIR - 0.14 x MLR - 0.62 x
APR +0.13 x VR

Where:

o SIL = SI dimension of the left maxillary sinus

o MLL = ML dimension of the left maxillary sinus

o APL = AP dimension of the left maxillary sinus

o VL = Volume of the left maxillary sinus

o SIR = SI dimension of the right maxillary sinus

o MLR = ML dimension of the right maxillary sinus

o APR = AP dimension of the right maxillary sinus

+ VR = Volume of the right maxillary sinus

The sex prediction based on the dimensions and volume
of the maxillary sinuses, as shown in Table 4, ranged from
a minimum accuracy of 64% for males in the left maxil-
lary sinus to a maximum of 83% for females using both
sinuses combined.

Table 4. Classification results of discriminant functional analysis of
accuracy of sex predicted

p ; Sex predicted (%)
arameters

Male | Female | Both sexes
D|m<.-:-n5|on.s and volume of right 70 81 75
maxillary sinus
Dlmc.enswn.s and volume of left 64 78 71
maxillary sinus
Dlmgnsmn.s and volume of both 64 83 74
maxillary sinus

DISCUSSION

In dental forensics, sex assessment is a critical step in the
identification process, particularly when there is limited
information available about the deceased. It is often the
first priority for forensic experts in cases such as acci-
dents, chemical and nuclear explosions, natural disasters,
and similar situations [8]. The maxillary sinus serves as a
valuable alternative for sex assessment when other meth-
ods are impractical or impossible to use. Skeletal analysis,
particularly of pelvic morphology, is widely considered
the gold standard for determining sex due to its high ac-
curacy. However, in cases where remains are fragmented
or incomplete, the pelvis or other skeletal markers may not
be available or suitable for analysis. Since the maxillary
sinus is well-protected within the craniofacial skeleton, it
is often preserved even in instances of significant trauma
or decomposition, making it an important option for as-
sessment [9, 10, 11].

Dental structures, particularly teeth, are often used
for sex assessment due to their durability and availability.
However, prolonged exposure to environmental factors,
diseases, or wear can lead to significant degradation of
these dental elements. In contrast, the maxillary sinus re-
mains largely unaffected by such conditions, making it a
more reliable structure for analysis. Furthermore, advanced
imaging techniques, such as CBCT, have facilitated precise
measurements of maxillary sinus dimensions, enhancing
its utility in forensic identification [12, 13, 14].
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The results of this study indicate that the dimensions
of the left and right maxillary sinuses (specifically MLL,
SIL, APL, VL, MLR, SIR, APR, and VR) are larger in males
than in females, with these differences being statistically
significant. Previous studies by Gamba et al. [9], Ayyildiz
and Akgunlu [10], Mathew and Jacob [11], Elbaz et al.
[12], Rani et al. [13], and Jaideepa et al. [14] have also re-
ported that male maxillary sinuses are significantly larger
than those of females. These findings align with the results
of this study and provide additional validation. Mathew
and Jacob [11] utilized CBCT technology, which offers
greater precision compared to the two-dimensional meth-
ods employed by Elbaz et al. [12]. Rani et al. [13] noted
the influence of age, while Elbaz et al. [12] focused on an
Egyptian population, suggesting potential ethnic varia-
tions. Conversely, other studies by Barros et al. [15], Belgin
et al. [16], Gulec et al. [17], and Saccucci et al. [18] did not
find statistically significant differences in maxillary sinus
dimensions between sexes. Barros et al. [15] included sub-
jects of varying ages and nutritional statuses, which could
contribute to these inconsistent findings. While Gulec et al.
[17] used CBCT, their sample size was smaller. Belgin et al.
[16], on the other hand, relied on traditional radiographic
methods, which may have affected accuracy.

This study clearly demonstrates that the height of the
maxillary sinus is the most reliable distinguishing factor
between sexes, aligning with the findings of Teixeira et al.
[19], Mathew and Jacob [11], Kannampurath et al. [20],
and Paknahad et al. [21]. Teixeira et al. [19] specifically
noted that maxillary sinus height is the most effective
parameter for sex assessment. Similarly, the CBCT-based
study by Mathew and Jacob [11] closely aligns with our
tindings, underscoring the importance of maxillary sinus
height. Kannampurath et al. [20] further validate maxil-
lary sinus height as a reliable marker in Asian populations,
highlighting the consistency of this observation across dif-
ferent groups. Additionally, Paknahad et al. [21] confirmed
the significance of maxillary sinus height while noting vari-
ability based on the population sample studied.

Studies by Asantogrol and Cosgunarslan [22] along with
Dhandapany et al. [23] confirm statistically significant cor-
relations between maxillary sinus volume and sex, which
supports our findings. Asantogrol and Cosgunarslan [22]
highlighted the impact of anatomical variations on maxil-
lary sinus volume, making this information relevant for the
broader applicability of our results. Dhandapany et al. [23]
also emphasized the potential of artificial intelligence in
analyzing maxillary sinus volumes, suggesting that it could
improve both accuracy and applicability.

Our results indicate that the highest accuracy for sex
prediction was achieved using the dimensions and volume
of the right maxillary sinus, with an accuracy rate of 75%.
This is followed by the dimensions and volume of both
maxillary sinuses together at 74%, and lastly, the dimen-
sions and volume of the left maxillary sinus, which showed
an accuracy of 71%. These findings align with those of
Teixeira et al. [19], Prabhat et al. [24], and Wanzeler et
al. [25], but contrast with the results reported by Teke et
al. [3]. Teixeira et al. [19] found an overall accuracy rate
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of 73.6% for sex prediction based on similar parameters,
including distance between sinuses. Prabhat et al. [24]
reported a higher accuracy for the right maxillary sinus
at 80%, compared to 73.3% for the left maxillary sinus,
which is consistent with our findings. Wanzeler et al. [25]
demonstrated even greater accuracy for the right maxillary
sinus, at 80.37%, and noted high accuracy when analyzing
both maxillary sinuses together, at 84.66%.

Teke et al. [3] found lower overall accuracy for both
maxillary sinuses combined (69.3%) likely due to their
smaller sample size and older methodology.

Studies by Teixeira et al. [19], Prabhat et al. [24] and
Wanzeler et al. [25] support similar accuracy rates across
various populations, indicating the potential universality of
these methods. However, variability in findings by Gamba
etal [9] and Barros et al. [15] highlights the importance of
further validation in different ethnic groups.

The limitation of this study is the exclusion of patients
aged 19 years and younger, which may affect the accuracy
of sex prediction using the formula created in this study
when applied to a younger population.
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CONCLUSION

The results of this study revealed significant differences in
the dimensions and volume of the left and right maxillary
sinuses between the sexes. Male sinuses were found to be
larger than those of females, leading to the conclusion that
macxillary sinus dimensions can be used for sex assessment.
The highest accuracy in sex prediction was observed for
the dimensions and volume of the right maxillary sinus,
achieving an accuracy rate of 75%. The formulas devel-
oped for sex prediction suggest that this method may be
beneficial for forensic sex assessment in the population of
Bosnia and Herzegovina, especially in cases where other,
more reliable methods are not applicable. Future research
should aim to validate these formulas in various popula-
tions to evaluate their generalizability and accuracy across
different demographic groups.
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Kopuwherwe gumeHsuja makcunapHor cuHyca 3a ogpehusarbe nonay

6ocaHcKoXepLeroBaykoj nonynaumju

Wrop Hykuh', 3opaH Jeaguh?, Mupcag Kagnh?, AHeca MNMuposuh Kaguh?, OrbeHka JaHkosuh®, AnekcaHapa Pagynosuht,

ViBaH Apcuh’, AnekcaHpap Jakoerbesuh®?, HeHan HeperbkoBuh?

'YHuBep3uTeT y batboj Jyuy, MegnumHcki dakynteT, KnuHuka 3a opanHy xvpyprujy, barba Jlyka, Peny6nuka Cpricka, bocHa u
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CAXETAK

YBoa/Lum Linsb oBor nctpaxuBarba 610 je fa ce npoLeHun non
Ha OCHOBY CHIMaKa KOMMjyTepcke ToMorpaduje ca KOHYCHIM
CHOMOM aHanuM3oM JUMEH3Mja 1 BOSlyMEHa MaKCUIapHOT CU-
Hyca, Kao 1 Aa ce pasBujy dopmyrne 3a npegsubatbe nona, y3
ofpehuBatbe HIXoBe TaUHOCTY 3a nonynauunjy bocHe n Xep-
LieroBuHe.

MeTtopge AHanu3unpaHo je ykynHo 150 cHMMaKa KommjyTepcke
Tomorpaduje ca KOHYCHM cHomoM (73 MyLuKapLa, 77 »eHa) y
o6u o 20 po 69 roguHa. inmeHsmje (MeanonatepanHe, cynep-
ovpepriopHe 1 aHTePOMOCTEPUOPHE) U BOTYMEH MAKCUAAPHUX
CVHyCa MepeHH cy Kopuwherem codTBEpa Romexis. Mepera
Cy 3BpLUEHA Ha aKCWjaJTHUM 1 KOPOHAPHMM NpojeKLurjama.
Oopwmyne 3a npeasuharbe Nona reHepucaHe cy Kopuwherem
BILLECTPYKE perpecroHe aHanu3e. 3a NpoLeHy TaUHOCTY Npes-
Buharba nona KopuwheHa je ANCKPUMMHAHTHA GYHKLMOHAHa
aHanu3a.
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Pe3synTtaTtu YoueHe cy 3HauajHe pasnuke (p < 0,05) y umeH-
3MjaMa CMHyca 1 BonymeHy n3mehy nonosa. Mywkapum cy
nmanu Behe MakcunapHe criHyce: BOJlyMeH NeBOr CrHyca 6mo
je 27,60 £ 6,87 cm’® kop, MyLluKapaua Hacnpam 22,1 + 5,77 cm’?
KO[ XeHa, [I0K je BOJlyMeH IeCHOT cuHyca 61o 27,48 + 7,02 cm’
KoA MyLlKapaua Hacripam 21,65 + 5,42 cm® KOA XeHa. HecHn
MaKCUMapH1 CUHYC NPY>KMO je HajBuLLY TaYHOCT Y npefsuharby
nona (75%), Dok je neBn CMHYC MMao TauyHoCT og 71%.
3aKsbyyak [luMeH3mje 1 BosTlyMeH MaKkCUapHOr C1HYCa 3Havaj-
HO ce pa3nuKyjy nsmehy nonosa, npu yemy MyLIKapLm UMajy
Behe cvHyce. ®opmyna 3a npeasuhare nona 3acHoBaHa Ha
AEeCHOM MaKCMNapHOM CUHYCY MPY»Ka HajTauHujy NpoLieHy nona
(75%) n moxe 61TV KOpKCTaH anat y GOPEH3NYKIM NprYMeHamMa
3a nonynauujy bocHe n XepuerosrHe Kafga Apyrv METOAN HUCY
AOCTYMHN.

KrbyuHe peun: makcmnapHu cuHyc; ogpebusarbe nona; po-
peH3nuka ngeHTndmKaumja; CBCT; cekcyanHu grumopdusam
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Trabecular microcalli in lumbar vertebrae of adult men
with alcohol-associated liver disease: postmortem
micro-computed tomography assessment

Uros Andeli¢', Marko Uzelac', Filip Filipovi¢', Mihailo llle'?, Marija Buri¢3, Jelena Jadzi¢?

'University of Belgrade, Faculty of Medicine, Belgrade, Serbia;
2University Clinical Center of Serbia, Orthopedic and Traumatology Clinic, Belgrade, Serbia;
3University of Belgrade, Faculty of Medicine, Center of Bone Biology, Belgrade, Serbia

SUMMARY

Introduction/Objective Increased fracture risk was previously associated with alcohol-associated liver
disease (AALD), but contemporary literature lacks the assessment of the micro-fracture healing events
(microcalli) in these individuals. We aimed to quantify microcalli in a trabecular compartment of lumbar
vertebrae obtained from individuals with pathohistological confirmation of AALD.

Methods We used high-resolution micro-computed tomography scanning to evaluate the density of
trabecular microcalli in the anterior mid-transverse portion of lumbar vertebral bodies collected from
32 male adult cadaveric donors (age range: 33-75 years), divided into the AALD group (n = 13) and the
control group (n = 19). Pathohistological analysis indicated that seven individuals had the initial AALD
stage (fatty liver disease), while six individuals had end-stage AALD (alcoholic liver cirrhosis).

Results A declining trend in the density of trabecular microcalli was noted in the AALD group (1.8 + 1.7/mm?)
compared to the control (3.3 + 2.6/mm?3), but without reaching statistical significance (p = 0.080, Student'’s
t-test). The density of trabecular microcalli was not significantly different between initial and end-stage
AALD (p > 0.05; ANOVA with Bonferroni correction). Pearson correlation indicated that a decreasing trend
in the density of trabecular microcalli was associated with the deteriorated trabecular microarchitecture
of the AALD group.

Conclusions The density of trabecular microcalli was not significantly altered in the lumbar vertebrae
of men with different stages of AALD, suggesting that AALD does not have a substantial impact on the
healing process of trabecular micro-fractures and the formation of trabecular microcalli in the lumbar
vertebrae. However, future studies are required to confirm our findings.

Keywords: alcohol-associated liver disease; micro-fracture healing event; microcallus; micro-CT; lumbar
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INTRODUCTION

The adverse impacts of heavy alcohol con-
sumption on population health led the World
Health Organization to define standard alco-
holic units (i.e., standard drinks) as 10 g of pure
ethanol, with both men and women advised not
to exceed two standard drinks per day [1]. This
definition has not yet been universally adopted,
resulting in varying governmental standards
and guidelines across different countries [1].
Continuous consumption of more than three
standard drinks per day in men and more
than two drinks per day in women for more
than five years increases the risk of developing
alcohol-associated liver disease (AALD) [2].
Chronic alcohol consumption, regardless of the
type of alcoholic beverage, disrupts liver meta-
bolic functions, which results in hepatocytic
lipid accumulation, causing the appearance of
the initial pathohistological AALD manifes-
tation - fatty liver disease (FLD) i.e., steatosis
[3]. With further AALD development, acute
and/or chronic alcoholic steatohepatitis may
occur, which sets a structural base for pro-
gressive liver fibrosis [2]. Finally, irreversible

end-stage AALD, known as alcoholic liver cir-
rhosis (ALC), could be developed by fibrous
tissue accumulation and nodular organization
of liver parenchyma, making these individuals
more prone to hepatocellular carcinoma [3].
While contemporary research in AALD
focuses mainly on liver-related clinical mani-
festations, extrahepatic complications are often
neglected [4]. Due to damage of the liver-bone
bidirectional crosstalk, frequently neglected
AALD-induced extrahepatic complications are
skeletal alterations, initially classified as hepatic
osteodystrophy [4, 5]. Hepatic osteodystrophy
is a clinical term that refers to a spectrum of
skeletal abnormalities, including osteopenia,
osteoporosis, and osteomalacia, depending on
the severity and underlying pathophysiologi-
cal mechanism [4, 5]. However, more recent
studies suggest that osteomalacia, a condition
characterized by poor bone mineralization and
accumulation of unmineralized osteoid, rarely
exists in AALD [6, 7]. On the other hand, osteo-
penia and osteoporosis are reported to affect up
to one-half of patients with AALD, which was
demonstrated with an increased fracture risk,
primarily affecting the lumbar vertebrae [8, 9].
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A major problem in the clinical management of increased
bone fragility is its asymptomatic nature, which causes de-
lays in therapeutic and preventive measures [8]. Since os-
teoporosis and bone fragility are more frequently observed
in postmenopausal women, and AALD is more frequent in
men, it is essential to note that AALD may cause a change
in the sex-specificity of fracture risk [10]. Additionally, a
particularly concerning observation is the AALD-induced
shift toward earlier fracture occurrence in younger indi-
viduals [8, 11]. Further, the bone fracture mortality rate is
substantially higher in patients with AALD [12], indicating
the urgent need for adequate bone-assessing tools in the
clinical management of these patients [8].

Since direct analysis of bone fracture risk is often chal-
lenging, many studies rely on measuring various surrogate
markers of increased bone fragility [13]. The “gold standard”
in the clinical assessment of bone fragility is the measure-
ment of bone mineral density (BMD) using dual-energy
X-ray absorptiometry [13]. Although this method provides
reliable data on population-based fracture risk, it is known
that BMD alterations can only partially explain increased
bone fragility in each patient [14]. Therefore, modern re-
search focuses on analyzing other characteristics at various
hierarchical levels of bone tissue organization to understand
further the increased bone fragility in the elderly and in-
dividuals with chronic diseases [15]. Previous studies re-
ported that micro-scale alterations in the trabecular part of
the lumbar vertebrae (thinner and less numbered trabeculae
with reduced mechanical properties, deteriorated osteocytic
network, and altered bone marrow adiposity) contribute to
increased bone fragility in AALD [4, 9, 16]. Furthermore, it
has been known that microdamage accumulation, includ-
ing microcracks and micro-fractures, contributes to the
aging-related bone strength decline [17]. Previous research
indicates that bone microdamage is typically healed in the
form of globular, woven bone formations known as micro-
calli [17, 18]. Still, bone micro-fracture healing events have
not been previously investigated in AALD. Therefore, this
study aimed to quantify the density of trabecular micro-
fracture healing events (microcalli) in male individuals with

pathohistological confirmation of AALD. Additionally, to
analyze the effect of the liver disease stage on the density of
trabecular microcalli, bone samples collected from individu-
als with initial and end-stage AALD were compared. Lastly,
we aimed to estimate the potential association between mi-
cro-fracture healing events (microcalli) and disruption of
trabecular microarchitecture in lumbar vertebrae of male
individuals with pathohistological confirmation of AALD.

METHODS
Study design and study material

This cross-sectional study encompassed micro-computed
tomography (micro-CT) images stored in the digital repos-
itory of the Center of Bone Biology, Faculty of Medicine,
University of Belgrade (MFUB). Briefly, this study involved
the analysis of micro-CT scans of 32 anterior mid-trans-
verse portions of the first lumbar vertebrae that were col-
lected during routine autopsies at the Institute of Forensic
Medicine, MFUB, from deceased male adults (aged 33-75
years). The sample collection was approved by the MFUB
Ethics Committee (approval no. 1322/V-1, approval date:
20.05.2021).

The collected bone samples were divided into the fol-
lowing groups:

1) AALD group (samples of male adults with different
AALD stages, n = 13);

2) control group [samples of healthy male adults of the
same age (+ 5 years) without liver disease, n = 19].

The AALD group included bone samples from adult
men with macroscopically visible signs of chronic alco-
holism, with the visible presence of pathologically altered
liver tissue at autopsy and positive hetero-anamnestic
data on long-term alcohol consumption (more than three
units of alcohol per day for more than five years) [9].
Pathohistological analysis of liver tissue confirmed the
presence of different stages of AALD in these individu-
als (Figure 1), revealing that the initial AALD stage was

mid-transverse
portion

control
group

digital repository
of micro-CT scans

g ﬂ | 4
anterior

;501
slices

VOI
determination

microcallus
quantification

correlation with
. trabecular
microarchitecture

Figure 1. Schematic representation of methodology used in the present study; the figure is hand-generated using vector graphic editor software
(CorelDRAW Graphics Suite v.X5, Ottawa, Canada) and represents the author’s original work; AALD - alcohol-associated liver disease; L1 — first
lumbar vertebra; micro-CT — micro-computed tomography; VOI - volume of interest; ROl - region of interest
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present in seven individuals (FLD group), while the end-
stage AALD was present in six individuals (ALC group).
The control group included healthy age-matched men (+
5 years) without macroscopically visible liver disorders
and with negative hetero-anamnestic data about long-term
alcohol consumption. Pathohistological analysis of liver
tissue confirmed the absence of pathological changes in
liver tissue in these individuals (Figure 1).

Study exclusion criteria were a positive history of endo-
crine and metabolic diseases affecting the skeletal system
(e.g., hyperparathyroidism, hypogonadism, thyroid func-
tion disorder, diabetes, chronic kidney disease), hereditary
musculoskeletal changes, and the presence of solitary and/
or metastatic cancerous, infectious and/or inflammatory
lesions, as well as the use of drugs that significantly affect
bone metabolism (e.g., antiepileptics, cytostatics, corti-
costeroids, hormonal therapy, vitamin D, and bisphos-
phonates). Also, clinical or hetero-anamnestic data on
intravenous drug abuse and conditions characterized by
immobility were criteria for exclusion from the study in
potential donors of all groups.

Our micro-CT scanning was performed according to pre-
viously published recommendations to ensure adequate im-
aging quality standards [19]. Using 3D-histomorphometry
software (Bruker CTAn Micro-CT Software 2020 1.20.30.0,
Bruker, Billerica, MA, USA), all assessments were standard-
ized so that the central 501 sections were analyzed (central
section + 250 sections, Figure 1). Two researchers, inde-
pendently of each other, manually analyzed the presence of
trabecular microcalli in the selected trabecular volume of
interest (VOI). These VOIs were generated using centrally-
positioned circular regions of interest (ROI), with a diam-
eter of 5 mm (Figure 1). The microcallus quantification was
done based on previous reports [18]. In short, trabecular
microcalli were defined as globular formations made of wo-
ven bone (Figure 1), and its density was quantified per unit
of vertebral bone volume (#/mm?), while the mean results
of the two investigators were used for statistical analysis.
Further, to estimate the association between microcalli
and trabecular microarchitecture, standard vertebral mi-
croarchitectural parameters [bone volume ratio (BV/TV),
trabecular thickness (Tb.Th), trabecular number (Tb.N),
trabecular separation (Tb.Sp), and trabecular pattern fac-
tor (Tb.Pf)] were generated using 3D histomorphometry
software (Bruker CTAn Micro-CT Software 2020 1.20.30.0,
Bruker), as previously described [20].

Statistical analysis

Since the Kolmogorov-Smirnov test confirmed a nor-
mal distribution, the Student’s t-test for two independent
samples was used to assess the significance of the inter-
group differences, with a significance level of 5% and a
95% confidence interval (p < 0.05). A one-way analysis
of variance (ANOVA) with a Bonferroni post hoc test was
used to assess the significance of the difference between
different AALD stages and the control group. Further, the
Pearson correlation assessment estimated the correlation
between the density of trabecular microcalli and trabecular
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microarchitectural parameters in the obtained vertebral
samples. Non-commercially available statistical EZR soft-
ware (Easy R on R Commander) was used for data analysis.

RESULTS

The demographic data of included individuals and results
of pathohistological assessment of liver tissue samples were
presented in Table 1.

Table 1. Basic autopsy data and pathohistological assessment of liver
tissue samples

Demographic data AALD group | Control group
Age (years) 58+ 13 50+6
BMI (kg/m?) 256+7.1 25.7+2.8
Hip BMD in osteoporotic range (n) 2/13 1/19
Hip BMD in osteopenic range (n) 6/13 4/19
Previous bone fracture (n) 0/13 0/19
Pathohistological assessment of liver tissue

Piecemeal necrosis

None (n) 2/13 5/19
Mild (n) 1/13 10/19
Moderate (n) 2/13 2/19
Marked (n) 2/13 2/19
Moderate + bridging necrosis (n) 3/13 0/19
Marked + bridging necrosis (n) 2/13 0/19
Multilobular necrosis (n) 1/13 0/19
Intralobular degeneration and focal necrosis

None (n) 2/13 19/19
Mild (n) 7/13 0/19
Moderate (n) 3/13 0/19
Marked (n) 1/13 0/19
Portal inflammation

None (n) 4/13 7/19
Mild (n) 6/13 8/19
Moderate (n) 2/13 4/19
Marked (n) 1/13 0/19
Steatosis

None (i.e. < 5%, n) 1/13 11/19
Mild (i.e. 5-33%, n) 2/13 6/19
Moderate (i.e. 34-66%, n) 4/13 2/19
Marked (i.e. > 66%, n) 6/13 0/19
Fibrosis

No fibrosis (n) 5/13 14/19
Fibrous portal expansion (n) 1/13 5/19
Bridging fibrosis (n) 0/13 0/19
Cirrhosis (n) 7/13 0/19

AALD - alcohol-associated liver disease; BMI — body mass index;
BMD - bone mineral density

Micro-CT revealed the presence of a total of 86 tra-
becular microcalli in the analyzed samples. Representative
micro-CT findings of trabecular microcalli in lumbar ver-
tebrae of individuals with AALD are shown in Figure 2.
Trabecular microcalli were absent in 38.4% of the AALD
group and 26.3% of control samples.

As shown in Figure 3A, our data indicate a trend to-
ward a decrease in the density of trabecular microcalli in
the AALD group (1.8 + 1.7/mm?®) compared to controls
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displayed a strong positive correlation with
BV/TV and mild positive correlation with
Tb.N and Tb.Pf, implying that a trend to-
ward a decrease in the density of trabecular
microcalli in the AALD group was associ-
ated with deteriorated trabecular microar-
chitecture (p < 0.05, Table 2).

DISCUSSION

The concept of bone quality (features related
to the bone material structure and composi-
tion) is increasingly considered important
to heightened bone fragility without being
noted in standard clinical tools [15]. Bone
quality includes microdamage (micro-frac-
tures, microcracks, and its healing events
— microcalli), which accumulates due to

Figure 2. Representative findings of trabecular microcalli in individuals with alcohol-
associated liver disease, obtained by micro-computed tomography (A - transverse
cross-section, B - 3D reconstruction), C - optic microscopy, and D - quantitative back-
scattered electron imaging; the figure represents the author’s original work, arranged
using vector graphic editor software (CoreIDRAW Graphics Suite v.X5, Ottawa, Canada)

(A) #Imm3 control group #/mm3 control group

107 [] AALD group 107 FLD group
[] ALC group

8- e e 84 LI

6 6

4 ®n 44 o °

24 24 L }

0 0
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trabecular microcalli trabecular microcalli

Figure 3. Comparative assessment of trabecular microcalli in individuals with alcohol-
associated liver disease and the control group (A) and comparative assessment of tra-
becular microcalli in individuals with various stages of the disease (B); the statistical
significance of the inter-group difference was estimated using the Student t-test (A)
and ANOVA with Bonferroni post hoc test (B); bar graphs represent the data as mean
+ standard deviation, including the distribution of individual data points; the figure
represents the author’s original work generated using Origin software [Origin(Pro), Ver-
sion 2018. OriginLab Corporation, Northampton, MA, USAJ; AALD - alcohol-associated
liver disease; FLD - fatty liver disease (initial stage of alcohol-associated liver disease);
ALC - alcoholic liver cirrhosis (end-stage alcohol-associated liver disease)

physiological loading and mechanical stress
occurring in daily life [21]. Numerous stud-
ies have focused on investigating the ac-
cumulation of ageing-related cortical bone
microdamage, revealing that microcracks can
dissipate energy and stimulate bone remodel-
ing orchestrated by osteocyte mechanosens-
ing mechanisms [21, 22]. Microdamage ac-
cumulation is more prevalent in interstitial
bone, which is comparatively older than the
surrounding tissues, and it is likely to have
higher levels of non-enzymatic collagen
cross-linking and lower water content [23].
Previous research devoted less attention to
trabecular microdamage, but contemporary
data suggest that if trabecular micro-fracture
occurs extensively and if the micro-fracture
healing rate is not adequate to repair the
damage, the trabecular bone connectivity
will be lost at the site of the micro-fracture,
resulting in trabecular structural weakness,
leaving a marked impact on bone strength

(3.3 £ 2.6/mm?), but without reaching statistical signifi-
cance (p = 0.080). As presented in Figure 3B, our data
showed no significant difference in the density of trabecu-
lar microcalli in lumbar vertebrae collected from individu-
als with initial and end-stage AALD (p > 0.05).

The density of trabecular microcalli showed a strong
positive correlation with age in all investigated individu-
als and controls, indicating an increasing trend in the
density of trabecular microcalli with advanced age (Table
2). Furthermore, the density of the trabecular microcalli
displayed a strong negative correlation with BV/TV and
a moderate negative correlation with Tb.N in controls,
suggesting that increased density of trabecular microcalli
was noted in persons with lower BV/TV and Tb.N (p <
0.05). When analyzing samples from the AALD group only,
our data indicated that density of trabecular microcalli

Srp Arh Celok Lek. 2025 Mar-Apr;153(3-4):146-152

and eventually leading to aging-related fragil-

ity fracture [17, 21]. However, it is essential to
note that trabecular microdamage in patients with chronic
diseases was rarely studied. To our knowledge, only one
study revealed an increased density of vertebral trabecular
microcalli in patients with chronic kidney disease [24]. The
lack of microcalli research may have been due to the lim-
ited number of suitable techniques available for analyzing
trabecular microcalli. These techniques include 2D histo-
logical assessment using optical microscopy or scanning
electron microscopy, as well as 3D histomorphometric as-
sessment using micro-CT (Figure 2). Since our previous
studies revealed that the most prominent impairment in
micro-scale trabecular vertebral features contributes to
increased fracture susceptibility in AALD [4, 16, 25], we
aimed to assess the density of trabecular microcalli in male
individuals with pathohistological confirmation of AALD,
using a high-resolution and non-destructive methodology.
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Table 2. Correlation between density of trabecular microcalli and trabecular microarchitectural parameters in lumbar vertebrae

Parameters Microcalli and Microcalli and Microcalli and Microcalli and Microcalli and Microcalli and
age BV/TV Th.Th Th.N Th.Sp Th.Pf

Total sample (n =32)

Correlation coefficient (r) 0.455 -0.060 -0.211 0.173 -0.277 0.164

p-value 0.009 p>0.05 p>0.05 p>0.05 p >0.05 p >0.05

AALD group (n=13)

Correlation coefficient (r) 0.410 0.615 -0.367 0.578 -0.147 0.563

p-value p > 0.05 0.049 p>0.05 0.039 p>0.05 0.045

Control group (n=19)

Correlation coefficient (r) 0.690 -0.634 -0.327 -0.400 -0.128 0.205

p-value 0.001 0.045 p>0.05 0.035 p>0.05 p>0.05

Pearson correlation was used to estimate the correlation between the density of trabecular microcalli and trabecular microarchitectural parameters in collected
vertebral samples (significant correlations were presented in bold; AALD - alcohol-associated liver disease; BV/TV — bone volume ratio; Tb.Th - trabecular thick-
ness; Tb.N - trabecular number; Tb.Sp - trabecular separation; Tb.Pf - trabecular pattern factor

Still, our data revealed only a nonsignificant declining trend
in the density of trabecular microcalli in AALD (Figure 3),
implying that AALD does not have a substantial impact on
the healing process of trabecular micro-fractures and the
formation of trabecular microcalli in the lumbar vertebrae.
Considering that this result challenged our previous findings
about the deteriorated vertebral bone quality in AALD, we
relied on the Pearson correlation test to understand these
puzzling findings [4]. In accordance with previous studies,
our data revealed a strong positive correlation of microcalli
density with age in all investigated individuals and control
individuals, suggesting an increasing trend in the density
of trabecular microcalli in advanced age (Table 2) [17, 21].
The density of the trabecular microcalli displayed a strong
negative correlation with BV/TV and a moderate negative
correlation with Tb.N in our control individuals (Table 2),
implying that increased density of trabecular microcalli
was associated with aging-related bone strength decline.
Previous data suggested that neighboring microcalli are con-
densed near the endplates area, often appearing to form a
line, corresponding to the mechanical loading pattern within
the vertebral body [26, 27], while its mechanical character-
istics were similar to that of a normal trabecular bone [28],
indicating that microcalli might help maintain vertebral
bone strength in the elderly [17]. Hahn et al. [26] reported
that trabecular microcalli are most frequently found when
vertebral BV/TV was less than 11% but without further
correlation with declining BV/TV, indicating that this bone
strength-maintaining mechanism is becoming ineffective in
cases of severely declined microarchitecture. Since nine of
our individuals with AALD (69.23%) had BV/TV lower than
11%, our data support this assumption (Table 2), implying
that a trend toward a decrease in the density of trabecu-
lar microcalli in the AALD group was associated with the
highly deteriorated trabecular microarchitecture [20, 29].
Subsequently, it is reasonable to assume that the decreased
density of trabecular microcalli manifests reduced vertebral
bone strength and subsequently increased vertebral fracture
susceptibility in AALD [8].

Additionally, previous studies have not provided a clear
answer regarding whether the stage of liver disease sub-
stantially impacts bone deterioration and, consequently,
the healing process of micro-fractures. Some authors
reported that skeletal damage was more pronounced in
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patients with advanced stages of liver disease and that the
severity of skeletal changes is related to the disease stage
[4, 20, 30]. Our data did not reveal a significant difference
in the density of trabecular microcalli between individuals
with initial and end-stage AALD (Figure 3), indicating that
the AALD stage does not substantially affect the micro-
fracture healing process in the lumbar vertebrae. These
conflicting results may be due to differences in the study
design (female subjects were predominantly examined in
these previous studies), the type of chronic liver disease
(cholestatic liver diseases were predominantly analyzed
in previous studies), as well as the type of bone-assessing
methodology (optic histomorphometry and peripheral
quantitative CT were predominantly used in previous stud-
ies) or even interobserver differences when using the same
methodological approach, which indicates that further re-
search is necessary to elucidate this topic thoroughly [19].

Our study is limited by its cross-sectional cadaveric
study design, which prevents us from following the pro-
gression of skeletal damage over time. Our findings may be
biased due to the covariant effect of various confounding
factors, which could not be avoided due to the scarcity of
heteroanamnestic data. Although we utilized all available
resources, the absence of significant inter-group differ-
ences in trabecular microcalli suggested that our assess-
ment may have been underpowered due to the limited
sample size. Our assessment may have limited informative
value in evaluating bone metabolism, cellular indices, and
mineral content of trabecular microcalli in AALD indi-
viduals, underscoring the need for further research. Lastly,
this study exclusively focused on the density of trabecu-
lar microcalli in lumbar vertebrae of AALD individuals,
thereby enabling only an indirect estimate of its effect on
bone micro-fracture accumulation and healing.

CONCLUSION

Our data has revealed that the density of trabecular mi-
crocalli was not significantly altered in the lumbar verte-
brae of men with different stages of AALD, suggesting that
AALD does not have a substantial impact on the healing
process of trabecular micro-fractures and the formation
of trabecular microcalli in the lumbar vertebrae. Our data
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implied that a trend toward a decrease in the density of
trabecular microcalli in the AALD group was associated
with the highly deteriorated trabecular vertebral microar-
chitecture. However, considering this study’s limitations,
further research is necessary to confirm our results.
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TpabeKynapHU MUKPOKaNyCH CNaBUHCKUX KUUMEHUX NPLU/bEHOBA KOA 0APaC/IUX
MyLUKapaLa ca ankoxonHoM 6onewwhy jeTpe — NOCTMOPTaNHa aHa/IM3a METOA0M

MUKPOKOMNjyTepu3oBaHe Tomorpaduje

Ypouw Anfenuh', Mapko Y3enay', @unun Guannosuh', Muxanno Unne'? Mapuja Hypuh?, JeneHa Jaymh®

'YHuBep3utet y beorpagy, MeguumHcku dakynter, beorpag, Cpbuja;

YHnBep3UTETCKI KNUHUYKK LieHTap Cpbuje, KnuHuka 3a opToneacky xupyprujy n paymatonorujy, beorpag, Cpbuja;
Ynuepautet y beorpagy, MeauunHcki dakynter, Lientap 3a 6uonorujy koctujy, beorpag, Cpbuja

CAXETAK

YBoa/Lium MpeTxoaHe cTyaunje yKa3sane cy Ha noBehaH pr3mk
o[} Npenoma Kof 0coba ca ankoxonHom 6onewhy jetpe (ABL),
anu 3apacTatbe TpabeKynapHyX MUKponpenoma (y Bugy MAKPO-
Kanyca) 1o cafjia Huje NCTPaXmBaHO Kof 0BX 6onecHuKa. Linmb
HaLue cTyavje 610 je aa KBaHTUWKYje rycTUHY TpabeKynapHMX
MUKpOKasyca y ClabnHCKIM KMYMEHUM MPLUTbEHOBYIMA MyLLKUX
KafaBepUYHMX JOHOPA Ca MaTOXMCTOMOLLKOM NMOTBPAOM pPasfn-
ynTux ctagujyma Ab[l-a.

MeTopae Kopuctnnm cMo CHUMKe MUKPOKOMIMjyTepr30BaHe
Tomorpaduje BrcoKe pe3onyLuje 3a NPOoLeHy rycTriHe Tpabe-
KynapH/X MUKpOKanyca y TefiuMa CTabUHCKUX KUYMEHUX Mp-
LWbeHOBa NPUKYM/beHMX 0f 32 MyLLKa ofpacsia KajaBepuyHa
JoHopa (ctapoctu n3mehy 33 n 75 roguHa), Koju cy 6unu pas-
BpCTaHu y ABe rpyne — ABJl rpyny (n = 19) n KOHTpoOnHy rpyny
(n = 13). MNaToxmcTonowkKa aHann3a TKMBa jeTpe Nokasana je
[Ja je cepam ocoba umano nouetHun ctagmjym Abl-a (macHa 60-
NeCT jeTpe), fOK je WwecT ocoba 60oBasno of Kpajher cTagujyMa
ABb[l-a (ankoxonHa Lupo3a jetpe).

DOI: https://doi.org/10.2298/SARH241227030A

Pesyntatu Y AB/]l rpynu youeH je TpeH cMatbera ryctmHe
TpabekynapHux Mrkpokanyca (1,8 + 1,7/mm?) y nopehetvy ca
KOHTPONHOM rpynom (3,3 + 2,6/mm?), anv 6e3 focTu3akba CTa-
TUCTUYKe 3HadajHocTU (p = 0,080; CtypeHTOB T-TECT). Takohe,
Huje yTBphHeHa 3HayajHa pasnvKa y ryctuHu TpabekynapHux
MUMKpOKasyca Kof ocoba ca pa3nuuutim ctagujymmma Abl-a
(p > 0,05; AHOBA, boHdepoHujeBa post hoc aHann3a). Mupco-
HOB TECT Kopenavuuje yka3yje Aa je onagajyhv TpeHg ryctiHe
TpabeKynapHUX MKpOKayca noBe3aH ca nponafarem Tpabe-
KyfnapHe MUKpoapxuteKkType youeHe y AbJl rpynu.
3aKsbyyak Hawwm pesyntati nokasyjy fia ryctuHa Tpabekynap-
HUX MVUKPOKanyca Huije 6vna 3HauyajHo N3MerbeHa KOA MyLLKa-
paua ca pas3nuuuTum ctagujymuma Abl-a, wro ykasyje aa AbJl
Hema 3HayajaH yTuLaj Ha npoLec popmmpatba TpabekynapHuX
MUKpOKastyca CabUHCKMX KMUMeHVX NpLusbeHoBa. Vinak, aamba
UCTpaXKMBatba Cy HEOMXOfHa Kako 6V NOTBPAMIA OBe pe3ynTate.
KmbyuHe peun: ankoxonHa 60necT jeTpe; 3apacTatbe MUKPO-
npenoma; MMKpPOKanyc; MUKPOKOMMjyTepu3oBaHa Tomorpaduja;
CNABbVHCKM KNYMEHU NPLU/bEHOBM; MyLLKAPLIX
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Efficacy of Xiaozhoutian fire dragon moxibustion
combined with traditional Chinese medicine on
polycystic ovary syndrome with kidney yang
deficiency — a randomized controlled trial

Liuxiu Yu', Mingfeng Xiong', Xiaoyu Li", Chunhong Wu?, Ligin Wang’, Yao Gao', Minxia Long’,
Qin Gan'

'Nanchang University, Jiangxi Medical College, The First Affiliated Hospital, Preventive Center of
Traditional Chinese Medicine, Nanchang, China;

Nanchang University, Jiangxi Medical College, The First Affiliated Hospital, Outpatient department,
Nanchang, China

SUMMARY

Introduction/Objective To investigate the efficacy of Xiaozhoutian fire dragon moxibustion combined
with traditional Chinese medicine on polycystic ovary syndrome (PCOS) with kidney yang deficiency.
Methods 80 patients with kidney yang deficiency type PCOS admitted were selected and randomly
divided into the control group and the intervention group, with 40 patients in each group. The control
group was given routine nursing care and traditional Chinese medicine (TCM) treatment, and the in-
tervention group was treated with Xiaozhoutian fire dragon moxibustion based on the control group.
After three months, the therapeutic effects of the two groups were compared by TCM symptom score,
menstrual condition and serum sex hormone level.

Results Patients in the intervention group showed a significant improvement in the TCM symptom score
compared with the control group after treatment; menstrual conditions such as duration of menstrual
period, menstrual flow, degree of dysmenorrhea, and blood clots, and serum sex hormone levels such
as luteinizing hormone (LH), follicle-stimulating hormone (FSH), luteinizing hormone/follicle-stimulating
hormone ratio (LH/FSH), estradiol (E2), testosterone (T), and progesterone (P) were all better than those
in the control group, and the difference was statistically significant (p < 0.05); the total effective rate of
treatment for patients in the intervention group reached 92.50%, which was significantly higher than
that of 72.5% of the control group (p < 0.05).

Conclusion Xiaozhoutian fire dragon moxibustion combined with traditional Chinese medicine has
good clinical efficacy in treating PCOS with kidney yang deficiency, which can improve the symptoms
and hormone level of patients and improve the quality of body.

Keywords: Xiaozhoutian fire dragon moxibustion; traditional Chinese medicine; kidney yang deficiency

syndrome; polycystic ovary syndrome; randomized controlled study

INTRODUCTION

Polycystic ovary syndrome (PCOS) is a common
reproductive endocrine disease in gynecology,
which is characterized by hyperandrogenemia,
ovulatory dysfunction, insulin resistance and
ovarian polycystic changes, with the main clini-
cal manifestations of scanty menstruation or
amenorrhea, infertility, obesity, and hirsute-
ness, etc. [1]. In China, the incidence of PCOS
can reach 5-10%, and tends to increase year
by year. Ovulatory dysfunction infertility due
to PCOS accounts for about 75% of anovula-
tory infertility and is one of the most common
causes of infertility in women of reproductive
age [2]. Currently, ovulation promotion and
blood androgen lowering are mostly used in
clinical treatment, which have certain efficacy,
but are often associated with adverse effects such
as follicular developmental disorders, multiple
pregnancies, high miscarriage rates, and long
treatment cycles with poor patient compliance [3,
4]. Currently, the United States Food and Drug

Administration has not approved any therapeutic
drugs specifically for PCOS, but some drugs
commonly used in clinical practice, such as oral
contraceptives, anti-androgen drugs, insulin
sensitizers, and ovulation-inducing drugs, are
prescription drugs and usually require an en-
docrinologist or gynecologist to evaluate and
prescribe according to the patient’s specific
situation [5, 6]. In addition to the need for im-
proved development of new drug molecules and
new drug discovery, new drugs can be found
through drug repurposing methods [7]. Given
that PCOS is a growing problem, unfortunately
with many unwanted complications that follow,
and that the available methods and drugs are
not 100% effective, it is important to study its
pathogenesis and carefully identify new phar-
macological targets.

Fire dragon moxibustion is also called “long
snake moxibustion” or “Du moxibustion.” It
is mostly performed on the Du channel and
bladder meridian on the back of the human
body. It is a large area moxibustion method [8].
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The Du channel is the sea of yang channels. Fire dragon
moxibustion performed on the sea of yang channels has a
strong warming effect on the human body and is a “large
moxibustion” method. Traditional fire dragon moxibustion
generally selects the Du channel on the back and the blad-
der meridian on both sides. After a long period of clinical
application and innovation, it has also been applied to the
chest, abdomen, knee joints, and other body parts. Fire
dragon moxibustion has the effects of local stimulation,
regulating meridians, and improving immune function.
The local stimulation effect is achieved through the warm
stimulation generated by burning during moxibustion,
which causes local skin congestion, capillary dilation,
enhanced local blood circulation and lymphatic circula-
tion, and enhanced metabolic capacity of local skin tissue,
promoting the dissipation and absorption of pathological
products such as inflammation, adhesion, exudate, and
hematoma [9]; it can also cause the diffusion of inhibitory
substances in the cerebral cortex, reduce the excitability
of the nervous system, and exert a sedative and analgesic
effect; the warming effect can promote the transdermal
absorption of warming yang drugs, so that the warming
and unblocking effects of moxa or powder can penetrate
into the meridian acupoints of the Governor Vessel and
the Bladder Meridian, which has the effect of invigorating
yang; all the internal organs of the body have corresponding
acupoints on the Governor Vessel. While moxibustion is
performed, it can both control the yang of the whole body
and regulate the internal organs of the whole body, with
the effect of connecting the internal organs internally and
connecting the limbs externally [10].

Based on the theory of traditional acupuncture and com-
bining with the theory of Chinese medicine, Xiaozhoutian
tire dragon moxibustion can treat any localized lesion from
the overall qi to do the corresponding overall treatment
and targeted lesion treatment. The overall qi treatment
ensures the normal circulation of the body’s overall qi,
and the targeted lesion treatment ensures the healing of
specific lesions. Xiaozhoutian fire dragon moxibustion is
applied to the Du and Ren veins in the back and abdomen
of the human body through the warming effect of burn-
ing moxa and the efficacy of herbal medicine and wine,
which has the effect of relaxing the tendons and activating
the collaterals, warming yang and tonifying the kidneys,
invigorating the spleen and nourishing the stomach, and
regulating the yin and yang [11]. Its clinical application is
mostly based on the syndrome differentiation and classifica-
tion of the patient’s symptoms. Different drugs are selected
and matched, and with the help of the warming power
of moxa and the thermal effect of fire, the “four-in-one”
combination of acupuncture points, meridians, moxibus-
tion, and drugs is achieved. It stimulates the body’s healthy
energy and drives away disease and pathogenic factors [8].
It is currently mainly used in lung diseases, joint diseases,
gynecological diseases, spleen and stomach diseases and
other systems [10]. For example, Chen et al. [12] used a
clinical randomized controlled study to compare fire dragon
moxibustion with traditional Chinese medicine encapsulated
hot compress in the treatment of ankylosing spondylitis

‘ DOI: https://doi.org/10.2298/SARH240822020Y
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with kidney deficiency and Du Cold type. Afterwards,
the patient’s pain, morning stiffness, symptoms and signs
were significantly improved; Wen [13] used Fire Dragon
Moxibustion combined with Hot Ampoule to treat COPD
patients compared with conventional breathing. COPD
patients treated with the disease not only improved their
clinical symptoms but also improved their lung function;
Yue et al. [14] performed on 60 patients with primary
dysmenorrhea. Fire dragon moxibustion has been found
to improve the quality of life of sub-healthy women while
treating diseases and has the effect of improving the patient’s
physical condition. According to the clinical manifestations
of PCOS, it belongs to the categories of “late menstruation,”
“amenorrhea” and “infertility” in Chinese medicine [15].
A study by Huang and Wang [16] evaluated the clinical ef-
fects of acupuncture combined with Western medicines and
herbs that warm the yang and tonify the kidneys, strengthen
the spleen and activate the blood in the treatment of PCOS.
The results showed that the combined treatment approach
was more effective in lowering serum testosterone, fasting
insulin levels, luteinizing hormone/follicle-stimulating
hormone ratios, and in increasing ovulation rates than
Western medicine alone.

According to the theories of “the liver and kidney have
the same origin” and “the liver stores blood” [17], the
traditional Chinese medicine formula used in this study
was Shugan Yanggan Fuyang Tang, which is effective in
warming yang, dispersing cold, nourishing the liver, and
warming the kidneys. Tang is commonly used in the clinical
treatment of PCOS in traditional Chinese medicine (TCM),
but few studies have used it together with Xiaozhoutian
tire dragon moxibustion as a treatment program for PCOS
patients with kidney-yang deficiency. Internal and external
medications often complement each other, and combining
Xiaozhoutian fire dragon moxibustion therapy with tonics
can lead to better drug absorption and greater effectiveness.
Therefore, this study takes this therapy as an entry point and
adopts the research method of randomized controlled trial
to explore the overall efficacy of Xiaozhoutian fire dragon
moxibustion combined with traditional Chinese medicine
in the treatment of kidney-yang-deficient PCOS patients
and the differences in the changes of relevant indicators.
This provides a relevant basis for future clinical treatment
and research, with a view to providing a novel and effective
treatment option for this disease and diversified treatment
choices for the broader kidney-yang deficiency PCOS group.

METHODS
Participants

This randomized controlled trial (RCT) was conducted
from October 2022 to February 2024 at the First Affiliated
Hospital of Nanchang University. Convenience sampling
method was used to recruit PCOS patients. This study was
approved by the ethics committee of the First Affiliated
Hospital of Nanchang University (Approval number:
(2024)CDYFYYLK(12-241). Written informed consent
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was obtained from all participants. In addition, voluntary
participation and confidentiality of responses were assured.

Randomization and blinding

Random numbers were generated by IBM SPSS Statistics
Version 26.0 (IBM Corp, Armonk, NY, USA). The corre-
sponding allocation schemes were saved by the researchers
into opaque airtight envelopes. Participants entering the
trial opened the envelopes in the order of enrollment and
received treatment in the corresponding group according
to the allocation scheme in the envelopes. 80 PCOS patients
with kidney yang deficiency who met the inclusion criteria
were divided into control group and intervention group,
40 patients in each group.

Diagnostic criteria

Western medical diagnostic criteria: refer to the diagnostic
criteria of the European Society of Human Reproduction
and Embryology/American Society for Reproductive
Medicine [18]: (a) scanty menstruation or amenorrhea or
irregular uterine bleeding; (b) clinical hyperandrogenism
or hyperandrogenemia, such as hirsutism, obesity, etc;
(c) ultrasonography suggests that the ovary is polycystic
changes. The diagnosis can be confirmed if (a) and any
one of (b) and (c) are met and other diseases related to the
disease are excluded.

Chinese medicine identification criteria: referring to
the “Chinese Medicine Gynecology” [19] and the “Chinese
Medicine Diagnostic Efficacy Criteria” [20] published by
the State Administration of Traditional Chinese Medicine to
develop the diagnostic criteria for kidney yang deficiency.
Primary symptoms: menstrual cycle disorders or amenor-
rhea, cold limbs and cold feet, lower libido, lumbar and
knee pain and weakness. Secondary symptoms: excessive
amount of discharge, tinnitus and dizziness, pale face,
clear and long urine, frequent nocturnal enuresis, light
and fat tongue, white moss, and a sunken and weak pulse.
Diagnostic requirements: the primary symptom has two
of them at the same time, and the secondary symptom has
two of them, and the tongue and pulse coincide, then the
diagnosis can be confirmed.

Inclusion and exclusion criteria

The inclusion criteria were listed as follows: (a) meeting
the above western medical diagnostic criteria of PCOS and
Chinese medicine identification criteria; (b) aged 18-50
years old; (c) normal comprehension ability and fluent
verbal communication; (d) voluntarily participating in this
study and signing the informed consent form; and (e) no
history of western medicine treatment for PCOS.

The exclusion criteria were as follows: (a) patients with
comorbid psychiatric diseases or serious cognitive defi-
ciencies; (b) patients with comorbid serious medical and
surgical diseases, hematologic diseases, cardiovascular and
cerebrovascular diseases, immunodeficiencies, etc. who
were not suitable to participate in the study; (c) patients
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who might have other causative factors, such as premature
ovarian failure, adrenocortical hyperplasia, Cushing’s
syndrome, etc.; (d) patients who were taking part in other
therapeutic research studies; and (e) pregnant women.

Interventions
Control group

In the control group, in addition to the routine care in the
Chinese medicine department, traditional Chinese medicine
prescriptions were taken orally for treatment. Based on the
theories of “liver and kidney homology” and “liver storing
blood® [17], the traditional Chinese medicine prescrip-
tion adopts Shugan Yanggan Fuyang Tang. The specific
drug composition includes: Radix Pseudostellariae, Poria,
Atractylodes, Radix Paeoniae Rubra, Radix Paeoniae Alba,
Radix Astragali seu Hedysari, Radix Angelicae Sinensis,
Rhizoma Cyperi, Fructus Amomi, Radix Curcumae, Radix
Puerariae, Herba Artemisiae Scopariae, Rhizoma Imperatae,
Pyrrosia, Herba Lysimachiae, and Radix Glycyrrhizae.
Patients start to take Chinese herbal medicine orally on
the third day of menstruation every month, decocting with
water, taking 200 ml each in two doses in the morning and
evening, one dose/day, 28 days as a course of treatment,
and taking three consecutive courses of treatment.

Intervention group

The intervention group was treated with Xiaozhoutian fire
dragon moxibustion combined with traditional Chinese
medicine [21]. The traditional Chinese medicine, the
method of administration and the course of treatment
were the same as that of the control group. On its basis,
the combination of Xiaozhoutian fire dragon moxibus-
tion was treated for three courses (starting from the third
day of the end of menstruation, three times a month for 1
course of treatment, excluding menstruation) for a total of
three months. The operation method of Xiaozhoutian fire
dragon moxibustion is as follows. Do the moxibustion of
the Du vessel first, and then the Ren vessel. After the patient
exposes the moxibustion site, lay a warm yang medicinal
wine gauze block, lay two layers of large towels on top of
it, and then lay a layer of warm wet small towels. Mugwort
was laid flat on the towels, 95% alcohol was sprinkled on
top of the moxa, and the fire was lit and burned. When
the patient complains of tolerable warm spots, use a small
wet towel (two overlapping) to cover the moxibustion site
to extinguish the fire, and press the moxa part with both
hands using the vertical method, the tremor method, the
patting method, and other nudging techniques. Until the
heat subsides, spray alcohol again to repeat the above opera-
tion. Flip the moxa after three times. Apply moxibustion a
total of 3-5 times until the skin is evenly red, and blistering
is not necessary. Each treatment time 30~40 minutes, the
treatment process at any time to ask the patient’s feelings
and adjust the heat to avoid burns.
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Measurements
TCM symptom score

Referring to the scoring criteria developed by the State
Administration of Traditional Chinese Medicine’s “TCM
Diagnosis and Treatment Programs for 104 Diseases in
24 Specialties (Trial)” [22], the patients’ main symptoms
were recorded one by one before and after treatment. These
included (a) cold hands and feet, (b) fear of cold in the
stomach and epigastric region, back, or waist and knees,
(c) fear of cold and wearing more clothes than others,
(d) intolerance of cold (cold in winter, air-conditioning
fan in summer, etc.) than others, (e) catching a cold more
easily than others, and (f) feeling uncomfortable or fear
of eating (and drinking) cold things. All symptoms were
scored on a five-point Likert scale from 1 to 5, with 1 being
the absence of the symptom and 5 being the presence of
the symptom all the time. The total TCM Symptom Score
was summed up from all the symptom scores, and the total
score ranged from 5 to 30. The higher the score, the more
severe the symptoms are.

Menstrual situation

Changes in the duration of the menstrual period and
menstrual flow, as well as the scoring of symptoms ac-
companying menstruation, such as dysmenorrhea and the
number of blood clots, were recorded before and after the
treatment of the patients, and scored with reference to the
scoring criteria of TCM drawn up by the “Guidelines for the
Clinical Research of New Traditional Chinese Medicines
(Trial Implementation)” [23]. (i) Duration of menstrual
period: 4-7 days as 0 points, 1-3 days as 1 point, 8-15
days as 2 points. (ii) menstrual flow: 50~80 mL is normal,
0 points; less than normal is 1 point; more than normal is
2 points. (iii) Degree of dysmenorrhea: a visual analogue
scale (VAS) [24] was used, using a 10 cm long ruler marked
with a scale of 0 to 10 points, with 0 points representing
no pain felt and 10 points representing the strongest pain.
The score of pain intensity was derived directly from the
values marked by the patient on the scale. (iiii) Clot status:
no clot was rated as 0, a small number of clots was rated as
1, and many clots was rated as 2.

Serum sex hormone level

Early morning fasting venous blood was drawn from patients
before and after treatment, and serum was cryo-separated
using the SteroIDQ kit (BIOCRATES Life Sciences AG,
Innsbruck, Austria) to measure serum luteinizing hormone
(LH), follicle-stimulating hormone (FSH), luteinizing hor-
mone/follicle-stimulating hormone ratio (LH/FSH), estradiol
(E2), testosterone (T), and progesterone (P) levels [25].

Efficacy criteria

Evaluate the efficacy of patients after treatment with ref-
erence to the PCOS-related standards in Gynecological
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Endocrinology [26]. (a) Cured: menstrual cycle returns to
normal, symptoms accompanying menstruation disappears,
menstrual volume, color and quality basically return to nor-
mal, and sex hormone level returns to normal. (b) Obvious
effect: the menstrual cycle is basically back to normal (the
interval between two menstrual periods is within 30-35
days), the symptoms accompanying menstruation have been
significantly relieved, menstrual flow, color and quality have
been greatly improved compared with the pre-treatment
period, and the sex hormone levels have been improved
to a certain extent compared with the previous period.
(c) Effective: the menstrual cycle returns to normal to a
certain extent (the interval between two menstrual periods
is within 34-40 days), the accompanying symptoms of
menstruation are mildly relieved, the menstrual volume,
color and quality are slightly improved, and the sex hormone
level is slightly improved compared with the previous one.
(d) Ineffective: no significant improvement in menstrual
cycle with treatment, no improvement in symptoms ac-
companying menstruation, no significant change in men-
strual volume, color and quality, and no improvement in
sex hormone level. Total effective rate = (cured + obvious
effect + effective) number of cases / total number x 100%.

Statistical analysis

IBM SPSS Statistics Version 26.0 (IBM Corp, Armonk, NY,
USA) software was used for statistical analysis. Measurement
information was compared between groups using t-test and
expressed as mean + standard deviation. Comparison of
count data between groups was performed using the x* test
test and expressed as frequency and percentage; p < 0.05
indicated that the difference was statistically significant.

Technical route
The study of technical route consult Figure 1.
Ethics approval and consent to participate

This study was conducted in accordance with the Declaration
of Helsinki and approved by the ethics committee of the
First Affiliated Hospital of Nanchang University [(2024)
CDYFYYLK(12-241)]. Written informed consent was
obtained from all participants.

RESULTS
Patients’ characteristics

A total of 80 PCOS patients with kidney-yang deficiency
were included in this study, and they were divided into
the control group and the intervention group according
to the principle of randomized control, and 40 subjects
were included in each of the two groups. Both groups of
participants completed the study, and no one withdrew
(Figure 2).
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Inclusion data:
General data,
medical history

Patients

recruited

Selection Criteria:
Diagnosis, Included,
Excluded, Dropout,
Culled, Abort

[ Screened eligible subjects ]

l

[ Eligible subjects |

Random
number table

Randomization

Treatment group

Control group

Routine nursing care and
and TCM treatment TCM treatment

[ Fire dragon moxibustion } [

)

l !

)

‘ Observed physiological [ Observed physiological
indicators indicators
Data
Summa Data processing of
excluded and
dropout cases

Statistical
Analysis

Figure 1. Technical route; TCM - traditional Chinese medicine

Demographic and disease
information

The minimum age of the participants in
the control group was 19 years and the
maximum age was 44 years with a mean
age of (32.63 + 5.53) years. The age range
of the participants in the intervention
group was 19-43 years old, with a mean
age of (31.48 * 5.22) years. There was
no statistically significant difference in
the age of the patients in the two groups
(p > 0.05) and they were comparable.
The mean duration of the disease in the
control group was (3.37 £ 1.68) years, of
which 1(3%) had a duration of less than
12 months, 4(10%) from 12 to 24 months,
7(17%) from 25 to 48 months and 28(70%)
from more than 48 months. The mean
duration of the disease in the intervention
group was (3.43 £ 1.96) years, of which
three (7%) had a duration of less than 12
months, 0 (0%) had a duration of 12-24
months, 13 (33%) had a duration of 25-48
months, and 24 (60%) had a duration of

I Recruitment of patients (#=80) |

Excluded (»=0)

Random number table method I—-[

Randomized (n=80) I

» ® Not meeting inclusion criteria (n=0)
® Declined to participate (n=0)

'

}

Intervention group (n=40) | |

Control group (n=40) ]

A

Xiaozhoutian fire dragon

| Routine care & TCM prescriptions |

moxibustion & TCM prescriptions

The intervention group (1#=40)
@ self-administration of other therapeutic drugs (n=0)
® voluntarily withdrawn due to work reasons (1#=0)

The control group (n=40)
® self-administration of other therapeutic drugs (n=0)
® voluntarily withdrawn due to sudden accidents (#=0)

i

Baseline characteristics
TCM symptom score
Menstrual situation
Serum sex hormone level
Efficacy

Side effects adverse reactions incidence

S Rl b

Efficacy observation and related index analysis (#=80)

Figure 2. Flow of participants through the trial; TCM - traditional Chinese medicine
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more than 48 months. There was no statistically significant
difference in the duration of PCOS between the two groups
(p > 0.05), and they were comparable. See Table 1 for details.

Table 1. Baseline profile of participants (age, disease duration) in both

Yu L. etal.

obvious than that in the control group, and the difference
was statistically significant (p < 0.05). See Table 4 for details.

Table 4. Comparison of traditional Chinese medicine symptom scores
before and after treatment between the two groups

groups Groups n Pre-treatment Post-treatment
Mean age Mean duration of Control group 40 2545 +2.83 21.78 +2.71
Groups N | (yearsold) pO'ydCyStiC ovarian Intervention group | 40 25.53+3.03 18.58 +4.05
Control 40 | 32634553 Syn3 r307me1(gar5) tvalue o 4152
+ +
ontrol group 035, SLEAE p-value 0.909 <0.001*
Intervention group | 40 | 3148 +5.22 343+1.96
*p <0.05
t-value -0.127 -0.113
p-value 0.803 0.795
%0 <005 Comparison of menstrual situation before and

Ultrasound monitoring status before treatment

Table 2 shows that there was no statistically significant
difference (p > 0.05) in ovarian volume, number of fol-
licles, and endometrial thickness between the two groups
of participants compared to the pre-treatment period, and
the baseline balance was comparable.

Table 2. Comparison of pre-treatment ultrasound monitoring between
the two groups of participants

. Endometrial
Ovarian Number of .
Groups n 5 . thickness
volume (M3) follicles
(mm)
Control group | 40 | 12.68+1.73 | 13.12+1.82 | 16.75+2.31
Intervention | 45 | 15674170 | 13.14+1.81 | 1661+234
group
t-value 5.010 2.768 2332
p-value 0.853 0.876 0.890
*p < 0.05

Comparison of pain scores before treatment

Table 3 shows that there was no statistically significant
difference (p > 0.05) in the pre-treatment pain scores of
the two groups of participants, and they were comparable.

Table 3. Comparison of pre-treatment pain scores between the two
groups of participants

Groups n Pain scores
Control group 40 1.96 + 0.45
Intervention group 40 1.93+044
tvalue 5.210
p-value 0.764

*p < 0.05

Comparison of TCM symptom scores before
and after treatment between the two groups of
patients

Comparison of the TCM symptom scores of the two groups
of patients before treatment, the difference was not statis-
tically significant (p > 0.05). After treatment, the TCM
evidence scores of patients in both groups improved, and
the improvement in the intervention group was more

‘ DOI: https://doi.org/10.2298/SARH240822020Y

after treatment in the two groups

Before treatment, there was no statistically significant dif-
ference in the comparison of menstrual conditions between
the two groups (p > 0.05). After treatment, the duration of
menstrual period, menstrual flow, degree of dysmenorrhea,
and blood clots in both groups decreased compared with the
pre-treatment period, and the decrease in the intervention
group was more obvious than that in the control group,
and the difference was statistically significant (p < 0.05).
See Table 5 for details.

Comparison of serum sex hormone levels before
and after treatment between the two groups of
patients

As can be seen from Table 6, before treatment, there was
no statistical difference between the serum sex hormone
levels of the two groups of patients (p > 0.05). After treat-
ment, the serum sex hormone levels of both groups of
patients showed significant improvements compared with
the pre-treatment period, with more pronounced improve-
ments in the intervention group. Specifically, the levels of
luteinizing hormone (LH) decreased from 22.76 + 15.32
mIU/ml to 17.62 + 13.50 mIU/ml in the control group and
from 21.54 + 14.65 mIU/ml to 11.55 + 8.30 mIU/ml in the
intervention group, with the intervention group exhibiting
a greater reduction. The follicle-stimulating hormone (FSH)
levels also decreased, from 6.04 + 2.51 mIU/ml to 5.41 + 2.25
mIU/ml in the control group and from 5.97 + 2.49 mIU/
ml to 4.48 + 1.79 mIU/ml in the intervention group. The
LH/FSH ratio, which is an important indicator of PCOS,
decreased from 3.58 £ 0.97 to 3.07 + 1.12 in the control
group and from 3.46 + 0.88 to 2.47 + 0.55 in the interven-
tion group, indicating a more significant improvement
in the intervention group. Additionally, the E2 levels in-
creased from 50.50 + 12.09 pg/ml to 43.43 + 10.52 pg/ml
in the control group and from 52.25 + 10.80 pg/ml to
37.85 + 6.24 pg/ml in the intervention group, while the
testosterone (T) levels decreased from 82.40 + 15.12 ng/dL
to 67.75 £ 15 ng/dL in the control group and from
81.89 + 14.45 ng/dL to 49.25 + 11.55 ng/dL in the inter-
vention group, with the intervention group showing a
more substantial decrease. Finally, the P levels increased
from 1.38 + 0.97 ng/dL to 1.65 + 1.01 ng/dL in the control
group and from 1.26 + 0.91 ng/dL to 2.17 + 1.10 ng/dL
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Table 5. Comparison of menstrual situation before and after treatment in the two groups

. . . Control group Intervention group :
Menstrual situation Time (n = 40) (n = 40) tvalue p-value
. . Pre-treatment 1.15+£0.74 1.25+0.74 -0.605 0.547
Duration of menstrual period
Post-treatment 0.45+0.71 0.13+0.40 2.504 0.015*
Pre-treatment 1.35+£0.62 1.33+£0.66 0.175 0.862
Menstrual flow
Post-treatment 0.68 +0.80 0.28 £ 0.55 2.606 0.011*
Pre-treatment 3.73+245 4+236 -0.511 0.611
Degree of dysmenorrhea
Post-treatment 1.70£1.27 0.98 +1.12 2.713 0.008*
Pre-treatment 1.55+0.50 1.65+0.48 -0.906 0.368
Blood clots
Post-treatment 1+0.64 0.43 £0.55 4.309 <0.001*
*p < 0.05
Table 6. Comparison of serum sex hormone levels before and after treatment between the two groups of patients
. Control group Intervention group :
Serum sex hormone | Time (n = 40) (n = 40) tvalue p-value
Pre-treatment 22.76 £15.32 21.54 +£14.65 0.363 0.717
LH (mIU/ml) N
Post-treatment 17.62 +13.50 11.55+8.30 2422 0.018
Pre-treatment 6.04 £ 2.51 5.97+249 0.12 0.905
FSH (mIU/ml) -
Post-treatment 541225 448 £1.79 2.055 0.043
LH/FSH Pre-treatment 3.58+0.97 346 +0.88 0.574 0.568
Post-treatment 3.07x1.12 247 £0.55 3.038 0.004"
E (pg/ml) Pre-treatment 50.50 +£12.09 52.25+10.80 -0.683 0.497
2P9 Post-treatment 4343 +10.52 37.85+6.24 2.884 0.005"
T (hg/dL) Pre-treatment 8240+ 15.12 81.89 £ 14.45 0.154 0.878
n
9 Post-treatment 67.75+15 49.25 +11.55 6.181 <0.001"
Pre-treatment 1.38+0.97 1.26 £ 0.91 0.584 0.561
P (ng/dL) "
Post-treatment 1.65+1.01 217+1.10 -2.234 0.028

LH - luteinizing hormone; FSH - follicle-stimulating hormone; E2 - estradiol; T - testosterone; P — progesterone

*p < 0.05

in the intervention group. All these changes in serum sex
hormone levels were statistically significant (p < 0.05), with
the intervention group demonstrating more pronounced
improvements compared to the control group.

Comparison of the efficacy of the two groups of
patients

As shown in Table 7, after treatment, the total effective rate
of treatment of patients in the intervention group reached
92.5%, which was higher than that of 72.50% in the control
group (p < 0.05).

significant improvements in TCM symptom scores, men-
strual conditions, and serum sex hormone levels. Specifically,
the TCM symptom scores of patients in the intervention
group improved significantly compared with those of the
control group after treatment, and the menstrual situa-
tion, including the duration of the menstrual period, the
amount of menstrual flow, the degree of dysmenorrhea,
and blood clots, also improved significantly, while the
serum sex hormone levels of luteinizing hormone (LH),
follicle-stimulating hormone (FSH), luteinizing hormone/
follicle-stimulating hormone ratio (LH/FSH), estradiol
(E,), T and P were improved, and the total effective rate of

the intervention group was also significantly

Table 7. Comparison of efficacy between the two groups (cases, %) increased.
BrenEs n | cured Og‘f’;‘::;‘s Effective | Ineffective effe;rtci)\tlz ' e The results of this study echo previous stud-
ies that have shown that TCM treatment has
Control group 40 2 18 9 11 29 (72.50) . . . .
- potential effects in regulating endocrine and
Intervention group | 40 6 26 5 3 37 (92.50) . . .
c 8.966 improving PCOS symptoms. For instance, a
- study by Li et al. [27] found that acupuncture
p-value 0.032* . R . X X
005 combined with moxibustion, as an adjunct to
*p <0 . s
: the basic treatment, could improve pregnancy,
ovulation, and miscarriage rates, as well as
DISCUSSION certain sex hormone levels and metabolic indicators in

The aim of this study was to investigate the clinical effi-
cacy of Xiaozhoutian fire dragon moxibustion combined
with traditional Chinese medicine in the treatment of
PCOS with kidney yang deficiency. The results of the
study showed that the intervention group demonstrated
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patients with PCOS, with good safety. A meta-analysis by
Kwon et al. [28] explored the efficacy and safety of Oriental
Herbal Medicine (OHM) combined with moxibustion in the
treatment of PCOS. The study found that compared with
the use of Western medicine (WM) alone, OHM combined
with moxibustion significantly increased pregnancy rates,
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normal biphasic basal body temperature rates, and total ef-
fective rate (TER) in patients with PCOS [28]. When OHM
combined with moxibustion was used as an adjunct to WM,
it also showed significant improvements in pregnancy rates
and TER. Deng et al. [29] studied the efficacy of combined
traditional Chinese medicine therapies in the treatment
of infertility associated with PCOS. The study found that
compared with traditional single therapies, the combined
Chinese medicine therapy showed better efficacy in treat-
ing PCOS-related infertility, with moxibustion combined
with Chinese herbs, fire needle combined with Chinese
herbs, and acupuncture combined with Chinese herbs be-
ing the three most effective therapies in improving clinical
pregnancy rates. Moini Jazani et al. [30] reviewed the herbs
used globally for the treatment of PCOS. It was found that
herbs such as cinnamon, fenugreek, and chaste tree may
be beneficial in ameliorating different aspects of PCOS
by significantly reducing serum FBS, insulin and insulin
resistance levels, as well as cholesterol, triglyceride, and
low-density lipoprotein (LDL) levels. This is corroborated
with the composition of the formula used in this study.
The results of this study not only confirm the potential
of traditional Chinese medicine in treating PCOS but also
reveal the possible mechanism of action of this comprehen-
sive treatment method. Firstly, based on the TCM theory
that “the kidney is the master of reproduction,” we selected
the herbal formula Shu Gan Wen Yang Tang, which aims
to warm the kidney yang, disperse cold, nourish the liver,
and warm the kidneys. These effects are consistent with the
observed improvements in menstrual conditions, reduced
serum sex hormone levels, and increased ovulation rates.
We found that the intervention group showed a significant
improvement in TCM symptom scores after treatment,
which may be related to the warming and cold-dispersing
effects of the herbal formula, helping to adjust and improve
the overall endocrine status of the patients. Secondly, the
application of Xiaozhoutian fire dragon moxibustion,
through its warming effect and the efficacy of herbs and
alcohol, impacts the Du and Ren meridians, which aligns
with the TCM concept of regulating yin and yang as well
as qi and blood. The warm stimulation of the fire dragon
moxibustion may promote local blood and lymphatic cir-
culation, enhance the metabolic capacity of the local skin,
which is consistent with our observed improvements in
menstrual conditions and changes in serum sex hormone
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levels. Furthermore, the local stimulation effect of the fire
dragon moxibustion may diffuse inhibitory substances in
the cerebral cortex, reduce the excitability of the nervous
system, and exert sedative and analgesic effects. This may
explain why the intervention group showed more signifi-
cant improvements in the degree of dysmenorrhea and the
number of blood clots. Lastly, our study also emphasizes
the importance of complementary internal and external
medications. The combination of Xiaozhoutian fire dragon
moxibustion and tonic therapy may improve drug absorp-
tion and efficacy, which is consistent with our observation
that the total effective rate of treatment in the intervention
group was significantly higher than that in the control group.

However, it should be noted that this study still has some
shortcomings, including small sample size, simple study
design, and lack of international diagnostic standards.
Therefore, when further similar studies are conducted in
the future, it is necessary to standardize the study design,
increase the sample size, fully consider potential interfering
factors, and optimize the treatment protocols to further
validate the reliability of the results of this study and the
prospect of clinical application. Meanwhile, future studies
should also incorporate broader expert knowledge and
introduce a more rigorous randomized controlled design to
improve the credibility and scientific validity of the study.

CONCLUSION

In conclusion, TCM combination therapy has shown certain
advantages in the treatment of PCOS, but more high-quality
and multilevel studies are still needed to verify its clinical
efficacy and mechanism to further promote the application
and development of TCM in the treatment of reproductive
endocrine diseases.
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EdunkacHocT mokcubyctuje CjaoLioyTujaH BaTpeHor 3maja y KOmbmHaumjmu ca
TPAAULMOHANHOM KUHECKOM MEeAULMHOM Ha CUHAPOM NONMLUCTUYHUX jajHUKA ca
HeA0CTaTKOM jaHra 6ybpera — paHA0MM30BaHO KOHTPO/IMCAHO UCMIUTUBAKE

Ibycjy Jy', Munrdenr CjyHr', Cjaojy Jn', YyHrxoHr By?, Jluhinn Banr', Jao [ao', MuHcja JloHr', inH MaH!
'YHuBep3uTeT y HanuaHry, MeguumHckm dpakyntet Hanriuva, MpBa npuapyxeHa 6onHuLa, MpeBeHTUBHY LieHTap 3a TPaguLMOHaHy

KUHEeCKy MeanuunHy, HaHuaHr npoBuHumja, KnHa;

*YHuBep3uTet y HaHuaHry, MeguumnHckn dakyntet Hanriuma, Mpsa npuapyxeHa 6onHuLa, Onerberbe 3a ambynaHTHY Hery, HaHuaHr

npoBuHLUKja, KnHa

CAMXETAK

YBoa/Lum Linb oBor paga 610 je aa uctpaxu eGpukacHoCT
MOKcubycTuje CjaoLioyTujaH BaTpeHOT 3Maja Y KOMOUHauwmju
Ca TPaaULMOHANIHOM KMHECKOM MeLULUVHOM KoL CMHLPOMA
NOMNLUMCTUYHIX jajHMKa Ca HE[OCTATKOM jaHra bybpera.
Metoae OnabpaHo je 80 nauyjeHata ca CUHAPOMOM MONNLM-
CTUYHYIX jajHMKA Y3 HeflocTaTak jaHra bybpera, Koju cy Hacy-
MUYHO MOAEbEHUN Y KOHTPONHY 1 MHTEPBEHTHY rpymny, ca no
40 naumjeHata y cBakoj rpynu. KoHTponHa rpyna je gobuna py-
TVHCKY Hery 1 TpeTMaH TpaanLUMOoHaHe KNUHecKe MeguLHe, a
VHTEPBEHTHa rpyna je TpeTrpaHa MokcmbycTtujom CjaoLioyTujaH
BaTpeHor 3maja. lMocne Tpu Mecela, Tepanujckn epekTr y obe
rpyne ynopeheHu cy Ha OCHOBY CMMTOMa TPaAuLMOHaNHe
KMHecKe MeanLMHe, MEHCTPYaHOT CTaka U HMBOA MOJTHUX
XOPMOHa Y cepymy.

Pesynratu [NaymnjeHTV y NHTEPBEHTHOj rpynu NOKasanu cy 3Ha-
YajHO NobosbLLAHEe Y CKOPY CUMMTOMA TPAANLIMOHANTHE KHECKe
MeamLyHe y nopeherby ca KOHTPOSIHOM rPyNOM HakoH TpeTMa-
Ha (p < 0,05). MeHCTpyanHu ycnoBK, Kao LWTO Cy Tpajatbe MeH-

DOI: https://doi.org/10.2298/SARH240822020Y

CTPYyasiHoOr Neproga, MEHCTPYaHY TOK, CTEMeH AYCMeHopeje 1
NPYICYCTBO KPBHYIX YrpyLUaKa, Kao 1 HBOW MOJIHNX XOPMOHa Yy
cepymy (nyTemHusnpajyhm xopmoH, onvkynoctumynupajyhm
XOPMOH, 0AHOC nyTenHu3upajyher n donukynoctumynupajyher
XOPMOHa, eCTPaANo, TECTOCTEPOH W NPOrecTepoH) 6unm cy
60Jb1 Ofi OHWX Y KOHTPOJTHOj FPYNY, @ pasniKa je buna ctatu-
CTUYKU 3HauajHa (p < 0,05). YKyrnHa edbrKacHOCT neyera nauu-
jeHaTa y HTepBEeHTHOj rpynu gocturna je 92,50%, wro je suwue
o[} oHe oA 72,50% y KOHTponHOj rpynu (p < 0,05).

3akmyuak Mokcnbyctuja CjaolioyTrjaH BaTpeHor 3Maja y
KOMOMHaLMju ca TPaanLMOHATHOM KNHECKOM MeANLUHOM
1Ma Ao6PY KNNHNYKY ePUKACHOCT y Neyetby CUHAPOMA Now-
LIMCTUYHYIX jajHUKA Ca HE[OCTAaTKOM jaHra Oybpera, LWTO MOXe
no6osbLLIATK CUMMTOME U HUBO XOPMOHa navujeHaTa 1 no6orb-
LIaTK OMLUTe 3APaBCTBEHO CTakbe.

KmyuHe peun: mokcmbyctuja CjaoLioyTrjaH BaTpeHOr 3Maja;
TPaAMLMOHaNHa KMHeCKa MeanLVHA; CUHAPOM HefloCTaTKa jaHr
6ybpera; CHAPOM NONULMCTUYHYIX jajHIKa; PaHAOMM30BaHa
KOHTpoOJMCaHa cTyauja
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Morphometric characteristics of the great
saphenous vein as graft for surgical myocardial
revascularization in relation to sex
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Vladimir Stojiljkovi¢’, Aleksandar Kamenov'
"University Clinical Centre of Nis, Clinic for Cardiac Surgery, Nis, Serbia;

2University of Ni$, Faculty of Medicine, Department of Histology and Embryology, Nis, Serbia;
3Ni$ Institute of Public Health, Nis, Serbia

SUMMARY

Introduction/Objective The significant difference in the patency of venous coronary grafts in relation to
sex still does not have a clearly defined cause. Our research determined the existence of morphometric
differences in the wall of the great saphenous vein, in relation to sex.

Methods The research included 268 patients classified by sex in five age groups, who underwent mor-
phometric measurement of the wall of the great saphenous vein.

Results In our research, no significant difference was found in the total thickness of the vein wall be-
tween the sexes (p = 0.111), nor was significant association found between wall thickness, age, and sex.
The average thickness of the intimal layer of the vein wall was significantly higher in male subjects (p =
0.005), and multivariate regression analysis found a significant correlation between intimal thickness,
age and sex (p < 0.001). The medial layer of the vein in women was significantly larger (p < 0.001), both
overall and in all age groups. Multivariate regression analysis confirmed a significant association between
media thickness, age and sex (p < 0.001). The thickness of the adventitial layer was significantly higher
in men (p = 0.031) and a significant association between the thickness of the adventitia, age and sex
was also determined (p < 0.001).

Conclusion Our results indicate significant morphometric differences in the wall of the great saphenous
vein in relation to sex and age of the patients, which can be related to significant difference in the flow

rate of vein grafts in coronary surgery in relation to sex.
Keywords: cardiac surgery; vein morphometry; patency

INTRODUCTION

The most common treatment for multiple
coronary artery disease (CAD) is coronary
artery bypass grafting (CABG), and the great
saphenous vein (GSV) is the most commonly
used conduit. Data indicate that in as many as
89.3% of cases GSV is used during CABG [1],
although all analyses of CABG results show sig-
nificant differences in the patency of arterial
vs. venous grafts [2, 3]. Also, the available data
indicate the existence of a significant difference
in the early and late patency of vein grafts in
relation to sex.

By analyzing the first 2054 patients who un-
derwent CABG at the Cleveland Clinic (USA),
it can be concluded that the female sex is the
third most important operative risk factor in
coronary surgery, and two years after CABG
women have significantly lower patency of vein
grafts than men [4].

In a Dutch multicenter study, after one year
of follow-up from coronary revascularization,
vein graft occlusion was 16.7% in women and
12.4% in men [5].

In the “Reduction in Graft Occlusion Rates
(RIGOR) Study,” analyzing 611 grafts, vein

graft occlusion was found much more often in
women (p = 0.03) and as one of the main sig-
nificant risk factors for occlusion, independent
of others, they state female sex (p = 0.01) [6].

There are numerous authors who state that
female sex is one of the risk factors for poor
results after CABG as well as for vein graft oc-
clusion [7, 8, 9], although those who deny it are
not rare [10, 11].

The main cause of intermediate and late
reduction of vein graft patency in coronary
surgery is neointimal hyperplasia of the inti-
mal layer. The main pathophysiological mecha-
nism of intimal hyperplasia is the migration of
smooth muscle cells (SMC) from the medial
to the intimal layer of the vein, their prolifera-
tion, and accumulation of extracellular matrix
[12, 13]. This process begins immediately after
implanting of the vein into the arterial system,
so that as soon as 4-6 weeks later most veins
develop intimal thickening by migration and
proliferation of SMC from the media and re-
duction of the venous lumen [14].

We analyzed the presence of differences in
the histological morphometry of the GSV wall
used for CABG in relation to sex and their as-
sociation with the level of patency.
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METHODS

The study included 268 patients at the Clinic for Cardiac
Surgery, Ni$§ University Clinical Center, 134 women and
134 men, randomized by sex into five age groups: Group 1
(up to 39 years of age); Group 2 ( 40-49 years old); Group
3 (50-59 years old); Group 4 ( 60-70 years old) and Group
5 (70 years and over). There were 27 men and women in
each age group, except in Group 1, where there were 26
men and 26 women.

The number of study participants was determined using
the G*Power 3.1.6 program (Heinrich-Heine-Universitdt
Diisseldorf, Diisseldorf, Germany).

Patients who were scheduled for at least one venous
coronary bypass were included in the study. Exclusion
criteria were patients who were treated with venous drug
therapy or chemical vein ablation due to venous disease,
and those with a history of thrombosis in the superficial
and deep venous system.

Patients included in the study were divided into groups
according to age and sex, and simple randomization was
achieved using computer-generated random numbers.

A 1 cm-long GSV sample was taken through a longitu-
dinal skin and subcutaneous incision using a conventional
technique at the level of the medial malleolus, without pri-
or dilatation and lavage, and the perivascular tissue and
fascia were sharply dissected with scissors.

Immediately after collection, the GSV samples were
fixed in a 4% buffered formalin solution ( via immersion
fixation) and embedded in paraffin. The paraffin blocks
were sectioned at a thickness of 4 pm, then deparaffinized,
rehydrated, and stained with hematoxylin and eosin
(H&E), following standard protocols.

Analysis, measurements, and photography of ve-
nous preparations were performed by histologists on an
Olympus BX50 microscope (Olympus, Tokyo, Japan)
equipped with a Leica DFC295 digital camera (Leica
Microsystems, Wetzlar, Germany). Morphometric analy-
sis was performed using the “Image]” program (LOCI,
University of Wisconsin, Madison, W1, USA).

Determination of the thickness of the individual layers
of the vein wall and the total thickness of the vein wall was
performed by measuring each preparation at three equal
distances (0°, 120°, and 240°) due to marked differences in
the thickness of the individual layers of the same vein. The
mean value of three measurements for each preparation
was used for statistical processing.

The results of the statistical analysis are presented in
tabular and graphical form. Calculations were performed
using PASW Statistics, Version 18.0 (SPSS Inc., Chicago,
IL, USA). In all analyses, the default error of estimation
was less than 0.05 (5%) as the limit of statistical signifi-
cance. The Shapiro-Wilk test was used to test the normal-
ity of the distribution of numerical values. The comparison
of the thickness of the tunica intima, media, adventitia, as
well as the total thickness of the vein wall between men
and women was performed by the Student’s t-test for two
independent samples. The comparison of the mean val-
ues of the mentioned characteristics between the five age

‘ DOI: https://doi.org/10.2298/SARH240923023Z

Table 1. Thickness of tunica intima (um) by sex and age

Sex Comparison
Age between
group Parameter Male Female Total men and
women
p-value
X 153.85 96.04 124.95
SD 58.67 38.75 57.23
Group 1 Med 150.7 93.37 106.43 < 0.001
Min 30.92 24.87 24.87
Max 288.97 | 236.24 | 288.97
X 110.97 151.74 | 131.36
SD 41.22 49.77 49.72
Group 2 Med 102.13 159.41 124.25 0.002
Min 14.19 43.65 14.19
Max 193.88 | 248.87 | 248.87
X 148.95 152.63 | 150.79
SD 59.51 57.07 57.78
Group 3 Med 138.59 139.54 | 139.23 0.818
Min 59.32 73.90 59.32
Max 354.05 297.64 | 354.05
X 208.4 129.81 169.1
SD 50.53 46.6 62.38
Group 4 Med 200.36 113.31 177.82 < 0.001
Min 84.35 63.12 63.12
Max 314.95 214.54 | 314.95
X 164.7 153.45 | 159.08
SD 48.32 71.27 60.58
Group 5 Med 164.42 146.8 157.52 0.500
Min 76.69 12.62 12.62
Max 278.82 383.79 | 383.79
X 157.4 137.04 | 147.22
SD 60.17 57.51 59.63
Total Med 154.61 126.94 | 139.23 0.005
Min 14.19 12.62 12.62
Max 354.05 383.79 | 383.79
Comparison A¥, C', F*, | Af,Bf, Ct D* F*
between age groups | Gf, H¥, J* Dt T

X - arithmetic mean; SD - standard deviation; Med — median; Min — minimum;
Max —maximum; A - Group 1 vs. Group 2; B — Group 1 vs. Group 3; C - Group

1 vs. Group 4; D — Group 1 vs. Group 5; E — Group 2 vs. Group 3; F — Group 2

vs. Group 4; G — Group 2 vs. Group 5; H — Group 3 vs. Group 4; | - Group 3 vs.
Group 5; J - Group 4 vs. Group 5;

*p <0.05
p <0.01;
*p < 0.001
300 EMen
B Women
250 @ Total

]
f=3
(=]

Tunica intima (um)
> @
(=3 (=3

%)
f=3

T

Group 1 Group 2 Group 3 Group 4 Group 5 Total

Figure 1. Comparison of intimal thickness (um) by sex and age

groups was performed by one-way ANOVA, and subse-
quent Tukey post-hoc test. Multivariate linear regression
analysis using the enter method was used to assess the
association of age and sex with the thickness of the tunica
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intima, media, adventitia, as well as the total thickness of
the vein wall.

The study was carried out with the consent of the Ethics
Committee of the Faculty of Medicine of the University
of Nis, No. 12-10580-2/5 from October 9, 2018, and the
Ethical Committee of the Ni§ Clinical Center, No. 35933/8
from November 6, 2018. Prior to engaging in the research,
all participants signed informed consent according to the
Declaration of Helsinki.

RESULTS

The average age of all subjects in the study was 54.42 +
14.45 years. The average age of examined women was high-
er than that of men, but without statistical significance.
Also, there was no statistically significant difference in the
average age between sexes within the same age groups.

The total average thickness of the tunica intima was
significantly greater in men (Table 1; Figure 1). The overall
average thickness of the intima irrespective of sex was the
highest in Group 4, and it is a significantly higher value
compared to Group 1 and Group 2. The total average
thickness of the intima in Group 5 is significantly higher
compared to Group 1.

In the examined men, the average thickness of the in-
tima was significantly higher in Group 4 compared to all
other age groups.

In the examined women, the total average thickness of
the intima was highest in Group 5 and lowest in Group
1. The thickness of the intimal layer in women in Group
1 was significantly lower compared to Group 2, 3, and 5.

Regression analysis confirmed a significant association
between intimal thickness, age, and sex. Each year of age
was associated with an increase in intimal thickness of
1.059 um (p < 0.001).

In Figure 2, the trend of an increase in the thickness
of the intimal layer with aging can be clearly seen, which
is somewhat more pronounced in men than in women.

450 - ¢ Men
* Women

400 Linear (Men) .
350 = inear (Women) *
LR . s "

* - * *

2250 L. . A
g 200 s . . ne .: ’. .".. ‘“ -
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Figure 2. Correlation between the thickness of the intimal layer and
age

The total average thickness of the tunica media of
all study participants was 394.82 + 104.10 pm (Table 2;
Figure 3). The total average thickness of the medial layer
in women was significantly higher than in men (p < 0.001).
Comparing the average thickness of the medial layer in
relation to sex, it was significantly higher in women in all
age groups compared to the same male age groups.
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Table 2. Thickness of tunica media (um) by sex and age

Sex Comparison
Age between
Parameter Total men and
group Male Female WA
p-value
X 319.7 430.36 | 375.03
SD 52.74 104.85 99.37
Group 1 Med 314.88 | 413.79 | 365.42 <0.001
Min 191.45 164.71 164.71
Max 42286 | 721.67 | 721.67
X 361.34 | 448.82 | 405.08
SD 132.01 79.73 116.69
Group 2 Med 376.4 43552 | 409.67 0.005
Min 126.93 265.3 126.93
Max 781.07 | 593.51 | 781.07
X 328.02 398.32 | 363.17
SD 91.91 75.92 90.72
Group 3 Med 319.21 384.19 | 369.44 0.003
Min 178.64 | 221.48 | 178.64
Max 512.99 | 601.65 | 601.65
X 291.88 | 361.96 | 326.92
SD 81.99 98.62 96.54
Group 4 Med 275.51 361.22 | 317.61 0.006
Min 164.89 147.33 | 14733
Max 503.79 | 546.61 | 546.61
X 255.5 304.17 | 279.84
SD 48.64 74.52 66.99
Group 5 Med 267.36 | 300.84 2789 0.006
Min 164.04 | 150.32 | 150.32
Max 332.89 | 448.96 | 448.96
X 311.22 388.42 | 349.82
SD 92.98 100.55 104.1
Total Med 300.61 388.25 | 344.64 <0.001
Min 126.93 14733 | 126.93
Max 781.07 721.67 | 781.07
Comparison F* GH ¥ C*, DY, D¥, F¥,
between age groups T Ft, G4 IF G I*

X - arithmetic mean; SD - standard deviation; Med - median; Min - minimum;
Max — maximum; E - Group 2 vs. Group 3; F — Group 2 vs. Group 4; G — Group

2 vs. Group 5; H — Group 3 vs. Group 4; | — Group 3 vs. Group 5; J — Group 4 vs.
Group 5; C - Group 1 vs. Group 4; D - Group 1 vs. Group 5;

*p < 0.05;
p<0.01;
*p < 0.001
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Figure 3. Comparison of tunica media thickness (um) by sex and age

In men, the average thickness of the medial layer was
the highest in Group 2, and significantly higher compared
to Group 4 and 5.

In the examined women, the average thickness of the
media was the highest in Group 2 and the lowest in Group
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Figure 4. Correlation between the thickness of the medial layer and age

Table 3. Thickness of tunica adventitia (um) by sex and age

Sex Comparison
Age between
Parameter Total men and
group Male Female women
p-value
X 24199 | 206.98 | 224.48
SD 47.55 51.82 52.32
Group 1 Med 264.66 | 201.82 | 236.05 0.014
Min 143.54 104.85 | 104.85
Max 303.25 | 316.08 | 316.08
X 330.75 309.5 | 320.13
SD 159.14 9442 | 130.05
Group 2 Med 309.52 | 307.81 | 308.67 0.553
Min 167.89 157.14 | 157.14
Max 951.18 | 475.75 | 951.18
X 364.6 | 344.09 | 354.34
SD 91.46 87.17 89.1
Group 3 Med 367.96 | 354.86 | 367.42 0.403
Min 168.65 | 203.04 | 168.65
Max 511.92 560.21 | 560.21
X 360.35 | 276.60 | 318.48
SD 62.28 104.65 | 95.19
Group 4 Med 377.64 | 29147 | 337.74 0.001
Min 216.45 48.19 48.19
Max 473.56 | 482.64 | 482.64
X 31523 | 337.29 | 326.26
SD 92.69 99.27 | 95.78
Group 5 Med 301.82 347.22 | 328.22 0.403
Min 178.54 156.29 | 156.29
Max 516.01 47342 | 516.01
X 323.19 | 295.55 | 309.37
SD 106.73 | 101.38 | 104.81
Total Med 309.73 291.36 | 300.80 0.031
Min 143.54 48.19 48.19
Max 951.18 | 560.21 | 951.18
Comparison A% BE CH At BY, | A% B,
between age groups e cx,D* | C4Df,

X - arithmetic mean; SD - standard deviation; Med - median; Min - minimum;
Max — maximum; A - Group 1 vs. Group 2; B — Group 1 vs. Group 3; C— Group 1
vs. Group 4; D — Group 1 vs. Group 5;

*p < 0.05;

p<0.01;

*p <0.001

5. Media thickness in Group 5 was significantly lower than
that in Groups 1, 2, and 3. Media thickness in Group 4 was
significantly less than that in Groups 1 and 2.
Regression analysis confirmed a significant associa-
tion between the thickness of the medial layer of the vein
wall, age, and sex. Each year of age was associated with a
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Figure 5. Comparison of tunica adventitia thickness (um) by sex and
age

decrease in media thickness of 2.411 pm (p < 0.001). In
examined women, the thickness of the medial layer was
78.217 pm (p < 0.001) higher than in men.

Figure 4 clearly shows the existence of a trend of medial
thickness decline with aging, and that this decline is more
pronounced in women than in men.

The total average thickness of the tunica adventitia in
all subjects was 309.37 + 104.81 pm (Table 3; Figure 5).
The average thickness of the adventitia was significantly
higher in all examined men than in women (p = 0.031).
Compared with age groups, the thickness of the adventitia
in men compared to women was significantly higher in
Group 1 and Group 4. The overall average thickness of
the adventitia of all subjects in Group 1 was significantly
lower than in all other age groups. In the examined men,
the average thickness of the adventitia in Group 1 was sig-
nificantly lower than in Groups 2, 3, and 4. In women, the
thickness of the adventitia in Group 1 was significantly
lower than in all other age groups. There were no signifi-
cant differences between the other age groups of women.

Regression analysis confirmed a significant association
between adventitia thickness, age, and sex. Each year of age
was associated with an increase in adventitia thickness of
1.882 um (p < 0.001). In examined women, the thickness
of the adventitia was 28.441 um (p = 0.022) lower than in
men. In Figure 6, it can be seen that the trend of increas-
ing the thickness of the adventitia with aging is somewhat
more pronounced in women than in men.

The average total wall thickness in all subjects was

600 ¢ Men
* Women .
500 =Linear (Men) e o® °

Linear (Women LI X * "

Tunica adventitia (um)
(3 w =
8 8 8

2

10 20 30 40 50 60 70 80 90

Figure 6. Correlation between the thickness of the tunica adventitia
and age

805.28 + 138.31 um (Table 4, Figures 7 and 8). The av-
erage total thickness of the wall in all examined women
was higher than in men, but not statistically significant
(p =0.111). The total thickness of the wall was significant-
ly higher in men than in women in Group 4 (p = 0.002),
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Table 4. Thickness of total vein wall (um) by sex and age

Sex Comparison
Age between
Parameter Total men and
group Male Female AR
p-value
Xsr 715.56 733.38 | 72447
SD 80.2 131.75 | 108.37
Group 1 Med 708.52 717.49 | 714.52 0.559
Min 579.38 | 450.14 | 450.14
Max 890.08 | 1066.58 | 1066.58
X 803.02 | 898.95 | 850.99
SD 185.19 131.53 | 166.3
Group 2 Med 812.27 | 901.08 | 849.56 0.033
Min 419.98 | 512.95 | 419.98
Max 1346.72 | 1180.01 | 1346.72
X 841.57 | 895.03 | 868.3
SD 89.87 108.49 | 1023
Group 3 Med 823.97 | 872.68 | 854.71 0.054
Min 675.63 716.25 | 675.63
Max 1023.05 | 1157.85|1157.85
X 860.63 | 768.37 | 814.5
SD 89.53 115.82 | 112.61
Group 4 Med 850.93 | 785.24 | 816.58 0.002
Min 72499 | 497.65 | 497.65
Max 1059.6 | 950.56 | 1059.6
X 735.44 79491 | 765.17
SD 98.27 170.83 | 141.26
Group 5 Med 734.68 | 807.99 | 763.24 0.123

Min 525.11 389 389
Max 910.32 | 1219.98 | 1219.98

X 791.81 | 818.76 | 805.28
SD 127.35 147.7 | 138.31
Total Med 7923 826.98 | 812.04 0.111

Min 419.98 389 389

Max 1346.72 | 1219.98 | 1346.72

A¥, B,

Ft, G¥,
Ht

X — arithmetic mean; SD - standard deviation; Med - median; Min - minimum;

Max — maximum; A — Group 1 vs. Group 2; B — Group 1 vs. Group 3; C - Group

1 vs. Group 4; F — Group 2 vs. Group 4; G — Group 2 vs. Group 5; H — Group 3 vs.
Group 4; | - Group 3 vs. Group 5; J - Group 4 vs. Group 5;

A%, BF,
ct, G I

Comparison
between age groups I, Jt

*p < 0.05;
p <0.01;
p <0.001
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Figure 7. Comparison of total vein wall thickness (um) by sex and age

while the total thickness of the wall was significantly higher
in women than in men in Group 2 (p = 0.033). Differences
between total wall thickness in men and women in other
age groups are not statistically significant.
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Figure 8. Cross sections of veins by sex and age groups, stained with
the H&E method; A - male group [A1 - Group 1 (magnification: x 100);
A2 - Group 2 (magnification: x 200); A3 — Group 3 (magnification: x
40); A4 - Group 4 (magnification: x 40); A5 — Group 5 (magnification: x
64)]; B - female group [B1 - Group 1(magnification: x 40); B2 - Group
2 (magnification: x 50); B3 — Group 3 (magnification: x 40); B4 - Group
4 (magnification: x 40); B5 — Group 5 (magnification: x 40)]
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Figure 9. Correlation between total vein wall thickness and age

Regression analysis did not confirm a significant rela-
tionship between total wall thickness, age, and sex, and
Figure 9 shows that there is no trend in total wall thickness
changes associated with aging, both in men and in women.
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DISCUSSION

In general, a very small number of studies which, in an
attempt to explain the difference in the flow rate of vein
grafts in relation to sex, analyzed the morphometric struc-
ture of the vein wall, especially microscopically analyzing
the morphometry of the wall and its elements.

Numerous authors in earlier studies explained the sig-
nificant difference in the flow rate of vein grafts in women
compared to men by the smaller average diameter of the
recipient coronary arteries [4, 7]. However, comparing body
surface area and body mass index (BMI) with the diameter of
recipient coronary arteries, it was determined that there is no
difference in relation to sex, meaning BMI is proportional to
the diameter of coronary blood vessels regardless of sex [14].

In our study, the average age of the patients is signifi-
cantly lower (54.42 years) compared to the analyzed studies
that examined the morphometry of the venous conduit
(60 years — Human et al. [15], and 62.9 years — Perek et
al. [16]), but this finding cannot be taken into account
because we are dealing with a selected and not a total group
of patients who were operated on. Otherwise, the average
age of those operated on in our region does not deviate
significantly from the data in the literature [17].

In the morphometric analyses of veins used as coronary
conduits, the transverse diameter of the veins, wall diam-
eter, and lumen diameter were most often measured, and
the results were presented descriptively, and poor post-
operative results were associated with veins with a thick
wall and a larger lumen [7, 18]. Studies that histomorpho-
metrically determine the diameter of the vein wall and its
layers are extremely rare, especially those that compare the
structure of the veins in relation to sex.

Unlike us, Human et al. [15] found a significant difference
in the average thickness of the vein wall in men (476.7 pm)
compared to women (396.2 um). In the study by Perek et
al. [16], a significantly greater thickness of the vein wall was
observed in women (359.1 um vs. 469.3 pm). The significant
difference in the thickness of the vein wall obtained in our
study compared to earlier research can be explained by the
difference in the vein treatment methodology when taking
the sample. Namely, in our study, a native preparation was
taken, without prior dilation and stretching, unlike other
studies where the veins were dilated using different tech-
niques before fixation, and it should be noted that due to the
elastic properties of the vein wall, even very small differences
in pressure can result in significant differences in diameters
of both the lumen and the thickness of the vein wall.

By measuring the intimal layer of the vein wall, a sig-
nificant difference was found in favor of men (p = 0.005),
but, analyzing age groups in relation to sex, this difference
is not linear. Regression analysis revealed a significant re-
lationship between the thickness of the intimal layer, age,
and sex. Our results correlate with those of Human et al.
[15], which also found a significantly thicker intima in men.

The average thickness of the medial layer of the vein
wall of all participants was 394.82 + 104.10 pm, with a sig-
nificantly higher thickness found in women, both in total
(388.42 +100.55 um vs. 311.22 £ 92.98 um; p < 0.001), and

‘ DOI: https://doi.org/10.2298/SARH240923023Z
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in relation to all age groups. Regression analysis deter-
mined a significant association between medial thickness,
age, and sex, where each year of age is associated with
a decrease in medial thickness by 2.411 pm (p < 0.001),
and the trend of decreasing medial layer thickness is more
pronounced in women. In the mentioned study by Perek
et al. [16], a significantly thicker medial layer of the vein
wall was observed in the group of patients with an oc-
cluded or severely damaged venous conduit (257.2 um vs.
211.5 um; p < 0.001), and the logistic regression model
indicates that hypertrophy of the medial layer represents
one of the independent risk factors for the development
of severe graft disease and poor outcome after coronary
surgery in patients with venous aortocoronary bypass.

All previous findings have confirmed that the main
reservoir of SMC is precisely in the medial layer of the
vein wall. Proliferation and migration into the intimal layer
of these SMC is the main cause of intermediate and late
reduced flow or occlusion of the vein graft in coronary
surgery [12, 13]. Comparing our results and those of Perek
et al. [16], as well as the mentioned facts, it can be con-
cluded that there is a direct correlation of the thickness of
the medial layer with the results in coronary surgery, i.e.,
considering the results of our research, the greater thick-
ness of the medial layer of the vein wall found in women
can be the cause of significant difference in patency of
vein grafts in women. From both public health and clini-
cal perspective, our results underscore the importance of
promoting timely cardiovascular prevention in women
who - regrettably — as in other more developed countries
present themselves later for any kind of revascularization,
with a greater burden of disease and are often misdiag-
nosed due to our cultural and regional habits [19].

CONCLUSION

Unfortunately, there are very few histological morpho-
metric studies of venous conduits in coronary surgery,
especially those comparing in relation to sex, which we
could compare with our results. More research is needed
to determine the true causes of the different patency of
vein grafts in relation to sex.

Our results may point to the conclusion that in women,
especially younger and middle-aged women, due to a sig-
nificantly thicker tunica media, the use of a venous con-
duit in coronary surgery should be avoided due to better
medium-term and long-term postoperative results.
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MopdomeTpujcKke KapaKTepuUCTUKe BennKe cadeHCKe BeHe Kao rpadta 3a XMpypLuKy
peBacKynapu3aumjy MMOKapAa Yy O4HOCY Ha non

Cawa C. XwuBnh', MBan Hukonuh? Mapko Josuh?, Bnagumup Metposuh?, paraH Ll. borganosuh?, Bnagummp Crojumbkosuh’,

AnekcaHgap KameHos'

'YHUBEP3UTETCKN KNUHUYKK LeHTap  Hyw', KnuHuka 3a kapauoxupyprujy, Huw, Cpbuja;
*YHusep3uTet y Huwy, MeguumHckmn dakyntet, Kategpa 3a xuctonorujy n embpuonorujy, Huw, Cpbuja;

3VHCTUTYT 3a jaBHO 3apaBsbe , Huw’, Huw, Cpbuja

CAMETAK

YBoa/LUwmb 3HauajHa pa3nunka y NpoXoAHOCTM BEHCKIMX KOPO-
HapHWX rpadToBa y OAHOCY Ha MOJ joLl yBEK HeMa jacHO fe-
dvHMCcaH y3pok. Hale nctpaxusarme rma 3a Lub ga yTBpam
€BeHTYyaNnHO NocTojatbe MOPPOMETPMjCKMX pas3nnKa y 3ugy
BenvKe cadeHCKe BeHe y OAHOCY Ha Morl.

MeTope VictpaxuBatbem je 06yxBaheHo 268 naLujeHaTta Knacu-
¢drKoBaHUX MO MOy y NET CTaPOCHVX FPyna, Koj/Ma je BpLIEHO
MOPHOMETPUjCKO Mepetbe 3ua Benvke cadeHCKe BeHe.
Pe3ynTtaTtu Y Halem UcTpaxkuBamy Huje yTBphHeHa 3HavajHa
pasnuka yKynHe febrbriHe 3uaa BeHe nsmehy nonosa (p =0,11),
HUTV 3HayajHa MOBEe3aHOCT u3mehy yKynHe febrbrHe 31pa, CTa-
pocTu 1 nona. MpoceyHa febsbriHa MHTUMANHOT C/10ja BEHCKOT
3upa 6vna je 3HauajHo Beha Koa MyLLKVX ucnUTaHuKa (p = 0,005)
a MyNTUBAPWjaHTHOM PerpecroHom aHanm3om yTepheHa je
3HayajHa noBe3aHoCT n3mehy feb/brHe UHTUME, CTapOCTU 1
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nona (p < 0,001). MegwujanHu cnoj BeHe Kop »KeHa 610 je 3Ha-
yajHo Behn (p < 0,001), Kako YKYNHO Tako 1 y CBUM CTapOCHUM
rpynama. MyTrBapujaHTHa perpecrioHa aHanm3a je noTBpAmIa
3HayvajHy noBe3aHoCT uamehy febbriHe Meguje, CTapoCcTyh 1
nona (p < 0,001). JebrbrHa apBeHTULMjanHOr cloja 6una je
3HauajHo Beha Kog mywwkapaua (p = 0,031), a yrBpheHa je n
3HayajHa noBe3aHocT n3mMehy aeb/buHe aABeHTULMje, CTapoCTyh
nnona (p <0,001).

3aKsbyyak Pe3yntaTi Haller NcnuTrBatba yKasyjy Ha mocTojame
3HauajHe pasnuKke y 3uay Benmke cadeHcKe BeHe Y OAHOCY Ha
MO 1 CTapOCT NCMUTVBAHMX MaLyjeHaTa, LITO ce MOXe JOBeCTY
y Be3y Ca 3Ha4yajHOM Pa3/IMKoM y MPOTOUHOCTM BEHCKYX rpad-
TOBa Yy KOPOHAPHOj XUPYPrujyi y OBHCOY Ha NoJ.

KrbyuHe peuu: Kapanoxupypruja; BeHCKa MoppomeTpuja;
NPOTOYHOCT
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SUMMARY

Introduction/Objective Previously, we have shown that six months after initiating monotherapy in
school-age children with new-onset uncomplicated epilepsy, minimal changes in cognition and signifi-
cant symptoms of anxiety, depression, and behavioral changes were observed.

In the same group of children, we aimed to show and compare the effects of the most commonly used
anti-seizure medications (ASMs) on cognition, psychopathological symptoms, and behavior, to provide
guidance in selecting appropriate ASMs.

Methods Children with newly diagnosed epilepsy completed the Revised Wechsler Intelligence Scale for
Children in Serbian (REVISK), the Revised Child Anxiety and Depression Scale (RCADS), and the Nisonger
Child Behavior Rating Form (NCBRF), immediately after initiating therapy and six months later, at the
University Children’s Clinic in Belgrade.

Results Scores on the social phobia subscale increased significantly in children on lamotrigine mono-
therapy compared to other ASMs, as well as on the separation anxiety disorder subscale and total in-
ternalizing symptoms in patients on ethosuximide (p < 0.05). The scores on the depressive disorder
subscale increased significantly in those on ethosuximide, followed by levetiracetam (p < 0.05). There is
no statistically significant difference in the change of other RCADS scores and REVISK and NCBRF scores
between different types of ASMs during the six months (p < 0.05).

Conclusion The subtle influence of the tested ASMs was already present during the first six months of
treatment. Valproate led to a trend of improved cognition, while ethosuximide and levetiracetam con-
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tributed to worsening internalizing symptoms during the first six months.
Keywords: cognition; anxiety; depression; behavior; ASMs

INTRODUCTION

Children with epilepsy experience challenges in
behavioral, cognitive, psychological, and emo-
tional functioning. It has been shown that anti-
seizure medications (ASMs) may contribute to
these issues in different ways [1].

Thus, topiramate (TPM), valproate (VPA),
and carbamazepine (CBZ) can significantly ad-
versely affect cognitive status, while the adverse
impact of ethosuximide (ESM), levetiracetam
(LEV), and lamotrigine (LTG) is minimal, al-
though there are other findings [2, 3].

Some studies have suggested that VPA, LTG,
and CBZ may lead to a mood-stabilizing effect
in children with anxiety, depression, and bipo-
lar disorder [3, 4, 5]. On the other hand, the
same drugs have also been linked to increased
anxiety and symptoms of depression in some
patients [6]. LEV may also induce anxiety, de-
pression, emotional lability, reversible psychotic
symptoms, and behavioral disorders, particu-
larly in predisposed individuals, although there

are also other findings [7, 8, 9]. Moreover, after
six months of treatment with TPM, children
may exhibit varying emotional improvement
or deterioration [10].

Previously, we have shown that six months
after initiating monotherapy, minimal changes
in cognitive functioning and significant symp-
toms of anxiety, depression, and attention-
deficit/hyperactivity disorder (ADHD) were
observed [11]. Adverse effects of ASMs signifi-
cantly contributed only to depressive symptoms
(Table 1) [11].

In some cases, the impact of ASMs during
the initial months of treatment may be subtle
and hard to notice and, in fact, can be a pre-
lude to more serious damage [1]. Therefore, the
question remains: What is the subtle influence
of antiepileptic drugs on anxiety, depression,
behavior, and cognition?

On those grounds, we aimed to evaluate the
effects of the most commonly used ASMs on
cognition, psychopathology, and behavior in
school-aged children with newly diagnosed
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Table 1. Summarized predictors of cognitive status, anxiety, depressive and be-

havioral disorder symptoms

Serbian (REVISK), Revised Child Anxiety and
Depression Scale (RCADS), and the Nisonger

i viq | piq | Anxiety | Depressive| ADHD |Behavior|  Child Behavior Rating Form (NCBREF) for
symptoms | symptoms | symptoms | disorder . . .
typically developing children and adolescents

before | A . .
VIQ in Serbian.

after

before A . .
PIQ after Questionnaires

i before A A
?ynrﬁlsgms after a a Y Revised Wechsler Intelligence Scale for Children
- in Serbian (REVISK)

Depressive | before A o
symptoms | after A A A This instrument was used to assess the cog-
ADHD before A N nitive status in patients [11, 14]. REVISK is a
symptoms | after A N standardized battery of Wechsler tests tailored
Behavior | before A A to evaluate intelligence and cognitive func-
disorder after A tioning in children aged 5-15 years, cultur-
Type of ASM A ally adapted for the Serbian population [14].

VIQ - verbal IQ; PIQ - performance 1Q; ADHD - attention-deficit/hyperactivity disorder

epilepsy, as well as to determine which antiepileptic drugs
contributed most significantly to depressive symptoms.
Here, we present the individual effects of these medica-
tions during the first six months of treatment to guide the
selection of appropriate ASMs.

METHODS
Study design and methodology

The study was designed as a segment of a more extensive
prospective study investigating the impact of ASM mono-
therapy on cognition, behavior, and psychopathological
symptoms in school-aged children with newly diagnosed
epilepsy. The diagnosis of epilepsy was made based on the
definition of the International League Against Epilepsy
(ILAE) [12]. It was conducted during two research visits,
immediately after initiating therapy and six months later,
at the University Children’s Clinic in Belgrade in 2020.
The selection of ASM was determined independently of
the researcher, based on ILAE guidelines [13].

Inclusion criteria were regular psychomotor develop-
ment, an intelligence quotient (IQ) > 80, normal physi-
ological and neurological status, normal brain MRI, ab-
sence of comorbid conditions, and no concurrent therapy.
Exclusion criteria included the need to switch the pre-
scribed ASM, the addition of another ASM to therapy
(polytherapy), poor compliance, a subsequently discovered
structural lesion on the MRI, or an I1Q lower than 80 in
children whose test results were received after the start of
treatment.

Testing and follow-up procedures

After obtaining consent for participation, participants
completed a set of questionnaires. During the two research
visits, children and/or their parents completed the follow-
ing questionnaires, and psychological testing was conduct-
ed: Revised Wechsler Intelligence Scale for Children in
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REVISK is based on the WISC-R (Wechsler
Intelligence Scale for Children) standardization
and is psychometrically closest to the WISC-III
[15]. It consists of 11 subtests, and scores are calculated
relative to age norms and expressed as scaled scores rang-
ing 1-19 [14]. Total scores are reported as verbal IQ (VIQ),
performance IQ (PIQ), and total IQ (TIQ). In this study,
internal consistency reliability measured by Cronbach’s a
coefficient was 0.77, 0.86, and 0.88 for VIQ, PIQ, and TIQ
scores respectively [11].

Revised Child Anxiety and Depression Scale (RCADS)

RCADS was used to assess anxiety and depressive symp-
toms [11, 16]. It includes both a self-report and a parent-
report version, each containing 47 questions addressing
anxiety symptoms (31 questions), depressive symptoms
(10 questions), and obsessive-compulsive disorder (OCD;
six questions). Higher scores indicate greater presence of
global and specific anxious, depression, and OCD symp-
toms. Psychometric studies have demonstrated reliable and
valid measurements in the Serbian version applied in this
study [17, 18]. Cronbach’s a coefficients for the self-report
version were 2 0.70 for all scores except for the depression
subscale (0.50) [11]. For the parent-report version, the so-
cial phobia and OCD subscales had a coefficients of 0.57
and 0.41, respectively, while all other subscale scores had
a>0.7815 [11].

Nisonger Child Behavior Rating Form TIQ Version
(NCBRF)

This rating form was used to evaluate behavior [11].
The questionnaire, completed by parents only, consists of
64 questions rated on a Likert scale from 0 (never) to 3
(always). Scores are calculated by summing item responses.
ADHD symptoms are assessed through the hyperactivity
and inattention subscales, disruptive behavior disorder
symptoms through conduct and compliance subscales,
and total externalizing symptoms through the sum of the
previous scores. Higher scores indicate greater behavioral
difficulties. The questionnaire has demonstrated reliability
and validity. In this study, internal consistency reliability
measured by Cronbach’s a was > 0.76 for all scores except
for the hyperactivity subscale (0.56) [11].
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Statistical analysis

In this study, the type of ASM was analyzed as an inde-
pendent variable. The dependent variables included total
scores from the REVISK, RCADS, and NCBRF scales. Only
adequately completed data from filled questionnaires and
tests were included in the analysis.

Descriptive statistical methods used included absolute
values, percentages, mean values (M), and measures of
dispersion (standard deviation — SD and standard error
- SE). Analytical statistical methods included the follow-
ing tests and analyses: paired t-tests were conducted to
assess differences in participants’ questionnaire scores at
the beginning of treatment (baseline) and after six months
of follow-up. For statistically significant changes, the effect
size of the score differences was expressed using Cohen’s d
coefficient, interpreted as small (< 0.5), medium (0.5-0.8),
or large (> 0.8) [11]. Analysis of variance (ANOVA) for
repeated measures was used to examine the magnitude of
score changes in questionnaires over time (baseline and
after six months) regarding the type of ASM. All analyses
were performed using the PASW Statistics, Version 18.0
(SPSS Inc., Chicago, IL, USA), with a significance thresh-
old of p < 0.05.

The study was conducted following Good Clinical
Practice guidelines, the Declaration of Helsinki, and ap-
plicable local and regional regulations, following approval
by the Ethics Committee of the University Children’s Clinic
(UDK) in Belgrade, number 13/208. It was designed as an
academic, non-profit, non-interventional clinical study.

RESULTS

The study included 69 school-aged children who were
treated at the University Children’s Hospital in Belgrade
in 2020 who met the inclusion criteria. Nine patients were
lost to the six-month follow-up due to poor compliance
and necessary polytherapy. The demographic and clinical
data of the subjects are presented in Table 2.

Table 2. Clinical data of the subjects

Followed for 6

Age (SD), span

Allincluded, n =68

months, n =60

12.32(3.34),7-18

12.45(3.25),7-18

Male/female, n (%)

38 (55.9) /30 (44.1)

34 (56.7) / 26 (43.3)

Antiepileptic, n (%)

VPA 23(33.8) 18 (30)
LEV 16 (23.5) 15 (25)
CBZ 14 (20.6) 13(21.7)
LTG 8(11.8) 7(11.7)
ESM 6(8.8) 6(10)
TPM 1(1.5) 1(1.7)

TPM - topiramate; VPA - valproate; CBZ - carbamazepine; ESM - ethosuxi-
mide; LEV - levetiracetam; LTG - lamotrigine

DOI: https://doi.org/10.2298/SARH250130029R
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Table 3 shows the mean values (SD) of the REVISK
scores for the type of ASM. There is no statistically signifi-
cant difference in the change in scores between different
types of ASM during the six months.

Table 4 shows the mean values (SD) of the subjects’
RCADS scores for the type of ASM. Scores on the social
phobia subscale increased significantly less than those on
the separation anxiety disorder subscale and total internal-
izing symptoms compared to lamotrigine. The scores on
the depressive disorder subscale increased significantly
less than those on ethosuximide. There is no statistically
significant difference in the change of other scores between
different types of ASM during the six months.

Finally, there was no statistically significant difference
in the change in NCBRF scores between different types of
ASM over the six months (Table 5).

DISCUSSION
The impact of ASMs on cognitive status

Although it was not clinically significant, subtle effects of
ASM:s on specific cognitive domains were observed.

In our study, VPA demonstrated a positive impact on
cognitive status in the first six months. Children receiv-
ing VPA therapy showed increased verbal, nonverbal, and
overall intelligence quotients. However, the overall effect of
VPA did not differ significantly from other ASMs.

VPA, like ESM, is commonly used as a first-line treat-
ment for absence epilepsy. Prior research reported that
ESM is more favorable than VPA for cognitive outcomes
[19]. However, in our study, during the first six months
of treatment, children treated with ESM exhibited a trend
of decline in VIQ, PIQ, and overall IQ. Due to the small
sample size, this negative impact of ESM on cognition was
not statistically significant and does not warrant chang-
es in clinical guidelines for treating absence epilepsy.
Nevertheless, our findings suggest that in children with
absence epilepsy who present with cognitive deficits at
baseline, VPA may be a preferable treatment option.

We have shown that LEV is associated with a trend of
decreasing nonverbal IQ, which is novel. However, con-
sistent with earlier observations, LEV was linked to mild
cognitive improvement in verbal IQ, attention, and overall
cognitive status [20]. While most studies report cognitive
abatement following CBZ use [21], our findings indicate
mild improvement in VIQ despite a trend of decline in
nonverbal IQ domains. It would be useful to see what
happens to our subjects later, considering recent studies
showing significant cognitive improvement over one year
in children treated with LEV and LTG compared to school-
aged children treated with CBZ [21, 22]. Of course, this
remains a preliminary observation; no significant differ-
ences between these drugs were found.

The subtle trend of adverse effects of ESM, LTG, and
CBZ on cognitive status during the first six months,
though unexpected, highlights the need for further inves-
tigation into the cognitive impacts of ASMs. Therefore, we
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Table 3. Distribution of REVISK scores with regard to the type of ASM*

VPA LEV CBz LTG ESM Significant
1Q n=18 n=15 n=13 n=7 n=6 differences
M SD M SD M SD M SD M SD between ASMs
VIQ before 92.8 1.3 92.1 11.6 95 129 98.7 26.4 101.5 20.5 N
[o)
VIQ after 93 13.51 86.7 9.2 99.2 13.11 94.1 217 96.2 17.2
PIQ before 93.8 13.2 97 15 108.7 15.11 105.5 17.8 104.3 15.3 No
PIQ after 98.3 17.2 86.7 10.7 105.9 16.3 104.3 16.1 97.51 11
TIQ before 93.1 10.2 94.1 10.4 101.7 125 104 17.5 97.5 111 No
TIQ after 95.8 13.9 86.9 9.5 101.9 129 100.9 13 97 14
ASMs - anti-seizure medications; VPA - valproate; CBZ - carbamazepine; ESM - ethosuximide; LEV - levetiracetam; LTG - lamotrigine;
VIQ - verbal IQ; PIQ - performance 1Q; TIQ - total 1Q;
*ANOVA for repeated measurements, Bonferoni corrected, p < 0.05
Table 4. Distribution of RCADS scores about the type of ASM*
VPA LEV CBz LTG ESM Significant
Parameter n=18 n=15 n=13 n=7 n=6 differences
M SD M SD M SD M SD M SD between ASM
TotAbefore 10.3 9.4 10.3 59 10.5 7.2 17.2 1 14.5 9
VPA < ESM
TotA after 16.1 8 26.9 129 20.1 13.6 25 12.2 29.8 10.8
TotD before 2.7 1.9 1.8 2 2.7 1.5 3.9 29 2.2 1.5 N
o
TotD after 5.7 4.5 7.5 4.3 6.9 3.7 5.1 3.1 10.9 7.1
Sph before 4.2 3.8 4.7 2.7 3.8 29 8.1 4.3 6.3 3.8
VPA < LTG
Sph afer 6.9 2.6 10.9 4.8 7.3 4.9 11.6 5.1 12.8 4.4
OCD before 1.72 1.82 0.91 0.9 2.2 1.8 2.62 2.2 0.3 0.5 N
o
OCD after 2.2 2.6 1.9 2 25 2.6 3.1 2.6 25 24
PD before 1.22 0.8 1.3 1.2 1.3 1.4 2.7 2.1 13 0.5 N
o
PD after 2.7 24 3.9 3.6 23 291 33 2.8 5.8 5.6
SAD before 1.6 2.8 1.5 1.6 1.9 1.9 3.1 3.9 3.7 3 No
SAD after 2.5 3.8 2.7 24 1.71 2.2 34 35 7.8 5.6
GAD before 2.7 1.9 24 1.7 1.8 1.7 24 2.1 2.7 1.6 No
GAD after 3.1 1.9 4.8 2.7 2.5 1.7 4.4 3.7 6.7 3.6
TotINbefore 13 10 121 7.3 13.2 8.2 21.1 13.9 16.7 9.8
VPA < ESM
TotINafter 921.8 11.9 344 16.7 26.9 16.2 30.1 14.8 50.7 16.7

ASMs - anti-seizure medications; VPA - valproate; CBZ - carbamazepine; ESM - ethosuximide; LEV - levetiracetam; LTG - lamotrigine; TotA - total score for anxi-
ety; TotD - total score for depression; Sph - social phobia; OCD - obsessive-compulsive disorder; PD - panic disorder; SAD - separation anxiety disorder;

GAD - generalized anxiety disorder; TotIN - internalizing symptoms total score;
*ANOVA for repeated measurements, Bonferroni corrected, p < 0.05

Table 5. Distribution of NCBRF scores about the type of ASM*

VPA LEV CBz LTG ESM Signiﬁcant

Parameter n=18 n=15 n=13 n=7 n=6 differences
M SD M SD M SD M SD M SD between ASM

ADHD before 54 4.7 4.5 3.2 73 4.8 7.7 3.8 6.2 43 No
ADHD after 103 7.1 11 6.7 11.7 7.2 11.7 53 15.3 7.7
TE before 11.6 10 8.8 43 15.9 13.2 18.4 10.2 33 9.8
TE after 225 17.7 18.6 16.8 24.5 18.2 16.61 13 315 14.3 No
DBD before 6.1 5.6 4.31 2.6 8.6 9 10.7 6.6 7.2 5.8 No
DBD after 121 10.9 17.7 12.5 129 125 14.9 8.8 16.2 7.1

ADHD - attention-deficit/hyperactivity disorder; DBD - disruptive behavior disorder; TE - total externalizing score;

*ANOVA for repeated measurements, Bonferroni corrected, p < 0.05

underscore the necessity of individualized approaches to
ASM selection and emphasize the importance of monitor-
ing cognitive changes in children undergoing antiepileptic
treatment.

The impact of ASMs on anxiety, depression, and
behavioral problems

Although antiepileptic treatment did not significantly af-
fect the presence of anxiety symptoms after six months
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[11], some ASMs were more likely to contribute to anxiety
than others. Participants treated with ESM had the high-
est anxiety scores, followed by those on LEV, LTG, CBZ,
and finally VPA, which demonstrated the lowest average
anxiety scores.

Among all the ASMs evaluated, VPA was the only one
associated with the trend of positive effects on symptoms
of social phobia and generalized anxiety disorder. It sug-
gests that VPA has the most favorable effect on anxiety
symptoms and, if possible, should be the first-line choice
in children with seizures and anxiety. Nevertheless, LTG
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and VPA demonstrated favorable effects on obsessive-com-
pulsive disorder symptoms after six months, supporting
earlier evidence [23].

It has already been said that this research is part of a
larger project in which we showed that ASMs, during the
first six months, only contribute to the significant oc-
currence of internalizing symptoms [11]. Based on these
tindings, LEV stood out for its effect on the occurrence of
depressive symptoms, compared to other ASMs. There is a
clinically significant negative effect of LEV on internalizing
symptoms, including anxiety and depression, which was
recently demonstrated and explained in the population of
adult patients with epilepsy [24].

In contrast to previous studies [25], our findings suggest
that, like other drugs, LEV did not clinically significantly
influence behavioral disorders within the first six months
of treatment. However, children on LEV exhibited the most
pronounced difficulties with conduct, attention, and social
competence, alongside increased hypersensitivity, hyper-
activity, and ADHD symptoms. Monitoring these trends
over time is essential to determine whether LEV’s impact
on behavioral issues may become clinically significant in
the long term.

According to earlier findings of favorable or neutral ef-
fects of LTG and CBZ on ADHD symptoms [26, 27], our
study showed their less negative, although not clinically
significant, impact on behavioral aspects than other drugs,
in the following order: ESM > LEV > VPA > CBZ > LTG.
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*KnuHKKa 3a Heyponorujy 1 ncuxujatpujy aee 1 omnapuHe, beorpag, Cpbuja

CAMETAK

YBoa/Lnsb MNpeTxoaHO MO NoKa3anu Aa ce WecT meceLim HakoH
noyeTKa fleyetba fAeLie WKOJICKOT y3pacTa ca HOBOAMjarHOCTU-
KOBaHOM HEKOMMIMKOBaHOM enuencujom jaBsbajy MUHMan-
He NPOMeHe y KOTHUTUBHOM QYHKLMOHMCakY, alin 11 3HaYajHu
CYMMTOMY aHKCMO3HOCTU, Aienpecuje 1 nopemehaja noHaluara.
Y nomeHyToj rpynu geLie npouerbrsanv cmo 1 ynopehusanu
edekTe Hajuelwhe KoprWheHNX aHTUENMNENTUYKUX JIEKOBA
(AEJT) Ha KOrHMLKjy, CUMMNTOMe NcuxonaTtosioruje u nopemehaj
MoHalllakba LWeCT MeceL HaKoH MoYeTKa feyetba, ca Lnibem
[la lonpriHecemMo CMepHyLama 3a n3bop ogrosapajyher AEJL.
Metopge [leLia ca HOBOAWjarHOCTMKOBAHOM enUencujomM TecTu-
paHa cy PeBnarpaHom BelunepoBom cKanom 3a UHTeAnreHuujy
Ha CpPMCKOoM je3uKy, PeBnaMpaHoM CKanoM 3a aHKCMO3HOCT 1
Jenpecyjy Kog aete 1 HucoHreposrm obpacuem 3a npoLeHy
noHallara AeLie, ogMax no yBohery Tepanuje N HaKOH LuecT
MeceLn, Ha YHUBEP3UTETCKOj AeYjoj KnnHULM y beorpagy.
Pesyntatu Pe3yntati Ha cynckanu coumjanHe ¢pobuje 6unm
Cy CTAaTUCTUYKYM 3HaYajHO BULLIM KOJ feLle Ha MOHOTepanuju
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namotpurmHom y nopeherby ca apyrvm AEJT, Kao v Ha cynckanu
nopemehaja cenapavuje 1 yKynHUX MHTEPHaNN3aLMjCKUX CUMM-
TOMa KOpA AeLle Ha etocykemmmay (p < 0,05). PesynTati Ha cyn-
cKanu fenpecmBHor nopemehaja 3HauajHo cy ce nosehanu Kog
OHWX Ha Tepanujyi eTOCYKCUMIAOM, @ NOTOM JIeBET/PaLeTaMoM
(p < 0,05). Hema cTaTUCTYKM 3HaYajHe pasfvke y NpoMeHamMa
OCTanux pesynrata Ha PeBranpaHoj ckanu 3a aHKCMO3HOCT 1 fie-
npecujy Kop AeLe, Kao H1 y pesyntatuma Pesuavipaxe Beune-
poBe cKane uHTenmreHuyje 3a ety 1 HucoHreposor obpacia
3a NpoLieHy noHallara feLe n3mehy pasnuuntux Tunosa AEJ
TOKOM NpBYX WecT meceuy (p < 0,05).

3akmyyvak CyntunaH ytuuaj ucnutreanux AEJ] youeH je Beh
TOKOM NPBYX LLECT MeceLy Sieyetrba. Bannpoar je nokasao TpeHa
nobosbluarba KOrHUTUBHMX QYHKLMja, AOK CY €TOCYKCUMUZA 1
neBeTUpaLeTam y Hajgehoj Mepu JONpPUHeN NoropLuakby 1H-
TepHanu3yjyhux cumntoma y Tom nepuogy.

KrbyuHe peun: KOrHUTUBHE GyHKLj€; aHKCMO3HOCT; ienpecyja;
MOHaLlabe; aHTUEeNUNENTUYKM JIEKOBU
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SUMMARY

Introduction/Objective Reduced kidney length, low birth weight, obesity, and ipsilateral congenital
anomalies of the kidney and urinary tract (CAKUT) are risk factors for renal injury (hypertension, protein-
uria, and chronic kidney disease) in single-functioning kidneys. Our study aimed to investigate the risk
factors for renal injury and outcome in children with congenital solitary kidney (CSK).

Methods We collected data from the medical records of 95 children with CSK.

Results Children with CSK were predominantly male (61%). An abnormal ultrasound (US) view of a soli-
tary kidney was found in nine (9%) and renal length below the 75th percentile in eight (11%) children.
Seven (7%) children had low birth weight, 18 (20%) were obese, 26 (28%) had urinary tract infections,
24 (25%) had CAKUT and 28 (29%) were treated with an angiotensin-converting enzyme (ACE) inhibitor.
Decreased glomerular filtration rate was found in three, proteinuria in 14 (15%), and arterial hyperten-
sion in 10 (11%) children. A total of 23 (24%) children met the criteria for renal injury. In multiple logistic
regression, only US abnormalities approached significance (OR 5.6, p = 0.08). Compared to other studies,
we had a higher percentage of an ACE inhibitor prescribed for renal protection. This could be the reason
for the low percentage of renal injuries in our study.

Conclusion Monitoring blood pressure, proteinuria, and renal function might be of utmost importance,
especially in children with CSK and abnormal US appearance. Additionally, further studies are needed to
confirm the possible beneficial effect of renoprotective treatment in patients with CSK.

Keywords: solitary kidney; renal injury; renoprotective treatment; ACE inhibitor; children; abnormal
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ultrasound appearance

INTRODUCTION

Congenital solitary kidney (CSK) is a kidney’s
anatomical or functional absence from birth. It
results from abnormal or incomplete kidney de-
velopment in utero leading to a non-functioning
kidney, as in multicystic dysplastic kidney and
renal aplasia, or from unilateral renal agenesis
[1]. Dysplastic kidneys can regress spontane-
ously either prenatally or within the first few
years of life. Additionally, other congenital
anomalies of the kidney and urinary tract
(CAKUT), in particular vesicoureteral reflux
(VUR), are often associated with CSK [1].

Unilateral renal agenesis is adequately con-
firmed in most cases with a neonatal abdominal
ultrasound (US) performed by a pediatric ra-
diologist. Further imaging with renal scintig-
raphy with dimercaptosuccinic acid (DMSA)
or dimercaptoacetyltriglycine (MAG3) is only
recommended if the diagnosis is uncertain (e.g.,
in the absence of compensatory renal hyper-
trophy) [2].

In the majority of CSK, there is increased
renal growth, which is initiated prenatally. A
reduced number of nephrons leads to glomeru-
lar hyperfiltration, which results in renal injury,
such as high blood pressure, proteinuria, and
chronic kidney disease [3]. In a large group

of children with a single functioning kidney
(SFK), the median age at which renal injury
occurred was around 15 years [4]. Risk factors
for renal injury in SFK were found to be ipsi-
lateral CAKUT and insufficient kidney length,
obesity, and low birth weight [4, 5, 6]. The best
indicator of renal function in children and ado-
lescents is the glomerular filtration rate (GFR)
and as such is used as the most reliable marker
of a functioning kidney mass [7]. Angiotensin-
converting enzyme (ACE) inhibitors slow the
progression of chronic kidney disease in chil-
dren with renal hypodysplasia [8].

In this study, we sought to evaluate the risk
factors for renal injury and outcome in children
with SFK compared to other similar studies.

METHODS

This is a retrospective study, conducted at the
University Children’s Hospital in Ljubljana,
Slovenia.

The patients

We reviewed the medical records of 310 chil-

dren diagnosed with solitary kidney disease
between January 1980 and December 2017.
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Following the inclusion criteria [e.g., an abdominopelvic
US examination without evidence of renal tissue on one
side (empty renal fossa, no renal tissue in the retroperito-
neum or pelvis) and confirmatory renal scintigraphy] and
the exclusion of children with a surgically removed kidney,
95 children were finally included in the study.

We collected the following data: sex, reasons for first
US examination, appearance of kidneys at US examina-
tion, measurement of kidney length, duration of follow-up,
additional risk factors (low birth weight, obesity, urinary
tract infections (UTI), CAKUT (other than CSK)), use of
renoprotective medications (ACE inhibitors), GFR, pro-
teinuria, and blood pressure.

us

US examinations of the abdomen and pelvis were per-
formed by various examiners with children in the su-
pine position using a 3.5 to 5 MHz probe, usually with
the Toshiba US devices (Eccocce, Ecusson, SSA 140A or
Power Vision 6000, Toshiba Corporation, Minato, Tokyo,
Japan). Compensatory hypertrophy of the CSK was defined
in children in the prone position as kidney length in the
maximal renal longitudinal section exceeding the 95th
percentile value for normal kidney length, as described
by Akhavan et al. [9]. The US appearance was considered
normal if echogenicity, structure, and thickness of the
kidney parenchyma were normal, normal corticomedul-
lary differentiation without calyceal dilatation was pres-
ent and 10 mm was considered the upper limit of normal
anterior-posterior renal pelvis diameter [10], otherwise, it
was considered abnormal.

Scintigraphy

Renal scintigraphy with DMSA (57/95; 60%) or MAG3
(38/95; 40%) was performed in all children to confirm
CSK and exclude obstruction or parenchymal scarring.

Additional risk factors

Low birth weight is defined as < 2500 g and obesity is
diagnosed with a BMI > 95th percentile for age and sex.

CAKUT

Because children with CAKUT had a higher proportion
of renal injury on the CSK side [11], we divided the chil-
dren into those with and without CAKUT. CAKUT was
identified by renal US and scintigraphy (performed in all
patients) and by a cystourethrogram performed in 56/95
patients (58.9%) when VUR was suspected, mainly in chil-
dren with recurrent UTI.

Renoprotective treatment
In our study, ACE inhibitor treatment was prescribed not
only to children with proteinuria and hypertension, but

also to some children with prehypertension, CAKUT, and
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kidney length below the 75th percentile for renoprotec-
tion. Therefore, we did not include the ACE inhibitor as
a possible marker of renal injury as was the case in the
KIMONO study [4].

Renal injury

Renal injury was defined as the persistent presence of one
or more of the following: significantly impaired GFR, pro-
teinuria, and hypertension.

The Schwartz formula with adjustment to the Slovenian
population (k = 40 children < 3 years; k = 48 girls > 3
years; k = 58 boys > 3 years) was used to calculate the
GEFR [12]. According to Hellerstein et al. [13], the thresh-
old for significantly impaired GFR in solitary kidney
was 78 mL / min / 1.73 m? in 1-2-year-old children,
73 mL / min/ 1.73 m? in girls over two years and boys 2-13
years, and 70 mL / min / 1.73 m? in boys over 13 years.
Proteinuria was defined as urinary protein excretion > 100
mg / m*/ 24 hours or spot urine protein/creatinine ratio
> 0.2 g/g Cr [14]. Blood pressure was determined with a
24-hour or 48-hour ambulatory blood pressure measure-
ment. A blood pressure > 95th percentile for sex, age, and
height was defined as arterial hypertension [15].

Statistical analysis

Statistical analysis was performed using the SPSS pack-
age for IBM SPSS Statistics for Windows, Version 29.0.
(IBM Corp., Armonk, NY, USA). Numeric variables are ex-
pressed as median or mean with standard deviation (SD),
depending on the distribution of the data. Descriptive
variables are expressed as percentages. Multiple logistic
regression analysis was performed to determine the predic-
tive risk factors for renal injury. The results are expressed
as odds ratios (OR) with 95% confidence intervals (CI).
A p-value of less than 0.05 was considered statistically
significant.

Ethical approval

The study was approved by the National Medical Ethics
Committee of the Republic of Slovenia (0120-374/2017/7).
It complies with the 1964 Helsinki Declaration and its sub-
sequent amendments or comparable ethical standards.
Informed consent was obtained from all individual par-
ticipants included in the study.

RESULTS
Patient characteristics

Among the children with CSK, there were more boys
(61%), and CSK was predominantly right-sided (56%).
The solitary kidney was detected prenatally in 10/95
(10.5%), immediately after birth during newborn screening
in 31/95 (32.6%) children, by US examination due to UTI
in 8/95 (8.4%), and by US examination during screening
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for other congenital malformations, enuresis, urinary in-
continence or abdominal pain in 31/95 (32.6%) children.
For the remaining 15/95 (15.8%), no data was found at the
time of diagnosis.

The last US examination showed an abnormal kidney
appearance in nine (10%) children (Table 1).

CAKUT (other than CSK) was detected in 24 (25%)
children, among those more than one anomaly was found
in 8/24 (33%). The most common anomaly was VUR, fol-
lowed by hydronephrosis and/or hydroureter with or with-
out ureterovesical junction obstruction (Table 2).

Impaired GFR for solitary kidney according to
Hellerstein et al. [13] was found in three patients. In 14/91
(15%) children proteinuria was present and in 10/95 (11%)
arterial hypertension. The mean age of children with a
diagnosis of hypertension was 12.4 + 2 years. A total of
28 (29%) children were treated with an ACE inhibitor
for renal injury or for renal protection itself (Table 3). All
children with renal injury were recommended to receive
treatment with an ACE inhibitor; however, only nine of
them were taking the medication. The mean age at the
start of treatment with an ACE inhibitor was 10.2 years
(SD 3.2 years).

Renal injury risk factors

A total of 23 (24%) patients met the criteria for renal in-
jury, defined as significantly impaired GFR and/or the
presence of proteinuria and/or hypertension. In the mul-
tiple logistic regression analysis (Table 4), an abnormal US
appearance is almost significant (OR 5.6).

DISCUSSION

In our retrospective unicentric study, 95 children with
CSK were evaluated. The median age at diagnosis was
two months, with most cases diagnosed either prenatally
or immediately after birth, like in the KIMONO study
(both 43%) [4]. We had a higher proportion of males like
the study by Jergensen et al. [16] (61% vs. 67%). When
considering abnormal kidney appearance, our data is also
like the study by Jergensen et al. [16] (10% vs. 8%). In ad-
dition, 25% of our children were found to have CAKUT,
mainly VUR, which occurred in 15% of cases. This num-
ber is lower than the 24% of patients with VUR in the
meta-analysis by Westland et al. [1]. Siomou et al. [17],
on the other hand, report an even lower number of VUR.
Since low-grade VUR can be self-limiting, but high-grade
VUR may severely impair renal function, it is important
to be aware of the latter. As noted in the Westland et al. [1]
meta-analysis, these findings highlight the need for further
validation to avoid routinely using voiding cystourethrog-
raphy in children with a normal sonographic appearance of
CSK and no recurrent UTIs, especially given the increasing
availability of non-invasive methods for detecting VUR.
In our study;, a significantly higher percentage of chil-
dren were treated with an ACE inhibitor compared to
the KIMONO study (29% vs. 17%, respectively). In the
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Table 1. Patient characteristics

Characteristic N of patients (%)

Male gender 58/95(61.1)
Right side CSK 53/95 (55.8)
Abnormal kidney appearance (last US) 9/93* (9.7)

Kidney length (last US) according to Akhavan et al. [9]

<75% 8/74* (10.8)
75-95% 22/74* (29.7)
>95% 44/74* (59.5)
Low birth weight 7/95 (7.4)
Obesity 18/89* (20.2)
UTls 26/93* (28)
CAKUT 24/95 (25.3)
Extrarenal anomalies 23/95 (24.2)
Median age at first diagnosis, months 2(2-61)**

106 (3-230)**

CSK - congenital solitary kidney; US - ultrasound; UTI - urinary tract infection;
CAKUT - congenital anomalies of the kidney and urinary tract;

*there are a few missing data results due to retrospective studies;

**range

Median follow-up, months

Table 2. Congenital anomalies of the kidney and urinary tract (CAKUT)

Parameters l_\lo. o
patients (%)
CAKUT (total) 24/95 (25.3)
VUR 14/95 (14.7)
Hydronephrosis and/or hydroureter with or
without ureterovesical junction obstruction 9/95(95)
Pyelon duplex 4/95 (4.2)
Ectopic CSK 2/95 (2.1)
Cystic dysplasia of CSK 1/95 (1.1)
Hypospadias 1/95 (1.1)
VUR - vesicoureteral reflux; CSK - congenital solitary kidney
Table 3. Renal injury and the use of ACE inhibitor
Parameters NO' i
patients (%)
Renal injury (total) 23/95 (24.2)
Impaired GFR according to Hellerstein 3/91* (3.3)
Proteinuria 14/91* (15.4)
Arterial hypertension 10/95 (10.6)
ACE inhibitor (total) 28/95 (29.5)
for Renal injury 9/95 (9.5)
for Renoprotection 19/95 (20)

ACE - angiotensin-converting enzyme; GFR - glomerular filtration rate;
*there are a few missing data results due to retrospective studies

Table 4. Multiple logistic regression analysis of risk factors

Risk Factor OR (95% Cl) p-value
CAKUT 0.40 (0.08-1.94) 0.254
Low birth weight 0.64 (0.06-5.62) 0.637
UTl 0.50 (0.10-2.43) 0.394
Obesity 1.44 (0.36-5.75) 0.604
Renal length < 95% 1.33(0.39-4.56) 0.647
Abnormal US appearance 5.57 (0.81-38.04) 0.080

CAKUT - congenital anomalies of the kidney and urinary tract; UTI - urinary
tract infection; US - ultrasound

majority of our children, treatment with an ACE inhibitor
was started due to renal protection [19/28 (68%)], whereas
in the KIMONO study, the indications for an ACE inhibi-
tor were mostly proteinuria or hypertension. The mean age
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at treatment initiation is approximately the same in both
our and the KIMONO study [10.2 years (SD 3.2 years)
and 9.8 years (SD 5.5 years), respectively]. However, the
main difference between these two studies was that the
KIMONO study included not only children with CSK but
also those with acquired SFK [4].

Impaired GFR, proteinuria, and hypertension were
found in 3%, 15%, and 11%, respectively. In comparison,
Westland et al. [1] found impaired GFR in 10%, micro-
albuminuria in 21%, and hypertension in 16% in their
meta-analysis of more than 2500 unilateral renal agenesis
patients. In contrast, in the KIMONO study of more than
400 patients with SFK (congenital and acquired), 4% had
impaired GFR, 13% proteinuria, and 22% hypertension [4].
We can speculate that the lower prevalence of hyperten-
sion among CSK patients in our study, compared to other
studies, may be attributed to the use of ACE inhibitors as
renoprotective agents, rather than solely being a conse-
quence of the smaller sample size or the exclusive inclusion
of CSK patients in our cohort.

In our study, 23 patients (24%) met the criteria for renal
injury, defined as significantly impaired GFR, and/or the
presence of proteinuria, and/or hypertension. This is lower
than the KIMONO study, where renal injury was observed
in 37% of patients [4]. Although in the KIMONO study,
ACE inhibitor was used as a criterion for renal injury, we
can speculate that the renoprotective use of the ACE in-
hibitor in our study could reduce the percentage of patients
with proteinuria and hypertension.

According to our data, no statistical significance of risk
factors for renal injury was found, in contrast to other pre-
vious studies that found ipsilateral CAKUT, insufficient
kidney length [4], obesity [5], and low birth weight [6] as
risks factors for renal injury in SFK. In multiple logistic
regression, only the US abnormalities approached signifi-
cance (OR 5.6, p = 0.08). The reason for this discrepancy
between our study and other studies could be the smaller
number of patients included in our study compared to
other studies [4, 18], although a possible positive effect of
an ACE inhibitor as a renoprotective medication cannot be
completely excluded, especially in children with prehyper-
tension and US abnormalities. To date, there is limited data
on this topic. In 2017, a systematic literature review was
conducted, concluding that anti-RAAS drugs (renin-an-
giotensin-aldosterone system inhibitors) may also provide
renoprotective benefits in patients with an SFK. The use of
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Owrtehetrbe bybpera koa Aeue ca ypoheHUm conmtapHum 6ybperom — UCKYCTBO

jemHoOr ueHTpa
Jepa lpabHap’, PuHa P. Pyc??

'YHUBEP3NTETCKN Me[MUMHCKM LieHTap y Jby6rbann, [ledja 6onHMLa, JbybrbaHa, CnoBeHuja;
2YHMBEP3UTETCKN MEAULIMHCKI LieHTap y JbybrbaHn, [leyja 6onHuua, Onersetbe 3a negujatpujcky Hedponorujy, JbybrbaHa, CnoseHuja;
3YHuBepauTet y JbybrbaHu, MegnumHcku dakynter, Jbybrbaa, CnoseHuja

CAMETAK

YBoa/Uwnmb CmameHa fyxuHa 6ybpera, Hicka nopohajHa Te-
XKMHa, rojasHocT 1 ypoheHe aHomanuje 6ybpera 1 MoKpahHMX
nyTeBa Ha UCTOj CTPaHW NPeACcTaBsbajy dakTope pusmKa 3a oluTe-
herbe 6ybpera (xvnepTeHsujy, POTEMHYPU]Y N XPOHUYHY Bonect
6ybpera) Kop naLpjeHaTa ca jeaHM GyHKLMOHanHUM 6ybperom.
Linm Hawe cTtyanje 6ro je ga uctpaxu dpaktope prsnka 3a
owTehere 6ybpera 1 NCXOA Neyera Kog feLie ca ypoheHnm
conutapHum 6ybperom (CSK).

Mertope Mogatke CMO NMPUKYNAW U3 MEANLIMHCKE AOKYMEH-
Tauwmje 95 peue ca CSK.

Pesynratu [euia ca CSK 6vna cy npetexHo MyLkor nona (61%).
AbHopManaH ynTpasBy4YHU Hana3 conutapHor bybpera 3abene-
XEH je Ko AeBeTopo (9%) felle, a fyxunHa bybpera ncnog 75.
nepueHTMna kog ocmopo (11%) geue. Cegmopo (7%) peue je
MMano HICKY nopohajHy TexuHy, 18 (20%) 6uno je rojasHo, 26
(28%) nmano je nHdeKLMje ypuHapHOr TpakTa, 24 (25%) nma-
no je ypoheHe aHomanuje 6ybpera 1 MokpahHux nyTesa, a 28
(29%) 61no je neyeHo MHXMOUTOPOM aHTMOTEH3NH-KOHBEPTY]Y-
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her eH3nma (ACE). CmarbeHa 6p3viHa rnomepynapHe duntpauyje
3abenexeHa je Kof Tpoje Aeue, NpoTenHypuja kog 14 (15%), a
apTtepujcka xunepTeH3uja kog 10 (11%) geue. YkynHo 23 (24%)
JeTeTa UCnyHuna cy Kputepujyme 3a owtehere 6ybpera. Y Bu-
LIECTPYKOj NOTUCTUYKO]j PErPecKji camo je abHopmMarnaH ynTpa-
3BYYHV Hasa3 Nnokasao TpeHA CTaTucTyKe 3HauajHoctn (OR 5,6;
p =0,08). Y nopehetby ca gpyrum ctyaujama, umanu cmo sehu
npoLeHaT AeLe Kojoj je nponucaH ACE HX1OUTOp 3a 3alwTuTy
6y6pera. To 611 Morao 6uUTK pasnor 3a Makby MPOLIeHaT oLTe-
herba Bybpera y Halloj CTyauju.

3akmyyak [paherbe KPBHOT MPUTMCKA, NPOTEVHYpYje 1 by-
6pexHe GyHKLMje Moxe 6VTM of NpecyAHOr 3Hauaja, Nnoce6-
Ho Kopa felle ca CSK 1 abHopManHym ynTpa3ByYHUM Hanasom.
Moper Tora, NoTpebHe Cy Aarbe cTyauje Kako 61 ce NoTBpAMO
Moryhu noBosbaH edekat peHONpPOTEKTUBHOT TPETMaHa Kog,
nayujeHata ca CSK.

KmbyuHe peun: conutapHu 6y6per; owTtehere 6ybpera; pe-
HOMPOTEKTUBHU TpeTMaH; ACE nHxnbutop; geua; abHopmanaH
YNTpa3By4YHU Hana3
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SUMMARY

Introduction/Objective In glioblastoma, upregulation of oncogenic microRNA-10b (miR-10b) and
microRNA-21 (miR-21) is often found. Our study aimed to investigate whether there is a link between
miR-10b and miR-21 expression levels and tumor size and tumor localization.

Methods The research involved 43 patients diagnosed with glioblastoma. We analyzed the expression
levels of miR-10b and miR-21 post-surgery. The data on tumor size and tumor localization were obtained
from magnetic resonance imaging.

Results The median expression level of miR-10b in patients with tumors < 4 cm was 214.86 (min-max:
2.13-816.89), while in patients with tumors > 4 cm, the median expression level was 92.99 (min-max:
19.24-491.82). The median expression level of miR-21 in patients with tumors < 4 cm was 81.69 (min-
max: 11.39-825.43), whereas in patients with tumors > 4 cm, the median expression level was 40.84
(min-max: 2.68-278.98). For both miR-10b and miR-21, a statistically significant difference was found
for tumors < 4 cm (p = 0.027 and p = 0.047, respectively) compared to those > 4 cm. There was no sta-
tistically significant difference in the expression levels of miR-10b (p = 0.675) and miR-21 (p = 0.183) in
relation to tumor localization.

Conclusion Glioblastomas smaller than 4 cm have statistically significantly higher expression levels of
miR-10b and miR-21 compared to glioblastomas equal to or larger than 4 cm. Although this result is
unexpected, it could mean that miR expression levels dynamically change after surgery and according

to the altered microenvironment.
Keywords: glioblastoma; microRNA; tumor size

INTRODUCTION

Tumor histology, tumor size, grade, vascular
invasion, stage and other clinicopathological
and molecular features are often described as
prognostic factors in patients with extracranial
cancer [1, 2]. For patients diagnosed with ma-
lignant intracranial tumors such as glioblas-
toma, the most reliable prognostic factors are
age, O6-methylguanine-DNA methyltransfer-
ase (MGMT) promoter methylation, isocitrate
dehydrogenase (IDH) mutation, extent of sur-
gical resection and tumor location [3, 4]. The
size of the tumor in patients with glioblastoma
has also been shown to be a possible prognostic
factor for survival [3, 5, 6].

MicroRNA-10b (miR-10b) and microR-
NA-21 (miR-21) are amongst the most re-
searched microRNAs in human oncology.
They are often overexpressed in a spectrum
of human cancers. MiR-21 is frequently over-
expressed in various cancers, including glio-
blastoma [7]. Due to the hypoxic conditions
present in glioblastoma cells, an upregulation
of miR-10b/miR-21 can be observed [8].

miR-10b is recognized as a potent onco-
genic microRNA (oncomiR) involved in the

regulation of the cell cycle. Upregulation of
miR-10b can promote tumor growth, invasion
and migration [9]. Through diversiform gene
regulation and signaling pathways, overexpres-
sion of miR-21 is shown to play an important
role in oncogenesis and tumor metastasis, as
well as in resistance to oncologic treatment
[10]. In glioblastoma, miR-21 is upregulated
and thus, often linked with tumor pathogenesis,
as well as radioresistance and chemotherapy
resistance [7]. Both miR-10b and miR-21 are
shown to be associated with clinical and patho-
logic features such as tumor size [11], disease
stage, and metastatic lymph nodes in extracra-
nial tumors [12].

Inhibition of tumor growth and glioblas-
toma cell proliferation has been demonstrated
in in vitro and in vivo experiments in gliomas
[13] and glioblastoma [14] by knocking down
microRNAs, such as miR-10b [15] and miR-21
[13, 14]. However, the level of their expression
in body fluids and the possible association with
glioblastoma features, such as tumor size and
tumor location, remains less clear.

Our study aimed to investigate whether
there is an association between the expression
levels of miR-10b and miR-21 and the tumor
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size and its localization in patients diagnosed with glio-
blastoma.

METHODS

This prospective cohort study followed forty-three glio-
blastoma patients who had undergone surgery and were
about to start treatment with Stupp regimen [16]. The re-
search focused on the levels of two specific miRNAs, miR-
10b and miR-21, extracted from the patients” peripheral
blood mononuclear cells (PBMCs). These patients were
treated at the Clinic of Neurosurgery and the Neuro-
Oncology Department at the University Clinical Center of
Serbia, as well as the Institute for Oncology and Radiology
of Serbia, starting in October 2017.

The study gathered clinical parameters, focusing on tu-
mor size (< 4 cm and > 4 cm) and tumor location (frontal
lobe, temporal lobe, parietal lobe, occipital lobe, thalamus,
or multilobar). Clinical data on tumor size and location
were obtained from medical records, specifically magnetic
resonance imaging (MRI).

PBMCs were isolated from heparinized whole blood
through centrifugation at 4°C using Histopaque-1077,
following the manufacturer’s instructions. miRNA mol-
ecules were extracted and purified from PBMCs using
TRI Reagent, as per the manufacturer’s protocol. The RNA
samples were quantified using a BioSpec-nano spectro-
photometer (Shimadzu Corporation, Kyoto, Japan), with
samples having an A260/280 ratio between 1.7 and 2.1 con-
sidered suitable for further analysis. To analyze miR-10b
and miR-21, specific TagMan® MicroRNA assays and the
TagMan® MicroRNA Reverse Transcription Kit were used.
Starting with 10 ng of total RNA for reverse transcription,
the cDNA was then amplified using TagMan™ Universal
Master Mix II on a 7500 Real-Time PCR System (Applied
Biosystems, Foster City, CA, USA). Relative quantities
(RQ) were calculated using the comparative delta-delta
Ct method, normalizing all samples to the endogenous
control RNU6B and calibrating to the sample with the
lowest RQ value.

Statistical analysis

To compare differences between two separate groups, we
utilized the Mann-Whitney U test. For analyzing the cor-
relation between miRNA expression levels and clinical
parameters, we employed both Pearson and Spearman
tests. The Kruskal Wallis test was used for comparing
three groups. The Log-Rank (Mantel-Cox) test was used
to determine the significance of differences. All statisti-
cal analyses were performed using IBM SPSS Statistics,
Version 22.0 (IBM Corp., Armonk, NY, USA).

Ethics
All participants gave their informed consent, and the study
complied with the ethical guidelines of the Declaration of

Helsinki. The Ethical Research Committee at the Faculty of
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Medicine, University of Belgrade, reviewed and approved
the study protocol under the reference number 1322/X-39.

RESULTS

In this study, we examined the correlation between the
expression levels of miR-10b and miR-21 and the data on
tumor size and tumor location in 43 patients with glio-
blastoma, using 43 samples for each microRNA molecule.

Most patients had a tumor located in the temporal lobe
(34.9%), while both multifocal and thalamic tumor were
present in 2.3% of the patients. Tumor > 4 cm was ob-
served in 62.8% of the patients. The clinical features are
presented in Table 1.

Table 1. Data on tumor location and tumor size of patients with glio-
blastoma

Tumor location No (%)
Frontal lobe 14 (32.6%)
Temporal lobe 15 (34.9%)
Parietal lobe 10 (23.3%)
Occipital lobe 2 (4.7%)
Multifocal tumor 1(2.3%)
Thalamic tumor 1(2.3%)
Tumor size No (%)
<4cm 16 (37.2%)
>4cm 27 (62.8%)

The association between miR-10b and miR-21 ex-
pression levels and tumor size (< 4 cm and > 4 cm) was
investigated. The median expression level of miR-10b in
patients with tumors smaller than 4 cm was 214.86 (range:
2.13-816.89), while in patients with tumors > 4 cm, the
median expression level was 92.99 (range: 19.24-491.82).
For miR-10b, a statistically significant difference was found
for tumors smaller than 4 cm (p = 0.027). The median
expression level of miR-21 in patients with tumors smaller
than 4 cm was 81.69 (range: 11.39-825.43), whereas in
patients with tumors > 4 cm, the median expression level
was 40.84 (range: 2.68-278.98). A statistically significant
difference was also found for miR-21 in tumors smaller
than 4 cm (p = 0.047) compared to tumors > 4 cm.

Due to the unfavorable ratio of the number of different
tumor localizations (frontal lobe — 14 patients, temporal
lobe — 15 patients, parietal lobe — 10 patients, occipi-
tal lobe — two patients, multilobar tumor - one patient,
thalamus - one patient) and potential predictors, it was
not possible to make a comparison for each localization
separately. Instead, according to data from the literature,
three groups were created to compare tumor localization
with miR-10b and miR-21 expression levels: tumors in the
frontal lobe (frontal), tumors in the temporal lobe (tem-
poral), and tumors in other lobes (Figures 1 and 2). The
results showed that there was no statistically significant
difference in the expression levels of miR-10b (p = 0.675)
and miR-21 (p = 0.183) in relation to tumor localization
(Table 2) (Figures 1 and 2).
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Table 2. MicroRNA-10b and microRNA-21 expression levels and tumor
localization

MicroRNA Median (range) ‘ p-value
microRNA-10b
Frontal lobe 153.23 (2.13-622.53)
Temporal lobe 92.99 (41.18-816.89) 0.675
Other lobes 102.18 (30.09-465.62)
microRNA-21
Frontal lobe 81.69 (11.42-825.43)
Temporal lobe 53.48 (2.68-706.23) 0.183
Other lobes 35.70 (5.82-278.98)
1000.00
800.00 *
o
g 600.00
D
= o
g 40000
200.00
.00
Frontal Temporal Other lobes

Figure 1. Comparison of median expression levels of microRNA-10b in
the frontal, temporal, and other lobes where glioblastoma is diagnosed

1000.00

800.00

600.00
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P LN

Other lobes

00
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Figure 2. Comparison of median expression levels of microRNA-21 in
the frontal, temporal, and other lobes where glioblastoma is diagnosed

DISCUSSION

Our study aimed to determine whether there is a link be-
tween the expression levels of miR-10b and miR-21 and
clinicopathological factors such as tumor size and local-
ization.

Srp Arh Celok Lek. 2025 Mar-Apr;153(3-4):181-186

Scientific studies on glioblastoma often classify tumors
into two categories based on size: those measuring < 4 cm
and those measuring > 4 cm. However, the rationale for
selecting this specific size as a benchmark is not clearly
established. The debate on this matter frequently involves
questions about whether 4 cm represents the size at which
tumors are most commonly diagnosed - namely, when
patients exhibit symptoms prompting diagnostic proce-
dures - or whether this threshold impacts the extent of
surgical resection, the success of adjuvant therapies, and
the overall prognosis of the disease. Upon review of the
literature and the data presented, we decided to utilize a
tumor size of 4 cm as the reference value in this study.
Statistical significance was found only for the expression
levels of miR-10b and miR-21 in tumors smaller than 4
cm, which was unexpected. We had formed a hypothesis
that the expression levels of miR-10b and miR-21 would be
statistically significant in tumors larger than 4 cm.

MiR-21 is recognized as one of the most potent onco-
genes, playing a pivotal role in carcinogenesis, metastatic
potential, and disease relapse [17]. This observation led us
to hypothesize that larger tumors at the time of disease pre-
sentation may exhibit higher expression levels of miR-21.
Supporting this hypothesis, we noted that overexpression
of miR-21 was identified in breast tumor tissue, and using
a miR-21 inhibitor, known as antimiR-21, inhibited tumor
cell growth both in vitro and in vivo [18]. Furthermore,
miR-21 is also one of the most upregulated microRNAs
in glioblastoma, and studies demonstrated that knocking
down miR-21 in glioblastoma cells resulted in reduced
cell growth [19]. On the other hand, miR-10b is regarded
as a highly oncogenic microRNA, with its overexpression
observed in glioblastoma, influencing tumorigenesis, or
gliomagenesis [20]. Ji et al. [21] investigated the associa-
tion between miR-10b expression levels and prognosis in
patients with glioma. They found that there is a higher
expression level of miR-10b in glioma patients compared
to normal brain parenchyma. Also, upregulation of miR-
10b in glioma was correlated with higher glioma grade and
larger tumor size [21]. Regarding glioblastoma size and
microRNA expression, Siegal et al. [22] reported that in the
group of patients with glioblastoma who were treated with
bevacizumab, there was a significant negative correlation
between miR-10b and miR-21 levels and changes in tumor
diameters. The authors revealed that they used serum for
the determination of expression levels of specific microR-
NAs. Moderately analogous to the previously mentioned
study, in our study, we investigated microRNA expression
levels from patients’ plasma and measured tumor size by
MRI, as well.

Glioblastoma is an infiltrative tumor, and glioma stem
cells could be in the area of the cavity or in the remaining
tumor after partial resection, which could be responsible
for different microRNA expression levels. Nevertheless,
for accurate interpretation of microRNA expression levels
and their association with tumor size, it could be essential
to measure microRNA levels before any surgical treatment
and compare them not only to the MRI size of the tumor,
but to the actual size of the tumor after surgery. In our
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study, we measured these levels after surgery and before
the start of radiotherapy with temozolomide, which could
affect the results. However, when it comes to glioblastomas,
which are known for their heterogeneous pathological fea-
tures, including varying foci and sizes of necrosis, smaller
tumors might show less pronounced necrotic areas. This
means that the microenvironment of glioblastoma and the
surrounding tissue, as well as intracellular and intercel-
lular communication, might not be completely disrupted.
That might imply that even smaller tumors could show
microRNA overexpression and exhibit a higher prolifera-
tive capacity. In most cases, for extracranial tumors, the
proportion of tumor necrosis is often associated with tu-
mor size [23]. Regarding glioblastoma, the interpretation
of the connection between tumor size and tumor necro-
sis size may be difficult. Some studies reveal that even a
small glioblastoma can have various extents of necrosis,
and conversely [24]. Moreover, due to the complexity of
glioblastoma microenvironment in terms of the possibility
of glioblastoma and glioblastoma stem cells reprogram-
ming their microenvironment [25], different microenvi-
ronments may affect microRNA expression, especially after
surgery. When interpreting microRNA expression levels,
it’s important to consider how microRNAs are released,
the ability of cells to release them, and what tissue is used
for the determination of their expression levels. Although
the exact mechanism of microRNA release is not fully un-
derstood, data suggests that microRNAs are released from
both apoptotic bodies and viable tumor cells. Intercellular
communication involving microRNAs occurs through exo-
somes, extracellular vesicles, and other pathways [26]. It
also should be borne in mind that in the human brain, the
only cells that could express miR-10b are human brain
microvascular endothelial cells [27], which could affect
the results as well.

Bearing in mind data from the literature on the different
expressions of specific microRNAs in the corresponding
parts of the brain, we investigated whether there is a differ-
ence between the expression level of miR-10b and miR-21
in relation to the localization of the tumor. However, we
did not find statistical significance in the expression level
of miR-10b and miR-21 between tumors in the frontal lobe,
temporal lobe, and tumors in other localizations. To the
best of our knowledge, there is not a study that compares
the expression level of miR-10b and miR-21 in relation to
the localization of glioblastoma in different brain lobes.
However, we found another research on a similar topic.
Among other results, Ozdogan et al. [28] did not find a
significant correlation between the expression level of miR-
221 and glioma localization in the brain.

We considered that the main limitations of our study
were (1) collecting samples after surgery and (2) tumor
size measurements that were noted only in the MRI. On
the other hand, these limitations could also lead to more
research on the different dynamic changes in microRNA
profiles after surgery and the possible influence of the
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microenvironment or treatment on tumor size and mi-
croRNA expression profiles, respectively.

Given that PBMCs are a minimally invasive and eas-
ily accessible source of microRNAs, we isolated miRNAs
from patients’ PBMCs with glioblastoma in our study.
Nevertheless, some studies acknowledge that miRNA
values may differ between PBMCs and whole blood [29].
The results of our study would be even more precise if the
miRNA values isolated from PBMCs were compared with
those from whole blood or even tumor tissue.

Results of this paper are part of the doctoral disserta-
tion of the second author of the paper, and are part of the
translational research from the radiobiology team of our
institute [30].

CONCLUSION

Tumors smaller than 4 cm have statistically significantly
higher expression levels of miR-10b and miR-21 compared
to glioblastomas equal to or larger than 4 cm. Although
this result is unexpected, it could mean that microRNA
expression levels dynamically change after surgery and
with the altered microenvironment. There was no statis-
tical significance in the expression levels of miR-10b and
miR-21 between tumors in the frontal lobe, temporal lobe,
and tumors in other localizations.

Considering all the functions microRNAs possess in
normal cells and tumor cells, further research on glio-
blastoma microRNA profiles is needed. Elucidation of
the mechanisms of gliomagenesis and tumor growth in
relation to the expression profile of specific microRNAs
is important in the future for developing potential diag-
nostic methods using liquid biopsies or new therapeutic
strategies.
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NoBe3aHocT oHKoreHnx MUKPOPHK-106 n mnkpoPHK-21 ca BennymHom u

NOKanusauujom ramobnacroma

MapwuHa HukutoBuh'2, Anekcangap CrenaHosuh'? TaTjaHa Apcenujeuh'?, HuHa Metposuh®

'YHuBep3utet y beorpapy, MeguumHcku dakynter, beorpag, Cpbuja;

2MHCTUTYT 3a OHKonorujy 1 pagnonorujy Cpbuje, KnuHika 3a pagujaumoHy oHkonorujy, beorpag, Cpbuija;
*MHcTUTyT 3a OHKOMOTWjy 1 paguonorujy Cpbuje, Onerberse 3a ekcnepumeHTanHy oHkonorujy, beorpag, Cpbuja;
*YHnBep3uTeT y beorpagy, VIHcTUTYT 3a HykneapHe Hayke ,BrHua’, beorpap, Cpbuja

CAMETAK

YBoa/Unsb Kop rnmobnactoma yecTo ce yoyasa nojayaHa ek-
cnpecuja oHkoreHux MukpoPHK-106 1 mukpoPHK-21. Lnms
Halle cTyauje je 610 fAa NCTPaXky Aa v NOCTOjM NOBE3aHOCT
n3mehy HUBoa ekcnpecuje MMKpoPHK-106/21 n BenuuvHe u
nokanusauuje rnrobnactoma.

Metope Y nctpaxusatby cy yyectBoBana 43 6onecHuka ca
AMjarHo3oMm rnmobnactoma. AHanm3mpanm CMo HBOE eKkcrpe-
cvije MMKpoPHK-106/21 HakoH onepaTtrBHOT Neyetsa. Mogauy o
BENVYVHM 1 NIOKanu3aLujy rnmobnactoma Ao6mjeHn Ha OCHOBY
Hasnasa MarHeTHe pe3oHaHLe.

Pesynrtatn MeaujaHa ekcrnipecyje MukpoPHK-106 kog 6onecHu-
Ka ca Tymopuma < 4 cm usHocuna je 214,86 (oncer: 2,13-816,89),
[OK je Kof bonecHyKa ca Tymopuma > 4 cm 6una 92,99 (oncer:
19,24-491,82). MegujaHa ekcnpecuje MukpoPHK-21 kog 6one-
CHVKa ca TyMopyMa < 4 cm 6una je 81,69 (oncer: 11,39-825,43),

DOI: https://doi.org/10.2298/SARH241205016N

[OK je Kop bonecHrKa ca Tymopuma = 4 cm 6vna 40,84 (oncer:
2,68-278,98). 3a MnKkpoPHK-106 1 3a MukpoPHK-21 HaheHa je
CTaTUCTMYKM 3HaYajHa pasnnka 3a Tymope <4 cm (p = 0,027,
ofjHocHo p = 0,047) y nopehemy ca Tymopuma > 4 cm. Huje
610 CTAaTUCTMUKM 3HaYajHe Pa3NnKe y HUBOVMA eKcrnpecuje
MnKpPoPHK-106 (p = 0,675) n mukpoPHK-21 (p = 0,183) y ogHocy
Ha nokanusauujy Tymopa.

3aksbyuak [Mrobnactomu makby off 4 cm 1Majy CTaTUCTUY-
K1 3HavajHo Behe HuBoe ekcnpecuje MUKpPoPHK-106 n mu-
KpoPHK-21 y nopehemy ca rnmobnactommma jefHaKkuM nam
Behum o 4 cm. Vlako je oBaj pe3ynTaT HEOUEKMBAH, OH MOXe
ynyhrBaTu Ha To fia ce HUBom ekcnpecuje Mukpo PHK guHa-
MUYKIN MeHajy HaKoH onepauuje 1y cknagy ca M3MereHum
MUKPOOKPYKEHEM FMobnacToma.

KmbyuHe peun: rvobnactom; mukpoPHK; BenuumHa Tymopa
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Effect of auricular point acupressure combined with
three-step analgesic therapy on cancer pain

Xiaomei Huang', Hanxue Cai', Wen Zeng? Xueqin Zeng', Xinhong Xiao', Yi Liu', Yanhong Xu',
Xiaomei Liu?, Qinghua Zhong?

'Ganzhou Cancer Hospital, Department of Nursing, Ganzhou, China;
2Ganzhou Cancer Hospital, Department of Head and Neck Surgery, Ganzhou, China

SUMMARY

Introduction/Objective The objective was to evaluate the effect of auricular point pressing with beans
combined with three-step analgesic therapy on cancer pain.

Methods Sixty patients with cancer admitted to the Ganzhou Cancer Hospital from January to Decem-
ber 2021 were selected and randomly divided into experimental and control groups. The control group
received three-step pain relief and routine care, while the experimental group was treated with auricular
point acupressure combined with three-step analgesic therapy. The pain intensity was assessed by a
numerical rating scale (NRS) at 0, 24, 48, and 72 h after treatment, and the incidence of adverse reac-
tions was recorded.

Results The NRS score of the experimental group was lower than that of the control group
(Fyeomens = 105.521, p = 0.001). The difference in NRS scores before and 24, 48, and 72 h after treatment
was statistically significant (F, _=335.521, p = 0.001). The number of eruption pain cases in the experi-
mental group and the control group was found to be statistically significant (x*= 10.767, p = 0.001), and
the occurrence of eruption pain in the control group was more severe than that in the experimental
group (Z=-4.472, p=0.001). The incidence of adverse reactions in the experimental and control groups
was 3.33% and 30%, respectively, and the difference was statistically significant (x= 12.738, p = 0.001).
Conclusion The combination of auricular point pressing and three-step ladder analgesic therapy can

significantly improve the pain of cancer patients.

Keywords: cancer pain; pain relief; auricular point pressing; three-step analgesic therapy

INTRODUCTION

Cancer pain is pain caused by cancer, cancer-
related lesions, and anticancer treatment; it can
occur at all tumor stages [1]. According to sta-
tistics, half of the 10 million new patients with
cancer worldwide each year will experience
painful reactions. Also, up to 70% of patients in
advanced stages will experience painful symp-
toms [2, 3]. As one of the most common symp-
toms in these patients with cancer, pain leads
to various physical and psychological prob-
lems, seriously affecting the quality of life [4].
Currently, the treatment of cancer pain is based
on the ‘three-step analgesic therapy’ (TSAT) rec-
ommended by the World Health Organization,
in which strong opioids are the main drugs
used to treat moderate to severe cancer pain.
Although the pain can be controlled to a certain
extent, analgesics can produce obvious adverse
reactions, drug resistance, or addiction that can
sometimes necessitate discontinuation or ad-
justment of the original therapy [5, 6].

It has been shown that the incidence of con-
stipation in patients receiving oral opioids for
chronic cancer pain ranges 40-70%, with two-
thirds of patients experiencing nausea and vom-
iting [7]. Therefore, taking appropriate nursing
measures to effectively relieve the pain of pa-
tients with cancer is the focus of our attention.

Ear acupoint embedding is a traditional
Chinese medicine (TCM) technique that stimu-
lates ear acupoints, unblocks meridians, and
regulates the qi and blood of the internal organs
[8]. As one of the common techniques in TCM,
it is easy to operate, inexpensive, noninvasive,
and popular with the public [9]. Auricular
point acupressure has positive effects in con-
trolling multiple mechanisms of pain [10, 11].
A study demonstrated that integrating auricular
point acupressure into nursing care for patients
with cancer-related pain led to a 38% reduc-
tion in pain, as well as improvements in fatigue
and sleep disturbance [10]. Stimulation of ear
points may cause a broad spectrum of systemic
effects, such as modulation of inflammatory
cytokine levels, which may explain pain relief
[12]. Stimulating auricular acupoints can regu-
late the secretion of central neurotransmitters,
thereby activating the analgesic system in vivo
[13]. In other words, it exerts a pain-relieving
effect by activating the downward pain inhibi-
tory pathway and thus inhibiting the upward
pain pathway in the brainstem [14]. The effec-
tiveness of auricular point pressing in prevent-
ing symptoms caused by opioid drugs remains
unclear. However, auricular point acupressure
has demonstrated efficacy, leading to a 24%
reduction in any type of pain medication us-
age and a 19% decrease in opioid usage [10].
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Because it is simple, inexpensive, and has no negative side
effects, auricular point acupressure can be widely dissemi-
nated as an alternative to opioids. Therefore, this study
aimed to evaluate the effect of auricular point pressing
with beans combined with TSAT on cancer-related pain.

METHODS
Study subjects

Sixty patients who met the criteria as inpatients of the
Ganzhou Cancer Hospital from January to December 2021
were selected as study subjects. This study used a simple
randomization method. Participants were divided into 30
cases each in a control group and an experimental group,
according to the random number table method.

Inclusion criteria: (1) patients who were clinically di-
agnosed with malignancy and met the diagnosis of cancer
pain; (2) patients who were able to cooperate with pain
scoring; (3) age > 18 years and < 70 years; (4) patients
with a survival period of > 3 months; (5) those with tumor
staging system stage ITI-IV; (6) the study subjects and their
families gave their informed consent to participate in this
study and signed an informed consent form.

Exclusion criteria: (1) pain not caused by cancer after
examination; (2) allergy or other serious adverse reactions
to analgesic drugs; (3) gastrointestinal bleeding, pregnancy,
acute abdominal conditions, and individuals with severe
cardiovascular disease; (4) non-cooperative individuals,
such as patients with psychiatric conditions and those with
communication difficulties.

Withdrawal criteria: (1) patients with cancer pain who
were unwilling or unable to continue to cooperate with
the study for various reasons; (2) patients with unexpected
death unrelated to their condition.

Study tools

A numerical rating scale (NRS) was used to assess the pain
intensity of patients before and after treatment. The NRS is
a method of assessing pain by dividing a straight line into
10 equal parts, each with a number of 0 to 10 indicating the
degree of pain in increasing order; 0 was classified as no pain
and 10 as the most severe pain imaginable. The pain level
was classified as follows: 1-3 as mild pain, 4-6 as moderate
pain, and 7-10 as severe pain. Breakthrough cancer pain
was determined by referring to the diagnostic criteria in
the Experts’ Consensus on Breakthrough Cancer Pain in
2019 [15], and patients were considered to have had a single
episode of explosive pain when their pain score exceeded 4.

Treatment methods

Control group

Patients received TSAT and routine care according to
WHO Guidelines [16]. Patients were classified into mild

(1-3), moderate (4-6), and severe (7-10) pain according to

‘ DOI: https://doi.org/10.2298/SARH240919022H
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the pain assessment at the time of admission, and a three-
step analgesic principle was adopted. Patients with mild
pain were mainly given non-steroidal anti-inflammatory
drugs, such as ibuprofen and acetaminophen. Patients with
moderate pain were given weak opioids, mainly oral tra-
madol hydrochloride or oxycodone tablets. Patients with
severe pain were given strong opioids, mainly morphine
hydrochloride extended-release tablets, and the application
of painkillers was increased from weak to strong.

Experimental group

Under the guidance of the TCM physician and on the basis
of the TSAT combined with the auricular acupuncture-
point bean burial method, a nurse performed auricular
acupuncture-point bean burial on the patients. The main
acupuncture points were Shenmen and Jiaoshen, and the
supporting acupuncture point was the Ashi point, which
is the mapping position of the painful area in the ear’s
acupuncture point. Once the patient was placed in a com-
fortable position, the nurse held a probe, found the cor-
responding sensitive point in one ear, and located the acu-
puncture point; then, they selected the Jiaoshen, Shenmen,
and Ashi point, disinfected the skin of the auricle with
75% ethanol and used forceps to uncover Vaccariae Semen
seed, which they pasted onto the corresponding acupunc-
ture point. Using the thumb and index finger to pinch
and rotate the seed, it was pressed for 5-10 minutes each
time so that there was localized soreness and swelling or
slight pain. It was pressed 3-5 times a day for three days.
If the patient felt increased pain, the number of presses
was increased.

Observation indicators

Pain level: Immediately after admission, the responsible
nurse conducted pain assessments for all patients, assessing
whether the patients were in pain, the nature, location, and
intensity of pain and whether pain medication was applied.
The nurse in charge assessed and recorded the pain 0, 24,
48, and 72 h after admission.

Patients with breakthrough pain

Breakthrough cancer pain typically refers to a transitory
flare of pain in the setting of chronic pain managed with
opioid drugs [17]. Pain management was given once ac-
cording to the location and nature of the pain, and pain
medication was reassessed, including oral pain medication
for 60 min, intramuscular or subcutaneous pain medica-
tion for 30 minutes, and intravenous pain medication for
15 minutes. The number of breakthrough pains 72 hours
after admission was recorded using a patient’s diary card.

Occurrence of adverse reactions
The occurrence of adverse reactions, including drowsi-
ness, constipation, vomiting, and dizziness, was recorded

for both groups. The incidence of adverse reactions = the
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number of cases of adverse reactions / total cases x 100%.
The occurrence of adverse reactions 72 hours after admis-
sion was recorded using a patient’s diary card.

Statistical analysis

Data were statistically analyzed using IBM SPSS Statistics,
Version 22.0 (IBM Corp., Armonk, NY, USA). The mea-
surement data were expressed as x + s, and an indepen-
dent-samples t-test was used to compare the two groups.
Repeated-measures data were analyzed using a repeated-
measures variance analysis (ANOVA). Count data were
expressed as the number of cases and percentages, and
a x* test and a rank-sum test were used for comparisons
between the groups. All differences were considered sta-
tistically significant at p < 0.05.

This study was conducted in accordance with the
Declaration of Helsinki and approved by the ethics com-
mittee of Ganzhou Cancer Hospital. The ethical number
is (2023) kelunshen (No. 8). Written informed consent was
obtained from all participants.

RESULTS
General information

There were 30 cases in the control group, of which 12 were
male, and 18 were female, aged 54.87 + 8.5; and 30 cases
in the experimental group, of which 14 were male, and
16 were female, with a mean age of 52.53 + 9.9 years. The
differences in age (t = 1.086, p = 0.286), sex (Z = -0.471,
p = 0.637), tumor site (Z = -0.000, p = 1.000), tumor
staging (Z = -0.805, p = 0.421), and usage of analgesics
(Z =-0.753, p = 0.451) between the two groups were not
statistically significant and were comparable (see Table 1).

Table 1. General comparison of patients in both groups (x * s)

Comparison of pain scores between the two groups
of patients 24, 48, and 72 hours after treatment

A one-way repeated-measures ANOVA was used to de-
termine the effect of applying auricular acupuncture bean
burial combined with TSAT on the NRS scores of patients
with cancer pain after three days. In summary, there was
no interaction effect between the treatment and time fac-
tors (F_ . =2.231,p=0.450), so the main effect was
analyzed directly. Different treatments had different effects
on the NRS scores of the patients with cancer pain, and
the NRS scores of the experimental group were lower than
those of the control group (F__  =105.521, p =0.001).
The differences in NRS scores before treatment and at 24,
48, and 72 h after treatment were statistically significant
(F,,.=335.521, p = 0.001). The NRS scores in the ex-
perimental group were (4.7 = 1.7) before treatment and
(2 £ 0.26) 24 hours after treatment, with a statistically sig-
nificant difference of 2.33 (95% CI: 2.15-2.61) points lower
than before treatment (t = 5.596, p = 0.000). The NRS score
at 48 and 72 hours post-treatment was (1.9 £ 0.3), 2.76
(95% CI: 2.54-2.88) points lower than before treatment
and 0.13 (95% CI: 1.86-2.07) points lower than 24 hours
post-treatment; both values showed statistically significant
differences (t = 1.884, p = 0.045) (see Table 2).

Comparison of the number of pain episodes
between the two groups

The results showed that the cases of pain episodes in the
experimental group were significantly less than those of
the control group (x> = 10.767, p = 0.001). Additionally, the
number of pain episodes in the control group was signifi-
cantly more than in the experimental group (Z = -4.472,
p = 0.001), indicating that auricular point pressing com-
bined with TSAT could effectively relieve the pain levels
of patients with cancer pain (see Table 3).

Table 3. Comparison of breakthrough cancer pain in the

two groups (n)

Control | Experimental
Group t/Z value | p-value
group group Occurrence of
Case 30 30 No. of breakthrough cancer
Group breakthrough pain (time)
Age 5487 +85 | 5253+99 t=1.086 | 0.286 pain
1 2-3 >4
Male 12 14
Sex Fernale 18 16 Z=-0471| 0.637 Control group 3 6 11 10
Experimental
Head and neck 4 4 grcr:up 23 4 2 1
Chest 6 10
Tumor site Z=0.000 | 1.000 x’value 10.767
Abdomen 19 11 p-value 0.001
Other ! 5 Z-value 4472
Tumor | 9 12 Z=-0.805| 0.421 p-value 0.001
staging \% 21 18
| Yes 27 25 Z=-0.753 | 0451
Analgesics
No 3 5
Table 2. Comparison of pain scores between the two groups (x + s)
Post-treatment
Group Pre_treatment 24 h 48 h 72 h interaction p Ftime P Ftreatmem p
Control group 3616 2+04 | 23+£08 | 22+£0.7
- 2.231 0.450 335.521 0.001 105.521 0.001
Experimental group 4.7 +1.7 2+026 | 1.9+£03 | 1.9+0.3
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Table 4. Comparison of the occurrence of adverse reactions during the treatment

of cancer pain patients in the two groups

Huang X. et al.

Our findings are consistent with the find-
ings of Li et al. [23], whose intervention with

Group Case | Sleepiness | Constipation | Vomiting | Dizziness systematic nursing combined with auricular
Control group 30 3 3 2 1 bean for cancer pain significantly reduces the
Experimental group | 30 1 0 0 0 sense of pain, relieves negative emotions and
xvalue 12738 improved quality of life in patients with ad-
p-value 0.001 vanced gastric cancer.

Comparative analysis of the occurrence of adverse
reactions in the treatment process between the
two groups of patients

The incidence of adverse reactions in the experimental
group and the control group was 3.33% and 30%, re-
spectively, and the difference was statistically significant
(x*=12.738, p = 0.001) (see Table 4).

DISCUSSION

Cancer pain is one of the main causes of suffering for pa-
tients with mid- to late-stage cancer. Most of the pain is
caused by the continuous pressure of the tumor on the
surrounding organs and nerves, and some of the pain is
caused by the adverse effects of cancer treatment [18].
Currently, the use of TSAT for cancer pain relief is a medi-
cal consensus at home and abroad. Still, strong opioids are
prone to adverse effects, such as dizziness, constipation,
nausea and vomiting. Additionally, 50% of patients with
cancer pain are not treated [19]. Ear acupuncture is a TCM
acupuncture-point therapy that stimulates the ear points
corresponding to the internal organs to unblock the merid-
ians, thus balancing yin and yang, regulating the internal
organs, activating blood, and relieving pain. It has positive
effects in controlling the pain of multiple mechanisms [20,
21]. Auricular point acupressure showed great promise to
reverse chronic pain through an inflammatory mechanism,
i.e., it exhibits anti-inflammatory efficacy by blocking pro-
inflammatory cytokines or releasing anti-inflammatory
cytokines or B-endorphins [14]. It was an ideal tool for
training healthcare professionals to provide treatments for
patients with pain [10].

Therefore, in this study, the patients were given an-
algesia using the auricular acupuncture method on the
basis of TSAT. By comparing the pain intensity of the
two groups at different times after treatment, it was found
that the NRS scores of the experimental group were lower
than those of the control group at different times after
intervention. The patients’ pain scores were more stable,
and the number of cases and times of breakthrough pain
were significantly reduced. This indicates that auricular
bean burial can effectively relieve patients” pain. The re-
sults of this study demonstrate the potential of auricular
point acupressure in pain management, which is consis-
tent with previous research findings, which showed that
auricular point acupressure was a feasible and effective
self-management tool [22].

‘ DOI: https://doi.org/10.2298/SARH240919022H

Auricular point acupressure has certain
potential in alleviating medication side ef-
fects such as gastrointestinal reactions and fatigue [24].
Research has confirmed that auricular point acupressure
regulates digestive system function and can regulate consti-
pation and diarrhea through different acupoint combina-
tions [25]. Auricular point acupressure has an improving
effect on the side effects of chemotherapy [26]. This is
consistent with the results of this study. In this study, the
incidence of adverse reactions in the experimental group
was better than in the control group. The reason for this is
that the non-pharmacological analgesic method can relieve
both pain and the discomfort reactions brought about by
oral analgesics, which can enable patients to reduce the
number of times they take medication, avoid irregularities
in the use of medication, prevent situations where medica-
tion fails to relieve pain or the overflow of medication, and
effectively control pain [27]. On the basis of TCM theory,
auricular point acupressure has the potential to regulate
the balance of qi and blood. This regulation enhances
physiological function, modulates neurotransmitter pro-
duction, and decreases nerve sensitivity [28]. Numerous
studies have proved that TCM can expedite the secretion
of diverse mediators and opioid peptides from peripheral
nerves to the central nervous system, collectively constitut-
ing an “anti-pain system” [29].

When looking at the changes in pain scores before and
after the intervention, it was found that the location of the
pain varied from patient to patient, depending on the loca-
tion of the tumor. Also, the presence of distant metastases
had an impact on the cancer pain scores. However, this
study did not examine multiple sites of pain. Cancer pain
is mostly chronic pain with a long duration of illness, and
different levels of pain can affect patients’ comfort and in-
fluence their prognosis and quality of life [30]. Considering
the limitations, such as small sample size, single-center
design, and potential observer bias in this study, further
research is necessary.

Additionally, due to various limitations, such as human
and material resources, this study initially compared only
the analgesic effects of auricular acupuncture bean burial
combined with TSAT for patients in a tertiary hospital
without comparing drug dosage, economics, or drug com-
binations. As each person’s degree of pain perception is
different, this has certain limitations in the study and needs
to be further explored. Hence, further research is needed
in future studies to provide better ideas for clinical work.
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CONCLUSION

The combination of TSAT and auricular point acupressure
in cancer pain can effectively reduce patients’ pain and
reduce the occurrence of adverse reactions, such as nau-
sea, vomiting, and constipation, caused by opioids. Thus,
it improves the quality of life of patients with cancer pain
and is worth promoting in subsequent clinical care.
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EdekaT KoMbUHaLmje aKynpecype aypuKynapHUX TadaKa U TPOCTEeNeHe aHanreTcke
Tepanuje Ha 6on Koa obonennx oa KapuuHoma

Cjaomej XyaHr', XaHwye Llaj', Ben LieHr?, CjyeuuH Lienr!, CjunxoHr Cjao', Ju Jby', JanxoHr Cjy', Cjaomej Jby?, hinHrxya LloHr?

'BonHuua 3a nevetbe paka y faHyoyy, Onerbetbe 3a Hery, faHyoy, Kixa;

BonHunua 3a neyekbe paka y faHioyy, Oferbetbe 3a XMpyprujy rnase 1 BpaTa, laHuoy, KuHa

CAXETAK

YBoa/Lnsb Linsb oBOr UCTpaXiBatba je 6110 Aa ce NpoLeHn
edekart akynpecype aypuKynapHUX Tayaka y3 NpuMeHy 3pHa,
y KOMOVHaLMjU ca TPOCTENEHOM aHaNIreTCKOM TepanujoMm, Ha
6011 Ko bonecHrKa 06onennx of KapurHoma.

MeTtoge Lle3neceT 60necHrKa ca KapLIMHOMOM, MPUMIBEHUX Y
BonHuuy 3a neyere paka y faHLoyy of jaHyapa Ao Aeuembpa
2021. roauHe, HACYMMNYHO je pacropeheHo y eKCneprMeHTanHy
1 KOHTPOJHY rpymny. KoHTponHa rpyna gobujana je TpocteneHy
aHanresujy 1 yobuuajeHy Hery, Aok je eKCcnepyMeHTanHa rpyna
neyeHa aKynpecypom aypriKynapHUX Tauaka y KombrHaumjy ca
TPOCTENeHOM aHaNreTCKoM Tepanmjom. MIHTeH3nTeT 6ona npo-
Liek1BaH je HyMepUYKOM cKanom 3a oLeHy 6ona (NRS) 0, 24, 48
1 72 caTa HaKOH MOYeTKa Jleyekba, a benexeHa je 1 yyectanoct
HeXXerbeHnX peakuuja.

Pesyntatul NRS ckop y eKkcrepuMeHTanHoj rpyni 6110 je HuxK
Hero y KOHTPoJHoj rpynu (F =105,521; p =0,001). Pa-

treatment

DOI: https://doi.org/10.2298/SARH240919022H

3nuKka y NRS ckopy npe n 24, 48 n 72 caTa HakoOH TpeTMaHa
6vina je cTaTucTuKky 3HavajHa (F, = 335,521; p=0,001). bpoj
cnyyajeBa T3B. epynTupaHor 6ona (eHr. eruption pain) 6uo je
CTaTUCTUYKM 3HAYajHO pasnununT n3mehy ekcnepumeHTanHe
1 KoHTponHe rpyne (x> = 10,767; p = 0,001), a nojasa epynTu-
paHor 6ona 6una je Beha y KOHTPOJIHOj rPYNU Hero y ekcne-
pyMeHTanHoj (Z = —4,472; p = 0,001). YyecTtanoct HexerbeHnx
peakumja n3Hocuna je 3,33% y ekcnepumeHTanHoj rpynu n 30%
Y KOHTPOJIHOj rpyny, ITO NPefCTaB/ba CTaTUCTMYKM 3HauYajHY
paznuky (x> = 12,738; p = 0,001).

3akmpyuak KombuHaLmja akynpecype aypuKynapHuX Tayaka v
TPOCTeneHe aHanreTCKe Tepanyije Moxe 3HayajHo nobosbLuaT
KOHTposy 60na Ko 6onecHnKa ca KapLMHOMOM.

KrmbyuHe peun: KapLrHOMCKI 605; ybnaxasarbe 6051a; akynpe-
Cypa aypuKynapHuUX Tayaka; TpOCTerneHa aHanreTcka Tepanuja
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Familial adenomatous polyposis and colorectal
cancer — how sensitive is computed tomography in
detecting the underlying disease?
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SUMMARY

Introduction Familial adenomatous polyposis (FAP) is an autosomal dominant disorder characterized
by the presence of 100 or more adenomatous polyps in the mucosal lining of the large intestine, with a
significant risk of colorectal cancer development.

Case outline This article presents a case report of previously undiagnosed FAP in a patient admitted
to the surgical emergency department with suspected sigmoid carcinoma. On computed tomography
(CT), the findings of the colonic mucosa were inconclusive due to inadequate distension of the bowel
lumen and insufficient preparation. Edema of the bowel wall was clearly observed, a CT characteristic of
the carcinoma that had formed at the level of the sigmoid colon, while the two other foci of malignant
transformation were obscured by a diffuse, uniform thickening of the wall, which was clearly diagnosed
as FAP on subsequent colonoscopy. The patient underwent a total proctocolectomy, after which he
continued his oncological treatment.

Conclusion Computed tomography is inadequate for the diagnosis of diffuse polyposis of the colonic
mucosa, especially in emergency situations when patients are not prepared for the examination, i.e.,
without sufficient dilation of the bowel lumen. Since the underlying disease in this patient masked two
of the three malignant lesions of the colon, we point out the diagnostic inferiority of the CT examination
in the regular emergency settings, compared to CT and MR colonography and especially to colonoscopy

as the gold standard in the detection of colorectal cancer.
Keywords: familial polyposis; colorectal cancer; computed tomography; total proctocolectomy

INTRODUCTION

Familial adenomatous polyposis (FAP) is char-
acterized by the presence of 100 or more ad-
enomatous polyps in the mucosa of the colon,
predisposing it to malignant transformation
and contributing significantly to the cumula-
tive risk of developing colorectal cancer (CRC)
in patients diagnosed with this disease [1]. FAP
can have different inheritance patterns. In most
cases, it is an autosomal dominant disease, i.e.,
one copy of the mutated adenomatous polypo-
sis coli (APC) tumor suppressor gene is suffi-
cient to cause the disease [2]. This means that
the affected individuals have a parent who is
also affected by the disease. However, if FAP is
caused by mutations in the MUTYH-associated
polyposis (MAP) gene, it is inherited in an au-
tosomal recessive manner [3]. Both copies of
the gene must be mutated. In most cases, the
parents of a person with an autosomal reces-
sive disease each carry one copy of the mutated
gene but do not show any symptoms of the dis-
ease themselves. Therefore, genetic testing is
considered the gold standard for FAP diagnosis

[4]. Once diagnosed, given the overall risk of
CRC from a multifocal adenoma - carcinoma
sequence, which often takes years, prophylactic
colorectal surgery is the treatment of choice,
followed by lifelong endoscopic screening [5]

CASE REPORT

A 42-year-old man presented to the emergency
room with left flank pain, nausea, and diarrhea.
Anamnestically, he reported blood in his stool
and estimated that 12 hours had passed since
symptom onset. Over the previous year, he had
experienced similar episodes of pain and diar-
rhea, excluding the blood in stool. His medical
history was otherwise unremarkable, whereas
his family history included his mother’s death
from CRC at age 35. Upon physical examina-
tion, the patient had left-sided abdominal ten-
derness on palpation.

Abdominal ultrasonography (US) showed a
discretely thickened bowel wall of the descend-
ing colon, no loop dilation, and hyperechoic
left paracolic fat with scarce extraluminal fluid.
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Figure 1. A contrast-enhanced axial CT scan
showing bowel wall thickening in the descend-
ing colon (white arrow) with a “fat-stranding”
pattern regionally

Jovanovic¢S. et al.

Figure 2. Contrast-enhanced axial (A) and coronal (B) CT scans showing the segmental (white
arrows) thickening of the sigmoid colon wall highly suspicious of a neo-infiltrative process, but
without clear visualization of multiple polyps on the mucosa

The US alone was inconclusive.
However, that finding, coupled
with the leading symptoms at the
gastroenterological examination
and the complete blood count and
laboratory results that yielded leu-
kocytosis measuring 12.8 x 10°/L
and hemoglobin 102 g/L war-
ranted a computed tomography
(CT) exam.

A subsequent CT scan revealed
diffuse, irregular thickening of the
colonic wall, with a lobulated lu-
minal contour and discrete para-
colic stranding of the fat plane (Figure 1). Along the wall of
the colon, discrete intraluminal nodulations of the mucosa
could be observed, which could not be adequately inter-
preted due to the inadequate preparation of the colon for
examination (Figure 2A).

Distally, in the sigmoid colon, the CT also showed a
focal, circular wall thickening, which is incompatible with
an inflammatory etiology and most likely corresponds to
a malignant change (Figure 2B). The patient was referred,
and a colonoscopy was performed to gain further insight
into the condition of the suspicious mucosa. It revealed
hundreds of polyps throughout the colon with mild in-
flammation of the mucosa and no mucosal preserva-
tion, except for a small segment in the cecum. Most of
the polypus lesions were 10 mm in size, whereas 10-20
of them were 20-25 mm in diameter (Figure 3A). In ad-
dition, on examination, an ulcero-infiltrative lesion was
noted in the sigmoid colon, approximately 30 cm from the
anocutaneous line, involving the entire circumference of
the colon, extending proximally for approximately 10 cm,
with relative luminal stenosis but allowing passage of the
endoscope. The lesion bled during the biopsy (Figure 3B).

The histopathologic findings of the biopsied sigmoid
mucosa confirmed a malignant transformation consis-
tent with an advanced adenocarcinoma, which was a suf-
ficient indication for surgical treatment. Consequently,
a total proctocolectomy with ileo-anal anastomosis and
bipolar ileostomy was performed. The macroscopic and

‘ DOI: https://doi.org/10.2298/SARH250214024)

Figure 3. Colonoscopy findings in the transverse (A) and the sigmoid colon (B), showing a multitude
of subcentimetric polyps with no healthy remaining mucosa and the previously described ulcero-
infiltrative lesion, respectively

microscopic specimens of surgical pathology are shown
and described below (Figure 4).

The authors confirm that they have read the journal’s
position on issues involving ethical publication and af-
firm that this work is consistent with those guidelines. All
procedures performed in studies involving human par-
ticipants were in accordance with the ethical standards of
the institutional and national research committee and with
the 1964 Helsinki declaration and its later amendments or
comparable ethical standards. Written consent to publish
all shown material was obtained from the patient.

DISCUSSION

FAP is characterized by the presence of 100 or more adeno-
matous polyps in the mucosa of the colon, predisposing it
to malignant transformation and contributing significantly
to the cumulative risk of developing CRC in patients diag-
nosed with this disease [1]. FAP can have different inheri-
tance patterns. In most cases, it is an autosomal dominant
disease, meaning that one copy of the mutated APC tumor
suppressor gene in each cell is sufficient to cause the dis-
ease [2]. This means that affected individuals have a par-
ent who also suffers from the disease. However, if FAP is
caused by mutations in the MAP gene, it is inherited in an
autosomal recessive manner [3]. Both copies of the gene
must be mutated in each cell. In most cases, the parents
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Figure 4. The intestinal resection specimen included a 112-cm-long colon, an 18-cm-
long portion of the terminal ileum, and a 55-mm-long appendix; innumerable polyps
were present throughout the entirety of the colorectal segment, from the Bauhin’s valve
all the way to 2-3 mm proximal to the lower resection line, with a dispersed distribution;
most of them were sessile and semi-sessile, 2-10 mm in diameter, while a handful were
pedunculated, polypoid, exceeding that size (black arrow); a photomicrograph of one
such polyp is shown above (A); macroscopically, the resection specimen showed three
well-demarcated tumors, two of which in the sigmoid and one in the descending colon
(white arrows); the CT-suspected lesion was ulcero-vegetative, affecting the whole cir-
cumference of the sigmoid, with the infiltration depth of 10 mm and with a mixed tubular/
tubulo-cribriform organization and expansive-infiltrative growth with signs of extramural
invasion, microscopically (B); another tumor, smaller in size, was located proximally in the
descending colon, also presenting as an ulcerative vegetative lesion, which demonstrated
an infiltration depth of 10 mm (C); distal to the former the ulcerative-vegetative tumor
of the sigmoid colon, a larger sessile polyp was observed within the same region and
biopsied; the polyp showed suspicious infiltration into the submucosa and muscle layer
on macroscopic cross-sections, a finding that was subsequently confirmed through histo-
pathological examination as CRC (D); microscopically, both tumors (C and D) were mixed
tubular/tubulo-cribriform adenocarcinomas, the first of which showed signs of extramural
invasion (C), whereas the second one was intramural growth only (D)
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NopoanyHa afeHOMaTO3Ha NOAKUNO3a M KONOPEKTANHU KapLMHOM — KOIMKO
je KomnjyTepusoBaHa Tomorpaduja oceT/bMBa MeTOAA 3a OTKPUBAHE OCHOBHE

6onectu?

Coduja JosaHosuh', TnjaHa Tomuh', Hemarba buinh?3, Munow Pacnonosuh?, IparaH Bacun'~

'YHUBEP3NTETCKN KNHIUYKY LeHTap Cpbuje, LieHTap 3a pagronorujy u MarHeTHy pesoHaHLly, beorpag, Cpbuja;
YHNBeP3UTETCKI KNUHUYKY LieHTap Cpbuje, KnuHuka 3a gurectusHy xupyprjy, Oferberbe 3a XenatoounmonaHKpeaTuyHy Xupyprujy,

Beorpag, Cpbuja;

*Ynuep3utet y beorpagy, MeanunHcki dakynter, Kategpa 3a xupyprujy, beorpag, Cpouja;
*YH1BeP3UTETCKM KNMHWYKM LeHTap Cpbuje, KnuHuka 3a ypreHTHy xupyprujy, beorpag, Cpbuja;
YHueep3utet y beorpapy, MeanunHcku gakynter, Kategpa 3a paguonorujy, beorpag, Cpbuja

CAXETAK

YBog [opoanyHa afeHoMaTo3Ha NoANNo3a je ayTo30MHO A0-
MMHAHTHO 060JbeEe Koje KapaKkTepuiie npucyctso 100 unu
BYLLE afleHOMATO3HVX MOJIMa Ha Cy30KOXM Aebenor upesa,
LITO NMpeACTaB/ba NPEANCNOo3nNLMjy 3a Pa3Boj KONOPEKTanHor
KapuyHoma.

Mpukas 6onecHuka OBaj paj NpeAcTaB/ba NpMKas ciyyaja
NPETXO[HO HeAWjarHoCTVKOBaHe NOPOANYHE aieHOMaTO3He
nonunno3se Kog 6051eCHNKa NPUMIbEHOT Ha Of€/bEHE YPFrEHT-
He XVpypruje ca CyMHOM Ha KapLIMHOM CUTMOVAHOT KOJIOHa.
Hana3s gobujeH komnjytepr3oBaHoM ToMorpadujom Ha MyKo-
31 aebenor LpeBa 610 je HEKOHKIY31BaH ycner HeJOBO/bHe
[NCTeH3Mje NyMeHa LipeBa 1 HeafleKBaTHe npunpeme. JacHo je
yOUeH efleM 31[ja, Hanas Ha KomnjyTepr3oBaHoj Tomorpaduju
KapaKTepucTMyaH 3a GopM1paHn KapLyHOM y Npefeny CUrmo-
WAHOT KOJIOHa, I0K Cy OCTana fiBa poKyca ManurHe antepawyje
6vna MackrpaHa andysHuM, yHUGOPMHIUM 3aaebrbarbeM 31aa,
Koje je KaCHWj/M KOSIOHOCKOMCKUM NPeriiefoM jacHo AnjarHo-

DOI: https://doi.org/10.2298/SARH250214024)

CTMKOBAHO Kao MOpoAMYHa aieHoMaTo3Ha nonunosa. bone-
CHUKY je ypaheHa ToTasHa MPOKTOKONEKTOMM]ja, HAKOH Yera je
HaCTaBMO OHKOMOLLKO Neyetbe.

3akmyyak KomnjyteprsoBaHa Tomorpaduja je HeAOBO/bHO
oceT/bl/Ba METOAA 3a AWjarHOCTVKY Ady3He Nounose cy3o-
KOXe KOJIOHa, HapOUMTO KOJ, YPreHTHYIX CTatba Kafja bonecHuLm
HUCY MPUNPEM/bEHU 3a NPerNe, OGHOCHO Kaaa Huje obe3be-
hHeHa goBosbHa AMCTeH3Mja NyMeHa LpeBHMX Bujyra. Kako je
OCHOBHO 060/bete MacK1parno ABe off TP Nie3uje KoNopeKTan-
HOT KapLyHOoMa Ha fiebenom LipeBy KOA OBOT 60NeCHUKa, YKa-
3yjeMo 11 Ha AnjarHOCTNYKY MHGEPVOPHOCT KOMMjyTepU30oBaHe
Tomorpaduje y nopehery ca kKonoHorpadujom nomohy Komnjy-
Tepu3oBaHe ToMorpaduje 1 MarHeTHe pe3oHaHLe, a HapOUNTO
Ca KOJIOHOCKOMMjOM Kao 3/1aTHVM CTaHAAPAOM Kaja je y nuTatby
OTKpUBabe KONOPEKTaHOr KapLMHOMa.

KrmbyuHe peun: nopoanyHa aileHOMaTo3Ha Momno3a; KonopekK-
Ta/HW KapLMHOM; KOMMjyTepu3oBaHa Tomorpaduja; TotanHa
MPOKTOKONIEKTOMMja
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Isolated ipsilateral shoulder and elbow dislocation

Bojan Milenkovi¢', Miljan Bilanovi¢', Sladan Timotijevi¢', Miroslav Tati¢', Dorde Kolak??
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ZKragujevac University Clinical Center, Clinic for Orthopedic Surgery and Traumatology, Kragujevac, Serbia;
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SUMMARY

Introduction Joint dislocation is the loss of congruence of the joint surfaces. This is a relatively common
injury of the musculoskeletal injury. Among the large joints, shoulder joint dislocation has the highest
incidence of 24/100,000/year, of which 94-97% are anterior, 1% are inferior, and the remaining injuries are
posterior shoulder dislocations. The second most frequent injury is elbow dislocation, with an incidence
of 5.2/100,000/year. Among these, over 80% are posterolateral dislocations.

Case outline A 57-year-old female patient was injured during an accidental ground-level fall sustaining
combined injuries — anterior dislocation of the shoulder joint and a posterolateral dislocation of the elbow
joint. Upon sustaining the described injuries, she was treated conservatively with good functional results.
Conclusion A review of the literature reveals that the combination of ipsilateral shoulder and elbow joint
dislocations is a rare injury, with shoulder dislocation often being overlooked. Proper anamnesis, along
with a thorough examination of the joints both proximally and distally to the injured joint, is crucial. If
performed adequately, these injuries can often be successfully managed nonoperatively, with closed

reduction, immobilization, and rehabilitation, leading to satisfactory functional recovery.
Keywords: shoulder dislocation; elbow dislocation; ipsilateral dislocation; isolated dislocation

INTRODUCTION

Reviewing the available literature, we identified
two groups of combined shoulder and elbow
dislocations. The first group includes patients
with only shoulder and elbow joint disloca-
tions, while the second group consists of pa-
tients with other associated injuries. Further
differences among the presented cases refer
to the type of dislocation (anterior, posterior,
or inferior shoulder joint dislocation). Thus,
Meena et al. [1] described a 30-year-old man,
injured in a traffic accident as a motorcyclist,
with ipsilateral dislocation of the shoulder
joint and elbow joint, without associated inju-
ries. Other studies describing isolated ipsilat-
eral shoulder and elbow dislocations state that
they occur as the result of low-energy trauma.
Mandujano and Izaguirre [2] described an
86-year-old woman, injured during a ground-
level fall, wherein she sustained an ipsilateral
inferior shoulder joint dislocation and a poste-
rior elbow joint dislocation, while some other
authors described patients with ipsilateral an-
terior shoulder joint dislocation and posterior
elbow joint dislocation [1, 3-7]. In the descrip-
tions of the non-isolated shoulder and elbow
dislocation injuries, associated injuries — open
wounds, fractures, and neurovascular damage,
are mentioned. Fractures of the greater tubercle
of the humerus [8, 9], open wounds in the re-
gion of the medial epicondyle of the humerus
[10, 11], and injuries of the axillary nerve [3,
9] are most commonly described.

CASE REPORT

A 57-year-old female patient was examined at
our clinic complaining of pain in her left elbow
and the inability to perform any movement of
the elbow. She reported an injury sustained one
hour before coming to our clinic, having tripped
and fallen over a chair. She denied other inju-
ries or any previous dislocations. The clinical
findings showed swelling and deformity of the
left elbow with the arm slightly abducted and
externally rotated in the shoulder joint, with
the elbow joint in flexion and neutral prono-
supination. She supported the injured arm with
her other hand. The neurovascular findings
were normal. Also, the left shoulder joint was
deformed, the lateral edge of the acromion was
prominent, and the deltoid oval contour was
distorted and flattened, the so-called epaulet
sign. Encountering such a clinical finding, with
the prior consent of the patient, we took pho-
tographs, which makes this case the only pho-
to-documented case with such a combination
of injuries in the currently available literature
(Figure 1). After radiographic diagnostics, the
diagnosis of anterior dislocation of the humer-
oscapular joint and posterolateral dislocation of
the elbow joint was established, without any oth-
er osteoarticular lesions (Figures 2 and 3). With
the excellent compliance of the patient, and with
the use of analgosedation, we performed manual
closed reduction of both joints. First, a closed re-
duction of the elbow joint was performed, with
the patient positioned supine, by applying the
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Figure 1. Clinical presentation of ipsilateral dislocation of the shoulder joint and the elbow joint
[source: Photographic Archive, Bezanijska Kosa University Hospital Medical Center]

Figure 3. Lateral X-ray of the left elbow - pos-
terolateral elbow joint dislocation [source: PACS,
Bezanijska Kosa University Hospital Medical
Center]

A

Milenkovi¢ B. et al.

Figure 2. Anterior-posterior X-ray of the left
humerus - isolated ipsilateral dislocation of
the shoulder and elbow joint [source: Picture
Archiving and Communication System (PACS),
Bezanijska Kosa University Hospital Medical
Center]

iy

Figure 4. Clinical presentation after closed reduction of ipsilateral shoulder and elbow dislocations
[source: Photographic Archive, Bezanijska Kosa University Hospital Medical Center]

technique of longitudinal traction to the forearm with the
elbow in flexion and supination, while pushing the olecra-
non over the distal end of the humerus. Humeroscapular
joint reduction was then performed using Cooper’s tech-
nique [12]. After the reductions were performed, the radial
pulse, motor function, and sensation were normal, and
follow-up X-rays showed that both joints were congruent,
without iatrogenic injuries in terms of fractures (Figures
4, 5, and 6). The arm was immobilized in a Desault ortho-
sis for three weeks, whereupon the patient began physical
therapy and rehabilitation. At the follow-up examination,

‘ DOI: https://doi.org/10.2298/SARH240704019M

eight weeks after the injury, the patient had palpable pain-
tul tenderness on the inner side of the elbow joint and a
positive valgus stress test. Follow-up X-rays showed both
joints to be congruent, with minor heterotopic calcifications
in the region of the ulnar collateral ligament. The patient
was advised to continue physical therapy. The functional
outcome 12 weeks after injury was good. The patient was
experiencing no pain, she had a full range of motion in the
shoulder joint, a full range of pronation-supination motion,
as well as flexion in the elbow joint. However, she had a loss
of terminal extension of 20 degrees (Figures 7 and 8).

Srp Arh Celok Lek. 2025 Mar-Apr;153(3-4):197-200



Isolated ipsilateral shoulder and elbow dislocation

Figure 5. Anterior-posterior X-ray of the left shoulder and Y radiogra-
phy of the scapula - status after closed reduction, the shoulder joint is
congruent [source: PACS, Bezanijska Kosa University Hospital Medical
Center]

Figure 7. Clinical presentation and range of motion, 12 weeks after
injury — pronation and supination [source: Photographic archive,
Bezanijska Kosa University Hospital Medical Center]

All procedures performed in studies involving human
participants were in accordance with the ethical standards
of the institutional and/or national research committee and
with the 1964 Helsinki Declaration and its later amend-
ments or comparable ethical standards. Written consent to
publish all shown material was obtained from the patient.

Figure 6. Anterior-posterior and lateral radiography of the left elbow
- status after closed reduction, the elbow joint is congruent [source:
PACS, Bezanijska Kosa University Hospital Medical Center]

DISCUSSION

Suman [13] was the first to describe this injury, in 1981. So
far, seven cases have been reported with isolated injuries —
ipsilateral dislocation of the shoulder joint and elbow joint,
without associated soft tissue, osteoarticular and neuro-
vascular injuries. Like the authors of similar studies, we
concluded that in the clinical examination of the patient,
it is most important to take a good history, to examine the
injured joint as well as the neighboring joints, because a
seemingly more serious injury can mask another one, and
consequently lead to a potentially permanent decrease or
loss of function in this joint.

While the clinical approach to diagnosing and manag-
ing these injuries has been outlined, several areas warrant
further investigation. Future research should focus on re-
fining diagnostic techniques, particularly in the early de-
tection of associated injuries that may not be immediately
obvious. Advanced imaging modalities such as MRI and
CT scans could be explored to better visualize soft tissue
and bone damage in patients with dual joint dislocations.

In terms of treatment, there is a need for standardized
protocols addressing the management of both acute and
chronic cases. The effectiveness of different reduction

Figure 8. Clinical presentation and range of motion, 12 weeks after injury — extension and flexion of the elbow joint, internal rotation of the
shoulder [source: Photographic Archive, Bezanijska Kosa University Hospital Medical Center]

Srp Arh Celok Lek. 2025 Mar-Apr;153(3-4):197-200
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techniques and post-reduction rehabilitation protocols
could be evaluated through prospective clinical trials.
Additionally, more attention should be given to the long-
term outcomes of these patients, particularly in terms of
joint stability, range of motion, and the potential for early
onset arthritis or other degenerative conditions.
Follow-up care for patients with this type of injury is
equally important. Research should aim to identify the

REFERENCES

1. Meena S, Saini P, Rustagi G, Sharma G. Ipsilateral shoulder and
elbow dislocation: a case report. Malays Orthop J. 2012;6(1):43-5.
[DOI: 10.5704/M0J.1203.001] [PMID: 25279042]

2. Mandujano SJI, Izaguirre PME. Luxacion erecta de hombro con
luxacion posterior de codo ipsilateral simultanea sin lesion 6sea
asociada: reporte de caso. Ortho-tips. 2022;18(2):141-4.

[DOI: 10.35366/105504]

3. PradaC,Romero L, Espinosa A. Ipsilateral eloow and
shoulder dislocation: a case report. J Shoulder Elbow Surg.
2019;28(7):232-7.[DOI: 10.1016/j.js€.2019.04.038]

[PMID: 31230786]

4. Essoh JBS, Kodo M, Traoré A. Ipsilateral dislocation of the shoulder
and elbow: a case report. Niger J Surg Res. 2005;7(3):319-20.
[DOI: 10.4314/njsr.v7i3.12307]

5. Thomas R, Raffic M, Anoop S. Ipsilateral shoulder and elbow
dislocation: case report. Journal of Trauma and Orthopaedic
Surgery. 2020;15(1):12-3. [DOI: 10.13107/kjo.2019.v32i02.025]

6.  David-West KS. Ipsilateral dislocation of shoulder and elbow joints.
JTrauma Treat. 2013;2(2):166. [DOI: 10.4172/2167-1222.1000166]

7.  Dabkowski TR, Parikh A, Olivas Michels CS. Ipsilateral Shoulder and
Elbow Dislocation. J Emerg Med. 2024;67(3):e305-e309.

[DOI: 10.1016/j.jemermed.2024.03.039] [PMID: 39034161]

Milenkovi¢ B. et al.

most effective follow-up schedules and intervention strate-
gies to monitor recovery and prevent complications. The
development of evidence-based guidelines for follow-up
care could improve patient outcomes and reduce the likeli-
hood of permanent disability.

Conflict of interest: None declared.

8.  Lindor Diop A, Coundoul C, Amadou Ba P, Diouf M, Macodou
Ndiaye R, Diouf Niang C. Ipsilateral simultaneous shoulder and
elbow dislocation: a case report. Open Journal of Orthopedics.
2022;12(5):236-41. [DOI: 10.4236/0j0.2022.125022]

9.  Utkan A, Agar A, Fakioglu RC, Kése CC, Ozkurt B. Ipsilateral
simultaneous inferior shoulder dislocation and posterior elbow
dislocation: a case report. Jt Dis Relat Surg. 2020;31(3):614-8.
[DOI: 10.5606/ehc.2020.74939] [PMID: 32962598]

10. Mohapatra A, Choudhury P. An unusual case of ipsilateral
shoulder and elbow dislocation. J Ayub Med Coll Abbottabad.
2021;33(4):708-9. [PMID: 35124939]

11.  Cobanoglu M, Yumrukcal F, Karatas C, Duygun F.

Simultaneous shoulder and elbow dislocation. BMJ Case Rep.
2014;2014:bcr2014204686. [DOI: 10.1136/bcr-2014-204686]
[PMID: 24859563]

12.  Gottlieb M. Shoulder dislocations in the emergency department:
a comprehensive review of reduction techniques. J Emerg Med.
2020;58(4):647-66. [DOI: 10.1016/j.jemermed.2019.11.031]
[PMID: 31917030]

13. Suman RK. Simultaneous dislocations of the shoulder and the
elbow. Injury. 1981;12(5):438.

[DOI: 10.1016/0020-1383(81)90022-x] [PMID: 7263060]

W3onoBaHa uncunatepanHa syKkcauuja 3rnoba pameHa U 3rnoba nakTta

bojaH MuneHkouh', MumbaH bunaHosuh', Cnahan Tumotujeuh', Muupocnas Tatuh'!, hophe Konak??

'KnuHnyko-60nHnYKY LeHTap , bexaHujcka koca'’, Oferbere opToneauje 1 optonefcke Tpaymatonoruje, beorpag, Cpbuja;
YHNBep3UTETCKM KNUHUYKK LieHTap ,KparyjeBal’, KnuHnka 3a optonegujy u Tpaymatonorujy, Kparyjesau, Cpbuja;
3YHuBep3auTeT y Kparyjesuy, GakynTeT Me[nLMHCKNX HayKa, KaTepa 3a xupyprujy, Kparyjesau, Cp6uja

CAMETAK

YBop Vwyaletbe 3rnoba npeAcTaBba rybutak KOHrpyeHTHO-
CTU 3r06HMX MOBPLUKHA, LITO je penaT!BHO YecTa MoBpeaa
NOKOMOTOpPHOT anapata. Of BenuKkux 3rnobosa, Hajsehy nH-
LmAeHLy 1Ma niivallerse 3rnoba pameHa, ca yyectanowhy of
24 Ha 100.000 cTaHOBHUKa roguiire, npu yemy 94-97% unHe
npepte nykcauuje, 1% gome, a octano 3agme nykcauuje. Ha
APYrom MecTy je nivalletrbe 3rnoba nakTa, ca yyectanowhy og
5,2 cnyyaja Ha 100.000 cTaHOBHMKa roguLLtbe, Npu Yemy BuLLe
op 80% umHe nocTeponatepasnHe nykcauuje.

Mpukas 6onecHnka bonecHnua ctapa 57 rogrHa nospeheHa
je npu cnyyajHOM Nagy Ha NCTOM HYBOY, PV YeMy je 3agobuna
130J10BaHe NoBpefe — NpeAme Ullvallere 3r106a pameHa u

DOI: https://doi.org/10.2298/SARH240704019M

nocTeponaTtepasnHo Ullyallerbe 3rnoba akTa. JleueHa je KoH-
3epBaTUBHO ¥ MOCTUrHYTU Cy AO6PU GYHKLIMOHANIHN pe3ynTaTy.
3akmyuak lpernefom nutepatype ycTaHOBUAN CMO Aa je
KOMOVHaLMja nncunaTepasHor uwvatiema 3rnoba pameHa
1 VlYaLlera 3rinoba nakta peTka noBpefa, Kof Koje ce nako
MO>e NPEeBVAETH MilYallere 3rnoba pameHa. HajeaxHuije je
y3eTun [o6py aHaMHe3y U YpaauTu AeTarbaH nperneq 3rnobosa
NPOKCMMAIHO U JUCTanHo of nospeheHor. AKo ce npernegy
NPUCTYNV afeKBaTHO, OBE MOBPEAE Ce MOTY YCMeLIHO NeUnTu
HeornepaTUBHUM MyTeMm, 3aTBOPEHOM PEMNO3ULIMjOM, UMOOMN3a-
LmjoM 1 pexabunutamjom, y3 fobap GyHKLMOHANHN pe3ynTar.
KrbyuHe peun: niwvaluerbe 3rnoba pameHa; riyallete 3r1oba
NAKTa; UMCUNATEPASTHO MLLIYALLIEHE; M30/10BAHO MLLYaLLeHe
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Biliary atresia associated with intestinal
malrotation — unusual intraoperative presentation
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SUMMARY

Introduction Biliary atresia (BA) is an idiopathic, progressive obliterative cholangiopathy of unknown
etiology. The incidence of BA is 5-10 cases per 100,000 live births. Two clinical phenotypes of BA have
been described: syndromic and non-syndromic form. From 1959, Kasai procedure is a standard therapeutic
procedure. However, patients in whom there is an association of BA with other structural anomalies may
have a worse outcome after the procedure. The goal was to present our patient with unusual form of BA
associated with intestinal malrotation.

Case report We present a two-month-old female infant hospitalized because BA was suspected. On the
echosonographic examination of the abdomen the gallbladder was not visible. Intraoperative diagnosis
of BA was confirmed, and the Kasai procedure was performed. During the operation, intestinal malrota-
tion with Ladd’s bands was identified. In this case, after the complete Ladd procedure, we decided to
trace the Roux coil through the mesoduodenum and then behind the duodenum towards the portal
plate, where a portoenterostomy was then created in a standard way. During the “follow-up” the infant
was free of complaints, the stools were normally discolored, and the values of liver function tests had a
downward trend.

Conclusion Any doubt about the diagnosis of BA obliges us to determine the existence of all other pos-
sible anatomical abnormalities and associated anomalies, due to their potential importance in changing

treatment plans and surgical approach, but also the impact on the outcome of treatment.
Keywords: biliary atresia; Kasai procedure; malrotation

INTRODUCTION

Biliary atresia (BA) is an idiopathic, progres-
sive obliterative cholangiopathy of unknown
etiology that affects the intra- and extra hepatic
bile ducts, leading to cholestasis, progressive
fibrosis and liver cirrhosis [1]. It is the most
common cholestatic disorder of newborn age
that occurs with a variable incidence of 5-10
per 100,000 live born, with female to male ratio
of 1.4:1 [2].

BA is most often an isolated defect but can
be associated with other congenital anomalies
in up to 16% of cases. There are two clinical
phenotypes of BA, the syndromic or embryonic
form, often associated with other congenital
anomalies such as polysplenia, intestinal mal-
rotation, portal vein abnormalities, situs in-
versus, absence of the inferior vena cava and
congenital heart disease. The incidence of syn-
dromic forms of BA is around 10-20% [3, 4].
The acquired or perinatal form of BA is more
common and represents 80-90% of cases [4].

The association of BA with intestinal malro-
tation is rare and has a very variable incidence
ranging from 0.3% to 12%. The appearance of
the Kasai procedure in 1959 enabled the long-
term survival of patients with BA [5]. In pa-
tients with associated congenital anomalies, the
results of this procedure may be worse due to
altered anatomical relationships [6, 7].

The goal of our paper was to present an
unusual case of BA associated with intestinal
malrotation.

CASE REPORT

A female full-term infant, born by spontaneous
vaginal delivery with a birth weighing 3300 g
was hospitalized at the beginning of the third
month of life (on the 67th day) due to jaun-
dice and elevated values of liver function tests
(LFT): direct bilirubin (DBil) 111.6 pmol/l,
total bilirubin (TBil) 127 umol/l, alanine ami-
notransferase (ALT) 173 U/L, aspartate ami-
notransferase (AST) 118 U/L. In the clinical
findings at the beginning of hospitalization,
apart from icterus, the liver was palpated 2 cm
below the right lower rib arch, while the
rest of the physical findings were normal.
Echosonographic examination of the abdomen
after fasting revealed enlarged left lobe of the
liver (cranio-caudal diameter 45 mm, caudate
lobe antero-posterior diameter 16 mm), and
the gallbladder was not visible. Considering the
symptoms and signs of the disease, laboratory
and ultrasound findings, BA was suspected and
surgical treatment indicated. At the age of 71
days, the patient was taken for intraoperative
cholangiogram and to proceed to a Kasai pro-
cedure if indicated. Hypoplastic gallbladder and
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Figure 1. Macroscopic intraoperative finding of fibrotic liver parenchyma and absence

of extrahepatic bile ducts

Figure 2. Porto-entero anastomosis — roux loop traced through the
meso-duodenum

the absence of extra hepatic bile ducts were found intraop-
erative which confirmed the diagnosis of BA and the need
to perform the Kasai procedure (Figure 1). During the
operation, intestinal malrotation was identified with the
duodenojejunal transition in the right half of the abdomen,
the cecum and the appendix in the left upper quadrant of
the abdomen. After the Ladd procedure was performed,
the problem of the direction of the Roux-en-Y loop, which
in the original technique is oriented transmesocolic, arose.
After the Ladd procedure was completed, we decided to
trace the Roux loop through the mesoduodenum, which
enabled the best anatomical position of the intestinal loop
to create a porto-entero anastomosis (Figure 2). After the
appendectomy, the coils of the colon were placed in the left
half of the abdomen and a liver biopsy was taken.

The infant started enteral feeding on the third postop-
erative day, and on the fifth postoperative day had nor-
mal discolored stools. Full enteral intake was established
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seven days after surgery. Bilirubin values
showed a decreasing trend after the surgery.
The infant was discharged from the hospital
17 days after surgery, on the 88th day of life.
Bilirubin values at discharge were elevated
(DBil 87.9 pmol/l, Tbil 104.2 umol/1) as well
as transaminase values (AST 221.0 U/L, ALT
389 U/L), stools were normally discolored,
and body mass at discharge was 5020 grams.
Pathological analysis showed congenital BA
type 2.

At the follow-up examination three weeks
after the operation, the bilirubin values re-
mained unchanged, while the LFT values
were decreasing, and the stools were usually
discolored. Control abdominal ultrasound
was performed one month after the operation showing
no signs of intrahepatic bile ducts dilatation. Two months
after the operation, the stools were usually discolored, with
significant decrease of bilirubin and LFT values (DBil: 65.8
umol/L TBil: 83.7 umol/L, AST: 104 U/L ALT: 152 U/L).

The authors declare that the article was written ac-
cording to ethical standards of the Serbian Archives of
Medicine as well as ethical standards of institutions for
each author involved. Informed consent was obtained from
the parents/guardians of the patient involved in the report.

DISCUSSION

BA is a chronic progressive cholangiopathy, which occurs
in a syndromic form with a frequency of 10-25% [1]. The
association with intestinal malrotation is about 12% [2].
Although BA is known to coexist with different anatomi-
cal variations, studies have varied results on the prognosis
of isolated BA compared with BA that is associated with
congenital anomalies [3, 4, 5].

The outcome after surgery also depends on the condi-
tions maintained in syndromic forms of BA [5]. However,
due to limited number of cases the data on prognosis after
the surgery is not yet adequately established [6].

Abdominal heterotaxy can have several surgical impli-
cations, primarily related to the orientation of the Roux-
en-Y loop due to altered normal anatomical relationships
[7, 8]. In the case of intestinal malrotation or non-rotation,
the colon is located in the left side of the abdomen, while
the duodenojejunal transition is located on the right side
of the spinal colum, in the right side of the abdomen which
can altered the normal orientation and positioning of the
Roux-en-Y loop. Although it is unknown how these ana-
tomical relationships would affect an infant’s prognosis for
BA, recognizing this abnormal anatomy is crucial both for
the first exploration of hepato-portoenterostomy and for
liver transplantation.

It can be expected that the presence of extra-hepatic
anomalies and altered anatomy will negatively affect the
outcome of surgical treatment. Differences in survival are
primarily attributed to associated cardiac anomalies, how-
ever, studies showed that in experienced centers there is
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no significant difference in the outcome of surgical treat-
ment or in long-term biliary drainage [9]. The long-term
follow-up of patients after portoenterostomy is necessary
because the establishment of bile drainage alone does not
mean a cure for such patients, because the Kasai procedure
does not affect progressive fibrosis as a basic characteristic
of the disease [7].

It is very important that these anatomical relations be-
come recognized on time because even though it is un-
known how they affect prognosis of BA, it interferes with
surgical approach and selection of technique to be applied
(10, 11].

The timely diagnosis of BA and associated conditions
provides more effective management and good outcome
[12].

If there are some associated conditions confirmed, they
are not always diagnosed antenatal, but if they were, the
diagnosis is always challenging and management usual
involves surgical correction in the immediate postnatal
period, or later on if possible [13].
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For the next decade there are some expectations for the

identification of new therapeutics for infants with cholesta-
sis and potential use of precision medicine to optimize
therapy for each infant [14, 15].

Even though that the liver transplantation is a gold

standard for treatment of patients with BA, and the vast
majority of patients reach adulthood, waitlist mortality
negatively affects the overall prognosis and, in that case,
it is not related to associated anomalies [16].

Although syndrome forms of BA are rare, the diagnosis

of BA should always indicate further evaluation for another
anatomical abnormalities because of their importance and
potential influence on treatment plans and the surgical
approach.
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BunujapHa aTpesuja nosesaHa ca MaapoTaLMjoM LipeBa — Heo6MyHa

WHTpaonepaTMBHa Npe3eHTauuja

Anekcangap CpeteHosuh'? Hophe Tonnuunh', Pactko Casa Jepemuh’, [iparaHa Byjosuh'>

'YHnBep3uTETCKa Aevja KnHUKa, beorpag, Cpbuja;
2Ynueepautet y beorpaay, MeanunHcku akyntert, beorpag, Cpbuja

CAMXETAK

YBopg bunujapHa aTpesuja je naronatcka, NporpecriBHa 065u-
TepaTMBHa XONaHr1onaTuja HenosHare etvionoruje. kbeHa HUM-
JeHumja je 5-10 cnyyajesa Ha 100.000 xuBopoheHux. OnuncaHa
Cy ABa KnuHnuKa deHoTrna bunujapHe atpesuje: CUHLPOMCKN
1 HecmHapoMcKy 06nuk. Og 1959. KacanjeBa meToaa npeacTa-
B/ba CTaHAAPAHMW Tepanujcku npuctyn. MehyTum, nauujeHTu
Kof, KOjuX MOCTOj1 MOBe3aHOCT bunujapHe atpesuje ca pyrum
CTPYKTYPHUM aHOManmjama Mory UMaTii NIOLINjN NCXOF, HAKOH
onepauuje.

Linb oBor papa je fia mprikaxemo ciyyaj bunvjapHe atpesuje
roBe3aHe ca ManpoTaLjoM LipeBa.

Mpukas cnyuaja Y oBom pagly npeAcTaB/baMo JBOMECEYHO
0[j0jue XOCNMTany30BaHo 360r CyMmbe Ha bunnjapHy atpesujy.
Ha exocoHorpadckom npernegy abgomeHa Xy4Ha Keca Huje
6una BugmbmBa. iHTpaonepatnsHo je notBpheHa AvjarHo3a

DOI: https://doi.org/10.2298/SARH250113017S

6unujapHe aTpesuje U NpuMereHa je Kacaunjesa metoga. To-
KoM onepaumje naeHTMGMKOBaHa je ManpoTaluja LipeBa ca
Jlaposum 6praama. Y oBom cryyajy, HakoH KomnneTHe Jlagose
npoueaype, oa/ly4YeHo je aa ce Roux Bujyra ycmepu Kpo3 me-
30[lyofieHyM, a 3aTUM 13a AyofeHyMa Ka MOPTHOj Myioyw, rae je
MOTOM Ha CTaHAAPAHW HauUH U3BefeHa MOPTOEHTEPOCTOMMja.
Tokom pefoBHor npahera ofojue je 6uno 6e3 Teroba, ctonuua
je HopmanHo npebojeHa, a BpefHOCTM TecToBa GyHKLMje jeTpe
Cy nokasmBane onagajyhu tpeHg.

3akmyuak CBaka Cymiba y AnjarHosy bunujapHe atpesuje
obaBe3yje Hac Aa yTBPANMO MOCTOjatbe CBUX APYruX Moryhmx
aHATOMCKVX aBHOPMATHOCTMN 1 MPUAPYKEHNX aHOManuja, 360r
HbVIXOBOT MOTEHLMjaNHOr 3Hayaja Y M3MeHU NaHoBa Jieuerba 1
XUPYPLUKOF MPUCTYMa, anu 1 YTrLaja Ha KOHAYHW UCXOp Nleyetba.
KmbyuHe peun: 6vnvjapHa atpesuja; Kacavjesa metofa; man-
potauuja
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CASE REPORT / MPUKA3 BOJNIECHUKA

BF-fluorodeoxyglucose positron emission
tomography / computed tomography in the
diagnosis of secondary malignancies in a patient

with Hodgkin lymphoma

Nikola Panti¢', Milica Stojiljkovi¢'? Lenka Gruji¢i¢', Dragana Sobi¢ Saranovi¢'? Vera Artiko'?

'University Clinical Center of Serbia, Center for Nuclear Medicine with PET, Belgrade, Serbia;
University of Belgrade, Faculty of Medicine, Belgrade, Serbia

SUMMARY

Introduction The incidence of a second cancer among patients who have been treated for Hodgkin
lymphoma (HL) is higher than the incidence of cancer in the general population. '8F-fluorodeoxyglucose
(18F-FDG) positron emission tomography / computed tomography is used in the evaluation of a number
of malignancies. The aim of the article is to emphasize the importance of including a second primary
cancer as a differential diagnosis among patients at risk.

Case outline We present a case of a patient diagnosed with two separate malignancies almost two

decades after the treatment of HL.

Conclusion In patients previously treated for HL, a biopsy of lesions that show high 18F-FDG uptake
should be advised, particularly if the location of the lesion is unusual for the primary diagnosis.
Keywords: lymphoma, Hodgkin; positron emission tomography; second primary malignancy; chemo-

therapy; radiation therapy

INTRODUCTION

Hodgkin lymphoma (HL) is a chronic malig-
nant lymphoproliferative disease with a bi-
modal distribution of occurrence in the third
decade of life as well as in the sixth decade.
It has a good prognosis and a high cure rate
[1]. Lung cancer, on the other hand, causes an
estimated 1.8 million annual deaths globally,
which is 18% of all deaths attributed to cancer,
and it is the leading cause of cancer death [2].
Meanwhile, non-Hodgkin lymphoma (NHL) is
the most common hematological malignancy
worldwide, with diffuse large B-cell lymphoma
(DLBCL) being the most frequent subtype [3].

Among the late complications, second ma-
lignancies (SMN) are a great concern in cancer
survivors [4]. Although second cancers can re-
flect the influence of lifestyle factors, environ-
mental exposures, genetic contributions, and
host factors, the late sequelae of treatment are
paramount [5]. The risk for SMN is particularly
high in HL survivors. In 2023, Nuiiez-Garcia et
al. [6] demonstrated the much higher than ex-
pected mortality in patients previously treated
for HL, even when HL as the cause of death was
eliminated, with patients younger than 30 years
and women being especially vulnerable, most
frequently secondary to SMN (37.8%). During
the last three decades, the role of positron emis-
sion tomography / computed tomography
(PET/CT) in diagnosis, staging, and follow-
up of cancer patients has been revolutionary
[7]. The majority of PET scans are performed

using "*F-fluorodeoxyglucose (18F-FDG), the
gold standard of PET radiopharmaceuticals
[8]. However, due to its non-specific nature,
18F-FDG PET/CT cannot distinguish between
different types of cancer, and histopathological
confirmation for lesions of an undetermined
origin is a necessity.

In this case report, we present the develop-
ment of two distinct malignancies two decades
after the completion of Hodgkin lymphoma
treatment.

CASE REPORT

A 62-year-old female patient was sent for an
18F-FDG PET/CT examination at the Center
for Nuclear Medicine with Positron Emission
Tomography of the University Clinical Center
of Serbia for the initial staging of DLBCL, di-
agnosed 19 years after the patient had been
treated for HL with chemotherapy (CTx) and
radiation therapy (RTx). Previously, a sample of
enlarged submandibular lymph nodes was tak-
en. Histopathological specimens revealed path-
ological findings resembling DLBCL, the most
common subtype of NHL. Therefore, the pa-
tient was scheduled for a PET/CT. Meanwhile,
a standard-dose CT showed a mass in the right
lung, without a definitive conclusion regarding
the etiology. The patient complained of fatigue
and coughing.

A three-dimensional PET scan and a low-
dose non-enhanced CT scan were acquired
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Figure 1. '®F-fluorodeoxyglucose positron emission tomography / computed tomog-
raphy: the axial image depicts a lesion in the posterobasal segment of the right lower
lobe of the lungs on the low-dose CT (black arrow) and an increased accumulation
of a radiopharmaceutical on the fused image (white arrow); histopathology revealed
squamous cell carcinoma

Figure 2. "®F-fluorodeoxyglucose positron emission tomography / computed tomog-
raphy: the axial image depicts an enlarged subcarinal lymph node on the low-dose CT
(black arrow) and an increased accumulation of a radiopharmaceutical on the fused
image (white arrow)

Figure 3. "*F-fluorodeoxyglucose positron emission tomography / computed tomog-
raphy: the axial image depicts an increased accumulation of a radiopharmaceutical in
the right tonsil (black arrow) and in enlarged right cervical lymph nodes (white arrow);
histopathology revealed diffuse large B-cell ymphoma

Figure 4. "*F-fluorodeoxyglucose positron emission tomography / computed tomogra-
phy: the axial image depicts a soft tissue mass in the cervix of the uterus on the low-dose
CT (black arrow) and an increased accumulation of a radiopharmaceutical on the fused
image (white arrow); histopathology revealed diffuse large B-cell ymphoma

Panti¢ N. et al.

of 18F-FDG in the right tonsil and right cervical
lymph nodes (Figure 3), up to 36 x 20 mm in size
with SUVmax of 36.4, which showed an increased
metabolism due to DLBCL, and a focal zone of an
increased metabolism of glucose in a soft tissue
mass in the cervix of the uterus (Figure 4), 22 x 17
mm in diameter with the SUVmax of 14.7. Later
on, bronchoscopy was performed, and a biopsy
of the pulmonary lesion revealed squamous cell
carcinoma. Specimens from both the submandib-
ular lymph nodes and a pulmonary lesion were
sent for revision, and the findings confirmed two
separate malignancies of different locations and
histological types. Afterwards, the gynecology
specialist did a comprehensive evaluation. The
patient stated that she noticed blood spots on
her underwear in the last seven days. Ultrasound
confirmed a soft tissue mass in the projection of
the cervix. The sample of the lesion was taken.
Based on the morphological and immunohisto-
chemical analysis of the tumor cells, the patholo-
gist concluded that infiltration by the previously
diagnosed DLBCL was most likely. Two weeks
later, the patient arrived at the emergency depart-
ment with family members who reported that the
patient was disoriented and could not walk. CT
of the head was performed. A scan revealed an
oval, hypodense lesion in the frontobasal region
of the right cerebral hemisphere, suspected to be
a metastasis. Further treatment will be planned
based on the decision of the lung cancer council.

A decision (668/6) dated April 19, 2018, by
the University Clinical Center of Serbia’s Ethics
Committee allows employees of the Center for
Nuclear Medicine with PET of the University
Clinical Center of Serbia to use anonymous data
and obtained patient results for scientific research
purposes.

DISCUSSION

HL, a type of cancer that arises from B-lympho-
cytic cells, is one of the most curable malignan-
cies [9]. In recent years, the use of lower doses of
alkylating CTx and RTx, limited to smaller vol-
umes and at lower doses, has improved survival

from the base of the skull to the mid-thigh. On PET/
CT exam, we found an increased metabolism of glu-
cose in a lesion in the posterobasal segment of the right
lower lobe of the lungs (Figure 1), previously seen on
a standard-dose CT, and in the subcarinal lymph node
(Figure 2). Dimensions of the pulmonary lesion were
42 x 38 x 41 mm with the maximum standardized uptake
value (SUVmax) of 22.2, while the subcarinal lymph node
measured 16 x 9 mm in diameter with the SUVmax of 4.7.
Primary carcinoma of the lungs was suspected, without
the exclusion of a lymphoma as a possible cause. PET/
CT examination also disclosed an increased accumulation

of patients with HL, such that the cure rate for this disease
currently exceeds 80% [6]. However, as more patients sur-
vive longer, the impact of late complications of treatment is
increasingly clear, with second primary malignancy (SPM)
and cardiovascular, pulmonary, and infectious diseases be-
ing the leading cause of mortality in survivors of HL [10].
NHL and lung cancer are among the most common SPMs
in patients previously treated for HL [11], both of which
occurred in the case we presented. Moreover, the patient
received CTx and RTx, both of which increase the risk for
SPM in HL survivors. 18F-FDG PET/CT at baseline has
proven to be highly sensitive in determining sites of disease
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for DLBCL [12], an aggressive lymphoma subtype. It shows
higher sensitivity, specificity, and accuracy compared to
contrast-enhanced CT in the initial assessment and stag-
ing of lymphoma [13]. However, since a large percentage
of malignant lesions show 18F-FDG avidity, the type of
cancer cannot be determined based on 18F-FDG-PET/CT
findings alone, and further evaluation is needed if SMN
is suspected. Furthermore, most non-cancerous cells use
glucose as the main source of energy. Consequently, the
increased glucose metabolism is not only specific for ma-
lignant neoplastic lesions but is also observed in many
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Mo3MTPOHCKAa EMUCMOHA M KOMNjyTepu3oBaHa Tomorpadumja ca
8F-pnyopoAeOKCUINYKO30M Y AWjarHOCTULM CEKYHAAPHUX MAIUTHUTETA KO,

6onecHMKa ca XOLKMHOBUM NTMMPOMOM

Huikona Mantuh!, Munuua CrojurbkoBuh'?, Jlenka pyjuunh’, AparaHa LLo6wuh LLapaHosuh'2, Bepa Aptrko'2
'YHuBep3nTETCKM KNUHIUYKY LieHTap Cpbuje, LieHTap 3a HykneapHy meauuuHy ca MNET, Beorpag, Cpbuja;

*YHneep3uTet y beorpapy, MegnunHcku dakyntert, beorpag, Cpbuja

CAXETAK

YBopa MHumaeHua gpyror KapurHoma Ko 605ecHuKa Koju
cy neyeHu of XoLKMHoBor numpoma Beha je Hero y onwToj
nonynauuju. Mo3nTPoHCKa eMUCoHa Tomorpaduja n Kom-
njyTepri3oBaHa Tomorpaduja ca '®F-dpnyopoaeokcuriykosom
KopucTe ce y eBanyaLuju 6pojHux manurHuteTa. Linm paga je
[la Ce NCTaKHe BaXKHOCT YK/byurBakba APYror NpUMapHOr Kap-
LMHOMa Kao AandepeHumjanHe aujarHose Kog bonecHuKa ca
nosehaHM pU3nKom.
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Mpukas 6onecHunkKa MNpeacTaBrbeH je ciyyaj 6onecHuKa ca figa
ofiBOjeHa ManurHa 060s/bera AnjarHOCTMKOBaHa CKOPO fABe
JeLleHvje HaKoH neyera XOLIKMHOBOT IMMpoma.

3ak/mbyuak Kop 6onecHnKa Koju Cy NPeTX0AHO NeYeHm Of
XoLkrHoBor numdomMa npenopyuyje ce buorncuja nesuja Koje
rokasyjy NoBuLIEHO Npey3nmatbe '*F-GpnyopogeoKkcmrinykose,
noce6Ho aKo je nokaluja nesuje HeyobmyajeHa 3a NpUMapHy
[njarHosy.

KmbyuHe peun: XoLIK/HOB NMM$OM; MO3UTPOHCKA EMUCMOHa
ToMorpaduja; ApYry NpUMapHN ManurHATET; XemoTepanuja;
3payHa Tepanuja
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Guidelines for the preparation and dosage of
medicines, instructions for their use, and methods
of application according to the Hilandar Medical
Codex No. 517

Zoran Vacic¢
Serbian Medical Society, The Academy of Medical Sciences, Belgrade, Serbia

SUMMARY

The Hilandar Medical Codex is a medieval manuscript produced in the translation and copying workshop
of the Hilandar Monastery (scriptorium). It is regarded as the most significant document for studying the
history of Serbian medicine. The manuscript dates back to the mid-16th century.

The aim of this paper is to identify and explain the measures for quantity outlined in the Hilandar Medi-
cal Codex for medicine preparation, dosage, physician instructions, contraindications, and methods of
application.

The analyzed material includes the deciphered text of the Hilandar Medical Codex and its translation
into contemporary Serbian. To identify the scientific names of individual remedies, references were
made to Dioscorides’ De Materia Medica, Antidotarium of Nicholas of Salerno, as well as general and
specialized dictionaries.

The prescribed weight and volume measures for the quantities of ingredients used in medicine prepara-
tion include the aksag (about 4.55 grams or 1/6 ounces), ounce, liter, cup, drop, and “handful.’

In the medication dosage instructions, the measurements, with the exception of ounces, are not precise
but largely descriptive.

The warnings and instructions provided to the doctor regarding the use of certain drugs included the
recommended duration of use and contraindications.

The means of drug application included a quill (for instillation into the eye or nose), a balloon made
from a pig’s bladder (vesica urinaria) with a goose quill calamus (for flushing the ureter and administer-
ing enemas), a wick (funiculus incendiarius) for applying medicine into body cavities (such as the vagina,
rectum, or nose), and a sponge (litus) for applying liquid medicines to the skin’s surface.

Keywords: Hilandar Medical Codex; measurement for quantity; instructions; contraindications; means
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of drug application

INTRODUCTION

The Hilandar Medical Codex (HMC) is a
medieval manuscript produced in the trans-
lation and copying workshop of the Hilandar
Monastery (scriptorium). It is considered the
most significant document for studying the his-
tory of Serbian medicine. In 1952, while study-
ing the collection at the Hilandar library, Dorde
Sp. Radojici¢ observed that “there are signifi-
cant texts for the history of our medicine (...)”
Among them was a larger manuscript, con-
sisting of 204 pages, titled Manuscript on the
Recognition of Diseases by Palpation of Veins
[Beckerd @T(b) MOZHAHHM EOAKCTH MO MHMAHINO A&
Haws] [1]. Paleographic analysis has dated the
manuscript to the mid-16th century [2, 3].
His discovery demonstrated: (1) that the sci-
entific medical advancements of Latin Europe
were accessible to Serbian doctors during the
Middle Ages, (2) that these achievements could
be learned in their own language - an excep-
tion in a time when Latin and Greek were the
dominant languages of all sciences, includ-
ing medicine, and (3) the lexical richness of
the Serbian language in terms of terminology

related to anatomy, physiology, pathophysiol-
ogy, and pharmacotherapy.

The pharmacological records, which
serve as the most important source for our
research, were created by translating docu-
ments such as Practica JO. Serapionis dicta
breviarium, Liber Serapionis de Simplici
Medicina, Liber de Simplici Medicina dictus
Circa Instans Practica Platearis by Matthaeus
Platearius (11161) (“The Book of Simple
Medicines”), [4, 5] Antidotarium Parvum by
Nicolaus Salernitanus (1140-2), (“The Book
of Compound Medicines”) [6] and Avicenna’s
Canon of Medicine (“The Book of Poisons”) [7].

The translation of these documents into our
vernacular, “with certain admixtures of Old
Slavic” [8], provides a detailed insight into the
development of medical terminology in the
Serbian language during the Middle Ages.

The aim of this paper is to identify and clar-
ify the measures for quantity outlined in HMC
for the preparation of compound medications,
the dosage of both simple and compound
medications, instructions for physicians, con-
traindications for specific medications, and the
methods for administering these medications.
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METHODS

The deciphered and transcribed text of the Hilandar
Medical Codex No. 517, along with its translation into con-
temporary Serbian, has been analyzed [9]. During the text
analysis, significant inconsistencies between the deciphered
text and the contemporary Serbian translation were ad-
dressed by consulting the photographed pages of the Codex
manuscript preserved in the Serbian Academy of Sciences
and Arts’ archive [10]. In addition to pharmacological
manuscripts (“The Book of Simple Medicines,” “The Book
of Compound Medicines,” and “The Book of Poisons”),
other manuscripts from the Hilandar Medical Codex were
analyzed. These documents detail specific simple drugs,
their effects, the methods for preparing compound drugs,
and other instructions relevant to the topic of this paper.

To identify the scientific names of individual rem-
edies and their equivalents in contemporary Serbian,
classical manuscripts such as Dioscorides’ De Materia
Medica (Greek: ITeddviog Atookovpidng; Latin: Pedanius
Dioscorides) [11] and the Antidotarium of Nicolaus
Salernitanus [12] were consulted, along with general and
specialized dictionaries [13-17].

RESULTS AND DISCUSSION
The measures for the preparation of medications

Specific measures are prescribed for the quantities of in-
gredients and the preparation method of medicines. For
example: “Take one aksag (about 4.55 grams or 1/6 ounces)
of Stinking gum (Ferula assa-foetida L.) and boil it in one
liter of water with an equal amount of honey” [18], “Take
one ounce of Agaricus L., two ounces of honey, one ounce
of barley flour yeast, two ounces of olive oil, one ounce of
salt, and two cups of water. Boil everything together and
strain” [19], “Take and mix one aksag of powdered Snake
Root (Polygonum bistorta L.), ginger (Zingiber officinale
Roscoe), clove (Eugenia caryophyllata Thunb.), cinnamon
(Cinnamomum ceylanicum Breyn), mastic (Pistacia len-
tiscus L.), and nutmeg (Myristica fragrans Houtt)” [20],
etc. In some prescriptions, the quantities of ingredients are
not precisely specified: “Take a small amount of saltpeter
powder (KNO3), a large quantity of salt water, honey, and
olive oil. Mix everything together, cook, and use it for an
enema’ [21], etc. In some prescriptions, however, the in-
gredients are specified in equal parts: “Take coral powder
(Coelenterate system) and mix it with an equal amount of
juice from Bermuda grass (Cynodon dactylon L.)” [22], or
in relative proportions to the main ingredient: “Take one
part of Senna alexandrina powder (Cassia acutifolia Del.),
three parts of wine, and rose water” [23], etc.

The measures (weight and volume) mentioned in the
prescriptions of HMC include aksag, ounce, liter, cup, drop,
and “handful”

Aksag (Greek: eEaylov, Latin: exagium) is a unit of
weight used for valuables. It was widely employed dur-
ing the Middle Ages. The earliest mention of aksags in
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our region comes from Dubrovnik, where, in a 1305
treatment contract, four gold rings, each weighing four
“aksadjes,” were pledged to a wound-healer as collateral
for the payment of treatment costs. In the fourth century,
when the gold coin known as the solidus was introduced,
its weight was standardized to the Roman sextula, or the
Greek exaylov, as 72 parts of a liter. As a result, one aksag
of a fine scale weighed 4.55 grams. Valuables such as gold,
silver, and pearls were measured using a fine scale, as were
medicinal substances that were considered precious due
to their limited quantities in nature or the great distance
from their country of origin [24].

The ounce (Latin: uncia), a unit of weight used since
Roman times, was widely used in the Serbian lands during
the Middle Ages. From the mid-16th century, the ounce
became a standard measure for medicines in the region.
The Roman ounce weighed 27.288 grams, the Byzantine
ounce 27.30 grams, and the Dubrovnik fine ounce 27.328
grams in the 14th century, increasing to 27.427 grams in the
16th century. A fine ounce was equivalent to six aksags [25].

The liter (Greek: Aitpa, Latin: libra) is one of the old-
est publicly recognized units of weight. In the Karyes
Typikon of St. Sava (1199), it was stipulated that the
Hilandar Monastery was obliged to provide “60 liters of
oil” for Sava’s cell [26]. The Roman and Byzantine liters
both weighed 327.45 grams, while the fine Venetian liter
(libra) weighed 302 grams, and the Serbian medieval liter
weighed approximately 316 grams [27]. In the HMC drug
prescriptions, the liter, as a unit of weight, is equivalent to
72 aksags and corresponds to the Roman or Byzantine liter.

The liter was also used as a unit of volume. The volume
of one liter is determined by a container calibrated to hold
one liter by weight, typically referring to water, although it
can also be applied to other liquids.

The cup (Latin: cuppa) was primarily used as a measure
for wine, but also for other substances. It is difficult to
determine the exact volume of the cup, as various descrip-
tions in the literature refer to cups of differing capacities.

The drop was also used as a unit to measure the quantity
of a medicinal ingredient in a preparation. For example:
“Mix one drop of balm [eany kanw Eadwaua] with a small
amount of warm water” [28].

The handful is mentioned as a unit of measure in the
prescription for bitter electuary [akTyapo ropxw]. “Take
Dutchman’s pipe [Aristolochia (L.) Tourn.] and the great
yellow gentian (Gentiana lutea L.), each in one handful”
[oTh cgaiora .a. pytHyy]. The “handful” refers to a bundle
that is “just the right size to be easily held by hand” [29]. A
common Serbian term for this measure is rukovet.

In some prescriptions, instructions specify using ingre-
dients in quantities sufficient for preparing the medicine,
such as “add as much honey as needed” [ wi€esa KoaHIo
notpkeye] [30].

Medication dosing
In “The Book of Simple Medicines,” the dosage measures
for medicines are provided. These measures, with the ex-

ception of ounces, are not precise, as is often the case with
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prescriptions, but are mostly descriptive. For example, the
medicine was given in amounts corresponding to the size
of a hen’s egg [Hue] or a goose egg [rywrie mHye]. Other
measures used for the medicine included a spoon, a tea-
spoon, a cup, or a small cup. Solid forms of medicines are
defined by the size of various fruits, such as a hazelnut, a
walnut, a kidney bean, or a pinch of pepper. The size of a
suppository was intended to correspond to the length of
a finger [Ayro H AeBea oKao MpheTs], a middle finger [ayro H
A€ReA oKaKo ¢pRAHTH MpheTh], or the shape and size of a date
[icarco inicy].

Doses of medications were adjusted based on age, with
different amounts prescribed for children and adults. For
example, when using aloe (Aloé sp.) as an anthelmintic, the
adult dose is half an aksag of aloe powder [aKo EYA€¢ BeAHICh
1A0BKICh AAH MY Moah azakhkl], while the children’s dose is an
amount that fits in half a hazelnut shell [aKko ByAe a0 ARTR
AH LY AAOE KOAHKO MOAR AKIIHBHIA] [31].

Medicines were administered according to specific in-
structions: “take the medicine for three days, every morn-
ing,” “take it every morning and evening,” “drink warm
every morning,” “take the pills five times a day;” etc. In
some cases, the duration of treatment was based on the
patient’s improvement: “give him this until you see that he
is better;” or “repeat this several times until his condition
improves.” Some medicines intended for the treatment of
chronic conditions or bodily dysfunctions (such as stom-
ach weakness, meteorism, flatulence, etc.) could be taken
by the patient “whenever he/she wished” and “as much as
he/she desired”” Pills and powders for oral administration
were taken with water, wine, or the juice of a specific plant,
with the wine and juice serving a therapeutic role.

Warnings and instructions

“The Book of Simple Medicines” also includes warnings
for the physician regarding the use of certain medicines,
such as the recommended duration of use, contraindica-
tions, and the appropriate time of year for administering
the medicine.

The application time is specified when using ointments
for the treatment of ringworm, old wounds, and for hair
removal in cases of hirsutism and hypertrichosis. The oint-
ment for ringworm and old wounds is made from cashew
(Anacardium occidentale L.) and orpiment (As,S,), while
the hair removal ointment is composed of orpiment and
quicklime [Eapa neckBawena] [32]. In the contemporary
Serbian translation of the HMGC, it is stated that the ingre-
dients of the ringworm ointment are cashew and asphaltite.
However, the correct component of this ointment is not
asphaltite, but orpiment, as indicated in the deciphered text
of the Codex [H ¢TyUH ToAHK0AAE AypHMHLEH TA] [33]. Both
prescriptions include instructions to apply the ointment
for no longer than one hour. After this time, the treated
area should be promptly washed with warm water. If the
ointment is left on longer, “his skin will peel off” [Aa ApbasH
OHYH UACTB AHXO .A. TACh €p AKO RHEKIE VZhAPBAH XOKIE LIV CE
KKo&4 oryaHTH] [32, 33]. Orpiment is the active ingredient in
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these ointments and can cause the aforementioned com-
plication if left on the skin for too long.

In the section of the text referring to cashew, there is a
warning that “anyone who eats cashew or drinks it without
other medicines may develop morphea” [KTo 1cT aHAKApAH
HAH THE B€Zh APYTATO EHAIA MOZKE LY VTHHHT Liop’ pHa] [33].

The author of “The Book of Simple Medicines” cau-
tions doctors never to use white coral as a medicine unless
explicitly instructed to “take white coral” [ HHIChAA HelloH
MOCTABHTH ERAK KOpAATH v EHATA AOKA€ HE pete BhzH EEAK Ko~
paain]. In recommendations regarding the use of corals in
medicine, they almost always refer specifically to red corals
[I’bAD TOROPH YZMH KOPAATH TOH ZHA AA TOROPH V'ZUH LphEEHK
KKopaatie] [22].

Rockcap fern (Polypodium vulgare L.) is not used in
the preparation of medicines that do not contain anise
(Pimpinella anisum L.) or fennel (Foeniculum vulgare Mill.)
[34]. Additionally, kerosene should not be administered
orally in summer, but only in winter [35].

A medicine made from saffron crocus powder (Crocus
sativus L.) and wine, used for a weak stomach or palpita-
tions, should not be given to individuals with an excess
of black bile, as it may irritate the stomach and induce
vomiting [36]. Coral pills with barley water should not be
used by individuals with bloody diarrhea [aKo EyAe HUAA®
ZA0AA TeteHia wTh KphRiH]. Instead, the pills should be pre-
pared with buckhorn (Plantago lanceolata L.) juice [22].
An enema containing saffron crocus (Crocus sativus L.)
should not be given to individuals with general weakness
or dizziness, particularly those suffering from rheumatism
or gout. In such cases, instead of saffron crocus, a bigroot
geranium (Geranium macrorrhizum L.) should be used in
the enema [37].

According to the HMC, Dioscorides writes that medi-
cines containing honey are contraindicated for those with
acute fever [KoH HuUA ocTpy wrHHUY], as honey is considered
hot and unsuitable for treating this condition [38]. For the
same reasons, honey should not be given to individuals
who are excessively thirsty [39].

Pregnant women should not be allowed to eat celery
[0 ena HEC(Th) MpAZHA He TPKEVE AATH H CEAHH(h) AA FpHZE]
[40].

The medicine applied to the ear should be warm,
while the medicine applied to the eye should be cold [n
AA ZHAWI(R) €p'h CRAKY CRTRAP(h) TPEEVE TOMAO MOCTARHTH V' X0
a xaapno v oo] [41]. The enema fluid should be warmed
to lukewarm temperature before use [H chrpkH A4 EVAETH
maatHw] [42].

Means of drug application

For the application of non-oral drugs, the following meth-
ods were used:

(1) To apply drops to the eye or nose, a quill was dipped
into the prepared medicine (solution) [H wuaKkyH nepo] and
then the liquid was dripped from the quill into the eye
[cTaBH v oiH] Or nose [cTARH v Hoch] [43, 44].

(2) A pig’s bladder [1riexbiph (BHHCKH, vesica urinaria) was
used for flushing the ureter [1HHH LIy TAHCTHPL BOAOMYCTOMIB],
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and likely also for enemas. A liquid for rinsing or an en-
ema was poured into the bladder, and then a hollow goose
quill was inserted into it [iKpan @Th ryurfiera nepa, calamus].
The quill was securely tied to prevent any leakage at the
connection with the bladder. Under pressure, the rinsing
solution (or enema) was then introduced into the ureter
or rectum [35].

(3) A wick [cTEHHA®] was used to apply medication
into body cavities (such as the vagina, rectum, or nose) or
wounds. It appears that “wick” was a general term for the
tool used to administer medicine. Relja Kati¢ referred to it
as funiculus incendiarius [10, 45]. A wick was used for the
application of ointments, salves, and powders “Take one
aksag of musk (Muscus) and three aksags of Frisco clover
(Trifolium fibrinum), mix them together, and soak a paper
towel with the mixture. Place the towel in the woman’s
vagina” [VZUH MOCKOCh .4. A%AR H TPHDEPAMAHA .T. AZAK(A) I
CKLIAH ZAKAHO H CMO'TH CTRHHA®W EVEAKKPH®W H MOCTARH AKeH'K
Eh naoARk] [46]. Paper and cloth were used to make a wick.
“Create a dressing from cloth, coat it with honey, sprinkle
birthwort powder on top, and apply it to the raw wound”
[WFMHHBI CTRHHAO WT(b) KphITE, H MOUAZH TA MEAWII(B) H MOCMIAH
ZropA MPAXWM(B) OT() APUIOAOTTE H MOCTARH ' ZARHEHHY] [47].
Unfortunately, the other dictionaries we consulted do not
provide a definition for this term. However, based on how
the use of a wick is described in the deciphered text of the
HMCG, we believe that, in addition to Kati¢s interpretation,
it should be noted that a wick could also take the form of
a funnel (such as paper fiche) or another shape.

(4) A sponge (litus) was used to apply liquid medicines
to the skin’s surface [0T(h) EAEAHIA] CKEACH TYEY LIOPCKY Eh
OUTh H MOCTAEH HA CTOMAX(h) [48].
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CONCLUSION

The Hilandar Medical Codex is a manuscript created by
translating and compiling key texts from European and
Arabic medieval scientific medicine. It was written as a
practical manual for physicians.

The analysis of the HMC text identified the measure-
ments of weight and volume mentioned in the prescrip-
tions for preparing compound medicines (aksag, ounce,
liter, cup, drop, and handful), as well as the measurements
for dosing both simple and compound medicines. It also
outlined the methods of administering the medicines, pro-
vided instructions for the doctor regarding contraindica-
tions, and described the means of applying drugs that are
not taken orally.

We found that the measures for quantity and instruc-
tions for preparing medicines were clearly defined, with
careful attention given to the dosage, duration of therapy,
and age-appropriate dosing. Additionally, the prescrip-
tions included explicit guidelines on contraindications for
certain drugs. This reflects the advanced understanding
that physicians of the time had regarding the benefits and
potential risks of specific remedies.
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Vlajinac M. Re¢nik nasih starih mera, IV, Beograd: SANU, 1974.
Sveti Sava. Sabrani spisi, Beograd: Prosveta, Srpska knjizevna
zadruga, 1986.

Vlajinac M. Re¢nik nasih starih mera, I, Beograd: Nau¢no delo, 1968.
,0 balsamu (Balsamus) [wT(n) Baa'wanw]’, Hilandarski medicinski
kodeks N2 517,112, 309.

Vlajinac M. Re¢nik nasih starih mera, IV, Beograd: SANU, 1974.
L0T(b) BHipopTh", Hilandarski medicinski kodeks N2 517, 312.

,Aloj (Aloé) [aace]’, Hilandarski medicinski kodeks N¢ 517, 98, 294.
,O auripigmentu ili saru zrnaku (Auripigmentum) [wT(n)
AVPINHMERTO Chipk1(h) caph zpnhain]’, Hilandarski medicinski kodeks Ne
517,110, 307.

,O pipku (Anacardium occidentale) [wT(b) anakapan]’, Hilandarski
medicinski kodeks N2 517, 108, 307.

,O slatkoj paprati (Polypodium vulgare) [wT(n) noAHMoAHYLI(b)
ChIpE(h) (OT(b) NAMPATHO IMAXK KOPEHIE HARE PACTE MO KKAMEHIH]",
Hilandarski medicinski kodeks N2 517, 147, 346.

,O petroleju ili nafti (Petroleum) [wT(n) neTpoaeyii(n) chipki(h) Hadaal’
Hilandarski medicinski kodeks N2 517, 147, 346.

,0 kacunku ili $afranu (Crocus sativus) [T(h) KpoKyii(h) chipk(n)
wadparn]’, Hilandarski medicinski kodeks N2 517, 128, 325.

Vacic¢ Z.

37. ,Ovde pocinje o mlecici (Euphorbia officinarum) [zae netrk wT(b)
eydbwprin]’, Hilandarski medicinski kodeks N2 517, 145, 344,

38. ,Ovde pocinje o tome kako se priprema dulap ili sirup [weae noHk
KKAKO (€ “THH(H) TioAan(n) 1 whpn()]’, Hilandarski medicinski kodeks
Ne 517,168, 369.

39. 0 velikoj zedi [wT(n) Beanicnie xeaa(e)]’, Hilandarski medicinski
kodeks N2 517, 60, 246.

40. 0 selenu (Apium vulgare) [wT(n) anH® chipki(h) ceannn]’,
Hilandarski medicinski kodeks N2 517, 102, 298.

41. ,Ovde pocinje o lecenju [wBAe netHIe @T(B) Viuno Khi(h) E0AH (OT(h)
pkouk’, Hilandarski medicinski kodeks N2 517, 367.

42. ,Ovde pocinje o lecenju [zae nemers gizanie]’, Hilandarski
medicinski kodeks N2 517, 44, 256.

43. 0 vodenoj sabljici (Acorus calamus) [wT(n) aopyurs]’, Hilandarski
medicinski kodeks N2 517, 105, 302.

44. 0 kamforu (Camphora) [kaudop(s)]*, Hilandarski medicinski
kodeks N¢ 517,122, 319.

45, Kati¢ RV.,Terminoloski re¢nik” Hilandarski medicinski kodeks N2
517,429.

46. ,0 mosusu (Muscus) [oT(w) mywicyurs. tociocs]’, Hilandarski
medicinski kodeks N2 517, 141, 339.

47. 0 vugjoj jabuci. Turski se zove zaraven (Aristolochia) [oT(s)
ap'{oaorne. Typ'cicnl zapagenrw]’, Hilandarski medicinski kodeks N2 517,
108, 305.

48. 0 povracanju [wT(h) Bawganial’, Hilandarski medicinski kodeks Ne
517,60, 245.

CmepHuUUe 3a U3pagy 1 f03upakbe N1eKoBa, YNyTCTBa 3a ynoTpeby u cpepcTtea 3a
anauKauujy neka y XunaHgapckom meguyuHCKOM Kogekcy 6p. 517

3opaH Bayuh

Cpncko NeKapcKo ApyLTBo, AKagemuja MeauLHCKIX HayKa, beorpag, Cpbuja

CAXETAK

XvnaHpapCcKk1 MeAVLIMHCKY KOBEKC je CpefOBEKOBHM PYKOMNKC
HacTao y NpeBOANIAYKOj N NPENUCBAYKO]j PaaVOHNLM (CKpWT-
Topujymy) MaHacTMpa XunaHgap v Haj3HauvajHuju BOKYMEHT 3a
npoyyaBare UCTopuje cprcke MeauLmHe. Pykonuc je fatrpaH
y cpepuHy XVI Beka.

Linb paga je aa ce nonuLy 1 pasjacHe Mepe 3a KOMYmnHY Koje
cy KopuwheHe NpUIMKOM 13pafe NIeKoBa, A03MpPatbe IEKOBa,
YMNyTCTBa NeKapy, KOHTPaVHANKaLje 1 CPeACTBa 3a aniuKauujy
NeKoBa onucaHux y XunaHgapckom MeguyuHCKOM Kogekcy.
AHanu3sunpaHu cy pawyutaHu TekcT XunaHaapckor MeguLmnH-
CKOT KOofieKca 1 HeroB NpeBog Ha CaBpemeHu CPcKK je3uK. 3a
yTBpHrBate HayYHOr MMeHa NojeAnHMX cumnaunumja (jegHo-
CTaBHUX JIEKOBA) KOHCYnToBaHu cy inockopuposa De Materia
Medica, Antidotarium Hukone u3 CanepHa, onwTu 1 cnewuja-
NN30BaHN PEYHMLIN.

DOI: https://doi.org/10.2298/SARH250303027V

[ponucaHe mepe 3a KONNUYMHE cacTojaka Koju ce Kopucte y
npunpemu eka YKibyyyjy akcal (M3HocKo je oko 4,55 rpama mnw
1/6 yHUe), yHUY, nTap, WoJsby, Kan 1 ,WwakKy”. Y ynyTcTBrMa 3a
A03Mpatbe IEKOBa, MePe, Ca U3Y3eTKOM YHLW, HUCY NpeLun3He,
Beh yrnaBHOM onucHe. Yno3opetba 1 ynyTcTBa Jiekapy Y Be3u ca
ynotpe6om ogpeheHnx nekoBa yKibyumsasna cy npenopyyeHo
Tpajarbe ynotpebe 1 KOHTpanHAMKaLuje.

CpepcTBa 3a annvKaLmjy neka cy nepo (3a ykanasatbe y OKO Wi
HOC), 6anoH Of CBUHCKOT Mexypa (vesica urinaria) ca Kanamy-
COM ryLwyujer nepa (3a ucnuparbe ypetepa v 3a Knuctrparbe),
cteHuno (dutu, funiculus incendiarius) 3a annukauujy nekosa
y TenecHe WyrsbyHe (BarnHa, pekTym, Hoc), cyHhep 3a annvika-
Lnjy TeUHMX neKoBa (litus) Ha NOBPLUMHY KOXe.

KmbyuHe peun: XunaHgapcku MeguyuHCKuU Kogekc; Mepe 3a
KOMMYMHY; yMyTCTBa; KOHTPanHANKaLmuje; CpeAcTBa 3a aniu-
Kauujy neka
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IN MEMORIAM

Radmilo Roncevi¢

(January 20, 1938 - January 18, 2024)

Milan T. Stoji¢i¢'? Maja Nikoli¢ Zivanovi¢?
'University of Belgrade, Faculty of Medicine, Serbia;

2University Clinical Center of Serbia, Clinic for Burns, Plastic, and Reconstructive Surgery, Belgrade, Serbia

Radmilo Ron¢evi¢ was born on January 20,
1938, in Zanjevica, a village in the Gacko mu-
nicipality, in the Kingdom of Yugoslavia. He
completed his high school education in Novi
Sad and attended the Military Academy at the
School Center in Ljubljana. In 1967 he gradu-
ated from the Faculty of Dentistry, and in 1969
from the Faculty of Medicine at the University
of Belgrade. He specialized in maxillofacial
surgery at the Military Medical Academy in
Belgrade in 1972, in oral surgery at the Faculty
of Dentistry in Zagreb in 1979, and in plastic
and reconstructive surgery at the Faculty of
Medicine at the University of Zagreb in 1984.
In 1978, he defended his doctoral dissertation
titled “Physical, biochemical, and immunologi-
cal values of parotid saliva in the pathogenesis,
prognosis, and diagnosis of chronic recurrent
parotitis” at the Military Medical Academy in
Belgrade. He completed a subspecialization
in craniofacial surgery at the Mayo Clinic in
Rochester, MN, USA, in 1987 and further train-
ing in oculoplastic surgery in New York in 1989.

Dr. Radmilo Roncevi¢ was appointed as an
assistant professor at the Faculty of Medicine
in Novi Sad in 1980, teaching maxillofacial
surgery. He was a visiting professor at the
Faculty of Medicine at the University of Ni§ in
2000, where he taught surgery with war sur-
gery. He also lectured at the State University of
Pennsylvania in the USA, the Medical Faculty
in Hanover, Germany, and the State University
in St. Petersburg, Russia.

In 1994, he obtained the title of scien-
tific advisor at the Faculty of Medicine at the
University of Belgrade and served as a scien-
tific advisor at the Ministry of Science of the
Republic of Serbia. As a surgeon, he worked at
the Military Medical Academy in Belgrade, the
Military Hospital in Zagreb, and the Clinical
Center of Serbia. Dr. Radmilo Roncéevi¢ per-
formed a wide range of surgeries in the fields
of plastic, reconstructive, and craniofacial
surgery. He was dedicated to performing the
most complex surgeries on advanced tumors
of the craniofacial region, congenital, and vas-
cular anomalies, and mutilating injuries and

Figure 1. Dr Radmilo Roncevi¢, MD, DDS, PhD
(January 20, 1938 - January 18, 2024)

their consequences. At the turn of the millen-
nium, he became known both in Serbia and
globally as one of the pioneers in orbital sur-
gery. He particularly excelled in the surgical
treatment of Graves’ ophthalmopathy using a
three-wall decompression method, performing
over 250 successful orbital surgeries. In 1989,
he co-authored the paper “Surgical treatment
of thyrotoxic exophthalmos” with renowned
craniofacial surgeon Ian Jackson, published in
Plastic and Reconstructive Surgery, the leading
international journal in the field.

Dr. Roncevi¢ was a member of the Executive
Board of the Belgrade City Assembly, respon-
sible for healthcare from 1997 to 2000. He was a
member of numerous professional associations,
including the Serbian Medical Society, the
Serbian Association for Plastic, Reconstructive,
and Aesthetic Surgery, the Balkan Association
for Plastic, Reconstructive, and Aesthetic
Surgery, the European Association for Plastic,
Reconstructive, and Aesthetic Surgery, the
World Association for Plastic, Reconstructive,
and Aesthetic Surgery, the Serbian Association
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for Maxillofacial Surgery, the European Association for
Macxillofacial Surgery, the International Association for
Macxillofacial Surgery, the International Association for
Craniofacial Surgery, and the Balkan Association for
Otorhinolaryngology.

Dr. Roncevi¢ published approximately 300 scientific and
professional papers, including 40 in leading international
journals. According to the Scopus database, he was cited
260 times. He presented over 100 papers at international
congresses, many of which were published as abstracts.
He was a member of the editorial boards of four journals
and a reviewer for numerous global journals. He wrote the
book Orbital Surgery, which was recognized as a scientific
monograph of national significance. In 2016, he published
the book Surgery of the Orbital Cavity: No-Man's-Land in
New York and co-authored several Serbian and American
textbooks.

He delivered approximately 40 invited lectures at major
global centers, including the Mayo Clinic, the New York
Medical University Center, University Hospital in London,
the Medical Institute in Sofia, Cairo, Rome, Glasgow,
Tokyo, San Francisco, Miami, St. Petersburg, Moscow,
Ufa University, and the Pennsylvania State University, and
performed demonstration surgeries at three major global
centers.

Stoji¢i¢ M. T. and Maja Nikoli¢ Zivanovi¢ M.

He led four domestic scientific projects and was a men-
tor or co-mentor for numerous master’s and doctoral the-
ses. He was fluent in English, Russian, and Slovak.

Dr. Roncevi¢ was also the author and petitioner for a
scientific revision of the Theory of Evolution. In his public
and political engagements, he advocated for the respect of
Serbian national interests.

As a surgeon, Dr. Roncevi¢ was known for his vast
knowledge, expertise, and dedication to his patients. He
selflessly shared his experience, offering advice and sup-
port to younger colleagues, inspiring them to continually
improve and become better doctors and people.

Dr. Radmilo Roncevi¢ passed away on January 18, 2024,
after a short illness. He was buried at the New Cemetery
in Belgrade.

His work and legacy will live on through his sons
Dusan, Nemanja, and Vuk.

Milan T. Stojici¢

University of Belgrade, Faculty of Medicine,
University Clinical Center of Serbia,

Clinic for Burns Plastic and Reconstructive Surgery
Maja J. Nikoli¢ Zivanovi¢

University Clinical Center of Serbia,

Clinic for Burns Plastic and Reconstructive Surgery
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YNYTCTBO AYTOPUMA 3A MPUTIPEMY PAJA

IIpe mogHOmema pyKonuca YpeSHUIITBY YaCOMM-
ca ,CpICcKM apXuB 3a IeIOKYITHO TeKapcTBo“ (CA)
cBU ayTopH Tpeba Aa MpounuTajy YOyrcTBO 3a ayrope
(Instructions for Authors), rae he nponahu cBe morpedue
nHopMaluje 0 MUCaby U IPUIIPEMU Paja y CKIaxy
ca cTaHfapauMa yacomnmnca. Beoma je BaykHo ja ayTo-
pu npunpeMe paj npemMa JaTUM IPONO3UNjaMa, jep
YKOIMKO pyKomuc He Oyfe yckinal)eH ¢ 0BUM 3aXTeBUMa,
Ypenuumrso he ooty M OXOMTH HeroBO IMy6Iu-
KoBame. PajoBu o6jaBbeny y CA ce He XOHOpapuury.
3a yranke xoju he ce o6jaButu y CA, camoM noHynom
panga CprckoM apXuBy CBM ayTOpH paja MpeHoce CBoja
ayTopcKa IpaBa Ha M3gaBava yaconuca — Cprcko me-
KapcKo IPYLITBO.

OIIIITA YIIYTCTBA. CA o6jaB/pyje pagoBe Koju 5o
cajia HUCY HUTTIe 00jaB/beHN, Y LIeMOCTU UM AeIOM, HUTHU
npuxBahenu 3a o6jaBpuBame. CA 06jaBbyje paoBe Ha
€HITIECKOM U CPIICKOM je3uKy. 360r 607be JOCTYITHOCTHU
u Behe IMTHPAaHOCTY IIpeNopydyje ce ayTopuMa Ja pa-
ToBe CBUX OO/MMKa IIpefiajy Ha eHImeckoM jesnky. Y CA
ce 06jaBipyjy cnemehe KaTeropuje pajoBa: yBOJHUIN,
OPUTVHAHM PafIoBY, IPETXOIHA U KpaTKa CaolIITeHha,
puKasy 60NeCHUKa U CTydajeBa, BU/e0-YIaHIIN, CTIMKe
U3 KIMHIYKe MeIMIIMHE, IPETIeHN PajloBH, aKTyeTHe
TeMe, pajioBM 3a PaKCy, PafloBM 13 MICTOPHje MeAVIIHE
U jesuKa MefUIINHe, MeIVNIIMHCKe eTUKe, PeryTaTOPHIX
CTaHZAapfa y MeIVMILMHY, N3BEIITaj) ca KOHTpeca U Ha-
YYHUX CKYTIOBa, TNYHY CTaBOBY, HAPYYEHU KOMEHTa-
P, MICMa YPeJHMKY, IPVMKa3y KIUTa, CTPYYHe BECTH,
In memoriam v gpyru npunosu. OpUrnHaTHA PagoBMU,
IPeTXOfIHA ¥ KPaTKa CaolIITeha, IpUKa3y 60/IecHIKa I
CITydajeBa, BUIO-UIaHIN, CTIVMKe U3 KIVMHIYKe MeIUIIHE,
Iper/iefHN PafloBM U aKTyeTHe TeMe, TyOImKyjy ce mc-
K/bY4MBO Ha €HIJIECKOM je3UKY, a OCTajle BPCTe pajioBa ce
MOTY ITyOIIMKOBATY M1 Ha CPIICKOM je3VIKY CaMo II0 OfTyL
Ypepunmrsa. PajjoBu ce yBeK JOCTaB/bajy ca CaXKeTKOM
Ha eHIJIECKOM U CPIICKOM je3UKy (y CK/IOITy CaMoT PyKo-
mca). TekcT pafia KynaTu y mporpamy 3a o6pajry TekcTa
Word, dourom Times New Roman u BeTN4MHOM CIIOBA
12 Tavaka (12 pt). CBe yeTupu MapruHe IOfeCUTI Ha 25
mim, BeMIIMHY CTpaHNUIe Ha GopMaT A4, a TEKCT KYLIaTH C
IBOCTPYKMM IIPOPEIOM, IeBUM ITOPaBHAKEM U YBIaUeHheM
cBaKor I1acyca 3a 10 mm, 6e3 febema peun (xudenanuje).
He xopucTutu TabynaTope u y3acTOIIHe IIpasHe Kapak-
Tepe (CIlejcoBe) paiy IOpaBHaba TEKCTa, Beh amaTke 3a
KOHTpOJTy OpaBHama Ha ewupy u Toolbars. 3a mpemasax
Ha HOBY CTPaHY JOKyMeHTa He KOPYCTUTY HU3 ,,eHTepa',
Beh uckpyunBo onuujy Page Break. Ilocne cBakor 3Haxa
VMHTEPIYHKIIVje CTABUTY CaMo jeflaH IpasaH KapakTep.
AKoO ce y TeKCTy KOPUCTe CIlelyjanHy 3Hauu (cuMo6omn),
kopuctutu pout Symbol. I[Togauu o kopuurheHoj mure-
paTypM y TEKCTY O3HAa4aBajy ce apancKuM OpojeBuma y
yIIacTuM 3arpafama — Hiip. [1, 2], 1 To pegociefoM Kojum
ce TojaBIbYjy Y TeKcTy. CTpaHMIle HyMepucaTu pefioM Y
IIOEEM JIECHOM YTy, ITI04eB Off HaC/IOBHE CTPaHe.

I1py nmcamy TEKCTa Ha €HITIECKOM je3VKy Tpeba ce Ipupp-
>KaBaTH je3ndKor cTaugapna American English u xopuctn-

TV KpaTKe 1 jacHe pedeHnlle. 3a HasVBe TeKOBa KOPUCTUTHU
UCK/bY4MBO IreHepryKa uMeHa. Ypebaju (amaparu) ce 03-
HavaBajy GpabpMyKMM HasMBMMa, a IMe VI MeCTO ITPON3-
Bohada Tpeba HaBecTV y 061MM 3arpagama. YKOIMKO ce
y TEKCTY KOPUCTe O3HaKe Koje CY CIIOj cloBa U 6pojesa,
IIpeL3HO HamucaTy 6poj Koji ce jaB/ba Y CYNIepCKPUITY
wm cynckpunry (amnp. *Tc, IL-6, O,, b, CD8). Ykomuko
ce HellITo yobuyajeHo muine KypsusoM (italic), Tako ce u
HaBopy, HIIp. reHn (BRCAI).

YKOMMKO je paf 1eo MarucTapcKe Tese, OFHOCHO JOKTOPC-
Ke jucepranuje, win je ypaheH y OKBUpy HayuHOT IIpoje-
KTa, To Tpeba moce6Ho HasHaunTy y HamoMmenu Ha kpajy
Tekcra. Takobe, YKOMMKO je pajj IPeTXOHO CAOIIITEH Ha
HEKOM CTPYYHOM CacTaHKY, HABECTH 3BaHIMYaH HA3MB CKY-
Ia, MeCTO U BpeMe Ofip>KaBarba, Jja /M je pajj U KaKo my6-
NMKOBAH (HIp. VICTY VIV JPYTadyjyl HACTIOB VM CaXKeTaK).

KIMHNYKA NCTPAJKMBAIBA. Knuanyka uctpa-
KUBama ce JeUHNITY Kao MCTpaXMBama yTHUIaja jef-
HOT VTV BUIIe CPECTaBa VM Mepa Ha VICXOJ, 3[paBiba.
Perycrapcku 6poj MCTpaXkuBarmba ce HaBOAM Y TOCTIENHeM
pemy caxeTka.

ETMYKA CATTTACHOCT. Pykonycy o nCTpak/Bamu-
Ma Ha JbyiuMa Tpeba fla cafpske U3jaBy y BUY IIUCAHOT
IPYCTaHKa UCIUTBAHUX 0c06a y CKTafy ¢ XelICHHIIKOM
IIeKIapaIjoM 1 ofo6perbe HaJIeKHOT eTIIKOT ofjbopa
Jla ce UCTpaKUBabe MOXKE 3BECTH I JIa je OHO Y CKIIafy C
IpaBHMM CTaHAapAMMa. EkcriepymMenTanHa ncTpaxupama
Ha XyYMaHOM MaTepujaay U MCIIUTYBamba BPIIIeHa Ha XXIBO-
THbaMa Tpeba Ja cafipke U3jaBy eTHUKOT 0f60pa yCTaHo-
Be I Tpeba fla Cy Y carllaCHOCTH C IPaBHUM CTaHJapAyMa.

M3JABA O CYKOBY MHTEPECA. Y3 pykomic ce npu-
NaXke MOTIIMCAHA U3jaBa y OKBUPY obpacua Submission
Letter kojoM ce ayTOpH 13jallibaBajy 0 cBaKoM Moryhem
CyKoOy MHTepeca UM HBeroBOM OCYCTBY. 3a HOfaTHe
MHpOpMaIje 0 Pa3IMINTUM BpCTaMa CyKoba MHTepe-
ca TIOCETUTHU MHTepHeT-CTpaHnIly CBETCKOT yApYyKema
ypenHuKa MeguuyHcKux yaconuca (World Association of
Medical Editors - WAME; http://www.wame.org) nop Ha-
31BOM ,,IlonmuTuKa usjase o cykoby uHTepeca“.

AYTOPCTBO. Cse ocobe koje Cy HaBefieHe Kao ayTOpU
pana Tpeba fa ce KkBanmuduKyjy 3a ayropcto. CBaku ay-
TOp Tpeba J1a je yIecTBOBAO HOBOBHO Y PAJIy Ha PYKOICY
KaKo O MOTao Jia IIpeysMe OATOBOPHOCT 3a IIe/IOKyTIaH
TEKCT U pe3y/ITaTe MsHeceHe y pajy. AyTOPCTBO Ce 3aCHU-
Ba CaMO Ha: 6MITHOM JOTIPMHOCY KOHIIETIIV)HU pajia, Ko-
Oujamy pesyaTaTa MIN aHAIU3U U TyMadewy pe3ynTara;
IJIaHMParby PYKOIIMCA U/ EBerOBOj KPUTUYKO]j PEBUSU)U
OJf 3HATHOT MHTENEKTyaTHOT 3Ha4aja; 3aBPLUIHOM JJOTEPH-
Balby Bepsyje PyKOIca KOjy ce IPUIPeMa 3a ITaMIIatbe.

AyTopu Tpeba fa IIpuIoKe OINC JOIIPUHOCA TOjeITHAYHO
3a CBaKOT KoayTopa y OKBUpy obpacua Submission Letter.
PuHaHCHpambe, CaKyI/balbe IoflaTaKa MIN FeHePaTHo
HafITefame ICTPaXMBauKe IPyIle CaMI 110 ce61 He MOTy



YNYTCTBO AYTOPUMA 3A MPUTIPEMY PAJA

oIpaBfiaTy ayTopcTBO. CBY APYTU KOjU CY OTPUHENN
u3pajgu paja, a Koju HIUCY ayTOPM PyKOIuca, Tpebaio
6u na 6ymy HaBefleHM y 3aXBaTHUIIM C ONIMCOM IJIXOBOT
TOIIPMHOCA Pafly, HAPABHO, Y3 MMCAHY IPUCTaHAK.

IUTATUJAPU3AM. Og 1. janyapa 2019. roguHe cBU py-
KOIICH TIOfIBPTaBajy ce IpOBepy Ha IIarujapusam/ay-
rortarujapusam npeko SClndeks Assistant — Cross Check
(iThenticate). PaoBu Koz Kojux ce oKake IUtarujapusam/
ayrortarujapusam 6uhe onoujenn, a ayTopu CaHKLIMO-
HICaHIL.

HACJIOBHA CTPAHA. Ha nnpBoj cTpaHniy pykomnuca
Tpeba HaBecTu cnefehe: HacnoB paga 6e3 ckpahennua;
IPEUIOT KPaTKOT HAac/lIoBa pajia, IIyHa IMeHa Vi ITpe3yiMeHa
ayTopa (6e3 TUTYyNIa) MHAEKCHpPaHa OpojeBUMa; 3BaHMYAH
Ha3)B YCTaHOBA y KOjUMa ayTOPM pajie, MECTO M p>KaBy
(pemocnenoM Koju ofiroBapa MHAEKCHpPaHNM 6pojeBrMa
ayTopa); Ha JHY CTpaHWIIe HABECTU UMe U TIpe3NMe, afi-
pecy 3a KOHTaKT, 6poj TenedoHa, pakca u uMejI agpecy
ayTopa 3ay>KeHOT 3a KOPECTIOH/IEHIIIjY.

CAJKETAK. Y3 opurnHaaam paj, IpeTXOfHO U KPaTKoO
CaoTIIITelbe, IPerIe] IMTepaType, MpyKas crydaja (6omec-
HIKA), Paji U3 UCTOpUje MefULIVHE, aKTYeTHY TeMy, paj
3a pyOpUKY je3VK MeAVI[MHE U paj 3a IPaKCy, Ha IPYToj
0 pefly CTPaHUIM JOKYMEHTa Tpeba IPUIOKUTHU Caxe-
Tak pafia o6uma 100-250 peun. 3a opuruHaaHe pajfose,
IPeTXOIHO M KPAaTKO CAOIIITe e CaskeTaK Tpeba fla MMa
cnepehy crpykrypy: Yeon/Inmm paga, Metoze pana, Pe-
3y/nTaTH, 3aK/by4aK; CBaKM Off HABeJeHNX CerMeHaTa M-
caTy Kao 1oce6aH Macyc Koju Mounbe 60NI0BaHOM peylt.
Hagectn HajakHUje pesynrare (HyMepruKe BpeTHOCTH)
CTaTUCTIMYKE aHa/M3€e ¥ HUBO 3HAYajHOCTN. 3aK/bydaK He
cMe 61Ty yomiTeH, Beh Mopa OMTH FUpPEKTHO [OBe3aH ca
pesynTatuMa paja. 3a mpukase 60/IeCHUKA CaXKeTaK Tpe-
6a ma nma cnepehe genose: YBox (y IOCIENBOj pedeHUIIN
HaBecTy Imb), [IpuKkas 6omecHnKa, 3aK/bydak; CErMeHTe
Takobe mucaTy Kao noce6aH macyc Koju nodnie 60m50-
BaHOM pednt. 3a ocTaje TUIIOBE PafjoBa ca)keTaK HeMa
OceOHY CTPYKTYPY.

K/bYYHE PEYMN. Vicnop CakeTKa HaBeCTH Off TPU [0
IecT K/bYYHUX peun vy uspasa. He Tpeba na ce moHa-
BJbajy pedy U3 HAC/IOBa, a KJbYUHe pedr Tpeba ma 6ymy
peeBaHTHe U ONMCHe. Y n360py K/byIHMX pedn KO-
puctutu Medical Subject Headings - MeSH (http://www.
nlm.nih.gov/mesh).

ITIPEBO/] HA CPIICKM JE3UMK. Ha tpehoj no peny
CTpaHMLIM JOKYMEHTa IIPUIOKUTH HAaC/IOB pajia Ha CpII-
CKOM je3MKy, IYHa VIMeHa 11 IIpe3uMeHa ayTopa (6e3 TuTy-
J1a) MHAeKCUpaHa OpojeBlMa, 3BaHNYaH Ha3UB YCTaHOBA
y KojuMa ayTopu pajie, MecTo u fip>kaBy. Ha cnenehoj -
YeTBPTOj IO pefy — CTPAHUIY JOKYMEHTA MIPUIOKUTH
caxerak (100-250 peun) ¢ K/by4HUM peunma (3-6), 1 TO
3a paZioBe Y KOjuMa je o6aBe3aH ca)keTaK Ha €HITIECKOM
jeauky. [TpeBoz mojMoBa 13 cTpaHe IuTeparype Tpeba ga
Oyze y ByXy cpIcKor jesuka. CBe CTpaHe peyuy UIN CUH-

Tarme 3a Koje II0CTOj1 ofroBapajyhe ume y HaleM jesuxy
3aMEHUTHU TUM Ha3MBOM. YKO/IMKO je paj| y LeJIOCTH Ha
CPIICKOM je3MKY, HOTPeOHO je MpeBecTy HasyBe IIPHIO-
ra (tabena, rpaduKoHa, CIIMKaA, CXeMa) YKOIMKO X VIMa,
LeJIOKYTIHM TEKCT Y IbJMMa I JIETEH/Ty Ha eHITIECKM je3UK.

CTPYKTYPA PAJTA. CBy 1OffHAC/IOBM Ce IIMIIY BETUKIM
MacHMM cnoBuMa (607y). OpUrMHaIHY paji U IPETXOTHO
U KpaTKo caomliTee 06aBe3Ho Tpebda ga uMajy cnepehe
nopHacnose: YBox (Insb pafia HaBeCTH Kao MOCTIEbY ITa-
cyc YBopa), Metone papa, Pesynraru, Juckycnuja, 3akmy-
vaK, /Iureparypa. [Ipernen nureparype 1 akTyenny TeMy
41He: YBOJI, ofiroBapajyhu nognacmosy, 3akbydax, JIn-
tepaTypa. [IppouMeHoBaHM ayTOp HpernefHOr pajia Mopa
Ta HaBefle Oap meT ayTomnyTara (Kao ayTop MM KOayTop)
pafoBa My6IMKOBaHMX Y YacOMMCHMA ¢ pelieH3njoM. Ko-
ayTopH, YKOJIMKO UX MMa, MOPajy fia HaBeny 6ap jemaH
ayTOIIMTAT pajioBa TaKohe My6IMKOBaHMX Y JaCOIMCHMA C
penensujom. IIpukas ciydaja wam 6onecHKa YuHe: YBOJ,
(Iws papa HaBeCTH Kao IOCIeN b acyc YBopa), [Ipukas
6onecHrka, [luckycuja, JIuteparypa. He Tpeba kopucturu
yMeHa 60JIeCHIIKa, MHMIMjae, HUTK OpojeBe uctopuja 60-
JIeCTH, HAPOUMTO Y WIycTparjama. [1prkasu 6omecHnka
He CMejy MMaTy BUIIIe Off TIeT ayTopa.

ITpurnore (Taberne, rpaduKoHe, CIMKe UTH.) IOCTAaBUTY Ha
Kpaj PYKOIINCa, a Y CAMOM Te/Ty TeKCTa jaCHO Ha3HAYNTH
MeCTO Koje ce OfIHOCK Ha iaTu mpuior. Kpajmwa nosumuja
npunora 6uhe oxpebena y Toxy npunpeme pajga sa ny6-
NIMKOBambe.

CKPAREHMIE. Kopuctutu camMo Kafia je HEOIIXOTHO,
¥ TO 32 BeOMa JIyrayKe Ha3VBe XeMMjCKUX jefUEberba, Off-
HOCHO HaslBe KOju Cy Kao ckpahenmurie Beh mpemosHar/pu-
Bu (crangapaHe ckpahenune, kao Hnp. [JHK, cuna, XVIB,
ATTI). 3a cBaky ckpaheHUIly IyH TepMuH Tpeba HaBeCTU
IIpY IPBOM HaBODemY Y TEKCTY, CeM aKo HIfje CTaH#apHa
jemuania Mepe. He kopuctuty ckpahenniie y Hacnosy.
Vs6eraBatn xopuirheme ckpaheHnIa y caxxeTKy, ajii ako
CY HEOIIXOffHe, CBaKy cKpaheHMIly 06jacHNTY IpU IPBOM
HaBoDemy y TEKCTY.

TEOVIMATHU BPOJEBI. V TeKcTy pafia Ha €HITIECKOM
jesnky, y Tabenmama, Ha TpadMKOHMMA ¥ IPYTVIM ITPUIIO-
3¥Ma JeluMaHe OpojeBe MUcaTy ca TayKoM (HIp. 12.5
* 3.8), a y TEeKCTy Ha CPIICKOM je3MKy ca 3ape3oM (HIIp.
12,5 £ 3,8). Kap rog je To Moryhe, 6poj 3aokpyxutu Ha
jenHy JenuMary.

JEOVUHWITE MEPA. Jly>xuny, BUCUHY, TeXKMHY U 3a1Ipe-
MVHY U3paKaBaTy y MeTPUYKIM jeAuHMIIaMa (MeTap — 11,
kutorpaM (rpam) — kg (g), mirap — ) Wiy BUXOBUM JIeTIo-
BuMa. Temmeparypy uspaxxaparu y cterennMa Iensujyca
(°C), xonuuuHy cyncTanle y Monuma (mol), a mputucak
KpBM y MUIMMeTPUMa XUBKHOT cTyba (mm Hg). CBe
pesynTare XeMaTOOLIKNX, KIMHNIKIX 1 6MIOXeMMUjCKUX
Mepera HaBOJWUTHU Y METPUYKOM CUCTeMy mpema Meby-
HapOIHOM cucTeMy jemuunia (SI).
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OBVIM PAJTOBA. IlenokynHu pyKonuc pajia KOju YnHe
— HAaCJIOBHA CTPaHa, Ca’KeTaK, TeKCT Pajia, CIMCaK JIMTepa-
Type, CBY TIPUIO3Y, OHOCHO TOTIINCY 3a HUX U JIETeHIa
(taberne, cnuke, rpadMKOHM, CXeMe, LIPTEXM), HACTIOBHA
CTpaHa U Ca)kKeTaK Ha CPIICKOM je3VMKYy — MOpa M3HOCUTHU
3a OPUTHHAIHY Pajfl, paji U3 MICTOPHje MeUIIVHE U Tpe-
rnep mureparype o 5000 peyn, a 3a IPETXOZHO U KPATKO
CAOIIITebeE, IPUKa3 60/IECHNKA, aKTYeTHY TeMY, pafi 3a
IpaKCy, efyKaTYBHY YWIAHAK U paf 3a pyOpUKY ,,]e3uk Me-
puiyHe 1o 3000 peuy; pajoBY 3a OCTate pyOpuKe MOry
nMary Hajume 1500 peun.

Bupeo-panoBu Mory TpajaTu 5-7 MuHyTa 1 6UTH Y popMa-
Ty avi, mp4(flv). Y mpsoM xazipy ¢uamMa Mopa ce HaBecTI:
y HaiHacmoBy CpIICKM apXVB 32 LIeJIOKYITHO TeKapCTBO,
HACTIOB pajia, Ipe3VMeHa U MHUIIVjay IMeHa U CPefEbeT
C7I0Ba CBMX ayTopa paja (He ¢puama), rofuHa uspage. Y
IPYTOM Kafpy MOpa OMTHU YCHUM/bEH TeKCT paja y BULY
arcTpakTa fjo 350 peun. Y mocnenmeM Kapy GpumMa Mory
Ce HaBeCT MMeHa TeXHIIKOT 0cob7ba (pexija, CHUMATeTb,
CBET/IO, TOH, GpoTorpaduja 1 ci1.). Y3 Bujeo-pamose foc-
TaBUTU: TOCEOHO TEKCT y BUAY arcTpakTa (o 350 peun),
jenHy ¢ororpadujy Kao MirycTpauujy npukasa, usjaBy
HOTIIMCAHY Of CBET TEXHIYKOT 0co6/ba fla ce Ofpuyy ay-
TOPCKMX ITpaBa y KOPUCT ayTopa paja.

IIPVUIO3M PALTY cy tabene, cnuke (pororpaduje, up-
TEXM, CXeMe, IpadVKOHM) M BULIEO-TIPUIO3NL.

CBaka Tabena Tpeba ma 6yge cama 1o ce6y 1ako pas-
ymmpuBa. Hacnos Tpeba oTkyuary usHap taberne, a
objammema ncroy we. Taberre ce 03HavaBajy apancKuM
6pojeByMa mpema pegocneqy HaBobhema y Texcry. Ta-
6erne IpTaTH UCK/BYUNBO y Iporpamy Word, kpo3 MeHI
Table-Insert-"Table, y3 neduHycarme TayHOT 6pOja KOTOHA
u pefoBa Koju he unHNTH Mpexy Taberne. [JecHUM KIMKOM
Ha muiny - nnomohy onnuja Merge Cells u Split Cells -
crajaTi, ogHocHo femmty henuje. Kynatn ponrom Times
New Roman, Benmu4nHOM cnoBa 12 pt, ¢ jefTHOCTPYKUM
mpopenoM 1 6e3 yBradera Tekcra. Kopumrhene ckpahe-
Hulle y Tabenu Tpeba 06jacHUTH Y IeTeHAM UCIIOF, Tabe-
7e. YKOJIMKO je PYKOIIVC Ha CPIICKOM je3UKY, TIPUIOKNUTH
HasuBe Tabea U eTeHAy Ha 00a jesuka. Takobe, y jenny
Tabeny, y OKBUpPY 1cTe henuje, yHeTI U TEKCT Ha CPIICKOM
U TEKCT Ha €HIVIECKOM je3UKy (HMKAKO He IIPaBUTH [iBe
Tabere ca fiBa jesukal).

Ciuke cy cBy 06/ rpadU4Kmx OpyUjIora U Kao ,,CimKe”
y CA ce 06jaBmyjy dororpaduje, ipresxn, cxeme u rpadu-
koHM. C/IMKe 03HaYaBajy ce aparlcKuM 6pojeBuMa ImpeMa
penmocneny HaBohema y Tekcty. IIpuMajy ce CKk/bydInBo
pururante ¢pororpaduje (pHO-6eme umm y 60ju) peso-
nynuje Hajmame 300 dpi u dopmara sanica tiff unu jpg
(Mae, MyTHe 1 CIMKe JIOIIEr KBanuTeTa Hehe ce mprxBa-
TaTy 3a MTaMname!). YKONMMKO ayTopy He MOCeRyjy M
HICY y MoryhHOCTH fia locTaBe gurnTante pororpaduje,
OHJIa OPUTVMHAJIHE CTMKe Tpeba CKeHNPATHU Y Pe30myyjn
300 dpi u'y OpUTMHATHOj BETMYMHN. YKOIMKO je paj Heo-
IIXOJTHO VTyCTPOBATH Ca BUIIle CIMKa, y pany he ux 6uru
00jaB/beHO HEKOJIMKO, a ocTasie he 6utn y e-Bep3uju wiaH-

Ka Kao PowerPoint mpe3eHTanja (cBaka cmka Mopa 6uTu
HyMepJCaHa VI IMaTy JIETeH]TY).

Bupneo-npunosu (mnycrpannje pafa) Mory Tpajaru 1-3
MUHyTa 1 6utn y opmary avi, mp4(flv). ¥3 Bugeo moc-
TaBUTH ITOCEOHO CUKY Koja 61 Ou/Ia MaycTparja BUeo-
IpHKasa y e-M3hamy U 06jaB/beHa y ITaMIIAHOM M3JIakbY.
YKOMMKO je pyKOIMC Ha CPIICKOM je3UKY, IIPUIOKWUTH Ha-
3UBe C/IMKa 1 JIETeH/Ty Ha 00a je3nKa.

Cruke ce y cBecIM MOTY IITAMIATH y 60ju, anu JofaTHe
TPOLIKOBE IITaMIle CHOCE ayTOPH.

Ipadukonu tpeba ga 6yny ypahennu u focrasbeHn y mpo-
rpamy Excel, ma 6u ce Bupene mpatehe BpefHOCTH pacIio-
pebene o henujama. Vicre rpadukoHe npexonupaTii u y
Word-oB foKyMeHT, rjje ce rpaduKOHN O3HaYaBajy apar-
cknM 6pojeBrMa IpeMa pefociefy HaBohema y TeKCTy.
Csu nopaiy Ha rpadukoHy Kyuajy ce y donry Times New
Roman. Kopuuthene ckpahennue Ha rpaduxony tpeba
00jacHUTH y JIeTeHU UCTION rpaduKoHa. Y IMITaMIIaHoOj
Bep3Mju WIaHKa BepoBaTHIje je fa rpadukoH Hehe 6urtn
IITaMIIaH y 60ju, Te je 6ojbe u3beraBary kopuinhemwe 60ja
y TpaduKOHMMa, WV X KOPUCTUTY PA3/INIUTOT MHTEH3N-
TeTa. YKONKO je PYKOIINC Ha CPIICKOM je3UKY, IPUIOXUTH
HasuBe rpaduKOHa Vi JIeTeH/y Ha 00a jesyKa.

IIprexu u cxeMe ce HOCTaBIbajy y jpg wiu tiff popma-
Ty. CxeMe ce Mory upTaru u 'y nporpamy CorelDraw wmu
Adobe Illustrator (mporpamu 3a paj ca BeKTOpKMa, KpyBa-
Ma). CBM Iofjaliy Ha CXeMU Ky1iajy ce y donty Times New
Roman, BemmunHa crosa 10 pt. Kopumhene ckpahenuie
Ha cxeMyt Tpeba 06jaCHUTI y JTeTeH/M NCTIOf, CXeMe. YKO-
JIIKO je PYKOIIVC Ha CPIICKOM je3UKY, TIPUITOXKNTI Ha3VBe
cXeMa U JIeTeH/y Ha 00a jesuKa.

3AXBATHUITA. HaBectu cBe capajHMKe KOju Cy JOIIPU-
HeJN CTBapamy pajia a He NCIYaBajy MeplIa 3a ayTop-
CTBO, Kao0 LITO Cy 0cobe Koje 06e36ebyjy TeXxHUYKY mo-
Moh, moMoh y nvcamy paja M pyKoBojie ofie/berbeM Koje
06e36ehyje omuty noppiky. GuHaHCKjCKa 1 MaTepyjaHa
nomoh, y 061Ky CIIOH30PCTBa, CTUIICHM]ja, TOK/IOHa,
olpeMe, IeKOBa I IpyTo, Tpeda Takobe fa Oyne HaBeneHa.

JIMTEPATYPA. Cnucax pedepeHIiu je OITOBOPHOCT ay-
TOpAa, @ IUTUPAHN WIaHIM Tpeba fa Oyay mako IpUCTY-
MavHM YnTaolyMa Jaconuca. Crora y3 caky pedepeHiy
ob6aBe3Ho Tpeba HaBecTyt DOI 6poj uiaHKa (jefHCTBEHY
HIICKY KapaKTepa Koja My je goperbeHa) u PMID 6poj yxo-
JIMKO je YIaHaK MHAeKcupaH y 6asu PubMed/MEDLINE.

Pecdepeniie HymepucaTu pefHUM apancKuM 6pojeBrMa
mpeMa pefocieny HaBohema y TekcTy. bpoj pedepenmu
He 61 Tpebano fa O6yne Behu ox 30, ocuM y mperieny nu-
TepaType, Y KOjeM je J03BO/beHO fia uX Oyze go 50, m'y
MeTaaHajusl, Ihe UX je fosBosbeHo o 100. bpoj nurn-
PaHNX OPUTMHATHMX pafioBa Mopa 6uTu HajMame 80%
oJ1 YKyIHOT 6poja pedepeHIu, OfHOCHO 6poj unuTHpa-
HUX KEbUTA, TIOI7IaB/ba Y KIbJIaMa U IPerefHNX YIaHaKa
Mam off 20%. Ykomuko ce fomahe MoHOTpadcke my6mm-
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Kallyje M WIAHIY MOTyY YBPCTUTH Y pedepeHLie, ayTopu
Cy OY>KHM a UX uuTupajy. Behnua nurupannx naydumx
YlaHaKa He 61 Tpe6ano ga 6yne ctapuja off IeT Tofu-
Ha. Huje 103BOJ/beHO IMTHpabe alicTpaKaTa. YKOIMKO je
OMTHO KOMEHTAPUCATH Pesy/ITare KOjy Cy My0/IMKOBaHN
CaMo y BUJIy alICTPAKTa, HEOIIXOJHO je TO HABECTU Y CAMOM
TeKCTy pajia. Pedpepeniie unanaka koju cy npuxsahenn
3a LITAMIIY, a/Ii1 jOILI HICY 00jaB/beH N, Tpeba 03HAUNTI
ca in press ¥ IPUIOKUTI JOKA3 O IPUXBaTaby pajia 3a
objaB/buBambe.

Pedepenue ce nutnpajy npema Bankysepckom ctumy
(yHudopmmcaHnM 3axTeBrMa 3a PYKOIIVCe KOjI ce Tpe-
Tajy 6MOMeNMIIMHCKIM YacOIICHMa), KO je YCIIOCTaBIO
MebhyHapogHy KOMNUTET ypeFHIMKA MEINIIMHCKUX Jaco-
nca (http://www.icmje.org), unju popmat xopucte U.S.
National Library of Medicine n 6a3e Hay4yHUX IyOIuKa-
nyja. [Tpumepe naBobhema mybnukanuja (41aHaka, Kibura
U IPYTUX MOHOTpadmja, eeKTPOHCKOT, Heo0jaB/beHOT U
Ipyror o6jaB/beHOT MaTepujaja) MOTy ce mpoHahm Ha MH-
TepHeT-CTpanunm http://www.nlm.nih.gov/bsd/uniform_
requirements.html. [IpunukomM HaBobemwa nmureparype
BeoMa je BaYKHO IIPUAPKABaTHU Ce IIOMEHYTOT CTaHAap/a,
jep je To jemaH of HajOUTHUjUX PaKTOpa 3a MHEKCHpalbe
IPUIMKOM KTacudyKaIyje HayYHUX 4acoMca.

ITPOITPATHO ITMCMO (SUBMISSION LETTER). V3
pyKormuc 06aBe3HO IPUIOKUTU 06pasall Koju Cy ITOTIN-
CaJIM CBU ayTOPY, @ KOjy Caiip>ku: 1) u3jaBy fa paj mper-
XOJIHO HUje MyOIMKOBaH U Jja HUje UCTOBPEMEHO ITOTHET
3a 00jaB/bMBabe Y HEKOM JIPYIOM YacoIVCY, 2) U3jaBy fa
CY PYKOIIVC IIPOYNTAIIY ¥ OFOOPIIN CBU ayTOPY KOjI HC-
IyHaBajy Mepua ayTOpCTBa, 1 3) KOHTAKT MOJATKe CBUX
aytopay pany (agpece, uMmejn agpece, TenedoHe UTH.).
branko obpasar Tpeba mpeyseTy ca UHTEPHET-CTPaHNIIe
vacomuca (http://www.srpskiarhiv.rs).

Taxobe je moTpe6HO FOCTaBUTH KONMje CBUX [HO3BOTIA
3a: perpoayKoBabe IPeTXOfHO 00jaB/beHOT MaTepljaa,
ymorpe6by mwrycrpanuja 1 ob6jaBbuBame nHpopMamja o
HO3HATIM JbYAVMA VIV IMEHOBabe /by KOjU CY JOIIPU-
HeJIV M3pafiyt paja.

YITAHAPUHA, ITPETIUVIATA 1 HAKHAJIA 3A Ob-
PAJTY YTAHKA. Jla 6u pax 610 pasmaTpaH 3a 06jaBrbu-
Bambe y yaconucy Cpilcku apxue 3a yenoKyiHo nekapciiso,
CBM ayTOPM KOjM CY JIeKapy My croMatonosn ns Cpouje
Mopajy 6utu yraHoBy CpIICKOT IeKapcKoT ApymITBa (y
ckmapy ca wiaHoM 9. CraryTa [IpymTsa) u MSMUPUTH
HaKHajy 3a oOpajny wiaHaka (Article Processing Charge)
y usHocy of; 3000 fuHapa. AyTopu U KOayTOpy U3 UHO-
CTpaHCTBa Cy y 06aBe3) fa IIaTe HaKHaay 3a obpamy
unaHaka (Article Processing Charge) y usHocy of 35 eBpa.
YmiaTa y jenHoj KaleHapCcKoj TOLMHN 00yXBaTa I CBe
HapeJHe, €BEHTYya/THe YIaHKe, T0C/IaTe Ha pasMaTpambe y

T0j ropuun. CBM ayTOpU KOjI IIaTe OBY HAKHAJY MOTY,
YKOJIUKO TO XeJIe, fja IPUMajy LITaMIIaHO U3fjalbe Yaco-
mica. Tpeba HaIOMeHY T [a OBa yIlIaTa Huje rapaHiuja
na he pay 6urtu npuxsahen u o6jaBmwen y Cpiickom apxu-
8y 3a yenokyiino nexapcinéo. Obasesa mrahamwa HakHaze
3a 06pajy WIaHKa He OFHOCH Ce Ha CTy[eHTe OCHOBHMX
CTy[Mja 11 Ha MpeTIUIATHVKE Ha YaCOIINC.

YcraHoBe (TIpaBHa TUIIa) He MOTY ITPEKO CBOje MpeTIUIaTe
7la MICITyHe 0Baj yCIoB ayTopa ($uU3IdKor amIa). Y3 pyko-
mc paga Tpeba [OCTaBUTU KOIMje YIIATHUIIA 32 WiaHa-
PUHY U IIPETIVIaTy / HaKHay 3a 00pajy YIaHKa, Kao JoKa3
0 yIUTaTaMa, yKOJIMKO M3/jaBad HeMa eBUACHLINjY O TOMe.
Yacomuc mpuxsara JOHaLuje Off CIOH30pa KOji CHOCE f1e0
TPOILIKOBA M/IV TPOLIKOBE y LIe/IMHN OHUX ayTOpa KOju
Hucy y MoryhHOCTH fia M3Mype HaKHaAy 3a 0Opafy YWiaHKa
(y TaxBuM cry4ajeBuMa HOTPe6HO je YaCOMUCY CTaBUTH
Ha YBUJ OIIPaBJaHOCT TAKBOT CIOH30PCTBA).

CJTAIBE PYKOIIMCA. Pyxomnuc pajia u CBM IPUIO3K Y3
Paji IOCTaBIbajy ce MCKIbYUMBO eNeKTPOHCKM IIPEKO CHCTe-
Ma 3a TIpMjaB/bUBambe Ha MHTEPHET-CTPAHNIV YacOMMca:
http://www.srpskiarhiv.rs

HAIIOMEHA. Paj xoju He ncnymaBa ycloBe OBOT YIIYT-
cTBa He MOXKe 6utu yyheH Ha pereHsujy u 6uhe Bpahen
ayTopMMa Jia ra IoMyHe 1 ucnpase. [IpnpkaBarmeM yyT-
CTBa 3a IPUIIPEMY pajia 3HaTHO he ce ckpaTuT Bpeme
IeIOKYITHOT TIpoIieca 1o 06jaB/biBaba pajia y 4acoIcy,
mTo he MO3UTUBHO YyTULIATH Ha KBAaINTET WIaHAKa U pe-
TOBHOCT M3/Ta’Kerba JacoIInca.

3a cBe fomaTHe MHpOPMaIVje, MOTIMO Jja ce obparuTe
Ha JloJIe HaBefleHe afipece 1 6poj TenedoHa.
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the Instructions for Authors, where they will find all the
necessary information on writing their manuscript in
accordance with the journal’s standards. It is essential
that authors prepare their manuscript according to
established specifications, as failure to do so will result
in paper being delayed or rejected. Serbian Archives
of Medicine provides no fee for published articles. By
submitting a paper for publishing consideration, au-
thors of a paper accepted for publication in the Serbian
Archives of Medicine grant and assign all copyrights to
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GENERAL INSTRUCTIONS. Serbian Archives of Medicine
publishes papers that have not been, either in their entirety
or partially, previously published, and that have not been
accepted for publication elsewhere. Serbian Archives of
Medicine publishes papers in English and Serbian. For better
availability and citation, authors are encouraged to submit
articles of all types in English. The journal publishes the fol-
lowing article types: editorials, original papers, preliminary
and short communications, case reports, video-articles,
images in clinical medicine, review articles, current top-
ics, articles for practitioners, history of medicine articles,
language of medicine articles, medical ethics (clinical ethics,
publication ethics) and regulatory standards in medicine,
congress and scientific meeting reports, personal view
articles, invited commentaries, letters to the editor, book
reviews, professional news, In memoriam and other articles.
Original papers, case reports, preliminary and short com-
munications, review articles, current topics, video-articles
and images in clinical medicine are published in English
only, while other article types may be published in Serbian
if the Editorial Office reaches such decision.

The papers are always submitted with Summary in both
English and Serbian, included in the manuscript file. The
text of the manuscript should be typed in MS Word using
the Times New Roman typeface, and font size 12 pt. The
text should be prepared with margins set to 25 mm and
onto A4 paper size, with double line spacing, aligned left
and the initial lines of all paragraphs indented 10 mm,
without hyphenation. Tabs and successive blank spaces are
not to be used for text alignment; instead, ruler alignment
control tool and Toolbars are suggested. In order to start a
new page within the document, Page Break option should
be used instead of consecutive enters. Only one space fol-
lows after any punctuation mark. If special signs (symbols)
are used in the text, use the Symbol font. References cited
in the text are numbered with Arabic numerals within
parenthesis (for example: [1, 2]), in order of appearance
in the text. Pages are numbered consecutively in the right
bottom corner, beginning from the title page.

When writing text in English, linguistic standard American
English should be observed. Write short and clear sentences.
Generic names should be exclusively used for the names of
drugs. Devices (apparatuses, instruments) are termed by trade
names, while their name and place of production should be

indicated in the brackets. If a letter-number combination is
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If a paper is a part of a master’s or doctoral thesis, or a
research project, that should be designated in a separate
note at the end of the text. Also, if the article was previously
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title or abstract).

CLINICAL TRIALS. Clinical trial is defined as any re-
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line of the Summary.

ETHICAL APPROVAL. Manuscripts with human medi-
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written consent was obtained, according to the Declaration
of Helsinki, the study has been approved by competent
ethics committee, and conforms to the legal standards.
Experimental studies with human material and animal
studies should contain statement of the institutional ethics
committee and meet legal standards.
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conflict of interest. For additional information on different
types of conflict of interest, please see World Association of
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on conflict of interest.
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to the article of every co-author individually (within the
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Count, or File-Properties-Statistics.
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photographs, schemes, sketches and graphs are published as
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or color), of minimum 300 dpi, and jpg or tiff format, are
acceptable (small, blurry and photographs of poor qual-
ity will not be accepted for publishing!). If authors do not
possess or are not able to provide digital photographs,
then the original photos should be scanned in 300 dpi,
and saved in original size. If a paper needs to be illustrated
with a considerable number of figures, several figures will
be published within the paper, and the rest will be avail-

able in the electronic version of the paper as a PowerPoint
presentation (every figure needs to be numbered and be
accompanied by legend). Video-enclosures (illustrations
of a paper) can last 1-3 minutes and are submitted in the
flv format. Along with the video, a still/photograph repre-
sentative of the video is also needed, as it will be used as a
placeholder in the electronic version of the paper, and as
an illustration in the printed version.

If the manuscript is entirely in the Serbian language, pho-
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Serbian and English.

Photographs may be printed and published in color, but
possible additional expenses are to be covered by the authors.

GRAPHS. Graphs should be plotted in Excel in order to
see the respective values distributed in the cells. The same
graphs should be copied and pasted to the Word docu-
ment, numbered in Arabic numerals by order of citation
in the text. The text in the graphs should be typed in Times
New Roman. Abbreviations used in graphs should be ex-
plained in the legend below the respective graph. In the
printed versions of papers, graphs are generally published
in black-and-white; therefore, it is suggested to avoid the
use of colors in graphs, or to utilize colors of significant
difference in brightness.

If the manuscript is entirely in the Serbian language, graphs
and corresponding legend should be both in Serbian and
English.

SCHEMES (SKETCHES). Schemes and sketches are to be
submitted in jpg or tiff format. Schemes should be drawn in
CorelDraw or Adobe Illustrator (programs for drawing vectors,
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