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Comparative healing outcomes after p-tricalcium phosphate grafting in
pediatric aneurysmal bone cysts, simple bone cysts and non-ossifying

fibroma
PerpocnekTuBHa KoMnapalyja pe3ysitata peKOHCTPYKIUj€ aHEYPU3MAIIHUX U

COJINTAPHUX KOIITAaHUX ITUCTH U Heocupukyjyher ¢pudpoma Koa meaujaTpHjCKUxX

nanyjeHaTa y3 IpuMeHy CUHTETCKOr KomraHor rpadra (B-TLI)

SUMMARY

Introduction/Objective Ancurysmal bone cysts
(ABC), simple bone cysts (SBC), and non-ossifying
fibromas (NOF) are common in children. The
standard treatment is curettage with defect filling.
The graft selection and surgical approach vary
according to the lesion type. While synthetic -
tricalcium phosphate (B-TCP) is a biocompatible
graft, its efficacy in pediatric cases remains unclear.
This study assessed radiographic healing, graft
integration, complications, and recurrence rates after
curettage and B-TCP grafting.

Methods We retrospectively reviewed 63 patients
(23 ABC, 21 SBC, 19 NOF) treated at a pediatric
hospital from 2015-2023. All underwent
intralesional curettage with -TCP grafting. Healing
was assessed using Wu, modified Irwin, and Neer
criteria. The stable healing time, recurrence,
complications, and morphometric predictors were
also analyzed.

Results Radiographic healing rates were 73.9% for
ABC, 85.7% for SBC, and 100% for NOF. Stable
healing occurred at-13:5 + 5.7 months for ABC and
approximately §.7-8.8 months for SBC and NOF (p
=0.0004). ABC healed more slowly and
inconsistently; larger and relation length ratio lesions
delayed healing in both ABC and SBC. Recurrence
was observed in 26% of ABC cases (mean 16.7
months), 14% of SBC cases (mean 13.8 months), and
none in NOF.

Conclusion B-TCP grafting is safe and effective for
pediatric benign bone lesions; however, healing
varies by lesion type. ABC requires longer
monitoring due to a higher recurrence risk; SBC
mostly stabilizes within a year; and NOF reliably
remodels regardless of size. Focusing on follow-up
of high-risk lesions may improve outcomes and
reduce unnecessary interventions.

Keywords: aneurysmal bone cyst; simple bone cyst;
non-ossifying fibroma; p-tricalcium phosphate;
pediatric orthopedics; bone grafting
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CAXKETAK

Yeon/Llnm Aneypusmansue komrane mucte (ABLT),
jennocrasHe komtane nucre (CBL]) n Heocudukyjy-
hu pubpomu (HOD) wectn cy y neaujarpujckom y3-
pacty. Crannap/iHu TpeTMaH IoJ[pa3yMeBa KupeTa-
XKy ca TOIyHhaBambeM KOIITaHoT Aedekra. 1360p
rpadTta ¥ XUpypIIKU MPUCTYII 3aBUCE O] THUMAJIE3H]e.
Haxo ce cuaTeTcku Oeta-TpukanujyM-pocdart (B-
TLIT) xopucTu ka0 OHOKOMITATHOMITHU TpadT, HETro-
Ba e(pUKACHOCT y TIeAHjaTPHjCKO] MOIyJIAIjH HUje Y
MOTIIYHOCTH paszjamibeHa. [usb oBe cryamje 6mo je
Jla IPOLICHH paanorpadcko 3apacrame, HHKOPIIopa-
1jy Tpadra, KOMIUIMKANN]E U YUECTaJIOCT PEIHINBA
HAKOH KUpeTaxe U nonymasama B-TLI rpanynama.
MeTonme PeTpoCrekTHBHO je aHanu3upaHo 63 maim-
jenata (23 ABII, 21 CBI, 19 HO®) neyenux y nedu-
Joj 6oamun y iepuoay 2015-2023. roa. CBu nanu-
JEHTH Cy MOJBPTHYTH MHTPAJIE3HOHAIHO] KUPETaXKH
ca B-TLII rpadroBamem. 3apacTame je OLCHUBAHO
npuMeHoM Wu, mogudukoBanux I[rwin u Neer Kpu-
TepUjyMa, a aHAJIM3UPaHH Cy ¥ CTAOMIHO BpeMe 3a-
pactama, peUANBH, KOMIUTHKANHje H MOP(HOMETPH]-
CKH MPEIUKTOPH.

Pe3yararn Paguorpadcko 3apacrame HOCTUTHYTO je
ko 73,9% ABLI, 85,7% CBLL u 100% HO®. Cradu-
JIHO 3apacTame OCTBapeHO je 3a 13,5 + 5,7 mecenu
kox ABI] u 3a oxo 8,7—8,8 mecenn kog ChL[ u HO®
(» =0,0004). ABL] je noka3zana ycriopeHuje u Bapuja-
OwmTHO 3apacTame; Behie u ne3uje ca Behum ogHOCOM
nie3uja-KocT, cropuje cy 3apactaie kogq ABI] u CBLI.
Penmnusu cy 3abenexenn kox 26% ABLI (mpoceuHo
16,7 mecemn) u 14% CBLI (mpoceuno 13,8 mecenn),
nok ko HO® Huje perrcTpoBaH HUjelaH PELUIUB.
3akspyuak B-TLII rpadToBame npencrasiba O6e36e-
JIHY 1 epUKacHy OMIMjy y Jieuerhy OEHUTHUX KOIITa-
HUX JIe3Hja KO JIelie, alli o0paciy 3apacTama 3Hada-
jHO ce pa3iuKyjy Mehy tTunoBuma nesuja. ABL] 3ax-
TeBa npoayxeHo npaheme 30or Beher prusnka of pe-
muanBa; CBL] Hajuenrhe mocTike crabumm3anyjy y
npBoj roauau; HO® noy3mpano peMoaenupa He3aBH-
CHO OJT BeTMUMHE. Y CMepeHo npaheme BUCOKOPH3NY-
HUX JIe31ja MOKE TTOO0JBIIATH UCXO/E  CMABUTH
HernoTpeOHe HHTEPBEHIH]E.

Kibyune peun: aneypusMaiHa KOIITaHa [IUCTA;
jeIHOCTaBHA KOILTaHa NUCTa; HeOCUPUKYjyhn
¢$udpom; B-Tpuxanmjym-pocdar; neuunja
OpTOIIEMja; KOIITaHU rpadT

Copyright © Serbian Medical Society
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INTRODUCTION

Benign bone lesions frequently occur in children and adolescents and usually show
characteristic features on imaging. They are often found incidentally after trauma but can also
present with pain, swelling, and pathological fractures. Among the most prevalent are
aneurysmal bone cysts (ABC), which exhibit local aggressiveness and can rapidly destroy
bone; simple bone cysts (SBC), which tend to recur but progress at a slower rate; and non-
ossifying fibromas (NOF), which are generally asymptomatic unless they compromise

structural stability [1].

Their optimal management remains challenging because of the lack of standardized treatment
protocols [2]. The absence of clear guidelines leads to variability in surgical approaches and
reconstructive materials, posing significant challenges for pediatric orthopedic surgeons. The
need for effective, safe, and reproducible treatment strategies is paramount, given the long-
term growth and functional implications for young patients. Current surgical interventions
typically involve curettage followed by defect filling [3,4,5]. Bone defects can be reconstructed
using autologous, allogeneic, or synthetic grafts. There is no ideal bone graft available.
Autologous bone grafting is considered the gold standard but is limited in pediatric patients
because of donor-site morbidity, longer surgery times, and restricted harvest volume [6].
Allografts and xenografts serve as alternatives; however, they may produce inconsistent
outcomes and pose potential immunological risks to the host, including graft rejection,
inflammation, and transmission of zoonotic diseases [7]. Although synthetic bone grafts, such
as beta-tricalcium phosphate (B-TCP), exhibit good biocompatibility, osteoconductivity, and
predictable resorption [8,9], clinical evidence regarding their efficacy and safety in treating
benign bone lesions in children is limited. Radiological scoring systems, such as the Wu and

Irwin criteria, offer a framework for assessing postoperative healing [10]. However, their
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usefulness is limited by the wide variation in healing rates, recurrence, and risk of
complications among benign bone lesions. This variation highlights the need for direct clinical

studies to understand the different outcomes and guide the treatment of specific lesions.

This study compared healing, graft integration, complications, and recurrence rates in pediatric
patients with ABC, SBC, and NOF after curettage and B-TCP grafting. The findings aim to
guide better treatment and follow-up strategies for each benign bone lesion type in children and

adolescents.

METHODS
Study Design and Population

This retrospective observational study included 63 pediatric patients (aged 4—18 years) treated
at the University Clinical-Center of Nis, Serbia, from January 2015 to December 2023 with
standardized intralesional curettage and B-TCP filling for benign bone lesions (ABC, SBC, and
NOF). Outcomes were compared among the three types of lesions. Inclusion criteria were
histologically confirmed ABC, SBC, or NOF; curettage with B-TCP filling; and at least 12
months’ follow-up. Patients with malignant tumors, prior surgery, incomplete imaging, non-
standard adjuvants, or less than 12 months of follow-up were excluded. Eligible patients were
identified using ICD-10 diagnostic codes for benign bone lesions and subsequently confirmed
by histopathological examination (HPE). From this initial pool, patients who met the inclusion
and exclusion criteria were selected. Based on HPE, there were 23 ABC, 21 SBC, and 19 NOF

cases in this study.

Patient demographics, lesion details, pathological fractures, surgery data, and outcomes were

obtained from records and radiographs. All patients underwent standardized intralesional
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curettage with B-TCP filling, as described below.
Surgical Technique

All procedures were performed under general anesthesia, using a sterile technique. The lesion
was located via fluoroscopy, and a cortical window, typically 1-2 cm in length, was created
using an osteotome. The lesion cavity was thoroughly curetted until healthy bleeding bone was
observed. A high-speed burr was used as needed to debride the cyst wall, remove the
pathological lining, or enlarge cavities with thick bone septa. The cavity was thoroughly
washed and packed with B-TCP granules (ChronOS® or TriOSS®), mixed with autologous
blood. The cortical cap was returned and sealed with medical wax, if necessary. Large or
unstable defects were fixed internally using plates or titanium-elastic nails. The incision was
closed in layers, and the operated limb was immobilized as needed to stabilize the surgical site

during early recovery (Figure ).
Postoperative Protocol and Follow-Up

Postoperative care involved a period of limited weight bearing, followed by gradual increases
in activity and weight bearing as tolerated, guided by clinical assessment and radiographic
healing. Clinical and radiographic evaluations occurred every 6—8 weeks for six months, then
every 4-6 months until healing, and annually until full consolidation. Full activity and sports

were permitted after adequate bone remodeling and graft integration were confirmed.
Radiological Assessment

While MRI or CT scans were performed in certain cases for diagnostic purposes, only standard
anteroposterior (AP) and lateral radiographs were used for the main outcome analysis to ensure
consistency. Radiographic images, collected as part of the patient data, were analyzed using

RadiAnt DICOM Viewer® 2025.2 by a single experienced pediatric orthopedic surgeon.
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Postoperative healing was evaluated using three validated radiological scoring systems applied

to standard AP and lateral radiographs.

e Wu criteria for defect filling (quantifying cavity fill): I <50%; I 50-75%; 111 75-90%;

IV >90%.

e Modified Irwin criteria for graft incorporation (assessing biological graft integration):

I clear; II hazy; III incorporation; IV remodeling.

e Modified Neer criteria for overall healing outcome: I complete healing; 1l healing with

residual defects; III persistent defect; IV recurrence (Figures 2, 3, and 4).

Outcome measures

Primary outcomes

1. Healing outcome was classified as “healed” if lesions simultaneously achieved all three
criteria; a Wu Grade Il or TV (for filling), an Irwin Stage III or IV (for incorporation),

and a Neer Criteria I or II (for overall outcome)

2. Stable Healing Time (TSH): the number of months from surgery until X-rays first show
sufficient cortical healing and trabecular bridging, along with clinical stability and no

recurrence or refracture.

Secondary outcomes

1. Recurrence (radiographic evidence, symptomatic recurrence, need for re-intervention)

2. Pathological fracture

3. Postoperative complications (infection, nerve injury, hardware failure, delayed wound

DOI: https://doi.org/10.2298 /SARH251217009B Copyright © Serbian Medical Society



Srp Arh Celok Lek 2026 | Online First February 2, 2026 | DOI: https://doi.org/10.2298/SARH251217009B 7

healing)
Baseline Characteristics

The baseline characteristics included patient age, sex, lesion location (bone and anatomical
region), tumor length (V = (n/6) % length x width x height), tumor volume (longest
craniocaudal distance in AP or lateral radiography), relation length (lesion length divided by

the total length of the affected bone), and presence of pathological fracture at presentation.

Ethics: The study was approved by Institutional Ethics Committees (UCC Nis: 14396/6;
Medical Faculty of NiS: 12-14250-2/2) in accordance with the Declaration of Helsinki. Written
informed consent was obtained from parents or guardians, and patient confidentiality was

maintained.
Statistical Analysis

Sample size was calculated in G*Power 3.1.9.2 (one-way ANOVA, effect size 0.25, a = 0.05,
power = 0.95; three groups). Analyses were performed in IBM SPSS Statistics 30.0. Variable
normality was checked with the Shapiro—Wilk test. Depending on distribution, either one-way
ANOVA or Kruskal-Wallis test was used. Results are shown as mean = SD or median (range).
Categorical data were analyzed with chi-square or Fisher’s exact test. Kaplan—Meier analysis

assessed recurrence time. Statistical significance was set at p < 0.05.

RESULTS

Patient demographics varied across groups, with patients with ABC and SBC being notably
younger (mean age 11.35 and 10.76 years, respectively) than patients with NOF (mean age

12.32 years; ANOVA, p =0.013). Males were predominant in the ABC (65%) and SBC (71%)
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groups, whereas females were more prevalent in the NOF group (63%) (p = 0.031) (Table 1.)

The location of the lesions also differed significantly (p < 0.0001); ABC and SBC were most
frequently located in the humerus (48% each), whereas NOF was found exclusively in the

femur (47%) and tibia (53%) (Table 2).

The incidence of pathological fractures as initial presentations varied significantly among the
lesion types (¥*> = 6.81, p = 0.033), with a notably lower frequency observed in NOF (26%)

compared to ABC (65%) and SBC (57%).

ABC lesions had significantly longer stable healing times (mean.13.5 £ 5.7 months) than SBC
(8.7 = 3.4 months) and NOF (8.8 + 2.8 months) (ANOVA p =0:0004; Kruskal-Wallis p =
0.0057). However, the overall healing success rates were similar (ABC: 74%, SBC: 86%, NOF:

100%; 4> =4.51, p = 0.105), indicating comparable long-term outcomes.

Tumor length was similar across groups (p = 0.18); therefore, initial lesion size was not a
distinguishing factor. ABC lesions had the greatest volume (ANOVA p = 0.0024), whereas
NOF lesions had the smallest volume. The relation index was highest in ABC and SBC and
lowest in NOF (ANOVA p = 0.029; Kruskal-Wallis p = 0.0013), indicating more bone

involvement in ABC and SBC.

Correlation analysis showed that stable healing time was affected by various factors across the
diagnostic groups. For ABC, healing time moderately increased with larger tumor volume (r =
0.34) and relation length (r = 0.28) but decreased notably with better healing outcomes (r = —
0.56); tumor length and age had a minor impact. In SBC, healing time strongly correlated with
tumor volume (r = 0.63), relation length (r = 0.52), and tumor length (r = 0.45); younger age
sped up healing (r =-0.36), and better outcomes shortened stabilization time (r = —0.58). NOF

had mild links between healing time and tumor size, and age had minimal influence (r = 0.06).
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Overall, healing time decreased from ABC to SBC to NOF, with tumor volume and size serving
as the primary predictors of delayed healing. Age was insignificant, except for SBC cases

(Figure 5).

The cumulative healing rates for ABC, SBC, and NOF at 6, 9, and 12 months are shown in a
side-by-side bar chart. ABC had the slowest healing (0%, 33.3%, 58.3%), SBC showed
intermediate rates (23.8%, 57.1%, 85.7%), and NOF healed fastest (21.1%, 63.2%, 89.5%)

(Figure 6).

The Kaplan—Meier curve offers a visual representation of the duration required to achieve
stable healing in the ABC, SBC, and NOF groups: " ABC lesions heal more slowly and
unpredictably than SBC and NOF, with approximately 30% taking over 20 months to show
stable radiographic healing. SBC lesions usually stabilize in 7—15 months, with approximately
80% showing variable healing. NOF lesions are more consistent, with approximately 95%

stabilizing in 10—12 months and showing clear radiographic improvement.

This study evaluated the healing and complication rates for each lesion type and treatment. No
major infections or adverse reactions were observed with the B-TCP grafts. For ABC, six out
of twenty-three surgical patients had recurrences (26%) after an average of 16.7 months, and
one had a pathological proximal humeral fracture. In SBC, three of twenty-one treated patients
experienced recurrence (14.2%) after approximately 13.8 months, with one pathological distal

femoral fracture reported. NOF cases showed no recurrence or significant complications.

DISCUSSION

This study evaluated the healing patterns, morphometric predictors, and recurrence rates of

ABC, SBC, and NOF treated with curettage and B-TCP grafting. Although all three are benign

DOI: https://doi.org/10.2298 /SARH251217009B Copyright © Serbian Medical Society



Srp Arh Celok Lek 2026 | Online First February 2, 2026 | DOI: https://doi.org/10.2298/SARH251217009B 10

pediatric lesions, they demonstrate distinct biological behaviors and postoperative

consolidation profiles.

Demographic and Anatomical Features

The age distribution of our cohort (10—12 years) aligns with the known peak incidence of
benign cystic and fibro-osseous lesions in late childhood and early adolescence [3,11,12]. ABC
and SBC showed male predominance, consistent with epidemiological data reporting a higher
incidence in boys. In contrast, NOF in our cohort showed female predominance; likely
reflecting sample characteristics rather than a true epidemiologieal shift. Lesion locations were
typical: ABC and SBC primarily affected the proximal humerus and femur, while NOF was
confined to the femur and tibia, consistent withrits preference for metaphyseal regions near the
knee. Mechanical stress and high activity in boys during rapid skeletal growth can interfere
with bone remodeling, making them more prone to metaphyseal lesions, benign bone cysts or

fibrous conditions, and fractures [13,14].

Healing Outcomes and Stable Healing Time

Healing rates were high across all groups (ABC 73.9%, SBC 85.7%, NOF 100%), aligning
with published outcomes, where ABC demonstrated the greatest variability (65-90%), SBC
typically achieved 75-90% healing, and NOF showed near-universal resolution. ABC heals
more slowly and variably, reflecting its biologically active and expansile nature and the
frequency of cortical destruction. SBC showed rapid and predictable healing, with most cases
stabilizing within 12 months, paralleling the existing literature that highlights mechanical
recovery once cortical integrity improves. NOF heals completely and predictably, as it is self-

limiting [15,16].

ABC had the slowest and most variable healing (mean 13.5 months, range 7-24 months). SBC
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and NOF stabilized at similar rates, with median healing times of 8 and 9 months, respectively.
ABC requires extended osteoconduction and shows unpredictable bone growth after curettage.
SBC typically heals 6—12 months post-curettage and grafting, although complications such as
lesion expansion or delayed healing may occur. NOF consistently heals within 10—12 months,

confirming its status as a self-limiting, reliably remodeling lesion [17].

The Kaplan—Meier further illustrated these differences: ABC demonstrated. prolonged
stabilization with subset healing beyond 20 months, SBC improved steadily during the first

year, and NOF showed a uniform, self-limiting course.

The Kaplan—Meier curves in our study highlighted the unique healing patterns of benign
pediatric bone lesions. Healing time decreased from ABC to SBC to NOF, reflecting biological

differences and aggressiveness of the lesions.

Morphometric Predictors of Healing

Morphometric characteristics play a crucial role in determining healing kinetics. In ABC, a
larger lesion volume and greater lesion-to-bone relation length were associated with delayed
consolidation, supporting reports by Dormans et al. and Restrepo et al., who observed that
cortical thinning and extensive cystic activity prolonged graft incorporation due to sustained

biological turnover [12,17].

SBC showed the strongest morphometric correlations, mainly with tumor volume and relation
length, indicating that mechanical factors are crucial for healing. Larger lesions increase
biomechanical demands and the risk of delayed recovery or fracture [18]. Younger patients
recovered faster, supporting earlier research that pediatric bones remodel more efficiently

under stress [10, 14].

NOF exhibits unique remodeling, with healing being minimally affected by tumor size,
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location, or age. Studies have indicated that outcomes rely more on biological maturation than

on graft mechanics [19].

Complications and Recurrence

No significant early or late postoperative complications were observed, except for one
pathological fracture in the ABC group and one in the SBC group, findings consistent with the

published literature [20].

Our ABC recurrence rate was 26%, with a mean recurrence of 16.7 months, aligning with
previous pediatric reports of 20-30% [17]. Most recurrences occur between 12 and 24 months,
but some are observed up to 4-5 years, highlighting the need for prolonged follow-up [15].
Long-term studies (mean follow-up: 81 months) further emphasize the importance of extended

monitoring for late recurrences and complications [21].

Recurrence in our SBC series was 14% with a mean time of 13.8 months, aligning with
published data.and likely due to residual mechanical stress and lesion size [4,18,22]. Larger
SBCs have higher recurrence rates (41.7%), and Flont et al. recommend follow-up beyond 3

years for early detection and management [23].

No recurrences or complications were reported for NOF, reflecting its benign nature and lack

of aggressive postoperative outcomes in existing literature.

Comparison of synthetic grafting outcomes

B-TCP was chosen for its safety, biocompatibility, osteoconductivity, and predictable
resorption, enabling effective healing. Our study found no graft-related complications,

supporting B-TCP as a treatment for pediatric lesions requiring structural support [24].
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Clinical Implications
This study highlights the importance of lesion-specific management.
The natural characteristics of the lesion play a significant role in healing patterns.

e ABC requires rigorous long-term monitoring because of its biological aggressiveness

and risk of late recurrence.

o SBC benefits from early mechanical stabilization and shows rapid healing when the

cortical support is restored.

e NOF requires minimal intervention and reliably remodels even when grafted, making

extensive postoperative imaging unnecessary in most cases.

Morphometric assessment, particularly lesion volume and cortical involvement, provides
valuable prognostic information and should be incorporated into treatment planning and

follow-up scheduling.
Strengths and limitations

The strengths of this study include consistent surgical technique, standardized radiologic
evaluation using multiple scoring systems, and the use of stable healing time as a quantitative
endpoint. Limitations include the retrospective design, modest sample size, and lack of
comparison with other graft types or adjuvant therapies. Future prospective studies with larger

cohorts and comparative grafting techniques are warranted to refine the treatment guidelines.
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CONCLUSION

Synthetic B-TCP phosphate demonstrated safe and effective integration across all groups,
supporting its use as a valuable biomaterial for pediatric orthopedic reconstruction. Healing
outcomes after curettage and B-TCP filling in pediatric benign bone lesions are strongly
influenced by the lesion type and morphometric characteristics. Aneurysmal bone cysts (ABC)
have the longest and most variable healing times and the highest recurrence rates, whereas
simple bone cysts (SBC) heal moderately. Non-ossifying fibromas (NOF) remodel predictably,
and healing remains biologically stable. Lesion-specific approaches are crucial. Patients with
larger ABC and SBC require careful planning, fracture prevention, and follow-up for at least

two years. In contrast, NOF generally requires minimal postoperative surveillance.

Further studies with larger cohorts are required to validate these findings and optimize the

management protocols for each lesion type.

Conflict of interest: None declared:

DOI: https://doi.org/10.2298 /SARH251217009B Copyright © Serbian Medical Society



Srp Arh Celok Lek 2026 | Online First February 2, 2026 | DOI: https://doi.org/10.2298/SARH251217009B 15

REFERENCES
1. Lam Y. Bone Tumors: Benign Bone Tumors. FP Essent. 2020; 493:11-21. [PMID: 32573182]
2. Grahneis F, Klein A, Baur-Melnyk A, Kndsel T, Birkenmaier C, Jansson V, Diirr HR. Aneurysmal bone

cyst: A review of 65 patients. J Bone Oncol. 2019; 18:100255. [DOI: 10.1016/j.jb0.2019.100255] [PMID:
31463187]

3. Walker K, Smith JB, Todi N, Brown D, Randall RL. Non-Ossifying Fibromas: A 2025 Review. J Clin
Med. 2025;14(18):6428. [DOI: 10.3390/jcm14186428] [PMID: 41010632]
4. van Geloven TP, van der Heijden L, Laitinen MK, Campanacci DA, Déring K, et al. As simple as it

sounds? The treatment of simple bone cysts in the proximal femur in children and adolescents: Retrospective
multicenter EPOS study of 74 patients. J Child Orthop. 2024;18(1):85-95. [DOI: 10.1177/18632521231221553]
[PMID: 38348433]

5. van Geloven TPG, van de Sande MAJ, van der Heijden L. The treatment of aneurysmal bone cysts. Curr
Opin Pediatr. 2023;35(1):131-7. [DOI: 10.1097/MOP.0000000000001205]. [PMID: 36409159]

6. Schmidt AH. Autologous bone graft: Is it still the gold standard? Injury. 2021;52 Suppl 2: S18-S22.
[DOI: 10.1016/j.injury.2021.01.043] [PMID: 33563416]

7. Tomford WW. Transmission of disease through transplantation of musculoskeletal allografts.J Bone
Joint Surg Am. 1995;77(11):1742-54. [DOL: 10.2106/00004623-199511000-00017] [PMID: 7593087]

8. Bohner M, Santoni BLG, Ddbelin N. B-tricalcium phosphate for bone substitution: Synthesis and
properties. Acta Biomater. 2020; 113:23—41. [DOI: 10.1016/j.actbio.2020:06.022] [PMID: 32565369]

9. LuH, Zhou Y, Ma Y, Xiao L, Ji W, Zhang Y, et al. Current application of beta-tricalcium phosphate in

bone repair and its mechanism to regulate osteogenesis. Front ~Mater. 2021; 8:277.
[DOI:10.3389/fmats.2021.698915]

10. Wu PK, Chen CF, Chen CM, Tsai SW, Cheng YC, Chang MC, et al. Grafting for bone defects after
curettage of benign bone tumor - Analysis of factors influencing’ bone healing. J Chin Med Assoc.
2018;81(7):643-8. [DOI: 10.1016/j.jcma.2017.08.024] [PMID: 29789225]

11. Baghdadi, S. and Arkader, A. 2021. Unicameral Bone Cysts: Treatment Rationale and Approach: Current
Concept Review. JPOSNA. 3, 2 (May 2021). [DOL: 10.55275/JPOSNA-2021-267]
12. Restrepo R, Zahrah D, Pelaez L, Temple HT, Murakami JW. Update on aneurysmal bone cyst:

pathophysiology, histology, imaging and treatment. Pediatr Radiol. 2022;52(9):1601—4. [DOI: 10.1007/s00247-
022-05396-6] [PMID: 35941207]

13. Emori M, Tsuchie H, Teramoto A, Shimizu J, Mizushima E, Murahashi Y, et al. Non-ossifying fibromas
and fibrous cortical defects around the knee - an epidemiologic survey in a Japanese pediatric population. BMC
Musculoskelet Disord. 2022;23(1):378. [DOI: 10.1186/s12891-022-05330-9] [PMID: 35459158]

14. Strohm/JA, Strohm PC, Kiihle J, Schmal H, Zwingmann J. Management of juvenile and aneurysmal bone
cysts: a systematic literature review with meta-analysis. Eur J Trauma Emerg Surg. 2023;49(1):361-72. [DOI:
10.1007/500068-022-02077-9] [PMID: 35989377]

15. Doring K, Puchner S, Vertesich K, Funovics PT, Hobusch G, Sulzbacher I, et al. Results in the surgical
treatment of aneurysmal bone cysts — A retrospective data analysis. Orthop Traumatol Surg Res.
2022;108(4):103095. [DOI: 10.1016/j.0tsr.2021.103095] [PMID: 34601159]

16. Andreacchio A, Alberghina F, Testa G, Canavese F. Surgical treatment for symptomatic non-ossifying
fibromas of the lower extremity with calcium sulfate grafts in skeletally immature patients. Eur J Orthop Surg
Traumatol. 2018;28(2):291-7. [DOI: 10.1007/s00590-017-2028-3] [PMID: 28819829]

17. Dormans JP, Hanna BG, Johnston DR, Khurana JS. Surgical treatment and recurrence rate of aneurysmal
bone cysts in children. Clin Orthop Relat Res. 2004;(421):205—-11. [DOI: 10.1097/01.blo.0000126336. 46604.¢1]
[PMID: 15123949]

18. Bayram S, Yildirim AM, Okatar F, Salduz A. Investigating Factors Influencing the Risk of Recurrence
of Simple Bone Cysts: Retrospective Analyses of 41 Cases. Istanbul Med J. 2024;25(3):255-9. [DOI:
10.4274/imj.galenos.2024.23245]

19. Hirn M, de Silva U, Sidharthan S, Grimer RJ, Abudu A, Tillman RM, Carter SR. Bone defects following
curettage do not necessarily need augmentation. Acta  Orthop. 2009;80(1):4-8. [DOI:
10.1080/17453670902804505] [PMID: 19234881]

20. Costa DD, Gabrielli E, Cerrone M, Di Gialleonardo E, Maccauro G, Vitiello R. Pathological Fractures
in Aneurysmal Bone Cysts: A Systematic Review. J Clin Med. 2024;13(9):2485. [DOI: 10.3390/jcm13092485]
[PMID: 38731012]

21. Yigit O, Akgun E, Ozgur EG, Sofulu O, Igrek S, Sirin E, et al. Long term surgical results of cases with
aneurysmal bone cysts-a comprehensive clinical, functional and oncologic analysis. BMC Musculoskelet Disord.
2025;26(1):993. [DOI: 10.1186/512891-025-09109-6] [PMID: 41131533]

DOI: https://doi.org/10.2298 /SARH251217009B Copyright © Serbian Medical Society



Srp Arh Celok Lek 2026 | Online First February 2, 2026 | DOI: https://doi.org/10.2298/SARH251217009B 16

22. Alisi MS, Abu Hassan F, Hammad Y, Khanfar A, Samarah O. Percutancous Curettage and Local
Autologous Cancellous Bone Graft: A Simple and Efficient Method of Treatment for Benign Bone Cysts. Arch
Bone Jt Surg. 2022;10(1):104-11. [DOI: 10.22038/ABJS.2021.55189.2747] [PMID: 35291234]

23. Flont P, Malecki K, Niewola A, Lipczyk Z, Niedzielski K. Predictive characteristic of simple bone cyst
treated with curettage and bone grafting. BMC Musculoskelet Disord. 2015; 16:350. [DOI: 10.1186/s12891-015-
0797-6] [PMID: 26573858]

24. Wittig US, Friesenbichler J, Liegl-Atzwanger B, Igrec J, Andreou D, Leithner A, et al. Artificial Bone
Graft Substitutes for Curettage of Benign and Low-Grade Malignant Bone Tumors: Clinical and Radiological
Experience with Cerasorb. Indian J Orthop. 2023;57(9):1409—14. [DOI: 10.1007/s43465-023-00919-1] [PMID:
37609019]

DOI: https://doi.org/10.2298/SARH251217009B Copyright © Serbian Medical Society



Srp Arh Celok Lek 2026 | Online First February 2, 2026 | DOI: https://doi.org/10.2298/SARH251217009B 17

Figure 1. Surgical technique

B — high-speed burr used to carefully remove

A — B-tricalcium phosphate (B-TCP) granules;

bone around the lesion; €, D — Creating a cortical window to access the lesion; E — opening the
cortical window and performing curettage; F — tissue obtained from the bone lesion for
histopathology; G = B-TCP granules combined with patient blood; H — defect filled with

granules; [ — replacing and securing the cortical window after filling the defect

DOI: https://doi.org/10.2298/SARH251217009B Copyright © Serbian Medical Society



Srp Arh Celok Lek 2026 | Online First February 2, 2026 | DOTL: https://doi.org/10.2298/SARH251217009B

Figure 2. ABC — aneurysmal bone cyst, two years of follow-up
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Figure 3. SBC — simple bone cyst; three years of follow-up
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Figure 4. NOF — non-ossifying fibroma;14 months of follow-up

DOI: https://doi.org/10.2298/SARH251217009B Copyright © Serbian Medical Society

20



Srp Arh Celok Lek 2026 | Online First February 2, 2026 | DOI: https://doi.org/10.2298/SARH251217009B

Table 1. Demographic and anatomical characteristics of patients with ABC, SBC, and NOF

Variables | ABC (n=23) | SBC (n=21) | NOF (n=19) | p

Age (years)

Mean + SD 11.35+3.13 [10.76 £3.36 | 12.32+3.31 | ANOVA p=0.013
Median 11 10 14 KWp=0.011
Range 5-17 4-18 4-17 —

Gender

Male, n (%) 15 (65.2%) 15 (71.4%) 7 (36.8%) ¥*=6.94;p=0.031
Female, n (%) | 8 (34.8%) 6 (28.6%) 12 (63.2%) —
Bone location

Humerus 11 (47.8%) 10 (47.6%) | 0(0%)

Femur 7 (30.4%) 4 (19%) 9 (47.4%)

Tibia 4 (17.4%) 1 (4.8%) 10 (52.6%) = 52.8;p <0.0001
Radius 0 4 (19%) 0

Fibula 0 1 (4.8%) 0

Calcaneus 0 1 (4.8%) 0

Foot bones 2 (8.7%) 0 0

(Cuboid/PxPh)

ABC — aneurysmal bone cyst; SBC — simple bone cyst; NOF — non-ossifying fibroma; n —
number; SD — standard deviation; ANOVA — mean comparison; KW — median comparison;

y*> — Chi-square test for/categorical variables; PxPh — proximal phalanx
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Table 2. Results of ABC, SBC, and NOF treated with synthetic bone graft

22

Variables ABC (n=23) SBC (n=21) NOF (n=19) p

Initial 2= .81

pathological 15(65%) 12(57%) 5(26%) X —0 '03 2:

fracture (%) p=

Healing: Healed 0 o o v =4.51;

%) 17 (73.9%) 18 (85.7%) 19 (100%) p=0.105

Healing: Not 0 o

healed (%) 6 (26%) 3 (14.3%) 0

< 6 months 0 o 0

healed (%) 0% 23.8% 21.1%

< 9 months 0 o 0

healed (%) 33.3% 57.1% 63.2%

< 12 months 0 o o

healed (%) 58.3% 85.7% 89.5%

Stable healing

time (mean + 13.48 + 5.68 8.67+3.38 8.84 £ 2.81 AI:IOVA
p =0.0004

SD)

Median stable Kw

healing 12 8 ? p =0.0057

Stable healing 794 i1s 414

range

Tumor length ANOVA

(mean + SD) 6.25 +£3.08 5.59+2.30 4.82+1.70 p=0.18

Tumor volume ANOVA

(mean + SD) 22.31 £19.85 12.37 +9.64 7.52+4.33 p=0.0024

Relation length ANOVA

(mean £+ SD) 0.23+0.14 0.22 £ 0.07 0.15+0.07 p=0.029

(lesion to bone) '

ABC — aneurysmal bonecyst; SBC — simple bone cyst; NOF — non-ossifying fibroma; SD —

standard deviation; x> — Chi-square test; ANOVA — one-way analysis of variance; KW —

Kruskal-Wallis test; p < 0.05 considered significant; Relation length — lesion length/total

bone length
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Figure 5. Cumulative healing proportions
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ABC — aneurysmal bone cyst; SBC — simple bone cyst; NOF — non-ossifying fibroma; mo —

months (follow-up interval)
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Figure 6. Kaplan—Meier curve: time to stable healing by lesion group
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