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Functional results in surgical treatment of unstable pertrochanteric
fractures (AO/OTA A2) treated by TRIGEN INTERTAN and DHS
methods

OYHKITMOHAHA PE3YITATH XUPYPIIKOT JICUCHha HECTAOMITHUX MEPTPOXAaHTEPHUX
npenoma (AO/OTA A2) merongama TRIGEN INTERTAN v DHS

SUMMARY

Introduction/Objective Intertrochanteric fractures of
the femur are one of the biggest public health problems.
This paper aims to determine the functional results and
features of operative treatment of unstable
intertrochanteric femoral fractures.

Methods This retrospective study included 67 patients
who were treated surgically for AO/OTA A2
pertrochanteric fracture atDepartment forOrthopedic
Surgery and Traumatology of CHC Kosovska Mitrovica
and at Clinic for Orthopedic Surgery and Traumatology
,Academician Prof. Dr. Milorad Mitkovic* of University
Clinical Center Ni$. There were two groups of patients
regarding the fixation method used — Dynamic Hip
Screw (DHS) group and TRIGEN INTERTAN group.
Results Patients treated by DHS method had a
statistically confirmed longer operation time; greater
intraoperative blood loss, and longer hospitalization in
relation to patients treated by TRIGEN INTERTAN
method (p<0.001). In contrast, /patients from' the
TRIGEN INTERTAN group-spend less time in the
intensive care unit, but had/more favorable radiological
findings regarding fracture healing, as well as better
functional outcomes assessed by Harriship score and
Barthel index, which was also statistically significant.
The peak-to-peak tip—apex distance (TAD) was greater
in the DHS group, with a significant difference between
the techniques (p = 0.019). According to the Charlson
comorbidity index, patients who were treated by DHS
method had more pronounced comorbidities (p = 0.022).
Conclusion  Surgical  treatment of  unstable
pertrochanteric fractures using intramedullary fixation
with TRIGEN INTERTAN is very safe and effective in
all patients, especially in elderly patients with
comorbidities.

Keywords: unstable; pertrochanteric; fractures; hip
function

INTRODUCTION

CAKETAK

YBoa/Llnsmb MHTEpTpOXaHTEpHU MpeioMu GpemMypa jeaH
cy on Hajsehux jaBHO3IpaBCTBEHUX Mpodaema. [lusp
OBOT pajia je na ce yTBpae GYHKIHOHAIHHN PE3yJITaTh U
KapaKTepUCTUKE OIEPAaTUBHOI JICUeHa HECTAOWIHUX
HHTEPTPOXAaHTEPHHUX IIperoMa GeMypa.

Metoae VcrpaxuBame he OUTH CIpOBEAEHO Kao
peTpoClieKTHBHA CTyamja Koja  he oOyxBatutu 67
IanyjeHaTa Koju _cy ‘ OmepaTuBHO JiedeHH on 2015.
rofuHe Ha OJEJbeEY. 33 OPTONENCKY XHUPYPrHjy U
tpaymaronoryjy KbBIl KocoBcka MutpoBuna u Ha
Knuaunm 3a opTomencKy XUpYprujy ¥ TpayMaToJIoTHjy
»Akamemuk  IIpod.Op Mumopan  MurkoBuh®
VHupep3utercke OonHune Hum.

Pesyaratm Ilanujentn neuenu DynamicHipScrew
TEXHUKOM WMall Cy CTaTHCTMYKHM 3HAYajHO Iy’Ke
Tpajame omepaiyje, Belin UHTpaomepaTHBHU TyOUTaK
KPBH U 1y>K€ XOCIIUTAIN30Bakhe HEro MallljeHTH JICUCHU
TRIGEN INTERTAN weromom (ceu p < 0,001).
Hacynpor tome, mauujentn w3 TRIGEN INTERTAN
rpyIe HECY POBOMIIM BpeMe Ha OJIeJbebY HHTEH3HBHE
Here, ajld Cy MMaJld [IOBOJbHHjE PAJAUONIONIKE Hala3e y
MoTJIey 3apacTama INpejoMa (3apacTame MperoMa Ha
PaIUOJIONIKUM Hana3uma), Kao U 00Jbe QyHKIHMOHAIHE
ucxone mponewene Hip Harris score w  Barthel
index/score, miTo je Takole OMUIIO CTATUCTHYKY 3HAYjHO.
The peak-to-peak tip-apex distance (TAD) 6wuno je Behe
y DHS rpynu, ca 3Ha4ajHOM pPa3JILKOM H3Mehy TeXHUKa
(» = 0,019). TIlpema Charlson comorbidity index,
HalUjeHTH KOjU cy oneprcanu DHS TeXHUKOM UMaJH cy
n3pakeHuje komopouaurere (p = 0,022).

3akpyuyak  OmnepaTHBHO  Jieuewhe  HECTaOMIIHUX
MHTEPTPOXAHTEPHUX  IpEJIoMa  HHTpaMeIyIapHOM
¢duxcarmjom ca TRIGEN INTERTAN je Beoma 6e30e1HO
n edukacHO KOJ CBUX IalWjeHara, MOCeOHO KOJ
CTapHjHX MalyjeHaTa ca KOMOPOHIUTETUMA.

KibyuHe peun: HeCTaOMITHU; IEPTPOXAHTEPHI,
npesnoMu; QyHKIHMja KyKa

Trochanteric fractures of femur represent a significant public health problem.Theycan result in
disability, reduced quality of life, and increased incidence of mortality The incidence of intertrochanteric

fractures is increasing due to the growth of elderly population as a result of improved living standards
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and advances in modern medicine. It is estimated that 6.25 million people worldwide will sustain

trochanteric by the year 2050 [1].

Trochanteric fractures belong to the group of extra-articular fractures and are one of the most common
injuries in the elderly population, with approximately 90% occurring in patients over the age of 65. The
treatment of trochanteric fractures is oftenchallenging, due to the complexity of the fracture, the
difficulty in achieving anatomical reduction and stable fixation, and the comorbidities of the patient.
Elderly patients with osteoporosis often have unstable trochanteric fractures caused by aminor external
force. Conversely, in younger people, intertrochanteric fractures mostly occur as a result of high-energy
force [2].

The AO/OTA classification is being the most widely used classification bone fractures; dividing the
trochanteric fractures(31-A)intothree main goups, which are further subdivided into nine
subtypes(Figure 1)Fracture type 31-Al includes simple two-part fractures, while 31-A2 includesa
separated lesser trochanter, without(31-A2.1) or with additional comminution in intertrochanteric region
(31-A2.2and 31-A2.3). Fractures type 31-A3pass through the lateral femoral wall — defined as the lateral
cortex distal to the greater trochanter(distal to the femoral ridge) [3].Fractures A1l are being considered
stable,while A2 and A3 are being considered unstable trochanteric fractures. The AO/OTA classification
distinguishes between pertrochanteric (Al'and A2) and intertrochanteric fractures (A3).

Internal fixation of trochanteric fractures can be extramedullary (DHS, Selfdynamizable Internal

Fixator, etc.) and intramedullary (Gamma Nail, Trigen InterTAN, PFNA, etc.) [4, 5].

The aim of this paper wasto determinethe functional results and features of unstable pertrochanteric

fracturessurgical treatmentusingDHS and Trigen InterTAN short cephalomedullary nail.

METHODS

The research was performedas a retrospective studyandincluded 67 patients with unstable
pertrochanteric fracturesthatwere treated surgicallyfrom 2015 to 2022 at Department for Orthopedic
Surgery and Traumatology of CHC Kosovska Mitrovica and at Clinic for Orthopedic Surgery and
Traumatology ,,Academician Prof. Dr. Milorad Mitkovic* of University Clinical Center Nis. There were
two groups of patients regarding the fixation method used — Dynmaic Hip Screw (DHS) group and
Trigen InterTAN group.

Singh osteoporosis index was used To determine the degree of osteoporosis. It consists of six groups
(the main role in the gradation of the degrees of osteoporosis is played by the interruption of the main
tension trabeculae): Grade 6 (all trabecular groups are present), Grade 5 (the main tension and main
compression groups are emphasized), Grade 4 (the main tension trabeculae are reduced), Grade 3 (the
main tension trabeculae are interrupted opposite the greater trochanter.This grade indicates definitive
osteoporosis.), Grade 2 (the presence of only the main compression trabeculae), Grade 1 (the main

compression trabeculae are reduced).
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Post-operative X- ray following has been used to assess postoperative collodiaphyseal angle and TAD

distance.

Harris Hip Score (HHS), as a common used score to assess hip function was measuredover a period of
six to 12 months to represent long-term functional outcomes. HHS is a rating scale with a total of 100
points (excellent, > 90 points; good, 80-89 points; good, 70-79 points; and bad, < 70 points): This score
includes pain, movement, deformity, function

The Barthel scale/index (BI) is a scale that was used to measure performance in activities of daily living
(ADL). Ten variables describing ADL and mobility are scored, with higher scores reflecting’ greater
ability to function independently after 6 months discharge from the hospital. We have classified patients
into five groups:0 — 4 = complete dependence; 5 — 12 = severe dependence; 13 — 18 = moderate

dependence; 19 = slight dependence.

Based on the Charlson Comorbidity Index ( CCI ) score, the severity of comorbidity was categorized
into three grades: 1. mild (CCI scores of 1-2); 2. moderate, (CCI scores of 3-4); 3. severe (CCI scores >
5).It should also be noted that the callus was analyzed on the radiological image. Native x-rays were

used for the analysis.

Also, it should be emphasized that intraoperative blood loss was determined by the level of aspirated

fluid in the reservoir.

Statistical analysis
The data collected.in the study were using IBM SPSS Statistics20 software Descriptive parameters were

expressed as frequences (n) and percentages (%). Comparisons were performedusing chi-square test for
categorical data, and Mann- Whitney U test, for continuous data Statistical significance was set at p <

0.05

RESULTS

Descriptive data, including general data, clinical, radiological, and functional parameters are presented

in Table 1.

The results indicated that there was no statistically significant association between the type of surgery
and patient gender, age, or the degree of osteoporosis. However, a significant difference between the
surgical method groups was observed regarding the blood transfusion — all transfusions were
administeredto patients treated by DHSindicating greater intraoperative or postoperative blood loss in
these patients. Furthermore, the type of surgical technique was significantly associated with the
incidence of long-term postoperative complications. Patients treated with the Trigen InterTAN method
experienced fewer complicationsrate, whereas those who were treated by DHS had a higher rate of

adverse outcomes, delayed healing, bone infections, and cut-out (Table 2).
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Patients treated with the DHS technique had a statistically significant longer duration of surgery, greater
intraoperative blood loss and longer hospitalization than patients treated with the Trigen InterTan
method (p < 0.001). In contrast, patients from the Trigger InterTan group had more favorable
radiological findings regarding fracture healing, as well as better functional outcomes assessed by Harris
Hip Score and Barthel index, which was also statistically significant. The peak-to-peak tip-apex distance
(TAD) was greater in the DHS group, with a significant difference between the techniques (p =0.019).
(Table 3.)

According to the Charlson Comorbidity Index, patients who were operated on using the DHS technique
had more pronounced comorbidities (p = 0.022).

Examination of the relationship between the type of surgical methodand AO/OTA fracture
typesrevealed a statistically significant correlation p < 0.001). The results confirm thatin A2.2.and A2.3

fractures, surgeons more often perform fixation with the Trigen InterTAN implant (Table 3)

DISCUSSION

These findings emphasize the clinical importance of selecting ‘an appropriate surgical technique,
particularly in relation to blood transfusion requirements and the prevention of long-term complications.
In contrast, factors such as gender, age, and the degree of osteoporosis did not significantly influence
the choice of surgical intervention

The mean age of all patients was73.58 + 15.86 years, ranging from 62 to 97 years. A significant
proportion of patients, 39 out of 67 (58,2%), were older than 80 years. The results of our study are in
line with several studies (Chen et al., Al-Dahan et al.) [6, 7].

In our study, female patients accounted for 76.1% of all cases. This result is consistent with Krishna et
al. [8]. In our study, it was found that A2.2 pertrochanteric fractures were the most common, accounting
for 61.2%, while A2.1 and A2.3 fractures were less common These results are in line with those of
Murugan et al. [9]. In older people, trochanteric fractures usually occur as a result of a fall, most often
with an indirect impact on the hip. Although the traumatic force is of low intensity, most of these
fractures are multi-fragmentary and complex due to osteoporotic changes in the skeletal system at
various stages. Our study also found that type A2.2 fractures were more common in female patients
(45.7%), while A2.3 pertrochanteric fractures were more common in cases resulting from high-intensity
force. Thus, here could be considered that A2.1 and A2.2 pertrochanteric fractures occurred more
frequently in cases of low-intensity force.

In our study, we observed that 95.5% of allpatients achieved fracture union This union rate is in line
with findings from other studies conducted by Yang et al., and Wang et al. [10, 11]. This high rate of
union can be attributed primarily to the rich blood supply in the trocahnetric area. Mature callus in the
DHS group was radiologically visible in only 65.9% of the subjects. It should be noted that the formation

of radiologically visible mature bone callus 24 weeks after surgery was achieved more frequently with
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InterTAN than with DHS, which would support the generally faster callus maturation with the InterTAN
method.. All 23 patients in DHS group had received blood transfusion during surgery with a mean
volume of 350 ml. Patients with Trigen InterTan didn’t receive transfusion. These results are consistent

with the studies of Wang et al., Kassem et al. and Rashid et al. [11, 12,13].

All 23 patients in DHS group had received blood transfusion during surgery with a mean volume of 350
ml. Patients with Trigen InterTAN didn’t receive transfusion. These results are consistent with the

studies of Wang et al. and Kassem et al. [11, 12].

The patients included in our study didn’t have complications such as device failure or' device
malfunction. Regarding late complications, 56.5% of all cases had some kind of“postoperative
complications (deep infection, varus collapse, nonunion, malunion). Complication rate-was higher in
DHS group (p < 0.05) and it should be emphasized that the proportion of late.complications in this study
was higher with DHS, probably due to the use of DHS in pertrochanteric fractures with pronounced
comminution (A2.2). The large freedom of lag screw translation in-DHS may be a factor for later
complications in A2.2 fractures. In contrast to DHS, there are extramedullary methods that have limited
lag screw translation, as well as an additional anti-rotation or additional screw (which DHS does not
have), such as the case with the Selfdynamizable Internal Fixator, and it could be considered that not all
extramedullary methods will result in the same results as DHS in these fractures. The immense
significance of the anti-rotational/screw in the Selfdynamisable Internal Fixator lies in its ability to
achieve rotational stability, which serves as an excellent predictor of faster and superior fracture healing,
particularly in these types of fractures that are inherently highly unstable. This finding aligns with the
conclusions of studies of Ciri¢ et al. and Mitkovi¢ et al. [13, 14]. DHS has only one lag screw and is
rotatorically more unstable compared to extramedullary methods that include two lag screws or one lag
screw and one additional femoral neck anti-rotation pin. These results match those of Rashid et al. and

Shin et al. [15,.16].
There should be noted that all patients survived the six-month postoperative period.

The’quality of life after surgery for a pertrochanteric fracture depends on the degree of hip function
recovery. Compared to DHS, there was no statistically significant difference between the two groups.
But, In patients with a trochanteric fracture, the walking ability represents an important outcome. It is
widely considered that partial support during the walk can be performed earlier in an intramedullary
fixation than in fixation by DHS. In our study most patients from Trigen InterTAN group had an
excellent score, while in DHS group most patients had good HHS score. Such a large difference could
be influenced by the larger proportion of patients with comorbidities in the DHS group. Earlier weight
bearing on the operated leg reduces the risk of some complications, such as decubitus ulcers,
thromboembolism, pneumonia. Our results are in correlation with the study of Kang et al., who
presented that most patients (140/168) in the intramedullary group could start walking with crutches or

a walker within 1 week after surgery [17].
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Our study showed that earlier weight bearing on the operated leg after fixation of a trochanteric fracture

can generally be initiated earlier when using Trigen InterTAN than DHS

Functional independence was significantly higher in the Trigen InterTAN group (88.6%) compared to
the DHS group. (13%). This difference could be influenced by the larger proportion of patients with
comorbidities in the DHS group So, we can safely say it is in complete correlation with the official data

like Smith et al. [18].

The peak-to-peak tip-apex distance (TAD) valueswas generally higher in the DHS group compared to
the InterTAN group, which is most likely why there were more cut-outs in the DHS group compared to
the InterTAN group, and thus this study confirmed the importance of better intraoperative TAD in the
occurrence of cut-outs. Comparing the results with the official literature and research conducted by Luo
et al., we come to the data that the results of these two researches are in correlation with each other [19].
Regarding the mature callus visibility 24 weeks after surgery found that radiologically adequate visible
mature callus was more often seen in patients from Trigen InterTAN group (61.4%) in relation to DHS
group (26.1%) This finding is in accordance with Zhou et al., where adequate visible mature callus was
present in 65% of patients with intramedullary fixation. Generally greater development of callus in
patients in the InterTAN group can be influenced by the rotatory stability of the proximal fragment of
the pertrochanteric fracture, which is less when using DHS. [20]. These results indicate clinically

relevant difference in the course.and outcome of treatment depending on the chosen operative method.

CONCLUSION

In conclusion, there could be stated that the surgical treatment of unstable pertrochanteric fractures by
Trigen InterTRAN can be followed by lower need for blood transfusion, earlier weight bearing on the
operated leg; higher hip function, and earlier radiological callus visibility, in relation to the treatment by
DHS. However, here should be noted that the final outcomes may also be affected by the level of

comorbidity and intraoperative TAD.
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Table 1. Baseline demographic and clinical characteristics among the groups

Groups
. TRIGEN
Variables INTERTAN [I?(I;)I/S)] p
[n (%)] °
Male 10 (22.7%) | 6(26.1%)
Sex Female 34(773%) | 17075%) | %7
40-60 years 3 (6.8%) 0
Age 61-80 years 17 (38.6%) | 8(34.8%) | 0.382
> 80 years 24 (54.5%) | 15 (65.2%)
A2.1 2 (4.5%) 8 (34.8%)
ggc/tgr?? . A22 26 (39.1%) | 15(652%) | <0.001
P A23 16 (36.4%) 0

AO — Arbeitsgemeinschaft fiir Osteosynthesefragen;, OTA — Orthopaedic Trauma Association;
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Table 2. Perioperative characteristics and postoperative outcomes in all patients

Variable n (%)
Sex Male 16 (23.9%)
Female 51 (76.1%)
A2.1 10 (14.9%)
AO/OTA A2.2 41 (61.2%)
A23 16 (23.9%)
0,
Fixation method TRIGENgggERTAN gg gi;ﬁ; ;
No transfusion 44 (65.7%)
Blood transfusion 350 ml 17 (25.4%)
700 ml 6 (9%)
40-60 years 3 (4.5%)
Age 61-80 years 25 (37.13%)
> 80 years 39 (58.2%)
No ICU 29 (43.3%)
ICU stay <5 days 0
> 5 days 38 (56.7%)
<20 mm 8 (11.9%)
TAD 21-30 mm 52 (77.6%)
> 30 mm 7 (10.4%)
5-6 15 (22.4%)
CCI 2-4 51 (76.1%)
0-1 1(1.5%)
Severe osteoporosis 0
Moderate osteoporosis 4 (6%)
SINGH score of Severe osteopenia 14 (20.9%)
osteoporosis Moderate osteopenia 30.(44.8%)
Mild osteopenia 17 (25.4%)
Normal bone 2 (3%)
Nonunion 2 (3%)
Malunion 4 (6%)
Long-term Bone infection 2 (3%)
complications Refracture 0
Cut—out 4 (6%)
No complication 55 (82%)
<70 0
71-80 0
HHE 81-90 18 (26.9%)
91-100 49 (73.1%)
<30 min 8 (11.9%)
Operation time 31-60 min 41 (61.2%)
61-90 min 18 (26.9%)
Total dependence 0
Dependency Severe dependence 8 (11.9%)
. Moderate dependence 17 (25.4%)
regarding Barthel -
Index Mild dependence /
Functional 42 (62.7%)
independence
Intraoperative = 100 ml 36 (53.7%)
blood loss 100-350 ml 31 (46.3%)
>350 ml 0
Radiologically Adequateczilsl‘ge mature 33 (49.3%)
;llfl\slez]i:“us at Visible immature callus 31 (46.3%)
No visible callus 3 (4.5%)

12

TAD - tip—apex distance; CCI — Charlson Comorbidity Index; AO — Arbeitsgemeinschafi fiir
Osteosynthesefragen;, OTA — Orthopaedic Trauma Association; HHS — Harris Hip Score; ICU —

Intensive Care Unit
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Table 3. Perioperative characteristics and postoperative outcomes among the groups

Groups
Variables I;’Fég”EZN DIo-IS p
[n (%)] [n (%)]
Severe osteoporosis 0 0
Moderate osteoporosis 2 (4.5%) 2 (8.7%)
SINGH score Severe osteopenia 10 (22.7%) 4 (17.4%) 0.779
of osteoporosis | Moderate osteopenia 19 (43.2%) 11 (47.8%) '
Mild osteopenia 11 (25%) 6 (26.1%)
Normal bone 2 (4.5%) 0
5-6 14 (31.8%) 1 (4.3%)
CCI 2-4 29 (65.9%) 22 (95.7%) 0.022
0-1 1 (2.3%) 0
Hospitalization 7-10 days 40 (90.9%) 2 (8.7%) «0.001
stay 11-15 days 4 (9.1%) 21 (91.3%) )
<30 min 8 (18.2%) 0
Operation time 31-60 min 36 (81.8%) 5 (21.7%) < 0.001
61-90 min 0 18 (78.3%)
. <100 ml 32 (72.7%) 4 (17.4%)
Intraoperative =100 ml ; . <0001
blood loss (up o 350 ml) 12 (27.3%) 19 (82.6%)
No 44 (100%) 0
trai‘f’sgon 350 ml 0 6 (26.1%) <0.001
700 ml 0 17 (73.9%)
No ICU stay 26/(59.1%) 3 (13%)
ICU stay <5 days 18 (40.9%) 20 (87%) < 0.001
<20.mm 7 (15.9%) 1 (4.3%)
TAD 20-30 mm 35 (79.5%) 17 (73.9) 0.019
>30'mm 2 (4.5%) 5(21.7%)
Nonunion 0 2 (8.7%)
Long term Ma?unioq 1 (2.3%) 3 (13%)
RulificR Bone infection 0 2 (8.7%) 0.003
Cut-out 1 (2.3%) 3 (13%)
No complication 42 (95.5%) 13 (56.5%)
81-90 4 (9.1%) 14 (60.9%)
HHS 91-100 40 (90.9%) 9 (39.1%) < 0.001
Total dependence 0 0
Severe dependence 0 8 (34.8%)
Barthel Index Moderate dependence 5(11.4%) 12 (52.2%) <0.001
Mild dependence 39 (88.6%) 3 (13%)
Adequate mature
Radiologically callus visible 27(61.4%) 6 (26.1%)
visible callus Immature callus 0.005
at 24 weeks visible 16 (36.4%) 15 (65.2%)
No visible callus 1(2.3%) 2 (8.7%)

TAD - tip—apex distance; CCI — Charlson Comorbidity Index; HHS — Harris Hip Score; ICU — Intensive

Care Unit
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