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Abstract 
 
Background/Aim. Cephalomedullary and extramedullary 
methods are used for the internal fixation of trochanteric 
fractures. The usage of the third generation Gamma Nail 
(GN) is a gold standard in this kind of treatments. Self-
dynamisable Internal Fixator (SIF) is an extramedullary 
implant for trochanteric fractures’ treatment. The aim of 
this study was to compare these two methods regarding 
operation time and intraoperative fluoroscopy time. 
Methods. A total of 89 patients with a surgical treatment 
of a trochanteric fracture were included in this study. 
There were two groups of patients – GN group (43 pa-
tients) and SIF group (46 patients). Results. Average op-
eration times were 67.5 min (GN group) and 56.0 min 
(SIF group). Average intraoperative fluoroscopy times 
were 84.8 s (GN group) and 36.7 s (SIF group). The dif-
ference between the groups was statistically significant for 
both of the given parameters (p < 0.05). The correlation 
between operation time and intraoperative fluoroscopy 
time was confirmed in the SIF group (p < 0.05; r = 0.405), 

while it was not confirmed in the GN group (p > 0.05). 
There was a higher variability in the GN method than in 
the SIF method regarding the duration and type of repeat-
ed surgical maneuvers followed by X-ray checks. Conclu-
sion. The number of planned surgical interventions per 
day could depend on the type of trochanteric fracture in-
ternal fixation (intramedullary or extramedullary). Certain 
additional analyses including radiation dose assessment are 
desirable to clarify if shorter intraoperative fluoroscopy 
time in the SIF method can have the influence regarding 
intraoperative X-ray protection clothing. If there is the 
need to activate dynamization in long femoral axis after in-
itial static fixation in that axis, the SIF method provides its 
spontaneous activation several weeks after the surgery 
without the need neither for additional surgery nor for ad-
ditional intraoperative fluoroscopy. 
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external fixators; femoral fractures; fluoroscopy; 
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Apstrakt 
 
Uvod/Cilj. Zbrinjavanje trohanternih preloma butne kos-
ti se najčešće vrši metodama intramedularne i ekstramedu-
larne unutrašnje fiksacije. Primena Gama klina (GK) treće 
generacije, kao intramedularne metode, se smatra zlatnim 
standardom u ovoj oblasti. Samodinamizirajući unutrašnji 
fiksator (SUF) predstavlja ekstramedularni implantat koji 
se, između ostalog, koristi u lečenju trohanternih preloma. 
Cilj rada je bio da se uporede navedene metode fiksacije u 
pogledu dužine trajanja operacije i intraoperativne fluoros-
kopije. Metode. Studijom je bilo obuhvaćeno 89 bolesnika 
sa hirurški zbrinutim trohanternim prelomom. Ispitanici su 
bili podeljeni u dve grupe – GK grupu (43 bolesnika) i 
SUF grupu (46 bolesnika). Rezultati. Prosečno trajanje 

operacije iznosilo je 67,5 min (GK grupa), odnosno 56,0 
min (SUF grupa). Prosečno trajanje intraoperativne 
fluoroskopije iznosilo je 84,8 s (GK grupa) i 36,7 s (SUF 
grupa). Između grupa ispitanika je postojala značajna 
statistička razlika u pogledu oba navedena parametra 
(p < 0,05). Povezanost između trajanja operacije i trajanja 
intraoperativne fluoroskopije bila je potvrđena u SUF 
grupi (p < 0,05; r = 0,405), ali ne i u GK grupi (p > 0,05). 
GK metoda je pokazala veću varijabilnost u odnosu na 
SUF metodu po pitanju trajanja i vrste repetitivnih hi-
rurških manevara koji zahtevaju rendgensku proveru. 
Zaključak.  Broj planiranih operacija u jednom danu 
može biti određen vrstom unutrašnje fiksacije trohan-
ternih preloma (intramedularna ili ekstramedularna). Po-
trebne su dodatne analize koje uključuju i procenu doze 



Page 178 VOJNOSANITETSKI PREGLED Vol. 79, No. 2 

Mitković MM, et al. Vojnosanit Pregl 2022; 79(2): 177–182. 

zračenja kako bi se proverilo da li prosečno kraća in-
traoperativna fluoroskopija kod SUF metode može uti-
cati na korišćenje opreme za zaštitu od rendgenskog 
zračenja od strane medicinskog osoblja. Ukoliko je 
poželjno postoperativno aktivirati inicijalno blokiranu 
dinamizaciju u uzdužnoj osi butne kosti, SUF metoda 
omogućava da se to ostvari bez potrebe za naknadnom 

hirurškom intervencijom sa dodatnom intraoperativnom 
fluoroskopijom. 
 
Ključne reči: 
fiksatori, spoljni; femur, prelomi; fluoroskopija; 
fiksatori, unutrašnji; intraoperativni period; ortopedske 
procedure. 

 

Introduction 

Trochanteric fractures are osteoporotic fractures, mainly 
occurring in the elderly 1, 2. These fractures are an important 
socioeconomic factor influencing life quality 3.  The relation 
between trochanteric and femoral neck fractures, as a type of 
osteoporotic hip fractures, is a variable in different parts of the 
world, confirming the influence of genetic and environmental 
factors in their incidence. Femoral neck fractures are more 
present in Northern Europe, while trochanteric fractures more 
occur in Central and Southern Europe 4. Horii et al. 5 found 
that trochanteric fractures incidence rapidly grows in relation 
to femoral neck fractures after the eighth decade of life. 

Internal fixation is the most common type of trochanteric 
fractures treatment. The analysis of operation time can be 
useful both in the daily planning of operative programs 
(number of operations) and in anesthesia administration. 
Intraoperative fluoroscopy time is important to be analyzed, 
primarily regarding the adequate protection of medical staff 
who are exposed to X-rays daily. There are different data in 
the bibliography about comparative analysis of intramedullary 
and extramedullary trochanteric fractures fixation concerning 
operation time and intraoperative fluoroscopy time. These data 
mainly refer to the comparison between cephalomedullary 
methods and Dynamic Hip Screw (DHS). 

Gold standard in trochanteric fractures’ internal fixation 
is the usage of the third generation of Gamma Nail (GN), as an 
intramedullary method with a cannulated lag screw 6–9. 
Trochanteric fractures with pertrochanteric component (i.e. 
fracture line extending in lower-medial direction from the 
greater trochanter) require the use of lag screws 6, 9. Self-
dynamisable Internal Fixator (SIF) is an extramedullary 
implant being in routine use at many centers, predominantly 
for femoral fractures fixation. There are diverse types of SIF 
implants. The type having a “trochanteric unit” includes the 
use of lag screws for femoral neck and head 10–13. The 
“trochanteric unit” is available in two modes – the mode with 
multiple thinner non-cannulated lag screws and the mode with 
one wider cannulated lag screw. 

The aim of this study was to compare an intramedullary 
and an extramedullary method of pertrochanteric fractures’ 
internal fixation – the third generation GN and SIF with two 
non-cannulated lag screws in terms of operation time and 
intraoperative fluoroscopy time. 

Methods 

Two groups of patients with a unilateral trochanteric 
fracture having a pertrochanteric component were analyzed 

in this study – 43 patients treated by the third generation GN 
(GN group) and 46 patients treated by SIF with two lag 
screws (SIF group). Regarding the AO 
Foundation/Orthopaedic Trauma Association (AO/OTA) 
classification based on preoperative and intraoperative X-ray 
analysis by the authors, all cases included 31-A1 and 31-A2 
fractures, but also 31-A3 fractures accompanied by a 
pertrochanteric fracture line. Both groups included 
consecutive cases treated at the Clinic for Orthopaedics and 
Traumatology in Clinical Center Niš (Niš, Serbia) by all 
working surgeons from the Clinic after January 1st, 2012. 
There were 67% female and 33% male patients. The average 
age of the patients was 73.4 years in the GN group and 76.2 
in the SIF group. The fixation method used (intramedullary 
or extramedullary) depended on every surgeon’s preference 
for the method he was more familiar with. 

GN used in this study was the third generation short 
GN. The type of SIF used had a “trochanteric unit” with 
three holes for non-cannulated lag screws. In all cases with 
this implant, the proximal fracture fragment was fixed by 
two lag screws. Three lag screws can be used in patients with 
a very wide femoral neck, but there was no such case in this 
study. When using just two lag screws, the triangular 
configuration of these holes gives an opportunity for the 
surgeon to make the choice for the more adequate of the two 
possible positions for the lower lag screw after the 
application of the first (upper) lag screw. Fixation of the 
distal fracture fragment included one screw passing the hole 
of the clamp and another screw (antirotation screw) passing 
the oblong hole in the implant body. The main role of the 
clamp is expressed when the lateral cortex is fractured 
distally to the lag screws and if the dynamisation in the long 
femoral axis is advisable. A fully screwed screw for the clamp 
initially blocks that dynamisation, while local biomechanical 
forces can spontaneously unlock the clamp several weeks after 
the surgery, thus spontaneously activating the dynamisation in 
the long femoral axis (Figure 1). Locking of the GN can be 
performed initially in dynamic or in static mode (the surgeon 
can sometimes assess that initially dynamic mode cannot 
provide sufficient initial fracture stability). If there is the 
need to transform the GN fixation postoperatively from the 
initially rigid (static) to a dynamic mode in the long femoral 
axis, some additional surgery of locking screw removal has 
to be performed. 

Operation time (min) and intraoperative fluoroscopy 
time (s) were analyzed in patient groups. Operation time was 
measured as the time between the initial surgical incision and 
final suture. Intraoperative fluoroscopy was read on the 
screen of the C-arm used. 
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The operative technique of SIF in trochanteric fractures 
treatment was followed by fluoroscopy in three phases of the 
surgery – checking the position of the K-wire for femoral 
neck and head, checking the first lag screw position and the 
final check of the fixation (Figure 2). 

The GN method was succeeded by intraoperative 
fluoroscopy checks in all of the phases mentioned above, but 
also in additional phases such as checking the elastic guide-
wire position and checking the vertical level of implant body 
before the K-wire admission to the femoral neck and head. 

Statistics for average values comparing included t-test 
and Mann-Whitney U test. Bivariate correlation, by 
Spearman’s correlation coefficient, was analyzed between 
the given parameters 14. 

Results 

In relation to the SIF group, average operation time and 
intraoperative fluoroscopy time were significantly higher in 
the GN group (p < 0.05) (Table 1). 

The highest values of operation time and 
intraoperative fluoroscopy time (115 min; 176 s) were in 
the GN group, while the lowest values (20 min; 16 s) were 
in the SIF group. 

The correlation between operation time and 
intraoperative fluoroscopy time was confirmed in the SIF 
group (p < 0.05) and this correlation was low positive 
(0.3 < r < 0.5). The correlation was not confirmed in the GN 
group (p > 0.05) (Table 2). 

 

Fig. 1 – Self-dynamisable Internal Fixator (SIF)  
in a trochanteric fracture.  

1 – trochanteric unit; 2 – clamp; A – dynamization in the 
femoral neck axis; B – dynamization in the long femoral 

axis, which is spontaneously activated after delayed 
unlocking of the clamp by local biomechanical forces if 
the contact between fracture fragments is insufficient. 

 

 
Fig. 2 – Intraoperative fluoroscopy is required in three phases of 

trochanteric fracture surgery by Self-dynamisable Internal Fixator 
(SIF): A) checking the position of just a K-wire and implant body, 

checking the position of the first lag screw and a K-wire with implant 
body; B) final check of the fixation. 

 
Table 1 

Operation time and intraoperative fluoroscopy time in trochanteric fractures’ treatment  
by the third generation Gamma Nail (GN) and by Self-dynamisable Internal Fixator (SIF) 

Parameter GN group 
(mean ± SD) 

SIF group 
(mean ± SD) t/z p 

Operation time (min) 67.5 ± 17.1 56.0 ± 17.0 3.195 0.002* 
Intraoperative fluoroscopy time (s) 84.8 ± 30.2 36.7 ± 19.8 -7.079 < 0.001† 

*t-test; †Mann-Whitney U test; SD – standard deviation. 

 
Table 2 

Correlations between operation time and intraoperative fluoroscopy time in 
trochanteric fractures’ treatment by the third generation Gamma Nail (GN)  

and by Self-dynamisable Internal Fixator (SIF) 
Statistical parameter GN group SIF group 
Spearman’s correlation coefficient (r) 0.267 0.405 
Significance (p) 0.173 0.005 
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Discussion 

Longer average operation time in the GN group could 
be explained by a more frequent need for intraoperative 
fluoroscopy in an intramedullary method than in an 
extramedullary method due to the reduced visual exposure 
of the implant position. Also, the fixation by GN includes 
more guiding instruments than the fixation by SIF. Every 
guiding instrument involves additional manual maneuvers 
of the surgeon, thus prolonging the operation time. 
Rimming of the medullary canal is a maneuver specific to 
intramedullary fixation, which is a factor for longer 
operation time as well. 

Shorter average intraoperative fluoroscopy time in the 
SIF group could be explained by a more frequent need for 
intraoperative fluoroscopy in intramedullary methods than in 
extramedullary methods of fixation, as explained for the 
longer operation time too. Namely, as above-mentioned, the 
SIF method in trochanteric fractures treatment is followed by 
fluoroscopy in three phases of the surgery – checking the 
position of the K-wire for femoral neck and head, checking 
the first lag screw position and the final check of the fixation. 
The GN method is also succeeded by intraoperative 
fluoroscopy checks in these three phases, but also in 
additional phases such as checking the elastic guide-wire 
position, as well as checking the vertical level of implant 
body before the K-wire admission to the femoral neck and 
head. 

Correlation between operation time and intraoperative 
fluoroscopy time was confirmed in the SIF group. The 
correlation was low positive, i.e. longer intraoperative 
fluoroscopy is expected to be followed by longer operation 
time and vice versa, but there was no high proportion in this 
relation. On the other hand, the correlation was not 
confirmed in the GN group. This could be explicated by the 
assumption that, in cephalomedullary fixation, the need for 
repetitive X-ray checks is variable depending on the phases 
of the surgery. This means that repetitive X-rays are in some 
cases more needed, e.g. during a K-wire setting, while in 
other cases they are more needed in elastic guiding wire 
admission, etc. Different phases of the surgery are followed 
by different durations of appropriate surgical maneuvers and 
hence by different time required for its repetitive 
performance. Furthermore, that additional time is sometimes 
not significant considering total operation time or very short 
duration of the maneuver. The surgical procedure of the SIF 
method in the trochanteric fractures treatment is followed by 
the requirement for repetitive X-ray checks mostly in the 
first phase (checking the position of the K-wire for femoral 
neck and head), while the second and third phases are mostly 
not followed by the necessity for repetitive fluoroscopy (the 
second phase can be followed mostly by one additional X-
ray check due to the possible need for the first lag screw 
correction). The variation in the requirement for repetitive X-
ray checks regarding surgical phases thus could be 
considered as lower in the SIF than in the GN method, which 
explains the difference in the correlations of operation time 
and intraoperative fluoroscopy time between the groups. 

Alonso et al. 15 analyzed scatter radiation around the C-
arm and they found that the lead protection is a must within 2 
m of the C-arm unit. Operative technique of trochanteric 
fractures fixation by SIF allows the surgeon to stay at the 
distance of 2 meters and more from the C-arm while 
performing intraoperative fluoroscopy in all phases of the 
surgery. However, some phases of the GN method, as in 
other cephalomedullary methods, require the surgeon to be 
next to the operating table and C-arm (during entry point 
positioning, elastic guiding wire admission or the phases 
with very short repetitive maneuvers) 16, 17. Based on the 
point of view above 15, we could infer that X-ray protective 
clothes (protective apron, thyroid shield) are not strictly to be 
used in trochanteric fractures fixation by the SIF implant, 
while it is strictly recommended during the GN fixation. 

Kelly et al. 18 found that trochanteric fractures’ internal 
fixation (including both intramedullary and extramedullary 
methods) was accompanied by significantly higher doses of 
radiation if cumulative intraoperative fluoroscopy time 
exceeded 50 seconds and if operation lasted longer than one 
hour 18. Having obtained the results of average operation 
time and average intraoperative fluoroscopy time, we may 
assume that the average dose of radiation could be expected 
to be significantly higher in the GN group than in the SIF 
group. This statement, if accepted as true, could contribute to 
the deductions derived above about X-ray protective 
clothing. However, additional studies including the dose of 
radiation analysis are recommended so as to verify this 
statement. 

Dynamisation in the femoral neck axis is important in 
trochanteric fractures with a pertrochanteric component, 
providing significant interfragmentary transfer of the load 19. 
This dynamisation does not have to be blocked at the first 
postoperative time due to a lot of cancellous bone in the 
fracture area. In other trochanteric fractures, it may be 
beneficial to provide dynamization in the long femoral axis. 
When the implant with a lag screw is used, the dynamization 
in the long femoral axis can be achieved if the fracture has 
the line extending laterally below the entry point of a lag 
screw 20. Furthermore, this line can sometimes be overlooked  
if standard X-rays are used and a comminutive trochanteric 
fracture can be misconsidered as just a pertrochanteric 
fracture (31-A1 or 31-A2) 21. In some cases with a 
trochanteric fracture fixation which is primarily rigid in the 
long femoral axis (as in static locking of a short GN), the 
need to transform the fixation into longitudinally dynamic 
mode can be manifested in the weeks after the surgery 21. 
The transformation of the GN fixation into longitudinally 
dynamic mode requires some additional surgery in terms of 
the intervention with the locking screw including additional 
fluoroscopy, too. When SIF is used, initially blocked 
longitudinal dynamisation can be activated by spontaneous 
partial unlocking of the clamps as the result of local 
biomechanical forces 22, 23, thus excluding the need for  
additional surgery and for additional intraoperative 
fluoroscopy 21, 24. The amount of biomechanical forces’ 
energy passing through the clamp is greater if the fracture 
healing is prolonged, ie. if the fracture fragments’ contact is 



Vol. 79, No. 2 VOJNOSANITETSKI PREGLED Page 181 

Mitković MM, et al. Vojnosanit Pregl 2022; 79(2): 177–182. 

insufficiently long. The clamp can be unlocked if this energy 
exceeds its specific amount, so SIF can be considered as an 
“intelligent implant” that “recognizes” the need for 
dynamization in the long femoral axis, providing its 
activation “by itself”, thus being the only implant with this 
feature today 10– 13, 24. 

Regarding the bibliographic data about the third 
generation GN, Sim et al. 25 found the average operation 
time was 85 min, while Kelly et al. 18 found the average 
intraoperative fluoroscopy time was 116 s. Furthermore, 
Wu et al. 26, Unger et al. 27 and Arirachakaran et al. 28 found 
average operation times were 67 min, 56 min and 62 min, 
respectively, while average intraoperative fluoroscopy 
times were 52 s, 62 s and 109 s, respectively which implies 
that all these intraoperative fluoroscopies were longer than 
50 s. 

The similarity between DHS and SIF may be attributed 
to extramedullary principles in both methods. Kelly et al. 18 

analyzed DHS fixation of trochanteric fractures, where 
intraoperative fluoroscopy time was 39 s, almost identical as 
in the SIF group in our study. Muller et al. 29 and 
Arirachakaran et al. 28 found that average operation times in 
DHS fixation of trochanteric fractures were 63 min and 54 
min, respectively. These results are similar to the ones for 

SIF in our study (average operation time in the SIF group 
held the value between the two above mentioned average 
results for DHS). 

Conclusion 

Operation time and intraoperative fluoroscopy time are 
expected to be longer if the third generation GN is used as an 
intramedullary method in relation to the use of SIF as an 
extramedullary method. Operation time duration can have 
the influence in the number of surgical interventions per day. 
Additional analyses including radiation dose assessment are 
desirable in order to clarify if shorter intraoperative 
fluoroscopy time in the SIF method can influence the choice 
of medical staff X-ray protection clothing during the surgery 
of trochanteric fractures fixation. 

Acknowledgement 

This work is a part of the project “Virtual human 
osteoarticular system and its application in preclinical and 
clinical practice” (No. III41017) funded by the Ministry of 
Education, Science and Technological Development of the 
Republic of Serbia. 

 

R E F E R E N C E S

1. Han J, Hahn MH. Proximal femoral geometry as fracture risk 
factor in female patients with osteoporotic hip fracture. J Bone 
Metab 2016; 23(3): 175‒82. 

2. Melton LJ 3rd. Epidemiology of hip fractures: implications of 
the exponential increase with age. Bone 1996; 18(3 Suppl): 
121S–5S. 

3. Ström O, Borgström F, Kanis JA, Compston J, Cooper C, McCloskey 
EV, et al. Osteoporosis: burden, health care provision and 
opportunities in the EU: a report prepared in collaboration 
with the International Osteoporosis Foundation (IOF) and the 
European Federation of Pharmaceutical Industry Associations 
(EFPIA). Arch Osteoporos 2011; 6: 59‒155. 

4. Scheerlinck T, Opdeweegh L, Vaes P, Opdecam P. Hip fracture 
treatment: outcome and socio-economic aspects. A one-year 
survey in a Belgian University Hospital. Acta Orthop Belg 
2003; 69(2): 145‒56. 

5. Horii M, Fujiwara H, Ikeda T, Ueshima K, Ikoma K, Shirai T et al. 
Urban versus rural differences in the occurrence of hip frac-
tures in Japan’s Kyoto prefecture during 2008–2010: a com-
parison of femoral neck and trochanteric fractures. BMC Mus-
culoskelet Disord 2013; 14: 304. 

6. Saarenpää I, Heikkinen T, Ristiniemi J, Hyvönen P, Leppilahti J, 
Jalovaara P. Functional comparison of the dynamic hip screw 
and the Gamma locking nail in trochanteric hip fractures: a 
matched-pair study of 268 patients. Int Orthop 2009; 33(1): 
255‒60. (English, French) 

7. Bovbjerg PE, Larsen MS, Madsen CF, Schønnemann J. Failure of 
short versus long cephalomedullary nail after intertrochanteric 
fractures. J Orthop 2019; 18: 209‒12. 

8. Kempf I, Taglang G. The Gamma Nail – historical background. 
Osteo Trauma Care 2005; 13: 2‒6. 

9. Shu WB, Zhang XB, Lu HY, Wang HH, Lan GH. Comparison 
of effects of four treatment methods for unstable intertro-
chanteric fractures: A network meta-analysis. Int J Surg 2018; 
60: 173‒81. 

10. Mitković MB, Milenković S, Micić I, Mladenović D, Mitković MM. 
Results of the femur fractures treated with the new 
selfdynamisable internal fixator (SIF). Eur J Trauma Emerg 
Surg 2012; 38(2): 191‒200. 

11. Mitković MM, Milenković S, Micić I, Kostić I, Stojiljković P, Mitković 
MB. Operation time and intraoperative fluoroscopy time in 
different internal fixation methods for subtrochanteric frac-
tures treatment. Srp Arh Celok Lek 2018; 146(9‒10): 543‒8. 

12. Micic ID, Mitkovic MB, Park IH, Mladenovic DB, Stojiljkovic PM, 
Golubovic ZB, et al. Treatment of subtrochanteric femoral frac-
tures using selfdynamisable internal fixator. Clin Orthop Surg 
2010; 2(4): 227‒31. 

13. Mitković MB, Bumbaširević M, Golubović Z, Mladenović D, Milen-
ković S, Micić I, et al. New biological method of internal fixation 
of the femur. Acta Chir Iugosl 2005; 52(2): 113‒6. 

14. Mukaka MM. Statistics corner: A guide to appropriate use of 
correlation coefficient in medical research. Malawi Med J 2012; 
24(3): 69‒71. 

15. Alonso JA, Shaw DL, Maxwell A, McGill GP, Hart GC. Scattered 
radiation during fixation of hip fractures. Is distance alone 
enough protection? J Bone Joint Surg Br 2001; 83(6): 815‒8. 

16. Mahajan A, Samuel S, Saran AK, Mahajan MK, Mam MK. Occu-
pational radiation exposure from C arm fluoroscopy during 
common orthopaedic surgical procedures and its prevention. J 
Clin Diagn Res 2015; 9(3): RC01‒4.  

17. Chen J, Zuo CH, Zhang CY, Yang M, Zhang PX. Comparison of 
the effects of two cephalomedullary nails (zimmer natural nail 
and proximal femoral nail antirotation) in treatment of elderly 
intertrochanteric fractures. Beijing Da Xue Xue Bao Yi Ban 
2019; 51(2): 283‒7. (Chinese) 

18. Kelly GA, Rowan FE, Hurson C. Factors influencing radiation 
exposure during internal fixation of hip fractures. Eur J Or-
thop Surg Traumatol 2017; 27(5): 637‒41. 

19. Bogosavljević M, Stokić D, Friscić Z, Ristić BM. Unstable intertro-
chanteric fractures: how to prevent uncontrolled impaction 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Urban+versus+rural+differences+in+the+occurrence+of+hip+fractures+in+Japan%E2%80%99s+Kyoto+prefecture+during+2008%E2%80%932010%3A+a+comparison+of+femoral+neck+and+trochanteric+fractures
https://www.ncbi.nlm.nih.gov/pubmed/?term=Urban+versus+rural+differences+in+the+occurrence+of+hip+fractures+in+Japan%E2%80%99s+Kyoto+prefecture+during+2008%E2%80%932010%3A+a+comparison+of+femoral+neck+and+trochanteric+fractures
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2899252/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2899252/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2899252/
https://www.ncbi.nlm.nih.gov/pubmed/28396949
https://www.ncbi.nlm.nih.gov/pubmed/28396949


Page 182 VOJNOSANITETSKI PREGLED Vol. 79, No. 2 

Mitković MM, et al. Vojnosanit Pregl 2022; 79(2): 177–182. 

and shortening of the femur. Vojnosanit Pregl 2011; 68(5): 
399‒404. 

20. Hao Y, Zhang Z, Zhou F, Ji H, Tian Y, Guo Y, et al. Risk factors 
for implant failure in reverse oblique and transverse intertro-
chanteric fractures treated with proximal femoral nail antirota-
tion (PFNA). J Orthop Surg Res 2019; 14(1): 350. 

21. Kostić I, Mitković MM, Mitković MB. Treatment of stable and 
unstable intertrochanteric fractures with selfdynamisable inter-
nal fixator (concept of double dynamization). Vojnosanit Pregl 
2015; 72(7): 576‒82. 

22. Soro N, Attar H, Brodie E, Veidt M, Molotnikov A, Dargusch MS. 
Evaluation of the mechanical compatibility of additively manu-
factured porous Ti-25Ta alloy for load-bearing implant appli-
cations. J Mech Behav Biomed Mater 2019; 97: 149‒58. 

23. Kim DO, Kim YM, Choi ES. Repeated Metal Breakage in a 
Femoral Shaft Fracture with Lateral Bowing ‒ A Case Report. 
J Korean Fract Soc 2012; 25(2): 136‒41. 

24. Milenković S. Hip fractures. Niš: Faculty of Medicine of Uni-
versity of Niš; 2011. (Serbian) 

25. Sim JC, Kim TH, Hong KD, Ha SS, Lee JS. Comparative Study 
of Intertrochanteric Fracture Treated with the Proximal Femo-
ral Nail Anti-Rotation and the Third Generation of Gamma 
Nail. J Korean Fract Soc 2013; 26(1): 37‒43. (Korean) 

26. Wu K, Xu Y, Zhang L, Zhang Y, Xu W, Chu J, et al. Which im-
plant is better for beginners to learn to treat geriatric intertro-
chanteric femur fractures: A randomised controlled trial of 
surgeons, metalwork, and patients. J Orthop Translat 2019; 21: 
18‒23. 

27. Unger AC, Wilde E, Kienast B, Jurgens C, Schulz AP. Treatment 
of trochanteric fractures with the Gamma3 Nail – methodolo-
gy and early results of a prospective consecutive monitored 
clinical case series. Open Orthop J 2014; 8: 466‒73. 

28. Arirachakaran A, Amphansap T, Thanindratarn P, Piyapittayanun P, 
Srisawat P, Kongtharvonskul J. Comparative outcome of PFNA, 
Gamma nails, PCCP, Medoff plate, LISS and dynamic hip 
screws for fixation in elderly trochanteric fractures: a systemat-
ic review and network meta-analysis of randomized controlled 
trials. Eur J Orthop Surg Traumatol 2017; 27(7): 937‒52. 

29. Muller F, Doblinger M, Kottmann T, Fuchtmeier B. PFNA and 
DHS for AO/OTA 31-A2 fractures: radiographic measure-
ments, morbidity and mortality. Eur J Trauma Emerg Surg 
2020; 46(5): 947‒53. 

Received on May 16, 2020 
Revised on August 7, 2020  

Accepted on September 23, 2020 
Online First September, 2020 

   
 

 
 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Wu%20K%5BAuthor%5D&cauthor=true&cauthor_uid=32071871
https://www.ncbi.nlm.nih.gov/pubmed/?term=Xu%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=32071871
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20L%5BAuthor%5D&cauthor=true&cauthor_uid=32071871
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=32071871
https://www.ncbi.nlm.nih.gov/pubmed/?term=Xu%20W%5BAuthor%5D&cauthor=true&cauthor_uid=32071871
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chu%20J%5BAuthor%5D&cauthor=true&cauthor_uid=32071871
https://www.ncbi.nlm.nih.gov/pubmed/?term=Arirachakaran%20A%5BAuthor%5D&cauthor=true&cauthor_uid=28434124
https://www.ncbi.nlm.nih.gov/pubmed/?term=Amphansap%20T%5BAuthor%5D&cauthor=true&cauthor_uid=28434124
https://www.ncbi.nlm.nih.gov/pubmed/?term=Thanindratarn%20P%5BAuthor%5D&cauthor=true&cauthor_uid=28434124
https://www.ncbi.nlm.nih.gov/pubmed/?term=Piyapittayanun%20P%5BAuthor%5D&cauthor=true&cauthor_uid=28434124
https://www.ncbi.nlm.nih.gov/pubmed/?term=Srisawat%20P%5BAuthor%5D&cauthor=true&cauthor_uid=28434124
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kongtharvonskul%20J%5BAuthor%5D&cauthor=true&cauthor_uid=28434124
https://www.ncbi.nlm.nih.gov/pubmed/28434124

