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Influence of femoral shaft fracture extension into subtrochanteric or
supracondylar region on operation and fluoroscopy time in dynamic
extramedullary fixation

YTuiaj mupema npenoma aujaduse 0yTHe KOCTH Y CYNITPOXaHTEPHY WIIH
CYTIPaKOHIUJIAPHY PErujy Ha y>KUHY OIepalnje U AyKUHY HHTpaoIepaTUBHE

(bayopocKoImuje Ipu AMHAMUYKO] €KCTpaMeTyIapHo] puKcaIuju

SUMMARY

Introduction/Objective Although femoral shaft
fractures are mostly treated by intramedullary
fixation today, certain situations indicate
extramedullary fixation for these fractures. The aim
of this study was to evaluate the influence of femoral
shaft fracture extension into the subtrochanteric or
supracondylar region on operation time and
intraoperative fluoroscopy time while performing
dynamic extramedullary fixation.

Method Ninety cases of femoral shaft fractures
treated using Selfdynamizable Internal Fixator (SIF)
were analyzed. Patients were divided into three
groups according to the applied implant type: SIF-
troch, SIF-shaft, and SIF-cond, depending on
whether the fracture was confined to the shaft region
or extended proximally or distally.

Results The shortest mean operation time was
observed in the SIF-shaft group, while the longest
was recorded in fractures extending into the
supracondylar region (SIF-cond group). The shortest
average fluoroscopy time occurred in the SIF-shaft
group, while the longest in the group with the
fracture extension into the subtrochanteric region
(SIF-troch group). Operation time was mainly
influenced by the technique of lag screws and
locking screws insertion and.by the fracture
reduction maintenance in‘the subtrochanteric and
supracondylar regions.

Conclusion Extension of femoral shaft fractures into
the’subtrochanteric or supracondylar region is
associated with increased operation and fluoroscopy
times. Selfdynamizable Internal Fixator allows for
dynamic extramedullary fixation, but also provides a
relatively simple and fast performing surgical
technique for femoral shaft fractures fixation,
especially when the fracture does not extend beyond
the shaft area.

Keywords: seldynamizable internal fixator; shaft;
fluoroscopy
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CAKETAK

YBoa/Llnm Hako ce npenomu aujaduse OyTHE KOc-
TH JjaHac Hajuyemhe yieye HHTpaMeayIapHOM (rKea-
II1jOM, TIOCTOj€ CUTYyAaIlHje y KOJUMa j€ TI0KEeJbHI)e
U3BPIIUTH BUXOBY EKCTpaMeayNapHy QUKcaLujy.
ns oBoT pasa je OMII0 HCHUTUBATGE YTHIAja ITHpe-
Ba npenoMa arjaduse OyTHe KOCTH Y CyCenHy aHa-
TOMCKY PErujy Ha Ay)KUHY. ONlepaluje U TyKUHy
HHTpaoIepaTHBHE (ITyOPOCKOIIH]E.

MeTtone Y- panyje anamusupano 90 ciyyajeBa Koa
KOjuX MpesioMm nujaduse OyTHE KOCTH JICYCH CaMO/IH-
Hamu3upajyhum yHyTpaimsum gukcaropom (SIF).
Vcnvranunm cy noaesbenu y 3 rpyne — SIF-troch,
SIF-shaft n SIF-cond rpyna, 3aBUCHO O] TUIIA [IPU-
memeHor SIF-a, Tj. on Tora ma Jim ce mpesoM mpoTe-
320 caMo y peruju qujaduse Win ce MHUPHOo IpeMa
HPOKCUMAITHO WU JIHCTAIHO.

Pesyaratu [Ipoceuna xyxnHa oneparnuje je Ouna
Hajkpaha Koj mpesioMa KOjH ce HUCY IIUPHIIH y Cyce-
nmay perujy (SIF-shaft rpyna), Hajayxa KoJ mpeioma
KOJH Cy C€ IIHPHIIHN y CYNPAKOHAWIAPHY PErujy
(SIF-cond rpyna). IIpoceuna gyxuHa ¢ryopoCcKonu-
je je ouna najkpaha y SIF-shaft rpynu, a HajIyxa
KO/l TIpeJIoMa KOjH Cy C€ IIHPHIIHN y CYNITPOXaHTEPHY
perujy (UF-troch rpyna). Cmatpa ce a cy Ha AyXKu-
Hy oleparuje y NpUMEHEeHUM XUPYPIIKHUM IPOLEy -
pama yTHLAIH TeXHHKa KOHTPOJIe yBoljermba KIIM3HUX
3aBPTH-EBA Y MPOKCUMAITHH 10 U 3aKJby4aBajyhnx
3aBPTH-EBA Y TUCTAJHH €0 OyTHE KOCTH, Kao U TeX-
HHMKa HHTPAOIIEPATHBHOT OZpKaBarba PErO3UIIHje
IpeJIoMa y CyNITPOXaHTEPHO] U CYIPaKOHIMIIAPHO]
peruju.

3akspyuak [llupeme npenoma aujaduse OyTHE KOC-
TH y CYNITPOXaHTEPHY WM CYNPAaKOHIUIAPHY PETHjy
je mpaheHo npoceyHo BehoM qyXMHOM omepanyje u
BehioMm yxuHOM (ryopockomnuje. Y3 Ipykame Mo-
ryhiHOCTH IMHAMU3anuje y eKCTpamMenyIapHo]j Guk-
canuju, camoquHaMu3npajyhu yHyTpammsu ¢ukca-
TOp IIpYy’ka U pENIaTUBHO jeJHOCTABHY U OP30 M3BOA-
JbUBY TEXHUKY (HKcalyje npesnomMa nujaduse OyTHe
KOCTH, HAPOUUTO KaJia ce MPEJIOM He MIUPHU Y CyCcea-
HY aHATOMCKY peTHjy.

Kbyune peun: camonmnamusupajyhu yHyTpammsu
(uxkcarop; nujaduza; Gayopockomnuja

Copyright © Serbian Medical Society



Srp Arh Celok Lek 2025 | Online First November 28, 2025 | DOTI: https://doi.org/10.2298/SARH251031090M 3

INTRODUCTION

Closed femoral shaft fractures are today most often treated by intramedullary fixation [1, 2, 3,
4, 5]. However, extramedullary fixation has also its place in the treatment of these fractures [6,
7, 8,9, 10]. Extramedullary fixation would be preferred, or the only feasible option of internal
fixation, in the following situations of a femoral shaft fracture: narrow medullary canal, closed
or deformed medullary canal (after fracture healing, after intramedullary nail removal, etc.),
intramedullary presence of an implant (endoprothesis, nail, screw, etc.), some comminutive
fractures requiring better controll of length and rotation, pathologic fractures (reaming and
insertion of the nail can lead to comminution of weakened bone; reaming can lead to
dissemination of malignant cells), extremly obese patients (reaming and pin-insertion can be
technically challenging), patients with severe cardiorespiratory diseases (reaming can increase
the risk of embolism), etc [9, 10]. Denisuk et al. reported that extramedullary fixation is
recommended for femoral shaft fractures extending into the proximal or distal femur, where

intramedullary fixation may be'contraindicated. [10]

Extramedullary fixation of femoral shaft fractures with plates is generally accompanied by
higher risk of mechanical complication (implant failure/loosening) [11, 12]. High bending
forces acting on a rigid extramedullary implant (such as a plate) may be the main causal factor
for these complications and it could be considered as a reason why the fixation of femoral shaft
fractures is more often being performed today by an intramedullary nailing. In order to
transform implant bending forces as more as possible into translational and compression forces
between fracture fragments (compression stimulates the fracture healing), a special type of
extramedullary implant — Selfdynamizable Internal Fixator (SIF) was developed. This implant
provides an initially rigid fixation, with the feature of subsequent spontaneous transition into a

dynamic mode, reducing the implant load, and thereby its risk of bending or breaking [13, 14,
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15, 16]. Delayed dynamization has been considered a desirable factor in promoting healing of
the shaft fractures, especially in delayed-union [15, 17, 18]. Thus, wider use of a such dynamic
implants could increase the prevalence of extramedullary fixation in femoral shaft fractures
treatment, and there is the need to examine its clinical aspects, both intraoperatively and

postoperatively.

Femoral fracture extending from the shaft region into the adjacent area.proximally
(subtrochanteric region) or distally (supracondylar region) requires the applied extramedullary
fixation implant to be longer [10]. These implants contain screws not only for the shaft but also
for the proximal or distal region of the femur. The aim of this study was to examine the effect
of femoral shaft fractures extending into the subtrochanteric or supracondylar region on the
operation time and the intraoperative fluoroscopy time, as well as the relationship between

these parameters.

METHODS

Ninety patients treated surgically for a femoral shaft fracture were analyzed in this study. The
fixation was performed in all patients using the Selfdynamizable Internal Fixator (SIF), a
specific type of extramedullary implant for dynamic fixation. There were three groups of
patients: SIF-troch group included 22 patients with femoral shaft fracture extending into
subtrochanteric region, SIF-shaft included 35 patients with femoral shaft fracture wihout
extending into any adjacent area, and SIF-cond group included 33 patients with femoral shaft
fracture extending into supracondylar region (Table 1). In the first group, patients were treated
by SIF type containing a ,.trochanteric unit“, through which sliding screws for the femoral neck
and head are inserted. Patients from the second group were treated by the type of SIF that did

not contain any additional unit. In patients from the third group, a SIF with the ,,condylar unit*
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had been used, involving locking screws for the femoral condylar region, being locked in the
threads of this unit. The main part of the SIF implant is cylindrical, providing axial sliding and
rotational contact with the clamps. Some screws pass through the clamps, and when these
screws are fully tightened, the clamps are rigidly fixed to the cylindrical part. At one end of the
fixator, there is a dynamic slot through which a dynamic anti-rotation screw is inserted. This
assembly allows for initially rigid fixation of fractures in the shaft, subtrochanteric, and
supracondylar region. However, it also permits that, if biomechanical forces loosen the contact
between the screw and the clamp, spontaneous transformation into dynamic fixation occurs,
allowing compression at the fracture site and thereby stimulating the healing process. In
addition to dynamic anti-rotation screw, the SIF-shaft (type of SIF without additional ,,unit*)
at the other end contains a static anti-rotation sctew. The humber of clamps may vary depending

on the surgeon’s assessment (Fig. 1) [13, 14].

There are SIF implants of different lengths. For fractures extending proximally or distally from
the shaft region, SIF-troch and SIF-cond implants with lengths of 250 mm and 300 mm are
used (UE-troch and UF-cond implants of 150 mm or 200 mm are used only for fractures that
do not extend from the subtrochanteric or supracondylar region into the femoral shaft).

Therefore, only the patients with these longer implant lengths were analysed in this study.

The values of operation time (minutes) and intraoperative fluoroscopy time (seconds) were
analyzed among the groups, as well as the correlation between these parameters, for
consecutive patients with available data, treated over a three-year period between 2022 and
2025. Operation time was defined as the time from initial skin incision to the wound suture
completion. Statistical analyzis was performed by SPSS 22 software, using t-test and Mann-
Whitney U test (to compare values), and Pearson’s and Spearman’s correlation coefficients (to

analyze bivariate correlation). The level of significance set at p<0.05.
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Ethics: The study was performed in line with the Declaration of Helsinki and approved by the

Ethics Board of the University Clinical Center Ni§ (Decision No. 29879).

RESULTS

The average operation time was the shortest in UF-shaft group (where the fracture did not
extend beyond the shaft region), while it was the longest in UF-cond group. The average
fluoroscopy time was also shortest in UF-shaft group, but longest in UF-troch group (Table 2).
The difference among the groups in terms of both operation time and fluoroscopy time was
confirmed in all cases (p < 0.05), except for the comparison of operation times between UF-
shaft and UF-troch groups (p>0.05) (Table 3). A positive correlation between operation time
and fluoroscopy time was confirmed in UF-shaft group (p<0.05), whereas in the other groups
the correlation did not reach’statistical significance but was close to (p < 0.2) (Table 2). The

groups did not differ significantly with respect to gender or age distribution (p>0.05).

DISCUSSION

In patients with fractures confined to the femoral shaft (SIF-shaft group), only shaft screws
were used. Placement of these screws does not require strict fluoroscopic control during the
positioning of each screw. If the second cortex is felt while screwing, just a single fluoroscopy
after several screws placement could be sufficient. Furthermore, reduction of the fractures
confined to the femoral shaft can be achieved quite easily while applying the SIF-shaft implant.
The procedure begins with setting the rotation of the distal fragment through positioning on the
traction table. Then two peripheral antirotational screws are placed, followed by control of the

fracture angulation in coronal and sagittal planes using bone-holding forceps while the
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remaining screws (screws for clamps) are inserted [14, 15]. The open technique does not
necessarily require a single long incision; it can also be performed through the two smaller
incisions, one of which includes both the fracture site and the screws at one end of the implant
[19]. This can explain why, in fractures confined to the femoral shaft, both the operative time
and fluoroscopy time were the shortest. Since this approach provides good visual control of the
fracture alignment, it also explains why the variability of the operative time was minimal and

correlated to the fluoroscopy time.

Fixation of the femoral shaft fractures extending into the subtrochanteric region was performed
in this study by the SIF type containing sliding screws for the proximal femur (SIF-troch).
Sliding screws placement requires more fluoroscopic controls to prevent protrusion of the
sliding screw outside the femoral neck and head [13, 15]. Since the proximal parts of the sliding
screws are not directly visible intraoperatively, fluoroscopic verification is often repeated,
resulting in the longest fluoroscopy time among the patient groups. Longer fluoroscopy time
in this group is also-influenced by the need for careful and occasionally challenging control of
fracture —angulation in proximal part while performing extramedullary fixation. The
unconfirmed correlation between operative time and fluoroscopy time in this patient group
could be explained by shorter duration of surgical steps that require frequent fluoroscopic
verification (sliding screws setting) compared to the other steps of the surgery that do not
involve frequent imaging (e.g., placement of the shaft screws, wound closure). For this reason,
it could be considered that there was no significant difference in average operative times

between the UF-shaft and UF-troch groups.

Operative time was longest in femoral shaft fractures extending into the supracondylar region,
likely due to the difficulty of reduction, as the hamstrings tend to pull the fracture into

recurvatum [11, 20]. Consequently, a traction table was not used in most patients in this study,
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further complicating the reduction and prolonging the surgery. Placement of distal locking
screws in the condylar region requires fluoroscopic verification, sometimes repeated,
explaining the longer fluoroscopy time compared to the UF-shaft group. Nevertheless, inserting
these screws usually requires fewer repeated fluoroscopic checks than inserting the sliding
screws for the proximal femur, which may explain the shorter fluoroscopy time in the UF-cond

group compared to the UF-troch group.

Concerning extramedullary fixation of femoral shaft fractures, few data are available in the
literature regarding operation time and fluoroscopy time, and these mostly refer to the plate
fixation. Park et al. reported that plate fixation of femoral shaftfractures was associated with
an average operative time of 104 minutes and an average fluoroscopy time of 109 seconds,
both longer than in our study [7]. However, Meccariello et al. and Rollo et al. reported shorter
average operative times for plate fixation of femoral shaft fractures (62 min and 61 min) [9,
21]. Regarding extramedullary fixation of the fractures extending in the subtrochanteric region,
Yadav et al. reported longer operation time (105 min) and fluoroscopy time (140 s) when using
plates thaniin our study [22]. El-Desouky et al. compared conventional and biological plate
fixation of subtrochanteric fractures and found that the operative time was longer (129 min vs.
92 min), while the fluoroscopy time was shorter (47 s vs. 80 s) when performing biological
plate fixation [19]. In this regard, operative time in our study, for fractures extending into
subtrochanteric region, corresponded more closely to conventional, while fluoroscopy time
corresponded more closely to biological plate fixation. Erinc et al. analyzed extramedullary
plate fixation for supracondylar femoral fractures and reported longer operative time (126 min)
compared to our findings for fractures extending into the supracondylar region [23]. Likewise
to the results in our study using the Selfdynamizable Internal Fixator, the literature data listed
above indicate both operative and fluoroscopy times tend to be longer when plate fixation is

used for fractures extending into the subtrochanteric region, compared to fractures limited to
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the femoral shaft. It is noteworthy that similar trends have been reported for intramedullary
fixation as well, with generally shorter operative times but longer fluoroscopy times than those

observed in our study [5, 7, 9, 21, 22, 24, 25, 26].

Kelly et al. found that the radiation dose received is significantly higher if the cumulative
fluoroscopy time is less than 50 s [27]. Considering this finding, the average results in our study
suggest that the radiation dose in extramedullary fixation of femoral shaft fractures.is generally
lower (average fluoroscopy time was <50 s) when using the Selfdynamizable Internal Fixator,
in contrast to extramedullary fixation by plate reported in the literature, where the dose may be

higher.

An earlier study by Mitkovic et al. analyzed subtrochanteric fractures treated with the
Selfdynamizable Internal Fixator and reported that the average fluoroscopy time was almost
the same (43 s) as in the present study on femoral shaft fractures extending into the
subtrochanteric region, while the operative time was shorter (62 min) [13]. This difference in
operative time'may be explained by the fact that the subtrochanteric fracture study included
various| types of these fractures — not only femoral shaft fractures extending into the
subtrochanteric region,-but also those treated by UF-troch implants shorter than 250 mm
(subtrochanteric fractures that don’t extend into the shaft region). The similarity between these
studies regarding fluoroscopy time confirms that fluoroscopy is primarily used for lag screw

placement when using an UF-troch implant.

CONCLUSION

Operation time in extramedullary fixation of femoral shaft fractures using the Selfdynamizable

Internal Fixator is shortest when the fracture is confined to the shaft region only and longest
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when the fracture extends into the supracondylar region. Intraoperative fluoroscopy time is
shortest for fractures limited to the femoral shaft, and longest for fractures extending into the
subtrochanteric region. Considering the average fluoroscopy time, the use of the
Selfdynamizable Internal Fixator generally results in a low expected radiation dose, regardless

of whether the femoral shaft fracture extends into an adjacent region or not.
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Table 1. Distribution of patients and their age

13

Patients (n) Age
Male Female Total [mean £+ SD (min—max)]
(years)
UF-troch 9 13 22 69.6 £+ 14.5 (39-89)
UF-shaft 11 24 35 69.9 + 17 (22-91)
UF-cond 8 25 33 73.2 £ 11.9 (23-90)
Total 28 62 90 71.0 £ 14.6 (22-91)
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Table 2. Average values of operation time and fluoroscopy time in the groups (mean =+ SD),

and parameters of their correlation

Operation time

Fluoroscopy time

(min) (s) Correlation
i p=0.139
UF-troch 83.4+18.7 445+ 14.2 = 0325
p=0.012
UF-shaft 76.1 £13.9 16.3+£6.9 = 0418
- p=0.104
UF-cond 91.2+21.3 342+ 14 = 0.288
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Table 3. Comparison of operation time and fluoroscopy time between the groups

Compared groups Operation time Fluoroscopy time
UF-shaft, UF-troch p=0.152* p <0.001*
UF-shaft, UF-cond p=0.001* p <0.001*
UF-troch, UF-cond p=0.001* p=0.010**

*Mann-Whitney U Test

**f_test
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Figure 1. Types of Selfdynamizable Internal Fixator (SIF) used in fixation of femoral shaft

fractures; 1 — SIF-troch in the fracture extending into the subtrochanteric region; 2a, 2b — SIF-
shaft in fractures confined to the shaft region, with different SIF orientations and different

numbers of clamps; 3 — UF-cond in the fracture extending into the supracondylar region
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