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into subtrochanteric or supracondylar region
on operation and fluoroscopy time in dynamic
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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 A total of 90 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: femoral
shaft fractures with proximal extension (SIF-troch), femoral shaft fractures without proximal or distal
extension (SIF-shaft), and femoral shaft fractures with distal extension (SIF-cond).

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 ex-
tension 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 as-
sociated with increased operation and fluoroscopy times. SIF 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: Selfdynamizable Internal Fixator; shaft; fluoroscopy

INTRODUCTION

Closed femoral shaft fractures are today most
often treated by intramedullary fixation [1-5].
However, extramedullary fixation has also its
place in the treatment of these fractures [6-10].
Extramedullary fixation would be preferred,
or the only feasible option of internal fixa-
tion, 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
(endoprosthesis, nail, screw, etc.), some com-
minuted fractures requiring better control of
length and rotation, pathologic fractures (ream-
ing and insertion of the nail can lead to com-
minution of weakened bone; reaming can lead
to dissemination of malignant cells), extremely
obese patients (reaming and pin insertion can
be technically challenging), patients with se-
vere cardiorespiratory diseases (reaming can
increase the risk of embolism), etc. [9, 10].
Denisiuk et al. [10] reported that extramedul-
lary fixation is recommended for femoral shaft

fractures extending into the proximal or distal
femur, where intramedullary fixation may be
contraindicated.

Extramedullary fixation of femoral shaft
fractures with plates is generally accompa-
nied by higher risk of mechanical complica-
tion (implant failure/loosening) [11, 12]. High
bending forces acting on a rigid extramedul-
lary implant (such as a plate) may be the main
causal factor for these complications and it
could be considered as a reason why the fixa-
tion 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 [13-16]. Delayed dy-
namization has been considered a desirable
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factor in promoting healing of the shaft fractures, espe-
cially 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 treat-
ment, 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 ex-
tramedullary 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 femo-
ral shaft fractures extending into the subtrochanteric or
supracondylar region on the operation time and the in-
traoperative fluoroscopy time, as well as the relationship
between these parameters.

METHODS

A total of 90 patients treated surgically for a femoral shaft
fracture were analyzed in this study. The fixation was per-
formed in all patients using SIFE, a specific type of extra-
medullary 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 without 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 con-
taining 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” had been used, in-
volving 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 tight-
ened, 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 as-
sembly 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 screw. The
number of clamps may vary depending on the surgeon’s
assessment (Figure 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
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Table 1. Distribution of patients and their age

Patients (n) Age
Group [mean = SD (min-max)]
Male | Female | Total (years)
SIF-troch 9 13 22 69.6 + 14.5 (39-89)
SIF-shaft 11 24 35 69.9 +17(22-91)
SIF-cond 8 25 33 73.2+11.9(23-90)
Total 28 62 90 71.0+14.6 (22-91)

SIF-troch - femoral shaft fractures with proximal extension; SIF-shaft — femoral
shaft fractures without proximal or distal extension; SIF-cond - femoral shaft
fractures with distal extension

Figure 1. Types of Selfdynamizable Internal Fixator (SIF) used in fixa-
tion of femoral shaft fractures; 1 - SIF-troch (containing trochanteric
unit in the implant) in the fracture extending into the subtrochanteric
region; 2a, 2b - SIF-shaft (without additional unit in the implant) in
fractures confined to the shaft region, with different SIF orientations
and different numbers of clamps; 3 - SIF-cond (containing condylar
unit in the implant) in the fracture extending into the supracondylar
region

300 mm are used SIF-troch and SIF-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 analyzed in this study.
The values of operation time (minutes) and intraopera-
tive 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 analysis was per-
formed by IBM SPSS Statistics for Windows, Version 22.0.
(IBM Corp., Armonk, NY, USA) 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.

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 SIF-shaft
group (where the fracture did not extend beyond the shaft

region), while it was the longest in SIF-cond group. The
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Table 2. Average values of operation time and fluoroscopy time in the
groups (mean = SD), and parameters of their correlation

Group Op(er::S:e';i)me FIuo(rSc;sci)on%;ime Correlation
SIF-troch 83.4+187 445+142 ’:: 8.'312359
SIF-shaft 76.1£13.9 16369 r‘;z%.g]é
SIF-cond 9124213 342+ 14 ’::g_';gg

SIF-troch - femoral shaft fractures with proximal extension; SIF-shaft — femoral
shaft fractures without proximal or distal extension; SIF-cond - femoral shaft
fractures with distal extension

Table 3. Comparison of operation time and fluoroscopy time between
the groups

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

SIF-troch - femoral shaft fractures with proximal extension; SIF-shaft - femoral
shaft fractures without proximal or distal extension; SIF-cond - femoral shaft
fractures with distal extension;

*Mann-Whitney U Test;

**t-test

average fluoroscopy time was also shortest in SIF-shaft
group, but longest in SIF-troch group (Table 2). The dif-
ference 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 SIF-
shaft and SIF-troch groups (p > 0.05) (Table 3). A positive
correlation between operation time and fluoroscopy time
was confirmed in SIF-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 sev-
eral 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
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
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shortest. Since this approach provides good visual control
of the fracture alignment, it also explains why the vari-
ability 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 in-
fluenced by the need for careful and occasionally challeng-
ing 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 dura-
tion 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 and wound closure).
For this reason, it could be considered that there was no
significant difference in average operative times between
the SIF-shaft and SIF-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, 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
SIF-shaft group. Nevertheless, inserting these screws usu-
ally requires fewer repeated fluoroscopic checks than in-
serting the sliding screws for the proximal femur, which
may explain the shorter fluoroscopy time in the SIF-cond
group compared to the SIF-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. [7] reported that plate
fixation of femoral shaft fractures was associated with an
average operative time of 104 minutes and an average
fluoroscopy time of 109 seconds, both longer than in our
study. However, Meccariello et al. [9] and Rollo et al. [21]
reported shorter average operative times for plate fixation
of femoral shaft fractures (62 min and 61 min). Regarding
extramedullary fixation of the fractures extending in the
subtrochanteric region, Yadav et al. [22] reported longer
operation time (105 min) and fluoroscopy time (140 sec-
onds) when using plates than in our study. El-Desouky
et al. [19] compared conventional and biological plate
fixation of subtrochanteric fractures and found that the
operative time was longer (129 minutes vs. 92 minutes),
while the fluoroscopy time was shorter (47 seconds vs. 80
seconds) when performing biological plate fixation [19].

www.srpskiarhiv.rs ‘

593



594

In this regard, operative time in our study, for fractures
extending into subtrochanteric region, corresponded more
closely to conventional, while fluoroscopy time corre-
sponded more closely to biological plate fixation. Erinc et
al. [23] analyzed extramedullary plate fixation for supra-
condylar femoral fractures and reported longer operative
time (126 minutes) compared to our findings for fractures
extending into the supracondylar region. Comparative to
the results in our study using SIF, the literature data list-
ed 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 the femoral shaft. It is noteworthy
that similar trends have been reported for intramedullary
tixation 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. [27] found that the radiation dose received
is significantly higher if the cumulative fluoroscopy time is
less than 50 seconds. Considering this finding, the average
results in our study suggest that the radiation dose in ex-
tramedullary fixation of femoral shaft fractures is generally
lower (average fluoroscopy time was < 50 seconds) when
using the SIE in contrast to extramedullary fixation by plate
reported in the literature, where the dose may be higher.

An earlier study by Mitkovic et al. [13] analyzed subtro-
chanteric fractures treated with SIF and reported that the
average fluoroscopy time was almost the same (43 seconds)
as in the present study on femoral shaft fractures extend-
ing into the subtrochanteric region, while the operative
time was shorter (62 minutes). This difference in operative
time may be explained by the fact that the subtrochanteric
fracture study included various types of these fractures
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YTuuaj wupera npenoma gujaduse 6yTHe KOCTU y CYNTPOXAHTEPHY UK
CYNPaKOHAWUNAPHY perunjy Ha Tpajakbe onepaLuje n MHTpaonepaTMBHe
dnyopocKonuje npu AMHAMUYKOj eKCTpameAynapHoj GuKcaumjm

Munan M. Mutkosuh'?, Cawa C. MunenkoBuh'?, Mpegpar M. CrojusbkoBuh'?, MnageH J. CrojaHoBuh', Hukona J. Koctuh',

Munow A. Harophu'

'YHMBEP3UTETCKN KNMHUYKY LieHTap Huw, Knnhrka 3a optoneaujy v Tpaymatonorujy ,Akagemvk npod. ap Munopag Mutkosuh', Huw,

Cpbuja;
2YHuBep3uTeT y Huwy, MegnumHckmn pakyntet, Hw, Cpbuja

CAXETAK

YBop/LUum Vako ce npenomu gujaduse 6yTHe KOCTU AaHacC
Hajyewwhe neye MHTpameaynapHom GuUKcaLujom, NocToje cu-
Tyauuje y KojMa je NoxesbHuje N3BPLUNTN hUXOBY eKCTpa-
mepynapHy ¢pukcauujy. Linm osor paga 6uno je ncnutrare
yTrLUaja W1pera npesnioma anjadurse OyTHe KOCTN Y CycefHy
AHATOMCKY perujy Ha Tpajarbe onepaLuje 1 MHTpaonepaTuBHe
dnyopockonuje.

Metope Y papy je aHanusnpaHo 90 cnyyajeBa Kog Kojux je
npenom gujaduse byTHe KOCTY JieueH caMmoarHamum3mnpajyhum
YHyTpaLwmum prkcatopom (SIF). icnutanuum cy nogerbeHn
y TpU rpyne — npenomu gujaduse 6yTHe KOCTY Koju ce Lmpe
npokcumanHo (SIF-troch), npenomu gujadurse GyTHe KOCTY Koju
Ce He LWMpe HU NPOKCUMANHO Hu guctanto (SIF-shaft) n npeno-
mu gujadurse 6yTHe KOCTM Koju ce Wwupe guctanHo (SIF-cond).
PesynraTm [poceuHo Tpajare onepayuje 6uno je Hajkpahe
KoZ Mpenoma Koju ce HCY Wupunu'y cycegHy perwjy (SIF-shaft
rpyna), a Hajay»e Kof npesioma Koju Cy ce WpUn y cynpa-
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KoHAunapHy perujy (SIF-cond rpyna). lpoceyHo Tpajatbe diy-
opockonuje 6uno je Hajkpahe y SIF-shaft rpynw, a Hajoy»e Kof
npesioma Koju Cy ce LUMPWN y CyNTPOoXaHTepHy perujy (SIF-troch
rpyna). CMaTpa ce a Cy Ha JyWHy onepauuje y npuMerbeHm
XVIPYPLUKIM NpoLieaypama yTuLany TexHKa KOHTpore yBohe-
tba KNM3HKIX 3aBPTHEBA Y MPOKCUMAITHU [EO 1 3aKibyyaBajyhix
3aBPTHEBA Y ANCTANTHU A0 OYTHE KOCTH, Kao 1 TeXHVKA UHTpa-
onepaTyBHOr OAP»KaBatba Peno3uLyje npenoma y CynTpoxaH-
TEPHOj 1 CyNnpaKkoHAUNaPHOj pernju.

3akmyuak LLnpere npenoma gujaduse 6ytHe KOcTn y cynTpo-
XaHTEPHY 1N CynpakoHAWnapHy peruvjy npaheHo je npoceyHo
LY>XUM TpajarbeM onepauuje n dnyopockonuje. Y3 npyxame
MoryhHOCTV AHamm3auuje y ekcTpamesynapHoj pukcaumju, SIF
npy»a v penaTuBHO jeAHOCTaBHY 1 6P30 N3BOALUBY TEXHUIKY
dvKcauwje npenoma arjaduse GyTHE KOCTU, HAPOUUTO Kaaa ce
NPenoMm He LWMPW y CycefjHy aHaTOMCKY perujy.

KmbyuHe peun: camogviHammnsnpajyin yHyTpaluby pukcaTop;
aunjadusa; pnyopockonuja
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