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SUMMARY

Introduction/Objective Supracondylar femoral fractures are relatively uncommon injuries which, owing
to their specific characteristics, present a particular therapeutic challenge. Operative management is the
gold standard for treatment. This study aims to analyse operative duration and intraoperative fluoroscopy
time in patients treated with a condylar-type self-dynamizable internal fixator compared to a retrograde
intramedullary nail for the femur, and to examine the association between these two parameters.
Methods The study included 66 patients, divided into two groups of 33 participants. Patients in the first
group underwent treatment with a retrograde intramedullary nail, whereas those in the second group
underwent fixation with a condylar-type self-dynamizable internal fixator. In both groups, operative time
(in minutes) and fluoroscopy time (in seconds) were recorded.

Results The mean operative time in patients treated with a retrograde intramedullary nail was statisti-
cally significantly shorter than in those treated with the self-dynamizable internal fixator. Conversely, the
mean fluoroscopy time was statistically significantly longer in the retrograde intramedullary nail group.
Radiation exposure time was a significant predictor of operative duration.

Conclusion Operative duration is an important factor in planning the surgical schedule and the type of
anaesthesia. As expected, operative time was shorter with a retrograde intramedullary nail than with a
self-dynamizable internal fixator. Intraoperative fluoroscopy is standard practice in orthopaedic trauma
surgery; therefore, continuous refinement of surgical technique is essential to minimise radiation expo-
sure and protect the health of the surgical team. Intraoperative fluoroscopy time was shorter with the
self-dynamizable internal fixator than with the retrograde intramedullary nail.

Keywords: self-dynamizable internal fixator; retrograde intramedullary nail; fluoroscopy; operative duration

INTRODUCTION

Supracondylar fractures of the femur are rela-
tively uncommon injuries, accounting for ap-
proximately 1% of all fractures and 3-6% of
femoral fractures. Due to their specific charac-
teristics, they present a treatment challenge for
both the patient and the surgeon. In younger
patients, these fractures most commonly occur
as a result of high-energy trauma. In contrast,
in the elderly population, often in the context
of osteoporosis, they typically result from low-
energy trauma [1-5]. Operative treatment is
the gold standard when managing this type
of fracture. With the development of modern
implants and advances in surgical techniques,
nonoperative treatment is currently reserved
only for patients who refuse surgical treatment
or who are deemed unfit for surgery by an an-
esthesiologist [6, 7].

A wide range of implants can be used to treat
supracondylar femoral fractures. External fix-
ators are most commonly used as a temporary
solution for early fracture stabilisation and the
management of soft-tissue injuries [8-10]. As

definitive treatment options, numerous extra-
medullary and intramedullary fixation systems
are currently available. No significant advantages
of one implant over another have been demon-
strated in terms of final treatment outcomes. The
choice of implant depends on the fracture pat-
tern, specific characteristics of each implant, the
implantation technique, the postoperative reha-
bilitation protocol, and is ultimately determined
by the surgeon [11-14]. The difference between
extramedullary and intramedullary fixation sys-
tems primarily reflects the surgical implantation
technique and, subsequently, the biomechanics
of fracture stabilisation, which play a crucial role
in early patient rehabilitation [15].

In this study, we focus on differences be-
tween surgical implantation techniques, par-
ticularly on how extramedullary vs. intramed-
ullary implants influence the operative course,
with special emphasis on operative time and
intraoperative fluoroscopy time. Operative time
is essential for daily operating room scheduling
and anaesthetic planning. At the same time, the
duration of intraoperative fluoroscopy is rele-
vant to the safety and protection of the surgical
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Figure 1. Retrograde intramedullar nail postoperative image — AP view

team from radiation exposure [16, 17, 18]. The advantages
of fluoroscopy have led to a significant increase in its use
during surgical procedures, resulting in prolonged radia-
tion exposure of the operating staff [19-22].

The literature most commonly compares operative time
between retrograde intramedullary nailing (RIMN) and
locking anatomical plates, whereas data on intraoperative
fluoroscopy time are limited [23, 24, 25]. Two implants
are compared in this study: the self-dynamizable inter-
nal fixator (SIF) with a condylar unit and the retrograde
intramedullary nail (RIMN) for the femur. To the best of
our knowledge, no comparative data between these two
implants are currently available. The SIF with a condylar
unit is an extramedullary fixation system that is anatomi-
cally contoured in its distal part to match the distal femur.
A special feature of this implant is its ability to undergo
a spontaneous, delayed transition from initially rigid to
dynamic fixation along the bone’s vertical axis, without the
need for additional surgical intervention [26].

This study aims to analyse operative time and intraop-
erative fluoroscopy time during treatment of supracondylar
femoral fractures using the condylar-type SIF and the ret-
rograde intramedullary femoral nail, and to examine the
relationship between these two parameters.

METHODS

The study included 66 patients, divided into two groups
of 33 participants, who underwent surgical treatment
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Figure 2. Retrograde intramedullar nail postoperative image - lateral
view

between 2022 and 2024. The patients in the first group un-
derwent surgical treatment at the Clinic for Orthopaedics
and Traumatology of the University Clinical Centre of
Vojvodina, where retrograde intramedullary nailing
(RIMN; Expert R/AFN) was the predominant treatment
method. The patients in the second group underwent
surgical treatment at the Academician Prof. Dr Milorad
Mitkovi¢ Clinic for Orthopaedics and Traumatology of the
Ni$ University Clinical Centre, where the condylar-type
self-dynamizable internal fixator (SIF) was the predominant
treatment method. Based on the Arbeitsgemeinschaft fiir
Osteosynthesefragen (AO) and the Orthopaedic Trauma
Association (OTA) classification, all patients had sustained
fractures classified as types 33A2 or 33A3 (Table 1).

Table 1. Fracture type according to Arbeitsgemeinschaft fiir Osteo-
synthesefragen (AO) and the Orthopaedic Trauma Association (OTA)
classification

Fixation 33A2 33A3 b3
33A3.1 | 33A3.2 | 33A33

RIMN 6 3 10 14 33

SIF 9 4 11 9 33

RIMN - retrograde intramedullary nail; SIF - self-dynamizable internal fixator

In the first group, 19 patients (58%) were female, and
14 patients (42%) were male. In the second group, 20 pa-
tients (61%) were female, and 13 patients (39%) were male.
The mean age of patients in the first group was 65.6 years,
whereas in the second group it was 73.4 years.
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Figure 3. Self-dynamizable internal fixator condylar-type: A — condylar
unit; B - dynamisation in the long femoral axis; 1 - locking screw; 2 —
cortical anti-rotational screw; 3 - screw with the clamp

Surgical Technique for Retrograde Intramedullary Nail
(RIMN, Expert R/AFN) - All patients were operated on in
the supine position on a radiolucent table, with the knee
of the injured limb free and flexed up to 90 degrees. Using
a standard approach with a longitudinal skin incision and
transection of the patellar ligament, the surgeon accessed
the intercondylar space. The entry point of the nail was
determined by digital palpation and under fluoroscopic
control, immediately anterior and lateral to the femoral
attachment of the posterior cruciate ligament. Fracture re-
duction, guidewire insertion, canal reaming, determination
of nail dimensions, and nail insertion were all performed
and verified under fluoroscopic guidance. The nail was
locked distally using a targeting guide and proximally by
hand under fluoroscopic control (Figures 1 and 2).

Surgical Technique for Condylar-Type Self-
Dynamizable Internal Fixator (SIF) - a standard lateral
approach was used to expose the fracture. Fracture re-
duction was performed under visual control with fluo-
roscopic assistance. The internal fixator was inserted and
temporarily fixed with a Kirschner wire in the condylar
region under fluoroscopic guidance. Subsequently, one
locking screw was inserted into the condylar region, fol-
lowed by placement of a cortical anti-rotational screw
through the dynamic slot, which allowed for final fracture
reduction and stabilisation using bone-holding forceps.
After achieving a satisfactory fracture position, a second

Srp Arh Celok Lek. 2026 Jul-Aug;154(7-8):409-415

29. novembar 2025.

Figure 4. Self-dynamizable internal fixator condylar-type — postop-
erative image

locking screw was inserted, followed by screw placement
through the clamps (Figures 3 and 4). In addition to the
open technique, some surgeons employed a mini-incision
technique for placement of the self-dynamizable internal
fixator, using two incisions — one distal at the level of the
condylar region and one proximal to the fracture site. This
technique enabled closed indirect fracture reduction but
required longer fluoroscopy to confirm adequate fracture
reduction and correct implant positioning.

In both groups, operative time (in minutes) and fluoros-
copy time (in seconds) were recorded. Operative time was
measured from the initial surgical incision to placement of
the final suture in the operative wound. Fluoroscopy time
was recorded from the C-arm display upon completion of
the surgical procedure.

Data were analysed using descriptive and analytical sta-
tistical methods. A Student’s t-test was used to compare
mean values, while Pearson’s correlation coefficient (r) was
used to assess correlations, along with the coefficient of
determination (r?). Differences between correlation coef-
ficients were tested using Fisher’s r-to-z transformation.
Linear regression with operative time as the outcome vari-
able was used in the combined data analysis. A p-value
< 0.05 was considered to be statistically significant, and a
p-value < 0.01 was considered to be highly statistically sig-
nificant. Data analysis was performed using SPSS Statistics
version 26.

www.srpskiarhiv.rs ‘

411



412

Ethics: The study was performed in line with the
Declaration of Helsinki and approved by the Ethics Board
of the University Clinical Centre Ni§ (Decision No. 12-
6647-2/9).

RESULTS

Comparison of the two surgical techniques in
terms of operative time and fluoroscopy duration

During the retrograde intramedullary nailing (RIMN) pro-
cedure, the mean operative time was 65.8 + 19.3 minutes
(range: 40-120 minutes), whereas in the self-dynamizable
internal fixator (SIF) technique, the mean operative time
was 88.3 £ 23.5 minutes (range: 50-150 minutes). This
difference was statistically significant, indicating that the
RIMN technique was associated with a significantly shorter
operative time.

Regarding fluoroscopy duration, the mean exposure time
for the RIMN technique was 44.1 + 10.7 seconds (range:
25-69 seconds), whereas that for the SIF technique was 31
+12.2 seconds (range: 11-54 seconds). This difference was
highly statistically significant, indicating that the RIMN
technique was associated with longer fluoroscopy time.

Analysis of the correlation between operative
time and fluoroscopy duration for each surgical
technique

Correlation analysis revealed a strong positive association
between operative time and fluoroscopy duration for both
surgical techniques:

a) In the RIMN group, the correlation coefficient was
r = 0.602, and the correlation was highly statistically sig-
nificant. The coefficient of determination (r?) was 36%.

b) In the SIF group, the correlation coefficient was
r = 0.673, and the correlation was also highly statistically
significant. The coefficient of determination (r*) was 45%.

Comparison of these two correlation coefficients did
not demonstrate a statistically significant difference be-
tween the correlations (z = -0.47, p = 0.64).

Table 2. Effect analysis of fluoroscopy duration, type of surgical proce-
dure, and their combined effect as independent variables on operative
time as the dependent variable

Unstandardised 95% confidence
Model g -
coefficients interval

- Lower | Upper
Coefficient B | p-value bound | bound
1 (Constant) 43.393 <0.001 | 27.385 | 59.402
Intraop fluorosc sec 1.288 <0.001 0.807 1.770
Type of surgery -25.430 0.091 -55.081 | 4.221
Rad_Tech_Int* -0.211 0.565 -0.940 0.518

*Interaction between fluoroscopy duration and type of surgical procedure

Effect analysis of fluoroscopy duration, type of surgical
procedure, and their combined effect as independent vari-
ables on operative time as the dependent variable (Table 2):
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Using linear regression analysis that included fluo-
roscopy duration, surgical technique, and their interac-
tion, fluoroscopy duration was a statistically significant
predictor of operative time, with each additional second
prolonging operative time by 1.29 minutes (p < 0.001).
The interaction between fluoroscopy duration and surgical
technique was not statistically significant (p = 0.565), in-
dicating a similar relationship between radiation exposure
and operative time across surgical techniques.

DISCUSSION

The longer operative time associated with the SIF tech-
nique can be explained by the need for a larger surgical
incision through the skin and subcutaneous tissue, then
mobilisation of the muscle tissue (primarily the vastus late-
ralis, which is often associated with significant bleeding),
and the need for manual fracture reduction and manual
maintenance of the reduction until definitive fixation
and stabilisation are achieved. After fracture stabilisation
with the fixator, a considerable portion of operative time
is devoted to attaining hemostasis, wound irrigation, and
wound closure. Due to the deforming effect of muscle
forces, particularly those of the gastrocnemius, closed frac-
ture reduction is often challenging to achieve and maintain
until final fixation is completed.

In contrast, RIMN is performed through a significantly
smaller incision, approximately 4-5 cm in length, and does
not require muscle mobilisation. A substantial portion of
operative time is devoted to determining the entry point,
inserting the guidewire into the proximal fragment, and
reaming the intramedullary canal. Fracture reduction is
typically indirect and closed, and is achieved through in-
sertion of the intramedullary nail itself. This manoeuvre
significantly shortens operative time, as nail insertion
neutralises the gastrocnemius muscle’s deforming forces
and facilitates adequate fracture reduction. Nail locking
is performed as with the SIF, with two screws placed dis-
tally and then proximally. Proximal locking, however, is
performed with a freehand technique under fluoroscopic
guidance, which requires more exposure time than the SIF
technique, which is performed under direct visual control.

Currently, there is no available literature analysing op-
erative time associated with the use of the SIE In contrast,
data are available for the RIMN and other extramedullary
fixation devices, including anatomical locking plates, dy-
namic condylar screws (DCS), and condylar plates. The
mean operative times observed in our study for RIMN are
consistent with those reported in the literature. Similarly,
operative time with anatomical locking plates is reported
to be comparable to or longer than those observed with
the SIF [27-30]. The longer operative time associated with
anatomical locking plates can be explained by the need to
insert more screws, while the implantation technique itself
is otherwise similar.

If the time required for wound closure were excluded
from the analysis, the difference in the duration of the
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fixation technique between the RIMN and the SIF could
be expected to be smaller.

Fluoroscopy time is significantly longer in the RIMN
group. This can primarily be explained by the more com-
plex technique of RIMN placement compared with the
SIF. During RIMN insertion, additional steps must be
performed under fluoroscopic guidance, including deter-
mining the entry point, inserting the guidewire, select-
ing nail dimensions, reaming the canal, inserting the nail,
and placing proximal locking screws. In contrast, during
SIF placement, fluoroscopy is mainly used to position the
Kirschner wire and free screws in the condylar region.
Subsequent positioning and stabilisation of the fixator can
be performed without fluoroscopic assistance.

It is imperative to note that during SIF implantation,
the surgeon does not need to remain in proximity to the
operative field during fluoroscopy, as the steps requiring
fluoroscopy do not require direct hand positioning within
the operative field. Conversely, during RIMN placement,
numerous steps — including determining the entry point,
guidewire insertion, nail insertion, and placement of lock-
ing screws — require the surgeon’s direct presence within
the operative field during fluoroscopy. As a result, during
RIMN procedures, the surgeon is directly exposed to ra-
diation and must wear protective equipment. In contrast,
during SIF procedures, the surgeon can maintain a safe
distance of approximately 2 meters from the radiation
source, making protective equipment unnecessary [16-22].

Correlation analysis demonstrates a strong positive as-
sociation between operative time and fluoroscopy duration
for both surgical techniques. The correlation is stronger in
the SIF group, which can be explained by fewer fluoros-
copy steps, for which repeated use has a more pronounced
effect on overall operative time. In the RIMN group, more
steps require fluoroscopy. However, these steps typically
take less time when repeated and have a less significant im-
pact on total operative time. Nevertheless, operative time
is clearly strongly influenced by fluoroscopy duration, with
each additional second of radiation exposure prolonging
the operation by 1.29 minutes.
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Duration of intraoperative fluoroscopy as a determinant of operative time in supracondylar femoral fracture treatment

YTuuaj Tpajarba MHTpaonepaTusHe $GNyopocKonuje Ha Tpajakbe ONepaTUBHOr 3aXBaTa
KOA Nleyerba CynpakoHAUNApHUX npenoma pemypa

Muxajno C. Mutposwuh', Cawa C. Munenkosuh*:, Munas M. Mutkosuh?3, Muogpar H. Bpatew*

'OnwTa 6onHuua MaHyeso, Cnyxba opToneauje v Tpaymatonoruje, Manyeso, Cpbuja;
YHMBEP3UTETCKM KNMHWYKY LieHTap Hulw, KnnHuka 3a optoneaujy n Tpaymatonorujy  Akagemvk npod. ap Munopag Mutkosuh’, Huw, Cpouja;

*Ynusepautet y Huwy, Meguumnckm dakyntet, Huw, Cpbuja;

*YH1BeP3UTETCKM KNMHWYKK LieHTap BojsoaunHe, KnnHika 3a optoneaujy u Tpaymatonorujy, Hosu Cag, Cpbuja;

*YHugep3utet y HoBom Cagy, MeguumHcki dakyntet, Hosu Cag, Cpbuja

CAXETAK

YBop/Lnm CynpakoHannapHy npenomy pemypa cy petke no-
Bpege Koje 360r cBojyx creundryHOCTY NpeacTaBsbajy nocebaH
113a30B 3a neyetrbe. OnepaTrBHO Nleyere NpefcTaBsba 31aTHM
cTaHpapg neyemsa. L papa je aHanv3sa Tpajarba onepaTvBHOr
3axBaTa U HTpaonepaTusHe dyopockonuje Ko nawyjeHara
NneyeHnX NpMMeHOM camoavHamusmnpajyher yHyTpaLuter Grk-
caTopa KOHAWMAPHOT TUMa 1 PeTPOrpagHOr MHTPameaynapHor
KNVHa 33 pemyp 1 UCMUTUBAHbE HUXOBE NMOBE3aHOCTU.
MeTtope VictpaxmBame je 06yxBaTinio 66 naLujeHata, Nnogerbe-
HUX y AABE rpyne oA no 33 ncnutaHuka. icnutanmum y npBoj rpy-
My onepricanm Cy MPMMEHOM PeTPOrpagHOr MHTPaMeayapHor
KNvHa 3a pemyp, oK Cy NCMUTaHULW ApYre rpyne ornepricaHm
NPUMeHOM camoanHammavpajyher yHyTpalmer gpukcatopa
KoHAWUNapHor TUna. Y obe rpyrne MepeHo je onepaTnBHO Bpeme
Yy MUHYTVMa 1 Bpeme driyopockonuje y cekyHaama.
PesyntaTtm [TpoceyHo Tpajarbe onepalje Koa naumjeHata one-
pricaHnX PeTPOrpagHNM UHTPaMeAYNIaPHIM KNMHOM 610 je
CTaTVUCTUYKM 3Ha4ajHO Kpahe Hero KoA naLujeHata onepucaHmx
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camopamHamu3upajyhum yryTpawbum dukcatopom. Hacynpot
TOMe, NPOCEeYHO BpeMe NpuMeHe pryopockonuje 6uno je cratu-
CTMYKM 3HaYajHO Ay»Ke KOA NaLinjeHaTa onepucaHnX peTporpaa-
HUM VHTPamMeaynapHUM KIIMHOM. Bpeme 13noxeHoCTI 3payetby
61110 je 3HauajaH NPEANKTOP TPajatba onepaLyje.

3ak/byyak [lyxnHa Tpajatba OnepaTUBHOr 3axBaTta je 3HauajaH
baKTop y NnaHypatby onepaTMBHOr MPOrpama v BpCTe aHecTesu-
je. Kao o ce n ouekrBano, Bpeme onepaT1BHOT 3axBaTa 61no
je kpahe Kof NprYMeHe peTporpafHor MHTPamMeAynapHOr KrHa
Y OBHOCY Ha camoanHamMu3npajyhn yHyTpalkm dukcatop. VH-
TpaonepaTviBHa $pryopocKonyja je CTaHAapE y OpToneackoj Tpa-
yMa X1pypruju, 360r yera je HEOMXOAHO [OAATHO YCaBpLLABATH
XUPYPLUKe TEXHUKE, KaKo 61 ce 3aLUTUTINO 3[paBIbe XMpPYpLLKe
ekvne. Bpeme nHtpaonepatvsHe dnyopockonuje 6uno je Kpahe
Kof NpuMeHe camofimHamusupajyher yHyTpalber dprkcatopa
Y OOHOCY Ha PeTporpagHu MHTPameyNapH KIuH.

KmbyuHe peun: camopuHamusvpajyhin yHyTpallm dpukcatop;
peTporpagHu MHTPameAynapHU KInH; Gayopockonuja; Tpajarbe
onepauuje
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