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ABSTRACT

BACKGROUND: The optimal nailing approach for simple distal femoral shaft fractures located below the isthmus remains contro-
versial. A critical factor that may affect union is the residual fracture gap created during intramedullary nail insertion. This study aimed
to compare antegrade and retrograde nailing techniques in terms of residual fracture gap, time to union, and functional outcomes.

METHODS: This retrospective study included 50 patients (2| antegrade, 29 retrograde) with transverse or short oblique femoral
shaft fractures distal to the isthmus. Residual fracture gap, union time, modified radiographic union scale for tibial fractures scores,
Visual Analog Scale scores, and lower extremity functional scale were evaluated. Radiographic measurements were performed by two
independent blinded observers, and statistical comparisons were conducted using appropriate parametric and non-parametric tests.

RESULTS: The residual fracture gap was significantly larger in the retrograde group compared with the antegrade group on both
the anteroposterior view (4.84£2.6 mm vs. 2.1£1.4 mm; p=0.006) and the lateral view (5.6£2.9 mm vs. 2.6+1.8 mm; p<0.0001). Time
to radiographic union was significantly longer in the retrograde group (20.2+5.2 weeks vs. 16.0+4.6 weeks; p=0.030). However, there
were no significant differences in non-union rates, functional scores, or complications.

CONCLUSION: In distal femoral shaft fractures located below the isthmus, retrograde nailing was associated with larger residual
fracture gaps and longer time to union. Although both techniques remain viable, attention should be directed toward minimizing dis-
traction during retrograde nail placement to optimize healing.

Keywords: Antegrade nailing; distal femoral shaft fracture; residual fracture gap; retrograde nailing; time to union.

INTRODUCTION

Distal femoral shaft fractures constitute a subset of diaphy-
seal femur fractures and pose unique challenges owing to their
proximity to the metaphyseal region and the joint surface.!'l
Intramedullary nailing (IMN) has become the gold standard
for the treatment of femoral shaft fractures, providing biome-
chanical stability, minimal invasiveness, and the potential for

early mobilization.™

Both antegrade and retrograde approaches are commonly
used for IMN fixation; however, the optimal entry point for
fractures located in the distal femoral shaft remains a subject
of ongoing debate.P! Multiple factors influence the choice of
approach, including the patient’s general condition, associated

injuries, surgical accessibility, and anatomical constraints."!
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Particularly in transverse and short oblique fractures, mini-
mizing the residual fracture gap is critical, as persistent gap-
ping may impede bone healing and increase the risk of delayed
union or non-union.’! Although several surgical techniques
have been proposed to reduce fracture gaps, a potentially
underappreciated factor is the spatial relationship between
the fracture site and the nail entry point.!¥! In a recent study
on tibial shaft fractures, it was reported that when fractures
are located distal to the isthmus, the isthmus moves together
with the nail during insertion, creating a compressive effect
at the fracture site and resulting in a decrease in the residual
fracture gap.”! This relationship may substantially affect the
ability to achieve and maintain reduction during nail insertion.

To the best of our knowledge, no previous studies have spe-
cifically evaluated the association between nailing approach
and residual fracture gap in distal femoral shaft fractures or its
subsequent impact on healing and functional outcomes. The
aim of this study was to investigate whether the choice of
nailing approach — antegrade or retrograde — in distal femoral
shaft fractures influences the residual fracture gap and to ex-
plore how this relates to union rates and clinical and functional
results.

MATERIALS AND METHODS

Ethical Information

This study was approved by the University of Health Sciences
Baltalimani Bone Diseases Training and Research Hospital
(Date: 18.06.2025, Decision no: 284) and was conducted in
accordance with the principles of the Declaration of Helsinki.
Informed consent was obtained from all patients.

Patients

This retrospective study analyzed distal femoral shaft frac-
tures treated between 2014 and 2022 using data prospective-
ly collected in a hospital database. During the same period,
232 patients underwent IMN for unilateral femoral shaft frac-
tures. The inclusion criteria were as follows: Femoral shaft
fractures located distal to the isthmus, simple transverse or
short oblique fracture patterns, and patient age between |8
and 60 years.

To ensure homogeneity of the study population, strict ex-
clusion criteria were applied. The exclusion criteria were as
follows:

(1) Open fractures, (2) comminuted or segmental fractures,
(3) neurovascular deficits, (4) previous surgery on the same
extremity, (5) inadequate soft tissue coverage, (6) diagnosis
of rheumatological disease or diabetes, and (7) patients lost
to follow-up.

After applying these criteria, 50 patients remained eligible and
were included in the study. Patients were divided into two
groups based on the femoral nail entry point: Group | (ante-
grade nailing, n=21) and Group 2 (retrograde nailing, n=29).
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A fracture gap was defined as a separation of greater than
2 mm between the fracture fragments on either anteropos-
terior (AP) or lateral radiographs. The femoral isthmus was
defined as the narrowest segment of the medullary canal on
anteroposterior radiographs, located proximal to the supra-
condylar flare of the distal femur. This region has a narrow
and uniform morphology, unlike the remaining femoral anat-
omy that expands proximally and distally, and no distraction
or compression is expected as the nail advances through this
segment.l”? Consequently, fractures located within the isth-
mus region were excluded from the analysis. The rationale
for including only patients with fractures distal to the isthmus
was to observe the effects of compression and distraction
between fragments during nail placement (Fig. ).

Data Collection

Pre-operative patient characteristics, including age, sex, in-
jury side, body mass index (BMI), trauma mechanism, associ-
ated injuries, time from injury to surgery, and comorbidities,
were documented and compared between the antegrade and
retrograde nailing groups. Fracture-related variables, includ-
ing fracture type (transverse or short oblique), fracture lo-
cation, nail diameter and length, post-operative residual gap,
time to union, angulation between proximal and distal frag-
ments, occurrence of malunion or non-union, and the dis-
tance from the fracture site to the isthmus, were measured
and evaluated.

All radiographic measurements were performed retrospec-
tively by two orthopedic surgeons who were blinded to clini-
cal data and were not involved in the treatment or follow-up
of the patients. Assessments were performed using pre-op-
erative and post-operative femoral radiographs obtained at
I, 2, 3, and 4 months postoperatively, as well as at the final
follow-up (>6 months). The residual fracture gap was mea-
sured on the first post-operative radiograph. All radiological
evaluations were performed using the Infinitt PACS System
(Infinitt Healthcare Co., Seoul, South Korea), which provides
a measurement accuracy of 0. mm for linear dimensions and
0.1° for angular measurements.

Radiological fracture healing was assessed using the modified
radiographic union scale for tibial fractures (RUST) adapted
for femoral fractures, based on radiographs obtained at O, |,
2, 3, and 4 months postoperatively.® Pain and functional out-
comes were evaluated using the Visual Analog Scale (VAS) at
post-operative months 0, I, 2, 3, and 4, and the lower ex-
tremity functional scale (LEFS) at |-year follow-up.”! The LEFS
comprises 20 items, each scored from 0 to 4, with a maxi-
mum score of 80. The final score is calculated as a percentage,
with higher values indicating better functional capacity.

Post-operative complications were recorded and compared
between the antegrade and retrograde nailing groups.

Surgical Technique

Both surgical procedures were performed under combined
spinal-epidural anesthesia by an orthopedic trauma surgeon
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Figure 1. (a) lllustration showing the compressive effect exerted by the antegrade intramedullary nail on the fracture gap during nail place-
ment, (b) lllustration showing the distractive effect exerted by the retrograde intramedullary nail on the fracture gap during nail placement.

with a minimum of 5 years of experience. A single nail system
was used in all cases (Tasarim Medikal, Istanbul, Turkey). All
nails were inserted after sequential reaming in 0.5 mm in-
crements until the desired nail diameter was achieved. Static
locking was performed in all patients. No adjunctive reduction
techniques, such as blocking screws, percutaneous clamps, or
reduction tools, were used. Postoperatively, all patients were
allowed partial weight-bearing with crutches from the early
post-operative period until the |st post-operative month,
after which full weight-bearing was permitted as tolerated.

For antegrade nailing, patients were positioned in the lateral
decubitus position. A guidewire was inserted through the tro-
chanteric entry point. A skin incision was made around the
guidewire using the lateral hip approach. Closed reduction
was performed under fluoroscopy. After the nail entry point
was opened, the guidewire was advanced to 3 cm above the
knee joint line with the knee in full extension. Subsequently,
reaming was performed using reamers selected preoperative-
ly based on the anteroposterior and lateral diameters of the
intramedullary canal at the isthmus. An appropriately sized
femoral antegrade intramedullary nail was then inserted. The
maximum number of distal locking screws was placed. Fol-
lowing distal locking, two or three proximal locking screws
were inserted after applying back hammering to reduce any
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remaining fracture gap.

For retrograde nailing, patients were positioned supine with a
bolster placed under the knee. A skin incision was made us-
ing the medial parapatellar approach. A guidewire was placed
through the intercondylar notch as the entry point. After
the nail entry point was opened, the guidewire was advanced
proximally in the femoral canal with the hip maintained in the
neutral position. Reaming was performed using reamers se-
lected preoperatively based on AP and lateral intramedullary
canal diameters at the isthmus level. A retrograde femoral
intramedullary nail was then inserted. After placing proximal
locking screws, two or three distal locking screws were in-
serted following back hammering to minimize the fracture
gap. As all fractures were located in the femoral shaft, block-
ing screws were not required. Metaphyseal fractures were
excluded from the study.

Representative post-operative radiographs of both treatment
groups are presented in Figure 2 (antegrade nailing) and Figure
3 (retrograde nailing) to illustrate typical implant positioning
and residual fracture gap appearance after nail placement.

Statistical Analysis

Descriptive statistics are presented as mean, standard devia-
tion, median, minimum and maximum values, frequency, and
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Figure 3. Representative radiographic series of a patient treated with retrograde intramedullary nailing for a distal femoral shaft fracture.

ratios. The Kolmogorov—-Smirnov test was used to assess
the distribution of variables. For independent quantitative
data, the independent samples t-test and the Mann—Whitney
U test were used, while independent qualitative data were
analyzed using the Chi-square test and Fisher’s exact test. To
explore the relationship between fracture and patient char-
acteristics and the fracture gap, Spearman and Pearson cor-
relation analyses were performed. The intraclass correlation
coefficient (ICC) and Fleiss’ kappa (k) coefficient were used
to determine interobserver agreement, and Cronbach’s alpha
was used to assess intraobserver reliability for measurement
parameters and union assessment. Statistical significance was
set at p<0.05. All statistical analyses were performed using
IBM Statistical Package for the Social Sciences Statistics for
Windows, version 22.0 (IBM Corp., Armonk, NY, USA).

RESULTS

A total of 50 patients who underwent IMN for distal femoral
shaft fractures met the inclusion criteria and were included
in the final analysis. Of these, 21 patients were treated with
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antegrade nailing (Group |) and 29 patients with retrograde
nailing (Group 2). The patient selection flowchart is shown
in Figure 4.

Patient Characteristics

Table | summarizes the demographic and clinical character-
istics of both groups. No statistically significant differences
were observed between the antegrade and retrograde groups
in terms of age (p=0.821), sex distribution (p=1.000), BMI
(p=0.850), injury side (p=0.778), time from injury to surgery
(p=0.188), or fracture type (p=0.773). Nail size was also com-
parable between the groups (p=0.249).

Fracture Gap and Union Outcomes

On initial post-operative radiographs, the residual fracture
gap was significantly larger in the retrograde group than in
the antegrade group. The mean residual gap on the antero-
posterior view was 4.8+2.6 mm in the retrograde group
and 2.1x1.4 mm in the antegrade group (p=0.006), while
on the lateral view, it was 5.6£2.9 mm versus 2.6+1.8 mm,
respectively (p<0.0001) (Table 2). The mean time to ra-
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Figure 4. Study flowchart.

diographic union was significantly longer in the retrograde
group (20.2+5.2 weeks) compared with the antegrade group
(16.0+£4.6 weeks) (p=0.030).

Modified RUST scores were comparable between the two
groups during the early follow-up periods (months [-3; all

p>0.05); however, the antegrade group had significantly high-
er final RUST scores at the end of follow-up (15.4£2.5 vs.
14.6%3.0; p=0.043) (Table 3).

To assess the reliability of radiographic measurements and
union evaluations, interobserver and intraobserver agree-

Table I. Patient demographics and baseline characteristics
Variable Antegrade (n=21) Retrograde (n=29) P
Age (years, meanzSD) 29.1x7.8 30.6+8.5 0.821
Sex (m/f) 15/6 20/9 |
BMI (kg/m2, mean+SD) 23.8+2.8 24.1+3.2 0.850
Side (right/left) 12/9 15/14 0.778
Time from injury to surgery (days) 2.1+0.4 2.4+0.6 0.188
Fracture type (transverse/oblique) 13/8 16/13 0.773
Nail size (mm) 10.4£0.9 10.8£0.6 0.249
Distance from knee joint line (mm) 166+20.4 172426 0.970
SD: Standard deviation; BMI: Body mass index.
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Table 2. Post-operative residual fracture gap and time to union

Outcome Antegrade (n=21) Retrograde (n=29) P
Residual fracture gap on AP view (mm) 2.1%£1.4 4.8+2.6 0.006
Residual fracture gap on lateral view (mm) 2.6+1.8 5.6+2.9 <0.0001
Time to union (weeks, mean+SD) 16.0+4.6 20.2+5.2 0.030
Post-operative knee pain (n, %) 1 (4) 6(17) 0.215
Malunion (n, %) 0 (0) 0 (0) |
Non-union (n, %) 1 (4) 2 (6) I

SD: Standard deviation.

Table 3. Modified RUST scores at follow-up

Time point Antegrade (meantSD) (n=21) Retrograde (meantSD) (n=29) P
Post-operative month | 4.0+0 4.010 |
Post-operative month 2 5.3%1.2 52+1.4 0.364
Post-operative month 3 7.8+2.9 7.1%£2.2 0.595
Post-operative month 4 10.2+3.1 9.4+3.3 0.100
Final score 15.4£2.5 14.6+3.0 0.043
SD: Standard deviation; RUST: Radiographic union scale for tibial.

Table 4. Clinical and functional outcomes

Outcome Antegrade (n=21) Retrograde (n=29) P
VAS score — month | 28+1.6 2.7+1.4 0.175
VAS score — month 2 2.3%1.8 2.2+1.6 0.383
VAS score — month 3 2.0%1.2 1.9%1.4 0.349
VAS score — month 4 1.4%1.1 |.4+1.4 0.447
LEFS score at | year (mean+SD) 72.416.6 70.218.2 0.429
Hardware-related complaints (n, %) 2 (9) I (3) 0.565

SD: Standard deviation; VAS: Visual Analog Scale; LEFS: Lower extremity functional scale.

ment analyses were performed. All quantitative analyses were
based on the mean of two independent, blinded observers’
measurements to minimize individual measurement bias. The
ICC for continuous variables such as the residual fracture gap
demonstrated almost perfect agreement between observers
(ICC=0.89). Similarly, the Fleiss’ kappa (k) value for categori-
cal assessments based on the modified RUST score was 0.82,
also indicating almost perfect agreement. Intraobserver reli-
ability was also assessed using Cronbach’s alpha, which yield-
ed a value of 0.979, indicating excellent internal consistency.
These findings confirm the reproducibility and consistency of
the radiological evaluations performed in this study.
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Clinical and Functional Outcomes

Post-operative pain levels, as assessed by VAS scores at
months | through 4, were similar between groups with no
statistically significant differences (all p>0.05). Functional out-
comes assessed using the LEFS at |-year follow-up were also
comparable (72.4£6.6 in the antegrade group vs. 70.2+8.2 in
the retrograde group; p=0.429) (Table 4).

Complications

Delayed union was observed in one patient (4%) in the ante-
grade group and two patients (6%) in the retrograde group
(p=1.000). Non-union developed in one patient (4%) in the
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antegrade group and two patients (6%) in the retrograde
group (p=1.000). No malunion was reported in either group.
Post-operative knee pain was more frequently reported in
the retrograde group (6 patients, 17%) compared with the
antegrade group (| patient, 4%); however, this difference did
not reach statistical significance (p=0.215). Hardware-related
complaints were noted in two patients (9%) in the ante-
grade group and one patient (3%) in the retrograde group
(p=0.565). No infections, neurovascular injuries, or implant
failures were recorded in either group during the follow-up
period.

DISCUSSION

The most important finding of this study is that retrograde
nailing is associated with a larger residual fracture gap than
antegrade nailing in the treatment of distal femoral shaft frac-
tures. This finding is clinically relevant, as the fracture gap is
directly related to union, with gaps greater than 4.14 mm
potentially having a negative impact on healing outcomes.t!
Our results suggest that the choice of nail entry point may be
a critical factor for minimizing residual fracture gaps, particu-
larly in distal shaft fractures.

There is no clear consensus regarding the effect of antegrade
versus retrograde nailing on union time in femoral shaft frac-
tures. Ostrum et al.l'% reported that antegrade nailing result-
ed in shorter union times. Similarly, Moed and Watson sug-
gested that retrograde nailing should not be used routinely
for isolated femoral shaft fractures owing to higher non-union
rates.l''! However, our findings of increased fracture gaps with
retrograde nailing in distal shaft fractures support these pre-
vious observations and may partially explain the variability in
the results reported across different studies.

Conversely, many authors have concluded that retrograde
and antegrade nailing are comparable in terms of union time,
suggesting that retrograde nailing can be safely used when an-
tegrade nailing is not suitable for the patient.*'?l Supporting
this perspective, Ricci et al.! found no significant difference
between the two methods with regard to healing outcomes,
although they noted that retrograde nailing, particularly with-
out reaming, reduced blood loss and avoided hip pain com-
monly associated with antegrade nail entry sites. In addition,
retrograde nailing may be associated with residual patellofem-
oral pain, and the potential consequences of intra-articular
nail placement must also be considered.

In their 2022 study, Rodriguez-Fontan et al.l'¥] compared an-
tegrade and retrograde techniques in proximal femoral shaft
fractures and found that both surgical time and healing time
were shorter in the retrograde group. Unlike our study, their
cohort included only proximal femoral shaft fractures. One
possible reason for the shorter fracture healing time with ret-
rograde nailing in their study, consistent with our hypothesis,
may be that during nail placement, the retrograde nail moves
together with the distal fragment, thereby leaving a smaller

Ulus Travma Acil Cerrahi Derg, September 2026, Vol. 32, No. 9

residual fracture gap.

Nino et al.l'! demonstrated that retrograde nailing may be a
viable alternative for extremely proximal femoral shaft frac-
tures, with high union rates and low complication rates. Ret-
rograde nailing in proximal femoral shaft fractures would be
expected to have a gap-reducing effect, which supports our
hypothesis.

Although most previous studies have not evaluated site-spe-
cific fracture union in femoral fractures, Kim et al."’! found
that while no significant difference was observed based on in-
tramedullary nail type, a shorter working length distal to the
fracture showed a strong association with non-union. Our
findings of increased residual fracture gaps with retrograde
nailing in distal shaft fractures appear to be inconsistent with
some studies in the literature. Although retrograde nailing
may offer certain biomechanical advantages, such as better
control of the fractured fragments, our observations suggest
that it creates a disadvantage in terms of residual fracture gap.
A smaller fracture gap may enhance primary bone healing and
accelerate the consolidation process in these specific fracture
configurations.

Practical advantages of retrograde nailing include the ability
to use a tourniquet, which reduces blood loss, and less need
for position changes during surgery, which shortens operative
time.l'! The ease of fluoroscopy use in the supine position is
an additional advantage. Our study suggests a possible biome-
chanical disadvantage of retrograde nailing in distal shaft frac-
tures, where antegrade nailing appears to create more favor-
able conditions for bone contact and subsequent healing. This
may be related to the direction of nail entry relative to the
natural expansion of the medullary canal in the distal femur.
The greater grip of the nail at the isthmus during placement
may push the proximal fragment more proximally, creating a
residual gap that sometimes cannot be compensated for by
back hammering.

The results of our study demonstrated that retrograde nailing
resulted in larger residual fracture gaps compared with ante-
grade nailing and was associated with longer healing times.
However, no statistically significant difference was found in
non-union rates or functional outcomes at final follow-up.
This study highlights the importance of paying particular at-
tention to minimizing the residual fracture gap when per-
forming retrograde nailing.

This study has several limitations. First, its retrospective de-
sign inherently limits the ability to control for all confounding
variables despite the application of strict inclusion and exclu-
sion criteria. Second, the choice between antegrade and ret-
rograde nailing was based entirely on the operating surgeon
preference, which introduces potential selection bias and may
have influenced group allocation in a non-randomized fashion.
Third, although radiographic measurements were performed
by two independent, blinded observers, the absence of ad-
vanced imaging (e.g., computed tomography) may have re-
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duced the precision of fracture gap and alignment evaluations.
Fourth, although the distance from the knee joint line to the
fracture site was recorded and was comparable between
groups, the direct distance from the fracture site to the isth-
mus was not measured; this measurement would have more
directly supported the biomechanical hypothesis underlying
the study and should be addressed in future investigations.
Fifth, the relatively small sample size and single-center nature
of the study may limit the generalizability of the results.

Nevertheless, a key strength of this study is the strict stan-
dardization of fracture type (transverse or short oblique)
and fracture level (distal to the isthmus), which allowed for a
more focused and valid comparison of the mechanical effects
of antegrade versus retrograde nailing on the residual fracture
gap and healing outcomes.

CONCLUSION

In this study of patients with simple distal femoral shaft frac-
tures treated with IMN, retrograde nailing was associated
with a significantly larger residual fracture gap and longer time
to radiographic union compared with antegrade nailing. De-
spite these differences, non-union rates, malunion rates, and
functional outcomes were comparable between the two ap-
proaches. These findings suggest that, particularly in fractures
located distal to the isthmus, careful attention should be paid
to minimizing the residual fracture gap during retrograde nail-
ing, as it may influence the biological environment for healing.
Although both techniques remain viable, future prospective
studies are warranted to guide optimal entry point selection
based on fracture geometry, patient factors, and long-term
joint function.
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ORIJINAL CALISMA - 6Z

Distal femur saft kiriklarinda ¢ivileme yaklagimi ve rezidiiel kirik araligs iliskisi: Antegrad
ve retrograd fiksasyonun kargilagtirilmasi

AMAG: Istmusun inferiorundaki basit distal femur saft kiriklari icin en uygun civileme yaklagimi hala tartismalidir. Kaynamay! etkileyebilecek kritik
faktorlerden biri de intramediiller civileme sonrasi kirik uglar arasinda olusan rezidiiel bosluktur. Bu galisma, rezidiiel kirik boslugu, kaynama stresi
ve fonksiyonel sonuglar agisindan antegrad ve retrograd civileme tekniklerini karsilastirmayr amaglamaktadir.

GEREC VE YONTEM: Bu retrospektif caligmaya, istmus distalinde transvers veya kisa oblik femur saft kirigi olan 50 hasta (21 antegrad, 29 ret-
rograd) dahil edilmistir. Reziduel kirik boslugu, kaynama sureleri, modifiye RUST skorlari, VAS skorlari ve LEFS degerlendirilmistir. Radyografik
Olglimler iki bagimsiz kor gozlemci tarafindan yapilmis ve istatistiksel karsilastirmalar uygun parametrik ve parametrik olmayan testler kullanilarak
gergeklestirilmistir.

BULGULAR: Rezidiiel kirik boslugu, retrograd grupta (AP grafide: 4.8+2.6 mm; lateral grafide: 5.6£2.9 mm) antegrad gruba (AP grafide: 2.1£1.4
mm; lateral grafide: 2.6%1.8 mm) kiyasla anlamli olarak daha buyiikttii (sirasiyla, AP icin p=0.006 ve lateral igin p<0.0001). Radyografik kaynama
sliresi retrograd grupta anlamli olarak daha uzundu (20.2+5.2 hafta vs. 16.0+4.6 hafta; p=0.030). Ancak kaynamama oranlari, fonksiyonel skorlar
veya komplikasyonlar agisindan anlamli bir fark yoktu.

SONUG: istmusun altinda bulunan distal femur saft kiriklarinda retrograd givileme, daha biytik rezidiiel kirik bosluklari ve daha uzun kaynama siiresi
ile iligkiliydi. Her iki teknik de uygulanabilir olmakla birlikte, iyilesmeyi optimize etmek igin retrograd civi yerlestirme sirasinda distraksiyonun en aza
indiriimesine dikkat edilmelidir.

Anahtar sozciikler: Antegrad civileme; distal femur saft kirigi; fonksiyonel sonug; kaynama stiresi; rezidiiel kirik boslugu; retrograd givileme.
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