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Objective  
Distal femur fractures are challenging to treat, especially in elderly osteoporotic patients. 
Retrograde intramedullary nailing (RIMN) and lateral locking plate (LP) fixation are 
commonly used surgical methods for these fractures. This study aimed to compare the 
clinical and radiological outcomes of these two techniques. 

Methods  
In this retrospective study, a total of 72 patients with distal femur fractures classified 
according to the AO/OTA system and treated surgically were included. Patients were 
divided into two groups: RIMN (n=36) and LP (n=36). Demographic data, fracture 
classification, surgical method, operative time, intraoperative blood loss, early 
weight-bearing status, knee range of motion, union time, and complication rates were 
evaluated. Additionally, union rate, infection, implant failure, and reoperation 
requirement were compared. 
A power analysis was conducted assuming 70% power to detect a clinically significant 
difference. Statistical analyses included T-test, Mann-Whitney U test, Chi-square test, 
and Fisher’s exact test. Kaplan-Meier analysis was used to assess union time. A p-value 
<0.05 was considered statistically significant. 

Results  
The union rate was 86.1% in the RIMN group and 75.0% in the LP group. The average 
union time was 15.4 weeks for RIMN and 17.2 weeks for LP. Knee range of motion was 
significantly better in the RIMN group (115.2° vs. 110.4°, p=0.03). Early weight-bearing 
was achieved in 61.1% of RIMN patients and 44.4% of LP patients (p=0.11). The overall 
complication rate was 16.7% in the RIMN group and 25.0% in the LP group. Infection 
rates were 5.6% and 8.3%, respectively. Implant failure was observed in 5.6% of patients 
in both groups. Reoperation was required in 8.3% of RIMN and 13.9% of LP patients. 

Conclusion  
Our findings suggest that RIMN may offer advantages over LP in terms of higher union 
rates, shorter union time, and better functional outcomes, particularly in osteoporotic 
patients. However, both techniques demonstrated acceptable complication rates, and 
treatment choice should be tailored to the fracture pattern and patient characteristics. 
Further prospective, randomized studies are needed to support these findings. 

INTRODUCTION 

Distal femur fractures account for a relatively small propor
tion of all fractures, representing approximately 3–6% of 
femoral fractures and less than 1% of all skeletal injuries.1 

These injuries typically occur in two distinct populations: 
elderly individuals with osteoporosis following low-energy 
trauma, and younger adults exposed to high-energy mech
anisms such as traffic accidents or falls from height.2 

The surgical treatment of these fractures is often techni
cally demanding due to several factors, including anatom
ical location, intra-articular extension, metaphyseal com
minution, and compromised bone quality.1,3 In elderly 
osteoporotic patients, maintaining fracture stability is par
ticularly difficult, while in young trauma patients, the com
plexity of the fracture pattern increases the surgical chal
lenge.4 

Retrograde intramedullary nailing (RIMN) and lateral 
locking plate (LP) fixation are the two most commonly ap
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plied surgical techniques for stabilizing distal femoral frac
tures. RIMN involves the insertion of a nail into the 
medullary canal to align and fix the fractured bone seg
ments. This method offers benefits such as indirect fracture 
reduction, minimal soft tissue disruption, shorter operative 
time, and reduced perioperative blood loss.5,6 However, it 
may fail to provide adequate stability in osteoporotic bones 
or highly comminuted metaphyseal fractures.2,7 

On the other hand, LP fixation ensures rigid stabilization 
and is often preferred in multifragmentary fractures involv
ing the metaphysis.8,9 Advantages of this method include 
enhanced biomechanical stability and more controlled 
anatomical reduction.10 Nevertheless, increased risk of 
complications such as soft tissue damage, infection, and 
nonunion has been reported due to the more extensive sur
gical dissection required.11,12 

Despite numerous studies comparing the two methods, 
there is still no clear consensus regarding their relative ef
fectiveness. Many reports have shown that RIMN and LP 
yield comparable outcomes in terms of fracture union, 
complication rates, implant failure, and postoperative re
habilitation.13,14 Some studies have indicated that LP may 
offer better postoperative knee mobility but is associated 
with a higher risk of infection and nonunion,15 whereas 
others suggest that RIMN results in fewer complications in 
this regard.16 

Overall, each technique has its own strengths and lim
itations, and the question of superiority remains debated. 
The present study aims to compare retrograde in
tramedullary nailing and lateral locking plate fixation in 
the treatment of distal femur fractures among adult and os
teoporotic populations. The analysis focuses on union rate 
and time, complication rates, implant failure, rehabilitation 
outcomes, and other clinical parameters. 

METHODS 

This retrospective comparative cohort study was carried out 
at a single institution between 2018 and 2023, with the 
aim of comparing the clinical outcomes of retrograde in
tramedullary nailing (RIMN) and lateral locking plate (LP) 
fixation in the surgical treatment of distal femur fractures. 
The study population included both adult trauma patients 
and elderly individuals with osteoporotic fractures. 

INCLUSION CRITERIA 

Patients aged 18 years and above who were diagnosed with 
distal femur fractures—confirmed radiologically and clas
sified under the AO/OTA system as types 33A, 33B, or 
33C—were considered eligible for inclusion in this study. 
Only individuals who had undergone surgical treatment us
ing either retrograde intramedullary nailing (RIMN) or lat
eral locking plate (LP) fixation techniques were evaluated. 
Furthermore, a minimum of six months of clinical and radi
ological follow-up after surgery was required for all partici
pants to be included in the analysis. 

EXCLUSION CRITERIA 

Patients were excluded from the study if they presented 
with pathological fractures, such as those involving tumor-
bearing bone regions. Additional exclusion criteria in
cluded periprosthetic fractures located adjacent to total 
knee arthroplasty implants, any history of prior surgical 
intervention in the same anatomical area, and individuals 
younger than 18 years of age. 

PATIENT GROUPS 

Participants in the study were categorized into two groups 
based on the surgical technique applied. The first group in
cluded patients who underwent retrograde intramedullary 
nailing (RIMN), while the second group consisted of indi
viduals treated with lateral locking plate (LP) fixation. The 
patient selection process is summarized in Figure 1. 

DATA COLLECTION 

Patient data were retrieved retrospectively from hospital 
records, outpatient follow-up notes, and radiographic eval
uations. The following variables were recorded: 

POWER ANALYSIS 

To determine the appropriate sample size, a power calcu
lation was conducted prior to data analysis. Drawing upon 
previously published union rates—86.7% for retrograde in
tramedullary nailing and 70% for lateral locking plate fixa
tion—the study was designed with a significance threshold 
of 0.05 and a statistical power of 70%. Based on these para
meters, a total of 72 patients (36 in each group) was deemed 
sufficient to detect meaningful differences between the two 
treatment modalities.17 

• Demographics: Age, sex, body mass index (BMI), and 
comorbid conditions (e.g., diabetes, osteoporosis, hy
pertension) 

• Fracture-related details: Fracture classification based 
on the AO/OTA system, side of injury (right/left), and 
mechanism of trauma (e.g., low-energy fall, high-en
ergy accident) 

• Surgical parameters: Type of fixation (RIMN or LP), 
surgical duration (minutes), intraoperative blood loss 
(mL), and postoperative immobilization approach 

• Functional outcomes: Knee range of motion, early or 
delayed weight-bearing status, and time required to 
return to daily activities 

• Radiographic outcomes: Union status categorized as 
complete union, malunion, or nonunion; time to ra
diographic union (in weeks); final implant position
ing 

• Complications: Occurrence of superficial or deep in
fection, implant-related failure, need for revision 
surgery, and thromboembolic complications 
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Figure 1. Flow diagram illustrating patient enrollment, exclusion, group assignment, and final analysis            
population.  

STATISTICAL ANALYSIS 

Continuous variables were expressed as either mean ± stan
dard deviation (SD) or median with corresponding min
imum and maximum values, depending on distribution 
characteristics. Categorical data were summarized using 
counts and percentages. To compare differences between 
groups, the Student’s t-test was used for normally distrib
uted variables, whereas the Mann–Whitney U test was ap
plied for data without normal distribution. Categorical 
comparisons were conducted using either the Chi-square 
test or Fisher’s exact test, as appropriate. Kaplan–Meier 
survival analysis was utilized to assess group differences in 

time to union and complication rates.18,19 A p-value of less 
than 0.05 was considered statistically significant. All analy
ses were performed using SPSS software (version 26.0; IBM 
Corp., Armonk, NY, USA). 

RESULTS 

PATIENT DEMOGRAPHICS 

A total of 72 patients met the inclusion criteria for this 
study, with an even distribution across the treatment arms: 
36 patients received retrograde intramedullary nailing 
(RIMN), while the remaining 36 underwent lateral locking 
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Table 1. Demographic Characteristics of Patients (Mean ± SD or n (%))           

Characteristics RIMN Group (n=36) LP Group (n=36) p-
value 

Age (year) 68.4 ± 10.5 70.1 ± 9.8 0.45 

Gender (M/F) 20/16 18/18 0.64 

Body Mass Index (BMI) 26.3 ± 3.7 25.9 ± 4.1 0.58 

Comorbidities 12 (33.3%) 15 (41.7%) 0.48 

Mechanism of Injury Falls: 24 (66.7%), Traffic Accident: 12 
(33.3%) 

Falls: 26 (72.2%), Traffic Accident: 10 
(27.8%) 

0.61 

Fracture Side (Right/
Left) 

19/17 21/15 0.72 

Table 2. Surgical Data and Functional Evaluation (Mean ± SD or n (%))            

Characteristics RIMN Group (n=36) LP Group (n=36) p-value 

Operation Time (minute) 75.4 ± 12.3 82.7 ± 14.6 0.07 

Intraoperative Blood Loss (mL) 220 ± 65 240 ± 70 0.22 

Early Loading (Yes/No) 22/14 (61.1%) 16/20 (44.4%) 0.11 

Knee Range of Motion (Degree) 115.2° ± 8.7° 110.4° ± 10.1° 0.03 

Time to Return to Daily Activities (Week) 12.3 ± 2.8 14.1 ± 3.2 0.04 

plate (LP) fixation. The demographic features of the two co
horts were statistically comparable. Demographic charac
teristics of the patient groups are presented in Table 1. 

No significant intergroup differences were observed with 
respect to operative parameters, including surgery dura
tion, intraoperative blood loss, or postoperative immobi
lization strategy. The average surgical time was 75.4 ± 12.3 
minutes in the RIMN group and 82.7 ± 14.6 minutes in the 
LP group (p = 0.07). Estimated intraoperative blood loss was 
220 ± 65 mL for RIMN and 240 ± 70 mL for LP (p = 0.22). 

FUNCTIONAL EVALUATION 

In terms of functional outcomes, the average postoperative 
knee range of motion was found to be 115.2° ± 8.7° in the 
RIMN group and 110.4° ± 10.1° in the LP group, demon
strating a statistically significant difference in favor of the 
RIMN group (p = 0.03). An early weight-bearing protocol 
was feasible in 61.1% of patients treated with RIMN, com
pared to 44.4% of those in the LP group; however, this dif
ference did not reach statistical significance (p = 0.11). The 
duration until full resumption of daily living activities was 
shorter in the RIMN group, averaging 12.3 ± 2.8 weeks, as 
opposed to 14.1 ± 3.2 weeks in the LP group (p = 0.04). 
A comprehensive summary of surgical and functional out
come parameters is provided in Table 2. 

RADIOLOGICAL EVALUATION 

Radiological assessment revealed that the fracture union 
rate was 86.1% in the RIMN group and 75.0% in the LP 
group, though the difference was not statistically signif
icant (p = 0.27). The average time to radiographic union 
was measured as 15.4 ± 4.1 weeks in the RIMN group, com

Figure 2. Kaplan–Meier–style curve representing the     
estimated probability of fracture union over time for         
RIMN and LP groups.     

pared to 17.2 ± 4.6 weeks in the LP group, with a borderline 
p-value of 0.05. Kaplan–Meier survival analysis did not 
demonstrate a significant difference between the two fixa
tion methods regarding time to union (log-rank p = 0.09). 
The Kaplan–Meier style curve showing estimated union 
probability over time is presented in Figure 2. 

COMPLICATIONS 

A total of 6 patients (16.7%) in the RIMN group and 9 pa
tients (25.0%) in the LP group experienced postoperative 
complications; this difference did not reach statistical sig
nificance (p = 0.41). 
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Table 3. Complications and Reoperation Requirement (n (%))       

Complications / Reoperation Requirement RIMN Group (n=36) LP Group (n=36) p-value 

Total Complications 6 (16.7%) 9 (25.0%) 0.41 

Nonunion 2 (5.6%) 4 (11.1%) 0.32 

Infection (Superficial/Deep) 2 (5.6%) 3 (8.3%) 0.64 

Implant Failure 2 (5.6%) 2 (5.6%) 1.00 

Reoperation Requirement 3 (8.3%) 5 (13.9%) 0.46 

Figure 3. Comparison of union rate, complication rate,       
and reoperation rate between the RIMN and LP         
groups.  

Among the reported complications, nonunion occurred 
in 2 patients (5.6%) following RIMN and in 4 patients 
(11.1%) treated with LP (p = 0.32). Postoperative infections 
were identified in 2 patients (5.6%) from the RIMN group 
and 3 patients (8.3%) from the LP group (p = 0.64). Implant 
failure was observed in 2 individuals (5.6%) in both groups 
(p = 1.00). 

Additionally, secondary surgical intervention was re
quired in 3 patients (8.3%) in the RIMN group and in 5 
patients (13.9%) from the LP group (p = 0.46). A detailed 
summary of complication types and reoperation rates is 
presented in Table 3. A visual comparison of union, com
plication, and reoperation rates between the two groups is 
provided in Figure 3. 

DISCUSSION 

In this retrospective cohort study, we aimed to evaluate 
and compare the effectiveness of retrograde intramedullary 
nailing (RIMN) and lateral locking plate (LP) fixation in 
managing distal femur fractures among adult and osteo
porotic patients. The results indicated that while both 
treatment modalities yielded clinically satisfactory out
comes, certain variables revealed notable differences be
tween the two approaches. 

In our study, the observed union rate was 86.1% in pa
tients treated with RIMN and 75.0% in those managed with 

LP fixation. These outcomes are consistent with existing 
literature, which highlights the favorable healing potential 
of retrograde nailing in distal femur fractures. For instance, 
Papadokostakis et al. conducted a meta-analysis demon
strating that RIMN was associated with both high union 
rates and a relatively low incidence of complications in 
such injuries.20 Similarly, Van Rysselberghe et al., in a mul
ticenter cohort study, reported union rates of 86.7% for 
RIMN and 78% for LP, aligning closely with our results.21 

Our findings demonstrated that retrograde in
tramedullary nailing resulted in more favorable radi
ographic outcomes compared to lateral plating, particularly 
in terms of faster union and higher healing success. These 
results align with the literature, where several studies have 
reported shorter union times and lower nonunion rates as
sociated with RIMN, especially in osteoporotic bone.22,23 

However, some evidence suggests that fracture morphol
ogy and fixation strategy also influence healing dynamics, 
which may explain variations in outcomes across studies.24 

These results are consistent with the systematic review by 
Shah et al., which reported equivalent union rates between 
RIMN and LP in periprosthetic distal femur fractures, em
phasizing that the choice of implant may depend on frac
ture configuration and bone quality.25 

FUNCTIONAL OUTCOMES 

In terms of postoperative knee mobility, the average range 
of motion was calculated as 115.2° in the RIMN group and 
110.4° in the LP group, indicating a statistically significant 
advantage in favor of RIMN (p = 0.03). This result is con
sistent with several prior studies suggesting superior knee 
joint function following retrograde intramedullary nailing. 
For example, DeKeyser et al. reported more favorable range 
of motion outcomes in patients who underwent RIMN in a 
biomechanical investigation.10 

Conversely, Vallier et al. found differing results, report
ing a mean range of motion of 115° in patients treated 
with percutaneous plate osteosynthesis, compared to 100° 
in those who underwent retrograde nailing.3 These con
flicting findings underscore the influence of implant type 
and surgical technique on functional recovery. These re
sults are also supported by Kim et al., who in a meta-analy
sis of over 2,000 patients reported superior outcomes for 
RIMN in terms of union time and range of motion.26 

Additionally, early weight-bearing was achievable in 
61.1% of patients in the RIMN group, compared to 44.4% in 
the LP group, although this difference did not reach statis
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Figure 4. Radiographic evaluation of a distal femur fracture treated with lateral locking plate (LP).              
Left: Preoperative views show comminuted fracture lines. Right: Postoperative radiographs demonstrate stable fixation with angular stability. 

Figure 5. Sequential radiographs of a distal femur fracture managed with retrograde intramedullary nailing             
(RIMN).  
The preoperative image shows a transverse fracture pattern, while postoperative views confirm successful alignment and implant positioning. 

tical significance (p = 0.11). Nevertheless, various sources 
in the literature support the view that RIMN may facilitate 
earlier mobilization in the postoperative period.2,4,10‑12,16 

COMPLICATIONS AND REOPERATION REQUIREMENT 

In the current study, the overall complication rate was 
recorded as 16.7% in the RIMN group and 25.0% in the LP 
group. Although this intergroup difference was not statisti
cally significant (p = 0.41), a higher incidence of nonunion 
was observed among patients treated with LP (11.1% versus 
5.6%). Despite a higher complication rate observed in the 
LP group, the difference did not reach statistical signif
icance. The limited sample size might have affected the 
power to detect a meaningful difference. A similar trend 
was reported by Jain et al., who noted a greater nonunion 
rate in patients undergoing plate fixation.27 Similarly, 
Neradi et al. found no significant difference in complication 

rates, but reported that RIMN was more favorable in terms 
of early weight-bearing.28 

The infection rate was found to be 5.6% for RIMN and 
8.3% for LP. Notably, Kontakis et al. reported that no post
operative wound complications or infections occurred in 
patients treated with RIMN.29 Moreover, Markmiller et al. 
and Liporace et al. emphasized that while LP fixation pro
vides robust mechanical stability, it may be associated with 
an increased risk of infection due to soft tissue dissection.5 

Implant failure was observed in 5.6% of cases in both 
groups (p = 1.00). However, several studies have suggested 
that RIMN may be associated with a lower rate of hardware 
failure.2,8,13,22,30 The need for secondary surgical interven
tion was 8.3% in the RIMN group and 13.9% in the LP 
group. These rates are in line with previously published 
data.31,32 Kale et al. emphasized the importance of tai
loring fixation techniques to patient characteristics, high
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lighting the acceptability of both methods when appropri
ately indicated.33 

A key strength of this study lies in its adequate sample 
size, which allowed for a reliable comparison of the two fix
ation methods. In addition, the comprehensive analysis of 
specific complications contributed to a more nuanced un
derstanding of the clinical outcomes associated with each 
technique. Nonetheless, several limitations must be ac
knowledged. These include the retrospective nature of the 
design, lack of randomization in group assignment, varia
tions in surgical protocols between centers, and incomplete 
follow-up in a subset of patients. 

In summary, both RIMN and LP were found to be clini
cally viable options for the surgical treatment of distal fe
mur fractures. However, retrograde nailing demonstrated 
advantages in terms of union rate, healing time, and func
tional recovery, particularly in osteoporotic patients. 
Therefore, the choice of surgical technique should be in
dividualized based on fracture characteristics and patient-
specific factors. 

CONCLUSION 

This study compared retrograde intramedullary nailing 
(RIMN) and lateral locking plate (LP) fixation in the man
agement of distal femur fractures. Both techniques were 
found to be clinically effective, with acceptable compli
cation rates. However, RIMN demonstrated superior out
comes in terms of radiographic union, healing time, and 
knee joint function, particularly in patients with osteo
porotic bone. LP fixation remains a viable option, especially 
in complex fracture patterns and metaphyseal zones requir
ing angular stability. These findings suggest that surgical 
strategy should be individualized according to patient-spe
cific and fracture-related factors. Further prospective, ran
domized studies are necessary to confirm these results and 
guide treatment algorithms. 
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