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ABSTRACT

Background

Complex femoral fractures remain a major orthopedic challenge in high-energy trauma, often
requiring individualized management strategies. In middle-income countries such as Morocco, the
decision between external fixation (ExFix) and internal fixation (InFix) depends on patient
condition, soft-tissue status, and available surgical resources. This multicenter Moroccan study
compared radiological healing, functional recovery, and complication profiles between ExFix and
InFix in complex femoral fractures.

Methods

A prospective multicenter cohort study was conducted from January 2019 to December 2024 across
CHU 1Ibn Sina (Rabat), CHU Mohammed VI (Marrakech), and Hoépital Militaire d’Instruction
Mohammed V (Rabat). A total of 120 adult patients with AO/OTA 32-B/C femoral fractures were
enrolled—60 treated with definitive external fixation and 60 with internal fixation (reamed
intramedullary nail or locking compression plate). Radiological union, functional outcomes (LEFS,
HHS), and complications were compared at 3, 6, and 12 months. Kaplan—Meier survival analysis
evaluated time to union and functional recovery (LEFS > 70). Predictors of delayed union were
analyzed using Cox regression modeling.

Results

The mean age of patients was 37.4 £ 11.2 years with 75% males; road traffic collisions were the
main injury mechanism (82%). Union was achieved in 92.5% overall, with faster healing in InFix
(mean 24.8 + 6.3 weeks) compared with ExFix (29.4 £ 8.0 weeks, p = 0.006). At 12 months, InFix
patients had significantly higher functional outcomes (LEFS: 78.9 £ 8.2 vs. 67.4 + 9.6; HHS: 87.2
+7.1vs.79.1£8.0; p<0.001). Kaplan—Meier analysis showed earlier union and recovery in InFix
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(log-rank p = 0.032 and 0.025, respectively). Complications were more frequent in ExFix (33.3%
vs. 20.0%), particularly pin-tract infections (16.7%) and malalignment (10%). Cox regression
identified open fracture (HR = 2.42, p = 0.004), definitive ExFix (HR = 1.89, p = 0.021), and ISS
> 16 (HR = 1.56, p = 0.048) as independent predictors of delayed union.

Conclusions

In Moroccan tertiary trauma centers, both fixation methods achieve satisfactory union, but internal
fixation provides faster bone healing, superior functional recovery, and lower complication rates.
External fixation remains indispensable for damage control orthopedics, especially in polytrauma
and open fractures. These results support the development of context-sensitive fixation algorithms
for North African trauma systems emphasizing early stabilization, staged conversion, and
structured rehabilitation.

Keywords: Complex femoral fracture; External fixation; Intramedullary nailing; Locking plate

INTRODUCTION

Femoral shaft fractures represent one of the most serious injuries encountered in orthopedic
trauma surgery, particularly following high-energy mechanisms such as motor vehicle collisions,
industrial trauma, and falls from height. These injuries are often associated with severe soft-tissue
damage, hemorrhage, and polytrauma, posing major challenges in both acute resuscitation and
definitive orthopedic management [1-3]. In Morocco, femoral fractures constitute a significant
proportion of road-traffic-related orthopedic admissions, especially among young adult males who
comprise the country’s most economically productive demographic [4]. According to the Moroccan
Ministry of Health’s National Trauma Registry (2022), traffic collisions remain the leading cause
of hospital-treated injuries, with long-bone fractures accounting for over 40% of orthopedic
emergencies [5]. Consequently, improving outcomes in femoral fracture management is a clinical
and public health priority. Management of complex femoral fractures—particularly comminuted,
segmental, or open diaphyseal fractures (AO/OTA 32-B and 32-C)—remains one of the most
debated issues in modern trauma orthopedics [6]. The principal goal of treatment is to achieve
stable fixation, anatomical alignment, early mobilization, and prevention of complications such as
infection, nonunion, or limb length discrepancy [7].

However, in real-world clinical settings, especially within resource-constrained environments
such as North Africa, the surgeon’s decision between external fixation (ExFix) and internal fixation
(InFix) must also consider systemic factors including patient condition, infrastructure, surgical
expertise, and financial cost [8]. The evolution of femoral fracture management reflects a long
balance between biological preservation and mechanical stability. Early methods relied on traction
and casting but were associated with malunion and prolonged immobilization. The advent of
external fixation revolutionized the management of open and unstable fractures, particularly during
wartime, offering rapid stabilization and access to soft-tissue wounds [9]. Later, the development
of intramedullary (IM) nailing by Kintscher and the introduction of modern locking compression
plates (LCP) provided improved biomechanical stability and allowed early weight-bearing and
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rehabilitation. Both techniques have distinct advantages and limitations. External fixation enables
damage control stabilization, minimizes surgical exposure, and preserves the periosteal blood
supply—crucial in open or polytraumatized patients [10].

However, it carries higher risks of pin-tract infection, malalignment, and frame discomfort when
used for prolonged periods [11]. Conversely, internal fixation with 1M nailing or LCP provides
strong axial and rotational stability, facilitates early mobilization, and promotes more predictable
union, but requires soft-tissue dissection and may increase infection risk in contaminated wounds
[14]. Therefore, the decision between ExFix and InFix must be individualized, based on the fracture
configuration, soft-tissue condition, and systemic stability of the patient, as well as the availability
of surgical and rehabilitation resources. The introduction of Damage Control Orthopedics (DCO)
in the 1990s transformed the management of multiply injured patients.
The DCO approach advocates staged treatment—temporary external fixation for initial
stabilization, followed by delayed definitive internal fixation once the patient’s systemic status and
local wound conditions allow [12]. This strategy reduces inflammatory “second-hit” responses and
improves survival in patients with high Injury Severity Scores (ISS) [12].

In Morocco, where tertiary trauma care centers such as Centre Hospitalier Universitaire Ibn Sina
(Rabat) and CHU Mohammed VI (Marrakech) handle large volumes of polytrauma cases, the DCO
model has been increasingly adopted. Nevertheless, logistical challenges—including limited access
to advanced implants and operating room scheduling—often lead to prolonged external fixation,
effectively transforming temporary stabilization into a definitive treatment [13].
Thus, understanding the clinical and functional outcomes of definitive external fixation versus
immediate internal fixation in such contexts is crucial for guiding treatment algorithms adapted to
North African realities. Numerous studies worldwide have compared the outcomes of external and
internal fixation for complex femoral fractures, though results remain variable [14], found similar
union rates between ExFix and IM nailing but reported a higher incidence of infection and
malalignment with external fixation [21] highlighted the biomechanical superiority of
intramedullary nailing in maintaining alignment and promoting faster union.

Conversely, in cases of severe open fractures (Gustilo—Anderson type Ill), several authors
advocate staged external fixation as a safer initial approach, reducing the risk of deep infection and
allowing for soft-tissue reconstruction. Meta-analyses have shown that early conversion from
external to internal fixation (within 10-14 days) yields superior outcomes compared with prolonged
external fixation. However, this optimal window is often missed in developing nations, including
Morocco, due to logistical and financial barriers, making definitive ExFix a pragmatic solution.
While internal fixation dominates current practice in high-income countries, ExFix remains
indispensable in trauma systems facing high case loads, delayed presentation, and limited operating
capacity. The Moroccan healthcare landscape presents a unique intersection between modern
orthopedic practice and developing-world constraints.
Trauma remains the leading cause of hospital morbidity, with road traffic accidents contributing to
over 3,000 deaths and 100,000 injuries annually [15].

Motorcycle-related injuries and construction accidents account for the majority of high-energy
femoral fractures treated in tertiary hospitals. Although the Ministry of Health has expanded trauma
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capacity through regional centers, challenges persist—particularly implant shortages, limited
rehabilitation services, and delays in transfer from peripheral hospitals. In this environment,
external fixation serves as an immediate life- and limb-saving technique, especially for
polytraumatized  patients or  open  fractures  with  soft-tissue  compromise.
Yet, the long-term functional outcomes and quality of life following definitive ExFix in Morocco
remain poorly documented. Conversely, while intramedullary nailing and locking plates are widely
used in private and university hospitals, their cost and technical demands limit widespread
accessibility [16]. Hence, a comparative evaluation of both fixation methods within the Moroccan
context is essential to inform national trauma protocols and optimize patient outcomes.

Biomechanically, the femur is subjected to high axial, torsional, and bending forces. Achieving
a balance between stability and biological preservation is key to successful healing.
External fixation provides relative stability, encouraging callus formation and secondary bone
healing, whereas internal fixation achieves absolute or dynamic stability, favoring primary cortical
healing [17]. However, excessive rigidity may suppress micro-motion necessary for callus
development, while insufficient fixation can lead to nonunion or implant failure [18].
Biologically, preserving periosteal and endosteal blood supply remains critical.
External fixators minimize soft-tissue stripping, but repeated pin tract infections can compromise
local vascularity [19]. Intramedullary nails disrupt the medullary canal but promote internal load-
sharing and axial compression, enhancing union when reamed appropriately [20].
Understanding these biomechanical and biological interactions is fundamental for selecting the
optimal fixation technique in each clinical scenario.

Despite extensive international research, regional data from North Africa and the Arab world are
scarce regarding comparative outcomes of external versus internal fixation in complex femoral
fractures. Most existing studies originate from Europe, North America, or Asia, where healthcare
infrastructure and rehabilitation services differ significantly [21]. In Morocco, there is limited
documentation of functional recovery, union time, infection rates, and cost-effectiveness of both
fixation methods under local conditions. Therefore, this study was designed to provide evidence-
based insight into how each fixation strategy performs in a middle-income North African healthcare
system.

We hypothesize that internal fixation provides superior union kinetics and functional outcomes
in complex femoral fractures, while external fixation remains a valuable tool for high-grade open
fractures, severe soft-tissue damage, and polytrauma requiring rapid stabilization.
The primary objective is to compare the union time and functional recovery between both
techniques; secondary objectives include analyzing complication rates and hospital resource
utilization. Through this comparative analysis, we aim to generate data that can guide Moroccan
orthopedic surgeons in selecting fixation strategies aligned with both biological principles and local
realities, reinforcing the foundation for evidence-based trauma management in North Africa.

METHODS
Study Design and Setting
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This was a prospective, multicenter, comparative cohort study conducted between January 2019
and December 2024 across three major Moroccan trauma institutions:

1. Centre Hospitalier Universitaire Ibn Sina (Rabat)

2. Centre Hospitalier Universitaire Mohammed VI (Marrakech)

3. Hopital Militaire d’Instruction Mohammed V (Rabat)
These hospitals represent Morocco’s principal referral centers for polytrauma and orthopedic
emergencies, serving a combined catchment area of approximately 8 million people.
The study was designed to compare clinical, radiological, and functional outcomes between
external fixation (ExFix) and internal fixation (InFix) in the management of complex femoral
fractures (AO/OTA type 32-B and 32-C).
The study adhered to the STROBE (Strengthening the Reporting of Observational Studies in
Epidemiology) guidelines and received ethical approval from the Comité d Ethique Biomédicale
pour la Recherche de la Faculté de Médecine de Rabat (approval no. CERB-CHIS/ORT/2019-12).
All patients or their legal representatives provided written informed consent before enrollment.

Study Population and Sampling
Inclusion Criteria
Patients were eligible for inclusion if they met the following criteria:
e Age> 18 years;
o Radiographically confirmed diaphyseal or segmental femoral fracture (AO/OTA 32-B or
32-C);
e Injury due to high-energy mechanism (motor vehicle collision, fall from height, or
industrial trauma);
o Treated surgically with either external fixation or internal fixation (intramedullary nail or
locking compression plate) within 48 hours of admission;
e Available for minimum 12-month follow-up.
Exclusion Criteria
Patients were excluded if they presented with:
o Pathological or metastatic fractures;
o Periprosthetic fractures;
e Associated ipsilateral tibial or pelvic fractures preventing functional assessment;
e Severe head injury (GCS < 8);
e Medical contraindications to anesthesia or surgery;
e Lost to follow-up before 6 months postoperatively.

Sampling and Group Allocation
A consecutive sampling strategy was used for patient recruitment at all three centers.
A total of 142 patients were initially enrolled; after applying exclusion criteria, 120 patients were
included for final analysis:

e Group A (ExFix): 60 patients treated with definitive external fixation.
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e Group B (InFix): 60 patients treated with internal fixation (either reamed intramedullary
nailing or locking compression plating).
Allocation was determined based on injury pattern, hemodynamic status, and soft-tissue condition
in accordance with institutional trauma protocols.
Randomization was not feasible due to ethical constraints in emergent trauma care.

Preoperative Assessment and Classification
All patients underwent standardized evaluation upon admission:

e Trauma series radiographs (AP pelvis, femur in two views);

e CT scan for complex or comminuted patterns;

e Laboratory workup including complete blood count, renal profile, and coagulation

screening.

Fractures were classified according to the AO/OTA system. Open fractures were graded using the
Gustilo—Anderson classification, and overall trauma severity was quantified via the Injury Severity
Score (ISS). Soft-tissue status was meticulously documented to determine eligibility for internal
fixation versus external stabilization.

Surgical Protocols
External Fixation (ExFix Group)
External fixation was indicated for:
e  Gustilo—Anderson type I1IA-B open fractures,
e Severe polytrauma (ISS > 16) requiring rapid stabilization,
o Patients with hemodynamic instability or contraindications to prolonged anesthesia.
Surgical steps:
1. Under spinal or general anesthesia, monolateral or modular external fixators (Synthes®,
Orthofix®) were applied using Schanz screws (5—-6 mm) inserted anterolaterally.
2. Fluoroscopic guidance ensured proper alignment, maintaining at least 2 cm pin-to-fracture
clearance.
3. Wound debridement and irrigation were performed in open fractures, followed by delayed
or immediate soft-tissue coverage.
4. Frame dynamization was considered after 6-8 weeks once callus formation was observed
radiographically.
5. Conversion to internal fixation was performed after wound healing (average 10-14 days),
except in definitive ExFix cases due to patient or soft-tissue limitations.
Postoperatively, patients received intravenous cefazolin (2 g g8h for 48 hours) or ceftriaxone (2 g
daily) for open wounds, followed by oral antibiotics. Pin sites were cleaned daily with
chlorhexidine.

Internal Fixation (InFix Group)
Internal fixation was preferred for:
e Closed or type I-1l open fractures;
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o Patients hemodynamically stable with good soft-tissue envelope.
Procedures included either reamed antegrade intramedullary nailing (Depuy Synthes®, Stryker®)
or locking compression plating (LCP, lateral approach) depending on fracture level and
configuration.
Key steps:

1. Reamed nails (10-12 mm) were inserted using a piriformis or trochanteric entry point

under fluoroscopy.

2. Static distal locking was applied to maintain rotational control.

3. For distal third fractures or intra-articular extensions, precontoured LCP was used.

4. Rigid fixation was verified under fluoroscopy before closure.
Postoperative care included early quadriceps activation (day 1), partial weight-bearing at 6 weeks,
and full weight-bearing upon radiologic union.

Postoperative Management and Follow-Up
All patients received standardized postoperative rehabilitation under supervision of a physiotherapy
team.
Clinical and radiologic follow-up occurred at 6, 12, 24, and 52 weeks post-surgery.
At each visit, patients were evaluated for:

e Pain (VAS score)

¢ Radiologic union (presence of bridging callus on >3 cortices)

e Alignment (measured varus/valgus or rotation >5° considered malaligned)

e Complications (infection, implant failure, nonunion, limb-length discrepancy)

e Functional outcomes via Lower Extremity Functional Scale (LEFS) and Harris Hip Score

(HHS).

Union was defined as the absence of pain at fracture site and bridging callus visible on two
orthogonal radiographs. Delayed union was defined as lack of bridging at 6 months, and nonunion
as absence at 9 months or need for secondary bone grafting.

Data Collection and Quality Control
Data were recorded using a standardized electronic form designed for the Registre Marocain des
Fractures du Fémur (RMFF).
Each participating center appointed a research coordinator responsible for:

o Data verification and completeness;

e Radiograph cross-checking by two independent orthopedic consultants;

o Blinded assessment of union time and alignment.
All radiographs were reviewed digitally using the PACS (Picture Archiving and Communication
System) at CHU Mohammed V1.

Outcome Measures
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Primary Outcomes
1. Radiological Union Rate (% of fractures healed at 12 months)
2. Mean Time to Union (weeks from surgery to complete cortical bridging)
Secondary Outcomes
o Complication rates (infection, malalignment, implant failure, reoperation)
e Functional outcomes (LEFS, HHS at 3, 6, and 12 months)
e Hospital stay, operative duration, and time to full weight-bearing.

Statistical Analysis
Data were analyzed using SPSS  Statistics version 28.0 (IBM, USA).
Continuous variables were presented as mean + standard deviation (SD) and categorical data as
frequency and percentage.
Normality was assessed using the Kolmogorov—Smirnov test.
Comparative Tests

e Independent t-test or Mann-Whitney U test for continuous variables;

e Chi-square or Fisher’s exact test for categorical variables.

e Kaplan—Meier survival curves for time to union and functional recovery (LEFS > 70);

differences assessed using the log-rank test.

Multivariate Analysis
A Cox proportional hazards model was applied to identify predictors of delayed union and
complications, adjusting for:

o Age, sex, ISS, Gustilo grade, fixation type, and fracture pattern.
Significance was set at p < 0.05 (two-tailed).
Sample Size Justification
Based on preliminary data, assuming a mean union time difference of 4 weeks (SD 7 weeks)
between groups, o = 0.05, and power (1-) = 0.8, the required sample size was 54 per group. To
account for attrition, 60 patients per group were included.

Ethical and Regulatory Considerations

The study adhered to the Moroccan National Guidelines for Clinical Research (Decree No. 2-09-
285) and the Declaration of Helsinki (2013 revision). All participants received full disclosure of
surgical risks, rehabilitation protocols, and data use.

No financial incentives were provided.

Data confidentiality was ensured in compliance with Law No. 09-08 on personal data protection
under the Commission Nationale de Contrdle de la Protection des Données a Caractére Personnel
(CNDP).
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RESULTS

Study Cohort and Demographics

A total of 120 patients with complex femoral fractures were included between January 2019 and
December 2024. Of these, 60 (50%) underwent external fixation (ExFix) and 60 (50%) received
internal fixation (InFix) with either reamed intramedullary nailing or locking compression plating.
The mean age was 37.4 + 11.2 years, with a male predominance (75%) reflecting the high incidence
of motor-vehicle and occupational trauma among young Moroccan  men.
Road traffic collisions were the leading cause of injury (82%), followed by falls from height (11%)
and industrial accidents (7%). The two groups were comparable in age, sex, and injury severity
(1SS), though open fractures (Gustilo 11IA-B) were more frequent in the ExFix group, Table 1.

Table 1. Baseline Demographic and Injury Characteristics

Variable External Fixation (n = 60) Internal Fixation (n = 60) p-value
Age (years, mean £ SD) 382+116 36.6 + 10.8 0.47
Male / Female 45715 45/15 1.00
Mechanism of Injury

— Road Traffic Accident 49 (81.6%) 49 (81.6%) 1.00

— Fall from Height 7 (11.6%) 6 (10.0%) 0.77

— Industrial Accident 4 (6.8%) 5 (8.4%) 0.72
Fracture Type (AO/OTA)

— 32-B (Wedge/Spiral) 24 (40.0%) 27 (45.0%) 0.57

— 32-C (Comminuted/Segmental)** 36 (60.0%) 33 (55.0%) 0.58
Open Fracture (Gustilo)

— Type I-I 10 (16.7%) 12 (20.0%) 0.63

— Type IIIA-B 19 (31.7%) 7 (11.7%) 0.009*
Mean ISS 18.8+54 179+5.1 0.33
Polytrauma (ISS > 16) 38 (63.3%) 34 (56.7%) 0.44
Time to Surgery (hours) 72129 185+6.1 <0.001*

*Statistically significant difference (p < 0.05).

Patients treated with external fixation underwent significantly earlier surgical stabilization (mean 7.2 hours)
than those treated with internal fixation (18.5 hours, p < 0.001), reflecting adherence to the damage control
orthopedics protocol in unstable or open injuries.

Radiologic Outcomes

At 12-month follow-up, overall radiographic union was achieved in 111 patients (92.5%).
The mean time to union was significantly shorter in the InFix group (24.8 + 6.3 weeks) compared
with the ExFix group (29.4 £ 8.0 weeks) (p = 0.006). Delayed union occurred in 7 ExFix cases and
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3 InFix cases, while nonunion was recorded in 4 ExFix and 1 InFix patient (all managed with bone
grafting), Table 2.

Table 2. Radiologic Union and Healing Outcomes

Outcome External Fixation (n = 60) Internal Fixation (n = 60) p-value
Union Achieved at 12 Months 55 (91.7%) 56 (93.3%) 0.74
Mean Time to Union (weeks + SD) 29.4 + 8.0 24.8+6.3 0.006*
Delayed Union (>6 months) 7 (11.7%) 3 (5.0%) 0.19
Nonunion (>9 months) 4 (6.7%) 1(1.7%) 0.18
Secondary Bone Grafting 4 (6.7%) 1 (1.7%) 0.18

*Significant at p < 0.05.
Radiographic follow-up demonstrated progressive cortical bridging by week 24 in the majority of InFix cases,
while ExFix patients showed delayed callus formation and occasional pin-site osteolysis.

Kaplan—Meier Survival Analysis for Union
The Kaplan—Meier survival curve for time to union revealed a statistically significant difference
between groups. Median time to union was 25 weeks (95% CI: 23-27) for InFix and 30 weeks
(95% ClI: 28-33) for ExFix. The log-rank test confirmed earlier and more consistent healing in the
internal fixation cohort (p = 0.032), Figure 1.
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0.50
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—— External Fixation
— Internal Fixation
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T T T T T T
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Figure 1. Kaplan—Meier Curve for Time to Union
Internal fixation (blue curve) demonstrates higher cumulative probability of union compared to
external fixation (red curve). Shaded bands represent 95% confidence intervals.
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Functional Outcomes

Functional recovery was assessed using Lower Extremity Functional Scale (LEFS) and Harris Hip
Score (HHS) at 3, 6, and 12 months postoperatively. At 12 months, patients in the internal fixation
group achieved significantly higher functional scores (LEFS: 78.9 + 8.2 vs 67.4 £ 9.6; HHS: 87.2
+7.1vs79.1+8.0,p<0.001), Table 3, Figure 2.

Table 3. Functional Outcomes (LEFS and HHS Scores)

Follow-Up LEFS (Mean + SD) HHS (Mean + SD)

3 months ExFix: 39.4 £ 7.8/ InFix: 45.7 £ 8.1 ExFix: 56.3 + 8.6 / InFix: 62.9 + 7.9
6 months ExFix: 53.8 + 10.1/ InFix: 63.2+8.9  EXFix: 69.2 8.7/ InFix: 775+ 7.6
12 months ExFix: 67.4 £ 9.6 / InFix: 78.9 + 8.2 ExFix: 79.1 £ 8.0/ InFix: 87.2+ 7.1
p-value (12 months) <0.001* <0.001*

*Significant at p < 0.05.

Both groups demonstrated continuous functional improvement, but InFix patients regained independent
ambulation and return-to-work capacity earlier, with 65% achieving full work reintegration by 9 months,
compared to 42% in ExFix.

Figure 2. Kaplan—-Meier Curve for
Functional Recovery (LEFS = 70)
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Figure 2. Kaplan-Meier Curve for Functional Recovery (LEFS > 70)
Functional recovery probability reached 80% at 12 months for InFix and 60% for ExFix (log-rank p = 0.025).
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Complications

Overall postoperative complication rate was 26.6% (ExFix: 33.3%, InFix: 20.0%, p = 0.08).
External fixation was associated with significantly higher rates of pin-tract infection and
malalignment, while internal fixation complications were mainly mechanical (screw loosening or
nail breakage), Table 4.

Table 4. Complications and Adverse Events

Complication External Fixation (n = 60) Internal Fixation (n = 60) p-value
Pin-tract Infection 10 (16.7%) - <0.001*
Superficial Wound Infection 5 (8.3%) 3 (5.0%) 0.47
Deep Infection / Osteomyelitis 3 (5.0%) 1(1.7%) 0.31
Malalignment (>5°) 6 (10.0%) 2 (3.3%) 0.04*
Implant Failure (screw/nail) - 2 (3.3%) 0.15
Reoperation (any cause) 8 (13.3%) 4 (6.7%) 0.22
Nonunion Requiring Graft 4 (6.7%) 1(1.7%) 0.18

*Significant at p < 0.05.
No cases of fat embolism or compartment syndrome were reported.
Two deaths occurred within 30 days (both ExFix), unrelated to surgery but due to associated chest trauma.

DISCUSSION

This multicenter Moroccan study provides one of the most comprehensive prospective
comparisons between external fixation (ExFix) and internal fixation (InFix) for complex femoral
fractures in  North Africa. The key findings can be summarized as follows:
Internal fixation achieved faster radiologic union and better functional recovery compared to
external fixation; The overall union rate exceeded 90% in both groups, confirming that both
techniques are effective when appropriately indicated; External fixation was associated with higher
rates of pin-tract infection and malalignment, whereas internal fixation showed fewer mechanical
complications but required longer operative times and hospitalization.

Open fracture severity and systemic injury burden (ISS > 16) were identified as independent
predictors of delayed union. These outcomes align with international findings emphasizing that
fixation choice must balance biological preservation, mechanical stability, and patient context [22].
The results underscore Morocco’s evolving trauma care capability—where advanced fixation
techniques coexist with practical reliance on external fixation in resource-limited or emergency
settings. The observed mean union time of 24.8 weeks for internal fixation and 29.4 weeks for
external fixation corresponds closely with previously reported global averages ranging between
23-30 weeks for complex diaphyseal fractures [23].
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The faster union with InFix can be attributed to superior axial compression and rotational
stability achieved with reamed intramedullary nailing or locking compression plates [7].
Biomechanical studies confirm that reamed nails enhance medullary blood flow and endosteal
healing by promoting internal callus bridging [24]. The Kaplan—Meier analysis further revealed
earlier cumulative union probability for InFix (median 25 weeks) compared with ExFix (30 weeks),
consistent with findings by Bhandari et al. and Ricci et al., who demonstrated shorter healing times
with intramedullary fixation in large multicenter trials.

In contrast, external fixation relies on secondary callus formation, which, while biologically
sound, may be delayed by micro-motion at pin-bone interfaces or infection-related inflammation
[25]. Nevertheless, it is notable that union rates exceeded 90% in both groups, validating the
surgical proficiency achieved within Moroccan tertiary centers despite logistical and economic
constraints. This success reflects growing adherence to AO principles and early mobilization
protocols, a significant advancement from earlier regional reports where nonunion rates surpassed
20% [26]. The functional superiority of internal fixation, demonstrated by higher LEFS (78.9 vs
67.4) and HHS (87.2 vs 79.1) scores at 12 months, supports previous research emphasizing the role
of stable fixation in promoting early rehabilitation [27].

Patients treated with intramedullary nails typically begin weight-bearing earlier, experience less
muscle atrophy, and have better knee motion recovery than those with prolonged external frames.
In the current study, internal fixation patients resumed occupational activity approximately 7 weeks
earlier than those managed with external fixation. This difference has major socioeconomic
implications in Morocco, where the majority of trauma victims are young laborers or motorcyclists,
and delayed functional return directly impacts household income and national productivity [28].
Similar trends have been observed in Tunisian and Egyptian studies, where intramedullary fixation
reduced recovery time and disability costs compared with definitive external fixation.

Nevertheless, external fixation maintained an important role in patients with polytrauma or
contaminated wounds, allowing rapid stabilization under damage control orthopedics (DCO)
principles [29]. This staged approach—initial ExFix followed by delayed InFix after 10-14 days—
has been associated with improved survival and minimized systemic inflammatory response,
particularly in unstable patients [30]. The higher complication rate in the ExFix group (33%)
compared to InFix (20%) is in line with previous reports. Pin-tract infections remain the most
frequent problem, occurring in 10-20% of external fixator cases, often manageable with local care
and oral antibiotics [32].

However, malalignment (>5°) was significantly more common in ExFix (10% vs 3%), likely due
to soft-tissue tension or frame instability. These results mirror the multicenter data from the AO
Trauma Latin America registry, which reported a 12% malalignment rate for definitive external
fixation in long bones [33]. Deep infection rates (<5%) in both groups remained low compared
with earlier North African data, demonstrating improved intraoperative asepsis and antibiotic
stewardship [34]. Still, open fracture severity was a major determinant of delayed union and
infection, consistent with Gustilo—Anderson’s foundational work. Internal fixation complications
were infrequent and mechanical in nature (2 cases of screw loosening and 1 nail breakage). This
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relatively low incidence supports the reliability of modern implants now increasingly available in
Moroccan trauma centers through national procurement programs [35].

Multivariate Cox regression identified open fractures, definitive external fixation, and ISS > 16
as independent predictors of delayed union. These findings corroborate evidence from the
European Orthopaedic Trauma Association and Indian Orthopaedic Association, which identified
the same factors as key determinants of delayed consolidation. Biologically, open fractures
compromise vascularity and osteogenic potential; externally fixated cases face additional risks from
micro-motion and pin-induced osteolysis [36]. Interestingly, fixation type alone was not an absolute
predictor once soft-tissue integrity and systemic injury were controlled—highlighting that
biological environment outweighs mechanical method in determining union speed.
This reinforces the need for comprehensive fracture management, integrating aggressive
debridement, infection control, and early conversion to internal fixation when feasible [37].

This study also offers critical insights into orthopedic trauma care capacity within Morocco’s
health system. Despite resource limitations, union and functional outcomes were comparable to
international benchmarks, underscoring the increasing quality of surgical education, implant
availability, and multidisciplinary rehabilitation. Morocco’s trauma burden, like that of
neighboring Tunisia and Egypt, is driven by motor vehicle accidents among young males aged 20—
45 years [38]. Studies from Tunis (Bouaziz et al.) and Cairo (Hassan et al.) reported similar
epidemiologic patterns and emphasized early fixation within DCO frameworks as key to improving
outcomes. The results of this study confirm that with adherence to modern protocols and continuous
surgeon training, regional outcomes can match Western standards. However, to further reduce
morbidity, Morocco must continue to strengthen pre-hospital trauma systems, rehabilitation
networks, and access to advanced fixation implants—a key recommendation of the Maghreb
Orthopedic Federation (FOMOT) 2023 consensus [39].

Globally, several randomized and observational trials have examined fixation methods for
complex femoral fractures. Giannoudis et al. reported union rates of 93% for intramedullary nailing
versus 85% for external fixation, with significantly fewer infections and better function in the IM
group [40]. Similarly, Keating et al. demonstrated superior early weight-bearing tolerance and
fewer secondary procedures following reamed nailing compared to external fixation [41]. These
trends were replicated in this Moroccan cohort, confirming the universal biomechanical advantage
of intramedullary fixation. However, studies from developing settings (India, Pakistan, and Sub-
Saharan Africa) stress that external fixation remains a lifesaving, cost-effective tool in mass-
casualty or low-resource scenarios [42]. The findings here support that balanced approach: ExFix
remains indispensable when immediate stabilization outweighs definitive fixation, particularly in
polytrauma and open injuries.
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CONCLUSION

This multicenter Moroccan analysis confirms that both external and internal fixation are
effective for managing complex femoral fractures when applied appropriately. Internal fixation
offers superior union kinetics, alignment, and functional outcomes, while external fixation remains
vital for rapid, life-saving stabilization in polytrauma and open injuries. The optimal strategy in
Morocco, therefore, is not a binary choice but a staged, context-sensitive algorithm: early external
fixation under DCO principles followed by planned conversion to internal fixation once systemic
and local conditions allow. This evidence supports the integration of evidence-based trauma
pathways and capacity building within Morocco’s evolving orthopedic trauma system—bridging
the gap between resource limitation and modern surgical excellence.
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