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Abstract

Background: Femoral shaft fracture, particularly those
complicated by infected non-union, poses significant
challenges in orthopedic surgery. This study aims to evaluate
the effectiveness of the Masquelet Technique (MT) in treating
such fractures, focusing on patient demographics, fracture
characteristics, management strategies, and post-treatment
outcome. Material & Methods: This prospective
experimental study included 12 patients treated at the
National Institute of Traumatology and Orthopaedic
Rehabilitation, Dhaka, from May 2019 to August 2021.
Participants predominantly comprised of young adults, with
a male majority. The study assessed the type of fractures,
fixation methods used (primarily the SIGN Nail), and the
interval for applying the MT. Bone gap size, limb length
discrepancy (LLD), complications, and bone and functional
outcomes were meticulously recorded and analyzed. Results:
In this study, 75% of the fractures were closed and
predominantly resulted from road traffic accidents, which
accounted for 83.33% of the cases. The most frequent bone
gap range was 2.51-3.0 cm, observed in 41.67% of the
participants, with an average gap size of 3 cm. Limb Length
Discrepancy (LLD) ranging from 1 to 2.4 cm was experienced
by 58.33% of the participants. While two-thirds (66.67%) of
the participants did not develop any post-treatment
complications, 33.33% experienced knee stiffness and 16.67 %
suffered from pin tract infections. A significant majority,
66.67 %, achieved 'Excellent' outcomes in both bone union and
functional recovery. Conclusions: The study demonstrates
the effectiveness of the Masquelet Technique in managing
femoral shaft fractures, particularly in achieving satisfactory
bone and functional outcomes. Despite the challenges in
managing large bone gaps and LLD, the technique showed
promising results in terms of minimizing complications and
enhancing recovery.
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INTRODUCTION

Femoral shaft fractures constitute a significant
orthopedic challenge due to their high
incidence and the complexity of their
management. These fractures predominantly
occur as a result of high-energy trauma,
particularly in younger individuals involved in
motor vehicle accidents, and are also prevalent
in the elderly due to low-energy falls, often
exacerbated by  osteoporosis.[k234]  The
treatment of femoral shaft fractures is further
complicated by various factors including the
patient's age, the location and complexity of the
fracture, and the presence of concomitant
injuries. The incidence of these fractures, along
with their associated risk factors such as male
sex, type C fracture of AO/OTA classification,
and motor vehicle accidents, highlight the
clinical significance and the challenges they
present in treatment.®l A  particularly
challenging scenario in the management of
femoral shaft fractures is the occurrence of
infected non-union. This condition,
characterized by the failure of fracture healing
over an expected period, compounded by
infection, not only prolongs patient suffering
but also significantly complicates the treatment
approach, often necessitating multiple surgical
interventions.[6Zl The prevalence of infected
non-union in femoral shaft fractures, though
variable, has a significant impact on patients,
leading to prolonged disability, pain, and a
substantial burden on healthcare resources.[82]
The standard treatment modalities for femoral

shaft fractures have evolved over time, with
intramedullary nailing being the preferred
method. However, these standard treatments
have limitations, particularly in the context of
infected non-union cases. Challenges in these
scenarios include achieving stable fixation,
managing bone defects, and effectively
controlling infection, all of which are crucial for
successful treatment outcomes.[1011 These
limitations necessitate the exploration of
alternative treatment techniques, especially for
complex cases. The Masquelet technique, an
innovative approach developed to address the
specific challenges of infected non-union,
involves a two-stage procedure. The first stage
induces a foreign body reaction to form a
membrane around a cement spacer placed in
the bone defect. The second stage involves the
removal of the spacer and filling the defect with
autologous bone graft.l12] The theoretical basis
of the Masquelet technique lies in the biological
activity of the induced membrane, which
secretes growth factors conducive to bone
healing. Existing literature on the Masquelet
technique demonstrates its application and
outcomes in various complex orthopedic
scenarios. Studies have shown its effectiveness
in managing large bone defects, controlling
infection, and promoting bone union in cases of
infected non-union of femoral shaft
fractures.[131415] There were some gap in this
study like short time outcome was seen ,culture
sensitivity was not included etc . These gaps
underscore the need for further research,
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specifically observational studies, to evaluate
the post-operative outcomes of the Masquelet
technique in the treatment of infected non-
union of femoral shaft fractures. Such studies
are crucial to validate the effectiveness of the
technique, understand its limitations, and refine
its application in clinical practice. The objective
of the present study is to observe and evaluate
the outcomes of the Masquelet technique in the
post-operative treatment of infected non-union
of femoral shaft fractures. This study aims to
provide a comprehensive assessment of the
technique's effectiveness, focusing on outcomes
such as bone union, infection control, and
functional recovery. The potential impact of this
study is substantial. By providing detailed
insights into the outcomes of the Masquelet
technique in a specific clinical context, this
research could contribute to the improvement
of treatment strategies for infected non-union of
femoral shaft fracture. It could influence future
clinical practices, offering an alternative to
traditional methods and potentially enhancing
patient outcomes in these complex cases.

MATERIAL AND METHODS

This study was designed as a prospective
experimental investigation, conducted from
May 2019 to August 2021 at the National
Institute of Traumatology and Orthopaedic
Rehabilitation (NITOR) in Dhaka. The research
focused on patients presenting with infected
non-union femoral shaft fractures, a condition
characterized by  significant  treatment
challenges in orthopedic surgery. The study's
sample size comprised 12 patients, determined
based on the reported incidence rate of femoral
shaft fractures, which is 37.1 per 100,000 person-
years as noted by Vicenti et al.[16] This incidence

rate inherently led to a relatively small sample
size, reflective of the condition's rarity. The
selection of participants was conducted using
purposive sampling, ensuring that each
individual met the specific criteria set for this
study. The inclusion criteria included patients
with infected nonunion of the shaft of the
femur, fractures of the shaft of the femur
including 5cm distal to the lesser trochanter
proximally and 5cm proximal to the
epicondylar axis of the femur distally, and
patients who were anesthetically fit with
manageable  comorbid conditions.  The
exclusion criteria included patients with
pathological fractures (excluding chronic
osteomyelitis), fractures involving the joints,
and involvement of the metaphyseal or
epiphyseal portion of the bone. Upon
enrollment, a thorough evaluation of each
patient was conducted. This evaluation

included a  detailed  history, clinical
examination, laboratory  findings, and
radiological assessments. Preoperative

examinations focused on assessing the
condition of the overlying skin, the stage of
infection, limb length discrepancy (LLD), and
the range of motion of the knee. Radiological
evaluations were crucial in assessing the type of
nonunion and any associated bone loss. Follow-
up assessments were scheduled at 6, 12, 20, 28,
and 48 weeks post-operatively. During these
follow-up visits, clinical, radiological, and
functional outcomes were meticulously
recorded and evaluated based on the ASAMI
score. The bone outcome was categorized as
excellent, good, fair, or poor, based on criteria
including union status, infection presence,
degree of deformity, and LLD. Similarly, the
functional outcome was classified as excellent,
good, fair, poor, or failure, based on criteria
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such as activity level, presence of limp, stiffness,
Reflex Sympathetic Dystrophy (RSD), pain, and
the ability to return to daily activities or
employment.

RESULTS

In this study of 12 patients, the age distribution
showed a concentration in the 28-37 age group,
representing 50% (6 patients) of the
participants. The 38-47 age group followed with
25% (3 patients), the 18-27 age group with
16.67% (2 patients), and the 48-57 age group
with 8.33% (1 patient). The average age was 34.4
years with a standard deviation of 9.09 years.
Males were predominant in the study,
comprising 75% (9 patients) of the participants,
while females accounted for 25% (3 patients).
Regarding the side of injury, the right side was
more commonly affected, involving 66.67% (8
patients) of the cases, compared to the left side,
which was involved in 33.33% (4 patients) of the
cases. The majority of injuries were due to road
traffic accidents, accounting for 83.33% (10
patients) of the cases, while falls from height
were responsible for 16.67% (2 patients) of the
injuries.

Type of Fracture

m Closed fracture

B Gustio LA

Figure 1: Distribution of type of fracture among
the participants (N=12)

The majority of fractures were closed, with 9
cases accounting for 75% of the total. The
remaining 25% (3 patients) were classified as
open Gustilo IITA fractures.

The Surgical Implant Generation Network
(SIGN) Nail was the most common method of
fixation, used in 66.67% (8 patients) of the cases.
The Ilizarov External Fixator was employed in
25% (3 patients) of the cases. The least used
method was the Plate & Screw fixation, applied
in only 8.33% (1 patient) of the cases. [Table 2]

[Table 3] illustrates the interval between
primary management and the application of the
Masquelet Technique (MT) among the 12 study
participants. The most common intervals were
between 1-4 months and 5-8 months, each
accounting for 41.67% (5 patients) of the cases.
Less common were intervals of 9-12 months and
13-16 months, each representing 8.33% (1
patient) of the cases. The mean interval for the
application of the Masquelet Technique
following primary management was 6.37
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months, with a standard deviation of 4.12
months.

Per-operative bone gap
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Figure 2: Distribution of participants according
to per-operative bone gap (cm) (N=12)

[Figure 2] displays the distribution of the per-
operative bone gap sizes among the 12
participants. The bone gaps varied, with the
most common range being 2.51-3.0 cm,
observed in 41.67% (5 patients) of the cases.
Bone gaps of <1.50 cm were present in 25% (3
patients), while gaps measuring 1.51-2.50 cm
were seen in 16.67% (2 patients) of the
participants. Larger gaps, ranging from 3.01-5.0
cm and 5.01-6.50 cm, were less common, each
found in 8.33% (1 patient) of the cases. The
mean bone gap size was 3 cm, with a standard
deviation of 1.40 cm.

Limb Length Discrepency atfinal
follow-up
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Figure 3: Distribution of participants by Limb
Length Discrepancy at final follow up (N=12)

[Figure 3] outlines the distribution of limb
length discrepancy (LLD) among the 12
participants at their final follow-up. A total of
58.33% (7 patients) experienced an LLD ranging
from 1 to 2.4 cm, making it the most common
outcome. Notably, 16.67% (2 patients) achieved
an ideal outcome with no limb length
discrepancy (0 cm). However, a significant LLD
of 22.4 cm was observed in 25% (3 patients) of
the cases. The mean LLD across all participants
was 1.83 cm, with a standard deviation of 1.15
cm.

[Table 4] presents the distribution of
complications observed among the 12
participants in the study. The majority of the
participants, 66.67% (8 patients), did not
develop any complication. However, a
significant ~ proportion of the patients
experienced various complications. Knee
stiffness was the most common complication,
affecting 33.33% (4 patients) of the participants.
Pin tract infection was another notable
complication, occurring in 16.67% (2 patients).
Limp and pain were less frequent, each
observed in 8.33% (1 patient) of the cases. It is
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important to note that some participants
experienced  overlapping  complications,
indicating the multifaceted challenges in the
post-operative recovery process.

[Table 5] shows the bone outcomes at the final
follow-up for the 12 participants. The majority,
66.67% (8 patients), achieved an 'Excellent’
outcome, indicating successful bone union
without significant complications. A 'Good'
outcome, signifying successful union with
minor issues, was observed in 25% (3 patients).
Only one patient (8.33%) had a 'Fair' outcome,

reflecting successful bone union but with more
pronounced residual challenges.

[Table 6] outlines the functional outcomes of the
participants at their final follow-up. The
majority of the study group, 66.67% (8 patients),
achieved an 'Excellent' functional outcome,
indicating a high level of activity with minimal
or no limitations. A 'Good' functional outcome,
characterized by some limitations such as limp
or stiffness, was observed in 25% (3 patients) of
the cases. Only one patient, accounting for
8.33% of the study population, had a 'Fair'
functional outcome

Table 1: Distribution of baseline characteristics among the participants (N=12).

Variables | Frequency | Percentage

Age

18-27 2 16.67%

28-37 6 50.00%

38-47 3 25.00%

48-57 1 8.33%

Mean+SD 34.4+9.09

Gender

Male 9 75.00%

Female 3 25.00%

Side involved

Right Side 8 66.67%

Left Side 4 33.33%

Mechanism of Injury

Road Traffic Accident 10 83.33%

Fall From Height 2 16.67%
Table 2: Distribution of type of fixation among the participants (N=12).

Type of fixation Frequency Percentage

SIGN Nail 8 66.67%

Ilizarov Ex fixator 3 25.00%

Plate & screw 1 8.33%

Table 3: Distribution of participants according to Interval of Primary Management and Masquelet

Technique (MT) (N=12).
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Interval of Primary Management to MT (months) Frequency Percentage
1-4 5 41.67%

5-8 5 41.67%
9-12 1 8.33%
13-16 1 8.33%
Meanz=SD 6.37£4.12

Table 4: Distribution of participants according to development of complications (N=12)

Complications Frequency Percentage
Absent 8 66.67%
Knee Stiffness 4 33.33%
Pin Tract Infection 2 16.67%
Limp 1 8.33%
Pain 1 8.33%
Table 5: Distribution of participants according to Bone outcome at final follow up
Bone Outcome Frequency Percentage
Excellent 8 66.67%
Good 3 25.00%
Fair 1 8.33%

Table 6: Distribution of participants according to Functional Outcome at final follow up

Functional Outcome Frequency Percentage
Excellent 8 66.67%
Good 3 25.00%
Fair 1 8.33%

DISCUSSION

The patient demographics in our study,
focusing on younger adults with a
concentration in the 28-37 age group (50%), and
a male majority (75%), align with global trends
in femoral shaft fractures. These findings are
consistent with studies that have highlighted a
higher incidence of femoral fractures in
younger, predominantly male
populations.[1Z18191  The predominance of
injuries on the right side, observed in 66.67% of
our cases, also mirrors patterns noted in other
studies, suggesting a potential bias in the

mechanism of injury or anatomical
predispositions. Road traffic accidents, the
leading cause of femoral shaft fractures in our
study (83.33%), reflect the global epidemiology
of these injuries, where high-energy trauma
remains a primary cause.222ll This emphasizes
the need for targeted interventions in road
safety and trauma care. Most fractures in our
study were closed (75.00%) (as they developed
infected non-union after the primary surgery),
and the Surgical Implant Generation Network
(SIGN) Nail was the predominant fixation
method (66.67%). This preference aligns with
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the shift towards intramedullary nailing,
recognized for its efficacy in femoral shaft
fracture management.l22l The varied intervals
for applying the Masquelet Technique (MT),
particularly between 1-4 months and 5-8
months, highlight the tailored approach in
treatment, adhering to patient-specific needs
and fracture characteristics.[22] The range of
bone gap sizes in our study, particularly the
common range of 2.51-3.0 cm, underscores the
challenges in managing large bone defects. The
mean bone gap size of 3 cm is significant,
reflecting the severity of the fractures treated
and aligning with findings from other studies
that have documented similar challenges in
managing large bone defects.[24] Limb Length
Discrepancy (LLD) was a notable concern, with
58.33% of participants experiencing an LLD of 1
to 2.4 cm. Achieving no LLD in 16.67% of cases
is a positive outcome, indicative of effective
management strategies. Addressing LLD is
crucial for functional recovery and minimizing
long-term  disability. Complications were
relatively low in our study, with knee stiffness
(33.33%) and pin tract infections (16.67%) being
the most significant. These complications are
consistent with those reported in other studies,
emphasizing the importance of meticulous
post-operative  care.[2226]  The bone and
functional outcomes in our study were
predominantly positive, with 66.67% achieving
'Excellent' outcomes in both bone union and
functional recovery. The presence of 'Fair'
outcomes in a small proportion of participants
highlights the ongoing challenges in managing
complex femoral shaft fractures.

Limitations of the Study

The study was conducted in a single hospital
with a small sample size. So, the results may not
represent the whole community. The rarity of
the ailment resulted in a very small sample size.

CONCLUSIONS

This study provides valuable insights into the
management and outcomes of infected
nonunion of femoral shaft fractures,
particularly in the context of the Masquelet
Technique. Our findings indicate a higher
incidence of these fractures in young adults,
predominantly males, with a significant
number resulting from road traffic accidents.
The use of the Surgical Implant Generation
Network (SIGN) Nail emerged as the most
common fixation method, demonstrating its
effectiveness in treating these fractures. The
study also highlighted the challenges in
managing varying bone gap sizes and
addressing limb length discrepancies, with a
majority of patients achieving satisfactory bone
and functional outcomes post-treatment.
Despite some cases of complications like knee
stiffness and pin tract infections, the overall
success rate in terms of bone union and
functional recovery was encouraging. These
results underscore the importance of
individualized treatment strategies and the
potential of the Masquelet Technique in
managing complex femoral shaft fractures,
contributing to the ongoing efforts to enhance
orthopedic trauma care.
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