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ABSTRACT

Background: Intramedullary  femoral
nailing (IMN) is the gold standard for
managing femoral shaft fractures. This
systematic review aims to evaluate the
current practices in the surgical management
of femoral shaft fractures, focusing on the
effectiveness of closed versus open
reduction techniques.

Methods: This systematic review was
conducted according to guidelines of the
Preferred Reporting Items for Systematic
Reviews and Meta-Analysis (PRISMA).
The literature search encompassed an
extensive database including PubMed,
ScienceDirect, Google  Scholar, and
Cochrane library. Studies published after the
year 2013 were included in the analysis. The
quality of the included studies was
evaluated using the proper tools suited to
the study design. The synthesis and analysis
of data included a narrative summary of
study characteristics, aims and objectives,
surgical technique, and main study
results/conclusions.

Results: Sample sizes in the selected studies
ranged from 18 to 398 participants. The
most common surgical techniques used for
femoral shaft fractures were Closed and
open intramedullary (IM) nailing. Generally,

the studies found that closed techniques,
such as closed nailing and closed reduction,
had similar or better outcomes compared to
open techniques in terms of union rates,
blood loss, infection rates, and functional
outcomes. Overall, the studies suggest that
closed techniques and novel minimally
invasive reduction methods can be effective
alternatives to traditional open approaches
for the treatment of femoral shaft fractures.

Conclusion: This systematic review
concludes that closed reduction for
intramedullary nailing of femoral shaft
fractures is associated with better outcomes
in terms of union rates and recovery times.
Open reduction remains an acceptable
alternative, particularly in challenging cases.

Keywords: Femoral shaft fractures,
intramedullary nailing, closed and open
intramedullary nailing, closed reduction,
open reduction.

INTRODUCTION

Femoral shaft fractures are significant
injuries that commonly result from high-
energy trauma, such as motor vehicle
accidents. The surgical management of these
fractures primarily involves intramedullary
nailing, which is generally preferred due to
its minimally invasive nature and favorable
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outcomes. This systematic review aims to
evaluate the current practices in the surgical
management of femoral shaft fractures,
focusing on the effectiveness of closed
versus open reduction techniques.

Surgical management of femoral shaft
fractures is a critical component of
orthopedic trauma care, particularly due to
the high-energy mechanisms often involved
in these injuries, such as motor vehicle
accidents. These fractures can lead to
significant morbidity, including
complications like extensive bleeding and
muscle injury, which necessitate prompt and
effective treatment strategies. The current
gold standard for surgical intervention is
intramedullary nailing (IMN) [1,2,3,4,5],
which boasts a high union rate of
approximately 97% [6] but is also
associated with potential complications such
as malrotation and postoperative pain
[7,8,9].

The management of femoral shaft fractures
is influenced by various factors, including
the  patient's age, the  fracture's
characteristics, and the presence of
concomitant injuries. In younger patients,
high-energy trauma typically results in more
complex fracture patterns, while older
individuals may sustain fractures from
lower-energy falls. This bimodal
distribution underscores the importance of
tailored surgical approaches that consider
the unique circumstances of each patient
[1].

In addition to IMN, alternative surgical
techniques such as open reduction internal
fixation (ORIF) and external fixation may
be employed based on the specific fracture
type and the patient's overall health status.
While IMN remains the preferred method in
most cases, external fixation can serve as a
temporary  solution,  particularly  in
polytrauma scenarios where immediate
stabilization is required [10].

Overall, the surgical management of
femoral shaft fractures requires a
comprehensive understanding of the injury's
mechanics, the surgical options available,
and the potential complications that may

arise. As orthopedic practices continue to
evolve, ongoing research into optimizing
surgical techniques and patient positioning
is essential for improving outcomes in this
challenging area of trauma care [1, 10].

METHOD

This systematic review was conducted
following the Preferred Reporting Items for
Systematic Reviews and Meta-Analysis
(PRISMA) guideline [11]. We only included
studies that focused on surgical management
of femoral shaft fractures in adults.

Search Strategy

To identify relevant studies, we searched
PubMed, ScienceDirect, Google Scholar,
and Cochrane library databases using the
following keywords and their derivatives:
femoral shaft fractures, surgical
management, closed reduction, open
reduction, intramedullary nailing. Searches
on PubMed and Google Scholar were done
by employing the Boolean Logic (AND, OR
and NOT) to  generate different
combinations of search strings. After the
identification of relevant studies duplicates
were removed. Manual searches of
reference list of included articles were
undertaken to search for possible studies not
captured by the electronic searches. The title
and abstract were screened for eligibility.
Finally, the full text research articles were
assessed to verify whether the study met the
inclusion criteria.

Eligibility Criteria

The eligibility criteria were predefined.
Studies were included if they involved adult
patients aged >16 years with femoral shaft
fractures, were available in full text,
published in English, and employed clinical
trial or observational study designs,
including prospective and retrospective
studies. Studies were excluded if they
involved paediatric patients; fractures of the
femoral head or neck; patients with
ipsilateral acetabular fractures or lower limb
amputations; proximal or distal (non-
diaphyseal) femoral fractures; periprosthetic
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or pathological fractures; or animal subjects.
Additionally, studies published in languages
other than English, as well as case studies,
commentaries, editorials, short
communications, abstracts, literature
reviews, and systematic reviews or meta-
analyses, were excluded from the analysis.
Studies published after the year 2013 were
included in this systematic review which
assessed different types of surgical
management of femoral shaft fractures. A
pre-screening or pilot literature review was
meticulously conducted to ensure the
reliability and credibility of the literature
selection process. This pre-screening was
performed by two independent researchers,
and discrepancies were settled by a third
reviewer. Title and abstract of each study
were thoroughly examined to ascertain its
relevance to the research objectives.

Data extraction and synthesis was
performed after appropriate screening of the
studies based on the inclusion and exclusion

criteria. The extracted data included
publication year, study type, sample size,
aims and objectives, surgical technique, and
main  study results/conclusions.  The
collected data were presented as findings of
this systematic review after analysis.

RESULT

Initial search identified 1354 studies from
the databases and other sources. 119 records
were screened after initial exclusion of the
studies. Following an assessment of the
titles and abstracts, 30 articles were selected
for further consideration. Following that, 8
studies were eliminated based on the
inclusion criteria and two studies were not
in English. We screened 20 studies based on
the inclusion and exclusion criteria. Finally,
we selected 12 studies because of non-
availability of some data in the other
studies. The process of selection of the
studies is depicted in the PRISMA study
selection diagram (Figure 1).
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Figure 1: PRISMA Flow Chart
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Table 1: Different methods of surgical management for femoral shaft fractures.

Authors & | Sample Size/ | Aims Technique Result/Conclusion
Publication Year | Design of
the Study
Chen W et al. 22 This study aims to | Fracture reduction | The rapid reductor can
2016 [12] Prospective assess the outcomes of | with rapid | be applied to effectively
study displaced femoral | reductor and | achieve and maintain the
shaft fractures treated | intramedullary reduction of displaced
by a novel minimally | (IM) nail fixation | femoral shaft fractures in
invasive technique that a minimally invasive
employs a  rapid fashion, which is
reductor to reduce conducive for IM nailing
fracture and facilitate fixation.
IM nail fixation.
Chaudhary P et al. | 80 To compare outcome | Closed and open | Operating time, blood
2017 [13] RCT of open versus closed | intramedullary loss, and infection are
interlocking nail for | interlocking higher in the open
fracture shaft of femur | nailing nailing group. Cost of
in adults in term of treatment and union is
union, blood loss, comparable in  both
infection rate, groups.
functional outcome
Kisan D et al. | 64 to assess the results of | Closed and open | Increased blood loss,
2018 [14] Retrospective | intramedullary nailing | intramedullary Increased infection rate
study of  femoral  shaft | interlocking and decreased rate of
fractures by both open | nailing union is observed in
and closed methods. open group.
Kumar SK et al. | 50 To  compare  the | Closed and open | Both the techniques are
2018 [15] Cohort functional outcome of | intramedullary similar.
closed Vs open | interlocking
intramedullary nailing
interlocking nailing of
fracture shaft of femur.
Gao Y et al. 2019 | 18 This study aims to | Novel reduction | All patients with femoral
[16] Prospective explore the clinical | brace combined | shaft fracture
study efficacy of applying a | with closed | successfully received
new reduction brace in | reduction closed reduction femoral
the closed reduction of | intramedullary nail with the application
femoral shaft fracture. | nail insertion of the novel reduction
brace.
The design of the closed
reduction brace of the
femoral shaft fracture
was reasonable, simple,
and convenient to use
and has a short learning
curve.
Hamahashi K et | 51 This study evaluated | Intramedullary Only displacement of the
al. 2019 [17] Retrospective | the clinical outcomes | nailing third fragment
study of intramedullary significantly affected
nailing of femoral delayed union.
shaft fractures with
third fragments and
analyzed the risk
factors for delayed
union.
Naeem-Ul-Haq S | 116 To compare the results | Closed and open | Closed interlocking nail
et al. 2020 [18] Retrospective | of closed interlocking | intramedullary for fracture shaft of
study nail shaft of femur | interlocking femur resulted in earlier
Versus open | nailing union, better union rates
International Journal of Science and Healthcare Research (www.ijshr.com) 82
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interlocking nail in and less infection rate
terms of union, non- than open interlocking
union and infection nail.
rate.
Ghouri SI et al. | 110 This study aims to | open versus | There is no statistical
2020 [19] Retrospective | assess the results of | closed reduction | difference between the
study open versus closed | in intramedullary | healing rates in closed
reduction in | nailing and open reduction in
intramedullary nailing femoral shaft fractures.
for femoral fractures.
Tahir M et al. | 398 The study aims to | Open and closed | Fixation of femoral shaft
2021 [20] Retrospective | assess the clinical and | nailing fractures  with  open
study functional outcomes of nailing  has  similar
open and  closed outcomes in union rates,
nailing for closed time to union, and rates
femoral shaft of significant
fractures. complication similar to
those of close nailing.
Shui W et al. 20 In this study, a fracture | closed reduction | Displaced femoral shaft
2021 [21] Retrospective | table was wused to | technique with | fractures in adults can be
study restore limb length, | intramedullary treated by a labour-
and long, curved | nails, haemostatic | saving lever technique
haemostatic  forceps | forceps and the | involving fragments, 2
and the lever principle | lever principle haemostatic forceps and
were  utilized  to soft tissue envelope-
achieve minimally assisted closed reduction
invasive reduction and and intramedullary nail
intramedullary nail fixation.
fixation of femoral
shaft fractures.
Nandhimandalam | 100 To compare the closed | Closed Closed intramedullary
Betal. 2021 [22] | Cohort IM nailing and mini- | intramedullary nailing is better treatment
open technique in | (IM) nailing and | for acute femoral shaft
femoral-diaphyseal mini-open IM | fractures. Percutaneous
fractures (FDF) in | nailing technique associated
terms of radiation with  minimal  open
exposure, surgical reduction is helpful in
duration, radiological treating the complex
and functional fractures, polytrauma
outcome. patients in poor resource
set-up, and segmental
fractures.
Lin S et al. 63 To  compare  the | Small-incision compared with open
2022 [23] Retrospective | efficacy of small- | clamp-assisted reduction, clamp
study incision clamp- | reduction and | reduction is a safer
assisted reduction with | open reduction reduction method with
open reduction for the shorter operation time,
treatment of femoral less intraoperative blood
shaft fractures by loss, less postoperative
anterograde pain, shorter hospital
intramedullary nailing. stay and fewer
postoperative
complications.
Table 1 summarizes 12 studies related to the The majority of the studies were
treatment of femoral shaft fractures. The retrospective in nature, with 3 being

studies were conducted by various authors
and published between 2016 and 2022. The
sample sizes range from 18 to 398 patients.

original/prospective studies and 2 being
cohort studies.
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The studies aimed to compare the outcomes
of various techniques for the treatment of
femoral shaft fractures, including open vs.
closed intramedullary nailing, open vs.
closed reduction, and the use of novel
reduction methods. Some studies also
looked at factors affecting delayed union
and functional outcomes. The main
techniques evaluated were: Closed vs. open
intramedullary interlocking nailing and
novel reduction techniques, such as the use
of a rapid reductor, a reduction brace, and a
lever technique with haemostatic forceps.
Generally, the studies found that closed
techniques, such as closed nailing and
closed reduction, had similar or better
outcomes compared to open techniques in
terms of union rates, blood loss, infection
rates, and functional outcomes. Novel
reduction techniques, like the rapid reductor
and reduction brace, were effective in
achieving and  maintaining  fracture
reduction in a minimally invasive manner,
facilitating intramedullary nail fixation.
Factors such as displacement of third
fragments were identified as risk factors for
delayed union.

Overall, the studies suggest that closed
techniques and novel minimally invasive
reduction methods can be effective
alternatives to traditional open approaches
for the treatment of femoral shaft fractures.

Risk of Bias Assessment

Quality assessment of the included studies
was critically appraised using the
appropriate tools. Nine studies were
assessed using the Risk of Bias in Non-
randomized Studies - of Interventions
(ROBINS-I) tool [24], one study of
Chaudhary P et al. 2017 [13] was evaluated

using the Cochrane Risk of Bias (RoB 2)
tool [25] which was found to be of high risk
of bias in all the domains except low risk in
one domain of random sequence generation.
Two studies were assessed using the
Newcastle-Ottawa  scale (NOS) [26].
Nandhimandalam B et al. 2021 [22] was
found to be of good quality because of low
risk of bias with total NOS score 8 while
Kumar SK et al. 2018 [15] was of high risk
of bias with total NOS score 4.

Figure 2 summarizes the risk of bias of the
included non-randomized studies as
assessed using the ROBINS-I tool. Chen W
et al. (2016) [12] and Gao Y et al. (2019)
[16], both prospective studies, demonstrated
an overall moderate risk of bias, primarily
due to moderate concerns in Domains 1, 3,
5, and 6, while other domains were rated as
low risk. Among the retrospective studies,
Hamahashi K et al. (2019) [17], Tahir M et
al. (2021) [20], and Shui W et al. (2021)
[21] also showed an overall moderate risk of
bias, largely driven by moderate bias related
to confounding (Domain 1), deviations from
intended  interventions or  outcome
measurement (Domains 4-6). In contrast,
Kisan D et al. (2018) [14], Naeem-Ul-Haq S
et al. (2020) [18], Ghouri SI et al. (2020)
[19], and Lin S et al. (2022) [23] were
assessed as having an overall low risk of
bias, with low risk ratings across most
domains except for moderate concerns
related to confounding and missing data.
Overall, Domain 1 (bias due to
confounding) and Domain 6 (bias in
measurement of outcomes) were the most
frequent sources of moderate bias across
studies, whereas Domains 2 and 7 were
consistently rated as low risk.
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Figure 3. Summary of risk of bias assessment of included prospective and retrospective studies.

DISCUSSION

The findings of the present study suggest
that closed intramedullary nailing generally
has better outcomes compared to open
nailing, with reduced blood loss, infection
rates, and earlier union. Novel minimally
invasive reduction techniques, such as the

use of specialized reduction devices or
braces, can facilitate successful closed
reduction and intramedullary nail fixation.
Mini-open  nailing may also have
advantages over open nailing in certain
scenarios, while the displacement of the
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third fragment appears to be a risk factor for
delayed union.

Our findings of the present study are
consistent with other researches which
proved that closed reduction and
interlocking intramedullary nail fixation is a
standard treatment for femoral shaft fracture
[27, 28]. Chaudhary et al. (2017), Kisan et
al. (2018), and Naeem-Ul-Haq et al. (2020)
found that closed intramedullary nailing had
better outcomes compared to open nailing,
with reduced blood loss, infection rates, and
earlier union. In contrast, Ghouri et al.
(2020) and Tahir et al. (2021) reported no
significant difference in healing rates and
complication rates between open and closed
nailing.

Chen et al. (2016) and Shui et al. (2021)
described successful minimally invasive
closed reduction techniques using a "rapid
reductor" device and the "lever principle"
with hemostatic forceps, respectively. These
techniques facilitated closed reduction and
intramedullary nail fixation. Gao et al
(2019) evaluated the use of a novel
reduction brace that enabled closed
reduction and intramedullary nail insertion
in all their patients, with the brace being
simple, convenient, and having a short
learning curve. Nandhimandalam et al.
(2021) found that closed intramedullary
nailing was better than mini-open nailing in
terms of reduced radiation exposure, shorter
surgical duration, and better radiological
and functional outcomes. Hamahashi et al.
(2019) identified that only the displacement
of the third fragment significantly affected
the risk of delayed union in femoral shaft
fractures  treated with intramedullary
nailing. Some study compared small-
incision clamp-assisted reduction versus
open reduction. Lin et al. (2022) reported
that small-incision clamp-assisted reduction
had better outcomes compared to open
reduction, with shorter operation time, less
blood loss, less postoperative pain, shorter
hospital stay, and fewer complications.

The open approach has certain drawbacks as
well, such as the need to take skin scars into
account, the loss of fracture hematoma,

which is crucial for fracture healing, and the
loss of bone shavings from reaming the
canal. If a locking nail is employed,
infection rates rise, union rates fall, and
image intensification can still be necessary
[29]. While intramedullary nailing is the
most common surgical treatment for femoral
shaft fractures, external fixation and plate
fixation are also used in certain situations.
There are several new minimally invasive
techniques being developed and tested for
the treatment of femoral shaft fractures:

Novel Closed Reduction Technique
A recent study introduced a novel closed

reduction technique that utilizes
intramedullary  nails, long curved
haemostatic forceps, and the lever principle
[21]. This method aims to achieve
minimally invasive reduction and nail
fixation without the need for open

procedures. In a retrospective analysis of 20
patients, all fractures were successfully
reduced in a closed fashion, with excellent
alignment achieved after nailing. The
technique demonstrated reduced operative
time, blood loss, and fluoroscopy exposure
compared to traditional methods.

Minimally Invasive Plate Fixation
Minimally invasive plate fixation (MIPF) is
another approach being explored for
femoral shaft fractures [30]. In this
technique, the plate is inserted through
isolated proximal and distal incisions only,
passing behind the vastus lateralis muscle.
This minimizes soft tissue disruption
compared to open plating techniques. While
not as commonly used as nailing, MIPF can
be considered in certain situations such as
segmental fractures or when nailing is not
feasible.

Percutaneous Reduction Techniques

The use of percutaneous reduction tools and
techniques is gaining traction to facilitate
minimally invasive nailing of complex
femoral fractures [31]. These include the use
of reduction clamps, Schanz pins, and
blocking screws applied through small
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incisions to neutralize deforming muscle
forces. Mastery of these percutaneous
reduction maneuvers is crucial to extend the
indications of intramedullary nailing to

more complex fracture patterns while
respecting the soft tissue envelope.
In summary, novel closed reduction

techniques utilizing specialized instruments,
minimally invasive plating, and advanced
percutaneous  reduction methods are
examples of new minimally invasive
approaches being developed and studied for
the treatment of femoral shaft fractures.
These techniques aim to improve outcomes
by reducing surgical trauma while
maintaining the benefits of stable fixation.
Although our present study focused on the
surgical management of femoral shaft
fractures in adults, there are other
procedures applied in pediatric patients.
There are four main interventions used in
pediatric femoral shaft fractures: cast (C),
plate fixation (PF), titanium elastic nail
(TEN) and external fixation (EF) [32].

CONCLUSION

The present systematic review concluded
that closed reduction for intramedullary
nailing of femoral shaft fractures is
associated with better outcomes in terms of
union rates and recovery times. Open
reduction remains an acceptable alternative,
particularly in challenging cases. Future
research should focus on long-term
outcomes and the development of
standardized protocols to optimize the
management of femoral shaft fractures.
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