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1. Introduction

ABSTRACT

Introduction: Intramedullary (IM) nailing is the gold standard for treating long bone fractures in developed
countries because of its minimally-invasive application and good biomechanical properties. In precarious
conditions, external fixation or open plate fixation are often performed because surgeons do not have the
means to carry out IM nailing. However, these procedures can lead to infection-related complications and
mechanical failures. The aim of our study was to describe the outcomes and postoperative complications
of IM nailing of closed, long bone fractures in patients operated in a French front-line combat surgical
unit (role 2+). Our hypothesis was that IM nailing is a reliable technique with low morbidity for the initial
treatment of long bone fractures, even in precarious situations.
Material and methods: This was a prospective, single-center, descriptive study of patients operated on
between April 2016 and November 2017. All the patients with a closed femur or tibia fracture who
were treated by IM nailing were eligible, no matter their time to surgery. The minimum follow-up was
6 months. The primary endpoint was the absence of infection-related complications and the secondary
endpoint was fracture union.
Results: Fifty-eight patients were reviewed after an average follow-up of 4.7 months (range, 3-15
months). The mean patient age was 35.2 years (15-85 years) and the majority of patients were men
(52 of 58). The fracture was in the femur in 74.1% (n=43) of cases and in the tibia in 25.9% (n=15) of
cases. The time to surgery averaged 122.3 days (7-720 days) with a median of 60 days. In 74% of cases
(n=43), fracture realignment required an open surgical approach. The postoperative course was consid-
ered normal in 96.6% of cases (n=51). No infections were reported as of the last follow-up visit. Union
occurred in an average of 4 months in 70.7% of cases (n=41). There were three cases of nonunion after 6
months.
Discussion: Even in precarious situations, IM nailing is an effective, reliable method with a low complica-
tion risk and high union rate for the treatment of neglected long bone fractures. This surgical treatment
is well suited to the poor sanitary conditions on the African continent.
Level of evidence: II, low-powered prospective study.

© 2018 Elsevier Masson SAS. All rights reserved.

plications following plate fixation (Fig. 1) of neglected fractures,
the primary treatment of long bone fractures using IM nailing, no

Trauma, especially due to road traffic accidents, is an endemic
problem in Africa. The sanitary conditions in Chad are worse than
those of other countries in sub-Saharan Africa [1,2] and the access
to care is limited because of economic reasons (lack of pre-hospital
medicine) and cultural reasons, as the citizens strongly believe in
traditional medicine [3]. The large majority of long bone fractures
are seen by surgeons a long time after the initial injury event. Given
the large number of mechanical failures and infection-related com-
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matter the time to surgery, appears to be relevant.

The aim of our study was to describe the outcomes and postop-
erative complications of IM nailing of closed, long bone fractures
in patients operated in a French front-line combat surgical unit.
Our hypothesis was that IM nailing is a reliable technique with low
morbidity for the initial treatment of long bone fractures, even in
precarious situations.

2. Material and methods

Since 1986, a French front-line surgical unit has been deployed
at Camp Kosei in N'Djamena. The large majority of the practice is
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Fig. 1. Failure of fracture fixation hardware; plate used for a fracture in the lower
third of the right femoral shaft (AP and lateral views).

dedicated to assisting local civilian populations. While the orthope-
dic surgeon is isolated, he has, at his disposal, various internal and
external fracture fixation materials, in particular, those for insert-
ing an intramedullary nail (traction table, fluoroscopy, etc.). Access
to antibiotics and laboratory work-ups is limited.

2.1. Study population

This was a prospective, descriptive study of patients operated
between April 2016 and November 2017 in Chad. During this
period, all patients with a closed femur or tibia fracture who were
treated by IM nailing were eligible, no matter their time to surgery.
Exclusion criteria were: any failure fixation requiring surgical

revision by IM nailing, with open fractures mostly requiring staged
surgery. The minimum follow-up was 6 months.

2.2. Surgical technique

The surgical procedure was performed by military orthopedic
surgeons at the front-line surgical unit. The nail was inserted under
fluoroscopy guidance with the patient on a standard or traction
table. A standard nailing technique was used with AO nails (Fig. 2).
Fractures that were more than 3 weeks old were approached
directly and supplemented by autograft (iliac crest, bone removed
during reaming) to stimulate bone healing. In the other cases, the
fractures were preferentially treated without opening the frac-
ture site unless required to reduce the fracture. In certain cases
of chronic fracture, the bone ends had to be trimmed to reduce the
fracture. The IM nail was locked depending on the type of fracture
and the availability of fluoroscopy. Weight bearing was allowed
immediately or delayed by a few weeks based on the surgeon’s
experience.

2.3. Data collection

The following data were collected: age, fracture location and
mechanism, type of fracture (open/closed), time to surgery. Dur-
ing the postoperative course, the final follow-up visit was used to
determine whether an infection was present (wound dehiscence or
drainage, spontaneous pain or pain upon palpation, erythematous
skin, swelling, edema). Union was determined based on the clini-
cal examination (no pain upon palpation and weight bearing) and
AP and lateral X-rays (continuous cortices and presence of fracture
callus).

2.4. Statistical analysis

The demographic data was analyzed using Microsoft Excel
(Microsoft, Redmond, WA, USA). The qualitative variables were
compared using Fischer’s exact test. A p value of 0.05 or less was
considered significant.

Fig. 2. Dynamic IM nailing of a neglected fracture of the left tibia; appearance at 3 months postoperative. The size of the nail depends on product availability and distal

locking depends on fluoroscopy availability.
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for non-union

* 10 open fractures

* 19 lost to follow-up

Fig. 3. Study flow chart (IM: Intramedullary).

3. Results
3.1. Study cohort

Between April 2016 and November 2017, 102 patients with a
lower limb fracture were treated by IM nailing at the N'Djamena
surgical unit. Twenty-five patients were excluded: 15 patients had
a non-union revised by IM nailing and 10 had an open fracture.
Nineteen patients were lost to follow-up. In all, 58 patients were
analyzed (Fig. 3).

The injury mechanism was a traffic accident in every case. The
average patient age was 35.2 years (range 15 to 85 years). The
majority of patients were men (n=52). The fracture was in the
femur in 43 cases and the tibia in 15 cases. The median time to
surgery was 60 days (SD: 134 days).

3.2. Surgical technique

After the procedure, the surgeon allowed full weight bearing in
33 patients and delayed weight bearing by 45 days in the other 25
patients.In 43 cases, fracture realignment required an open surgical
approach. In these cases, the median time to surgery was 90 days
(SD: 135.6 days). When the fracture was exposed, a bone graft was
added in 22 cases (bone reaming debris or iliac crest graft). At the
end of the procedure, bone shortening averaged 1.6 cm (range, O to
6 cm).

3.3. Complications and postoperative course

The patients were reviewed a mean of 4.7 months after surgery
(3-15). The postoperative course was considered normal in the
majority of cases (n=51). No infections were reported as of the
last follow-up visit. Union occurred in an average of 4 months in
41 cases. The fracture was still healing in 14 cases. There were
three cases of non-union (Table 1) and one case of compartment
syndrome in a 10-day-old closed mid-shaft tibial fracture.

4. Discussion

Our study found a low risk of infection and a high rate of bone
union (4 months on average) in fractures treated by IM nailing,
no matter the time elapsed between the accident and surgery. The
complication rate was low, despite the need to directly access the
fracture site to reduce the fracture and carry out the nailing in the
large majority of cases (n=43). Thus our primary hypothesis is veri-
fied: evenin precarious situations, IM nailing is an effective, reliable
method with a low complication risk and a high union rate for the
treatment of neglected long bone fractures.

The primary limitation of our study is the large number of
patients lost to follow-up; this is evidence of the challenges of
following patients in Africa, who may be unable to travel long dis-
tances or who may not have the financial means to travel. The
second limitation is the short follow-up, especially for the eval-
uation of fracture union. We had decided on a minimum follow-up
of 6 months, a time frame in which we could diagnose non-unions.
The strength of this study is that it was a prospective evaluation of
fracture patients treated by IM nailing in precarious conditions.

The initial care of limb injuries in developing countries is often
delayed because of the cost of treatment, lack of nearby hospitals
and travel challenges related to the road conditions. The first prac-
titioner consulted is often a “traditional one” [3]. In fact, patients
prefer to receive treatment from a traditional practitioner for prac-
tical, financial and cultural reasons [1,4]. These neglected long bone
fractures are a challenge for the orthopedic surgeon who often
works in isolation with limited means [5,6].

Intramedullary nailing is the gold standard for treating long
bone fractures in developed countries because of its minimally
invasive application and good biomechanical properties [6-8]. In
our practice, along with rigorous aseptic conditions, this technique
requires specific instrumentation and the use of fluoroscopy. The
sanitary conditions at the French remote surgical unit in N’'Djamena
are better than those in many hospitals in sub-Saharan Africa. In
regional hospitals, IM nailing is difficult to perform because traction
tables are frequently lacking, and fluoroscopy may not be avail-
able. In these conditions, even freshly closed fractures are treated
by open surgery. The Surgical Implant Generation Network (SIGN)
intramedullary nail was developed for use in low-income countries
[9,10] and allows IM nailing to be performed without fluoroscopy.
In fact, use of plate fixation to treat this type of fracture is not with-
out consequences, such as hardware failure and infection-related
complications. Eliezer [11] found a 25% reoperation rate for plate
fixation versus 5.2% for IM nailing in a study of 331 femoral shaft
fractures. IM nailing has a low risk of reoperation with good func-
tional scores and return to activity at 1 year of follow-up.

Few published articles have evaluated the effectiveness or mor-
bidity of IM nailing in countries with poor sanitary conditions. Our
findings are consistent with those of other published studies. Most
of these studies found the infection rate was similar to the one
reported indeveloped countries [12,13].Eliezer|[11] reporteda3.3%
infection rate (9 of 272 cases). Young et al. [14] used the Fracture
Care International database to review 46,113 IM nails implanted in
various developing countries to determine the infection rate after
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Table 1
Detailed information about our nonunion cases.

Age (years) Injury mechanism Location Time to surgery (days) Fracture type Fracture site opened Follow-up (months)
30 Road accident Femur 180 Closed Yes 15

25 Road accident Femur 90 Closed Yes 12

40 Road accident Femur 150 Closed Yes 9

IM nailing and relevant risk factors. The mean follow-up was 215
days with a median of 100 days. The infection rate was 1% (0.8% in
the femur and 1.5% in the tibia). Antimicrobial prophylaxis reduced
the risk by 29%. The risk of infection was increased when the pro-
cedure was performed due to non-union. The authors concluded
that the infection rate after IM nailing was low but doubled in non-
union cases. It is important to point out that our infection rate was
zero, despite the reduction technique used. In 74% of cases, the frac-
ture site had to be opened, although it did not increase the risk of
infection. However, this may have consequences on bone healing.
Although not statistically proven, our non-union cases all had an
open approach to the fracture site. It is also accepted that draining
the fracture hematoma is associated with a higher risk of non-union
[15].

Gahukamble [16] reported on a case series of 11 patients from
India who had neglected femur fractures. Fracture union was
achieved in an average of 12 weeks. The main complication was
knee contracture related to restoring the bone length in patients
with malunion or non-union who initially had considerable limb
shortening. We did not evaluate this aspect in our study, as our
primary treatment objective was to allow patients to return to full
weight bearing. Knee stiffness secondary to fracture realignment is
likely, given the lack of physical therapy options in these developing
countries.

We found no benefit of using a bone graft when the fracture
was operated later on ( >3 weeks). We wondered if adding a bone
graft during the treatment of neglected long bone fractures would
increase the unionrate. Ina prospective study, Tall [17] showed that
Judet’s osteoperiosteal de-cortication procedure [18], in combina-
tion with IM nailing, is sufficient to achieve union when treating
neglected fractures. Union was achieved in 4 months along with
good functional results [17]. They recommend not adding a bone
graft in fractures undergoing delayed treatment. In a second arti-
cle [19] on the treatment of femoral non-union using this same
technique, there were no infections and the union rate at 3 months
was excellent. When the fracture site must be opened to reduce
the fracture, osteoperiosteal decortication in combination with IM
nailing is a simple, effective method to achieve union, no matter
the chronicity of the fracture.

We have no evidence that delayed weight bearing can delay
bone union. According to Keon Oh [20], reaming and immediate
weight bearing can be sufficient for bone union to occur. A bone
graft only seems necessary when more than 2 cm of shortening is
present or the bone defect spans more than half the diameter of the
diaphyseal shaft.

Lastly, realignment of certain femur fractures can be associ-
ated with nerve and vascular complications [21,22]; however, this
complication was not found in our cohort. Although we did not
specifically analyze the dangers of realignment, the average short-
ening was less than 2 cm, which does not appear to cause specific
complications during realignment [23].

5. Conclusion

The sanitary conditions in some of the hospitals in developing
country require having recourse to simple surgical treatments to
limit the risk of complications. IM nailing of closed femur or tibia

fractures is a reliable, effective treatment with low morbidity that
is well suited to these conditions.
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