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Background: Femoral shaft fractures are common injuries in adults. Closed 
locked intramedullary nailing is the recommended treatment for femoral shaft 
fractures due to its high union rate. Objective: The objective of this study is to 
determine the outcome of management of closed femoral shaft fractures in adult 
patients, using open locked intramedullary nailing. Patients and Methods: This is 
a prospective study which was carried out on all adult patients aged 16 years and 
above	who	 presented	within	 2	weeks	 of	 sustaining	 closed	 femoral	 shaft	 fractures	
to the accident and emergency unit of a University Teaching Hospital in Nigeria 
from	January	2013	 to	December	2013.	Pathological	 fractures	were	excluded	 from	
the study. The procedure was carried out using standard techniques, and each 
patient was followed up for a minimum of 1 year. Results: Forty-three patients 
were	 recruited	 into	 the	 study.	They	 had	 a	mean	 age	 of	 36.9	 ±	 11.7	 years,	with	 a	
male	 to	 female	 ratio	 of	 2.9:1.	 The	 most	 common	 cause	 of	 closed	 femoral	 shaft	
fractures	was	 road	 traffic	 crashes	 (95.3%),	with	motorcycle-related	 injuries	 found	
to	 be	 the	 highest	 type	 (56.1%).	 The	 rate	 of	 union	 in	 the	 study	 was	 95.3%.	 The	
average	 time	 to	 radiological	 union	 was	 14.0	 ±	 1.2	 weeks	 while	 the	 mean	 time	
to	 painless	 full	 weight	 bearing	 was	 14.2	 ±	 1.2	 weeks.	Among	 the	 complications	
encountered were broken nails (4.7%), infection, loosening of the distal screw, and 
limb	 length	 discrepancy	 (2.3%	 each).	 Using	 Thoresen’s	 criteria,	 excellent	 results	
were	 obtained	 in	 93%	 and	 poor	 results	 in	 4.7%	 of	 patients.	 Conclusion: Open 
locked intramedullary nailing gives excellent clinical outcomes with high union 
and low complication rates in the management of closed femoral shaft fractures in 
adult patients.
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of comminution present increases with the amount of 
energy absorbed by the femur at the time of fracture.[6]

Up to 40% of isolated femoral fractures may require 
transfusion because closed femoral shaft fractures can 
result in loss of up to 1.5 liters of blood.[7] This blood loss 
is	 significant;	 hence,	 resuscitation	 is	 essential	 in	 these	

Original Article

IntroductIon

F emoral shaft fractures are common injuries in 
adults and may result into major morbidity or even 

mortality if not adequately treated.[1-3]

A femoral shaft fracture is a break in continuity of the 
femoral shaft and it is said to be closed when the fracture 
site does not communicate with the exterior. It commonly 
affects patients in their productive age and frequently 
occurs following road crashes.[4,5] Femoral shaft fracture 
patterns vary according to the direction of the force 
applied and the amount of force absorbed. The amount 
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patients	before	investigations	and	definitive	treatment	are	
carried out.

The treatment of femoral shaft fractures has undergone 
significant	 evolution	 over	 the	 past	 century.	 Before	
the	 20th	 century,	 the	 definitive	 treatment	 method	 was	
traction or splinting. These methods were associated 
with several complications such as poor control of 
length and alignment, pin tract infection, nonunion, and 
joint stiffness due to prolonged immobilization.[8,9] Open 
reduction	 and	 internal	 fixation	 have	 reduced	 some	 of	
these complications by enabling early mobilization of 
the patient after surgery. The gold standard for treating 
closed femoral shaft fractures currently is closed locked 
intramedullary nailing.[10-13] This requires the use of an 
image	 intensifier.	 In	 the	 absence	 of	 this,	 the	 fracture	
site can be opened up, and the procedure done using an 
external targeting device to guide the locking of the nail. 
This is termed open locked intramedullary nailing.[14] 
Opening the fracture site causes loss of the nutrient-rich 
fracture hematoma with the potential effect of delaying 
union.	 The	 surgical	 wound	 also	 heals	 with	 fibrosis	
with the potential for joint stiffness. Studies on open 
intramedullary nailing have however shown comparable 
outcomes to closed nailing with regard to rate and time 
of union.[4]

The aim of this study was to assess the clinical outcome 
of treatment of closed femoral shaft fractures in adults 
using open locked intramedullary nailing in our center.

PAtIents And Methods

This was a prospective, descriptive hospital-based 
study	 carried	 out	 over	 a	 12	 months	 period	
(January	2013–December	2013).	All	consecutive	patients	
16 years and above who presented to our institution 
within	 2	 weeks	 of	 sustaining	 a	 closed	 femoral	 shaft	
fracture were recruited into the study. Patients with 
pathological fractures were excluded from the study. 
Informed consent was taken from all patients before 
recruitment.

Patient demographic data, details of the injury, radiologic 
investigations, treatment, and outcome were recorded on 
a structured questionnaire. All patients were evaluated, 
resuscitated, and prepared for surgery. Anesthesia 
consisted	 of	 subarachnoid	 block	 in	 26	 (60.5%)	 patients,	
epidural	 block	 in	 16	 (37.2)	 patients,	 and	 general	
anesthesia	in	1	(2.3%)	patient.	All	patients	were	managed	
with open locked intramedullary nailing using Surgical 
Implant Generation Network (SIGN®) nails.

The	technique	is	as	described	below:

The maximum length of the nail to be used was 
determined by measuring the distance from the greater 

trochanter to the superior pole of the patella on the 
unaffected limb. Antegrade technique [Figure 1] was the 
preferred method of insertion, but a retrograde technique 
[Figure	2]	was	employed	 in	 instances	where	 the	 fracture	
was close to the distal end of the femur. An entry point to 
the femur was created using a bone awl, and the proximal 
fragment was reamed progressively up to a size 11 mm 
reamer. Fracture reduction was achieved by making a 
3-7	 cm	 incision	 at	 the	 fracture	 site	 through	 which	 the	
distal fragment was reamed. A 9 mm diameter nail of 
appropriate length determined preoperatively was passed 
through the proximal fragment and guided into the distal 
fragment through the fracture site incision. An external 
targeting device attached to the nail was used to insert 
locking screws into the distal fragment. The fracture 
was compressed, and proximal locking screws were then 
inserted after ensuring proper rotational alignment of the 
limb.

Each patient was followed up for 1 year. During each 
visit, clinical status of the limb was assessed using the 
Thoresen’s criteria. X-rays were done in the immediate 
postoperative period to assess fracture reduction and 
fixation.	Follow-up	x-rays	were	 taken	at	6	and	12	weeks	
posttreatment to assess for progression of healing. 
Subsequent x-rays were taken every 4 weeks until 
radiological union was achieved. Radiological union was 
taken as the presence of callus bridging three cortices 
seen on two different views of the fracture site.

Data obtained was analyzed using the Statistical Package 
for the Social Sciences software version 17 (SPSS Inc, 
Chicago, USA). Fisher’s exact test was used to determine 
the	 statistical	 significance	 between	 qualitative	 variables.	
Relationship of difference in P <	 0.05	 was	 accepted	 as	
statistically	significant.

results

During	 the	 study	 period,	 43	 patients	 with	 43	 closed	
femoral shaft fractures were recruited and managed with 
open	 locked	 intramedullary	 nailing.	There	were	 32	male	
and	 11	 female	 giving	 a	 male	 to	 female	 ratio	 of	 2.9:1.	
Their	ages	ranged	from	20	 to	60	years,	with	a	mean	age	

Table 1: Causes of femoral shaft fractures
Causes n (%)
Road	traffic	crash 41	(95.3)
Fall from height 2	(4.7)
Types	of	road	traffic	crash

Motorcycle 23	(56.1)
Car 8 (19.5)
Bus 7 (17.1)
Truck 2	(4.9)
Pedestrian 1	(2.4)
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of	36.9	±	11.7.	The	most	common	cause	of	femoral	shaft	
fractures	 was	 road	 traffic	 crashes,	 and	 among	 the	 road	
traffic	crashes,	motorcycle-related	crashes	constituted	 the	
highest group (56.1%, n	=	23)	as	shown	in	Table 1.

Femoral shaft fractures were found to be more common 
on the left side (65%, n	 =	 28)	 than	 the	 right	 side	
(35%,	 n	 =	 15).	 The	 middle	 third	 of	 the	 femoral	 shaft	
was	 the	 most	 frequent	 part	 affected	 (62.8%,	 n	 =	 27)	
while	 transverse	 configuration	 was	 the	 most	 common	
configuration	seen	(53.4%,	n	=	23)	as	shown	in	Table	2.	
Using	 the	 AO/OTA	 classification,	 simple	 fractures	
(Type A) were the most common class (60.4%) 
while wedge fractures (Type B) were the least 
common (11.7%) as shown in Table	 3.	 The	 anesthetic	
techniques employed varied from subarachnoid block 
in	 26	 (60.5%)	 patients,	 to	 epidural	 block	 in	 16	 (37.2%)	
patients,	and	general	anesthesia	in	one	(2.3%)	patient.

The union rate of femoral shaft fractures in this study 
was	 95.3%.	 The	 mean	 time	 to	 radiological	 union	
was	 14.0	 ±	 1.2	 weeks,	 with	 a	 range	 of	 11–16	 weeks.	
The mean time to painless full weight bearing was 
14.2	±	1.2	weeks,	with	a	range	of	11–16	weeks.

Table 2: Fracture characteristics
n (%)

Side
Right 28	(65.1)
Left 15	(34.9)

Site
Proximal third 6 (14.0)
Middle third 27	(62.8)
Distal third 10	(23.2)

Configuration
Transverse 23	(53.4)
Comminuted 14	(32.6)
Segmental 3	(7.0)
Spiral 2	(4.7)
Oblique 1	(2.3)

Table 3: Distribution of fractures according to AO/OTA 
classification

AO/OTA classification Number of patients (%)
A1 2	(4.7)
A2 1	(2.3)
A3 23	(53.4)
B1 2	(4.7)
B2 2	(4.7)
B3 1	(2.3)
C1 6	(13.9)
C2 3	(7.0)
C3 3	(7.0)
Total 43	(100)

Table 4: Types of complications
Complication n (%)
Superficial	wound	infection 1	(2.3)
Limb length discrepancy 1	(2.3)
Broken implant (nail) 2	(4.7)
Loose screw 1	(2.3)
Total 5 (11.6) Figure 1:	Antegrade	approach:	External	jig	attached	to	the	inserted	nail	

in antegrade approach

Table 5: Result of outcome of treatment using Thoresen’s criteria
Criteria Outcome of results

Excellent, number 
of patients (%)

Good, number 
of patients (%)

Fair, number 
of patients (%)

Poor, number 
of patients (%)

Total 
patients

Malalignment of femur
Varus/valgus 41	(95.3) 0 0 2	(4.7) 43
Antevertum/recurvatum 43	(100.0) 0 0 0 43
Internal rotation 43	(100.0) 0 0 0 43
External rotation 43	(100.0) 0 0 0 43

Shortening of femur 42	(97.7) 0 1	(2.3) 0 43
Knee motion

Flexion 43	(100.0) 0 0 0 43
Extension	deficit 43	(100.0) 0 0 0 43

Pain/swelling 43	(100.0) 0 0 0 43
Nonunion/nail breakage 41	(95.3) 0 0 2	(4.7) 43
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The postoperative complications consisted of broken nails 
in	 two	 patients	 (4.7%)	 and	 superficial	 wound	 infection,	
loosening of locking screw, and limb length discrepancy 
in one patient each as shown in Table 4.

The outcome of management was assessed for all 
patients using the Thoresen’s criteria, which is designed 
to assess functional outcomes for femoral diaphyseal 
fractures.	 Thoresen’s	 criteria	 assesses	 five	 groups	 of	
criteria as “excellent,” “good,” “fair,” or “poor”. Nearly 
93%	 of	 patients	 (n	 =	 40)	 scored	 ‘excellent’	 in	 all	
criteria;	 2.3%	 scored	 “fair”	 in	 one	 of	 the	 criteria;	 and	
4.7% scored “poor” in one of the criteria as shown in 
table 5. The patient with a fair result had limb shortening 
of	about	3	cm	postsurgery	while	both	patients	with	poor	
results had nail breakage.

dIscussIon

To avoid unnecessary morbidity, femoral shaft fractures 
need to be adequately managed using sound orthopedic 
principles. The goal of treatment of these fractures is to 
achieve union in acceptable alignment while avoiding 
unnecessary morbidity. In this study, femoral shaft 
fractures were found to be three times more common 
in males than females. This is probably because males 
are more involved in rigorous activities to earn an 
income and hence more at risk of the injury. This 
pattern	 is	similar	 to	 the	findings	of	Akinyoola	et al. and 
Sekimpi et al.[4,15]

The	 mean	 age	 was	 36.9	 ±	 11.7	 years	 showing	 that	
femoral shaft fractures occur predominantly in the 
productive age group. This young age group represents 
the most active and mobile members of the society and 
as such are most susceptible to trauma. Similar results 
were found in studies by Ikpeme et al., Dim et al., and 
Ikem et al., in which the mean age of patients with 
femoral	 shaft	 fractures	 reported	 were	 35	 ±	 11.9	 years,	
35	years,	and	35	±	13.2	years,	respectively.[14-17]

Road	 traffic	 crashes	 were	 the	 most	 frequent	 cause	 of	
femoral	shaft	fractures	in	this	study	accounting	for	95.3%	
of all cases. This is similar to reports from Deepak 
et al. and Sekimpi et al.	 where	 road	 traffic	 crashes	
were	 identified	 as	 the	 most	 common	 cause	 of	 femoral	
diaphyseal fractures.[13,15]	Road	traffic	crashes	are	frequent	
causes of injury in this environment. Risk factors which 
have	been	found	to	be	associated	with	road	traffic	crashes	
include poor knowledge of road safety measures such as 
road signs and speed limit by the drivers, driving under 
the	influence	of	alcohol,	and	bad	roads.[18-21]

 Further analysis revealed that of the various forms of 
road	 traffic	 crashes,	 	 motorcycle	 crashes	 were	 the	 most	
frequently seen in this study (56.1% of all crashes). The 
peculiarity of injuries sustained during a motorcycle 
crash is that there is a high-energy impact directly to the 
rider/passenger unlike vehicular injuries where the impact 
is often indirect. The reported risk factors for motorcycle 
crashes	 include	 riding	 under	 the	 influence	 of	 alcohol,	
carrying multiple passengers, and riding at night without 
headlamps. In addition, most commercial motorcycle 
riders	 in	 our	 environment	 are	 young	 males	 (<30	 years	
of age) with low educational background and no formal 
training on the use of the motorcycle before they 
commence operation.[22-24]

The middle third of the femoral shaft was the most 
common	part	involved	in	fractures.	This	finding	is	similar	
to that of Naeem-Ur-Razaq et al. and Deepak et al., who 
reported the middle third of the femoral shaft as the most 
common part affected in their studies.[13,25] However, 
Sekimpi et al. and Admaise et al. reported the distal third 
and the proximal third of femoral shaft respectively as 
the most common part involved in their studies.[15,26] The 
lack	 of	 uniformity	 of	 these	 findings	 may	 suggest	 that	
the three major divisions of the femoral shaft may be 
equally predisposed to fractures, with the point of impact 
determining the location of the fracture.

The	most	common	fracture	configuration	in	this	study	was	
transverse	fractures	seen	in	23	cases	(53.5%).	Transverse	
fractures typically occur following a direct impact to the 
limb and have characteristically been reported as the 
most	 common	 major	 fracture	 configuration	 in	 femoral	
shaft fractures.[10,13,27]

The time to radiological fracture union was 
14.0	 ±	 1.2	 weeks	 while	 the	 time	 to	 painless	 full	 weight	
bearing	was	14.2	±	1.2	weeks	after	surgery.	The	duration	
of these two variables are very close though with a 
statistically	 significant	 association	 (P	=	0.000).	The	close	
correlation between these variables suggests that the 
ability of a patient to bear full weight on the affected 
limb without pain at the fracture site is indicative of 

Figure 2:	Retrograde	approach:	External	jig	attached	to	the	inserted	nail	
in retrograde approach
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union. Caution should however be taken in commencing 
unprotected full weight bearing without radiological 
evidence of healing in view of medicolegal considerations. 
The	time	to	union	in	his	study	is	similar	to	the	findings	of	
Ertürer et al., who reported 14 weeks as the mean duration 
to union in femoral shaft fractures managed with locked 
intramedullary nailing.[28] Soren in Kenya, however, 
found a longer time to union (18.5 weeks) in his study.[29] 
Soren’s study, however, included nonunion and malunion 
in addition to fresh fractures. Ikpeme et al. reported 
17.2	 ±	 5.9	 weeks	 as	mean	 time	 to	 union	 after	 treatment	
of	 23	 femoral	 fractures	 with	 open	 locked	 intramedullary	
nailing.[14] The longer time to union reported in their study 
may also be due to inclusion of both fresh fractures and 
fracture complications such as nonunion and malunion in 
the study.

The	 rate	 of	 union	 at	 6	 months	 postsurgery	 was	 95.3%.	
The high union rate for intramedullary nailing of femoral 
fractures may be explained by the fact that this method 
preserves the periosteum which consequently encourages 
good callus formation. Reaming during the surgery 
also provides autologous bone graft at the fracture site 
which serves as osteoinductive and osteogenic agents 
for callus formation.[30,31] Early partial weight bearing 
in a patient managed with locked intramedullary nailing 
also stimulates callus formation at the fracture site.[32] 
The studies done by Deepak et al. on closed, locked 
intramedullary nailing of femoral shaft fractures and 
Naeem-Ur-Razaq et al. on open locked intramedullary 
nailing of femoral shaft fractures, had shown that the two 
methods give similar results in terms of union rate.[13,25] 
In addition, open locked intramedullary nailing as used 
in	 this	 study	 does	 not	 require	 an	 image	 intensifier	 or	
fracture table. These advantages have encouraged the use 
of this method in developing countries such as Nigeria 
and other countries in the West African subregion.

Five patients (11.6%) had postoperative complications 
[Table 4]. Nail breakage occurred in two patients (4.7%), 
one	of	them	was	a	man	who	had	AO/OTA	type	C3	fracture	
of the femoral shaft. The other patient was a female 
who	 had	AO/OTA	 type	 C2	 fracture	 of	 the	 femoral	 shaft.	
They both started unprotected ambulation before being 
instructed to do so. Their intramedullary nails broke at the 
level of the initial fracture. Both of them had exchange 
nailing, and their fractures united without incidence.

Superficial	 surgical	 site	 infection	 was	 noticed	 in	
one	 patient	 (2.3%),	 on	 the	 6th day postsurgery, with 
Staphylococcus aureus isolated from the wound. The 
infection was treated with wound dressing and appropriate 
antibiotics.	 The	 infection	 rate	 of	 2.3%	 in	 this	 study	 is	
within	 the	 range	 of	 infection	 rate	 (0%–4%)	 reported	 in	
studies done by Sadic et al. and Sekimpi et al.[12,15]

One	 patient	 (2.3%)	 had	 shortening	 of	 about	 3	 cm.	
The	 patient	 had	AO/OTA	 type	 C3	 of	 the	 femoral	 shaft	
fracture. The shortening was managed with a shoe raise.

Loosening of distal screws was seen in one patient 
(2.3%).	 Loosening	 of	 the	 distal	 screws	 may	 have	 been	
due to over drilling of the cortex while attempting to 
place the locking screw. This may occur in open locked 
intramedullary	nailing	where	there	is	no	image	intensifier	
to guide the locking of the screw. In spite of this, the 
patient’s fracture healed within the study period.

All the patients had range of knee motion from 
0°	 to	 at	 least	 120°	 by	 6	 months	 after	 surgery.	 Early	
commencement of physiotherapy postoperatively helps 
to stretch and strengthen the quadriceps muscles and 
prevent knee stiffness.

Locked intramedullary nailing for femoral fractures 
characteristically produces excellent functional 
outcomes when assessed with the Thoresen’s criteria. 
Nearly	 93%	 of	 the	 patients	 had	 an	 excellent	 functional	
outcome in this study. This is comparable to results from 
Arpacioglu et al. and Youssef et al., who had excellent or 
good	 results	 in	 86.3%	 and	 92.85%	 of	 femoral	 fractures	
managed in their respective reports.[33,34]

conclusIon

Femoral shaft fractures in this environment commonly 
occur	 following	 road	 traffic	 crashes	 with	 most	 patients	
being young male adults. Locked intramedullary nailing 
of adult femoral shaft fractures by the open method gives 
good clinical and radiological outcomes. Compliance of 
patients with instructions given to them after surgery 
is important so as to prevent some of the avoidable 
complications. Detailed instructions should thus be 
provided to patients along with close follow up to ensure 
good results. Further randomized studies to directly 
compare open and closed locked intramedullary nailing 
will add to the knowledge base and improve practice for 
better patient outcomes.
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