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Abstract
Background: Comminuted femoral shaft fractures are complex to treat because of increased risk of limb
length discrepancies and mal-rotation deformities. Currently the interlocking intramedullary nail using
image intensifiers is a suggested treatment for comminuted femoral shaft fractures. This study aimed to
evaluate the short-term outcome of patients with closed comminuted femoral shaft fracture treated with
locking intramedullary SIGN nail without image intensifiers at Muhimbili Orthopaedic Institute (MOI) in
Tanzania.
Methods: A prospective hospital base study was conducted on patients with closed comminuted femoral
shaft fractures admitted at MOI from March 2011 to February 2012. A total of 91 adult patients (18 to 84
years) were enrolled in the study. Of the total patients, 80 (88%) patients were male, 11 were lost to follow-
up, and 80 patients completed follow-ups of 18 weeks post operatively. Structured questionnaires and
checklist forms were used to collect information. Operations were carried out either by antegrade or
retrograde SIGN nail. Post operatively control radiographs, the lower limb length and mal-rotation
deformities were assessed.
Results: Comminuted femoral shaft fracture accounted for 20.3% of all adult femoral shaft fractures
admitted at MOI. Deep wound infection occurred in 2.5%. Shortening of 2-3cm was seen in 3.8% of the
patients. No patient had shortening of more than 3cm. External rotation deformity of more than 20
degrees occurred in 6.3% of the cases. Internal rotation deformity of more than 15 degrees was seen in
7.9%. Knee flexion of less than 90 degree was encountered in 7.5% of patients. By 18 th week 95% of the
patients had callus formation.
Conclusion: SIGN nail appears to be an effective treatment for comminuted femoral shaft fractures in

settings where image intensifiers and fracture tables are not readily available. They have excellent to good
outcomes in rate of callus formation, limb length and limb alignment outcomes.
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Introduction

Comminuted femoral shaft fracture refers to fractures with multiple bone fragments and
multiple fracture lines (Delahay & Sauer, 2007). Femoral shaft fractures are among the most
common fractures encountered in orthopaedic practice (Whittle & Wood II, 2012). These
fractures have age and gender-related bimodal distribution, with injuries occurring most
frequently in young males following high-energy trauma. The second peak of injury is among
elderly females following falls from standing due to postural instability and osteoporosis
(Rockwood & Green, 2006). Comminuted and segmental fractures are difficult to treat because
of their vertical and rotational instability. The degree of fracture comminution is often classified
using the Winquist-Hansen classification.

The type and location of the fracture, the degree of comminution and age of the patient
may influence the method of treatment (Whittle & Wood II, 2012). The treatment goals in
patients with femoral shaft fracture includes: restoration of alignment rotation and length;
preservation of the blood supply to aid union and prevent infection and rehabilitation of the
extremity and the patient (Whittle & Wood II, 2012)

Comminuted femoral shaft fractures can be treated operatively by open reduction and
internal fixation (ORIF) using either plate or intramedullary (IM) nailing (Rockwood & Green,
2006; Whittle & Wood II, 2012;). Among these operative procedures; interlocking IM nailing is
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considered to be the treatment of choice for most femoral shaft fractures (Whittle & Wood II,
2012). These fractures can be surgically managed by either open or closed nailing. Currently at
MOI, Surgical Implant Generation Network (SIGN) nails are used in the fixation of femoral shaft
fractures. The SIGN nails is solid interlocking intramedullary nail sub-type in which interlocking
screws are applied with help of an external jig, and thus do not require image intensifiers (Zirkle,
2010).

Several studies have assessed the use of IM and its outcome. The average time to union
has been reported to 13.5- 13.8weeks (Johnson et al., 1984; Zuckerman 1987). The union rate of
comminuted fractures treated with interlocking nail has been reported to range from 98.9%-99.2%
in 4.4 months (Winquist et al., 1980; White et al., 1986). Fracture union in comminuted and
rotationally unstable femur fractures treated with interlocking nails within 32 weeks has been
reported in 98% of cases (Wiss et al., 1986). Other study reported that 97.6% of patients had union
within a mean duration of 18.2 weeks (Tüzüner et al., 2002) and fracture consolidation has been
found at a mean duration of 4.5 months in 86.5% of patients with severely comminuted fractures
(Kempf et al., 1985). However, Borel et al. (1993) found that comminuted fractures unite within
23.25 weeks while Sulan et al. (2001) reported a mean time to union of 34 weeks without any
additional surgical intervention.

The limb length discrepancy outcomes on comminuted femoral shaft fracture treated by
interlocking IM nail has been reported by numerous authors. Shortening of more than 2 cm has
been reported in 2.0% (Winquist et al., 1984) and 4.5% (Arpacioglu et al., 2003) of patients. White
et al. (1986) reported that 3.3% patients had shortening of 1-2 cm in a study of 92 patients with
comminuted femoral shaft fractures. However, shortening of 1-2 cm has been reported in a larger
proportion (7.5%) of patients by Sojbjerg et al. (1990). While Zuckerman et al. (1987) found that
3.2% of patients had shortening or lengthening of more than 1 cm, limb length discrepancy of
more than 1 cm and shortening of more than 2.5 cm have been observed in 14.3%, and 2.3% of
patients, respectively by Tüzüner et al. (2002). Limb length discrepancy of various lengths has
been reported by other workers (Borel et al., 1993).

For the rotational deformity, several studies have reported an increased risk of limb mal-
rotation outcomes among comminuted femoral shaft fracture patients treated with interlocking
intramedullary nail. Mal-rotation deformity of more than 20 degrees has been reported in 1.7%-
2.3% of patients (Winquist et al., 1980; Winguist et al., 1984). External rotation deformity of 5-10
degrees has been observed in 7.5% of patients by Sojbjerg et al. (1990), while external rotation
deformity of 10-35 degrees in 6% of patients has been reported by Borel et al. (1993).
Furthermore, a study on 46 patients with comminuted fracture treated with interlocking IM nail,
found that 2.2% of patients had an internal rotation of 10 degrees (Arpacioğlu et al., 2003).

According to a number of studies, infections have been rarely reported among patients
with comminuted fractures (Wiss et al., 1980; Søjbjerg et al., 1990). However, infection rates of
0.4%-1.9% have been observed among patients with comminuted femoral fractures (Winquist &
Hansen, 1980; Winguist et al., 1984; Kempf et al., 1985). Flexion contractures of various degrees
have also been reported among patients experiencing comminuted femoral fractures (Wiss et al.,
1986; Sojbjerg et al., 1990; Nipatasaj et al., 1995).

Comminuted femoral shaft fractures are treated by using interlocking intramedullary
nailing at MOI. Although anecdotal experience has been positive, the outcome of treatment has
not been scientifically evaluated. This study was therefore carried out to evaluate the outcome of
comminuted femoral shaft fractures treated by open reduction and fixation by interlocking SIGN
nail.

Materials and Methods

Study area and population
Muhimbili Orthopaedic Institute (MOI) is located in Dar es Salaam, Tanzania. It is a tertiary
hospital specialized in orthopaedics, traumatology and neurosurgery. It receives patients from all
over the country and from neighbouring countries. It has a total bed capacity of 181 beds. The
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total inpatient admission for year 2010/2011 was 6,601 patients, with more than 4,500 operations.
The inclusion criteria were patients aged 18 years or above, with closed comminuted femoral
shaft fracture admitted at MOI. The exclusion criteria were patients with pathological fractures,
bilateral femoral fractures, deformity of at least one lower limb (i.e. polio, major joint
contractures, and amputees), patient with other underlying uncontrolled co-morbidity conditions
(e.g. Diabetes mellitus, hypertension), Open comminuted fractures and patients who refused to
participate were excluded to participate in the study.

Study design, size and sampling technique
Patients with comminuted femoral shaft fractures treated with interlocking intramedullary SIGN
nails were followed at 2nd, 6th, 12th and 18th weeks post surgery to determine the short-term
treatment outcome from March 2011 to February 2012. A total of 85 study subjects were
recruited to the study and they were selected as they come until the required sample size was
reached. Structured questionnaire were used to collect information, state of the wound, limb
length, rotation deformity and range of motion of knee joint were assessed using a checklist
forms. Other tools used were tape measure to measure true limb length, goniometer to measure
limb rotation deformities and range of movement of knee joint.

Examination, measurements and procedures
Radiological examinations were conducted for both pre- and post- surgery. Pre-operative X-rays
i.e. anteroposterior and lateral views of patient’s affected femur were assessed and classified by
the investigators and confirmed by a radiologist. The levels of femoral shaft fracture
comminution were classified by using Winquist and Hansen classification (Winquist & Hansen,
1980). An operative procedure was done by open reduction with interlocking IM SIGN nails were
performed on all patients. Prophylactic antibiotics, typically 3rd generation cephalosporins such as
ceftriaxone were given during induction of anaesthesia. Antegrade nail was performed to those
patients with proximal or middle third fractures, and retrograde nail was performed on distal
third fractures and in obese patients. Patients were placed lateral decubitus or supine position on
a standard operating table when antegrade or retrograde nail performed respectively. The
reduction was performed under direct visualization with manual traction and manipulation.
Image intensifier and fracture tables were not used. The nail was inserted through the tip of the
greater trochanter for antegrade nails and through the intercondylar notch for retrograde nails.
After insertion the SIGN nail was locked by 2, 3 or 4 interlocking screws based on individual
surgeon decision. Cerclage wires were not used to stabilize the fracture fragments in any case.

Postoperative care and follow-ups, an immediate post-operative examination was done
to assess the lower limb length and rotational deformities, and postoperative X-rays were
obtained. Patients began physiotherapy programme before being discharged. Study subjects
attended a follow-up clinic on the 2nd week post operatively. They were assessed for the surgical
wound, lower limb length and rotational alignment by physical examination. Additional followed-
up visits were scheduled at 6th, 12th and 18th weeks postoperatively. During these visits
anteroposterior and lateral femur X-rays were obtained. The union was assessed by number of
cortices 0-4 bridged by callus (Whelan et al., 2002). Physical examination was also performed to
assess range of knee motion, limb length, and mal-rotation deformity. Patients with reduced
range of knee movements were scheduled to attend a regular physiotherapy. Those patients,
who had no callus formation at the 18th week, were considered to have delayed union, and
appropriate treatments were given. Radiological union was defined as the presence of bridging
callus across at least three cortices, and fractures were considered healed when the patients had
radiological union, no tenderness to palpation and was able to bear weight without experiencing
thigh pain. Thoresen scoring systems were used to classify mal-alignment and the range of knee
motion with their degree outcome score range from excellent to poor (Thoresen et al., 1985).
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Data analysis
Statistical software (SPSS version 16) was used to analyse data. Continuous variables were
summarized by mean & standard deviation and comparisons were made using student t- test.
Categorical variables were summarized by frequency tables and comparisons were made using
the Chi square or Fischer’s exact test. The level of significance was set at 5%.

Ethical consideration
This study received ethical approval from Muhimbili University of Health and Allied Science Ethics
Committee. Only subjects who met the criteria and consented were selected to participate in the
study.

Results

A total of 522 adult patients with femoral shaft fractures were admitted at MOI during the study
period. Among these, 106 (20.3%) patients had comminuted femoral shaft fracture. Of these, 91
patients met the study inclusion criteria. There were 88% (80/91) males and 12% (11/91) females.
The age ranged from 18 to 84 years with a mean age of 33± 11.6 years. The majority (49.5%) of
patients were 21-30 years and 28.6 % were 31-40 years old.  There were 11 patients (12%) who were
lost to follow up. Five patients were lost to follow up after discharge and six patients after the 6
week visit. The remaining 80 patients completed a minimum of 18 weeks of follow up after
surgery.

Table 1: Time at first callus detection in relation to the number of interlocking screews used
No. of interlocking
screws

No callus formation 6th Week 12th Week 18th Week Total

3 1 (4.8%) 8 (38.0%) 8 (38.0%) 4 (19.0%) 21
4 3 (5.1%) 19 (32.2%) 20 (33.9%) 17 (28.8%) 59
Total 4 (5.0%) 27 (33.8%) 28 (35.0%) 21 (26.2%) 80
Fischer exact test P-value= 1.0

According to Winquist and Hansen classification (Winquist & Hansen, 1980), type II, III, IV and
segmental fractures were encountered in 27.5 %, 38.5%, 18.7 % and 15.4 % respectively. Forty eight
patients (59.3 %) were operated within 24 hours of arrival and 24.3% within 48 hours from arrival
due to various reasons including low Haemoglobin level and hemodynamically unstable patients.
Clinically stable patients (30.8%) were discharged 24 hours posts operatively. Four patients (5%)
developed post-operative surgical site infection; 2 patients (2.5%)  had deep infections  and 2
(2.5%) superficial  infections. Fifty-five patients (68.8%) had callus formation by 12th week. The
mean duration to callus formation was 10.9 ± 5.3 weeks. Ninety five percent of patients (n=80)
had callus formation by 18th week post-surgery. Only four (5%) patients had no callus by 18th week.
There was no statistical significance difference in time to callus formation between patients
treated with 3 or 4 interlocking screws (p- value = 1.0) (Table 1).

Table.2. Limb length at 18th week outcome against number of interlocking screw used
No. screws Normal Shortening <2cm Shortening 2-3 cm Total
3 17 (81.0%) 4 (19.0%) 0 (0.0%) 21
4 47 (79.7%) 9 (15.3%) 3 (5.0%) 59
Total 64 (80.0%) 13 (16.2%) 3(3.8%) 80
Fischer exact test p value=1.0

Limb length discrepancy
Limb shortening of 2 to 3cm occurred in 3.8% of patients. No patients had shortening of more
than 3cm. According to Thoresen criteria 96.2 % of patients had excellent to good limb length
outcome. There was no statistically significant difference in limb length outcome between
patients treated with 3 or 4 interlocking screws (p- value= 1.0) (Table 2).
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Rotational deformity
External rotation deformity of more than 20 degrees was observed in 6.3% of patients. Internal
rotation deformity of more than 15 degrees occurred in 8.9%. According to Thoresen criteria 76.3%
of patients had excellent limb alignment outcome (Table 3).

Table 3: The distribution of limb alignment outcome at 18th week post- surgery
Limb alignment Degree Frequency Percent Thoresen score
Normal 51 63.8 Excellent
External rotation deformity 11-15 10 12.5 Good

16-20 3 3.8 Fair
21-25 2 2.5 Poor
>25 3 3.8 Poor

Internal rotation deformity 11-15 4 5.0 Fair
16-20 1 1.3 Poor
21-25 3 3.8 Poor
>25 3 3.8 Poor
Total 80 100.0

Range of movement of knee joint
Overall knee flexion of less than 90 degree was observed in 7.5% of the patients. Knee flexion of
less than 90 degrees was seen in 3.3% of patients treated with antegrade and it occurred in 20%
patients treated by retrograde nail. The difference was statistically significant (p-value= 0.032). By
Thoresen criteria excellent to good knee flexion deficit was encountered in 87.5% of patients
(Table 4).

Table 4: Distribution of ranges of degree of knee flexion of affected limb
Treatment <900 91-1100 111-1200 >1200 Total
Antegrade 2 (3.3%) 4 (6.7%) 1 (1.6%) 53 (88.3%) 60
Retrograde 4 (20.0) 0 (0.0%) 1 (5.0%) 15 (75.0%) 20
Total 6 (7.5%) 4 (5.0%) 2 (2.5%) 68 (85.0%) 80
Fisher exact test p-value = 0.032

Discussion

This study found that, 95 % of the patients had callus formation by the 18th week postoperatively,
similar to findings by other workers (Wiss et al., 1986; White et al., 1986; Webb et al., 1988).
However, other workers have reported shorter periods (13.5-16.5 weeks) of callus formation
(Johnson et al., 1984; Zukerman et al., 1987; Arpiciglu et al., 2003). These differences may be due
to variability between studies in the definition of fracture union or could be due to different
mode of reduction (open versus closed).

By Thoresen criteria score, majority of the patients in our study had excellent or good
limb length outcome. Our findings are comparable to those reported by others (Winquist &
Hansen, 1980; Arpacioğlu et al., 2003).  Shortening of 1-2 cm in this study was seen in 16.2% of
patients and was better than a shortening reported by Kempf et al. (1985). However these results
were higher those reported previously by other workers (Wiss et al., 1986; White et al., 1986;
Zuckerman et al., 1987). The difference is likely to be due to the fact that in this study length was
maintained by manual traction, which might cause loss of length while in other studies patients
affected limb length were compared with normal limbs and maintained by traction table and the
length of nail was estimated from radiograph of normal contralateral femora.

About two thirds of patients had normal limb alignment. External rotation deformity in
comminuted fractures is a common complication. Our findings revealed that external and
internal rotation of more than 15 degrees occurred in less than 10% of the patients. According to
Thoresen criteria score over three-quarters of our patients had excellent limb alignment
outcome. Similar results have been observed by Wiss et al. (1986) and Borel et al. (1993). The
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overall knee flexion of less than 90 degrees at 18th week was observed in a small proportion,
similar to findings by Sojbjerg et al. (1990). However, in a previous study Wissa et al. (1986) had
reported contrary results. In a study in Thailand, Nipatasaj et al. (1995) reported that, all patients
had more than 90-degree knee flexion at 2 weeks post operatively. The difference may be due to
lack of regular physiotherapy in our setting, or due to severe injury which delayed the initiation of
knee flexion exercise.

In this study, only two patients had deep wound infection similar observations by Kempf
et al. (1985). However, the proportion of patients with infection in our study was higher than
those reported by others elsewhere (Winquist & Hansen, 1980; Winguist et al., 1984). The
observed difference might be due to the high rate of open reduction in this study, which is
necessary in the absence of fluoroscopic imaging.

Our study had a number of limitations. There was no randomization of treatment, such as
the number of screws, which can lead to confounding bias; the follow up was limited to 18 weeks,
which is not adequate to fully assess the rate of radiographic union or the rate of deep infection;
and there was lack of a standardized method for assessing radiographic union, limits the ability to
determine union.

In conclusion, the comminuted femoral shaft fracture treated with interlocking
intramedullary SIGN nail has excellent to good outcome in rate of callus formation, limb length
and limb alignment outcomes. SIGN nail appears to be an effective treatment for comminuted
femoral shaft fractures in settings where image intensifiers and fracture tables are not readily
available.
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