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Background: Open tibial fractures are common injuries in low and middle-income countries, but there is no consensus
regarding treatment with intramedullary nailing versus external fixation. The purpose of the present study was to compare
the outcomes of initial treatment with intramedullary nailing or external fixation in adults with open tibial fractures.

Methods: We conducted a randomized clinical trial (RCT) at a tertiary orthopaedic center in Tanzania. Adults with acute
diaphyseal open tibial fractures were randomly assigned to statically locked, hand-reamed intramedullary nailing or
uniplanar external fixation. The primary outcomewas death or reoperation for the treatment of deep infection, nonunion, or
malalignment. Secondary outcomes included quality of life as measured with the EuroQol-5 Dimensions (EQ-5D) ques-
tionnaire, radiographic alignment, and healing as measured with the modified Radiographic Union Scale for Tibial frac-
tures (mRUST).

Results: Of the 240 patients who were enrolled, 221 (92.1%) (including 111 managed with intramedullary nailing and
110 managed with external fixation) completed 1-year follow-up. There were 44 primary outcome events (with rates of
18.0% and 21.9% in the intramedullary nailing and external fixation groups, respectively) (relative risk [RR] = 0.83 [95%
confidence interval (CI), 0.49 to 1.41]; p = 0.505). There was no significant difference between the groups in terms of the
rate of deep infection. Intramedullary nailing was associated with a lower risk of coronal malalignment (RR = 0.11 [95% CI,
0.01 to 0.85]; p = 0.01) and sagittal malalignment (RR = 0.17 [95% CI, 0.02 to 1.35]; p = 0.065) at 1 year. The EQ-5D
index favored intramedullary nailing at 6 weeks (mean difference [MD] = 0.07 [95% CI = 0.03 to 0.11]; p < 0.001), but this
difference dissipated by 1 year. Radiographic healing (mRUST) favored intramedullary nailing at 6 weeks (MD = 1.2 [95%
CI = 0.4 to 2.0]; p = 0.005), 12 weeks (MD = 1.0 [95% CI = 0.3 to 1.7]; p = 0.005), and 1 year (MD = 0.8 [95% CI = 0.2 to
1.5]; p = 0.013).

Conclusions: To our knowledge, the present study is the first RCT assessing intramedullary nailing versus external
fixation for the treatment of open tibial fractures in sub-Saharan Africa. Differences in primary events were not detected,
and only coronal alignment significantly favored the use of intramedullary nailing.

Level of Evidence: Therapeutic Level I. See Instructions for Authors for a complete description of levels of evidence.

T
he tibial shaft is the most common site of long-bone
fractures and is also the most common site of open
fractures1. Although epidemiological data from low and

middle-income countries are lacking, it is reasonable to assume
that the incidence of tibial fractures is rising due to a well-
documented increase in road-traffic injuries2. Despite advances
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in treatment, including routine prophylactic antibiotics, prompt
debridement, and early soft-tissue coverage, these injuries are
associated with high rates of infection and nonunion3. Moreover,
the operative treatment of open fractures is recognized as a
bellwether procedure for monitoring and planning of essential
surgical care in low and middle-income countries4.

Despite the importance of appropriate open tibial frac-
ture treatment, the optimum method of definitive skeletal
stabilization remains unclear. External fixation provides frac-
ture stabilization with minimal soft-tissue disturbance. In aus-
tere environments, a greater risk of infection5,6 and concerns
regarding sterility7 lead many surgeons to minimize the use of
internal implants in order to limit the risk of wound infection.
Moreover, the implants for external fixation can readily be
reused, making them more available and affordable in low and
middle-income countries8. On the other hand, internal fixation
of the tibial shaft can be achieved with intramedullary nails or

plates, and intramedullary nails are considered the standard of care
in high-income countries because of their superior mechanical
properties and the limited soft-tissue dissection required for their
use9. While the existing literature supports intramedullary nailing
compared with external fixation for the treatment of open tibial
fractures, the association is weak and we do not know whether
thesefindings apply to similarly injured patients in low andmiddle-
income countries using locally available facilities and implants10,11.

We conducted a randomized clinical trial to deter-
mine the rate of reoperation for the treatment of deep
infection, nonunion, or malalignment following uniplanar
external fixation as compared with statically locked intra-
medullary nailing for the treatment of open tibial shaft
fractures not requiring a flap for closure. The secondary
objectives were to compare secondary complication rates
(malalignment, superficial infection), radiographic healing,
and health-related quality of life.

Fig. 1

CONSORT (Consolidated Standards of Reporting Trials) diagram demonstrating participant flow through the trial. Some patients had >1 reason for

exclusion.
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TABLE I Characteristics of Study Participants*

Characteristic Total (N = 221) Intramedullary Nailing (N = 111) External Fixation (N = 110)

Age (yr) 32.9 ± 10.6 33.3 ± 11.8 31.8 ± 9.5

Male sex (no. of patients) 189 (85.5%) 98 (88.3%) 91 (82.7%)

No formal employment (no. of patients) 173 (78.3%) 91 (82.0%) 82 (74.5%)

Mechanism of injury (no. of patients)

Road traffic injury 208 (94.1%) 104 (93.7%) 104 (94.5%)

Car 32 (14.5%) 13 (11.7%) 19 (17.3%)

Motorbike 87 (39.4%) 48 (43.2%) 39 (35.5%)

Pedestrian 89 (40.3%) 43 (38.7%) 46 (41.8%)

Other 12 (5.4%) 7 (6.3%) 5 (4.5%)

Current smoker (no. of patients) 42 (19.0%) 16 (14.4%) 26 (23.6%)

Alcohol use (no. of patients) 81 (36.7%) 45 (40.5%) 36 (32.7%)

Body mass index (kg/m2) 25.0 ± 4.9 25.2 ± 5.2 24.7 ± 4.5

Diabetes mellitus (no. of patients) 9 (4.1%) 8 (7.2%) 1 (0.9%)

No medical insurance (no. of patients) 179 (81.0%) 88 (79.3%) 91 (82.7%)

Interval from injury to hospital (hr) 7.9 ± 5.0 7.6 ± 4.7 8.3 ± 5.3

Delayed presentation to hospital (no. of patients)

<6 hr delay 79 (35.7%) 46 (41.4%) 33 (30.0%)

6 to 24 hr delay 139 (62.9%) 64 (57.7%) 75 (68.2%)

>24 hr delay† 1 (0.05%) 0 (0%) 1 (0.9%)

Interval from injury to first antibiotic delivery (hr) 11.5 ± 6.6 11.1 ± 6.6 11.8 ± 6.5

Antibiotic delivered (no. of patients)

Ceftriaxone only 217 (98.2%) 109 (98.2%) 108 (98.2%)

Ceftriaxone, gentamycin, and metronidazole 3 (1.4%) 2 (1.8%) 1 (0.9%)

Interval from hospital arrival to surgery (hr) 6.0 ± 5.5 6.0 ± 5.5 6.0 ± 5.5

Delay from hospital arrival to surgery (no. of patients)

<6 hr 127 (57.5%) 62 (55.9%) 65 (59.1%)

6 to 24 hr 83 (37.6%) 44 (39.6%) 39 (35.5%)

>24 hr 11 (5.0%) 5 (4.5%) 6 (5.5%)

OTA classification (no. of patients)

Type A 73 (48.0%) of 152 36 (45.6%) of 79 37 (50.7%) of 73

Type B 62 (40.8%) of 152 34 (43.0%) of 79 28 (38.4%) of 73

Type C 17 (11.2%) of 152 9 (11.4%) of 79 8 (11.0%) of 73

OTA wound classification (no. of patients)

Skin: edges do not approximate 51 (23.1%) 22 (19.8%) 29 (26.4%)

Muscle: loss of muscle with retained function 4 (1.8%) 1 (0.9%) 3 (2.7%)

Bone loss: segmental 4 (1.8%) 1 (0.9%) 3 (2.7%)

Vascular: injury without ischemia 4 (1.8%) 3 (2.7%) 1 (0.9%)

Contamination: surface contamination 16 (7.2%) 4 (3.6%) 12 (10.9%)

Gustilo-Anderson classification (no. of patients)

Type I 14 (6.3%) 6 (5.4%) 8 (7.3%)

Type II 181 (81.9%) 89 (80.2%) 92 (83.6%)

Type III 26 (11.8%) 16 (14.4%) 10 (9.1%)

Primary surgeon (no. of patients)

Resident/trainee 185 (93%) of 200 94 (93%) of 101 91 (92%) of 99

Faculty/specialist 15 (8%) of 200 7 (7%) of 101 8 (8%) of 99

Wound length (cm) 3.7 ± 2.5 3.6 ± 2.7 3.7 ± 2.4

*The values are given as the mean and the standard deviation or as the number of patients, with the percentage in parentheses. Various demographic data
were not reported for all patients. †One patient presented at 24.3 hours and was included in the study.
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Materials and Methods

We conducted a prospective randomized clinical trial at a
tertiary referral hospital in Dar es Salaam, Tanzania from

December 17, 2015, to March 25, 2017. The trial objectives,
study design, and protocol were described in a previous report12.
All patients with open tibial fractures who arrived at the hospital
emergency department were screened for enrollment. Inclusion
criteria were an age of ‡18 years, an AO/Orthopaedic Trauma
Association (OTA) type-42 open tibial shaft fracture13, and pre-
sentation within 24 hours after the injury. Patients were included
if the traumatic wounds could be closed, could be treated with
skin-grafting, or could be expected to heal secondarily (Gustilo-
Anderson type I to IIIA)14. Patients were excluded if they had an
injury requiring a flap to cover exposed bone following debride-
ment (Gustilo-Anderson IIIB), vascular injury requiring repair
(Gustilo-Anderson IIIC), ipsilateral femoral fracture, contralateral
femoral or tibial fracture, pathological fracture, preexisting lower-
limb deformity, severe traumatic brain injury (TBI, Glasgow
Coma Scale <12), spinal cord injury, severe burns (involving
>10% of the total body surface area or >5% of the total body
surface area with full-thickness or circumferential injury), previ-
ous ipsilateral leg injury requiring surgery, or inability to
comply with follow-up (Fig. 1). We excluded type-IIIB frac-
tures because of the relative lack of soft-tissue transfer and
microvascular capability at our institution. All patients who
were eligible after preoperative clinical screening completed
written informed consent in either English or Swahili. The
study was approved by ethical review boards at the partici-
pating institutions and registered with ClinicalTrials.gov
(NCT03861624).

An attempt was made to treat all participants with initial
irrigation and debridement within 24 hours after admission,
although in a few instances operating room unavailability re-
sulted in slight additional delays. If the surgeon found the
injury eligible for inclusion, the patient was randomized to
intramedullary nailing or external fixation. We used a cen-
tralized web-based electronic randomization tool, REDCap
(Research Electronic Data Capture)15, with blocks randomly
permuted in sizes of 4, 6, or 8.

All subjects were managed with intravenous ceftriaxone
at the time of presentation to the emergency department
(1 g/day for 2 days). Open reduction was performed in all cases
with use of the traumatic wound or a counterincision as required;
this allowed visual confirmation of the medullary placement of
intramedullary nails. Restoration of functional alignment in both
treatment groups was assessed clinically; intraoperative fluoros-
copy was not used in any case. Patients who were randomized to
intramedullary nailing were managed with a hand-reamed SIGN
nail with a targeting arm for proximal and distal interlocking
(SIGN Fracture Care International). Those patients were allowed
toe-touch status for 6 weeks after surgery followed by weight-
bearing as tolerated. Patients who were randomized to external
fixation received the AO uniplanar Dispofix external fixator
(Dispofix Indústria e Comércio), with 2 Schanz pins (5 or 6 mm)
(DePuy Synthes) in the proximal segment and 2 Schanz pins in
the distal segment connected to a single stainless-steel barwith AO
pin-to-bar clamps. Patients randomized to external fixation ini-
tially were kept non-weight-bearing and were converted to a
weight-bearing patellar tendon-bearing cast by a consultant or
resident surgeon after a minimum of 6 weeks and maximum of

TABLE II Study Outcomes by Treatment Type

Outcome
Total*

(N = 221)
Intramedullary

Nailing* (N = 111)
External Fixator*

(N = 110)
Relative Risk
(95% CI) P Value

Primary outcome 44 (19.9%) 20 (18.0%) 24 (21.8%) 0.83 (0.49 to 1.41) 0.505

Reoperation for deep infection 28 (12.7%) 15 (13.5%) 13 (11.8%) 1.14 (0.57 to 2.29) 0.840

Reoperation for nonunion 11 (5.0%) 3 (2.7%) 8 (7.3%) 0.37 (0.10 to 1.36) 0.135

Reoperation for malalignment 2 (0.9%) 1 (0.9%) 1 (0.9%) 0.99 (0.06 to 15.65) 1.000

Death 3 (1.4%) 1 (0.9%) 2 (1.8%) 0.50 (0.05 to 5.39) 0.622

Secondary events 28 (12.7%) 13 (11.7%) 15 (13.6%) 0.86 (0.43 to 1.72) 0.691

Superficial SSI† 18 (8.1%) 8 (7.2%) 10 (9.1%) 0.79 (0.33 to 1.93) 0.632

Delayed wound-healing 10 (4.5%) 5 (4.5%) 5 (4.5%) 0.99 (0.30 to 3.33) 1.000

Coronal malalignment >10� 10 (4.5%)‡ 1 (0.9%) 9 (8.2%) 0.11 (0.01 to 0.85) 0.010

Sagittal malalignment >10� 7 (3.2%)‡ 1 (0.9%) 6 (5.5%) 0.17 (0.02 to 1.35) 0.065

Secondary outcomes§

EQ-5D-3L index# 0.91 ± 0.1 0.90 ± 0.1 0.91 ± 0.1 — 0.634

EQ-VAS** 90.9 ± 9.4 91.2 ± 9.6 90.7 ± 9.3 — 0.711

mRUST†† 12.5 ± 3.3 13.0 ± 3.0 12.1 ± 3.5 — 0.058

*The data are given as the mean and the standard deviation or as the number of patients, with the percentage in parentheses.†Pin-site infections
were not included as superficial surgical site infections (SSIs). ‡Thirteen individuals had malalignment at 1 year, of whom 4 had biplanar
deformity. §Secondary outcomes were compared between treatment groups at 1 year with use of the Student t test. #The EQ-5D-3L index
measures health-related quality of life. **VAS = visual analog scale. ††mRUST = modified Radiographic Union Scale for Tibial fractures.
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3 months on the basis of the radiographic appearance of
fracture callus. Thirty faculty specialists and 25 supervised
resident surgeons participated in the study after having con-
firmed prior training and experience both in the use of the
SIGN nail and in the application of an AO uniplanar external
fixator. Treatment with intramedullary nailing or external
fixation was rendered with any of these qualified individuals
serving as primary surgeon.

All data collection was performed by research coordi-
nators with use of REDCap software15. Prior to randomization,
we collected baseline demographic and socioeconomic data
and baseline health-related quality of life with use of the
EuroQol-5 Dimension, 3-Level questionnaire (EQ-5D-3L)16.
After discharge, patients were followed at 2 weeks, 6 weeks,
3 months, 6 months, and 1 year. Orthogonal radiographs were
made postoperatively, at 6 weeks, and at each subsequent visit.

The primary events of death or reoperation for the treatment
of deep infection, nonunion, or malalignment were adjudicated by
2 fellowship-trained orthopaedic trauma surgeons (D.W.S., S.M.)
who were not involved in the clinical care of study subjects; deci-
sions were reached by consensus. All radiographs were evaluated in
duplicate for coronal and sagittal alignment with use of goniometry
and for healing with use of the modified Radiographic Union Scale
for Tibial fractures (mRUST). Deep infection was defined as (1)
exposed bone at any time point, (2) any wound drainage occurring
after the 3-month appointment, or (3) an infection requiring
surgical debridement. A nonunionwas defined as (1) a reoperation
to promote bone-healing or (2) anmRUST score of £10 at or after
the 6-month follow-up visit when surgery was recommended for
the treatment of nonunion17. Malalignment was not considered a
primary event unless a reoperation was performed for deformity
correction.

Superficial infections, delayed wound-healing, and mal-
alignment were considered secondary events. Pin-site infec-
tions were not considered surgical site infections. A deformity
threshold of >10� in the coronal or sagittal plane at 1 year,
regardless of whether the patient underwent reoperation, was
considered malalignment18,19. The EQ-5D-3L index and the
EQ-VAS (visual analog scale) were secondary outcome mea-
sures collected at each follow-up visit. Adverse events were
monitored by investigators every 6 months.

Statistical Analysis
Data from a pilot study informed sample-size calculations20. In
that study, the rate of unplanned reoperation was 20% fol-
lowing external fixation and 3.8% following intramedullary
nailing, leading us to power our study to detect a 15% risk
difference in the primary event (20% with external fixation
versus 5% with intramedullary nailing). We are not aware of
any comparable studies in the literature to guide these esti-
mates given the implants used and austere study environment;
nevertheless, this effect size was supported by low complication
rates reported in association with SIGN nail use21, higher com-
plication rates in association with external fixation for the
treatment of open tibial fractures, and risk differences of 12%
to 17% favoring intramedullary nailing in 2 large meta-analyses

Fig. 2

Figs. 2-A, 2-B, and 2-C Line graphs showing temporal trends in secondary

outcomesby treatment arm. The valuesare shownas themean and95%CI

at baseline and each follow-up visit. Fig. 2-A EuroQol-5 Dimensions index.

Fig. 2-BEuroQoL visual analog scale score.Fig. 2-CModifiedRadiographic

Union Scale for Tibial fractures (mRUST).
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available at the time of study inception10,22. Using a power of
80% and 2-sided alpha of 0.05, we estimated that the study
would require 88 patients in each treatment group (176 total)
to evaluate the primary outcome at 1 year. Accounting for a
20% potential loss to follow-up, we estimated a sample size
requirement of 240 patients (120 per group).

For each analysis of composite primary or secondary
outcomes, events were counted only once per subject. Treat-
ment effects on binary outcomes at 1 year were reported as
relative risks (RRs) with 95% confidence intervals (CIs) with
use of the Fisher exact test for significance. Continuous sec-
ondary outcomes, namely the EQ-5D-3L index, EQ-VAS, and
mRUST, were assessed for between-group differences with use
of the Student t test at 1 year and longitudinal linear mixed-
effects regression models. A priori subgroups were identified to
evaluate potential effect modification by sex, surgeon experi-
ence, delay to surgery, OTA fracture classification, and Gustilo-
Anderson open fracture type with use of the Cochran-Mantel-
Haenszel chi-square test. All tests were 2-tailed with a 0.05
significance level. Analyses of primary and secondary outcomes
were performed with complete-case data with use of intention-
to-treat principles whereby each subject was analyzed with the

treatment group to which they had been were randomized.
Post-hoc sensitivity analyses of the primary and secondary
outcomes were conducted to assess sensitivity to missingness of
data with use of multiple imputation with chained equations
(MICE), and models were fit to give a pooled estimate of the
treatment effect23. All analyses were conducted with use of
STATA SE version 15 (StataCorp).

Results

We assessed 394 patients for eligibility and randomly as-
signed 240 patients to receive intramedullary nailing

(n= 120) or external fixation (n= 120) (Fig. 1). Of those enrolled,
221 patients (92.1%) (including 111 managed with intramed-
ullary nailing and 110 managed with external fixation) died or
completed 1 year of follow-up. The typical patient was male, 33
years of age, and injured in a road traffic collision causing a low
to moderate-severity diaphyseal open tibial fracture (Table I).
The level of experience of the primary surgeon was similar
between treatment groups. Crossover was minimal between
groups (Fig. 1), and there were no conversions of tempo-
rizing external fixation to intramedullary nailing. Single-
stage debridement and primary closure was performed in all

TABLE III Secondary Outcomes by Treatment Type

Secondary
Outcomes

Intramedullary
Nailing

External
Fixation

Difference (95% CI) P Value for
Adjusted
Analysis

Mean and
Standard
Deviation

No. of
Patients

Mean and
Standard
Deviation

No. of
Patients Unadjusted* Adjusted†

EQ-5D-3L index‡

At 2 wk 0.59 ± 0.11 83 0.59 ± 0.09 84 20.01 (20.01 to 0.00) 0.00 (20.04 to 0.03) 0.829

At 6 wk 0.65 ± 0.11 86 0.58 ± 0.17 84 0.07 (0.05 to 0.08) 0.07 (0.03 to 0.11) <0.001

At 12 wk 0.69 ± 0.15 76 0.66 ± 0.16 84 0.03 (0.03 to 0.03) 0.03 (20.01 to 0.07) 0.118

At 26 wk 0.78 ± 0.18 71 0.74 ± 0.22 64 0.04 (0.03 to 0.05) 0.04 (20.02 to 0.10) 0.195

At 52 wk 0.90 ± 0.12 106 0.91 ± 0.12 98 20.01 (20.01 to 20.01) 20.01 (20.02 to 0.02) 0.542

EQ-VAS§

At 2 wk 58.8 ± 13.0 81 57.9 ± 11.5 84 0.9 (0.5 to 1.3) 1.0 (22.3 to 4.3) 0.561

At 6 wk 67.7 ± 13.9 86 62.7 ± 13.3 85 5.0 (4.9 to 5.1) 4.7 (1.7 to 7.8) 0.002

At 12 wk 76.7 ± 14.9 76 72.6 ± 13.5 84 4.1 (3.4 to 4.5) 3.4 (20.4 to 7.2) 0.076

At 26 wk 83.1 ± 13.0 71 80.2 ± 12.4 64 2.9 (2.8 to 2.9) 2.5 (20.4 to 5.5) 0.096

At 52 wk 91.2 ± 9.6 107 90.7 ± 9.3 100 0.5 (0.5 to 0.5) 0.5 (21.9 to 2.8) 0.695

mRUST#

At 6 wk 6.8 ± 2.0 61 5.6 ± 1.8 66 1.3 (1.2 to 1.3) 1.2 (0.4 to 2.0) 0.005

At 12 wk 8.9 ± 2.6 63 7.7 ± 2.2 73 1.2 (1.0 to 1.3) 1.0 (0.3 to 1.7) 0.005

At 26 wk 11.3 ± 2.3 56 10.8 ± 2.1 59 0.4 (0.4 to 0.5) 0.4 (20.2 to 1.1) 0.207

At 52 wk 13.0 ± 3.0 93 12.1 ± 3.5 92 0.9 (0.8 to 1.0) 0.8 (0.2 to 1.5) 0.013

*The values are calculated as the mean value for the intramedullary nailing group minus the mean value for the external fixation group. A positive
score indicates that treatment favors intramedullary nailing. †Linear mixed-effects regression model of complete-case data with a time-by-
treatment interaction as a fixed effect and patient as the random intercept. ‡The EQ-5D-3L index measures health-related quality of life on
the basis of a descriptive system, with 0 indicating death and 1 indicating perfect health. The minimum clinically important difference is 0.08
point. §The EQ-VAS measures health-related quality of life on a visual analog scale ranging from 0 (worst imaginable health state) to 100 (best
imaginable health state). #The mRUST quantifies radiographic fracture-healing, with a possible range of 4 to 16.
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cases. An as-treated sensitivity analysis yielded similar results
for primary and secondary outcomes.

The rate of primary outcome events did not significantly
differ by treatment (18.0% for intramedullary nailing com-
pared with 21.9% for external fixation; RR = 0.83 [95% CI,

0.49 to 1.41]). There were no significant differences in terms of
the rate of death or the rates of reoperation for the treatment of
deep infection, nonunion, or malalignment when analyzed
separately (Table II). The secondary events of superficial sur-
gical site infections and delayed wound-healing were reported

Fig. 3

Forest plot showing subgroup analyses of the effects of the treatment arm on the primary outcome (reoperation). Surgeon experience was categorized as

high (faculty member or specialist) or low (trainee or resident). Delay in surgery was categorized as <6 or ‡6 hours from time of hospital arrival to surgery.

Fracture severity was classified asmore severe (OTA type42C) or less severe (OTA type42Aor 42B). Gustilo-Anderson classificationwas classified asmore

severe (type III) or less severe (type I or II).

*EF = external fixation, IMN = intramedullary nailing, PCT = prospective controlled trial, NR = not reported, and RCT = randomized clinical trial. †P <
0.05.

TABLE IV Randomized Studies Comparing External Fixation to Unreamed Nailing for Open Tibial Fractures* �

Study
Site

Study
Type

Concealed
Randomization

Total No.
of Patients

Treatment
(no. of
patients)

Gustilo-Anderson
(no. of patients)

EF IMN Types I-IIIA Type IIIB

Previous studies

Tu et al.26 (1995) Taiwan PCT No 36 18 18 20 16

Henley et al.9 (1998) United States PCT No 174 70 104 148 26

Mohseni et al.24 (2011) Iran RCT NR 50 25 25 28 22

Shayesteh Azar et al.25 (2011) Iran RCT NR 113 59 54 113 0

Total 373 172 201 309 64

Current study Tanzania RCT Yes 240 120 120 240 0
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throughout the study, and there were no differences in the rates
of these events by treatment. Immediate postoperative mala-
lignment was noted in 3 patients in the external fixation group,
compared with 1 patient in the intramedullary nailing group
(p = 0.34). However, the risk of malalignment was lower in
association with intramedullary nailing than external fixation
at 1 year (coronal, RR = 0.11 [95% CI, 0.01 to 0.85]; sagittal,
RR = 0.17 [95% CI, 0.02 to 1.35]) (Table II).

There was a significant difference in terms of the EQ-5D-3L
index at 6 weeks in favor of intramedullary nailing (Fig. 2,
Table III). Differences in the EQ-5D-3L index trended toward
significance in favor of intramedullary nailing at 12 and
26 weeks, but this difference diminished by 1 year. EQ-VAS
scores were significantly lower at 6 weeks in association with
intramedullary nailing while nearing significance at 12 and
26 weeks. Again, the difference in EQ-VAS diminished by
1 year. Modified RUST scores differed significantly in favor of
intramedullary nailing at all but 26 weeks (Fig. 2, Table III).
Sensitivity analyses using multiple imputation demonstrated
similar results. Subgroup analyses did not suggest effect modi-
fication by sex, surgeon experience, surgical delay, OTA fracture
type, or Gustilo-Anderson type (Fig. 3).

Discussion

In this randomized clinical trial in which uniplanar external
fixation was compared with intramedullary nailing as definitive

stabilization for open tibial fractures in Tanzania, we found no
difference in the composite primary event of death or reoperation
for deep infection, nonunion, or malalignment at 1 year. There
were significant early differences in quality of life in favor of
intramedullary nailing, but these differences did not persist at
1 year. We found higher malalignment rates among subjects
randomized to external fixation and improved radiographic union
scores among subjects randomized to intramedullary nailing.

These results are consistent with those of similar trials
demonstrating a higher incidence of malunion and a trend
toward a greater risk of unplanned reoperation among patients

managed with external fixation (Table IV)9,24-26. Four prior
studies evaluated unreamed intramedullary nailing and uni-
planar external fixation, although 17% of the pooled sample of
patients in those studies had Gustilo-Anderson type-IIIB
injuries, which were excluded from the present study. The
largest study, by Henley et al., was a prospective trial of 174
patients with type-II, IIIA, and IIIB injuries9. More severely
injured patients were managed with external fixation in that
study. The authors found an increased number of total opera-
tions (including planned reoperations), a higher malunion rate,
and a higher rate of superficial infection due to pin-site infections
in the external fixation group. However, when only reoperations
for nonunion or deep infection were considered, the differences
were not significant despite the imbalance between groups due to
injury severity. The next largest study, by Shayesteh Azar et al.,
enrolled 113 patients with type-I/II open fractures and showed
no significant difference in any outcome measured25. Whereas
those prior studies were underpowered and limited by method-
ological shortcomings, the pooled magnitude and direction of
effects are consistent with our findings favoring intramedullary
nailing across the primary and secondary outcomes measured.

We found that intramedullary nailing was not associated
with an increased infection rate compared with external fixa-
tion when used for the treatment of open fractures. The pos-
sibility of infection due to internal fixation is a common
consideration among surgeons in the study setting when se-
lecting treatment for open tibial fractures27. The preference for
external fixation, particularly for Gustilo-Anderson type-III
injuries, was evident in an international survey in which more
than half of surgeons from Asia, Africa, and South America
chose external fixation28. We demonstrated that intramedullary
nailing is a feasible treatment method that promotes better
early postoperative quality of life and improved 1-year align-
ment without increasing infectious complication rates.

The present study demonstrated that treatment with
intramedullary nailing resulted in less malalignment than external
fixation at 1 year. This finding is consistent with literature showing

TABLE IV (continued)

Reoperation
for Nonunion,

Infection, or Malunion Nonunion Infection Malalignment

EF IMN EF IMN EF IMN EF IMN

39% (7 of 18) 39% (7 of 18) 28% (5 of 18) 17% (3 of 18) 11% (2 of 18) 22% (4 of 18) 17% (3 of 18) 0% (0 of 18)

39% (27 of 70) 25% (26 of 104) 17% (12 of 70) 13% (13 of 104) 21% (15 of 70) 13% (13 of 104) 31% (22 of 70)† 8% (8 of 104)

40% (10 of 25) 16% (4 of 25) 8% (2 of 25) 0% (0 of 25) 32% (8 of 25) 16% (4 of 25) 24% (6 of 25)† 0% (0 of 25)

7% (4 of 59) 6% (3 of 54) 5% (3 of 59) 2% (1 of 54) 2% (1 of 59) 4% (2 of 54) NR NR

24% (41 of 172) 20% (40 of 201) 13% (22 of 172) 8% (17 of 201) 15% (26 of 172) 11% (23 of 201) 27% (31 of 113) 5% (8 of 147)

22% (24 of 110) 18% (20 of 111) 7% (8 of 110) 3% (3 of 111) 12% (13 of 110) 14% (15 of 111) 8% (9 of 110)† 1% (1 of 111)
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that external fixation results in difficulties with anatomical fracture
restoration because of the lack of direct fracture reduction, weaker
mechanical fracture stabilization, and the need for removal prior to
osseous union11. Bhandari et al. reported a pooled RR of malunion
in favor of unreamed nailing versus external fixation (RR = 0.42
[95% CI, 0.25 to 0.71])10. Coronal plane malunion of as little as 5�
has been associated with knee and ankle arthritis at long-term
follow-up29 and therefore may be considered a surrogate for long-
term outcomes of importance. In the present study, patients with
malalignment had an average 1-year mRUST (and standard
deviation) of only 11 ± 3.2. This finding suggests not only that is
healing impaired in the setting of deformity but that its preven-
tion with intramedullary nailing could affect radiographic end
points of fracture repair that are directly targeted by surgeons.

The higher early quality of life after intramedullary nailing is
not surprising given the inconveniences of an external fixator. In
the present study, quality of life in the treatment groups equili-
brated between 6 and 12 weeks, the period during which external
fixators were removed, despite differences in radiographic healing
and final alignment. It is possible that the lifestyle impact of an
external fixator is a more important driver of quality-of-life dif-
ferences than the degree of healing or limb alignment in this
population30.

The present study had several limitations. The study
was underpowered to detect absolute differences in the pri-
mary event rate of <15% (a fourfold reduction), and, while
the 17% RR reduction that we found may be clinically
important, our study was underpowered to demonstrate this
finding with statistical certainty. Also, after recognizing that
many patients for whom surgery had been recommended
could not undergo surgery for financial reasons, we adjusted
the definition of our primary outcome in order to detect
clinical failures whether or not they underwent reoperation.
Finally, no economic measurements were completed to
evaluate the cost-effectiveness of treatment. In the future,
larger trials with longer follow-up and economic analyses will
be necessary to understand patient, payer, and societal
financial implications of treatment choice.

In the present study, performed in Tanzania, there was no
difference in the rate of unplanned reoperation for infection,
nonunion, or malalignment between intramedullary nailing and
external fixation when used for the treatment of open tibial frac-
tures not requiring tissue transfer. Intramedullary nailing signifi-
cantly reduced the risk of malalignment and was associated with
sustained improvements in radiographic healing. These modest

differences in secondary outcomes are of unknown clinical
importance; therefore, these findings do not necessarily indicate
that intramedullary nailing of open tibial fractures is superior to
external fixation in the low and middle-income country setting. n
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