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Fixation of intertrochante
ric femur fractures using
the SIGN intramedullary nail augmented by a
lateral plate in a resource-limited setting
without intraoperative fluoroscopy: assessment
of functional outcomes at one-year follow-up at
Juba Teaching Hospital
Mapuor M.M. Areua, Ericka P. von Kaepplerb, Brian Billy Madisona, Akau A. Agutoa, James Alphonesa,
Lewis G. Zirklec, Saam Morshedb, David W. Shearerb,∗
L
v
c

T
s
a

S
S
C
∗

F

C
b
T
C
N
p
w

O

R
A

P

h

Abstract
Objectives: The incidence of hip fracture is high and increasing globally due to an aging population. Morbidity and mortality from
these injuries are high at baseline and worse without prompt surgical treatment to facilitate early mobilization. Due to resource
constraints, surgeons in low-income countries oftenmust adapt available materials tomeet these surgical needs. The objective of this
study is to assess functional outcomes after surgical fixation of intertrochanteric femur fractures with the Surgical Implant Generation
Network (SIGN) intramedullary nail augmented by a lateral SIGN plate.

Design: Prospective case series

Setting: Juba Teaching Hospital, Tertiary Referral Hospital for South Sudan

Participants: Adult patients with intertrochanteric hip fractures

Intervention: SIGN nail augmented by a lateral plate

MainOutcomeMeasurements:Primary outcome was hip function as measured by a modified Harris Hip Score (mHHS) at 1-
year after surgery. Secondary endpoints were the occurrence of reoperation or infection at 1-year after surgery.

Results: Thirty patients were included, 16 (53%) men and 14 (47%) women, with a mean age of 62years. Fractures were classified
as AO/OTA Type 31A1 in 12 (40%) patients, 31A2 in 15 (50%) patients, and 31A3 in 3 (10%) patients. Mean mHHS at 1-year was
75.10±21.2 with 76% categorized as excellent or good scores. There was 1 (3%) infection and 2 (7%) reoperations.

Conclusions: The SIGN nail augmented by a lateral plate achieved good or excellent hip function in the majority of patients with
intertrochanteric hip fractures. This may be a suitable alternative to conventional implants for hip fracture patients in low-resource
settings to allow mobilization.

Keywords: hip fracture, implant alternative, low- and middle-income countries, surgical implant generation network intramedullary
nail, surgical implant generation network lateral FX plate, Sudan
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1. Introduction

Hip fractures represent a significant orthopedic burden around
the world and are estimated to reach an incidence of at least six
million fractures per year by 2050.[1] Extracapsular hip fractures,
those occurring distal to the hip joint capsule and sometimes
called intertrochanteric fractures,[2] are among the most
frequently occurring fractures in elderly people, often resulting
from low energy trauma secondary to osteoporosis.[3] With the
worldwide increase in life expectancy, the incidence of these
fractures is increasing dramatically,[4] with the largest increase
predicted to occur in developing countries.[5] These fractures are
classified into three groups according to the AO/OTA classifica-
tion system:[6,7]
1)
 31A1 simple pertrochanteric

2)
 31A2 multifragmentary pertrochanteric

3)
 31A3 intertrochanteric (reverse oblique).

Morbidity and mortality from these injuries are high at
baseline and worse without prompt surgical treatment to
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facilitate early mobilization and rehabilitation.[8–12] Successful
treatment requires reduction and stable fixation, thus internal
fixation has emerged as the gold standard for the treatment of
intertrochanteric fracture.[13,14] Internal fixation also reduces
complications related to prolonged bed rest and immobilization
and longer hospitalization stays, thus decreasing morbidity and
mortality rates.[13–16] Providing stable fixation by internal
fixation necessitates the careful selection of appropriate implants
suited to fracture characteristics, including stability.[14] Extra-
medullary devices, such as the sliding hip screw (SHS), are
acceptable for stable fractures, but intramedullary devices, such
as cephalomedullary nails, are recommended for unstable
fractures[14] and have become the implant of choice for many
extracapsular hip fractures.[17]

Intramedullary nails are significantly more expensive than
sliding hip screws,[17] potentially limiting their use in resource-
constrained environments. Despite this documented cost-effec-
tiveness of sliding hip screws in many parts of the world, they are
often are not affordable, nor widely available in many low- and
middle-income countries (LMICs). Further, both sliding hip
screws and cephalomedullary nails require intraoperative
fluoroscopy and radiolucent operating tables, which are often
unavailable in many LMICs.[18] The choice of appropriate
implant is, thus, often limited in LMICs where implant costs can
be prohibitively expensive and intraoperative imaging is often not
available. The need for affordable implants that can be inserted
without fluoroscopy in LMICs has driven innovation and
adaptation of available implants to meet these local needs.
One such innovation is the application of the widely used surgical
implant generation network (SIGN) interlocking IM nail, that
does not require fluoroscopy,[18] augmented by a lateral SIGN
plate to stabilize intertrochanteric femur fractures. This technique
utilizes the IM nail for load sharing and the lateral plate as a
tension band and is gaining in popularity in LMICs.
The SIGN standard nail, donated at no cost to participating

hospitals, has been widely used over the last 2 decades for the
fixation of many types of long bone fracture in LMICs,[19,20] as it
allows for insertion without image intensifiers.[18] More recently,
the SIGN hip construct (SHC)was designed to address these same
challenges in the treatment of proximal hip fractures.[21,22]

However, the SHC is not as widely available as the standard
SIGN nail. By adding a lateral plate to the standard nail, it is
hypothesized that the construct may be more similar to the
proximal femoral nails commonly used in high-income countries
(HICs). Unlike the implants commonly used in HICs, insertion of
a SIGN nail does not require removal of a large amount of bone
from either the trochanteric entry site or femoral head due to the
smaller size of both the proximal body of the nail and the screws
inserted into the femoral head. This makes the implant safer to
insert without fluoroscopy compared to a sliding hip screw or
cephallomedullary designs used in HICs. While the standard
SIGN nail is not a fixed angle device, the addition of the lateral
plate prevents screws from collapsing into varus in addition to
acting as a tension bend across the lateral extent of the fracture.
The plate utilized in the study is also manufactured and donated
by SIGN and has been titled the “HV plate”. It is a unique design
that most closely resembles a 4.5mm reconstruction plate in
terms of stiffness and ease to contour. This implant combination
may serve as an acceptable alternative in LMICs where even the
previously studied SHC may not be available.
To date, no prior studies have evaluated the effectiveness of the

SIGN nail augmented by a lateral plate for hip fractures. The
objective of this study was to assess functional outcomes after
2

surgicalfixationof intertrochanteric femur fractureswith the SIGN
intramedullary nail augmented by a lateral SIGN plate (IMN+P).
2. Methods

2.1. Study design and setting

This prospective case series was conducted at Juba Teaching
Hospital, a tertiary referral hospital for South Sudan. Enrollment
was conducted from July 2018 to July 2019.

2.2. Ethical approval

Ethical approval was obtained from the University of Juba
Research Ethical Committee Board.

2.3. Study population

Skeletally mature adult patients (greater than 18years of age)
with intertrochanteric femur fractures who were treated with the
SIGN nail and a lateral plate and were being seen for 1-year
follow-up were included in this study. Patients were excluded if
they met any of the following criteria:
(1)
 femoral neck fracture,

(2)
 subtrochanteric femur fracture

(3)
 pathologic femur fracture

In accordance with standard international and regional
research ethics, eligible patients were instructed about study
protocols and asked to provide informed consent in order to
enroll in the study.

2.4. Surgical technique
2.4.1. Preparation. All patients received a dose of prophylactic
antibiotics before the surgical incision. Spinal anesthesia was
routinely used, with general anesthesia utilized only when
indicated and spinal anesthesia was not possible. Patients were
placed in a lateral decubitus position with a pillow placed
between the thighs. The affected limb was prepped free to allow
for manipulation to achieve reduction.

2.4.2. Approach and reduction. An open reduction was
performed in all cases. The incision was made centered on the
fracture site and extended 6 cm distally to accommodate plate
fixation. The incision was extended proximally over the junction
between the anterior third and the posterior two-thirds of the
greater trochanter. The incision was then curved slightly
posteriorly approximately 5cm along the expected trajectory
of the nail entry proximally. The fracture was then reduced under
direct visualization with manual traction. (Fig. 1A)No fluoro-
scope nor traction table was used. Reduction was maintained
using 2 bone reduction clamps. The first bone clamp was placed
from anterior either around the lesser trochanter or the calcar if
the lesser trochanter was detached from the proximal fragment.
Manual traction and flexion of the distal fragment were used
when necessary to account for the deforming forces of the
iliopsoas muscle. A second clamp was placed from the posterior
aspect of the greater trochanter to the anterior cortex to reduce
the proximal extension of the fracture in the greater trochanter.

2.4.3. Nail insertion. The entry site location was determined
based on the integrity of the greater trochanter. If the greater
trochanter was intact, the entry point was made at the tip of the
greater trochanter at the junction between the posterior one-third
and anterior two-thirds. If the greater trochanter was fractured,
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Figure 1. Surgical Technique. Panel A illustrates the intraoperative reduction of an intertrochanteric fracture using 2 bone-holding clamps. Panel B illustrates the
insertion of the SIGN standard nail with the target arm. Panel C illustrates lateral augmentation of the nail with a plate for additional fixation of the intertrochanteric
fracture. Panel D shows a preoperative and Panel E shows a postoperative radiograph of intertrochanteric femur fracture treated with an intramedullary nail
augmented with lateral plate (IMN+P) in a 24-year-old male injured in a road traffic accident. Panel F shows a preoperative and Panel G shows a postoperative
radiograph of an intertrochanteric femur fracture treated with IMN+P in a 115-year-old male injured in a fall from standing height.
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the entry point was at the piriformis fossa. A curved awl was used
to create the entry hole. The nail is solid therefore no guidewire
was used. A small sharp hand reamer was used to sequentially
ream the femoral canal while visualizing and maintaining
fracture reduction at all times. Reaming was increased in
increments of 1 mm until chatter. A nail diameters 2 mm smaller
than the largest reamer used was selected. The entry site was over-
reamed to accommodate for the proximal nail bend. The SIGN
standard nail was then assembled on the back table and the
surgeon personally ensured that the slots in the nail aligned with
the target arm. The target arm was then removed, and the nail
was introduced (Fig. 1B). Gentle taps were used to fully seat the
nail approximately 2 to 3 mm proud at the tip of the greater
trochanter. It is critical to ensure that the fracture remains
reduced during this step. When implant position and fracture
reduction were satisfactory, the target arm was introduced, and
distal interlocking was performed using the jig as previously
described for the SIGN nail.[18–20]

2.4.4. Proximal interlocking and plate application. A 4 to
6-hole HV plate was contoured to fit the anatomy of the greater
trochanter. The length of the plate was selected to ensure fixation
3

distal to the fracture. The first proximal interlocking screw was
placed through theHVplate using the target arm, leaving at least 1
screw hole on the plate proximally to provide another point of
fixation. It is not necessary for all of the proximal SIGN
interlocking screws to pass through the plate as the plate can be
locked independently using cortex and cancellous screws in the
lateral cortex and the greater trochanter. A second interlocking
screw was placed using the target arm. The proximal holes in the
HV plate were filled with 6.5mm screws bypassing the nail
targeting either the femoral head or lesser trochanter depending on
the fracture configuration. Distally 3.5mm screws were inserted
bicortically around the nail. The wound was closed in layers.

2.4.5. Postoperative care. Postoperatively patients received
intravenous antibiotics for 3 days and switched to oral antibiotics
on the fourth postoperative day for 1week. Patients were
mobilized using an assistive device on postoperative day 1 and
advised to partial weight bear for 6weeks.

2.5. Data collection

Participants were enrolled and all data collected at the 1-year
postsurgical follow-up visit. A study questionnaire was adminis-
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Table 2

Modified Harris Hip Score (mHHS).

All RTA FFS

Mean (range) 75.1 (10–91) 90 (88–91) 68.8 (10–91)
Excellent (81–100) 16 (53%) 9 (100%) 7 (33%)
Good (61–80) 7 (23%) 0 (0%) 7 (33%)
Fair (41–60) 5 (17%) 0 (0%) 5 (24%)
Poor (� 40) 2 (7%) 0 (0%) 2 (10%)

Areu et al OTA International (2021) e133 www.otainternational.org
tered to collect participant demographic data including age and
sex. AO/OTA fracture classification[6,7] and mechanism of injury
were collected for each patient. Modified Harris Hip Score
(mHHS), a patient-reported outcome score ranging from 0 to 100
that evaluates pain and function, was used to assess function.[23]

mHHSs were categorized as excellent, good, fair, and poor
according to previously published thresholds.[24] Patients were
evaluated for infection by the treating surgeon. Any incidence of
reoperation was recorded.
FFS = Fall from standing height, RTA = road traffic accident.
2.6. Data analysis

Data were analyzed using Statistical Package for Social Scientists
(SPSS) software version 24 (IBM Corp., Armonk, NY, USA).
Descriptive statistics were used to describe measured variables.
For continuous variables, means, standard deviations, and ranges
were reported. For categorical variables, counts and proportions
were reported. Unpaired student’s t test was used to compare
means of continuous variables between subgroups. Fisher exact
test and 1-way ANOVA were used to compare proportions of
categorical variables between subgroups.
3. Results

Thirty patients with intertrochanteric femur fractures who were
treated with the SIGN nail and a lateral plate were enrolled, 16
(53%) males and 14 (47%) females. The mean age was 62years
(24–115years) (Table 1). Twenty-one patients (70%) were
injured in a fall from standing height (FFS) and 9 (30%) were
injured in a road traffic accident (RTA). Patients injured by RTA
were younger and more frequently male compared to FFS. All
patients had closed fractures. Twelve (40%) patients had AO/
OTA type 31A1 fractures, 15 (50%) had type 31A2 fractures,
and 3 (10%) had type 31A3 fractures (Table 1).
3.1. Hip function

The average mHHS was 75.1 (SD 21.2) and ranged from 10 to
91. The average mHHS was higher for patients who sustained
fractures in RTA (90.0) than for those injured in FFS (68.8,
P= .0092). The scores were excellent or good in 23 (77%) cases
at 1year, including 100% of RTA patients and 67% of FFS
patients (P= .071) (Table 2). Mean mMHS at 1-year was higher
in patients who did not have limb deformity (P= .0020) nor limb
Table 1

Patient demographics and injury characteristics by the mechan-
ism of injury.

All RTA FFS

N 30 9 (30%) 21 (70%)
Age, mean (range) 63 (24–115) 45 (24–70) 71 (39–115)
Gender
Male 16 (53%) 9 (100%) 7 (33%)
Female 14 (47%) 0 (0%) 14 (67%)

AO/OTA Classification
31A1 12 (40%) 4 (44%) 8 (38%)
31A2 15 (50%) 4 (44%) 11 (52%)
31A3 3 (10%) 1 (11%) 2 (10%)

Side Injured
Right 21 (70%) 8 (89%) 13 (62%)
Left 9 (30%) 1 (11%) 8 (38%)

Limb Shortening 9 (30%) 2 (22%) 7 (33%)

FFS = Fall from standing height, RTA = road traffic accident.
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shortening (P= .0032) on presentation. Mean mHHS was not
different between AO/OTA fracture types (P= .9319, 1-way
ANOVA).
3.2. Occurrence of infection and reoperation

There were 2 cases (6.7%) that underwent reoperation: 1 for
infection 6weeks postoperatively in an OTA 31A3 fracture, and
the other was converted to hemiarthroplasty due to nonunion in
an OTA 31A2 fracture. Both cases of reoperation occurred in
patients who sustained fractures from FFS. There were no other
cases of infection or nonunion in the series (Table 3) with 97%
(29) of patients achieving union by 1 year.
4. Discussion

Intertrochanteric fractures are common and represent a signifi-
cant disease burden around the world. Successful treatment
requires anatomic reduction and stable fixation to allow for early
mobilization and rehabilitation.[13,14] Prompt surgical manage-
ment, often with internal fixation, reduces complications
associated with prolonged immobilization like deep vein
thrombosis, pulmonary embolism, respiratory tract infections,
and bedsores.[13–16] Adequate fixation requires careful selection
of appropriate implants,[14] yet the choice of appropriate implant
is especially complicated in LMICs where intraoperative
fluoroscopy often is not available,[18] and implants may be
prohibitively expensive to patients.[25] Here we describe a novel
technique using a standard SIGN nail with lateral plate
augmentation that is a viable alternative to high-cost implants
that require fluoroscopy for the treatment of intertrochanteric
fractures in LMICs.
In this study of 30 patients with intertrochanteric fractures

treated with IMN+P, we show that the majority of patients
achieve Excellent or Good hip function one year after surgery.
The hip function measured in this study falls within the ranges
observed in other studies of IM nailing for intertrochanteric
femur fractures, with one recent systematic review and meta-
analysis reporting Harris Hip Scores ranging from 67 to 92.[26]

Further, we report acceptably low rates of infection and
reoperation with this approach. A Cochrane review of intra-
medullary nails for intertrochanteric fractures described infection
rates of up to 7% and revision rates up to 10%.[27] We report
infection and reoperation rates of 3% and 7%, respectively.
Table 3

Occurrence of infection and reoperation.

Variable No. of patients (%)

Infection 1 (3.3%)
Reoperation 2 (6.7%)

http://www.otainternational.org
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While the SHC is another recently developed system aimed at
addressing these challenges related to treating proximal hip
fractures in LMIC,[21,22] the SHC is not as widely available and
accessible as SIGN intramedullary nails. As such, the SHC has
been slow to become widely adopted, including at Juba Teaching
Hospital. The standard SIGN nail augmented with a lateral SIGN
plate is a viable and available alternative to the SHC for the
treatment of proximal femur fractures. The complication rates
observed in this study were comparable to rates reported with the
SHC. The SHC has been reported to have a 1.4% infection rate,
comparable with our observed 3% infection rate, and a 4.2%
nonunion rate, comparable with our observed 3% nonunion
rate.[21,28]

This study is limited by being conducted at a single center in
Juba, South Sudan. Though we believe this setting reflects the
challenges faced by many LMICs including the lack of
intraoperative fluoroscopy and access to higher-cost implants,
additional study at other sites is needed to generalize results
beyond Juba. Additionally, the inclusion of both high energy and
low energy trauma patients provided a heterogeneous study
population that may limit overall conclusions or mask popula-
tion-specific conclusions. Additional study of each group
individually may be warranted.
As a patient-reported outcome, the mHHS is prone to, andmay

be limited by, subjectivity though it has been previously validated
for use in proximal femur fractures.[29] Due to inconsistent
radiograph quality, we were limited to binary assessments and
were unable to assess for granular quantitative data such as
radiographic measurement of healing and angular deformity
which have been reported in other case series. Finally, there was
no comparator group against which to assess the outcomes
following treatment with this new surgical approach. Future
direct comparison with the SHC may provide useful evidence for
the noninferiority of this more widely available implant strategy.
This study is the first to describe the novel technique and report

outcomes using the SIGN intramedullary nail system with the
lateral plate for AO 31A1-3 intertrochanteric fractures. The high
functional scores and low complication rates at one year suggest
this technique may be a sustainable, low-cost option for treating
these injuries in austere environments where fracture care is
particularly challenging due to the lack of intraoperative
fluoroscopy and radiolucent operating tables. While this
technique is not likely to replace conventional techniques in
HICs where reverse obliquity and traditional intertrochanteric
fractures have distinct, standardized treatment protocols, it may
nonetheless have significant impact by expanding access to
surgery and early mobilization to patients who would otherwise
be treated nonoperatively in low-income countries.

5. Conclusion

The SIGN nail augmented by a lateral plate achieved good or
excellent hip function in the majority of patients with
intertrochanteric hip fractures. This may be a suitable alternative
to conventional implants for hip fracture patients in low-resource
settings to allow early mobilization.
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