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 Case series
 Patient: Female, 50 • Male, 60
 Final Diagnosis: Proximal femur fractures
 Symptoms: Hip pain
 Medication: —
 Clinical Procedure: Internal fixation surgery
 Specialty: Orthopedics and Traumatology

 Objective: Management of emergency care
 Background: Poliomyelitis is a neuromuscular disease which causes muscle atrophy, skeletal deformities, and disabilities. 

Treatment of hip fractures on polio-affect limbs is unique and difficult, since routine fixation methods like nail-
ing may not be suitable due to abnormal skeletal structures.

 Case Report: We report one femoral neck fracture and one subtrochanteric fracture in polio survivors successfully treated 
with reverse less invasive stabilization system (LISS) plating technique. Both fractures were on polio-affect-
ed limbs with significant skeletal deformities and low bone density. A contralateral femoral LISS plate was ap-
plied upside down to the proximal femur as an internal fixator after indirect or direct reduction. Both patients 
had uneventful bone union and good functional recovery.

 Conclusions: Reverse LISS plating is a safe and effective technique to treat hip fractures with skeletal deformities caused by 
poliomyelitis.
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Background

Poliomyelitis is a neuromuscular disease caused by viral infec-
tion. A large number of individuals who have survived this ill-
ness are alive today, especially in developing countries [1]. These 
patients are aging and reporting new complications, including 
high rates of falls and resultant fractures [2]. Polio-survivors 
are at high risk of hip fractures after simple falls and the pa-
tients may not return to their previous levels of function due 
to muscle atrophy, poor strength of the bone, and inadequate 
fixation. Treatment of such fractures are challenging because 
poliomyelitis may result in abnormal skeletal structures, such 
as significant coxa valga and excessive femoral anteversion, 
and regular implants may be contraindicated. Optimal treat-
ment for hip fractures with significant skeletal deformities af-
ter poliomyelitis has never been discussed.

The reverse less invasive stabilization system (LISS) is an emerg-
ing technique to treat hip fractures. Recently, it has been prov-
en to be a good alternative fixation method in the treatment 
of unstable proximal femur fractures as well as femoral neck 
non-unions [3–7]. In this case report, we successfully treat-
ed two hip fractures with poliomyelitis sequelae (one femoral 
neck fracture and one subtrochanteric fracture) by using the 
reverse LISS plating technique. Our case reports showed that 
hip fractures with significant skeletal deformities caused by 
poliomyelitis or other disease was a good indication for appli-
cation of the reverse LISS plating technique.

Case Reports

Case One was a 50-year-old female who had a femoral neck 
fracture after a simple fall. She had a history of paralytic polio-
myelitis 15 months after birth. She underwent pelvic osteoto-
my surgery to correct pelvic deformity at the age of 22 years. 
Preoperative x-ray showed the femoral neck and shaft were 
significantly narrower than the normal side and deformities of 
the hip and pelvis were also notable (Figure 1A, 1B). Case Two 
was a 60-year male with left subtrochanteric femur fracture af-
ter a car accident. He had a history of poliomyelitis at the age 
of three years. X-ray showed a spiral intertrochanteric-subtro-
chanteric fracture with severe displacement (Figure 2A, 2B). 
Though both patients had significant muscle atrophy and short-
ening on the fractured limb, they could walk unaided and their 
daily living activities were unrestricted before injury. No oth-
er comorbidities or abnormal laboratory tests were reported 
in either case before surgery.

Surgery for Case One was performed the second day after inju-
ry. Regular closed reduction on traction table was done before 
prep and draping. The reduction was achieved by applying lon-
gitudinal traction to the fractured limb with 15° of abduction 

and internal rotation of the hip. Fracture alignment was cor-
rected on both anteroposterior and lateral views and a hip val-
gus was noticed on fluoroscopy after reduction was achieved. 
A standard lateral approach was then used. The plate was slid 
down the submuscular plane of the lateral femur and was tem-
porarily fixed at a central position on the lateral aspect by a 
reduction clamp. The normally distal tip of the plate was put 
slightly higher than the tip of greater trochanter and a guide 
wire was put through the Y hole. Fluoroscopy was checked to 
make sure that the guide wire was centered in the femoral neck 
on the lateral view. Two 2.0 mm K wires were used to tempo-
rarily fix the femoral head to the acetabulum to prevent loss 
of reduction during screw insertion. Four locking screws were 
then inserted into the proximal fragment and were checked 
by x-ray to make sure that they have enough purchase within 
the proximal fragment. Then five locking screws were insert-
ed into the shaft holes and the K wires were removed. The fi-
nal hardware placement was rechecked with x-ray imaging on 
both planes before irrigation and wound closing (Figure 3A, 3B).

Surgery for Case Two was performed two days after injury 
and was done with the patient lying supine on a regular ta-
ble. A direct lateral approach to the proximal femur was used. 
Reduction of the lateral femoral cortex was performed under 
traction with the help of reduction forceps. The butterfly frag-
ment was managed to the shaft and temporarily fixed with 
K wires. The measured shaft-neck angle was 150° intraoper-
atively, and reverse LISS plating was used instead of a regu-
lar 130° intramedullary nail. A 9-hole contralateral LISS plate 
was first attached to the lateral femur at a central position 
and one guide wire was passed through a proximal wire hole 
and into the center of the neck as a visual cue for the place-
ment of screws. The plate was then fixed to the shaft by one 
cortical screw and five proximal locking screws. The butterfly 
fragment was also stabilized by one screw through the plate 
before the rest of the distal holes were screwed in. The final 
hardware placement was rechecked with x-ray imaging on 
both planes before irrigation and wound closing (Figure 4A).

Blood transfusion was not necessary in either case. For both 
patients, range of motion (ROM) on bed was encouraged the 
second day after surgery and a toe-touch weight bearing was 
encouraged six weeks after operation. Full weight bearing was 
carried out 16 weeks after surgery when there were clear signs 
of healing on x-ray imaging. Both patients were restored to 
fully daily activities six months after operation and hip func-
tions were both recovered to the pre-injury level. The patient in 
Case Two had normal hip ROM after surgery. In Case One, the 
patient had limited ROM of the hip (extension-flexion 0-110°, 
abduction 25°, adduction 30°, internal rotation 20° and ex-
ternal rotation 30°) postoperatively. Minor impingement was 
detected when the hip was passively abducted 25 ° or inter-
nally-rotated 20°. Since the patient also had limited ROM of 
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A B

Figure 1.  The graph shows a 50-year-old female with a Garden type-4 femoral neck fracture (Case One). (A) Preoperative pelvic 
anteroposterior view shows abnormal structure of pelvis, acetabulum, and proximal femur after poliomyelitis and implants 
of previous pelvic osteotomy. The femoral head was significantly displaced and the bone density of the fractured limb was 
much lower. (B) Preoperative lateral view showed post-translation of fracture and a narrow femoral neck.

A B

Figure 2.  The pelvic anteroposterior (A) and lateral femur (B) x-rays show a 60-year-old male with a multi-fragmentary inter-
subtrochanteric fracture (Case Two). A minor fracture line extends from the intertrochanteric to the subtrochanteric region. 
The bone density of left femur was lower than the opposite side.
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the right hip before injury due to previous pelvic surgery, and 
she had no pain nor limitations on daily living activities, no 
further treatment was needed. Final union was confirmed at 
one year after operation for both cases (Figures 3C, 4B, 4C).

Discussion

Falls with resultant injuries are significant issues for polio 
survivors. Approximately 61% of polio survivors have falls for 
which they received medical attention, including 35% who had 
at least one fracture [8]. Weakness and disuse are the main 

reasons for the high risk of fracture on poliomyelitis-affected 
limbs [9]. Existent skeletal deformities like coxa valga, increase 
pelvic tilt and excessive femoral anteversion, as shown in these 
two cases, make it difficult to estimate the actual shaft-neck 
angle and degree of femoral anteversion during surgery plan-
ning. Therefore, regular neck-shaft angle devices may not be a 
suitable choice. Routine fixations also become less stable due 
to the low bone quality, which is another common comorbid-
ity in the aging post-polio population [10].

For distal femur fractures, LISS has been proven to have ad-
vantages of high union rate and good maintenance of fixation, 

A B C

Figure 3.  The postoperative x-ray of Case One. (A, B) X-ray on the first day after surgery showed that the fracture was reduced and 
stabilized with reverse LISS plating. The plate was put at a higher position bridging the fracture site. (C) X-ray at one year 
after surgery showed union of the fracture.

A B C

Figure 4.  The postoperative x-ray of Case Two. (A) X-ray on the first day after surgery showed alignment of fragments was restored 
by reverse LISS plating. The valgus deformity of hip was observed on the x-ray. (B) X-ray at 16 weeks after surgery shows 
ongoing union of the fracture. (C) X-ray at one year after surgery shows union of the fracture.
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especially in osteoporotic bones and multi-fragmentary frac-
tures [11–13]. The reverse LISS plating technique was first re-
ported in treatment of proximal femur fracture in a poly-trauma 
patient [14]. This technique has now been successfully applied 
in some unstable proximal femoral fractures [6,15,16]. Similar 
to its use in distal femur fracture, the reverse LISS plating has 
the advantages of good angular stability and biological fixation 
with limited damage to the local blood supply when applied in 
proximal femur fractures. Ma et al. showed reverse LISS plate 
fixation led to complete union of unstable proximal femoral 
fractures without additional procedures [4]. They concluded 
that it was a simple and safe technique and recommended re-
verse LISS plating in cases that are unsuitable for nailing. When 
compared to nailing in the treatment of proximal femur frac-
tures, reverse LISS more effectively avoided coxa vara and may 
be indicated for patients with very severe osteoporosis [6,7,16]. 
Our group has also shown successful application of reverse LISS 
in a series of femoral neck nonunion revision surgeries [3]. In 
this current case report, this technique was also proven to be 
a good alternative solution to treat hip fractures in polio sur-
vivors with significant hip deformities and low bone quality.

In Case One, screws of the conventional triple-screw or DHS 
fixation may easily break or penetrate the cortex of the fem-
oral neck due to an extremely narrow femoral neck and coxa 
valga. Thus, reverse LISS plating avoided these risks by bridg-
ing the fracture zone instead of directly placing all the screws 
across the fracture line within the femoral neck. Regular fixa-
tion methods may also be less stable because of the low bone 
mass of the proximal femur. Multiple locking screws provided 
enough purchase and stability to the osteoporotic fragments.

Case Two was a case of an unstable multi-fragmentary subtro-
chanteric fracture. The optimal device for stabilization of sub-
trochanteric fractures is controversial and no consensus has 
been reached on the ideal choice of implants, so far. Similar to 
Case One, coxa valga contraindicated the use of a regular 130° 
intramedullary nail. We successfully restored the alignment of 
fragments and maintained the integrity of lateral cortex by us-
ing open reduction and reverse LISS plating. The locking screws 

offered satisfactory anti-rotational, anti-angulation, and anti-
pullout stability in osteoporotic bone.

Implant failure and loss of fixation have been reported in prox-
imal femur fractures treated with plating [17]. In our case re-
port, both cases healed uneventfully. Some previous studies 
concluded that low patient compliance was an influential fac-
tor for implant failure since the weight bearing was usually de-
layed and thus should be monitored by x-ray imaging during 
follow-up [18]. Though weight bearing was not as early as in-
tramedullary nailing, both patients in this study reported sat-
isfactory functional recovery.

Currently, there is no agreement reached on the proper indica-
tions of reverse LISS plating. Some authors recommend nail-
ing over reverse LISS for intertrochanteric fractures because 
of delayed weight bearing with reverse LISS technique [17]. 
Complications of reverse LISS plating such as broken implant 
and screw cutting out have also been reported [6,19]. Though 
some studies suggested that this technique could be a use-
ful alternative in certain cases in which nailing is not suitable 
due to abnormal structure of the proximal femur [20], more il-
lustrated cases are needed to further address this. Our report 
directly supported the aforementioned point and we suggest 
that unique hip fractures not suitable for routine fixations, such 
as fractures with abnormal structure of the proximal femur, 
are a good indication for application of reverse LISS plating.

Conclusions

Reverse LISS plating is an effective treatment for proximal fe-
mur fractures with hip deformities caused by poliomyelitis. It 
is a versatile and biological fixation method and can be used 
with either direct or indirect reduction. This technique may also 
be a useful alternative to treat other unique proximal femoral 
cases when routine methods are not applicable.
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