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Ab s t r ac t​
Introduction: India is now a polio-free nation, but a huge load of ambulatory polio survivors present with challenging deformities and fractures 
to the present generation of orthopedic surgeons. These fractures are more challenging, because of the paralyzed, contracted shaft of femur 
fracture tissues, and inappropriate muscle forces, causing deformities. Also hypoplastic, osteoporotic, and less vascularized bone will influence 
the reduction maneuver, implant selection, fracture healing, and final outcome. We assess the outcome of surgical management of femoral 
and tibial fractures in the post-polio residual paralytic limb and the challenges encountered.
Materials and methods: Out of 22 cases with 23 fractures analyzed, 2 cases were lost to follow-up and hence excluded and the remaining 20 
patients were analyzed. Pre-injury deformity, range of movement, mode of ambulation (Vignos scoring), mode of injury, surgical technique, 
rehabilitation, and outcomes were assessed.
Results: Minimum follow-up duration was 30 months; union was achieved by 18–24 weeks. We had one delayed union and one nonunion, 
which were managed with bone grafting. None of our patients had infection. A total of 16 patients regained their prefracture mobility; 4 patients 
developed hand to knee gait due to further weakness of the quadriceps muscle.
Conclusion: In our series, femur was the most commonly fractured bone among the post-polio residual paralytic limbs. Fractures don’t heel as 
readily as in normal bone. Conservative treatment has guarded prognosis. Decision of surgical treatment will be challenging. Pre-injury state, 
surgical planning, technique, and implant choice will be key factors with appropriate rehabilitation to have a satisfactory outcome.
Keywords: Lower limb fractures, Post-polio residual paralysis, Surgical outcome, Technical challenges.
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In t r o d u c t i o n​
Poliomyelitis is a viral infection caused by a neurotropic virus that 
causes asymmetrical flaccid paralysis due to its affection of anterior 
horn cells, which leads to deformities and disabilities.1–3 Though 
polio is nearing a complete eradication, polio survivals will still 
be a concern. The estimate of polio survivors is 10–20 millions of 
which one-third are in India.1,4,5 As these patients grow older, they 
are more prone for falls and sustain fractures.2,4

Abnormal muscular forces contracted paralyzed muscles and 
the shaft of femur fracture tissues leads to deformed joints and 
bones. These bones are underdeveloped, osteoporotic, and less 
vascular6–8 and possess several challenges following fractures in 
such bones. The decision of surgical treatment in such fractures in 
the post-polio residual paralytic limb is critical; hasty decision leads 
to nasty results. Hurdles will be faced at every step in achieving 
reduction, appropriate implant selection, rehabilitation, and union. 
The role of conservative treatment should be very selective.

Paucity of literature, unique bony features, and difficulties in 
management of post-polio fractures has encouraged us to do this 
study. The aim is to assess the outcome of surgically managed 
fractures of femur and tibia in post-polio residual paralytic limbs 
and challenges encountered therein.

Mat e r ia  l s a n d​ Me t h o d s​
We prospectively analyzed fractures in lower limbs around hip and 
knee in post-polio limbs from 2009 to 2014 after proper approval by 
Institutional Review Board (IRB) of our institute. We had 22 patients 

with 23 fractures—17 fractures in femur and 6 in tibia in the paralytic 
limb; all were managed surgically except two patients who lost to 
follow-up. So, we included 20 patients with 21 fractures in our study.

Inclusion criteria—fractures of femur and tibia in post-polio 
paralytic limb. Fractures other than femur and tibia were excluded; 
patient not willing to be a part of the study were excluded. 
Conservatively treated patients were also excluded.

The demographic data, pre-injury Vignos score, mode of injury, 
fracture pattern, surgical intervention, follow-up, complications, 
and results were analyzed.

Number of male were 13 (65%) and female 7 (35%), 67% sustained 
fractures following trivial fall and 33% had road traffic accident (RTA), 
16 patient had fractures of femur of which 4 were involving neck,  
4 had distal femur, and 8 had shaft fractures. Four patients had tibial 
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fractures, one was type VI Schatzker, two posterior cruciate ligament 
(PCL) avulsions, and two were shaft fractures; all patients underwent 
surgical management. Minimum follow-up duration was 30 months.

Four distal femur fractures were managed with opposite side 
proximal tibia lateral locking compression plate (LCP) (Fig. 1) was 

used to accommodate the hypoplastic bone in three cases and 
the contoured recon plate was used in another one case. In neck 
of femur, two were managed with closed reduction and internal 
fixation (CRIF) with cancellous screws and one with dynamic hip 
screw (Fig. 2) and one with uncemented total hip replacement 

Fig. 1: Supracondylar femur fracture managed with opposite site proximal tibia lateral LCP

Fig. 2: Basicervical neck fracture managed with the DHS plate was needed to cut to accommodate the hypoplastic femur

Fig. 3: Neck of femur with good muscle power managed with THR



A Study of Surgical Intervention in Fractures of Post-polio Residual Paralytic Lower Limb

Journal of Orthopedics and Joint Surgery, Volume 2 Issue 1 (January–June 2020)12

(Fig. 3) where there were not much abnormal muscular forces. In 
femoral shaft fractures, CRIF with titanium elastic nails was done 
in one and open reduction and internal fixation (ORIF) with plating 
in another one patient. Out of the six intramedullary interlocking 
nailing (IMILN) (Fig. 4), open reduction was done in two cases.

Of the two cases of PCL avulsion, fracture one was isolated 
and other was associated with shaft of femur fracture, where open 
reduced by the Burk and Schaffer’s approach was done and fixed 
with cancellous screws (Fig. 5). Type VI Schatzker proximal tibia 
fracture was treated with open reduction and dual plate fixation 
with bone grafting (Fig. 6). Two tibial shaft fractures were managed 
with CRIF with intramedullary nailing. Postoperatively, patients 
were protected in splints and braces in the early period and were 
mobilized gradually.

Technical difficulties and decision making during management 
of these fractures were crucial. Like whether to use fracture table or 
not, entry point in deformed and hypoplastic proximal femur, joint 
contractures, and tight iliotibial band were certain factors which 
influenced the reduction; gentle traction in the previous deformed 
position enables the reduction. The narrow medullary canal and 
deformed bones governed the choice of implant.

Most of the shaft fractures had flexion deformities, and reduction 
was achieved in same position. Proper preoperative planning is very 
important, as commonly available sizes are not suitable; customized 
nails, which would suit the diameter of the canal and appropriate 
length, titanium elastic nails, and all varieties of plate be arranged 
beforehand. Master chart of our case series is shown in (Table 1).

Fracture healing was assessed radiologically at regular intervals 
and functionally using the Vignos scale for lower extremity.

Re s u lts​
Average fracture union was achieved around 18–24 weeks; one 
patient had delayed union and one nonunion. On the Vignos 
scale, 16 patients regained the pre-injury level, but 4 patients 
dropped down by one level. One of our patient participated in 
Asian Paralympics games.

Di s c u s s i o n​
Though polio is getting extinct and eradicated in most parts 
of the world, but polio survivors have grown old with sequelae 
of the deformed paralytic limb.1–3 Though there is asymmetric 

Fig. 4: Femoral shaft with deformed anatomy fracture managed with IMILN (8 × 280 mm size nail)

Fig. 5: Distal femoral shaft fracture with PCL avulsion pre- and postoperative
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involvement, lower extremity are more commonly affected in 
polio and have a small deformed flail limb, more prone for fractures 
following low-velocity injury. A study by Goerss et al. on polio 
survivors showed that there is a 48% chance of any fracture after 
40 years of age. They concluded that there’s unusual risk of fracture 
in affected poliotic limbs and low-energy proximal shaft, and 
distal femoral fractures are more common.1 Bickerstaffe et al. have 
suggested that frequency of fall in these patients is four times higher 
than the normal population, and further more in elderly population. 
About 50–84% of polio patients sustain a fall during their lifetime.5 
The flaccid asymmetric paralysis and muscle atrophy influences 
the stability, range of movement, contractures, and alters the gait 
pattern that predisposes to fall. There are several explanations or 
contributing mechanisms for frequent falls. Quadriceps weakness 
itself is a major risk factor for falls, as there is preponderance of 
lower limb involvement in polio. Knee buckling due to quadriceps 
weakness during the stance phase and failure to clear the foot 
off the ground in the swing phase due to ankle dorsiflexor or hip 
flexor paralysis again frequently lead to falls.5 In addition, the gait is 
imbalanced in these patients due to deformities, contractures, limb 
length discrepancies, and improper distribution of muscle forces.

Osteoporosis or osteopenia is one of the most common 
associations of post-polio residual paralytic limb but the exact 
prevalence is not known and regional osteoporosis is characteristic 
to this condition.9 A study by Bickerstaffe says 96% of polio 
patients had osteopenia and osteoporosis and reported a fracture 
incidence of 38% over 5 years.5 The site most commonly affected 
by osteoporosis in such cases is usually the hip.2 The lifetime risk 
of sustaining a proximal femur fracture rises with the decrease in 
bone mineral density (BMD). A significant correlation between 
bone mass and muscle strength is well documented and reduced 
total lean muscle mass is an important contributing risk factor. 
The poliotic limbs have a lower BMD than rest of the skeleton and 
this predisposes them to fractures following trivial or significant 

fall. Chang et al. found that the femoral neck BMD was lower 
both in normal and affected limb in polio patients as compared 
to age-matched controls, though the paralyzed side was more 
osteopenic than the normal one. Haziza et al. showed that the hip 
was the most common site to be involved; another study confirmed 
reduced BMD of the femoral neck region well compared to normal 
population.2 Identifying the osteopenia early and administration 
of bisphosphonates were effective to decrease the incidence of 
fractures.9

It is difficult to achieve pre-injury ambulatory status in these 
patients after fracture. Very few studies like the one by Naude et 
al. are in favor of conservative treatment in the form of traction, 
bracing, and casting for fractures in polio patients; healing of 
fractures can be delayed but in their paper they concluded that 
healing progresses at normal rate, without any excess callus or 
hypertrophic callus.10 We had an antenatal patient with a precious 
baby who had a minimally displaced distal femur fracture that 
was treated conservatively; otherwise, most of fractures were 
surgically fixed. Long period of immobilization and nonweight 
bearing can contribute to osteoporosis, delayed fracture healing, 
and can worsen the prognosis;8,11 also the risks of malunion, 
nonunion, joint contractures, and pressure sores are common 
association.12,13 This does not mean surgical management is 
immune of complications; despite the best surgical efforts, 
hardware failure and subsequent reoperation rate are higher in 
some cases. The primary aim of the treatment of these fractures 
should be achieving early mobilization, union, and rehabilitation 
to prevent joint contractures and further muscle wasting. 
Teamwork by orthopedic surgeon, orthotist, and physiotherapist 
will give a satisfactory functional outcome.

Factors like underdeveloped, osteoporotic, deformed 
hypovascular bones and shaft of femur fracture tissue contracture 
with deformities of joints pose several challenges in the 
management of these fractures.

Fig. 6: Schatzker VI fracture managed with dual plating with excellent outcome
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Narrow intramedullary canals, deformed small bones, and 
contracture of joints make insertion of standard-sized nails difficult; 
also access to correct entry points is hampered. With limb length 
discrepancy, assessing the length of the nail preoperatively is 
also difficult.13 In some cases, with extreme bony distortions 
intramedullary devices like titanium elastic nailing system or Rush 
pins should be considered for fixation. The elastic nail aligns the 
fracture fragments but rotational instability remains a concern 
in adult bone, so additional splinting is needed. Positioning the 
patient over a fracture table for nailing may be difficult. It might 
not be possible to use the traction piece for reduction because 
of flexion abduction deformity in the hip and flexion deformity 
in the knee, which are common in these patients. The patient can 
be operated in the supine or lateral position as per the surgeon’s 
preference.13 In cases where normal anterior bowing is absent, it 
is advisable to use undersized nail to negotiate it easily without 
causing an iatrogenic fracture; we had this in one case that was 
appropriately managed by proximal locking. The deformity at the 
fracture site is usually less compared to the non-polio patients due 
to lack of muscle spasticity and poor muscle bulk. But reduction 
can sometimes be really difficult because of the contracted iliotibial 
band. Hence, manual traction with different degrees of knee flexion 
is sufficient to align the fracture. Strong traction should be avoided 
in flaccid limb of polio patients as it may result in overdistraction 
or displacement of fracture fragments.13 The above-mentioned 
challenges with intramedullary nails can be overcome by the use 
of external fixators or plates described. One should not hesitate to 
do an open reduction in case of difficult reduction.

Proximal femur fractures where regional osteopenia is most 
commonly seen and with small, valgoid, anteverted femoral neck 
there is greater risk of difficult reduction, nonunion, and implants 
failure.14 When dynamic hip screw or cannulated cancellous screw 
fixation is not possible, proximal femur locking plates or rarely 
external fixators may be useful. Nonunion is very difficult to manage. 
Arthroplasty still remains an option in some cases where muscle 
power is reasonably good. A complete set of implants with various 
sizes has to be kept to avoid intraoperative hassles. In one case, we 
had to cut the dynamic hip screw plate to make it seat on the bone; 
only one purchase distally was possible.

Plates are very suitable for metaphyseal and some diaphyseal 
fractures where intramedullary fixation is difficult due to deformed 
and narrow bones. Locking compression plates have revolutionized 
the plate osteosynthesis particularly in the case of osteoporotic 
fractures where it acts like an internal fixator which provide an 
additional “cortex”, i.e., the plate itself for screw purchase and 
distribute the loads equally at all plate-screw interfaces, thus 
increasing the pull-out strength and improving stability. Plating 
irregular deformed bones require plate contouring.13 Protection 
of the internal fixation with bracing or plaster slab for initial period 
reduces the risk of construct failure, periosteal stripping, loss of 
fracture hematoma, and blood loss. Minimally invasive techniques 
has minimal role in these fractures. Most advanced is the computer-
assisted designing (CAD) of implants that suits patient’s bony 
geometry and use of the navigation system.15

Postoperative regime and rehabil i tat ion are more 
demanding. One should avoid immobilization for longer periods; 
at the same time, appropriate braces or orthotic support and 
proper rehab protocol will give a satisfactory outcome. Obesity, 
social causes, motivation, or mental state of the patient also 
has implications on the rehabilitation and outcome. Nutritional 

calcium supplements and sometimes bisphosphonates do help 
in achieving union.

Never try to achieve the correction of preexisting deformities 
in the fractured limb. Knee flexion deformity, which can be 
corrected by a distal femoral extension osteotomy, sometimes 
can be achieved in cases of distal femur fracture.16 It will tempt 
us to do so or sometimes patient may also request for it, but this 
change in biomechanics may sometimes be difficult to adapt in an 
adult patient. Adaptability in children is remarkable and accepts 
biomechanical changes, but it is not the case in adults.17 So, 
achieving the pre-injury level remains the main task.

Co n c lu s i o n​
The femur is most commonly fractured bone in post-polio adults; 
osteoporosis with trivial fall being the most common cause of 
fracture. Fractures do not heel as readily as normal bone and 
conservative treatment has limited indications.

Decision making is the key. Surgical intervention will never be 
easy tasks; hurried decision has poor fate. Anticipating the surgical 
problem and appropriate preparation in advance to tackle this will 
help one to come out successful.

The operating surgeon should be prepared with complete 
armamentarium of implants like smaller intramedullary nails with 
smaller length, titanium elastic nails or rush nails, assorted-size 
LCP, etc. Thorough preoperative planning is very important; one 
has to know preexisting deformities, shape, and quality of the 
bone, so it helps in achieving satisfactory reduction and fixation 
with appropriate implants. Postoperative rehabilitation will be 
demanding and it also influences the outcome.

Ac k n ow l e d g m e n t​
Department of Orthopedics, Preethi Hospitals P Ltd. This manuscript 
was neither presented as part or whole at any scientific meeting 
nor published anywhere earlier. This manuscript has been read by 
all the authors approved and represents honest work.
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