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Abstract
Background
Significant advances have been made in the global effort to eradicate polio. Vaccine-associated
poliovirus, or other enteroviruses, may still affect the anterior horn cell and cause acute
flaccid paralysis. Following the acute disease, residual paralysis results in lower motor neuron
weakness, altered growth and deformity. Our study aims to describe the clinical manifestations
of a group of children that mimic that of classic paralytic poliomyelitis.
Methods
We identified six children from our paediatric orthopaedic database that presented with polio-like
deformities. Their clinical and imaging records were reviewed and described, together with the
clinical manifestations of paralytic poliomyelitis.
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Limb hypoplasia, pathological gait patterns and foot deformities were consistent features.
The median leg length discrepancy was 2.5 cm (range 2–4 cm). The gait patterns observed
included a Trendelenburg gait in 33% (n=2), a short limb gait in 50% (n=3), and one case with
a combination of Trendelenburg, short limb and steppage gait. Tensor fascia lata contracture
was present in 50% (n=3) of our patients. Foot deformities ranged from calcaneo-cavo-valgus to
equino-cavo-varus deformities.
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Conclusion
Despite significant advances made in the global fight to eradicate polio, we still see children with
clinical manifestations reminiscent of the disease. Orthopaedic surgeons should remain familiar
with the assessment and diagnosis of the sequelae of paralytic poliomyelitis.
Level of evidence: Level 5
Keywords: poliomyelitis, vaccine-associated paralytic poliomyelitis, polio-like deformity, acute
flaccid paralysis

Introduction
The last case of wild-strain poliomyelitis in South Africa was reported in 1989.1 Despite this, we still see patients with clinical
deformities resulting from paralysis reminiscent of that caused by
the poliovirus (so-called polio-like deformity). Most orthopaedic
surgeons familiar with the assessment and management of polio
are nearing the end of their careers.2 Current orthopaedic reference
textbooks have removed sections on polio. As availability bias may
limit our ability to consider and diagnose uncommon conditions,
it is essential that orthopaedic surgeons remain familiar with the
clinical manifestations of paralytic polio.3
The most common viral motor neuronopathy in children presenting as acute flaccid paralysis (AFP) results from enterovirus
infections. These viruses include coxsackievirus, enterovirus 68
and 71, echovirus and polio.4 Previously the focus was mainly
on poliovirus. Significant strides have been made in the fight to
eradicate polio globally. However, this goal has not been achieved
yet and polio may still be imported from endemic areas. South
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Africa lost its ‘polio-free’ status in 2017 due to insufficiencies in
its vaccination programme and surveillance systems.5 This was
reinstated by the WHO’s African Regional Certification Committee
(ARCC) in September 2019. Limitations in surveillance may
result in some cases of AFP being missed. Vaccine-associated
paralytic polio (VAPP) and circulating vaccine-derived poliovirus
(cVDPV) remain a risk with the use of the oral attenuated polio
vaccine (OPV). There has recently been a resurgence of interest
in virus strains other than polio that have caused outbreaks of a
febrile paralytic illness initially described as ‘polio-like illness’.6 This
syndrome was eventually named acute flaccid myelitis (AFM) to
differentiate it from disease caused by the poliovirus. Residual
lower motor neurological deficit was noted in 84% of cases at
median nine-month follow-up.6
While several causes of polio-like paralysis remain, the entity
itself and its clinical characteristics in particular, remains poorly
characterised. We could find no previous reports on the orthopaedic
manifestations of paralytic enterovirus infection. This study aims to
describe a cohort of patients presenting with polio-like deformities.
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Methods

considered to be present if the ventral (motor) nerve roots of the
cauda equina were markedly smaller in calibre than the dorsal
(sensory) roots at the same level. One of the scans (patient 4) did
not have MRI images available for review, and the MRI report from
the patient records was used.

We retrospectively reviewed data from cases who presented to our
tertiary level paediatric orthopaedic unit over the seven years from
January 2011 to December 2018. The unit serves a population of
approximately 4.3 million people, of which 1.6 million are children
between the ages of 0 and 14 years.7
Following ethical approval, cases were identified from our
paediatric orthopaedic database. All patients, below the age of 18
years, presenting with polio-like deformity were included. ‘Poliolike deformity’ was defined as the combination of asymmetric
lower motor neuron (LMN) paralysis, deformity and altered growth
consistent with that seen with poliomyelitis. Spine MRI investigation
was routinely performed to identify features suggestive of previous neuroinvasive viral infection. Patients with deformity and
neurological deficit due to other causes were excluded. The
differential diagnosis for this presentation includes other causes
of lower motor neuropathy, such as hereditary motor sensory
neuropathies, congenital spinal abnormalities (spinal dysraphism),
previous traumatic or toxic neuritis as well as neuroinvasive viral
infection.
The records were reviewed for vaccination history, any previous
significant febrile illness (with or without signs of meningism) and
history of AFP. Clinical records were reviewed for the pertinent
findings during neurological evaluation, as well as documentation
of joint contractures, deformities and leg-length discrepancy (LLD).
X-ray and MRI records were reviewed from our institution’s PACS
and included in our analysis. Motor function was assessed by
testing and grading power according to the Medical Research
Council (MRC) grading.8 Decreased or absent tone and reflexes
were findings consistent with an LMN lesion.
The indication for MRI was any child who presented with
unexplained LMN weakness and deformity or altered growth in
keeping with the typical findings of poliomyelitis.
All MRI scans were performed using a 1.5 Tesla Phillips Intera
MRI machine. Standard spine sequences included STIR, T2 and T1
sagittal acquisitions and T2 and T1 axial acquisitions. Intravenous
gadolinium was not routinely used. Five of the MRI scans were
evaluated by a specialist radiologist with seven years’ experience
and a postgraduate diploma in neuroradiology. Axial images were
evaluated for the presence of ventral nerve root atrophy which was

Results
We identified six patients that met the clinical criteria for polio-like
deformity. MRI findings consistent with previous neuroinvasive viral
infection were present in 67% (n=4). Their mean age was 8 years
(range of 2–14). Their presenting complaints and clinical findings
are summarised in Table I.
All patients had some degree of limb hypoplasia with LLD of
median 2.5 cm (range 2–4). Limp was another consistent feature
with 33% (n=2) presenting with Trendelenburg gait, a short limb
gait was present in 50% (n=3), and one child presented with a
combination of Trendelenburg, short limb and steppage gait.
Tensor fascia lata (TFL) contracture is a classic feature of polio
and was present in 50% (n=3) of our patients. Foot deformities
were present in all cases. These ranged from mere hypoplasia to
calcaneo-cavo-valgus (Figures 1 and 2) at one end, and equinocavo-varus deformity at the other end of the spectrum.
VAPP was confirmed in one patient who presented to the paediatric service with AFP after OPV administration during infancy.
She presented at our orthopaedic unit at the age of 8 years with an
LMN paresis affecting the left lower limb and classic deformities of
polio in the hip, knee and foot and ankle (Figure 3). No clear history
of AFP could be elicited in any of the other cases.
Two of the MRI scans were normal. Three of the patients had a
clear subjective reduction in the calibre of the ventral nerve roots
of the cauda equina (Figure 4). In one patient, this finding was
present bilaterally, and in two patients, this finding was unilateral.
One patient had long segment signal abnormality involving the
entire spinal cord.

Discussion
Polio is caused by three related enteroviruses (types 1, 2 and
3). Fewer than 1% of polio infections in children result in AFP.9
A recovery phase follows AFP during which the muscle recovers
rapidly in the first six months and slower over the subsequent

Table I: Summary of clinical findings
Patient

Age
(years)

Sex

Presenting complaint

1

4

M

Hypoplastic left lower limb

Short limb gait

-

-

Calcaneo-cavo-valgus
deformity (Figures 1
and 2)

2 cm

2

10

F

Limp and hypoplastic left
lower limb

Trendelenburg gait

Left hip dislocation
(Figure 6)

-

Equino-cavo-varus
deformity

3 cm

3

2

M

Limp and foot deformity

Trendelenburg gait

ITB contracture
(Figure 5)

-

Hypoplastic left foot
(Figure 7)

2 cm

4

8

F

Lower limb paralysis and
deformity (Figure 3)
History of AFP post OPV
at age 1 year

Paralytic gait
(combined)

ITB contracture
Hip flexion power
3/5

Quadriceps
power 3/5

Tibialis anterior paralysis
0/5
Equino-cavo-varus
deformity

4 cm

5

14

F

Hypoplastic left lower limb

Short limb gait

ITB contracture

Normal,
thigh
muscles
wasting

Equinus deformity

4 cm

6

7

F

Right lower limb
weakness and shortening

Short limb gait

Hip flexion power
4/5

Hypoplastic
thigh
musculature

Fixed forefoot adduction

2 cm
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Gait

Hip

Knee

Foot and ankle

LLD
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Figure 1. Clinical images in the frontal and sagittal plane demonstrating
calcaneo-cavo-valgus foot deformity

Figure 4. T2-weighted axial MRI image showing atrophy of the ventral
nerve roots most marked on the left (white arrow) compared to the right
(white arrowhead) and left dorsal nerve roots (white open arrow)

Figure 2. Lateral X-ray demonstrating calcaneo-cavus deformity with
calcaneal pitch measured at 49°

Figure 5. Clinical picture of a positive Ober’s test in patient 3; this test
confirms tensor fascia lata (TFL) and ilio-tibial band (ITB) contracture

Figure 3. AP pelvis X-ray showing left hip dislocation with acetabular
dysplasia and hypoplastic proximal femur

months until up to two years. No recovery occurs after this in the
residual paralysis phase. Residual paralysis following enterovirus
infection may be mild. Asymmetric weakness and incomplete
recovery of paralysis result in muscle imbalance. In the growing
child, active muscles shorten, and paralysed muscles overlengthen.
Over time this results in altered bone growth and joint contractures.
A greater disparity in strength will result in earlier deformity. A
mild discrepancy, however, over a long period, will also result in
deformity, altered growth and joint development. These deformities
often manifest years after the initial paralysis and are recognised
as the typical manifestations of paralytic polio.10
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Our study describes a cohort of patients with the typical clinical
features of paralytic polio.
The typical joint contractures and deformities seen in polio occur
during growth as a result of the muscle imbalance in the residual
paralysis phase after neuroinvasive viral infection. A shortened
limb is due to interference with growth.11 The pattern of paralysis
is classically asymmetric. All our patients had asymmetric growth
disturbance and presented with varying degrees of limb hypoplasia
and shortening. Sharrard published detailed and extensive
analyses of the pattern of cell destruction in the spinal cord, as well
as muscle recovery in poliomyelitis.12,13 Muscles most frequently
completely paralysed have their anterior horn cells located in a
narrow zone in the spinal cord (e.g. tibialis anterior).14 Muscles
that have their anterior horn cells in a wider region may still be
frequently affected (e.g. the quadriceps femoris), but will seldom
be completely paralysed.10 This pattern was seen in the child with
confirmed VAPP who had complete paralysis of tibialis anterior,
(0/5 power) but paresis of the quadriceps (3/5 power). Sensory
loss is infrequent. Subsequent motor dysfunction and deformity will
depend on the pattern of paralysis.15
A Trendelenburg gait is a common feature due to abductor
paralysis. Gluteus maximus paralysis may result in an extensor
lurch during the stance phase of gait. Three children in our series
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had a Trendelenburg gait due to abductor weakness. We did not see
any children with gluteus maximus paralysis. Hip contractures are
typically into an abducted, externally rotated and flexed position.2
Abduction contracture is in part the result of TFL contracture.
Ober’s test identifies TFL contracture (Figure 5). Less frequently,
hip instability and dislocation may occur due to paralysed gluteal
muscles and strong hip adductors and flexors. This is associated
with coxa valga, persistent anteversion and acetabular dysplasia.10
ITB contracture was found in three children in our series. One child
presented with a paralytic dislocation (Figure 6).
Quadriceps weakness makes a ‘hand on thigh’ gait necessary
to lock the knee during stance.2 Genu recurvatum deformity may
develop if a child bears weight on a flail limb by locking the leg
into hyperextension during every stance phase.10 Fixed flexion
deformity of the knee occurs more frequently due to quadriceps
weakness and strong knee flexors.10 Contracture is often severe.
TFL contracture also results in external tibial torsion. Quadriceps
weakness was found in one child, while in two children thigh
hypoplasia was present without weakness. None of the children in
our series had knee flexion or recurvatum deformities.
Tibialis anterior is one of the most frequently completely paralysed
muscles.10 This results in a foot drop and fixed equinus deformity.
Depending on the pattern of paralysis, a range of deformities may
occur. These include equinus, calcaneus, hindfoot varus or valgus,
pes cavus or pes planus, or any combination of these.2 Foot
deformities were present in all children in our series. These ranged
from calcaneo-cavo-valgus deformity in one child (Figures 1 and 2)
to equino-cavo-varus deformities in two children. One child each
had forefoot adduction, pure equinus and hypoplasia (Figure 7).
MRI findings consistent with previous poliomyelitis were present
in 69% (n=4). This is consistent with a report by Teoh et al., which
found 75% (n=3) abnormal spine MRIs in cases of AFP due to
neuroinvasive viral infection.16 Only one of our cases had a
clear history of AFP. This was confirmed as VAPP. It is possible
that the other cases may have been the result of undiagnosed
enterovirus infection, causing lower motor neuronopathy. Once

Figure 6. Clinical picture in the frontal plane
demonstrating hypoplasia of the left lower limb, genu
valgus and equinovarus foot deformity, all classic
features of polio

Page 96

the child presents with the late sequelae of paralytic enterovirus
infection, no serological test or imaging investigation can confirm
the diagnosis definitively. Spine MRI investigation may strengthen
the clinical suspicion. During the acute phase of the disease, MRI
features could include diffuse signal abnormality in the cord (as
was present in patient 4). In the chronic phase the only changes
may be that of ventral root atrophy (these features were observed
in patients 1–3).
Significant progress has been made since 1988 by the
Global Polio Eradication Initiative (GEPI) and the World Health
Organization. Since 2000, 13 million cases of polio have been
prevented by the oral polio vaccine (OPV), and the disease has
been reduced by more than 99%.17 Only wild poliovirus (WPV) type
1 remains endemic in Pakistan and Afghanistan. The last case of
WPV type 2 was recorded in 1999, and WPV type 3 in 2012.18
South Africa has a well-established vaccination programme which
has been massively successful in eradicating wild polio infection.
In rare instances the attenuated Sabin poliovirus administered as
the OPV may undergo genetic drift during replication, developing
neurovirulent properties. This may cause AFP identical to that
caused by WPV. The rate has been reported between 3.8 and 4.7
cases per million live births.19 These viruses may be transmitted as
circulating vaccine-derived poliovirus (cVDPV). The small risk of
VAPP and cVDPV is offset by the immense public health benefit of
OPV. Ironically, the management of a cVDPV outbreak is ensuring
efficient vaccination in the area to stop the spread of the mutated
neurovirulent viral strain. While there are advantages to OPV,
it is being phased out as wild polio is eradicated to prevent the
occurrence of VAPP and cVDPV. This started in April 2016 as a
global coordinated effort to change from trivalent OPV (containing
types 1, 2 and 3) to bivalent OPV (type 1 and 3).17
Several limitations of our study warrant consideration. Due to
the rarity of the syndrome we were able to identify only a small
number of cases. We were unable to confirm a history of AFP in
all but one child. This may be explained by a situation where the
meningitic nature of a febrile illness was not appreciated. A mild
neurological deficit, especially in young children, can easily be
missed. As the subsequent clinical course is that of progressive

Figure 7. Clinical picture showing hypoplasia of the left foot in patient 3
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recovery, healthcare opinion may not have been sought. This
is supported by the 2016 report that South African national AFP
surveillance was below the heightened WHO target for 2015/16 of
4/100 000 with several districts reporting 0 or 1/100 000 cases.18
Electrophysiological testing would have been useful but was not
available for paediatric patients at our hospital during the study
period. Despite these shortcomings, the classic clinical findings of
paralytic polio, supported by MRI findings in most cases, prompted
us to compile this report. We could not find any previous published
reports of this clinical entity. Clinicians should remain familiar with
sequelae of paralytic polio because, to quote the philosopher
George Santayana, ‘those who cannot remember the past are
condemned to repeat it’.20

Conclusion
While major strides have been made towards worldwide polio eradication, non-polio enteroviruses, VAPP and cVDPV may still cause
a polio-like deformity. AFP surveillance should be strengthened
to ensure all cases are identified early and deformities prevented
or treated early. If the child presents years later, thorough
clinical evaluation should exclude other causes of lower motor
neuronopathy. Typical features include asymmetric limb hypoplasia
combined with LMN weakness and TFL contracture. MRI may be
useful to identify features of previous neuroinvasive viral infection.
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