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Abstract
Aim The previously suggested association between the inci-
dence of high-level foot deformity and muscle imbalance is no
longer supported, when evaluated independent from motor
and sensory loss and level of lesion, by current studies. The
purpose of this study was to evaluate the association between
level of lesion and foot deformity.
Methods Of 545 patients, a total of 136 (272 feet) patients
admitted to the spina bifida clinic between 2010 and 2014
were included in this study. Levels of all lesions were evalu-
ated using initial operation data, the motor-sensory exams, and
direct radiography. All patients were categorized into four
different groups: Thoracic region (group 1), high-level lum-
bar—L1-2 region (group 2), mild and lower lumbar regions
(L3-4-5) (group 3), and Sacral region (group 4).
Results The mean follow-up time was 34.9 months (range 8–
176months). Group 1, group 2, group 3, and group 4 included
24 (17.6 %), 14 (10.3 %), 19 (14 %), and 79 (58.1 %) patients
with regards to level of lesion, respectively. The incidences of
foot deformity were 85.4, 85.7, 81.5, and 50.6 % in groups 1,
2, 3, and 4, respectively. Of all patients, 22 % (61 feet) had
clubfoot, 16 % (44 feet) pes cavus, 10 % (26 feet) pes valgus,
6 % (17 feet) isolated equinus, 6 % (17 feet) pes calcaneus,
and 5 % (13 feet) metatarsus adductus. Patients without a foot
deformity (81 % of normal feet) usually had a lesion at the

sacral level (p≤0.05). On the other hand, isolated equinus
(70 %) and clubfoot (49 %) deformities were mostly observed
in spinal lesions (p>0.05). The incidence of pes calcaneus, pes
valgus, and adductus deformities inclined as the lesion level
decreased (p>0.05).
Conclusion In this study, it was concluded that foot deformi-
ties were directly related to the level of lesion. The comparison
of higher and lower level lesions revealed that the types of foot
deformity differed significantly. The muscle imbalance due to
spina bifida was not sufficient to explain the pathology. On the
other hand, the level of spinal lesion is an important factor for
the type of deformity.
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Introduction

The main goal of treatment for spina bifida is to allow
patients to achieve walking ability or maintain their current
level of functioning. Besides hip and knee stability, the
foot should be stable during the stance phase of gait and
the swing phase should be consistent [1]. The high inci-
dence of foot deformity in patients with spina bifida was,
in the beginning, attributed to muscle imbalance, which
was later contradicted by the results from studies reporting
the presence of foot deformity despite no motor activity in
patients with high-level lesions [2, 3]. On the other hand, it
has been demonstrated that the incidence and types of foot
deformity also vary depending on level of lesion and are
independent of motor and sensory loss [4].

The purpose of this study was to evaluate the association
between foot deformity and level of lesion in patients with
spina bifida.
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Materials and methods

Of 545 patients who were admitted to the spina bifida clinic
and had medical records in a meningomyelocele study group
consisting of neurosurgery, pediatric urology, physical therapy
rehabilitation, and orthopedics; a total of 136 patients (272
feet) with complete data and follow-up were enrolled in this
study. The exclusion criteria were patients who were not op-
erated on in the early period and those who had an unknown
level of lesion. Patients’ level of lesion and physical examina-
tion results were evaluated by two different experienced phy-
sicians; an orthopedist and a senior orthopedic resident. Le-
sion levels were assigned according to initial operation results,
motor-sensory examinations, and direct radiographs. Patients
were divided into four groups according to their lesion levels:
thoracic region (group 1), high-lumbar region L1–2 (group-2),
mid-lower lumbar region L3-4-5 (group 3) and sacral region
(group 4). Data were obtained from medical records of the
meningomyelocele study group which had been recorded
once in every 6months for 2 years after birth and subsequently
annually and analyzed using SPSS 18.0 (SPSS Inc., Chicago,
IL, USA).

Results

The mean age of the patients was 8.63 years (range 2 years,
1 month–22 years, 2 months); 69 (50.7 %) patients were males
and 67 (49.3 %) were females. The mean follow-up time was
34.9 months (range 8–17 months). According to the lesion
levels, group 1 (thoracic) included 24 (17.6 %) patients, group
2 (upper lumbar) 14 patients (10.3 %), group 3 (mid-lower
lumbar) 19 patients (14 %), and group 4 (sacral) 79 patients
(58.1 %). A total of six types of deformities were found and
the incidence of deformity was 63% (87 feet) for the right foot
and 65 % (89 feet) for the left foot. The deformities were
symmetric in 136 (77 %) of 176 feet. One or more operations
were performed in 94 (53 %) feet due to deformities and
recurrence throughout the follow-up period. The evaluation
of the incidence of deformity according to the lesion level
revealed that 85.4 % had lesions at the thoracic level,
85.7 % at the upper lumbar level, 81.5 % at the mid-lower
lumbar level, and 50.6 % at the sacral level. Of all cases, 96
(35 %) had normal feet whereas 22 % (61 feet) had clubfoot,
16 % (44 feet) had cavus, 10 % (26 feet) had pes valgus, 6 %
(17 feet) had isolated equinus and pes calcaneus, and 5 % (13
feet) had metatarsus adductus deformities (Table 1). Normal
foot was more common in sacral level lesions (81% of normal
feet) (p<0.05). Pes cavus deformities were mostly found in
low-level lesions, particularly at the sacral level (p<0.05).
Isolated equinus (70 %) and clubfoot deformities (49 %) were
more common in high-level spinal lesions (p<0.05). Pes cal-
caneus, pes valgus, and adductus deformities were less

common in high-level lesions, whereas as the level of spinal
lesion decreased, the incidence of these deformities increased
(p<0.05).

Discussion

The incidence of spina bifida has been reported to be 2/10,
000, though it differs depending on the developmental status
of a country [5]. Previous studies in our region reported the
incidence of spina bifida to be 1.9/1000, which however was
later suggested to have reached up to 8.9/1000 after the Cher-
nobyl nuclear disaster [6]. Forty percent of the lesions in spina
bifida are found at the lumbosacral-sacral level and 26% at the
thoracolumbar level [7]. In this study, most of the patients had
lesions at the sacral and lumbosacral levels.

The incidence of congenital foot deformities in neuromus-
cular diseases is high [8]. The pathology of foot deformities in
spina bifida is yet to be clarified. Even though muscle imbal-
ance and/or reflex spasticity in the intrauterine period and
intrauterine positioning have been held responsible for the
etiology of spina bifida, 75 % of deformities occur in the
absence of spasticity. No evidence has been provided to con-
firm the hypothesis that foot deformities in patients with spina
bifida are caused by intrauterine muscle imbalance or posi-
tioning [4, 9]. In a study of fetal cadavers with spina bifida,
Ömeroğlu et al. reported that muscle fiber size and fibrosis in
clubfoot deformities were significantly lower than those of the
control groups in all foot muscles, except the gastrocnemius
muscle. It also was demonstrated in their study that fibrosis
was most evident in the peroneus longus muscle in those with
high-level spina bifida. The muscle imbalance between antag-
onist muscle groups due to significant muscular denervation
atrophy caused talipes equinovarus (TEV) deformity in those
with high-level myelomeningocele. Relative excessive activi-
ty of the plantar flexor and invertor muscles can lead to TEV
deformity in patients with meningomyelocele [10].

It is well known that 75% of patients with spina bifida have
foot deformities [9]. Foot deformities vary depending on the
lesion level, and as the lesion level decreases, the incidence of
normal foot increase. Even thoughmost of the cases presented
in this study had spinal low-level lesions, 65 % had foot de-
formities. A literature review of previous studies of foot de-
formities in patients with spina bifida revealed four common
types of foot deformities and that isolated equinus deformity
was discussed with clubfoot deformities, whereas cavus de-
formities were handled with calcaneus deformity in most stud-
ies [2, 4, 11].

A study of patients with low-level spina bifida by Frawley
et al. reported foot deformities in 263 of the 348 feet. Accord-
ingly, of all feet, excluding normal feet, 33 % had equinus,
41 % calcaneus, 16 % valgus, 7 % varus, and 3 % convex pes
valgus deformities [4]. In this study, 176 foot deformities were
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found in 272 feet; 34.7 % clubfoot, 25 % cavus, 14.8 % val-
gus, 9.6 % isolated equinus, 9.6 % calcaneus, and 6.3 %
adductus.

In this study, the incidence of pes calcaneus deformity was
lower than that reported in the literature; however, when ana-
lyzed taking feet with cavus deformity into consideration, the
incidence of pes calcaneus deformity was 34.6 %, which is
also consistent with the literature data. The high incidence of
pes calcaneus deformity was attributed to the fact that patients
with sacral spina bifida constituted half of all patients. The
high incidence of calcaneus and cavus deformities at lower
levels is associated with the insufficiency due to innervation
of the muscle groups (soleus, gastrocnemius), which are the
antagonists of well-functioning tibial muscles innervated from
the lumbar level, from the sacral region. In this study, the
abundance of these deformities in the sacral region was statis-
tically significant (p≤0.05). The incidence of all deformities,
except that of the calcaneal deformity in the sacral region, did
not differ among the levels [4]. In the treatment of pes calca-
neus deformity, soft tissue surgical procedures usually fail to
yield satisfactory results, and the release of the dorsal muscles
of the foot, as well as the transfer of the tibialis anterior muscle
to the calcaneus, arthrodesis, or calcaneal osteotomies consti-
tute surgical treatment options. The ignorance of calcaneal
deformity mostly results in heel ulcers and osteomyelitis
(Fig. 1).

In this study, clubfoot and equinus deformities constituted
44 % of all deformities. The high incidence of equinus

deformity was also reported in a study by Frawley et al., which
included only patients with low-level spina bifida, unlike our
study, in which, all levels of spina bifida were analyzed [4].

Many factors including spasticity, intrauterine positioning,
contractures, and muscle imbalance can contribute to the de-
velopment of clubfoot in patients with spina bifida. For in-
stance, contracture of the tibialis muscles or retained activity
in combination with the function loss of the peroneal muscles
may result in the development of clubfoot in low-lumbar level
lesions [12].

The high incidence of equinus and clubfoot deformities in
high-level spina bifida has been reported to be associated with
flaccid paralysis of lower extremities [2]. On the other hand,
there are large series in the literature reporting that equinus
and club foot deformities are not associated with the lesion
level [4]. In this study, even though clubfoot and equinus were
more common in those with high-level lesions, no significant
difference was found in their relationship with the lesion level
(p>0.05). In a study of 182 feet with all levels of spina bifida
by Frischhut et al., 36 % of the feet had a clubfoot, 26 % had
normal feet, 19 % had an equinus, and 17 % had a calcaneal
deformity [11]. It was also reported that clubfoot was diag-
nosed in 90% of patients with paraplegia due to a lesion at the
high-level spinal area and 50 % in patients with paraplegia
caused by a lesion at the sacral level. Clubfoot usually consti-
tutes a risk for the development of pressure sores on the dor-
solateral aspect of the foot. In addition, repeat surgery due to
muscle imbalance was required in 50 % of these cases after
primary correctional surgery [13]. Ankle-foot orthosis (AFO)
following the lengthening of the Achilles tendon in patients
with isolated equinus deformity and passive stretching exer-
cises usually yield successful results; however, despite surgi-
cal release and tendon transfer in clubfoot deformity, which is
usually more rigid in patients with spina bifida, the continuing
growth of the child is associated with the increased incidence
of recurrence, as a result of which, radical procedures such as
talectomy as well as osteotomies including arthrodesis, lateral
column shortening, or medial lengthening may be required
(Fig. 2).

Table 1 The types and number
of foot deformities according to
level of lesions in patients

Deformity

level

N Equinus CF PC PPV Cavus Adduct Total

R L R L R L R L R L R L R L

Group 1 4 3 5 5 9 10 0 0 2 2 4 2 1 1 48

Group 2 2 2 2 0 5 6 1 1 2 2 2 1 0 2 28

Group 3 3 4 0 0 7 8 3 4 1 0 5 3 0 0 38

Group 4 40 38 3 2 7 9 3 5 8 9 14 13 3 4 158

Total 49 47 10 7 28 33 7 10 13 13 25 19 4 7 272
96 17 61 17 26 44 11

Group 1=Thoracic, Group 2=Upper extremity, Group 3=Mid-Lower Lumbar, Group 4=Sacral

N normal, CF clubfoot, PC pes calcaneus, PPV pes plano valgus, Adduct metatarsus adductus

Fig. 1 a–b Foot ulcer in a patient with pes calcaneus deformity
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Foot abnormalities were noted in 4 % of the infants, with
1 % having metatarsus adductus [14]. Widhe reported
adductus deformity as the most common foot deformity at
3.1 % in infants [15]. In this study, even though the incidence
of adductus deformity in patients with spina bifida did not
differ greatly from that in normal population and was not
associated with the lesion level, four patients had rigid
deformities.

In this study, 15 % of the patients had a valgus deformity. It
is most common in patients with L4 and L5 level lesions
caused by strength or spasticity of the foot dorsiflexors com-
bined with weak plantaris muscle. The predominance of the
ankle evertors and lateral extensors of the foot over the ante-
rior and posterior tibialis leads to a calcaneovalgus deformity
[13, 16].

This deformity was more common at the lombosacral
level in our series but was not associated with the lesion
level (p>0.05). Even though patients with calcaneal defor-
mity are recommended to undergo transfer of the tibialis
anterior muscle to the calcaneus in the early period, sec-
ondary surgery may be required due to frequently encoun-
tered equinus deformity in the future. It has been reported
that, with advancing age, anterolateral release of the ankle
and opening wedge osteotomy of the calcaneus in combi-
nation with peroneal tendon lengthening yielded satisfacto-
ry results [17, 18]. In the study presented here, patients
with valgus deformities usually underwent soft tissue re-
lease in combination with Grice-Green extraarticular
subtalar arthrodesis and the Evans calcaneal osteotomy,
and, of all foot deformities associated with spina bifida,
more satisfactory results in terms of recurrence were obtain-
ed in patients with valgus deformities. In vertical talus de-
formity, which commonly leads to valgus deformity,
talonavicular reduction is achieved using the K-wire joy-
stick technique in the early period.

In this study, most of the patients with complete follow-up
data had sacral and lumbosacral lesions. All spina bifida pa-
tients with sacral and lumbosacral lesions attended their first
follow-up visit, whereas the follow-up attendance rate de-
creased throughout the study period, resulting in lower rates
in this study. The nonattendance at follow-up appointments
was mostly caused by the fact that patients with high-level
lesions ended up wheelchair-bound because of the difficulty
using HKAFO and reciprocating orthosis and that the
treatment-related expectations of patients and their families
declined in time. The high recurrence rate of deformities de-
spite surgical procedures performed in these patients deepened
the despair of patients and their families. On the other hand,
patients with low-level lesions holding higher expectations for
an active social life resulted in their strict attendance at follow-
up visits.

Conclusion

The current approach suggests that muscle imbalance is not
sufficient to explain the type of deformity in patients with
spina bifida. The recurrence of deformities associated with
advancing age, despite early treatment, indicates that the dis-
ease does not originate only in the intrauterine period. The aim
of this study was to demonstrate the direct relationship be-
tween foot deformity and the lesion level in these patients.
The comparison of high-level and low-level lesions revealed
differences between the types of deformity. Accordingly, mus-
cle imbalance involved at various levels due to spina bifida is
not alone sufficient to explain the pathology; however, we
believe that the spinal lesion level is an important factor for
the type of deformity.
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