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INTRODUCTION

Toe walking is a gait abnormality where-
by equinus deformity of the foot is present 
during most or all of the phases of a gait cycle 
[1–3]. Its idiopathic form is characterised by 
the lack of definitive aetiology [1, 2]; however, 
in most cases, it affects children who present 
the characteristic gait pattern from the outset 
of walking. Even more puzzling are toe walk-
ers who develop this disorder at preschool or 
school age. An accurate diagnosis is crucial 
in these cases to help reduce the anxiety of 
parents and child. The various neurological 
and developmental causes of toe walking in-
clude congenital myopathies, of which mul-
timinicore disease (MmD) is one of the ex-
amples. We present the case of a young male 
patient with a progressive form of toe walking 
and scoliosis who was diagnosed with MmD. 
Based on this case, we elucidate the spectrum 
of this particular congenital myopathy, the im-
portance of muscle biopsy when searching for 
the reasons behind idiopathic toe walking, 

and the risks concerning the use of anaesthe-
sia in children suspected of having a congeni-
tal myopathy.

CASE PRESENTATION

A 13-year-old boy with MmD was admit-
ted to our department with progressive toe 
walking accompanied by scoliotic deformity of 
the spine. Medical history revealed that the first 
symptoms were noted by the boy’s mother 
when he was 5 years old. In 2010, neurologi-
cal and orthopaedic examination revealed es-
sential tremors that escalated after emotional 
excitement, flattening of the back and bilat-
eral hamstrings, and digastric hypertension. 
Psychological consultation divulged atten-
tion-deficit disorder. At that time, the patient 
presented obvious difficulties with climbing 
stairs and tiptoeing, and minor tremor abnor-
malities were confirmed on electroencephalo-
gram (EEG). Conservative treatment lasting 
18 months did not diminish the symptoms. 
The child’s psychomotor development did not 
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deviate from the average (e.g., he started to 
sit independently at 6 months and walk inde-
pendently at 12 months of age).

A thorough clinical evaluation of the pa-
tient revealed numerous clinical signs: bilateral 
equinus gait (Fig. 1), deficit of dorsiflexion of 
the foot in the ankle joint in both lower limbs, 
decreased selectivity of the foot and flexors 
and extensors of phalanges (Fig. 2), thoracic 
scoliosis with shallowing of the spinal curva-
ture in the sagittal plane, muscle force asym-
metry with distinctive lower limb muscle weak-
ness, dominance of back extensors relative to 
abdominal muscularity, and neurological signs 
(tremor in the upper limbs at rest, decreased 
knee and Achilles reflexes).

Laboratory tests showed a significantly 
increased creatine kinase level (exceeding tri-
ple the norm). In contrast, electromyography 
(EMG) examination showed good conduc-
tion in peroneal, tibial, and femoral nerves 
and neurogenic disorders in vastus lateralis bi-
laterally. Genetic testing excluded Duchenne 
and Becker dystrophies.

Based on the whole history, clinical exam-
ination, and additional diagnostic tests, the pa-
tient was scheduled for surgical management 
of toe walking consisting of gastrocsoleus re-

cession with gastrocnemius muscle biopsy. 
He was also referred for brace treatment of 
the scoliosis. During surgery, the patient de-
veloped bradypnoea with bradycardia for un-
known reasons (he underwent a spinal block 
with no muscle relaxants or anaesthetic gases). 
In the postoperative period, he suffered delu-
sions and hallucinations, which resolved within 
1 day. Postoperative neurological assessment 
did not reveal any other serious abnormalities.

Histopathological evaluation with optical 
and electron microscopy confirmed MmD with 
the partial involvement of muscle fibres (de-
tailed below).

During the 18-month post-surgical fol-
low-up, the patient’s gait improved significant-
ly, while the use of a brace slowed the progres-
sion of spinal deformity.

HISTOPATHOLOGICAL FINDINGS
Using routine light and transmission elec-

tron microscopy (TEM) we evaluated the mus-
cle biopsy taken from the gastrocnemius mus-
cle of the presented patient. The samples, 
which were oriented transversely to the fibers’ 
long axis, showed fibers of thinner diameter. 

Figure 1. Toe walking in the clinical setting Figure 2. Assessment of selectivity of movement around the 
foot. While checking the selectivity of dorsiflexors of the foot 
(left and right), the patient presented simultaneous dorsiflexion 
in the contralateral foot as proof of decreased selectivity
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Some of the thinner fibers had centrally lo-
cated nuclei. In several other cells, irregular-
ities of the sarcomere structure were spread 
throughout different parts of the cell’s body. 

The syndrome is characterized by 
the presence of specific structural abnormal-
ities of “Z” bands, which distinguish this dis-
order from other myopathies. The sarcomeres 
are thinner, grouped few together, and located 
between those with regular structures. 

“Z” bands were broadened, irregular, 
and cogged, occupying spaces of other bands. 
The aforementioned lesions were present only 
in a small number of the muscle cells (Fig. 3).

DISCUSSION

Patients presenting with progressive toe 
walking are relatively common in paediatric 
orthopaedic practice. While the natural histo-
ry and optimal treatment for early-onset idio-
pathic toe walkers are poorly documented [4], 
recommendations for patients with late-onset 
symptomatic equinus during walking treat-
ment are even less established [5]. Most of 
these patients will be suspected of one of 
the forms of muscular dystrophy. However, 
based on the other associated signs, differen-
tiation could be made between muscular dys-
trophies and other neuromuscular disorders. 
The summary of the most common etiological 
factors of toe walking is found in Table 1.

We present the case in which MmD was 
diagnosed based on a biopsy in a patient pre-
senting with the problem of progressive foot 
drop while walking. It may seem to be an ac-
cidental finding. However, since we began to 
take samples for electron microscopy (EM) ex-
amination while doing Achilles tendon length-

ening procedures (since 2014) in this group of 
patients, we have found already three patients 
with congenital myopathies, including two with 
MmD and one diagnosed with central core 
disease (CCD). Taking into account the fact 
that less than 10 patients have been operated 
on because of toe walking in our department 
between the years 2014–2016 (excluding con-
genital neurological deficits such as cerebral 
palsy or spina bifida as well as congenital limb 
deformities such as clubfoot), the percentage 
of patients with congenital myopathies is con-
siderable. 

MmD, according to the Online Mendeli-
an Inheritance in Man (OMIM) web base, is 
an inherited neuromuscular disorder defined 
pathologically by the presence of multiple are-
as of reduced mitochondrial oxidative activity 
running along a limited extent of the longitu-
dinal axis of the muscle fiber, so-called “mini-
cores” [6]. As it is a neuromuscular disorder, it 
is characterised by multiple orthopaedic man-
ifestations. All the orthopaedic clinical signs 
and full manifestations of the disease are sum-
marised in Table 2.

Figure 3. Image of muscle fibers in electron microscopy (magnification 7500x). A. In the presented here muscle fiber, abnormalities 
of the “Z” band are seen in 9 sarcomeres located in the central area of the cell. “Z” bands are broadened and irregular, and some 
impinge on the structure of all bands forming the sarcomere; B. This muscle fiber has centrally located abnormal sarcomeres. Part 
of it has the “Z” band changes described above. The loss of all typical sarcomere structures without “Z” bands is also located 
centrally

A B

Table 1. Summary of common factors causing toe walking

Etiological factors of toe walking

Cerebral palsy

Congenital muscular dystrophy (e.g. Becker, Duchenne)

Congenital myopathies

Limb-length discrepancy

Real idiopathic cases (shortening of the 
calcaneal tendon)

Spina bifida

Global developmental delay

Charcot-Marie-Tooth disease
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Although four typical patterns of 
MmD have been described recently (classic 
form; moderate form, with hand involvement; 
antenatal form, with arthrogryposis multiplex 
congenita; ophthalmoplegic form), none of 
these matched the spectrum of clinical signs in 
presented here patients [7–10].

MmD disease is predominantly recogniz-
able by its axial and proximal muscle weakness 
with hypotonia, respiratory difficulty, high oc-
currence of scoliosis, and absence of marked 
limb contractures in patients who develop 
signs mainly at birth or during infancy [7–10]. 
In the presented case, the patients main com-
plaints were: progressive deformation of 
the gait expressed by toe walking with fixed 

equinus contracture and progressive scoliotic 
deformation of the spine. The axial muscles 
presented better function than the periph-
eral ones, which is different from previously 
described [7, 8, 11–19]. What is remarkable is 
that difficulties with walking and other clinical 
signs were noticed by the child and his parents 
no sooner than the seventh year of life, while 
in the literature, in most cases, especially in 
the classic form of MmD, first signs appear in 
the newborn or infants. Cases of MmD with 
foot equines deformity have been recent-
ly described by Cullup et al. and Mitsuhashi 
et al.; however, based on the reviews of most of 
the cases of MmD published, it is not a typical 
sign of the disease [15, 18, 20]. On the contra-

Table 2. Summary of orthopaedic manifestations of the multiminicore disease (MmD) (with their references)

Orthopaedic clinical signs References

Proximal and axial muscles group 
involvement

Ferreiro [7, 13], Jungbluth [8, 11, 15], Zhou [12], Osada [14], Sharma [16], 
Estournet [17], Cullup [18], Kava [19], Jungbluth [22], Jungbluth [23], Monnier 
[24, 25]

Scoliosis Ferreiro [7, 13], Jungbluth [8, 11, 15], Zhou [12], Osada [14], Sharma [16], 
Estournet [17], Cullup [18], Trevesa [21], Jungbluth [22, 23], Monnier [24, 25]

Spinal rigidity Jungbluth [8, 11, 15], Ferreiro [13], Cullup [18]

Kyphosis, hyperlordosis Jungbluth [8, 15], Ferreiro [13] 

Joints hyperlaxity Ferreiro [7], Zhou [12], Jungbluth [8, 15], Trevesa [21], Monnier [25]

Distal weakness, predominantly 
affecting the hands (intrinsic muscles)

Jungbluth [8, 15], Zhou [12], Osada [14], Sharma [16], Cullup [18], Mitsuhashi 
[20]

Patellar and knee luxation Ferreiro [7]

General arthrogryposis Ferreiro [7], Jungbluth [11, 15], Sharma [16], Trevesa [21], Monnier [25]

Presence of tightened joints (hip, knee, 
ankle, elbow, wrist and finger)

Ferreiro [7, 13], Cullup [18], Monnier [25]

Toe walking Jungbluth [15], Mitsuhashi [20]

Club feet Jungbluth [8, 15]

Thorax deformity Ferreiro [7, 13]

Achilles contractures Jungbluth [8, 15], Cullup [18]

Muscles pain Cullup [18]

Table 3. Comparison of patient’s clinical signs with those typical for multiminicore disease (MmD)

Patient’s clinical symptoms Typical signs for MmD

Late onset Early onset

Toe walking Toe walking is a rare sign, feet deformations (club feet) after 
birth

Distal muscles weakness Axial and proximal muscles weakness

Scoliosis with thoraco-lumbar junction kyphotic deformity, Scoliosis, hyperlordosis, hyperkyphosis and other spinal 
deformity problems

Bilateral vastus lateralis muscles neurogenic impairment Muscles neurogenic impairment is typical symptom

Intention tremor, tremor at rest Only one case with essential tremor

Bradycardia with bradypnoe during the surgery Malignant hyperthermia

Increased level of creatine kinase Normal levels of creatine kinase
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ry, the presence of the spine deformity, which 
was diagnosed in our patient, is classified as 
one of the characteristics of the disease [7, 8, 
11–18, 21–24]. Additionally, rest and intention 
tremors were noted while a thorough clinical 
examination had been carried out (although 
very slightly expressed), which, to our knowl-
edge, has not been yet described in any of 
the patterns of the disease.

Typical for patients with MmD, high levels 
of creatine phosphokinase (over 800 IU/L, N: 
55–370 IU/L) are present, while other laborato-
ry findings, including aminotransferases and al-
kaline phosphatase, are in the normal range.

What requires a mention is the fact that 
during anaesthesia the, episode of bradycar-
dia and respiratory disorders occurred in our 
patient. MmD is linked with malignant hyper-
thermia, which is a condition that develops 
due to a hypercatabolic state. It presents as 
a very high temperature, tachycardia, and hy-
perpnoe (with increased carbon dioxide pro-
duction and increased oxygen consumption), 
mixed acidosis, muscle rigidity, and rhabdo-
myolysis [26, 27]. Typically this condition may 
be triggered by certain groups of drugs used 
commonly in general anaesthesia, namely 
volatile anesthetic gases such as halothane, 
sevoflurane, desflurane, isoflurane, or enflu-
rane, as well as the depolarizing muscle re-
laxants — suxamethonium and decamethoni-
um [25, 27]. However, in our patient, none of 
those mentioned above drugs had been used 
because he was anaesthetised with the use 
of the spinal (subarachnoid) block. Moreo-
ver, the signs he presented during and after 
the episode did not match the features of ma-
lignant hyperthermia. The neurological con-
sultation, magnetic resonance imaging (MRI) 
examination, and laboratory diagnostics did 
not find the cause of this kind of disorder. Er-
rors during anaesthesia had also been ruled 
out. Thus, the answer to the reason for the ep-
isode of bradycardia remains unknown. This 
should, however, lead us to take extraordi-
nary measures while introducing anaesthesia 
to the patient with recognized or suspected 
congenital myopathies or dystrophies.

MmD is linked to mutations in particu-
lar genes: the RYR1 and SEPN1. Still, our 
patient has yet to be tested genetically. How-
ever, it is questionable whether patients with 
one of the congenital myopathies diagnosed 
based on the histopathologic (including EM) 
findings need to run expensive genetic tests to 
confirm the diagnosis. We believe that only in 

doubtful cases must the full panel of gene mu-
tations be checked.

Muscle biopsy is an inestimable method 
of providing a definitive diagnosis of a wide 
range of myopathies and denervating disorders 
and gives essential information on the stage 
and course of the disease, methods of treat-
ment, as well as prognosis [28]. In most of these 
cases, EM is an inseparable part of the exam-
ination in the process of identifying the disor-
der. The main surgical techniques used for fixed 
equinus of the foot are Z-plasty of the Achilles 
tendon or different fashions of the gastrocnemi-
us muscle recession [29–31]. In each lengthen-
ing technique, accessibility to the gastrocnemi-
us or soleus muscle belly is sufficient to reach it 
using a clamp or grasper. However, one must 
remember that the biopsy site in these cases is 
far from the insertion of these muscles, which 
results in a small amount of nerve branches in 
the samples. In cases of an unclear histopatho-
logical diagnosis, the surgeon may be obligated 
to take a small-sized biopsy of the skin from 
the insertion site. We recommend doing a biop-
sy and lengthening procedures in one stage, not 
as separate procedures.

CONCLUSIONS

1.	 Patients presenting with either early or late 
onset toe walking of a progressive nature 
should be checked for the presence of con-
genital myopathies.

2.	 If MmD is suspected, all precautions must 
be taken during the surgical procedures, 
especially from the anaesthesiology team, 
since there is a risk of malignant hyper-
thermia reactions and others of unknown 
character.

3.	 Muscle biopsy for EM examination is 
an integral part of the follow-up to surgi-
cal muscle lengthening procedures in cases 
where the final diagnosis has not been es-
tablished.
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