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HISTOLOGICAL AND ULTRASTRUCTURAL STUDY
OF ABDUCTOR HALLUCIS MUSCLE IN CHILDREN
WITH IDIOPATHIC CLUB FOOT AND IN CONTROLS

-
El Sherbiney, S.A, EL Lakany, A.S and EL Lakany, M.R.*

From
Departments of Histology and Orthopedic Surgery”,
Faculty of Medicine, Mansoura University, Egypt.

ABSTRACT

Idiopathic congenital club foot is a
birth defect that is marked primarily by
a deformed ankle and heel as well as
the forepart of the foot, that gives the
foot a characteristic “club - like" ap-
pearance. Thus the infant's foot
points downward and inward.

We evaluated in the present work
the abductor hallucis muscle of 9 chil-
dren with club feet, age (9 months to
48 months). Histological examination
of muscle sections from club feet cas-
es revealed histopathologic changes
in the form of marked variation of
muscle fiber size, multiple vacuolation
of the sarcoplasm in some fibers and
wide separation of muscle fibers with
increased connective tissue compo-
nent in between them.

The results of the current study
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demonstrated that, succinic dehy-
drogenase enzyme activity in the
muscle fibers of clup feet cases was
markedly decreased. inhibition of that
enzyme activity indicates impaired
muscle energy metabolism due to al-
teration of mitochondrial structure and
function.

Transmission electron micro-
graphs revealed wide separation of
myofibrils of ciub feet cases with focal
areas of degeneration. In addition,
disruption of myofibrils and derange-
ment of Z bands were noticed. Mito-
chondria showed bizarre shape and
distribution in some fibers with in-
creased connective tissue compo-
nents in between muscle bundies.
These affected fibers were surround-
ed by normal ones.

Statistically, the percentage of
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type | fibers was significantly higher in
club feet muscles than in control
cases.

The myopathy detected in club
feet cases was considered a congeni-
tal type that resulted from neuromus-
cular abnormality. The early detection
of the type and degree of muscle af-
fection in idiopathic club foot might be
of prognostic value and a way of pre-
vention of recurrence after operative
correction

INTRODUCTION
Club foot, a relatively frequent
congenital malformation, may be
associated with several genetic
syndromes or other malformations, or
may appear as an isolated idiopathic
anomaly[1] .

Bronshtein et al [2] described the
intrauterine development of clubfeet
subsequent and in parallel to fetal hy-
drocephalus formation as followed by
serial transvaginal sonographic scans
(at 11 - 16 weeks gestation). The lat-
ter authors suggested, the possibility
of a causal relationship between the
central nervous system malformation
and the development of club feet.

Although not life - threatening, club
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feet, a non - traumatic deviation of the
foot, makes a strong impact on the
infant, parents, and family. Nursing
care needs to focus on emotional
support of the family and education
regarding the diagnosis, treatment
plan, and family care of an infant in a
cast [3].

Electrophysiological studies were
carried out on idiopathic club feet with
residual deformities after conservativa
or operative treatment. The results of
these studies support the theory that
muscle imbalance is an aetiological
factor in idiopathic congenital club
foot [4].

Maffuli et al [5] reported that the
histochemical composition of the ab-
ductor hollucis muscle was investigat-
ed in 13 children with unilateral idio-
pathic clubfoot. Muscle biopsies from
the club foot side showed an increase
in their connective tissue content. In
addition, the affected side showed a
significant higher percentage of type 1
fibers than other fiber types, whereas
the average capillary density and ca-
pillary to fiber ratio were significantly
lower.

The histochemical composition of
the abductor hallucis (AH) muscle
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was investigated in 39 children with
idiopathic club foot (CF). The percent-
age of type 1 fibers was significantly
higher than in controls. The relative
predominance of type 1 fibers could
be due to immobilization, passive
stretching, or by an unknown neural
factor [6].

None of these previously men-
tioned interpretations could be prov-
en. As a consequence, the present
study was undertaken to further in-
vestigate the histological, histochemi-
cal and ultrastructural features of the
(AH) muscle of children with idiopath-
ic club feet in comparison with control
muscles, in a trial to find out the pos-
sible aetiology and the relationship
between the histopathological and
histochemical findings as well as the
relationship between these changes
and the severity of the deformity.

MATERIAL AND METHODS

Samples:

This study involved muscle biop-
sies from 9 children with club feet de-
formity. The age of these children
ranged from 9-48 monthes.

Qut of these 9 feet, 4 feet did not
respond to any previous conservative
measures while in 5 feet, there were

recurrence of the deformity after pre-
vious surgical treatment.

The biopsies were taken from the
abductor hallucis (AH) muscle during
the operative correction of the defor-
mity by the technique described by
Carroll [7].

Four control muscle samples were
obtained during the operative treat-
ment of fractures in children.

Histological study:

Small pieces from all the samples
were fixed in 10% neutral formalin,
embedded in paraffin, and cut into 6
um sections that were routinely
stained with Hx & E.

Histochemical study:

Fresh unfixed small pieces from all
the samples were cut by the cryostate
at 15um sections which were stained
for demonstration of succinic dehy-
drogenase enzyme activity Nachlas et
al., method, after pearse [8].

Ultrastructural study:

Parts from all the muscle samples
3mm thick were fixed in a mixture of
2% paraformaldehyde and 2% gluta-
raldehyde in 0.1 M phosphate buffer
(PH 7.3). They were stored in the
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fixative for 4 hours at 4c©, then
washed in cacodylate buffer. They
were post fixed in 1% osmium tetrox-
ide, dehydrated and embedded in
Araldite. Semithin sections (0.5 pm)
were stained with toluidine blue and
examined by the light microscope.

Ultrathin sections (200 - 400 A9)
were cut and stained with uranyl ace-
tate and lead citrate for transmission
eleciron microscopic examination

Statisticai study:

The mean diameter of human
muscie fibers varies with age and with
athletic training [9] . In normal adult
the fiber diameter is between 40 fi 80
(m in males and 30 - 70 (m in fe-
males. At birth, the mean fiber diame-
teris 15 um and it increases gradually
to reach 40 (m by 10 years [10].

The diameter of individual muscle
fiers for a randomly chosen (40 to
96) different sized muscle fibers per
each diseased and control sample
was measured using a calibrated mi-
crometer . The data obtained were
recorded, tabulated and statistically
analysed. The frequency table, cross
tables, and Chi-square test were used
to determine the percentage of each
type of muscle fibers and any change
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in their average percentage in club
feet cases in comparison with control
cases.

RESULTS
Histological findings
Haematoxylin and eosin stained

sections of muscle biopsy from the
abductor hallucis muscle of club
feet children showed wide separation
of muscle fibers that differ from the
normally tightly packed polygonal
eosinophilic healthy control ones
(Fig. 3, 6, 1, 2). Individual muscle
fibers of idiopathic club feet cases
showed variation in muscle fiber
size. Some of which, showed a
moth eaten change in the form of
pale unstained areas in the darkiy
stained sarcoplasm of muscle fibers
(Fig. 3.4.5).

The extent of histopatholgical
changes and vacuolation of skeletal
muscle fibers differs in severity
among the studied cases. In five
samples which were taken from
recurrent clubfeet cases, the muscle
fibers were severely affected. The
vacuoles were not only affecting a
large number of muscle fibers
bundles, but they were also so
large that they occupied the major
bulk of the muscle fibers leaving



E I-Sher biney, S.A et al..... 57

only a little rim of acidophilic cyto-
plasm at the periphery of each muscle
fiber (Fig. 7). In club feet cases the af-
fected muscle bundles were sur-
rounded by healthy intact muscle fi-
bers (Fig. 3,5, 6)

Histochemical results:

Succinic dehyrogenase enzyme
activity was strong positive in muscle
fibers of the control sections of abduc-
tor hallucis muscle. In this case, mus-
cle fibers showed three types: darkly
stained fibers with strong positive en-
zyme activity, pale stained fibers with
very weak enzyme activity, and fibers
with intermediate enzyme activity
(Fig. 8&9).

In cases with idiopathic club feet,
succinic dehydrogenase enzyme ac-
tivity was markedly inhibited in all
muscle fiber types compared to con-
trol cases (Fig. 10, 11).

Ultrastructural results:

Semithin sections stained with to-
luidine blue demonstrated the skeletal
muscle fibers of control abductor hal-
lucis muscle. These control muscle fi-
bers appeared closely coapted to-
gether with little amount of connective
tissue and relatively large amount of
blood capillaries in between them

-

(Fig. 12, 13).

On the other hand, sections of
club feet cases showed wide spacing
of muscle fibers, marked variation in
the muscle fiber size with many angu-
lated and hypertrophic mucle fibers
(Fig. 14, 15). Blood capillaries in be-
tween individual muscle fibers were
scanty in sections of club feet cases
in comparison with control sections
(Fig. 14, 12).

Transmission electron microscopic
pictures of control abductor hallucis
muscle fibers demonstrated the
myofibrils enclosed within a smoothly
wavy sarcolemma and had charac-
teristic fusiform subsarcolemmal
nuclei with prominent electron dense
nucleoli (Fig. 16). The sarcoplasm
showed the characteristic myofilame-
nts which were orinted longitudinally
in register with one another (Fig. 16,
17). Mitochondria were located in
the subsarcolemmal region and in
between myofibrils (Fig. 17, 18, 19 ).
In addition, a well developed Golgi
apporatus was seen near the nucleus
(Fig. 19).

Electron micrographic pictures of
the abductor hallucis muscle of idio-
pathic club feet cases revealed that,
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the sarcolemma was wrinkled. The
myofibrils exhibited either, slight wi-
dening of the interfibrillar spaces or
disruption of focal areas of myofilame-
nts (Fig. 20, 21). Focal disposition of
centractile element was noticed with
partial disappearance of regular band-
ing pattern of myofibriis and derange-
ment of Z bands (Fig. 22, 23). Mito-
chondria showed many abnormal
cenfigurations in the form of elonga-
tion, loss of regular cristae and abnor-
mal pattern of distribution (Fig: 22, 23,
24)

The above mentioned abnormal
muscle fibers were surrounded by
some muscle fibers of normal struc-
ture (Fig. 20).

The TEM revealed also an in-
crease in the connective tissue
content of muscle fibers of abductor
hallucis muscle from the club feet
cases with marked increase in collag-
en fibers in the perimysium (Fig 21,
24, 25)

Vol. 32, No.1 &2 Jan. & April, 2001

Statistical results:

The cross diameter of the muscle
fibers of abductor hallucis muscle
from club feet cases had a mean di-
ameter of 25.67 um +0.16 and a
range between 11 - 49 um (table: 1).
In control cases, the mean diameter
was 27.31 + 0.25 while the range of
their diameter was between 22 - 46
um . Thus this statistical analysis
reveals a significant decrease of the
diameter of muscle fibers of club feet
cases. In addition, the muscle fibers
of club feet cases whose diameter
was measured in the current study
were composed cf 369 (61.2%) of
type 1 fiber with cross . diameter
between 11 - 27 um and 234 (38.8%)
of type Il (with diameter more than 27
um) (table: 2}.

In control cases the muscle fibers
were comprised of 132 (48%) of type |
fibers and 143 (52%) of type Il fibers
(table: 2). These results reveal a sig-
nificant increase in type i fibers in club
feet cases.
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Table (1) : Diameter of muscle fibers among the studied groups

Cases (n=9) Control (n = 4)
Mean 2587 27.31
SE 0.16 0.25
Range (11 - 44) (22 - 48)

Test of significance

T=4T1

Be 000"

Table (2) : Percentage of types of muscle fibers of the studied groups

Cases Controf Total
No % No % No %o
Type | 369 61.2 132 48 501 574
Type |l 234 38.8 143 52 377 429
Total 603 100 275 100 878 100

Test of significance

X2 = 13.41
P <.001***
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Fig. (1): A photomicrograph of a con-

trol section of abductor hal-
lucis muscle. It shows the
nearly coapted muscle fi-
bers having acidophilic cyto-
plasm.  ( Hx. &E.; X 250).

Fig. (2) : A photomicrograph of a con-
trol section showing the skel-
etal muscle fibers separated
with connective tissue ele- .
ments containing a muscle
spindle (ms). (Hx.&E.;X250).
Vol. 32, No.1 &2 Jan. & April, 2001

Fig. (3 ) : A photomicrograph of a par-

affin section from a cases of
club foot. The majority of
muscle fibers have abnor-
mal structure in the form of
multiple small vacuoles (s)
or a single large vacuole (L).
(Hx. & E.; X 100).

Fig. (4) : A photomicrograph of a case

of club foot. The muscle fi-
bres are moderatly affected
in the form of cytoplasmic
vacuolation of different num-
bers and sizes.

(Hx. & E.; X 250).
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Fig. (5) : A photomicrograph of a club

foot case. It demonstrates
that the part of the muscle fi-
ber containing the vacuole is
completely devoid of myofi-
brils and contains only very
thin threads of cytoplasm.
(Hx. & E.; X 400).

Fig. (6) : A photomicrograph of a  Fig. (8)

moderatly affected club foot
case. It shows few number
of affected fibers surround-
ed by many healthy ones.
However these fibers are
separated by wide areas of
connective tissue (ct)

(Hx. & E.; X 250).

Fig. (7) : A photomicrograph of a re-

current case of club foot.
The muscle fibers are sever-
ly affected. The majority of
muscle fibers contain large
vacuoles. Few number of
healthy normal muscle
fibers are detected (arrows).

(Hx. & E.; X 100).

: A photomicrograph of a
normal abductor hallucis
muscle. It shows strong suc-
cinic dehydrogenase en-
zyme activity. (succinic de-
hydrogenase N.B.T method;
X 100).

MANSOURA MEDICAL JOURNAL
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g. (8) : A photomicrograph of a

cryostat section of control
case. Here some muscle fi-
bers exhibit strong enzyme
activity (S), another group of
muscle fibers show moder-
ate enzyme activity (M)
while others exhibit weak
enzyme activity (W).

(Succinic dehydrdgenase
N.B. T method; X 250).

Fig. (10) : A photomicrography of a

fresh unfixed section of ab-
ductor hallucis muscle from
a club foot case it shows in-
hibition of succinic dehy-
drogenase enzyme activity if
compared with control sec-
tion. (Succinic dehydroge-
nase N.B.T method; X 100).

Vol. 32, No.1 &2 Jan. & April, 2001

ﬁg. (11)

: A photemicrograph of
afresh unfixed section of a
club foot case. It shows inhi-
bition of enzyme activity in
all muscle fiber types if com-
pared with the control sec-
tion. (Succinic dehydroge-
nase N.B.T method; X 250).

Fig. (12) : A semithin section of a

control abductor hallucis
muscle. It shows small type
( 1), Large Type (2B) and
medium sized type (2A)
fibers in the normal structure
and average percentage.
(Toluidine blue; X 1000).
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Fig. (13) : A semithin section of a

control abductor hailucis
muscle. The muscle fibers
are closely packed with min-
imal amount of endomysium
containing blood vessels
(bv) .

(Toluidine blue; X 1000).

Fig. (14) : A photomicrograph of a

semithin section of a mildly
affected case of club foot.
The muscle fibers are widly
separated fiom each other
and exhibit marked differ-
ence in diameter.

(Toluidine blue; X 1000).

Fig. (15) : A photomicrograph of a

semithin section from a
mildly affected ciub foot
case. The muscle fibers are
separated from each other
with variation in fiber diam-
eter.

(Toluidine biue; X 1000).

1

Fig. (16) : An electron micrograph of

a longitudinal section of a
control abductor hallucis
muscle. it shows the charac-
teristic  subsarcolemmal
nucleus (n} with prominent
nucleolus. The myofibriils
(fiexhibit the _tﬁ/pu:af striation
and interfibriflar mitochon-
ria. (Toluidine blue;
X 10000).

MANSOURA MEDICAL JOURNAL
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Fig. (17) : Anelectron micrograph ofa  Fig. ( 19) : An electron micrograph of

control case. It shows the- a control case. It demon-
nqrmal structure' qf myofi- strates the nucleus (N), a
brills and the striation here Golgi apparatus (G) and mit-

is typically in register. Interfi-
brillar mitochondria are reg-
ularly distributed.

(TEM; X 13,000).

ochondria (M).
(TEM; X 50,000) .

Fig. ( 18) : An electron micrograph of  Fig. (20) : An electron micrograph of

a control case. It shows nor- a club foor case. It shows
mild affection of the muscle

mal interdigitation of actin fibers in the form of wrink-
and myosin myfilaments (fi) ling of the sarcolemma, ab-
(TEM: X 50,000 normal elongated mitochon-

' :000). dria and small degenerated

aeas (arrows).
(TEM; X 5,000).

Vol. 32, No. 1 & 2 Jan. & April, 2001



E I-Sher biney, S.A et al .... 65

Fig. (21) : An electron micrograph of  Fig (22) : An electron micrograph of a
a club foot case. The mus- club foot case. it shows vac-
cle fibers are widly separat- uolated areas interrupting
ed with larger amount of the normal arrangement of

. : myofibrills and interruption
conpectwe 01l Bements oftheZ lines. The mitochon-
(ct) in between them.

dria are abnormally dis-
(TEM; X 2,500). tributed.  (TEM; X 15,000).

Fig. (23) : An electron micrograph of a club foot case. The muscle fibers contain
many vacuolated (v) areas interrupting the regular arrangament of myo-
filaments and Z lines. Mitochondria exhibit abormal shape and arrange-
ment . (TEM; X 15,000) .

MANSOURA MEDICAL JOURNAL
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Fig. (24) : An electron micrography of
a club foot case. It shows
moderate degrre of affection
in the form of many degen-
erated vacuclated areas
(arrcws) and mitochondria
of abnormal shape and
distribution (TEM; X 7500).

DISCUSSION

Congenital idiopathic talipes equi-
novarus (club foot) is a complex and
challenging entity [11] . The develop-
ment of the human foot from the
eighth to the twenty - first intrauterine
week in 147 foetuses was studied
ultrasonographically by kawashima
and Uhthoff, [12] . Their results docu-
mented a stage of "physiological club
foot" characterized by a medial
deviation and plantigrads orientation
of talar neck and head during the
“ninth week of intrauterine life.
However, by the eleventh week, the
Vol. 32, No. 1 &2 Jan. & April, 2001

Fig. (25) : An electron micrograph of
a club foot case. It reveals a
large amount of collagen fi-
bers (cf) inbetween the mild-
ly affected muscle fibers and
the blood vessel (bv.).

(TEM; X 3000).

foot assumes a normal position.

Unilateral club foot is somewhat
more common than bilateral club foot
and may occur as an isolated defect
or in association with other disorders
such as chromosomal aberrations,
cerebral palsy and spina bifida. Intan-
tile clubfoot deformity is painless and
correctable with early diagnosis and
prompt treatment [13] . Some physi-
cians perform physiotherapy and
splints for treatment of idiopathic club
foot, but of few use. Operative treat-
ment is usually indicated at an age
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ranging from 4 to 15 months [14] and
E5].

Many genetic studies proposed an
environmental and genetic compo-
nents to the etiology of idiopathic club
foot. Comprehensive work by Lach-
miller et al [16]. was undertaken to as-
sess the role of causal factors in the
development of club foot. They sug-
gested the potential role of a gene or
genes operating in high - risk families
to produce this foot deformity.

Antenatal sonographic examina-
tion of 6351 pregnant women, alf un-
derwent serial transvaginal ultrasound
scanning for detection of suspected
fetal anomalies was undertaken (over
the period 1992 - 1998). This study
revealed a total of 235 fetuses with
hydrocephaius. Furthermore the latter
study detected 41 cases with club
feet, 14 cases of them were isolated
while the remaining 27 were associat-
ed with neural tube defects [17] .

Feet with abnormal muscle histolo-
gy had a significantly greater inci-
dence of recurrence of the deformity
requiring reoperation [18] . This coin-
cides with our findings since the sam-
ples involved in this study were ob-
tained from 4 feet that did not respond

to any previous conservative meas-
ures and from 5 feet with recurrent
deformity.

The collagen structure in the af-
fected muscles in different types of
club feet was studied by Van der
sluijs and Pruys [19]. The latter au-
thors analysed modification and
crosslinks in collagen fibers and their
possible relation with clinical stiffness
of club foot deformity. Their findings
indicated normal structure of collagen
molecules and normal alignment of
collagen molecules within the fibrils.
However, Maffulli et al. [5] reported
that, the muscie biopsies from the
club foot side showed an increase in
their connective tissue content togeth-
er with a significant higher percentage
of type 1 fibers. Whereas, the aver-
age capillary density and capillary to
fiber ratio were significantly lower .

The results of our current work re-
vealed a noticable fiber size variation
and many muscle fibers showed mul-
tiple vacuolation within their sarco-
plasm. There was also wide separa-
tion of muscle fibers with relative
increase of perimysial connective
tissue in abductor hallucis muscles of
club feet cases. Our histopathological
results are in agreement with the

MANSOURA MEDICAL JOURNAL
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previous work done by Bensahel et al
[14] who studied 64 children with idio-
pathic club feet fifty percent of these
biopsies demonstrated abnormal
muscie fiber morphology, classified
as congenital fiber - type or fiber size
variation.

Succinic degydrogenase (Sd) en-
zyme activity was markedly de-
creased in muscle fibers from club
feet cases in comparison with control
ones. Inhibition of (Sd) enzyme activi-
ty in muscles of ciub feet cases may
be explained by the previous findings
of Swash and Schwartz, [9], Weller et
al., (20) and Keiichi et al., (21). The
latter authors reported that, the con-
genital myopathy found in affected
muscles of congenital club feet cases
is accompanied by muscle degenera-
tion which was thought to be due to
impaired muscle energy metabolism
due to altered mitochondrial respira-
tion.

Transmission electron micro-
graphs of abductor hallucis muscles
of club feet cases demonstrated some
ultrastructural abnormalities. Some
areas of the myofibril appeared disor-
ganized with disruption of myofilame-
nts with loss of the typical banding
pattern. Various forms of mitochondri-

Vol. 32, No. 1 &2 Jan. & April, 2001

al abnormality was observed in the
form of elongation, and abnormal dis-
tribution. There was an increase of
the collagen fibers in the perimysium.
However, these ultrastructural chang-
es were detected in some fibers
while, the surrounding fibers showed
normal structure without bizare -
shaped mitochondria nor degenera-
tive changes. Our ultrastructural find-
ings were in accordance with the work
done by Kranicz et al [22] who carried
out an electron microscopic analysis
of the so called "club foot" muscles.
They observed minor gross changes
in the affected muscles in the form of
increased collagen fiber content and
large numbe of fibroblast - like cells.
Further more Zimny et al [23] and
Gosztonyi et al [24] reported that the
ultrastructural analysis of the calf
muscles in club foot revealed only mi-
nor fine structural changes. The
changes found were not present in
every area of the muscles, but were
surrounded by fields of muscle fibers
having normal structure.

Statistically, the percentage of
type 1 (slow twitch, tonic) fibers was
significantly higher in club feet mus-
cles than in control cases in the
present work. This relative predomi-
nance of type | fibers could be due to
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immobilization, passive shortening or
due to an unknown neural factor. The
latter finding was recorded by Cooper
and Dietz [25] and Czukonyi et al
[26].

i conclusion the combination of
findings of the current work had dem-
onstrated a congenital type of myopa-
thy affecting some myofibrils of the
abductor hallucis muscies of ciub feet.
The severity of histopathological
changes detected in our samples
could expiain failure of the primary
conservative treatment measuros in

some cases and the recurrence in.

others. Therefor, we think that thor-
ought understanding of the pathoa-
natomy of these deformed feet may
be of prognostic value. This also
could be helpful in decreasing the rate
of recurrence by correcting the
deformity by the operative technigue
that could be suitable with the severity
of the case from the start.
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