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ABSTRACT

An investigation of the role of manganese in Perthes' disease of the hip
Catherine Perry

Perthes' disease of the hip can be defined simply as an avascular necrosis of the
proximal femoral epiphysis in children. The aim of this project was to investigate the
possible role of the trace element manganese in the development of this disease, and a
series of related studies were undertaken between 1989 and 1991.

Whole blood manganese levels were measured in a sample of 36 children who attended
the Royal Liverpool Children's Hospital and the Alder Hey Children's Hospital with
newly diagnosed Perthes' disease. These were compared to those of 76 control
children who were matched for age and sex. Where possible blood was also obtained
from the mothers of the cases and controls and the whole blood manganese levels of 26
mothers of cases and 19 mothers of controls were assessed. With the permission of
their parents children with Perthes' disease were entered into a randomised controlled
clinical trial testing the effect of a manganese supplement of 1mg per day on their
growth and skeletal maturation and the healing of their Perthes' disease. In this small
study 11 children (12 hips) received a daily manganese supplement and 15 children (16
hips) received a placebo. In addition, whole blood manganese levels were measured in
two samples of ante-natal women. A total of 212 women from Liverpool, an area with
the highest rate of Perthes' disease ever reported in the United Kingdom, were
compared with 334 women from Beverley, an area of Yorkshire where Perthes'
disease rarely occurs.

The present study did not find a statistically significant difference between the whole
blood manganese levels of cases of Perthes' disease and of control children
(193.6/174.8 n.mol/l, p=0.27). This was in great contrast to an earlier study in
Liverpool, on which this work was partly based, which had indicated that children
with the disease had statistically significant lower levels. Levels of whole blood
manganese in control children was very similar to that found in control children in the
original study, and so reasons for the apparent differences in the two groups of
children with Perthes' disease were explored. A difference between males and females
was observed in this study with female case and control children both exhibiting
higher whole blood manganese levels than their male counterparts (cases - 253.4/184.0
n.mol/l, p=0.21; controls - 194.0/168.9 n.mol/l, p=0.22). These differences were not
statistically significant. There were no real differences between the mothers of cases
and the mothers of controls. The manganese supplementation trial was very small and
no statistically significant differences were noted between children receiving a
manganese supplement and those receiving placebo, although when clinical
improvement was assessed there was an indication that those on manganese were
improving more rapidly. No differences were noted between the Liverpool and
Beverley ante-natal women.

Although there was no difference in the whole blood manganese levels of the case and
control children the difference between this and the previous study needs explanation.
On the basis of the possibility that whole blood manganese levels may alter at different
stages of Perthes' disease and be a marker of disease progression rather than have
aetiological significance suggestions for further work included a serial analysis of
manganese levels in children with the disease. If such a study indicated that children
with the disease did have lower levels at particular points then another supplementation
trial could be considered. The difference between whole blood manganese levels in
males and females would also be worthy of further exploration, both in relation to
Perthes' disease and to increasing knowledge about this trace element in general.
Further analysis of sociodemographic details collected from the ante-natal women in
relation to their whole blood manganese levels could also prove illuminating.
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CHAPTER ONE

INTRODUCTION

1.1 Background information

Perthes' disease of the hip can be simply defined as an avascular necrosis of the
proximal femoral epiphysis in children (Conway, 1993; Thompson and Salter, 1986).
It is more common in boys than in girls in a ratio of around 5:1 (Herring, 1996;
Wenger et al, 1991; Wynne-Davies and Gormley, 1978) and in the United Kingdom
the age distribution shows a peak incidence for diagnosis at five to seven years of age
(Wenger et al, 1991). Approximately 15% of affected children have bilateral disease
(Barker and Hall, 1986; Wenger et al, 1991). Geographically Perthes' disease shows
very different patterns, for example in the United Kingdom the highest reported
incidence of the disease was in inner city Liverpool (Barker et al, 1978) but in areas of
Yorkshire it does not appear to occur at all (Hall and Barker, 1989). It is a self limiting
condition which runs a course that has been estimated to be between one and five years
(Catterall, 1971; Burwell and Harrison, 1981). During this time the avascular femoral
head becomes necrotic, and then gradually revascularization occurs, the aim of
treatment being to protect the head of the femur during the avascular phase (Bayliss et

al, 1994; Burwell and Harrison, 1981; Dunst, 1990; Thompson and Salter, 1986).

Although Perthes' disease was originally regarded as a focal disorder of the hip in an
otherwise normal child (Burwell et al, 1978; Harrison and Burwell, 1981) there is now
evidence that affected children are suffering from a more generalised disorder of
growth and skeletal maturation (Bohr, 1979; Burwell et al, 1978; Dangerfield et al,

1993; Exner et al, 1986; Goff, 1954; Harrison and Burwell, 1981; Harrison et al,
1



1976; Katz et al, 1977; Keenan and Clegg, 1996; Kristmundsdottir et al, 1984, 1986,
1987: Loder et al, 1995; Makin et al, 1992; Rao et al, 1995; Shapiro, 1982; Wynne-
Davies and Gormley, 1978). There is also evidence that some children with Perthes'
disease have other systemic abnormalities, concerned particularly with growth factor
hormones (Burwell et al, 1986; Neidel et al, 1992; Rayner et al, 1978; Rayner et al,
1986; Tanaka et al, 1984).

1.2 Rationale

Although much is known about the pathology of the hip lesion in Perthes' disease
(Herring, 1996; Wingstrand, 1994) the underlying aetiology of the condition is not
clear, despite the knowledge that has been generated about the apparently 'susceptible
child' (Catterall, 1982; Hall, 1987; Herring, 1996). The rationale for this study lay
largely with the finding of Hall et al (1989) that children with Perthes' disease had
lower whole blood levels of the trace element manganese than age and sex matched
controls. Although no precise mechanism was hypothesised, the knowledge that
manganese played a role in bone growth and development meant that it seemed a
promising avenue for investigation as a possible aetiological factor. In animals
manganese deficiency had been demonstrated to cause a wide range of skeletal
abnormalities (Hurley and Keen, 1987), and subsequent work has indicated this too
(Beattie and Avenell, 1992). Also, studies of incidence had revealed that Perthes'
disease was more common in lower socio-economic groups (Hall et al, 1983; Wynne-
Davies and Gormley, 1978), a connection that was to be confirmed later (Hall, 1987;
Hall and Barker, 1989; Hall et al, 1990), and this was seen to lend support to the
hypothesis that Perthes' disease could have a nutritional factor in its aetiology (Barker

and Hall, 1986).


















































































































































































































































































































































































































































































































































































































































































































































































































