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Background Abnormalities in distal growth and low
levels of insulin-like growth factor (IGF)-I have been
reported in children with Perthes’ disease. Our aim was
to establish whether the acute phase of Perthes’ disease
is associated with abnormalities of growth, of bone or of
collagen turnover.

Methods We performed a cross-sectional study of 15
children (3-11 years of age, 13 boys) at acute presenta-
tion and a longitudinal cohort study of 9 children. We
measured (1) the lengths of both lower legs (by knemom-
etry) at weeks 1, 2, 6 and 12, (2) height and weight at
presentation and at the second-year follow-up, and (3)
levels of IGF-I, IGFBP-3, collagen markers and bone
alkaline phosphatase at weeks 1 and 12, and in year 2.

Results Height SD scores were normal at presenta-
tion but declined thereafter. Lower leg growth was not
impaired at presentation but was asymmetrical, ceased
during weeks 2-6, and then resumed symmetrically.
Patients had persistently low IGF-I, low soft tissue col-
lagen synthesis and enhanced collagen breakdown com-
pared with age- and sex-related reference data. Mark-
ers of bone formation increased during follow-up.

Interpretation Acute changes in lower leg growth
reflected differential weight bearing, then immobiliza-
tion and remobilization. Persistently low IGF-I may
have contributed to low soft tissue collagen synthesis
and growth. Changes in bone formation markers most
likely reflected bone healing.

There is increasing evidence that children with
Perthes’ disease may have a more widespread
skeletal disorder involving mild short stature,
disproportionate growth retardation and delayed
bone age (Burwell et al. 1978, Wynne-Davies and
Gormley 1978, Kristmundsdottir et al. 1986). It
has been reported that boys with Perthes’ disease
who have short stature and delayed bone age also
show a reduced growth hormone response to insu-
lin-induced hypoglycemia (Rayner et al. 1986), but
such studies may suffer from selection bias.

Many of the actions of growth hormone are
mediated by insulin-like growth factor-1 (IGF-I).
The bioactivity of circulating IGF-I at target tissue
level is, in turn, modulated by its main binding
protein, IGFBP-3, and protease activity. There
have been conflicting reports regarding circulat-
ing levels of IGF-I and IGFBP-3 in children with
Perthes’ disease (Neidel et al. 1992 a, b, 1993,
Grasemann et al. 1996, Matsumoto et al. 1998).
In addition to hormonal influences, bone growth
may be influenced directly by mechanical factors
(Golding 1994). No studies of short-term changes
in bone growth, or of bone and collagen turnover in
children with Perthes’ disease have been reported.

We conducted a prospective, cross-sectional
study of children presenting with Perthes’ disease,
followed by a longitudinal study on a smaller cohort
of these children to the second year of follow-up,
with serial measurements of height, weight, lower
leg length velocity (LLLV), IGF-1, IGFBP-3 and
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Table 1. Clinical characteristics of patients with Perthes’ disease studied

longitudinally

Case Age Sex Weeksof Side Classification Arthrographic

No. (years) symptoms ca Hb shape

1 5.6 B 12 L 3 B mild flattening

2 8.5 F 6 R 3 B mild flattening

3 4.3 M 8 L 3 A mild flattening

4 5.3 M 8 R¢ 4 C moderate flattening
5 6.7 M 3 L 3 B moderate flattening
6 7.2 M 6 L 3 B moderate flattening
7 9.7 M 8 R 4 B moderate flattening
8 9.8 M 2 L 2 A spherical

9 11.3 M 6 R 3 B spherical

aC: Catterall group (1-4) (Catterall 1971)
b H: Herring classification (A—C) (Herring et al. 1992)
¢ Patient had had Perthes’ disease of the left hip 2 years previously.

markers of bone formation (bone alkaline phos-
phatase (ALP) and procollagen type I C-terminal
propeptide (PICP)), bone collagen breakdown
(telopeptide of type I collagen (ICTP)) and soft
tissue synthesis (procollagen type III N-terminal
propeptide (P3NP)). Our aims were (1) to establish
whether the acute phase of Perthes’ disease was
associated with abnormalities of growth or bone
and collagen turnover, and (2) to investigate any
subsequent changes during treatment and healing.

Patients and methods
Patients

A sequential series of 15 prepubertal children (13
boys and 2 girls, median age 6.2 (3.0-11) years)
presenting with acute onset of limp secondary to
Perthes’ disease (Catterall group 2—4 (Catterall
1971), Herring classification A—C (Herring et al.
1992)) was eligible to participate in this study (no
exclusions). The length of history ranged from < 1
to 12 (median 6) weeks. One boy presenting with
Perthes’ disease of the right hip had had Perthes’
disease of the left hip diagnosed and treated 2 years
previously. All other patients in the study had uni-
lateral Perthes’ disease. At presentation, all patients
had painful restriction of movement of the affected
hip. The degree of stiffness was severe in 8/15
(abduction 20° or less, flexion arc 100° or less with
flexion deformity, flexion-adduction 0° (Woods
and Macnicol 2001) and internal rotation 0°-5°)
and moderate in 7/15 (abduction 20°-40°, flexion

reduced by 20° or less with no flexion deformity,
flexion-adduction 1°-10° and internal rotation 5°—
10°). 7 children had bone age assessments: there
was no significant bone age delay (median differ-
ence between bone age and chronological age: 0.0
(—1.5 to +0.8) years).

6 children subsequently withdrew from the study,
for either family or social reasons or because they
were too young to co-operate with serial knemom-
etry. A cohort of 9 prepubertal children (median
age 6.7 (4.3-11) years, 7 boys) was therefore mon-
itored serially during the first 3 months of treat-
ment (Table 1). 4 had severe stiffness and 5 moder-
ate stiffness of the affected hip at presentation. 7
boys remained in the study until follow up 12-24
months after initial presentation.

Treatment involved a combination of restricted
activity using a wheelchair or crutches following
an initial period of traction to allow the hip muscle
spasm to settle. An arthrogram and examination
under anesthesia was undertaken once the spasm
had disappeared (Table 1) (Ismael and Macnicol
1998). The study was approved by the local ethics
committee and written informed consent was
obtained from the parents.

Investigations

Blood samples were collected during weeks 1 and
12 following initial hospital admission, and once
again 12-24 months later, by which time healing
had largely taken place. Sampling was standard-
ized by time of day to minimize diurnal varia-
tion in markers of bone turnover. The lengths of
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both lower legs were measured by knemometry
at weeks 1, 2, 6 and 12. Knemometry is a sensi-
tive, precise and robust technique that measures
knee-heel length under standardized pressure,
using a purpose-built measuring device (Wales and
Milner 1987). Briefly, the subject sits on an adjust-
able chair, the position of which is customized for
each individual, with the position of the feet on
the measurement table determined by an individu-
ally drawn template used at each visit. The chair
mount is moved backwards and forwards and the
leg moved slightly from side to side until a stable
maximum reading is obtained. Four readings were
taken for each leg at each visit, and the mean lower
leg length calculated. All measurements were
performed by a single trained operator, using the
random zero method (Ahmed et al. 1995). The
technical error was 0.15 mm. Height and sitting
height were measured by the same trained operator
using a Holtain stadiometer at baseline, and again
during the second year after presentation. Weight
was measured at the same intervals.

Analytical methods

IGF-I was measured by radioimmunoassay (RIA,
Mediagnost, Tiibingen, Germany), using an excess
of IGF-II to eliminate interference by IGFBPs.
IGFBP-3 was also measured by RIA (Blum et al.
1990). Between-assay coefficients of variation
(CVs) were 8.5%, 6.5% and 8.0% at 69, 140 and
118 pug/L, respectively, for IGF-Iand 7.3% and 6.9%
at 2772 and 3545 pg/L, respectively, for IGFBP-3.
PICP, ICTP and P3NP were measured in dupli-
cate by RIA (Orion Diagnostica, Espoo, Finland).
Between-run CVs were 7.8% and 5.2% at 94 and
320 pg/L, respectively, for PICP, 6.3% and 9.2%
at 8.7 and 33.8 pg/L, respectively, for ICTP and
5.6% and 6.4% at 4.6 and 10.4 pg/L, respectively,
for P3NP. Bone ALP was measured by wheat-
germ lectin affinity electrophoresis (Peaston and
Cooper 1986). Between-run CVs were 2.2%, 3.5%
and 1.9% at 251, 349 and 435 U/L, respectively.
All measurements met the analytical goal that the
analytical CV should not exceed one-eighth of the
width of the reference range (Tonks 1963).

Data analysis

Height, sitting height and body mass index (BMI)
were expressed as age- and sex-specific standard

deviation (SD) scores in relation to published data
for the UK population (Tanner and Takaishi 1965,
Cole et al. 1995, Freeman et al. 1995). SD scores
were calculated as (x — population mean for age
and sex) / (population SD for age and sex), where
x was the measurement in the patient.

For the knemometry data, we calculated LLLV
for each time point by subtracting the lower leg
length at that time point from the length measured
at the previous time point, and dividing by the exact
time interval between the two measurements.

The concentrations of IGF-I, IGFBP-3, collagen
markers and bone ALP in children are age- and
sex-dependent, and (except for bone ALP) log-nor-
mally distributed. We calculated age- and sex-spe-
cific SD scores (as above), after log-transformation
where appropriate, using our own published data in
normal children (Crofton 1992, Blum 1996, Crof-
ton et al. 1997).

Data were expressed as mean and 95% confi-
dence intervals (CI) of the mean, except for age,
which was expressed as median and range. Com-
parison with our normal reference populations
(mean SD (z) score zero, SD 1.0, by definition)
was done by the one-sample t test. Changes with
time were evaluated using the Wilcoxon signed
rank test. Spearman rank correlations with correc-
tion for ties were used to compare variables at each
time point.

Results

At presentation with acute onset of Perthes’
disease

In the 15 children studied cross-sectionally at base-
line, mean (95% CI) SD scores were: height +0.49
(-0.13 to +1.12), sitting height +0.17 (-0.54 to
+0.88) and BMI +0.96 (-0.32 to +2.24). Height and
sitting height were not significantly different from
the reference population. Mean BMI was distorted
as a result of one very obese individual with a BMI
SD score of +5.6. When this boy was excluded, the
mean BMI SD score was +0.54 (-0.44 to +1.51),
which is not significantly different from the refer-
ence population. The ratio of mean height to sitting
height was 1.80 (1.74-1.85).

For the biochemical markers, P3NP and PICP
were markedly lower than the reference popula-
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Table 2. Biochemical markers in 15 children studied cross-sectionally at acute presentation with Perthes’ disease,
and in 9 of these children studied longitudinally for up to 2 years

Marker Cross—sectional Longitudinal Longitudinal changes 2
group (n=15) group (n =9)
Week 1 Week 1 Week 12 Year 2

IGF-I -0.64 (-1.03t0 -0.26)® -0.69 (-1.20t0 -0.18) ®  —-0.01 (-0.47 to +0.46) —0.09 (-0.82 to +0.65)
IGFBP-3 +0.34 (-0.15 to +0.84) +0.11 (-0.59 to +0.81) +0.57 (+0.30 to +0.85)  +0.58 (0.00 to +1.15)
P3NP -1.69 (2.28t0-1.09)¢ -1.64 (-2.491t0-0.80)¢ +0.69 (-0.41to +1.80) +0.16 (—2.07 to +2.40)
PICP —1.02 (-1.44t0-0.60)¢ —1.19 (-1.84 t0 -0.53) © +0.86 (+0.18 to +1.54)  +0.70 (-0.21 to +1.60)
ICTP +0.84 (+0.48to +1.20)¢  +0.76 (+0.22t0 +1.30)®  -0.11 (-0.66 to +0.45) —0.01 (=0.89 to +0.87)
Bone ALP  —0.13 (-0.40 to +0.15) —0.15 (-0.57 to +0.28) +0.53 (-0.10to +1.16)  +1.15 (+0.06 to +2.24)

Data are expressed in mean (95% confidence intervals) SD scores for age and sex.
2 | ongitudinal changes are calculated as SD score at time specified minus the SD score in week 1.

b P <0.05, ¢ p <0.001 compared with reference population.

tion, IGF-1 was moderately low whilst ICTP was
significantly elevated (Table 2). Only the two
youngest patients (both younger than 4 years) had
IGF-I levels greater than the mean for the reference
population (+0.04 and +0.14, respectively). In all
patients, the SD score for IGF-1 was lower or (in
one case) equal to the SD score for IGFBP-3.
There was a strong correlation between IGF-I
and BMI at baseline (r +0.85, p = 0.001) but there
were no other significant correlations between any
of the markers and anthropometric measurements.

Longitudinal cohort study

For the 7 boys who were followed up to year 2,
mean height velocity was 5.0 cm/y (95% CI 3.9—
6.1) over this period. The sitting height SD score
remained constant but the height SD score declined
by —0.11 (-0.25 to +0.03, p = 0.06) and the ratio of
height to sitting height also declined slightly (p =
0.06). The BMI SD score remained constant.

In the 6 patients in whom lower leg measure-
ments were available for both weeks 1 and 2, mean
LLLV in the affected leg during the first 2 weeks
after clinical presentation was 0.59 mm/week (95%
CI 0.12-1.06), which is similar to mean lower leg
growth for healthy prepubertal children in our local
population (0.5 mm/week, 95% reference interval
—0.5 to +1.2, unpublished observations). However,
mean LLLV in the unaffected leg was 1.37 mm/
week (0.35-2.39), which was significantly elevated
compared to the reference population (p < 0.0001).
In 5/6 patients, LLLV was greater in the unaffected
leg than in the affected leg over this initial period
(p = 0.06), the only exception being the boy with

LLLV (mm/week)
3 -

0 /O

T 1

A
Affected Unaffected
Leg

Figure 1. LLLV during the first week following presenta-
tion in the unaffected leg compared with the affected leg.
Only the 6 patients in whom lower leg measurements
were available for both weeks 1 and 2 are shown. Circles
(unbroken lines): patients with unilateral Perthes’ disease.
Squares (dashed line): boy with bilateral Perthes’ disease
(see text).

bilateral Perthes’ disease in whom both lower legs
grew at an identical rate (Figure 1). By week 6,
lower leg growth in both legs had virtually stopped
(Figure 2). By week 12, LLLV had increased (p =
0.03 and 0.06 for the unaffected and affected legs,
respectively, compared with week 6), was virtually
identical in both lower legs, and was similar to that
of the reference population (Figure 2).
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LLLV (mm/week)
3 -

Week 2 Week 6 Week 12

Figure 2. Changes in LLLV during the first 12 weeks follow-
ing acute onset of Perthes’ disease. Week 2 (n = 6), week 6
(n=7), week 12 (n = 7). Data are plotted as mean and 95%
confidence intervals of the mean. Squares (unbroken, thick
line): affected leg. Circles (dotted line): unaffected leg.

Table 2 shows the changes in the biochemical
markers in the 9 children studied serially following
their acute presentation. IGF-I showed no change
with time, remaining moderately low compared
to the reference population. This was in contrast
to IGFBP-3, which increased during the first 12
weeks. With regard to markers of collagen syn-
thesis, P3ANP showed variable and inconsistent
changes with time, but nevertheless remained low
compared to the reference population (p < 0.01).
PICP increased from its initially low levels to
reach levels that were indistinguishable from the
reference population by 12 weeks. In contrast,
the marker of type I collagen breakdown, ICTP,
showed no change with time, remaining moder-
ately high compared to the reference population.
Bone ALP (like PICP) showed an upward trend,
reaching levels higher than those of the reference
population by year 2 (p < 0.01). In year 2, there
was a correlation between height SD score and
IGF-1 levels (r; 0.83, p = 0.04), but not between
height SD score and any other marker.

Discussion

Several (Goff 1954, Burwell et al. 1978, Wynn-
Davies and Gormley 1978), but not all (Gir-
dany and Osman 1968, Axer et al. 1980) studies
have reported mild short stature in children with
Perthes’ disease. All of these cross-sectional stud-
ies included patients at a wide range of stages of the
disorder, from the relatively early acute phase to
fully healed disease. In our study, children present-
ing in the early acute phase of Perthes’ disease had
normal stature and normal sitting height compared
with the reference population. However, there was
evidence of a decline in height (but not sitting
height) SD scores over the two years of follow-up,
which is compatible with previous reports.

Knemometry is a highly accurate, sensitive
and precise method for assessment of lower leg
growth over short time periods (Wales and Milner
1987). To our knowledge, there have been no
previous reports of lower leg growth in children
with Perthes’ disease. There was little evidence of
impaired growth in either lower leg during the first
2 weeks after diagnosis: LLLV was normal on the
affected side but supranormal on the unaffected
side. Since there was no systematic difference
between lower leg length on the affected and unaf-
fected sides in children with unilateral Perthes’ dis-
ease at first presentation (data not shown), a long-
standing asymmetry in growth is unlikely. Our
interpretation is that the limp associated with acute
onset of Perthes’ disease increases weight-bearing
and hence stimulates increased linear growth on
the unaffected side. The subsequent almost com-
plete cessation of lower leg growth between weeks
2 and 6 may reflect removal of the weight-bear-
ing stimulus to lower leg growth during traction
and bed rest, wheelchair confinement or reduced
physical activity. By 3 months after presentation,
most children were being mobilized and growth of
both lower legs was similar and normal. None of
these changes in LLLV were correlated with IGF-I
or any of the other markers (data not shown), sug-
gesting that these were localized changes in growth
mediated by local mechanical effects rather than
by systemic hormonal influences.

At first presentation, IGF-I was moderately low
in our study, confirming some (Neidel et al. 1992 a,
b) but not other (Grasemann et al. 1996) previous
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reports. IGFBP-3 was normal, which also agrees
with some (Neidel et al. 1993, Grasemann et al.
1996) but not other (Matsumoto et al. 1998) reports.
In almost all patients, we found that IGF-I SD
scores were lower than IGFBP-3 SD scores, rais-
ing the possibility that levels of bioavailable IGF-I
may have been even lower. Only the two young-
est patients had (slightly) positive SD scores for
IGF-I, which is in agreement with a previous study
that reported absent or diminished physiological
increase in IGF-I with age in children during early-
stage Perthes’ disease (Neidel et al. 1992a). We
found no significant increase in absolute concen-
trations of IGF-I during the two years of follow-up
in our patients (data not shown), which is also in
accordance with that study. The cause of the low
IGF-I remains unclear. Under-nutrition may result
in low IGF-I, but the BMI SD score was greater
than —1.0 in all patients, indicating good nutritional
status. Whatever the underlying cause, our obser-
vation that IGF-I was correlated with the declining
height SD scores in year 2 suggests that low levels
of circulating IGF-I may be an etiological factor
in the mildly short stature that has been described
in children with Perthes’disease. The absence of a
correlation between IGF-I and height SD scores
at first presentation (when height was normal and
lower leg growth was not impaired) suggests that
the low IGF-I may have been of relatively recent
onset and had not yet had an influence on stature.

To our knowledge, there have been no previous
reports concerning bone and collagen turnover in
children with Perthes’disease. P3NP, a marker of
type III collagen synthesis in soft tissue, reflects
overall somatic growth (Trivedi et al. 1989). Its
very low level at diagnosis, persisting throughout
follow-up, is consistent with a widespread deficit
in soft tissue collagen deposition accompanying
the overall suboptimal growth in these children.

Bone ALP is a product of differentiated osteoblasts
and of hypertrophic chondrocytes in the epiphyseal
growth plate, and reflects bone formation and growth
(Crofton and Kelnar 1998). It was normal at diagno-
sis but subsequently showed an upward trend, unre-
lated to growth. This increased osteoblastic activity
is most likely to have been associated with healing
of the capital epiphyseal infarct.

PICP is a product of the proliferative osteoblast
and, as such, reacts more rapidly to clinical events

than bone ALP. Although often considered (in
adults) to be almost exclusively a marker of bone
collagen matrix formation, it also reflects type I
collagen synthesis in soft tissue. PICP, like P3NP,
reflects overall growth in children (Crofton and
Kelnar 1998). At diagnosis, it is likely that the mod-
erately low circulating PICP reflects a combination
of very low rates of type I collagen synthesis in soft
tissue (in keeping with very low P3NP) but normal
rates in bone (in keeping with normal bone ALP).
During bone healing, circulating PICP increased,
reflecting increased osteoblast proliferation.

ICTP reflects type I collagen degradation (Crof-
ton and Kelnar 1998). Its moderately increased
levels at diagnosis suggest increased type I col-
lagen degradation at a time when type I collagen
synthesis is low, presumably resulting in a negative
balance of collagenous matrix in soft tissue and/or
bone which then persists throughout follow-up. It
remains unresolved whether the low IGF-I levels,
low rates of collagen synthesis and increased rates
of collagen breakdown observed at presentation
are part of the etiology of Perthes’ disease or, con-
versely, whether Perthes’ disease may, directly or
indirectly, result in suppression of circulating IGF-
I and whole-body collagen synthesis.

In summary, we have shown in a small longitu-
dinal cohort study that children with Perthes’ dis-
ease were of normal stature at the onset of symp-
toms, but that height SD scores declined thereafter.
Lower leg growth was not impaired at presenta-
tion but was asymmetrical, reflecting differential
weight bearing. Subsequent cessation followed by
resumption of symmetrical lower leg growth prob-
ably reflected our treatment of immobilization fol-
lowed by gentle remobilization. At presentation,
the patients already had low circulating IGF-I, low
rates of soft tissue collagen synthesis and enhanced
rates of collagen breakdown which persisted over
the next 2 years. Low circulating IGF-I may have
contributed to declining height SD scores. We con-
sider that this study has provided us with further
insights into the pathophysiology of the growth
abnormalities associated with the fragmentation
and early healing phases of Perthes’ disease.
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