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Abstract. Radius, ulna, short bones (RUS) and carpal
(CARP) bone age were assessed in 26 steroid-dependent
nephrotic boys after at least 1 year of alternate-day pred-
nisone therapy, and in 26 age- and sex-matched control
subjects. No significant difference in RUS bone age was
found between patients and controls. CARP bone age of
patients was significantly (P = 0.01) more retarded than in
controls. In patients, CARP bone age delay was related to
their relative height at the time of study (P = 0.01). We
conclude that CARP bones are more prone to effects of
steroids than are RUS bones. Therefore, CARP bone age
may be a more sensitive tool in monitoring the effects of
steroids on skeletal growth and maturation.

Key words: Skeletal maturity — Steroids — Nephrotic
syndrome

Introduction

The assessment of bone age is used to cvaluate growth
potential, predict adult height and monitor the effects of
therapy in children with growth retardation. It is well
known that steroids can retard statural growth as well as
bone age [1—-4). Tanner et al. [5] developed a method to
determine bone age using the radius, ulna, short bones
(RUS) and the carpal (CARP) bones. Relatively little is
known about RUS-CARP differences, either in healthy
children or in disease states. Tanner et al. [5] reported that
in 2- to 13-year-old boys and 2- to 11-year-old girls the
mean difference between the two scores is zero. Hence, the
RUS/CARP ratio should be approximately 1.0 within these
age ranges. By the time youngsters approach puberty
(roughly 13 vears for boys and 11 years for girls) the CARP
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score is at the 97th percentile and can progress no further.
These authors [5] hypothesized that the RUS/CARP ratio
may be affected by endocrine derangements, but no data
are available on this subject.

Cundall et al. [6] recently reported a retarded CARP
bone age compared with RUS bone age in children with
chronic renal failure. Some of their patients were receiving
steroids, but there were too few to study steroidal effects.
Here we report RUS and CARP bone age in boys with
steroid-dependent nephrotic syndrome (SDNS) who re-
ceived alternate-day prednisone (PDN) for at least 1 year.

Patients and methods

We studied the left hand radiographs from 26 Caucasian boys with
SDNS (age range 3.8-12.9 years) and a control group of 26 age-
matched normal boys. The patients received 0.3—1.9 (mean 0.8) mg/kg
body weight of PDN on alternate days in two divided doses with
vitamin D and calcium, for 1-7.5 years {mean 2.6 years).

Short-term (maximum 13 days) daily PDN was given during
disease relapses. The total amount of PDN taken ranged from 0.4 to
42.7 g (mean 11.5 g).

The controls had left hand radiographs taken to predict adult height
before starting sports. RUS and CARP bone ages [5] were assessed by
one of us (A.O.) and the RUS/CARP bone age ratio calculated. The
bone age delay was determined as the difference between chronologi-
cal age and bone age. Radiographs from 10 patients and 10 controls
were blindly reassessed after 3—6 months. The reliability of assess-
ment was expressed as the mean and standard deviation of the
differences between the first and second assessment and also as the
technical error in measurements [7] calculated using the following
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formula: technical error of measurement = Z_dl_,Z
2n

where d 1,2 are the differences between the first and second assess-
ment and n is the number of radiographs assessed. The mean difference
between the first and the second assessment was 0.25 £ 0.63 years for
RUS and 0.16 +0.60 years for CARP bone ages. The technical error in
measurement was 0.46 years for RUS and 0.40 for CARP bone ages.
These results indicate good repeatibility of one observer’s bone age
estimations [6, 7].

Stature was measured by a Harpenden stadiometer. To analyse the
deviation from normal values, the heights were converted to height
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Table 1. Data from 26 steroid-dependent nephrotic boys and from 26 sex- and age-matched controls

Patients Control group
Chronological age (years) — 8426 84126 T
(3.8 t0 12.9) (3.7 10 13)
RUS bone age (years) 8.4+25 822+27
(4 t0 12.5) (2.8 to 14.5)
r=06 z =267 r=042
P =0.001 P = 0.008 P =003
CARP bone age (years) 7.1+20 = 802124
(4.7to 11.4) 2.810 1.4)
z=2.59
P =001
CARP bone age delay (years) 13£1.4 0.35+1.01
(0.9 to 4) (-1.8102.3)
z =324
P =0.001
RUS/CARP ratio r=-0.5 12402 1.02+0.07
P =001 (0.7 to 1.6) (0.93 to 1.15)
HSDS last visit -027+1.1 0.07+0.73
(-2.76 to 1.34) (-1.53 to 1.54)

RUS, Radius, ulna, short bones; CARP, carpal; HSDS, height standard deviation score
2 Comparison of data from patients and controls as well as data within a group have been made. Only significant differences (horizontal lines) and
correlations (vertical lines) are reported. Values are expressed as mean + SD and (range)

standard deviation score (HSDS) according to Tanner and Whitehouse
standards [8]. These were similar to those obtained in normal children
from our region [9]. The overall amounts of PDN and the average daily
PDN dose that each patient received during therapy were calculated.
The difference between mean values was studied by the Wilcoxon
test; any correlation between two series of values was assessed by the
Spearman test. P values below 0.05 were considered significant.

Results

The results are reported in Table 1. The mean stamre of
patients at the start of therapy was 0.03 0.9 HSDS and -
0.271£1.1 at the time of bone age evaluation. The mean
loss of relative height during therapy was —0.11 HSDS/year.
Stature at the time of study was not significantly different
from that of controls (Table 1). In patients the RUS bone
age was no different from chronological age, so that the
RUS bone age delay was irrelevant (—0.09+ 0.9 years). No
difference was found between the RUS bone age of patients
and controls. In contrast, the CARP bone age of patients
was significantly lower and the RUS/CARP ratio was sig-
nificantly higher than in controls. There was a positive
correlation between CARP bone age delay of patients and
their chronological age (Table 1). This was also true
(r =0.52, P = 0.016) when considering the 22 patients less
than 11 years. In the control group as a whole, the corre-
lation of CARP bone age delay and chronological age was
less significant (Table 1). A significant inverse correlation
was also found between CARP bone age delay and HSDS
in patients but not in controls. No relation was found be-
tween CARP bone age delay and duration of therapy, total

PDN amounts and average daily PDN administered per
kilogram body weight.

We have longitudinal data in only 8 patients and none of
them had radiographs taken at the start of therapy. In 6
subjects the RUS/CARP ratio did lag to 1.1-1.5 with
continuing therapy. In 2 patients, the RUS/CARP ratio was
1.6 and 1.34 after 2 and 3 years of therapy and dropped to
[.08 and to 1, respectively 1 year after the withdrawal of
steroids.

Discussion

The present study was designed to assess the effect of al-
ternate-day PDN on carpal maturation in children with
SDNS. Steroids are administered in various chronic child-
hood diseases but it is very difficult to differentiate the
effects of steroids on bone maturation from those due to
disease itself.

There is no evidence that SDNS, in the presence of
normal glomerular filtration rate and periods of short-last-
ing proteinuria, affects carpal maturation. However, it is
reasonable to assume that the effects of SDNS on carpal
maturation are minimal - if any. Indeed, urinary loss of
proteins and of calcium and hormones bound to the proteins
lasts for no longer than a few days in SDNS, because ef-
fective steroid therapy is rapidly given. Therefore, SDNS
represents onc of the best available models to study the
effects of alternate-day steroids on skeletal maturation in
humans.

The main finding of our study is retardation of CARP
bone age after long-term alternate-day PDN therapy, in the
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face of normal RUS bone age. This suggests that carpal
bones are more prone than the radius, ulna and short bones
to the effects of steroids. This finding is even more striking
when considering that it is drawn from a population of
patients whose statural growth is little affected by steroid
therapy. Our patients lost only 0.11 HSDS/year during
therapy, and their stature during the study was not signifi-
cantly different from controls. It is well known that alter-
nate-day PDN has little effect on the statural growth and
bone (RUS) maturation of pre-pubertal SDNS patients
[4, 10]. PDN mostly affects statural growth and bone ma-
turation during puberty [3, 4]. It is likely that the CARP
bone age would be even more retarded in subjects treated
with daily steroids or with alternate-day steroids in higher
doses than those taken by our patients.

It is noteworthy that CARP bone age delay was in-
versely related to statural growth performance. Therefore,
the retardation of CARP bone age was not only very sen-
sitive to alternate-day PDN, but also appeared linked to
even minimal slow-down in linear growth.

In our patients CARP bone age delay significantly rose
with age, but was neither related to amounts of PDN taken
nor to duration of therapy. This age-related delay cannot be
attributed to puberty, because we found a significant rela-
tion between chronological age and CARP bone age delay
even after excluding the patients greater than 11 years old.
Steroids may magnify the already increasing CARP bone
age delay with chronological age that we saw to a lesser
extent in control subjects.

Our longitudinal data are still too limited for accurate
statistical analysis. Some logically expected correlations
(i.e. between CARP bone age delay and the amounts of
PDN taken or the duration of therapy) did not reach sig-
nificance in our sample. Longitudinal studies on a larger
scale are needed if these findings are to be confirmed. This

should be of interest, because the high sensitivity of CARP
bone age to steroids and its relation to even minimal sta-
tural growth slow-down may give us a more useful tool to
monitor the effects of steroids on skeletal growth and ma-
turation.
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Reflux nephropathy in children submitted to unilateral nephrectomy:

a clinicopathological study
R. A. Risdon, C. K. Yeung, and P. G. Ransley

The clinical findings and renal histopathology have been reviewed in
children with gross primary vesicoureteric reflux (VUR) submitted to
unilateral nephrectomy. Of the 42 children reviewed, sections of the
nephrectomy specimens were available in 36. In this series, 34 patients
were male and eight were female. The boys included seven in which
hydronephrosis was identified by fetal ultrasound. The male patients
tended to present earlier and had nephrectomies younger than the fe-
males. Segmental scarring was frequent in both males and females, but
evidence of dysplastic renal development was confined to the male

patients and occurred in the majority (63%). Acquired mechanisms for
the induction of segmental renal scarring, involving VUR, intrarenal
reflux (IRR) and urinary infection, shown to be important in older
children, clearly operate in infancy. However, this study emphasizes
that congenital malformation of the kidney is a crucial factor in the
development of reflux nephropathy (RN) in this younger age group,
particularly in males. Speculation on the significance of the association
between renal dysplasia and RN is discussed in relation to observations
on the embryological development of the male lower urinary tract.



