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Can Bone Age Determination Provide Criteria for Growth
Hormone Treatment in Adopted Girls with Early Puberty?

A comparison of the Greulich-Pyle and the Tanner-Whitehouse 2 methods.
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ABSTRACT

In treatment of idiopathic central precocious puberty, GnRH analogues (GnRHa)
have been accepted as the treatment of choice. Since growth velocity may be
impaired with GnRHa treatment growth hormone (GH) treatment has been added in
clinical trials. Recently, a study followed adopted girls with early or precocious
puberty on GnRHa or combined GnRHa and GH treatment to final height. It was
found that final height was significantly higher in the combined treatment group,
although the difference was small. It was seen that patients that were extremely
short at arrival and short at start of treatment seemed to be candidates for combined
treatment. We have now analysed the data in order to define criteria for the sub-
group in need of combined GnRHa-GH treatment in order to achieve normal final
height, i.e. above -2 SDS.

Bone ages of 46 patients at start of treatment, randomized to either GnRHa treat-
ment or GnRHa treatment combined with GH, were examined blindly by the same
radiologist and the PAH calculated.  The methods according to Greulich-Pyle / Bay-
ley-Pinneau (GP/BP) and Tanner-Whitehouse (TW2) were used. Predictions versus
final height data were analysed.  

The accuracy of FH prediction was greatest for GnRHa treated group using the
GP/BP method. The GP/BP method gave useful cut off limits for when combined
treatment was necessary to possibly achieve normal height. If pre-treatment
GP/PAH was > 157cm, the patients attained normal height with GnRHa treatment
only. Ten out of 13 (77%) such girls could be correctly identified. Using TW2 with
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a cut off of 164 cm, 9 out of 13 could be selected. Using a multi regression equation
of best fit the number of correctly selected cases for GnRHa treatment only, could
not be further increased in this group. 

We conclude that bone age determination and adult height prediction with the
Greulich-Pyle/Bayley-Pinneau method, provides useful criteria for selecting the
subgroup of adopted girls with early puberty where combined treatment with
GnRHa and GH is not necessary to reach normal final height.

INTRODUCTION

Since around 1960 more than 40 000 children from developing countries have been
adopted in Sweden. Eventually it was reported from paediatric clinics all over Sweden
that many adopted girls developed early puberty and subsequently short final height.
The reason for this was unknown.  In studies on adopted girls from India it was shown
that the degree of stunted growth due to under nutrition at arrival, as well as the veloci-
ty of subsequent catch-up growth was associated with the age at menarche. The earliest
maturation was found among those most stunted at arrival with the most rapid catch up
growth (1-3). Studies that describe an association between being born small for gesta-
tional age (SGA), subsequent growth and early maturation point in the same direction
(4). 

During many years these adopted girls with early pubertal development have com-
prised a major part of the patients observed and in many cases treated for early or pre-
cocious puberty in the paediatric clinics all over Sweden. Similar findings regarding
adopted girls have subsequently been reported from the Netherlands, Belgium, Italy,
France, Denmark and the United States (5-11).

The treatment to counteract early puberty was gonadotrophin releasing hormone
analogues(GnRHa), intranasal preparations first and depot preparations subsequently
(12-19). Although this treatment effectively blocked the progress of pubertal develop-
ment, it was found to be associated with a decrease in height velocity as well (20-22).  

It seemed reasonable to hypothesize that patients with early or precocious puberty,
treated with GnRHa and simultaneously with growth hormone (GH) to compensate for
the possible GH inhibition, would attain a significantly taller final height than patients
treated with GnRHa alone.

An open randomized stratified multicentre study was designed, involving 20 paedi-
atric clinics. Half of the 46 patients received GnRHa alone, the other half was given
GH in addition to the GnRHa. The patients were followed to final height, defined as
growth velocity less than 1 cm height increase per year (23, 24).

As reported elsewhere (24), the patients treated with the combined treatment
attained a higher final height compared to the group treated with just GnRHa. Although
statistically significant, the mean gain in final height for the whole group might be seen
as limited, in view of the high cost of added GH treatment. The question remains
whether any subgroup among the patients would be seen to benefit clearly from the
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combined treatment. As reported, patients that were short at arrival in Sweden and
short at start of treatment seemed to benefit especially from added GH treatment. This
indicates that the growth and bone maturation status of the patients before start of treat-
ment might provide additional data toward identification of the subgroup that might
benefit from combined treatment. Thus the bone age determination and predicted adult
height data are of interest to examine. 

The two since long used methods in clinical practice are those according to
Greulich-Pyle (GP) (25) and Tanner-Whitehouse 2 (TW2) (26), and they were used in
this study.  

The aim of the present paper was to compare the usefulness of the two methods of
bone age determination regarding the prediction of post treatment final height and
identification of criteria for combined GnRHa and GH treatment in this group of
patients.

PATIENTS AND METHODS

The inclusion criteria for the clinical trial were a) girls below 9.5 years of age adopted
into Sweden from a developing country with no sign of puberty at the time of arrival in
Sweden, b) breast development defined as stage 2 or stage 3 according to Tanner (27),
c) pubic hair development defined as at least stage 2 according to Tanner or an increase
in height of at least 6 cm during the last year, and d) a normal serum level of TSH.

Fifty girls were recruited for the study. 25 girls were randomized for treatment with
only GnRHa and the remaining 25 for treatment with GnRHa and GH. Four children
were subsequently excluded from the study: two girls because of misdiagnosis of pre-
cocious puberty, one girl due to GH-deficiency and one girl because of hepatitis C.

Of the 46 remaining girls, 22 were in the GnRHa group and 24 girls in the
GH/GnRHa group. During the first two years of treatment, GnRHa was administered
as nasal spray 6 times daily. After a protocol amendment, 37 of the girls continued for a
third year and eleven of them for a fourth year. During these additional years GnRHa
was given as a subcutaneous implant every 8 weeks. All the 46 patients were followed
until they had attained final height. 

Before start of treatment all girls had a radiograph of the least active hand (usually
the left) taken. Bone age according to Greulich-Pyle and Tanner-Whitehouse 2 was
estimated blindly by the same experienced paediatric radiologist (TL). Reference tables
for GP (25) and, TW2 (26) were used.

Statistics

Conventional descriptive statistics have been used. Means, standard deviations,
medians, minima and maxima are given in table 1. Pearsonian bivariate correlation
and multiple stepwise regression analyses have been applied. A p-value less than
0.05 was considered statistically significant. Standard Deviation Score (SDS) for
height was calculated as: 
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(observed height – mean)/SD, 
where mean and SD are the reference values and standard deviations for Swedish

children of corresponding age and gender to that child. Mean adult height for girls
was set to 165.9 cm with an SD of 6.29 cm (28). -2SDS corresponds to a height of
153.32 cm.

RESULTS

Chronological age and height at arrival, chronological age, bone age, height and
predicted adult height (PAH) at start of treatment and at final height (FH), subdivi-
ded according to treatment group and method of bone age determination are presen-
ted in table 1. Baseline data did not differ significantly between the two treatment
groups, as was to be expected, since the groups were randomly selected. Mean final
height differed 3 cm between the groups, which is approximately 0.5 SDS.  13 out
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Table 1. Auxological data, bone age and predictions and final height.

 Mean N SD Median Min Max

Age at arrival, yrs 2.3 45 2.30 1.1 0.1 7.3

Height, cm, at arrival 75.8 45 21.71 67.0 46.0 117.0

Height SDS at arrival -2.5 45 1.96 -2.2 -6.9 0.7

Age, BL 8.3 46 0.80 8.4 6.7 9.7

Height, cm, BL 131.2 46 6.52 130.8 117.6 145.3

Height SDS, BL 0.4 46 1.03 0.2 -1.1 2.9

Bone age, TW, BL 10.7 46 1.20 10.7 8.1 13.2

Bone age, GP, BL 10.0 46 0.90 10.3 7.8 11.8

Predicted Adult Height,

TW, BL 163.3 46 4.92 162.6 153.4 172.7

Predicted Adult Height,

GP, BL 155.9 46 6.01 155.2 144.0 172.1

Final height, cm 157.5 46 6.26 157.3 146.4 171.5

Adult Height SDS -1.4 46 0.99 -1.4 -3.1 0.9
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of 22 girls not treated with GH, and 21 of 24 of those GH treated, attained a final
height above -2SDS, indeed one of the three remaining girls was only 148 cm, but
the other two very close to 153 cm.

Figure 1 shows the PAH and actual FH for each bone age determination method
and each treatment group. It is seen that the GP method is fairly accurate in predic-

ting the FH in the GnRHa treatment group, while TW2 overestimates markedly in
this group. In the combined treatment group both methods are inaccurate, GP under-
predicting and TW2 overpredicting.

Greulich - Pyle

Further analysis of PAH according to GP and final height (Fig 2), showed that all
subjects with a PAH >157 cm (19 patients out of 46, 10 in the GnRHa group and 9
in the combined group), attained normal final height (>-2SDS or 153 cm) irrespecti-
ve of treatment with GH. All subjects with a GP prediction < 151 cm became short
without GH treatment. If GP prediction was between 151.1 and 156.6 cm, 8 out of
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Fig1. Prediction of adult height according to the GP and TW2 methods

at start of treatment in the two treatment groups. Relation to final height.
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Fig 2. Individual final height in relation to prediction using the GP/BP method.
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 Fig 3. Individual final height related to prediction using TW2.



10 attained normal FH with GH treatment, while those who did not receive GH sho-
wed no certain trend either way. Out of 7 girls who did not receive GH treatment 4
became short and 3 attained normal FH. Two of those with short FH had a height on

arrival in Sweden of <- 4 SDS.

Tanner – Whitehouse 2

Only in the group with a TW2 prediction of >164 cm, also 19 out of 46, all indivi-
duals attained a normal FH irrespective of treatment with GH (Fig 3). 

Height at start of treatment

The relationship between height SDS at start of treatment and FH is illustrated in
Fig 4. It was seen that if height at start of treatment is > 0.7 SDS, then normal FH is
attained irrespective of treatment group. A lower height SDS at start of treatment
was associated with a lower final height in both treatment groups.  

Height SDS at arrival

The relationship between height SDS at arrival in Sweden and their final height is
seen in Fig 5. In the very few cases where height SDS at arrival was above 0 normal
FH was attained irrespective of treatment. If height at arrival was below 0 SDS,
normal FH was only attained in about half of the cases if GH was not added. 
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Fig 4. Final height (cm) in relation to height at start of treatment (SDS).



Bivariate correlation analyses

In bivariate correlation analyses to find predictors of final height, height at start of
treatment and predicted height according to the bone age estimations demonstrated
correlation coefficients between 0.68 and 0.83 for the two treatment groups (table
2). For the GnRHa treated, the highest correlation was found with GP prediction
(0.83). For the combined group TW2 prediction demonstrated the highest correla-
tion (0.81). Height SDS at start of treatment also demonstrated a high correlation to
final height, 0.72 for the GnRHa group, as good as the correlation between TW2
prediction and final height (0.72). Bone age acceleration and age at start of treat-
ment were not significantly correlated to final height in the bivariate analysis.

Multiple regression analysis

Multiple regression step-wise forward analyses were carried out in order to search
for a set of predictors of possible use for prediction of treatment result on final
height. Data for each treatment group was analyzed separately. The candidate pre-
dictors for inclusion in the analyses were the same as presented in table 2 on bivari-
ate correlation analyses.

The best fit for the combined treatment (GnRHa+GH) group was found for the
following function:

FHcm= 7.8 + 0.95 * PAHTW + 1.5*(Age at baseline – BoneageTW), 
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Fig. 5. Final height in relation to height SDS at arrival in Sweden.



where the coefficient of multiple determination (R2 ) was 0.75. This function
indicates the aforementioned overestimation of PAH according to TW2 and that the
less pronounced the bone maturation is at start of treatment the taller will the final
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height become (fig.6). 

Regarding the GnRHa treatment group, the best fit with an R2 of 0.70 was:

FH=18 cm+0.88 x GP prediction (fig 7).   All girls with a predicted height above
157 cm, according to this function, reached final height above -2 SDS.

DISCUSSION

The aim of the present paper was to find a practical method of evaluation of candi-
dates for combined treatment with GnRHa and GH, based on growth data and bone
age determination. 

The first task was to examine the bone age determination methods commonly
used, and assess their suitability for providing criteria for the subgroup that could
really benefit from combined treatment with GnRHa and GH, i.e. attain normal
height with this more advanced treatment only.

It could not a priori be expected that pre-treatment PAHs would accurately pre-
dict PAH in this very special group of patients, as the standards are basically con-
structed for normal, healthy children. Accurate prediction could only be expected
when pre-treatment growth potential had not been modified to any great extent by
an intervention. However, we found the pre-treatment GP/PAH reasonably accurate
on the group level, when only GnRHa was given, indicating that growth potential
was not much modified by the GnRH analogue treatment. When combined treat-
ment was used, the pre-treatment GP/PAH under estimated final height, which
might indicate that the treatment had increased final height. 

Still, on the group level, TW2/PAH was found to largely overestimate the FH in
patients with GnRHa treatment. Even in the combination group, TW2/PAH ove-
restimated the FH.

The analysis of GP/PAH in relation to the FH results show that quite a few cases
do not need addition of GH to attain a final height above -2SDS. Those who defini-
tely need it in order to attain normal final height are those with GP/ PAH < 151 cm.
In the interval GP/ PAH 151cm – 157cm an additional indicator is needed to identi-
fy those who would be candidates for combination treatment.  Girls with a GP pre-
diction above 157 cm or a TW2 prediction above 164 cm attained normal final
height irrespective of treatment.

As reported earlier, the height SDS at start of treatment is strongly correlated to
the FH (24), which is to be expected as it is known that the closely preceding mea-
sure of the height at pubertal onset (HAPO), is known to be significantly correlated
to FH (29). That the height SDS at treatment start is within the normal range is
explained by the effect of the pubertal growth spurt. 

The height SDS at arrival was, at least according to our earlier, more superficial
analysis, correlated to FH (24), and could thus provide an additional indicator for
the need of optimal treatment. Patients with height at arrival <-4SDS obviously
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would need combination treatment in most cases, but height at arrival seems to be
of little value as predictor for the whole group (fig 5). 

The equation of best fit for prediction of FH resulting from the multiple regres-
sion analysis, was found to contain GP/PAH and TW2/PAH as important factors.
The R2 values were sufficiently high to possibly be of some clinical use for making
a FH prognosis. The correlation between GP/PAH and TW2/PAH was highly signi-
ficant (r=0.78) and both predictions were highly correlated to final height (r=0.74).
Therefore, the inclusion of either prediction in the multivariate analyses could be
seen as random. In the case of the group with single treatment the regression analy-
sis only made a correction to the GP/PAH prediction formula and in the group with
combined treatment the analyses corrected the TW2/PAH prediction and added the
value of low bone age maturation to give a better final height prediction.

It can, however, be argued that 46 subjects is too limited a population on which a
prognostic formula is to be based. On the other hand, 46 randomized patients in this
very special patient category, all followed longitudinally from start of treatment to
final height after around 10 years without drop-outs, may be a study population
hard to improve on.   

We conclude that bone age determination can indeed provide criteria for combi-
nation treatment with GnRHa and GH of early puberty in transnationally adopted
girls. One aim in this study was to define those girls who would attain final height
within normal range without expensive treatment with growth hormone.

Using baseline height SDS when the girls already are in puberty, 15 girls out of
46 had a height SDS of +0.8 or higher. Five of them did not get GH. All these girls
attained normal final height.

By adding bone age criteria (GP/PAH>157 cm or TW2 > 164 cm) a total of 19
girls (41 %) all attained normal height. Ten of those with the high GP prediction
(>157 cm) and nine of those with the high TW2 prediction were not GH treated.

Using only height at start of treatment, 5 of the 13 who did not need GH to attain
normal height could be selected. By adding a simple GP prediction with cut off of
157 cm 10 out of the 13 could be predicted. Even if the equation of best fit was
used, this figure, which may be of practical use, could not be further increased.

Using the same criteria, i.e. GP > 157 cm on the GH treated group showed that
all girls fulfilling it ended up well above 153 cm, indeed above 158 cm. 

In conclusion, these data indicate that in the great majority of cases of adopted
girls with early puberty final height after GnRH analogue treatment can be predic-
ted using Greulich – Pyle / Bayley – Pinneau prediction. Patients in need of more
intensive therapy can then be selected.
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