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Abstract

Aim: The aim of the study was to assess the magnitude of error in the prediction 
of adult body height of male and female pupils from the Upper Secondary School 
Complex No. 2 in Dąbrowa Tarnowska using the Roche-Wainer-Thissen, Khamis-Roche 
and Żarów methods.

Material and methods: Data on the height and weight of 101 18-year-old pupils (54 fe-
male pupils and 47 male pupils), as well as parental mean body height, were used in 
the study. The pupils’ height and weight data came from screening tests performed at 
6.5, 10 and 12 years of age by nurses and school hygienists, while the data on parents' 
height was obtained through written notes provided by the students. 

Results: An evaluation of the prognostic methods carried out showed differences in 
prognostic performance depending on the method, the age of the predicted body 
height and gender. An analysis of the distribution of the absolute error of prognosis 
at the age of 10 showed that as many as 71% of all prognoses showed an error of less 
than 3 cm in relation to the actual body height at age 18, which should be considered 
a very good result in clinical or school practice setting. 

Conclusion: Based on the analysis of the results, it was found that models based on 
data from the ages of 10 to 12 years provided the highest accuracy for predicting adult 
body height. The Żarów Model for male pupils and the Khamis-Roche Model for female 
pupils show the lowest mean prediction error. The models are the most accurate for 
individuals with a typical developmental trajectory, and their performance decreases 
in extreme cases (very tall and very short children).
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Introduction

Body height has been recognised for decades as one 
of the key objective indicators of somatic development 
in children and adolescents and an important diag-
nostic parameter in paediatrics, school medicine and 
sport.¹,2 Its assessment is applicable both at the indi-
vidual level, allowing the identification of developmen-
tal deviations, and in population-based studies, where 
it reflects the general state of health and well-being of 
children in a given country or region.3,4

The analysis of child and adolescent growth plays an 
important role in assessing the effectiveness of health 
policies, environmental conditions and socio-econom-
ic changes.¹,3 This indicator is sensitive to a variety of 
factors ranging from genetics, nutrition, physical activ-
ity, quality of healthcare, to broader living conditions.5,6 
In the last decades, Poland, like other developed coun-
tries, has seen the so-called secular phenomenon, i.e. 
a systematic increase in the average body height of 
children and adolescents, resulting from improved liv-
ing conditions and public health.7 Body height, being 
a determinant of normal biological development, is not 
only an object of observation, but increasingly also of 
prognosis – both for clinical and practical purposes: ed-
ucational, sporting or psychological. In medicine and 
psycho-educational counselling, the ability to predict 
future growth allows early detection of potential devel-
opmental disorders and the implementation of preven-
tive or therapeutic measures.¹

In sport, body height prediction is used in selection 
for disciplines requiring specific somatic conditions 
and in individualising the training process and devel-
opmental support.¹,8,9 In Poland, predictive tools have 
been used for many years to predict adult body height 
already at the stage of childhood or early adolescence. 
Among the best known are the Milicerova, Roche-Wain-
er-Thissen (RWT), Khamis-Roche (KR) Models and the 
Żarów (Z) Model, based on national population data 
and recommended for use in Polish settings.¹,¹0,¹¹,¹2 
The accuracy of these models sometimes varies, de-
pending on the age of the child at the time of prediction, 
the completeness of the input data (especially about the 
parents) and whether the model has been validated on 
a population with similar environmental and genetic 
conditions.3,¹3,¹4 It is particularly important to validate 
predictive tools in local populations and to compare 
their results with current norms of somatic develop-
ment in children and adolescents. In Poland, such 
a function is performed by the percentile grids of the 
OLAF project, determined on the basis of nationwide 
population studies and now widely used in clinical and 
school practice.3 Comparison of the effectiveness of 

the predictive models with the OLAF project’s refer-
ence values allows not only the verification of the tools, 
but also the analysis of regional differences and the 
identification of environmental factors influencing the 
course of child and adolescent growth.3

The aim of the study was to evaluate and compare 
the magnitude of the error in the prediction of adult 
body height in male and female pupils from the Upper 
Secondary School Complex No. 2 in Dąbrowa Tarnows-
ka using the Roche-Wainer-Thissen (RWT), Khamis-
Roche (KR) and Żarów (Z) Methods.

Material and methods
Data on body height and weight of 101 pupils of the 
Upper Secondary School Complex No. 2 in Dąbrowa 
Tarnowska and mean parental body height were used 
for the study considered. Data on pupils’ height and 
weight came from screening tests conducted by nurses 
and school hygienists since the beginning of their ed-
ucation, while data on the height of both parents were 
obtained during school meetings. Male and female pu-
pils aged 18 and over were selected for the study. At this 
age, both male and female pupils are at the end of their 
growth process. However, a certain portion of the pop-
ulation, especially late adolescents, still grow in height 
after the age of 18, as described by Żarów.¹5

Measurement data of 47 male and 54 female pupils 
were collected. The surveys were conducted in January 
and February 2019, while the data on parents' height 
was obtained through written notes provided by the 
students. Measurement data values from the screening 
tests were measured to the nearest 0.1 centimetre and 
0.1 kilogram. Among the inclusion criteria were the fol-
lowing: having complete anthropometric data (height 
and weight) from the ages of 6.5, 10, 12 years, copied 
from the pupils’ health cards, and verified height data 
from both parents, obtained during school meetings. 
Based on the data from the screening and using select-
ed prediction methods, the pupils’ predicted adult body 
height was calculated. These predictions were calcu-
lated on the basis of the values of body height and body 
weight reached by the pupils at 6.5, 10 and 12 years of 
age. Data collection was carried out after obtaining the 
required consent. Special care was taken to protect the 
anonymity and reliability of the data. Anthropometric 
measurements were carried out under school condi-
tions, in accordance with current IMiD guidelines and 
standards used in the screening of children and adoles-
cents in Poland.3,¹6,¹7 

Three methods were used to determine predicted 
body height in adulthood: the Roche-Waimer and 
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Thissen (RWT) Method from 1975, the Khamis and Roche 
(KR) Method from 1994 and the Żarów (Z) Method from 
2001. These methods allow to determine the body height 
that can be reached at the age of 18 years. All these meth-
ods take into account the same variables, such as chrono-
logical age, height and weight at the time of measurement 
and the average height of the parents; in addition, the RWT 
method uses skeletal age, which up to the age of 8 years 
for girls and 13 years for boys can be replaced by chrono-
logical age.¹6 These variables are basic morphological pa-
rameters of every human being and their measurement 
is not diffiult, as specialised laboratory instruments and 
apparatus are not required for it. Simple measurements 
of somatic characteristics are an advantage for predict-
ing body height in adulthood. The measurement of body 
height at the age of 18 years made it possible to verify the 
predicted body height at the ages of 6.5, 10 and 12 years 
with that actually achieved at the age of 18 years. Data 
were statistically analysed using the Statistica software 
and spreadsheets. Mean absolute error (in cm) was calcu-
lated for each participant and each method, in relation to 
actual height at age 18; distribution of prediction errors 
according to ranges (<3 cm, 3–5 cm, >5 cm).

Results 

The analysis of the prognostic methods carried out 
showed differences in prognostic performance de-
pending on the method, the age of the predicted body 
height and gender. Detailed data are presented in 
Table 1. 

The best prediction accuracy was achieved when us-
ing measurement data from the ages of 10 and 12 years, 
particularly for male pupils, where the Żarów Model 
gave a mean absolute error of 2.4 cm (age 10 years) and 
2.5 cm (age 12 years) respectively. For the female pu-
pils, the lowest prediction error was obtained using the 
Khamis-Roche method for age 12 data (1.9 cm). In con-
trast, predictions based on data for the age of 6.5 years, 
irrespective of method and gender, had a much higher 
mean error, exceeding 3 cm. 

An exemplary analysis of the distribution of the 
absolute prediction error at age 10 years showed that 
as many as 71% of all predictions showed an error of 
less than 3 cm relative to the actual body height at age 
18 years, which should be considered a very good re-
sult in a clinical or school practice setting.

Table 1. Mean absolute error of prognosis across gender and age, according to different methods of calculated prognosis of 
adult body height of students from the Upper Secondary School Complex No. 2 in Dąbrowa Tarnowska 

Female pupils Male pupils

Method* 6,5 years 10 years 12 years Method* 6,5 years 10 years 12 years 

RWT 3.20 – – RWT 3.10 2.74 3.20

KR 3.21 2.86 1.93 KR 3.53 3.01 3.00

Z 3.53 3.07 2.32 Z 3.09 2.38 2.49

*RWT – Roche-Waimer and Thissen’s Method, KR – Khamis and Roche’s Method, Z – Żarów Method.

Table 2. Distribution of absolute errors of prediction of adult 
body height of pupils from the Upper Secondary School 

Complex No. 2 in Dąbrowa Tarnowska at the age of 10 years 
according to different methods (N = 101)

Range of prediction error 
(cm)

Percentage 
(%)

< 3 71

3–5 20

>5 8

The largest errors of more than 5 cm appeared in 
cases where the prediction was conducted for children 
with variable growth rates. The highest reproducibility 
and accuracy of prediction in male pupils was shown 
by the Żarów Model, while among female pupils it was 

shown by the Khamis-Roche Model. In each method, 
predictions for ages 10–12 had significantly lower abso-
lute error than predictions based on data from the age 
of 6.5. Regression models have the highest accuracy in 
children with body heights within the median for the 
population data, while their performance decreases 
in extreme cases (very short or very tall individuals). 
To further confirm the reliability of the sample and 
the concordance of the developmental trajectory, the 
mean body height of the children surveyed at the age 
of 8 years was interpolated from measurements at 6 and 
10 years, and compared with the corresponding values 
from the OLAF project. The body height calculated 
in this way is 126.7 cm for girls and 129.6 cm for boys, 
and according to the OLAF project 130.3 and 131.5 cm 
respectively, confirming the conformity of the study 
group with national developmental trends. 
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Discussion

The main characteristic of the study sample was the 
very close correlation of body height values with the 
current OLAF 3 project standards for Polish children 
and adolescents. Table 3 juxtaposes the mean values 
of body height in individual periods of the study with 
analogous reference values.

The results obtained confirm that the growth dy-
namics of the studied group reflects typical growth tra-
jectories in the Polish population, for both male and 

female pupils, with lower values on average at the ages 
of 6.5, 10 and 12, especially for female pupils, which 
may be due to the size of the inhabited environment, 
Dąbrowa Tarnowska being a small town with a popula-
tion of just over 11,000 and the School Complex being 
attended by pupils from the surrounding villages as 
well. Both in the present study and in other national 
studies, it has been confirmed that the greatest preci-
sion in body height prognosis is obtained using mea-
surement data from late childhood or prepubertal pe-
riod (10–12 years).¹,¹¹

Table 3. Average body height of the tested students from of the Upper Secondary School Complex No. 2 in Dąbrowa Tarnowska 
and average body height of male and female pupils according to the OLAF project 

Age (years) Female  
(N = 54) Female (OLAF) N Male  

(N = 47) Male (OLAF) N 

6.5 117.6 120.2* 508 119.7 121.6* 530

10 135.8 140.7 747 139.4 141.5 648

12 150.4 153.5 636 153.1 154.0 638

18 165.4 165.1 1126 180.7 179.5 846

*Weighted mean.

In the population studied, the mean prediction error 
did not exceed 1.9–3.1 cm (except for the RWT Method 
for girls aged 12 years), which should be considered 
a very good result from the point of view of clinical or 
school practice. The absolute error of the prediction 
is included in the paper, as it does not matter much if 
we overestimate or underestimate the predicted body 
height by, for example, +2.5 cm or –2.5 cm, in relation 
to the actual adult body height achieved. 

It is worth noting that the effectiveness of the pre-
dictions clearly increases with input age – predictions 
based on data from the age of 6.5 years had a signifi-
cantly higher error (within 3.0–3.6 cm), confirming the 
limited predictive value of models used in younger age 
groups. This is consistent with previous observations 
by both Polish and foreign authors, who also empha-
sised the need to update predictions with subsequent 
measurements as the child grows.¹2 The analysis con-
ducted confirmed that the Żarów Model – developed on 
the basis of Polish population data – shows the highest 
effectiveness in boys. This is consistent with the idea 
that prognostic tools adapted to local genetic and en-
vironmental conditions have higher accuracy than im-
ported models.3 In girls, the lowest error was obtained 
with the Khamis-Roche Model, indicating the good ver-
satility of this method, even in populations with a dif-
ferent biological structure than the US population on 
which the KR Model is based. The observed differences 

may be due to the specific course of sexual maturation, 
the rate of somatic development and the different influ-
ence of environmental factors during adolescence in 
girls and boys.¹8,¹9,20

A number of works written after 2000 base adult 
height prediction on various mathematical models 
using girls’ and boys’ height growth curves2¹,22,23 et al. 
Thus, in paper2¹ authors developed a novel method, 
called Growth Curve Comparison (GCC), for height 
prediction, based on a large cohort of >16,000 Slove-
nian schoolchildren followed yearly from ages 8 to 
18 and compared the GCC method to the percentile 
method, linear regression, decision tree regression and 
extreme gradient boosting. The average error of pre-
diction according to the gradient curves between the 
ages of 8 and 12 was within about 3 cm, for both boys 
and girls. In paper,23 the average difference between 
the predicted and actual height at the age of 17.5 years 
for a 95% confidence interval ranged from –3.2 cm 
to +2.8 cm, from which it could be estimated that the 
average absolute error of prediction would amount to 
approx. 3 cm. On the other hand, a paper by Chinese 
authors22 on the study of a multidimensional and accu-
rate model of adolescent height based on a multilayer 
perceptron shows that if the BMI calculated for a given 
chronological age and skeletal age is added to this mul-
tilayer perceptron, the accuracy of body height predic-
tion improves. Although the average absolute error of 
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prediction between the ages of 6 and 15 was slightly 
more than 1 cm for both boys and girls, this is true for 
Chinese children and adolescents, as this model was 
developed for this population only. Predictions based 
on mathematical models are very intricate, hence they 
are rather rarely used, unlike those used in this study.

From a practical point of view, the quality and com-
pleteness of the input data – in particular height data 
of both the child and the parents – is crucial for the ac-
curacy of the prediction. The study highlights the need 
for reliable collection of this information, verification 
of possible questionnaires and exclusion of question-
able cases. Missing or inaccurate parental data is one 
of the main sources of prediction errors, which is also 
confirmed in the literature.6,2¹

The results obtained have a number of practical im-
plications. First of all, they confirm that the prediction 
of adult height using the models described should be 
a routine part of the work of doctors, school nurses, 
physical education teachers, coaches and developmen-
tal guidance specialists. Early height prediction makes 
possible the optimisation of developmental support, 
faster detection of disorders and better sport selection. 
It is particularly important to periodically update the 
predictions with subsequent measurements, which 
increases the accuracy of the predictions and allows 
the intervention to be flexibly adapted to the individual 
situation of the child. 

A limitation of the survey remains the local nature of 
the sample, which may affect the ability to predict re-
sults in other regions. Results may also depend to some 
extent on the specific environmental conditions of the 
region and the socio-economic structure of families. 

In sports selection – especially in disciplines requir-
ing specific somatic conditions (e.g. volleyball, bas-
ketball, swimming, some athletic competitions) – the 
prediction of future adult body height is an extremely 
valuable tool to support the decisions of coaches and 
physical education teachers. It allows not only the ratio-
nal selection of athletes for particular disciplines, but 
also the planning of the path of sports development and 
the prediction of the moment of the child’s highest de-
velopmental potential.

In the future, it is advisable to conduct research on 
larger and more diverse samples, covering different re-
gions of Poland – both urban and rural environments. 
This will allow an even fuller examination of the effec-
tiveness of predictive tools in different environmental 
conditions and the identification of factors that have 
the greatest impact on the accuracy of predictions.

Conclusions
Based on the study and the analysis of the results, it 
can be concluded:

1. The highest accuracy in predicting adult body 
height is provided by models based on data from 
10–12 years of age. 

2. The Żarów Model for boys and the Khamis-
Roche Model for girls show the lowest mean 
prediction error.

3. The models are most accurate for individuals 
with a typical developmental trajectory and their 
performance decreases in extreme cases (very 
tall and very short children).
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