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A B S T R A C T   

Objectives: Bone age (BA) measurement in children is used to evaluate skeletal maturity and helps in the diagnosis 
of growth disorders in children. The two most used methods are Greulich and Pyle (GP), and Tanner and 
Whitehouse 3 (TW3), both based upon assessment of a hand-wrist radiograph. To our knowledge no study has 
compared and validated the two methods in sub-Saharan Africa (SSA), and only a few have determined BA 
despite it being a region where skeletal maturity is often impaired for example by HIV and malnutrition. This 
study aimed to compare BA as measured by two methods (GP and TW3) against chronological age (CA) and 
determine which method is most applicable in peripubertal children in Zimbabwe. 
Methods: We conducted a cross-sectional study of boys and girls who tested negative for HIV. Children and 
adolescents were recruited by stratified random sampling from six schools in Harare, Zimbabwe. Non-dominant 
hand-wrist radiographs were taken, and BA assessed manually using both GP and TW3. Paired sample Student t- 
tests were used to calculate the mean differences between BA and chronological age (CA) in boys and girls. 
Bland-Altman plots compared CA to BA as determined by both methods, and agreement between GP and TW3 
BA. All radiographs were graded by a second radiographer and 20 % of participants of each sex were randomly 
selected and re-graded by the first observer. Intraclass correlation coefficient assessed intra- and inter-rater 
reliability and coefficient of variation assessed precision. 
Results: We recruited 252 children (111 [44 %] girls) aged 8.0–16.5 years. The boys and girls were of similar 
mean ± SD CA (12.2 ± 2.4 and 11.7 ± 1.9 years) and BA whether assessed by GP (11.5 ± 2.8 and 11.5 ± 2.1 
years) or TW3 (11.8 ± 2.5 and 11.8 ± 2.1 years). In boys BA was lower than CA by 0.76 years (95 % CI: − 0.95, 
− 0.57) when using GP, and by 0.43 years (95 % CI: − 0.61, − 0.24) when using TW3. Among the girls there was 
no difference between BA and CA by either GP [− 0.19 years (95 % CI: − 0.40, 0.03)] or TW3 [0.07 years (95 % 
CI: − 0.16, 0.29)]. In both boys and girls, there were no systematic differences between CA and TW3 BA across 
age groups whereas agreement improved between CA and GP BA as children got older. Inter-operator precision 
was 1.5 % for TW3 and 3.7 % for GP (n = 252) and intra-operator precision was 1.5 % for TW3 and 2.4 % for GP 
(n = 52). 
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Conclusion: The TW3 BA method had better precision than GP and did not systematically differ from CA, meaning 
that TW3 is the preferred method of assessment of skeletal maturity in Zimbabwean children and adolescents. 
TW3 and GP methods do not agree for estimates of BA and therefore cannot be used interchangeably. The 
systematic differences in GP BA assessments over age means it is not appropriate for use in all age groups or 
stages of maturity in this population.   

1. Introduction 

Bone age (BA) is a measure of the development of the skeleton 
incorporating the size, shape and degree of mineralization of the 
epiphyses and physeal plates of a bone to define their proximity to full 
maturity [1]. BA differs from chronological age (CA), which is calculated 
from the date of birth and does not necessarily reflect an individual's 
stage of puberty. For example, two eleven-year-olds can differ vastly in 
their developmental stage but CA is the same. Methods to assess BA 
should be reliable and practical, being adaptable for use in different 
populations. The two most widely used methods are the Greulich and 
Pyle (GP) and the Tanner and Whitehouse 3 (TW3) methods, both based 
upon assessment of hand/wrist radiographs [2,3]. The GP uses a tech
nique which matches a given radiograph with an atlas of standards 
representing different sexes and ages and the radiograph is then assigned 
a skeletal age equal to that of the nearest age. In contrast, TW3 uses an 
individual bone specific scoring technique where the appearance of each 
bone is evaluated and compared to a set of bones at different stages of 
maturation. The GP method is more commonly used, as it is straight
forward and quick, though it was founded on the assumption that the 
skeleton matures in a uniform way, assigning a global score to the hand 
and wrist [4]. GP was developed in 1959 based upon the left hand ra
diographs of a reference population of white North American children 
collected in the 1930's [3]. The TW method, first known as TW1 was also 
developed in the 1930's using radiographs of white European children, it 
was later modified to TW2 in 1983 using additional data collected in the 
1950s and 1960s in western Europe. The TW1 and TW2 methods orig
inally scored 20 bones (radius, ulna, short bones and carpal bones) of the 
hand before a further update in 2001, namely TW3, when scoring of the 
radius, ulna and short bones (RUS) was separated from the carpal bones 
[2]. The TW method is more complex and requires more time for 
assessment than GP (7.9 min and 1.4 min respectively) [5,6]. The bones 
of the hand ossify at different rates and the ability of TW3 to assess 
ossification centres separately makes it ideal for use hence being 
described as more objective and reproducible than GP [7]. 

The applicability of these methods in varying environments, pop
ulations with varying genetic ancestry, socio-economic status, and dis
ease patterns is questionable as all these factors have an influence on the 
process of skeletal maturation. Sub-Saharan Africa (SSA) has a high 
prevalence of HIV and malnutrition, leading to delayed puberty. Given 
that these BA methods were developed decades ago in European and 
American populations, it is not known how applicable they are to Afri
can populations and previous studies are limited. None have compared 
the performance of the two methods, despite the fact that SSA is a region 
where skeletal development is commonly impaired [8,9]. Therefore, this 
study aimed to determine whether GP or TW3 is most applicable for use 
in peripubertal children in Zimbabwe. The agreement between the two 
methods, inter- and intra-rater reliability and intra- and inter-operator 
precision for each was determined. 

2. Methods 

This cross-sectional study used hand/wrist radiographs collected 
from IMVASK (The IMpact of Vertical HIV infection on child and 
Adolescent SKeletal development), a prospective cohort study con
ducted in Harare, Zimbabwe [10]. Children without HIV were recruited 
by stratified random sampling within three age and sex strata from six 
government schools within the same catchment area as the main public- 

sector hospitals in Harare (Parirenyatwa and Sally Mugabe hospitals) 
from where children with HIV were recruited. For the purposes of this 
methodological evaluation manuscript, participants were restricted to 
those testing negative for HIV. Participants were also excluded if they 
had CA above 15.0 years in girls and 16.5 years in boys because TW3 
only assesses BA up to these ages. 

Sociodemographic and clinical data were collected using a ques
tionnaire administered by trained research staff. Anthropometric mea
surements included height (sitting and standing) and weight, taken in 
duplicate by two independent staff members. If the two measurements 
differed by >0.5 kg or 0.5 cm, a third reading was taken by an additional 
reader. The mean of the two or three measurements was recorded as the 
final figure. Weight was measured to the nearest 0.1 kg using a Seca 875 
weight scale, and height to the nearest 0.1 cm using a stadiometer (Seca, 
Hamburg Germany). The equipment was calibrated annually over the 3 
years of IMVASK. 

A nurse and/or doctor carried out Tanner pubertal staging using 
testicular volume (assessed using an orchidometer) penile size and pubic 
hair growth (quality, distribution, and length) in boys and breast 
development (size and contour), age of menarche and pubic hair growth 
in girls for assessment [11]. Grading of penile, testicular and breast 
growth was from I to V as per tanner descriptions. In the event of 
disagreement of the pubertal stage testicular and breast development for 
boys and girls respectively were used to assign tanner stage. Socio- 
economic status was determined from indicators in a principal compo
nent analysis that included an asset list which showed the head of 
household age, highest maternal and paternal education levels, monthly 
household income, number in the household, house ownership, access to 
amenities and household item ownership list [12]. Socio-economic 
status was then split into three groups (low, middle, and high). Di
etary calcium and vitamin D intake were assessed using a tool developed 
for the Zimbabwean context based on the validated dietary diversity and 
food frequency tool from India and Malawi, and international guidelines 
applicable to SSA [13,14]. The dietary intake was classified into three 
groups: daily dietary calcium intake as very low (<150 mg/d), low 
(150–299 mg/d), and moderate (300–450 mg/d) and daily dietary 
vitamin D intake as very low (<4.0 μg/d), low (4.0–5.9 μg/d), and 
moderate (6.0–8.0 μg/d). Physical activity was self-reported using the 
International physical activity questionnaire which has been validated 
in multiple countries. The amount of physical activity was assessed as 
multiples of the resting metabolic rate (MET) in MET minutes/week and 
categorised to low (MET minutes <600/week), moderate (MET minutes 
= 600 to 3000/week), and vigorous (MET minutes>3000/week) 
[15,16]. The same thresholds of physical activity were used in this study 
regardless of age. 

Radiographs were taken of the non-dominant hand/wrist by a 
trained radiographer. A digital radiography (Siemens, Germany) system 
was used with images stored in DICOM format. The non-dominant hand 
was positioned with the palm facing downwards in contact with the 
imaging plate. The axis of the middle finger aligned with the axis of the 
forearm. The upper arm and forearm were in the same horizontal plane. 
The central ray of the X-ray beam was directed on the distal end of the 
third metacarpal and a tube to film distance of 76 cm was used. A lead 
apron shielded the gonads. Standard exposure parameters for a hand 
radiograph were used. Radiation dose to the participant was estimated 
to be less than 2 μSV (micro-Sieverts). 

BA was assessed using both GP and TW3 (RUS) methods by a single 
radiographer. The TW3 (RUS) was based on comparison to a sex- 
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matched TW3 atlas to determine the level of maturity for 13 selected 
regions of interest representing specific bones of the hand and wrist [2]. 
The specific bones included radius, ulna, metacarpals I, III, V; proximal 
phalanges I, III, V; middle phalanges III, V; distal phalanges I, III, V. The 
atlas categorises each bone into specific stages of development labelled 
from A to I. A numerical score is assigned to each stage of development 
for each individual bone in the atlas. The numerical scores were summed 
to give a total maturity score ranging from 0 to 1000. Each maturity 
score matches a certain skeletal age via a lookup table. The GP method 
of assessment involves comparison of the radiographs to the nearest 
matching sex-specific reference radiograph provided in the GP atlas [3]. 
The assessor was aware of the sex but not the CA of the children. Esti
mated BA was compared to CA, calculated from the date of birth to the 
date of examination of the radiograph. 

To calculate intra-rater reliability and precision (co-efficient of 
variation), 52 (20 %) radiographs were randomly selected and rescored 
by the first assessor at least three months later than the initial score. All 
radiographs (n = 252) were re-scored by a second trained radiographer 
to determine inter-rater reliability and precision. 

Ethics approval was granted by the Medical Research Council of 
Zimbabwe (Harare; reference MRCZ/A/2297) and the University of 
Southampton, UK (ERGO II 62773). Written informed consent was 
provided by the parents/guardian, and the children provided written 
assent. 

2.1. Statistical analysis 

Statistical analyses were conducted using Stata 16 (StatCorp, Texas, 
USA). Weight for age Z-scores (WAZ), height for age Z-scores (HAZ) and 
body mass index (BMI) Z-scores were calculated using the 1990 UK 
reference data for children [17] with a Z-score of − 2.0 denoting stunting 
(HAZ) and underweight (WAZ). 

The primary outcome was the difference between BA measured using 
two methods, and CA in years. Quantitative data were examined for 
normality using the Shapiro Wilkes test and histograms. Quantitative 
data are presented as mean ± standard deviation (SD) and categorical 

data as proportions and frequencies. Chi-squared tests were used to 
compare categorical variables by sex. Paired-student t-tests were used to 
compare quantitative variables in (1) the whole study population, (2) 
girls and boys separately, and (3) stratified by sex and age (in bands of 
8–10, 11–13 and 14–16 years); this allowed determination of whether 
the performance of the BA method differed by maturity level. The mean 
difference was determined by subtracting CA from BA (BA-CA), pre
sented with 95 % confidence intervals. A negative value indicates BA 
less than CA, and a positive value indicates BA greater than CA indi
cating delayed and advanced maturity respectively. Scatter plots for BA 
by both TW3 and GP method vs CA were examined with the line of best 
fit plotted. 

Bland-Altman plots [18] were generated to assess agreement be
tween CA and BA for each method, and between GP BA and the TW3 BA. 
Linear regression analysis was performed to determine the direction of 
the relationship between the average and differences in the methods, β 
coefficient and 95 % confidence intervals are presented. Inter- and intra- 
rater reliability were assessed using the intraclass correlation coeffi
cient. The intra- and inter-operator coefficient of variation assessed BA 
reproducibility, i.e., precision. The formula used to calculate CV was 
(sample SD / mean) × 100 [19,20]. 

3. Results 

3.1. Participant characteristics 

Of the 306 children without HIV enrolled in IMVASK, 54 were 
excluded; 15 had missing hand radiographs, 33 girls were above 15 
years of age, and 6 boys were above 16.5 years of age (Fig. 1). 

In total 252 (82 %) were eligible for these analyses, with 141 (56 %) 
being boys. There was no difference in chronological age between the 
boys and girls, however mean WAZ and BMI-z scores was lower in boys 
than girls (Table 1). 

Although there were no sex differences in BA measured using both 
methods more boys than girls had lower BA than CA for GP BA (77 % vs 
57 %, Chi2 p = 0.001), and TW3 BA (65 % vs 43 %, Chi2 p < 0.001). 

Fig. 1. Flow chart showing participants included in the analysis.  
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Socio-economic status, physical activity, vitamin D and calcium intake 
did not differ between the boys and girls. Nevertheless, 24 % of boys and 
30 % of girls were in the low socio-economic status. 

3.2. Comparison of CA and BA by TW3 and GP 

There was a positive linear relationship between CA and BA for each 
method (GP: r = 0.93 boys, r = 0.92 girls; TW3: r = 0.91 boys, r = 0.88 
girls) (Fig. 2). The slopes for the two methods in both boys [TW3 β 0.95 
(95 % CI: 0.87), 1.03; GP β 1.09 (95 % CI: 1.01, 1.17)] and girls [TW3 β 
0.92 (95 % CI: 0.81, 1.03); GP β 1.09 (95 % CI: 0.98, 1.20)] differed from 
each other. In the boys the TW3 slope (p = 0.179) does not differ from 
the line of identity unlike the GP slope (p = 0.030). In the girls both 
slopes [TW3 (p = 0.180) and GP (p = 0.110)] do not differ from the line 
of identity. 

In the whole sample of boys GP BA was lower than CA by 0.76 years 
(95 % CI: − 0.95, − 0.57) while TW3 BA was lower than CA by 0.43 years 
(95 % CI: − 0.61, − 0.24) (Fig. 3). The mean difference between CA and 
GP BA was a year in those aged 8–10 years, with an offset of half a year 

earlier in the older group. In contrast, the mean difference between TW3 
BA and CA, was less in the younger age group compared to the older age 
groups (Fig. 4a). Among the girls, GP BA had a trend to be lower than CA 
in the 8–10- and 11–13-year age groups, whereas no differences were 
seen between TW3 BA and CA (Fig. 4b). 

There was a positive bias in agreement between CA and BA as 
measured by GP in boys (β = 0.18, p < 0.001) and girls (β = − 0.08, p =
0.050), with GP BA being much lower than CA at younger ages and less 
of a difference at older ages (Fig. 3a, b). For TW3 BA and CA, no sys
tematic differences were observed for either sex. The slope for GP Bland- 
Altman plots was 0.18 in boys and 0.16 in girls and for TW3 plots was 
0.05 in boys and − 0.08 in girls. 

3.3. Comparison of GP and TW3 

Overall, GP BA was lower than TW3 BA by 0.33 years (95 % CI: 
− 0.88, − 0.23) in the boys and 0.25 years (95 % CI: − 0.44, − 0.07) in the 
girls. In both boys and girls, Bland-Altman plots show differential 
agreement between the TW3 and GP across all ages (boys: β = − 1.47 p <
0.001 and girls: β = − 1.17 p < 0.001) (Fig. 5). Differences between the 
two methods in younger ages (8–10 years) show that TW3 BA was higher 
relative to the GP BA. At the older ages GP BA was higher than TW3 BA. 

3.4. Intra- and Inter-rater reliability 

The intraclass correlation coefficient showed high inter-rater reli
ability of 0.98 for TW3 and 0.94 for GP (n = 252) and high intra-rater 
reliability of 0.97 for TW3 and 0.98 for GP (n = 52). There was good 
precision for both methods although the TW3 mean percentage coeffi
cient of variation were better than for GP at (intra-operator 1.5 % vs2.4 
%) and (inter-operator 1.5 % vs 3.7 %) respectively. 

4. Discussion 

To our knowledge, this is the first comparison of bone age assessment 
methods in a population of peripubertal children in sub-Saharan Africa. 
These data show that TW3 is a more applicable method, than GP, for 
assessment of skeletal maturity in children and adolescents from 
Zimbabwe. TW3 has better intra- and inter-operator precision, and no 
age-related bias. In contrast the age-related bias using the GP BA 
method, with greater differences at younger ages, indicates limitations 
for use in our study population. TW3 and GP methods did not agree in 
younger children and cannot be used interchangeably. 

On evaluating the two bone age assessment methods, Bland-Altman 
analyses show that the two assessments differ especially in the young 
children, preventing interchangeable use. Similar results were found in a 
study in the UK where GP and TW2 were compared [21], and TW2 was 
recommended as the preferred method as it had better precision than 
GP. Otherwise, few studies have compared both methods [22–25]. Many 
more studies have looked at the applicability of the GP than TW3 
method, potentially because TW3 is used less frequently in clinical 
practice due to time constraints [5,6]. Despite the TW3 taking longer to 
assess (7.9 min vs 1.4 min) [6], the consistency across age groups and 
sexes, and good intra- and inter-rater reliability, suggest that the extra 
time is justified. The bones of the hand ossify at different rates and the 
ability of the TW3 method to assess ossification centres separately makes 
it an ideal method for use. 

The current study has demonstrated that both methods are repro
ducible with the TW3 being more reproducible than the GP method 
which is consistent with other studies [21,25–28], potentially explained 
by individual maturity indicator scoring, rather than the GP global 
grading approach. GP BA units are whole numbers – less precise than the 
TW3 approach with decimals. Cavallo et al. reported the evaluation of 
each bone segment in TW3 as an advantage minimising inter-rater 
variability [29]. Our study also found high inter- and intra-rater 
agreement supporting the reliability of these two methods in assessing 

Table 1 
Demographic, lifestyle, anthropometry, and pubertal status characteristics of 
study participants by sex.   

Boys (n =
141) 

Girls (n =
111) 

p- 
Value 

Socio-demographics 
Chronological age, mean (SD) 12.2 (2.4) 11.7 (1.9)  0.065 
Socio-economic status, n (%)    0.361 

Low: group 1 34 (24.1) 33 (29.7)  
Middle: group 2 52 (36.9) 32 (28.8)  
High: group 3 55 (39.0) 46 (41.4)  

Anthropometry    
Height-for-age Z-score, mean (SD) − 0.60 (1.03) − 0.47 (1.16)  0.327 
Standing height-for-age Z-score <
− 2, n (%) 

9 (6.4) 8 (7.2)  0.796 

Sitting height-for-age Z-score, mean 
(SD) 

− 1.31 (1.06) − 1.32 (1.18)  0.920 

Sitting height-for-age Z-score < − 2, 
n (%) 

31 (22.0) 30 (27.0)  0.354 

Weight-for-age Z-score, mean (SD) − 0.69 (1.07) − 0.27 (1.22)  0.004 
Weight-for-age Z-score < − 2, n (%) 15 (10.6) 7 (6.3)  0.226 
BMI Z-score, mean (SD) − 0.51 (1.05) − 0.07 (1.20)  0.002 
BMI Z-score < − 2, n (%) 11 (7.8) 4 (3.6)  0.162 

Bone age measures    
GP bone age, mean (SD) 11.5 (2.8) 11.5 (2.4)  0.859 
TW3 bone age, mean (SD) 11.8 (2.5) 11.8 (2.1)  0.945 
GP bone age < chronological age, n 
(%) 

108 (76.6) 63 (56.8)  0.001 

TW3 bone age < chronological age, n 
(%) 

92 (65.2) 48 (43.2)  <0.001 

Pubertal status    0.078 
Tanner 1 45 (32.1) 23 (20.9)  
Tanner 2 34 (24.3) 30 (27.3)  
Tanner 3 22 (15.7) 28 (25.5)  
Tanner 4 35 (25.0) 22 (20.0)  
Tanner 5 4 (2.9) 7 (6.4)    

Lifestyle factors 
Daily vitamin D intake, n (%)    0.991 

Very low, <4.0 μg/day 17 (12.1) 14 (12.6)  
Low, 4.0–5.9 μg/day 92 (65.2) 72 (64.9)  
Moderate, 6.0–8.0 μg/day 32 (22.7) 25 (22.5)  

Daily calcium intake, n (%)    0.914 
Very low, <150 mg/day 62 (44.0) 51 (45.9)  
Low, 150–299 mg/day 31 (22.0) 25 (22.5)  
Moderate, 300–450 mg/day 48 (34.0) 35 (31.5)  

Physical activity level, n (%)    0.304 
Low, <600 MET min/week 47 (33.3) 45 (40.5)  
Moderate, 600–3000 MET min/week 46 (32.6) 27 (24.3)  
High, >3000 MET min/week 48 (34.0) 39 (35.1)  

Foot notes: Student t-tests conducted on continuous variables and chi-squared 
tests on categorical variable. GP-Greulich and Pyle, TW3-Tanner Whitehouse 
3, SD-Standard deviation. 
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Fig. 2. Scatter plot showing the relationship between Chronological age and bone age by GP (Greulich and Pyle) and TW3 (Tanner Whitehouse 3) for (a) boys and 
(b) girls. 

Fig. 3. Forest plot showing the mean dif
ferences (95 % Confidence Intervals) be
tween CA and BA assessed by GP, and TW3. 
Foot notes: Student paired t-tests conducted 
on all continuous variables, CA- 
chronological age, GPBA-Greulich and Pyle 
bone age, TW3BA-Tanner Whitehouse 3 
bone age. A negative value means delayed 
relative to the CA and a positive value 
means advanced relative to the CA. Sample 
size for age groups is Boys: 8–10 (n = 49); 
11–13 (n = 49); 14–16 (n = 42) and girls: 
8–10 (n = 44); 11–13 (n = 48); 14–16 (n =
20).   

F. Kowo-Nyakoko et al.                                                                                                                                                                                                                       



Bone 170 (2023) 116725

6

bone age, though notwithstanding the limitations attached to the use of 
GP in our population given the age dependence of the results. 

One limitation of the TW3 method is that it has a cut off point for 
skeletal maturity of 15 years for girls and 16.5 for boys. In populations 
that may have later onset, or delayed, puberty, such as in our current 
study, this limits use, given skeletal maturity is not reached until at least 
18 years for girls and 19 years for boys [3]. 

In the largest study of African children to date (n = 607), TW3 was 
used to assess and compare BA between black and white girls and boys in 

South Africa. Skeletal maturity was delayed by on average 7 months in 
black boys compared to white boys, whereas no ethnic differences in the 
progression of skeletal maturation were seen in girls [30]. Similarly, our 
data shows sex differences in the performance of TW3, suggesting on 
average 6 months delay in BA in the boys compared to CA and no dif
ferences in the girls. 

Consistent with our findings, previous studies have commonly 
demonstrated lower GP BA than CA, in South Africa, Saudi Arabia, 
Turkey and Malawi [22,24,31,32]. Our findings are similar to those 

Fig. 4. Bland Altman plots showing mean differences between GPBA and CA (top) TW3BA and CA (bottom) and for (a) boys and (b) girls. Variance of the difference 
in measures was: top left 1.32; bottom left 1.24; top right 1.31 and bottom right 1.35. 

Fig. 5. Bland Altman plot showing mean differences between GP and TW3 bone age in years for (a) boys and (b) girls.  
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from a study in Pakistan which advised against using GP method in their 
population due to variations in BA depending on the age of the children 
(advanced BA during early childhood and delayed BA during middle and 
late childhood) [33]. Our study extends this work by testing the agree
ment between GPBA and CA and showing the GP method was dependent 
upon age, such that one would not be able to accurately determine 
whether a child is delayed in maturity using GP. Several other studies 
have found the applicability of GP differing by sex, ethnic group or by 
age [22,31,34]. 

The recruitment of the children from schools in Harare was designed 
to be representative of the general population in Zimbabwe, as about 98 
% of the children in the whole country go to school. All schools in Harare 
were identified and the 6 studied were randomly chosen from this 
sampling frame [10]. Bone age assessment was repeated by a second 
assessor further strengthening the method employed. It is well-described 
that timing of skeletal maturation is affected by environment, nutrition, 
medication, and socioeconomic status [4,35,36]. Our population 
therefore contrasts with the ones in which the GP and TW3 methods 
were originally developed. The children used to create the GP atlas were 
from wealthy families and not suffering from any illnesses [3]. Gener
ally, HAZ and WAZ were low in our study population, indicating a 
tendency towards stunting and underweight respectively. Most partici
pants had low or middle socio-economic status. Calcium and vitamin D 
intakes were low, both micronutrients being critical for skeletal devel
opment [37]. Together these factors may explain why children in 
Zimbabwe were skeletally immature for their chronological age. 

5. Conclusion 

Of the two methods assessed, the TW3 is the most precise and 
appropriate for use in Zimbabwe as GP appears biased by age. The two 
methods (TW3 and GP) do not give equal estimates of bone age and 
therefore should not be used interchangeably. Hence the TW3 method 
would be the preferred method for use in determining skeletal maturity 
in peripubertal children in the region. This study is of relevance for low- 
income African populations in SSA who are faced with a high burden of 
communicable and non-communicable diseases and delays in skeletal 
maturation. 
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