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Normal Kilolu, Aşırı Kilolu ve Obez Adölesan Bireylerde 
Metakarpal Kemik Morfolojisinin İncelenmesi 

Investigation of Metacarpal Bone 
Morphology in Normal-weight, 

Overweight and Obese Adolescent 
Subjects

Amaç: Gelişmiş ülkelerde çocuk ve adölesanlarda aşırı kilo ve obezite prevalansı 
artmaktadır. Bu çalışmanın amacı, farklı pubertal dönemlerde normal kilolu, aşırı 
kilolu ve obez adölesanlarda metakarpal kemik morfolojisini araştırmaktır.
Gereç ve Yöntemler: Bu radyografik çalışmaya, farklı pubertal aşamalarda 124 
birey dahil edildi. Olgular vücut kitle indeksi yüzdesine göre normal kilolu, fazla 
kilolu ve obez bireyler olmak üzere üç gruba ayrıldı. Sol el-bilek radyografilerinde 
ikinci ve dördüncü metakarpal kemiklerde kortikal kalınlık, genişlik ve metakarpal 
indeks (MKİ) ölçümleri yapıldı.

Objective: The prevalence of childhood and adolescent overweight and obesity 
is increasing in most developed countries. This study aimed to investigate the 
metacarpal bone morphology in normal-weight, overweight and obese adolescent 
subjects at different pubertal stages.
Materials and Methods: This radiographic study was performed in 124 subjects 
at different pubertal stages. The subjects were divided into three groups based on 
body mass index percentile: normal-weight, overweight and obese. The second and 
fourth metacarpal bone cortical thickness, width and metacarpal index (MCI) were 
measured on left hand-wrist radiographs. 
Results: The values of the second and fourth metacarpal bone cortical thickness 
and width were significantly different among the groups. The second metacarpal 
bone MCI was significantly different among the groups. Moreover, the values of 
the second and fourth metacarpal bone cortical thickness, width and MCI in obese 
and overweight subjects were greater than those in normal-weight subjects. The 
values of the second and fourth metacarpal bone cortical thickness and width 
were significantly different in subjects before and after their pubertal growth peak 
period. 
Conclusion: The metacarpal bone parameter in overweight and obese adolescent 
subjects was significantly greater than that in normal-weight subjects. 
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Introduction

Obesity prevalence is increasing rapidly and it 
is one of the most widespread metabolic diseases 
in developed countries. The terms overweight and 
obesity are defined as a condition of abnormal 
or excessive fat accumulation in adipose tissue at 
a level that could damage health. It is related to 
excess food consumption, poor dietary intake, and 
insufficient physical activity. According to the World 
Health Organization, childhood obesity is one of the 
most important health problems due to its rapid rate 
of increase. Obesity development in childhood is 
associated with the following obesity in adulthood (1).

Body mass index (BMI) is a convenient and easy way 
of classifying obesity and overweight. It is formulized 
as the weight (kilogram) divided by the square of 
height (meters) (2). However, BMI is not as reliable 
in childhood because of the growth potential of the 
patient which enhances BMI through the growth 
of fat-free tissues (3). BMI percentile which is age 
and gender-specific is essential to provide a correct 
classification of BMI in childhood, and it is referred to 
as BMI-for-age (4). According to this classification, BMI 
under the 5th percentile describes underweight, BMI 
between 5th-84th percentile describes normal, BMI 
between 85th-94th percentile describes overweight 
and BMI upper 95th percentile describes obese (5).

The effect of obesity on the skeletal system has 
been a topic of interest in the literature. Mechanical 
loading caused by increased body weight in 
overweight and obese subjects leads to a beneficial 
effect on bone formation and thus, acts as a protector 
against osteoporosis (6). It has been indicated that 
obesity enhances bone mass and reduces fracture 
risk (7). On the contrary, it has also been shown 
that overweight patients have an increased risk 
of fracture (5). Different mechanisms play a role 
in bone metabolism in obese patients. Increased 
proinflammatory cytokines, alterations in bone 
turnover, and hormonal and mechanical loading on 

bone in obese patients are among these mechanisms 
(8). Leonard et al. (9) concluded that obesity during 
childhood and adolescence was associated with 
increased whole-body bone dimensions and mass. 
Studies have shown that obesity affects cortical bone 
rather than trabecular bone (10).

One of the important factors that affect childhood 
growth is nutrition (11). While excess body weight 
is related to early pubertal growth, poor nutrition is 
associated with delayed pubertal growth spurt (12). 
The effect of childhood obesity on skeletal maturation 
was previously investigated in the literature and 
it was shown to be associated with early pubertal 
development and taller stature (13). Akridge et al. (4) 
used Fishman’s hand-wrist analysis to assess whether 
increased BMI results in accelerated skeletal age 
and their results showed that overweight and obese 
children did not have significantly accelerated skeletal 
maturation after age and gender adjusting.

Skeletal maturation is an important factor in 
the planning of an orthodontic treatment which 
may contain growth modulation to correct skeletal 
discrepancies of the jaws. Compared to chronological 
age, skeletal age determination is more secure to 
determine physical maturation. Different methods 
have been described to assess maturational status. 
The cervical vertebrae, the elbow, the foot, the ankle, 
and the hip are the skeletal parts that can provide 
information about maturation (14). Nevertheless, 
the hand-wrist radiographs are the most commonly 
used ones to determine skeletal maturation by 
orthodontists in many ways (15). The hand-wrist 
radiographs are highly correlated with chronological 
age than other skeletal parts (16). Besides different 
methods of skeletal age assessment, hand-wrist 
radiographs could also be used to assess the 
metacarpal index (MCI).

MCI is a measure of bone mass quantification 
that stands for the cortical thickness of long bones 
relative to the outer bone diameter at the measuring 
site. It could be accepted as a relative evaluation of 

Bulgular: İkinci ve dördüncü metakarpal kemiklerde kortikal kalınlık ve genişlik gruplar arasında anlamlı olarak farklı bulundu. 
Gruplar arasında ikinci metakarpal kemik MKİ’de anlamlı bir fark tespit edildi. İkinci ve dördüncü metakarpal kemiğin kortikal 
kalınlığı, genişliği ve MKİ değerleri obez ve fazla kilolu bireylerde, normal kilolu bireylere göre daha yüksekti. Pubertal büyüme atılımı 
öncesi ve sonrasında ikinci ve dördüncü metakarpal kemiğin kortikal kalınlık ve genişlik değerlerinde anlamlı farklılıklar bulundu.
Sonuç: Aşırı kilolu ve obez adolesan bireylerde, normal kilolu bireylere göre anlamlı derecede daha yüksek metakarpal kemik 
parametresi bulunmaktadır.
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the cortical bone thickness. Barnett and Nordin (17) 
firstly described MCI in 1960 which represents the 
cortical thickness of the mid-second metacarpal at 
the radial plus ulnar sides divided by the outer width 
of the same bone. It is considered as one of the 
evaluation methods of osteoporosis and fracture risk 
and digital X-ray radiogrammetry offers the advantage 
of practical MCI measurement (18). Cortical thickness 
of the metacarpals and accordingly the MCI decreases 
with age like in other long bones, especially after 
menopause in women, and it represents a risk factor 
for fracture (19,20).

Considering the effect of obesity on bone 
metabolism, the aim of this study was to investigate 
metacarpal bone geometry in normal-weight, 
overweight and obese orthodontic children and 
adolescents at different pubertal stages.

Materials and Methods

The local research ethics committee of the Ordu 
University Granted Ethical Approval for the study (no: 
2018/23). Patients with general health problems, bone 
diseases, syndromes, endocrine diseases, metabolic 
disorders and trauma or surgery history to the hand-
wrist were not included. The hand-wrist radiographs 
of low quality were excluded. This cross-sectional 
radiographic study was performed in 124 subjects 
who referred to the Ordu University, Department of 
Orthodontics. Informed consents were taken from the 
parents of the subjects that were below the age of 18. 
According to the BMI percentile, three groups were 
generated. Normal-weight, overweight and obese 
groups comprised 48 (18 males, 30 females; mean 
age,13.92±2.43 years), 37 (10 males, 27 females; 
mean age, 13.98±2.59 years) and 39 (16 males, 23 
females; mean age, 12.82±2.38 years) subjects, 
respectively. Distribution of the groups according 
to BMI, gender and chronologic age were given in 
Table 1. No statistically significant differences in age 
and gender were observed between the groups. The 
sample size was determined by G*Power Software 
version 3.1.9.2 (Universität Düsseldorf, Germany) 
for the second MCI at alpha error probability of 0.05 
and a power of 90%. The power analysis showed that 
80 samples were required. To strengthen the study, 
a total of 124 subjects were included in the present 
study.

With the use of a mechanical weighing scale with 
0.1 kg accuracy and a wall-mounted stadiometer 
with the graduation of 1 mm, the patient’s body 
weight and height were obtained and BMI calculation 
was carried out by dividing weight (kilogram) to the 
square of height (meters) at the patient’s first visit to 
the clinic. Age- and gender-specific BMI percentiles 
were calculated using the Centers for Disease Control 
and Prevention (CDC) guidelines (21). Patients were 
classified according to their BMI as follows: 5th-84th 
percentiles were characterized as normal-weight, 85th-
94th percentile were characterized as overweight, and 
above 95th percentile were characterized as obese.

All left hand-wrist radiographs were obtained 
by the same roentgraphic film device (Kodak 8000C 
Digital Panoramic and Cephalometric System, 
Cephalostat, Corestream Health Inc, Rochester 
NY, US). Measurements of the second and fourth 
metacarpal bones’ cortical thickness and width 
were performed at the midpoint of the bones, using 
a cephalometric software program (Foxit Reader 
software, Foxit Corporation, Fremont, CA, USA) by the 
same investigator after calibration and after that, MCI 
values were calculated (Figure 1A, B).

To also analyze the effect of pubertal growth stage 
on the MCI of overweight and obese patients, the 

Table 1. Distribution of the groups according to body 
mass index percentile, gender and chronologic age

Groups Male/female Age 

Normal-weight 18/30 13.92 (2.43)

Overweight 10/27 13.98 (2.59)

Obese 16/23 12.82 (2.38)

p 0.414a 0.066b

 a: Results of chi-square test, b: Results of One-Way ANOVA test

Figure 1A: Hand-wrist radiograph; B: Measurements of width 
(X) and cortical thickness (Y) of metacarpal bone
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patients were classified according to their growth 
stage by Fishman skeletal maturation stages on the 
hand-wrist radiographs (22). However, when the 
patients were divided into 11 groups using Fishman’s 
method, the groups did not have a sufficient number 
of patients. Therefore, the patients were divided into 
2 growth stages to represent before and after pubertal 
growth peak periods. Growth stage 1 (GS1) comprised 
patients that were in stages 1-5 and growth stage 2 
(GS2) contained patients with stages of 6-11 according 
to Fishman’s method.

Statistical Analysis
All statistical analyses were performed by using 

SPSS (SPSS for Windows version 20.0; SPSS Inc, Chicago, 
IL) program. After performing the normal distribution 
test, non-parametric tests were performed to the 
parameters with non-normal distributions, while 
parametric tests were applied to the parameters 
having a normal distribution. Comparison of the 
groups according to BMI percentile, gender and 
chronologic age were performed by chi-square and 
One-way ANOVA tests, respectively. Comparisons 
between second and fourth metacarpal bone cortical 
thickness, width and MCI measurements among the 
different BMI percentile groups were performed 
using the One-way ANOVA, Kruskal-Wallis and post-
hoc tests. In all statistical tests, values   of p<0.05 were 
considered statistically significant.

Results

The second metacarpal bone’s cortical thickness, 
width and MCI values were significantly different 
among normal-weight, overweight and obese patients, 
while only cortical thickness and width values of the 

fourth metacarpal bone were significantly different 
(p<0.05). No significant difference was observed for 
the fourth metacarpal bone MCI values. Post-hoc 
comparisons showed that the significant differences 
were between normal weight-overweight and normal 
weight-obese patient groups, with higher values in 
overweight and obese groups compared to normal-
weight group. Overweight-obese groups did not 
differ from each other significantly for the measured 
parameters (Table 2).

Table 3 displays the cortical thickness, width and 
MCI values of second and fourth metacarpal bones 
of the different BMI percentile groups at different 
pubertal growth stages. Significant differences were 
found in second and fourth metacarpal bones’ 
cortical thickness and width between normal-weight, 
overweight and obese patients before pubertal GS1 
(p<0.05). All of the measured parameters of second 
and fourth metacarpal bones were significantly 
different among the weight groups after the pubertal 
peak period (GS2) (p<0.05). Statistically significant 
differences were found at some of the investigated 
parameters between normal-weight and obese 
subjects at GS1, while more parameters differed 
significantly between normal weight-overweight and 
normal weight-obese subjects at GS2 using post-
hoc tests (p<0.05). Overweight and obese patients 
have significantly higher values in these parameters, 
compared to normal-weight patients. No significant 
differences were observed between overweight-
obese groups according to the pubertal growth stage.

Discussion

Childhood and adolescent overweight and obesity 
prevalence are rising in almost all industrialized 

Table 2. Metacarpal index, cortical thickness and width of second and fourth metacarpal bones of the different body 
mass index percentile groups

Parameters Normal-weight Overweight Obese p
Post-hoc test§

N-OW N-O OW-O

2nd Metacarpal 
bone

Cortical thickness 1.84 (0.32) 2.22 (0.44) 2.13 (0.30) 0.000a 0.000 0.001 0.494

Width 6.31 (0.66) 6.93 (0.85) 6.99 (0.77) 0.000b 0.001 0.000 0.954

Metacarpal index 0.58 (0.08) 0.64 (0.09) 0.61 (0.08) 0.022b 0.007 0.153 0.183

4th Metacarpal 
bone

Cortical thickness 1.45 (0.18) 1.67 (0.31) 1.67 (0.27) 0.000a 0.000 0.000 0.999

Width 5.33 (0.49) 5.75 (0.67) 5.69 (0.70) 0.003a 0.006 0.019 0.919

Metacarpal index 0.55 (0.06) 0.58 (0.09) 0.59 (0.10) 0.107b 0.181 0.038 0.571
pa: Results of One-way ANOVA test, pb: Results of Kruskal-Wallis test, §: Post-hoc Tukey's honestly significant difference test for parametric data and  
Mann-Whitney U test for non-parametric data, N: Normal-weight, OW: Overweight, O: Obese groups
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countries. Childhood obesity has been associated with 
multiple general health problems such as endocrine 
diseases, metabolic and cardiovascular issues (12,23), 
obstructive sleep apnea, gastrointestinal diseases, 
orthopedic complications (24), low self-esteem (25), 
musculoskeletal complaints (26) and fractures (27).

Controversial results were found in the studies 
analyzing the effect of obesity on bone metabolism. 
Several studies demonstrated that overweight and 
obese children have a significantly higher bone 
mineral density (BMD) and bone mineral content 
(BMC) (28-30). Enhanced adipose tissue in childhood 
obesity is considered as the ground for enhanced 
total BMD through increased mechanical load on 
the bone (9,30). Leonard et al. (9) investigated the 
effect of childhood obesity on skeletal mass and 
dimensions in 132 non-obese and 103 obese subjects 
and their findings suggested that obesity in children 
and adolescents resulted in enhanced vertebral bone 
density and enhanced whole-body bone dimensions 
and mass. In their review that was conducted on 
twenty-seven studies and a total of 5958 children, 
van Leeuwen et al. (31) showed that overweight and 
obese children had a higher peak bone mass, BMD 
and BMC than normal-weight children. They also 
indicated that being obese compared with overweight 

does not have as much difference as being obese or 
overweight compared with being of normal weight in 
terms of BMD and BMC. In contrast with the studies 
that identify a positive relationship between obesity 
and bone mass, there are also a few studies in the 
literature showing a negative relationship between 
these two (10,32).

In accordance with the findings of the studies 
showing a positive association between obesity and 
bone mass and dimensions, our results showed an 
enhanced metacarpal width and cortical thickness 
in overweight and obese adolescents than normal-
weight patients and no statistically significant 
difference was observed between overweight and 
obese subjects.

Oestrogen is a substantial factor in bone 
metabolism. Oestrogen deficiency results in an 
increased osteoclast formation and an imbalance 
in bone remodeling and accordingly, bone mass 
reduction (33). Fat tissue plays an important role in 
oestrogen metabolism. Therefore, overweight and 
obese patients have enhanced oestrogen levels that 
cause a favorable effect on bone formation (34). 
Other than oestrogen, leptin is also a significant 
determinative in bone metabolism. With its effect 
on regulating appetite, leptin is a mediator that is 

Table 3. Metacarpal index, cortical thickness and width of second and fourth metacarpal bones of the different body 
mass index percentile groups according to pubertal growth stage

Growth
stage

Metacarpal 
bone

Parameters
Normal-
weight

Overweight Obese p
Post-hoc test§

N-OW N-O OW-O

GS1

2nd 

Metacarpal 
bone

Cortical thickness 1.52 (0.17) 1.74 (0.42) 1.91 (0.16) 0.002a 0.153 0.001 0.332

Width 5.90 (0.21) 6.33 (0.99) 6.84 (0.34) 0.001b 0.843 0.000 0.128

Metacarpal index 0.52 (0.06) 0.54 (0.05) 0.56 (0.04) 0.135a 0.459 0.123 0.863

4th 

Metacarpal 
bone

Cortical thickness 1.34 (0.16) 1.45 (0.29) 1.56 (0.20) 0.044a 0.472 0.034 0.548

Width 5.32 (0.45) 5.78 (0.78) 5.80 (0.33) 0.048b 0.219 0.022 0.176

Metacarpal index 0.51 (0.07) 0.50 (0.04) 0.54 (0.06) 0.321a 0.984 0.394 0.415

GS2

2nd 

Metacarpal 
bone

Cortical thickness 1.96 (0.28) 2.33 (0.36) 2.23 (0.29) 0.000a 0.000 0.004 0.431

Width 6.47 (0.70) 7.07 (0.76) 7.06 (0.89) 0.003a 0.007 0.011 0.999

Metacarpal index 0.61 (0.07) 0.66 (0.08) 0.64 (0.08) 0.027a 0.020 0.365 0.426

4th 

Metacarpal 
bone

Cortical thickness 1.49 (0.18) 1.72 (0.29) 1.72 (0.28) 0.000a 0.001 0.002 0.999

Width 5.33 (0.51) 5.74 (0.66) 5.64 (0.81) 0.034a 0.036 0.151 0.846

Metacarpal index 0.56 (0.05) 0.60 (0.09) 0.62 (0.10) 0.021a 0.115 0.023 0.760

pa: Results of One-way ANOVA test, pb: Results of Kruskal-Wallis test, §: Post-hoc Tukey's honestly significant difference test for parametric data and 
Mann-Whitney U test for non-parametric data, GS1: Before pubertal growth pick period, GS2: After pubertal growth pick period; N: Normal-weight, 
OW: Overweight, O: Obese groups.
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secreted by adipocytes. It plays a critical role in skeletal 
development (35). Obese patients have increased 
proinflammatory leptin levels (36). As the amount 
of fat in the body increases, the leptin concentration 
also increases. Acting as a growth factor on skeletal 
growth centers’ chondrocytes, increased leptin levels 
in obese and overweight children result in enhanced 
bone mass than normal-weight children (37,38). 
Potentially increased leptin and oestrogen levels 
in overweight and obese subjects in this study may 
have an effect on increased metacarpal bone cortical 
thickness and width. 

The revised CDC BMI percentile charts which are 
considered as a standard for children and adolescents 
aged between 2 and 20 were used in the present study. 
Clinical use of BMI percentile is the most rapid and 
practical method to assess weight status. However, 
the separation between fat tissue and muscle is 
not possible when defining a subject as overweight 
or obese using the BMI percentile and it should 
not be taken into account as a definitive marker of 
overweight and obesity. Subjects considered as obese 
using BMI percentile might not have excess adipose 
tissue. Diagnosis of overweight and obesity could be 
supported with other methods of adiposity analysis 
such as dual energy X-ray absorptiometry, skin-
fold thickness, air-displacement plethysmography, 
hydrostatic weighing, arm and waist circumferences, 
isotope dilution, bioelectrical impedance analysis, 
computerized tomography and magnetic resonance 
imaging (39,40).

The effect of fat mass on bone growth is shown 
to be related to the stage of puberty (41). The 
strength of this study is that the effect of growth 
stages and pubertal growth peak was also taken into 
consideration while assessing the effect of obesity on 
metacarpal bone geometry. The lack of prospective 
data to analyze the long-term effect of obesity on 
metacarpal cortical thickness, width and MCI can 
be considered a limitation of this study due to its 
cross-sectional design. Further long-term prospective 
researches should be designed.

Conclusion

Overweight and obese adolescents have 
significantly greater metacarpal bone parameters 
than normal-weight patients. Orthodontists should 
be aware of these metacarpal bone changes whilst 

evaluating hand-wrist radiographs for treatment 
timing and planning in overweight and obese patients.
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