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Influence of high altitude on bone age development of children and adolescents
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Abstract; Objective To explore the influence of altitude on the bone growth and development of children and
adolescents. Methods From September 2013 to December 2021, children and adolescents with normal develop-
ment were included from the following regions with three different altitudes: Beijing ( Peking Union Medical Col-

lege Hospital) at 43.5 m above sea level, Lhasa ( People’s Hospital of Tibet Autonomous Region) at 3 650 m,
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and Nagqu ( People’s Hospital of Nagqu and People’s Hospital of Nima County) over 4 500 m. Their demographic
information and left wrist radiographs were retrospectively analyzed. Assisted by an artificial intelligence bone age
(BA) software, a radiologist with 10 years of BA experience interpreted the BA using the Greulich-Pyle method.
The differences between BA and chronological age ( CA) in different age groups among different altitudes were
calculated and statistically analyzed. Results A total of 1 013 participants (671 boys and 342 girls) consisting
of 407 Han from Beijing, 456 Tibetan from Lhasa and 150 Tibetan from Nagqu were included. Generally, the BA
of children and adolescents in Beijing conformed to the CA, while the average BA of Tibetan children in Lhasa
and Naqu lagged behind the CA by 0. 50 and 1. 33 years, respectively. Compared with those in Beijing, the BA

of most age groups (7-18 years old) of Tibetan boys and girls lagged further behind the CA with the increase of

altitude. Conclusions

ger with the increase of altitude.

The BA of Tibetan children in plateau area lags behind their CA and the gap becomes lar-
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Table 1 Bone age, chronological age and their differences
among children and adolescents in Beijng,

Lhasa and Nagqu(Xx=s)

city n CA/year BA/year BA-CA/year
total

Beijing 407 12.30+4.28 12.53+4. 49 0.23+0.73

Lhasa 456 8.63+5.39 8.13+£5.52  -0.50+1.25"

Nagqu 150  11.98+4.74 10.65+£4.51  -1.33+1.45°
male

Beijing 253 12.83+4. 12 13.12+4. 41 0.29+0. 76

Lhasa 304 9.02+5. 48 8.57+5.65 -0.45+1.31"

Nagqu 114 12.23+4.77 10.90+4.60  -1.33+1.50"
female

Beijing 154  11.4324.41  11.55:4.48  0.12+0.65

Lhasa 152 7.85+5.15 7.26£5.16 -0.59+1. 11"

Nagqu 36 11.18x4.62 9.87+4.18 -1.31%1.30*

BA. bone age; CA. chronological age; “P<0.01 compared with Beijing.

bone age-chronological
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Fig1 Development of bone age of children and adole-

scents at three altitudes
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A.a 12.0 year-old boy from Beijing (43.5 m) with
bone age of 12.0 years; B.a 12.0 year-old boy from
Lhasa (3 650 m) with bone age of 11.5 years; C.a
12. 0 year-old boy from Nagqu (4 500 m) with bone
age of 10. 0 years
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Fig 2 Representative bone age images at three altitudes
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Table 2 Differences between bone age and chronological
age among different age groups of children and

adolescents in Beijing, Lhasa and Nagqu(x=+s)

male female

e st n BA-CA/year n BA-CA/year
0.3~6 years old

Beijing 30 -0.33%0.60 26 -0.03+£0. 32

Lahsa 145 -0.44+0.82 85 -0.54+0. 83

Nagqu 21 -0.43+0.78 7 -0.17£0. 41
7~12 years old

Beijing 81 0.21+0.71 69 0.15+0.71

Lhasa 65 -0.68x1.72" 32 -0.83+1.53"

Nagqu 22 -1.63+1.59" 10 -2.10£1.86"
13~18 years old

Beijing 142 0.47+0.75 59 0. 16+0. 69

Lhasa 94 -0.30+1.57" 35 -0.52+1.25"

Nagqu 71  -1.55+0.18" 19 -1.43£1.17"

BA. bone age; CA. chronological age; “P<0.01 compared with Beijing.
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