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Abstract

Aim: To assess growth plate fusion by magnetic resonance imaging (MRI) and evalu-
ate the correlation with sex, age, pubertal development, physical activity and BMI.
Methods: Wrist, knee and ankle of 958 healthy subjects aged 14.0-21.5 years old
were examined using MRI and graded by two radiologists. Correlations of growth
plate fusion score with age, pubertal development, physical activity and BMI were
assessed.

Results: Complete growth plate fusion occurred in 75%, 85%, 97%, 98%, 98% and
90%, 97%, 95%, 97%, 98% (radius, femur, proximal- and distal tibia and calcaneus)
in 17-year-old females and 19-year-old males, respectively. Complete fusion occurs
approximately 2 years earlier in girls than in boys. Pubertal development correlated
with growth plate fusion score (p = 0.514-0.598 for the different growth plate sites)
but regular physical activity did not. BMI also correlated with growth plate fusion
(p = 0.186-0.384). Stratified logistic regression showed increased odds ratio (OR F:
2.65-8.71; M: 1.71-4.03) for growth plate fusion of obese or overweight subects ver-
sus normal-weight subjects. Inter-observer agreement was high (K = 0.87-0.94).
Conclusion: Growth plate fusion can be assessed by MRI; occurs in an ascending
order, from the foot to the wrist; and is significantly influenced by sex, pubertal de-

velopment and BMI, but not by physical activity.
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1 | INTRODUCTION

Evaluation of growth and maturation of children and adolescents
often entails a bone age, assessed from plain radiographs of the left
hand and wrist using the methods of Greulich and Pyle (GP) * based
on Caucasian children in Ohio, and Tanner and Whitehouse (TW) 2
based on children in the United Kingdom. These methods depict the
appearance of mineralisation and ossification using ionising radia-
tion yet bone itself is not driving the skeletal maturation process.
Instead, skeletal maturation is controlled by the hyaline cartilage
of the growth plate® which is not visualised on a radiograph and
complete maturity is reached first when the growth plate has been
completely transformed into bone. In forensic medicine, skeletal age
assessment has been applied to assess the age of young athletes in
international competitions, and more recently to assess the age of
refugees lacking valid date of birth documents.*? However, tradi-
tional methods of skeletal age assessment make use of ionising radi-
ation, raising ethical concerns about application outside the context
of clinical medicine.

In this context, magnetic resonance imaging (MRI) has emerged
as an alternative method to depict the growth plate, avoiding the use
of ionising radiation. MRI depicts accurately bone and soft tissues
not only anatomically but also physiopathologically. MRI can depict
the cartilaginous growth plate and sometimes even its individual
sublayers: the resting, proliferative and hypertrophic zones.’® MRI
has also been used to confirm that endochondral ossification has
been reached, and skeletal maturation is complete.11

In clinical practice, the onset and progress of puberty in adoles-
cents and young adults are carefully assessed, with the five-stage
system of secondary sexual characteristics (breast development,
pubis hair growth and testicular volume) developed by Marshall and

Tanner'?13

as a standard for pubertal assessments.

During puberty, sex steroids, primarily oestradiol, accelerate
skeletal maturation and hasten growth plate fusion,** but other
hormonal and nutritional factors may also play important roles. For
example, increased adipose tissue may affect puberty, and studies
have attempted to assess how hormonal differences in obese vis-
a-vis non-obese adolescents may affect skeletal- and chronological
age.’> This has become increasingly relevant with the increase of
obesity among children and youths.!”

Another point of contention is the issue of correct chronologi-
cal age in youth sports and whether physical activity with repetitive
micro trauma to a certain growth plate hastens the closure of the
growth plate (for example in soccer) or delays it (for example in gym-
nastics).'® Studies have been performed both on elite athletes and
on recreational youth athletes and their peers,w’20 but none have,
to our knowledge, studied the association between physical activity
and skeletal maturation by MR imaging.

The aims of the study were (a) to evaluate with MRI the timing of
closure between different bones in the axial skeleton in relation to
the subjects' chronological age and (b) to use MRI to assess whether
factors such as self-assessment of pubertal development (Tanner

scale), body mass index (BMI) and physical activity correlate with the

Key notes

e The growth plates fuse in an ascending order, from the
foot to the wrist, and females mature significantly ear-
lier than males.

e Overweight individuals are significantly more skeletally
mature than their peers.

e Physical activity does not significantly affect growth

plate fusion.

fusion of the different growth plates at different chronological ages
in a healthy population of adolescents and young adults.

2 | PATIENTS AND METHODS

This cross-sectional study consisted of 958 healthy volunteers
(481 females and 477 males) between 14.0 and 21.5 years old. The
study was performed from 2017 to 2018 in accordance with the
Declaration of Helsinki and was approved by the ethics committee
of Stockholm, Sweden. Written consent was obtained from all vol-
unteers and their legal guardians if necessary, according to ethical
guidelines. Inclusion criteria were as follows: (a) Birth in the country
in which the study was conducted; (b) Age verified by birth certifi-
cate from national authorities. Exclusion criteria were as follows: (a)
History of residency outside the country in which the study was
conducted for a period exceeding 6 months; (b) History of bilateral
trauma in close proximity to the growth plate; (c) Medical history
of chronic disease; (d) Long-term medication that might affect the
growth plate; (e) Pregnancy, past or current (all female volunteers

were tested); and (f) Non-compliance during MRI examination.

2.1 | MRI examinations

MRI was performed on a 1.5-T whole-body scanner with dedicated
coils. Growth plates of the distal radius, distal femur, proximal and
distal tibia, and calcaneus were examined with cartilage sequences.
The non-dominant side of the subject was favoured for the examina-
tion unless there was a history of trauma in close proximity to the
growth plate, in which case the dominant side was examined. All
examinations were done within 0-6 months of the subject's most
recent birthday.

Protocol settings varied according to the manufacturer recom-
mendations. We used the most commonly available MR scanners at
our hospitals: Signa (General Electric Healthcare), Achieva (Philips
Healthcare) and Magnetom Avanto Fit (Siemens Healthcare GmbH).
Each acquisition took approximately 4-5 minutes, and the total ex-
amination time for all three joints was around 30 minutes. Before
imaging, height and weight were measured and self-assessments of

physical activity and pubertal development on the Tanner scale!?*®
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were completed by the subjects. MRI studies were coded and ano-

nymised prior to evaluation.

2.2 | Image assessment

Images were examined and rated according to a system based
on Kellinghaus' modified version of Schmeling's developmental
stages®’, and the developmental stages by Dedouit et al® with minor
alterations. Our scale was introduced in a previous study?® in which

we defined the scale as follows:

e Stage 1. Continuous, stripe-like, cartilage signal intensity is pres-
ent between the metaphysis and the epiphysis with a thickness
greater than 1.5 mm with a multilaminar appearance.

e Stage 2. Continuous cartilage signal intensity is present between
the metaphysis and the epiphysis with a thickness greater than
1.5 mm with increased signal intensity but without a multilaminar
appearance.

e Stage 3. Continuous cartilage signal intensity is present between
the metaphysis and the epiphysis with a thickness less than

1.5 mm with increased signal intensity.

Stage 3

Stage 4a

Radius

Distal Femur

Proximal Tibia

Distal Tibia

Calcaneus
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e Stage 4a. The cartilage is not continuous. A hazy area involving
one third or less of the growth plate is present between the me-
taphysis and the epiphysis, representing epiphyseal-metaphyseal
fusion.

e Stage 4b. The cartilage is not continuous. A hazy area involving
between one third and two thirds of the growth plate is present
between the metaphysis and the epiphysis, representing epiphy-
seal-metaphyseal fusion.

e Stage 4c. The cartilage is not continuous. A hazy area involving
more than two thirds of the growth plate is present between the
metaphysis and the epiphysis, representing epiphyseal-metaphy-
seal fusion.

e Stage 5. The epiphyseal cartilage has fused completely, with or
without an epiphyseal scar. (Figure 1)

The image with the highest degree of closure was considered the
most developed and was graded according to the modified staging
system. Stage 5 grading required that the growth plate be completely
closed on all images. All subjects were graded by two paediatric ra-
diologists with 25 and 3 years of experience in paediatric radiology,
respectively. The radiologists were blinded to the age and sex of the

subjects as well as to the assessments of the other radiologist. In

Stage 4b Stage 4¢

FIGURE 1 Eachrow is one of the five growth plates studied, and each column represents a different stage of closure in our study
population. The open arrows in stage 4a and 4b indicate areas where bone bridging is present while the solid white arrows in stage 4c

indicate areas where the growth plate still is unfused
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TABLE 1 Demographicinformation of the study population by age, sex and BMI + standard deviation in each subgroup
Age (yo) 14 15 16 17 18 19 20 21 Total
Male (N) 60 61 60 63 58 60 60 61 477
BMI 198+ 2.4 20.7 £ 2.6 21.1+3.2 21.4 +2.7 224 +4.0 226 +3.4 23.5+4.0 23.1+4.6 21.8 +3.6
Female (N) 62 62 60 60 61 59 57 60 481
BMI 214+ 3.5 22.1+3.0 22.0+28 22.7 +3.7 23.5+4.4 22.0+ 3.6 225+ 3.6 228 +2.7 224 +3.5
Total 122 123 120 123 119 119 117 121 958

Abbreviations: BMI, body mass index; N, number of subjects; yo, years old.

TABLE 2 Ratio among subjects with completely closed growth plates (stage 5), by growth plate for males and females in each age group

Calcaneus

Gender Age Radius (%) Femur (%) Proximal Tibia (%) Distal Tibia (%) (%)

Male 14 0/59 (0) 0/60 (0) 0/60 (0) 3/60 (5.0) 11/60 (18.3)
15 1/59 (1.7) 0/60 (0) 2/60 (3.3) 11/60 (18.3) 31/59 (52.5)
16 5/60 (8.5) 10/60 (16.7) 12/60 (20.0) 35/60 (58.3) 46/60 (76.7)
17 15/61 (24.6) 26/61 (42.6) 34/61(55.7) 54/61 (88.5) 60/61 (98.4)
18 34/57 (59.6) 48/58 (82.7) 50/57 (87.7) 57/58 (98.3) 58/58 (100)
19 52/58(89.7) 58/60 (96.7) 57/60 (95.0) 58/60 (96.7) 59/60 (98.3)
20 53/54 (98.1) 54/54 (100) 54/54 (100) 52/54 (96.3) 54/54 (100)
21 59/59 (100) 60/60 (100) 60/60 (100) 60/60 (100) 60/60 (100)

Female 14 3/62 (4.8) 6/62 (9.7) 12/62 (19.4) 31/62 (50) 44/61 (72.1)
15 8/60 (13.3) 25/62 (40.3) 33/62(53.2) 52/62 (83.9) 56/62 (90.3)
16 26/60 (43.3) 42/60 (70.0) 53/60 (88.3) 55/59 (93.2) 56/58 (96.6)
17 45/60 (75.0) 51/60 (85.0) 58/60 (96.7) 59/60 (98.3) 59/60 (98.3)
18 55/61 (90.2) 59/60 (98.39) 60/60 (100) 61/61 (100) 61/61 (100)
19 57/57 (100) 58/58 (100) 58/58 (100) 58/58 (100) 58/58 (100)
20 57/57 (100) 57/57 (100) 57/57 (100) 57/57 (100) 57/57 (100)
21 60/60 (100) 60/60 (100) 60/60 (100) 60/60 (100) 60/60 (100)

cases of disagreement, a third independent reading was performed

by a paediatric radiologist with 13 years of experience.

2.3 | Statistical analysis

Weighted Cohen's kappa (K) was calculated from the results from
the paediatric radiologists to evaluate inter- and intra-observership
agreement.22 Each growth plate was calculated separately. There
was an excellent inter-observer agreement (Radius K = 0.91-0.92;
Femur K = 0.87-0.91; Proximal Tibia K = 0.89-0.92; Distal Tibia
K =0.87-0.91; Calcaneus K = 0.92-0.94), validating our method.?
Spearman's rank correlation coefficient was calculated to evalu-
ate whether BMI, pubertal development or physical activity affected
the maturity of the five growth plates included in this study.
Calculations were also performed to evaluate at what age growth
plate closure was complete (stage 5) by logistic regression. Multiple
logistic regressions were performed to calculate the odds ratio for

each growth plate. Stage 5 was used as a dependent variable, and

BMI, age, and sex were used as independent variables. Conditional
logistic regression stratified for age and sex was also performed to
further evaluate whether BMI had an impact on the rate of maturity.
Age- and sex-adjusted BMI was computed using the Swedish growth
reference data, and iso-BMI 25 was used to categorise individuals as
normal- or overweight.

The R software package, version 3.5.3, (The R Project for
Statistical Computing) was used for the statistical analysis. A P-value

of <.05 was considered significant.

3 | RESULTS

Demographic data are visualised in Table 1. Most of the study popu-
lation were normal weight. Overweight was observed in 19.5% of
females and 14% of males and obesity in 3.1% of females and 3.6%
of males according to age-adjusted BMI.

The chronological age of complete growth plate fusion followed

a distinct pattern whereby the first site of complete growth plate
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Stage
Radius Stage Femur Stage Prox. Tibia
Stage Radius 1.000 0.855 0.838
<0.001 <0.001
Stage Femur 1.000 0.908
<0.001
Stage Prox. Tibia 1.000

Stage Dist. Tibia

Stage Calcaneus

Tanner

BMI

Physical activity

ACTA PEDIATRICA ERYYAEF eV B

TABLE 3 Spearman correlation matrix for males for all five growth plates as well as Tanner, BMI and physical activity

Physical
Stage Dist. Tibia Stage Calcaneus Tanner BMI Activity
0.703 0.607 0.596 0.384 -0.069
<0.001 <0.001 <0.001 <0.001 0.135
0.739 0.573 0.0592 0.368 -0.049
<0.001 <0.001 <0.001 <0.001 0.282
0.777 0.667 0.597 0.365 -0.056
<0.001 <0.001 <0.001 <0.001 0.219
1.000 0.788 0.598 0.346 -0.037
<0.001 <0.001 <0.001 0414
1.000 0.514 0.308 -0.058
<0.001 <0.001 0.203
1.000 0.319 -0.036
<0.001 0.436
1.000 0.041
0.366
1.000

Note: The table shows whether there is a correlation between two variables and if it is significant.

closure was the calcaneus, followed by distal tibia, proximal tibia and
distal femur, and then the distal radius, in ascending order. The age at
which at least 50% and 90% of females had fused their growth plates
occurred between 14-17 and 15-18 years, respectively (Table 2).
In boys the age at which at least 50% and 90% had fused their growth
plates occurred between 15-18 and 17-20 years, respectively. All fe-
males aged 19 years and older had closed growth plates at all sites
while all males were closed at all sites at the age of 21 years.

Spearman's rank correlation coefficient for the different vari-
ables was calculated separately for each sex and can be seen in
Tables 3 and 4. Spearman's intercorrelation matrix showed a moder-
ate correlation (p = 0.514-0.598; P < .001) between the Tanner score
and the maturity of the growth plates for males and moderate to low
correlation (p = 0.287 -0.513; P < .001) for females.

The correlation between BMI and growth plate maturity was low
for males (p = 0.308-0.384; P <.001) and low to very low for females
(p=0.186-0.222; P < .001). There was no significant correlation be-
tween physical activity and growth plate maturity in either sex.

Logistic regression of the five growth plates showed that females
in the study population were more likely than males to be stage 5,
by an odds ratio of 8.57-28.81 (Table 5). The regression model also
showed that individuals were more likely to be stage 5 for each ad-
ditional year of age, with an odds ratio of 4.18-5.62. In the stratified
version of the conditional logistic regression, it was more likely for
an overweight or obese individual to be stage 5 than an individual of
ordinary weight, with odds ratios for females between 2.65 and 8.71
and for males between 1.71 and 4.03 (Table 6). Odds ratios for fe-
males were overall significant (P < .05) for all growth plates with the
exception of the proximal tibia. Odds ratios for males were signifi-
cant only for the radius (P < .01) and the distal tibia (P < .05). Odds
ratios for males were not significant for the distal femur (P < .1), the

proximal tibia (P < .1), or the calcaneus (P < .3).

4 | DISCUSSION

In this study, we used MRI to assess growth plate fusion in 958
healthy subjects aged 14.0-21.5 years old at five different growth
plate locations and found that the closure of the different growth
plates follows a distinct ascending pattern whereby the calcaneus
is the first location to fuse, followed by the distal tibia, proximal
tibia, and distal femur, with the distal radius being the last growth
plate to fuse. These results are unique since no other MRI studies
have examined five growth plates in the same study of such a large
population.

As expected, female growth plates close approximately 2 years
before male (Table 2). GP has considered 17-year-old females and
19-year-old males to have complete fusion of the radial growth
plate.1 In our study, complete fusion of the distal radius is seen in
75% of 17-year-old females and 90% of 19-year-old males.

Our inter-observer agreement is excellent, in line with previous
studies.®112* These results support our theory that our MRI staging
scale is a reliable and functional tool for paediatric radiologists, but
further evaluation of these results is needed.

The self-assessed Tanner scores in comparison with the growth
plate maturity showed moderate correlation among males and
moderate to low correlation among females (Tables 3 and 4). Our
study used a similar questionnaire to Chavarro et al®® for self-as-

12,13’ and

sessment, with drawings depicting the five Tanner stages
a description of each stage. Chavarro et al did not record a differ-
ence among either females or males between self-assessment and
clinical assessment of pubic hair staging. Males especially tended
to overrate their genitalia staging, and therefore, their assessment
was considered inferior to assessment by a clinician. Despite these
results, there is no doubt that self-assessment is subjective, and it is

not considered a reference standard, while clinical assessment by a
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TABLE 4 Spearman correlation matrix for females for all five growth plates as well as Tanner, BMI and physical activity
Stage Physical
Radius Stage Femur Stage Prox. Tibia Stage Dist. Tibia  Stage Calcaneus Tanner BMI Activity
Stage Radius 1.000 0.828 0.759 0.551 0.377 0.513 0.222 0.095
<0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.05(0.043)
Stage Femur 1.000 0.846 0.615 0.431 0.500 0.210 0.043
<0.001 <0.001 <0.001 <0.001 <0.001 0.343
Stage Prox. Tibia 1.000 0.717 0.496 0.445 0.216 0.019
<0.001 <0.001 <0.001 <0.001 0.686
Stage Dist. Tibia 1.000 0.516 0.378 0.219 0.028
<0.001 <0.001 <0.001 0.542
Stage Calcaneus 1.000 0.287 0.186 -0.049
<0.001 <0.001 0.285
Tanner 1.000 0.261 -0.026
<0.001 0.560
BMI 1.000 0.059
0.197
Physical activity 1.000

Note: The table shows whether there is a correlation between two variables and if it is significant.

TABLE 5 Odds ratio after logistic

Radius Femur Proximal Tibia Distal Tibia Calcaneus .
regression model

Age 471 5.06 5.62 4.28 4.18

P<.01 P<.01 P<.01 P<.01 P<.01
Gender 8.57 13.60 28.81 14.64 9.20

P<.01 P<.01 P<.01 P<.01 P<.01
BMI 3.22 2.75 2.80 3.13 2.60

P<.01 P<.01 P<.01 P<.01 P<.02

Note: The model evaluates how much age, gender or BMI affects the odds of an individual to be

stage 5 or not.

Radius Femur Proximal Tibia Distal Tibia
Male 4.03 2.45 2.50 2.97
P<.01 P<.1 P<.1 P <.05
(P=.087) (P=.073) (P=.026)
Female 2.65 2.73 3.02 4.23
P<.01 P<.01 P=.11 P<.02

paediatrician is considered the gold standard for assessment of pu-
bertal development.

Concerning the relationship between weight and closure of the
growth plate, odds ratios for stage 5 closure are significantly higher
for overweight or obese subjects vs normal-weight subjects in the
female population (for all growth plates except the proximal tibia).
Among obese and overweight males, the same pattern is observed
for the growth plates of the radius and distal tibia. These results are in
line with results by Sopher et al,*” which found that obese adolescent
boys had more advanced bone age than their peers. The bone age
assessment should be possible even in plain radiographs, although
we used MRI to evaluate bone maturation. To investigate further, we
compared the height of overweight and normal-weight individuals
with completely closed growth plates at all five locations. We did not

observeasignificantdifferencein height betweenthese groups, either

TABLE 6 Conditional logistic

SN regression stratified for age and gender
1.71 to calculate odds ratios for overweight

P<.3 individuals to be stage 5 in comparison

(P =.258) with their peers

8.71

P <.05

among females (normal weight N = 234, mean height = 166.4 + SD
6.4 cm; overweight N = 77, mean height = 166.2 + SD 7.0 cm) or
males (normal weight N = 166, mean height = 180.7 + SD 8.8 cm;
overweight N = 53, mean height = 179.3 + SD 7.4 cm). These results

|'26

are similar to Brener et al,“® and as such, we find their conclusion that

obese adolescents' “risk ... impairment of their potential genetic adult
height” to be a tendentious assertion. Our study also contradicts
conclusions of Pinhas-Hamel et al?” that obese children have more
advanced BA associated with lower mature height. Our population
(Table 2) is more mature than the population reported by McKern
et al,?® whose autopsy study found that 29% of 17- to 18-year-olds
(16 out of 55) and 40% of 19-year-olds (21 out of 52) had completely
closed growth plates of the distal radius. Our results support our
hypothesis that the age of complete maturity decreased during the

second half of the past century.
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The prevalence of overweight and obese adolescents seems to
have increased among females but remained stable among males in
our study, in comparison with a questionnaire study from 2008.2” That
study showed that a population of 15-year-olds in Western Sweden
contained 9.9% overweight and 1.9% obese females and 15.1% over-
weight and 3.0% obese males. Globally, there has been an increase
of childhood and adolescent obesity since Winquist's study was con-
ducted.” Adipose tissue is a complex organ with an endocrine com-
ponent that synthetises leptin and aromatase. Aromatase converts
androgens to oestrogen which may be a factor in thelarche in females.
Therefore, obesity may itself affect the onset of puberty. Anincrease of
adipose tissue also raises insulin resistance, hyperinsulinism, increased
insulin levels of factor 1 (IGF-1), and a decrease of the sex-binding hor-
mone protein (SHBG).>*%3! |GF-1 is linked to growth hormone (GH),
which together with sex hormones is responsible for the growth spurt
during puberty. Most studies have been performed on pre-pubescent
populations and may not be relevant for comparison with our popula-

Y7 assert

tion which is pubescent and/or post-pubescent. Sopher et a
that a sole focus on BMI does not account for other potentially signifi-
cant factors such as muscle-fat quota or percentage of body fat. Ergo,
BMI may well be higher in very active subjects due to greater muscle
mass in comparison with their peers, as opposed to adipose tissue.
Our results show no significant correlation between regular phys-
ical activity and the maturation of the growth plates except for a very
low correlation in the female distal radius (Tables 3 and 4), indicating
regular physical activity. It has been difficult to prove a correlation
between growth plate fusion and physical activity/mechanical load
in the general population.*??° In contrast, a review of the literature'®
found that elite male soccer players often have a more mature bone
age while elite female gymnasts often have a lower bone age than
chronological age. Obvious limitations of these studies are the lack of
objectively established chronological age, i.e. birth certificates, and
the lack of control groups. It is likely that selection bias, at least in
part, explains these findings. It is plausible that underdeveloped male
soccer players do not have the same physical capacity and therefore
cannot perform as well on an elite level than their more mature coun-
terparts. In gymnastics, smaller and thinner girls have an advantage
that may result in a selection bias against more physically mature fe-
male gymnasts. Therefore, the extent to which various physical activ-
ities and mechanical loads may affect maturation of the growth plate
is still unclear. In addition, the extreme loading associated with elite
gymnastics and weight lifting is limited to a statistically insignificant
percentage of the larger population and will thus have little impact
on the average tempo of skeletal maturation and growth plate fusion.

4.1 | Limitations

Firstly, pubertal development was self-assessed and not assessed by
a paediatrician. Therefore, it is uncertain if the stages of puberty
were accurately reported. One must also consider that our study
population was either in puberty or post-puberty. (Puberty starts

at the age of 8-13 years for females and 9-14 for males.) In addition,
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measurements of sex hormone levels (IGF-1 or GH) were not taken
to evaluate if hormonal levels correlated with pubertal stages.
Assessment of sexual characteristics by a paediatrician and blood
sample analysis would have been costly, invasive, and stressful, thus
complicating the recruitment process.

Second, as stated above, BMI is but a blunt tool to evaluate
obesity. Additional assessment of muscle-fat ratio along with mea-
surements to evaluate lean muscle mass or the amount of visceral/
subcutaneous fat could have improved the accuracy of classification
as overweight or normal weight. We included self-assessment of
physical activity as a proxy to determine whether a higher BMI was

caused by greater muscle mass or adipose tissue.

5 | CONCLUSION

Implementation of MRI to determine the degree of growth plate
fusion is feasible. In agreement with clinical observation, female
growth plates close significantly earlier than male growth plates.
Interestingly, regular or ordinary physical activity may not have sig-
nificant effect on the maturation process among normal populations
of healthy subjects. However, overweight seems to have a mod-
est but significant effect on growth plate fusion. To date, no large,
prospective, population-based study has assessed the appearance
of the growth plate in multiple regions in healthy adolescents and
young adults. A prospective study with a large population of younger
subjects to re-examine growth plate maturation at different ages

(pre-/post-puberty) would be of value.
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