The Turkish Journal of Pediatrics 2026; Early View: 1-8

https://doi.org/10.24953/turkjpediatr.2026.5631 Original Article

Factors affecting distal femoral cartilage in healthy
adolescents: a cross-sectional ultrasonographic study
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ABSTRACT

Background. Distal femoral cartilage is the most commonly deteriorated articular cartilage during metabolic
and inflammatory processes. Musculoskeletal ultrasound (MSUS) is a widely accessible imaging modality to
assess distal femoral cartilage thickness (DFCT). This study aims to explore DFCT and associated factors in
healthy adolescents.

Methods. Healthy adolescents aged between 12-18 years were eligible for the study. The central points of the
medial and lateral femoral condyles and the intercondylar area were measured on bilateral knees by using
B-mode MSUS according to a predefined scanning protocol. The average of DFCT measurements was evaluated
according to age, sex, anthropometric measurements, exercise habits, and vitamin D levels.

Results. A total of 150 adolescents participated in the study, with a mean age of 15 year; 67% were female. Age
and sex were two factors showing significant effects on mean DFCT (p<0.001). A negative mild correlation
was observed between age and mean DFCT (r=-0.252, p=0.002). Weight, height, body mass index, and exercise
frequency were not related to DFCT. Participants with severe vitamin D deficiency had similar DFCT when
compared with others, and no correlation was observed between their levels (r=0.109, p=0.191).

Conclusion. DFCT varies during adolescence, with age and sex identified as the primary associated factors.
Anthropometric measurements, exercise frequency, and vitamin D levels did not show any effect on DFCT in
healthy adolescents.

Key words: knee, cartilage, adolescence, musculoskeletal ultrasound, vitamin.

Articular cartilage is important for easy and Musculoskeletal — ultrasound  (MSUS)  is

compact movement of diarthrodial joints,
ensuring optimal joint function and mobility.
Various factors, including chronic diseases,
mechanical overload, metabolic syndrome,
aging, and genetic factors can significantly
impact the structure, quantity, and quality of
cartilage.! Notably, distal femoral cartilage
(DEC) is one of the most commonly deteriorated
articular cartilages during metabolic and
inflammatory processes.?

increasingly used in imaging of joint structures
in the pediatric population with rheumatic
diseases.’ Recent efforts have been made on
normative data of the MSUS findings of joints in
children and adolescents.*® Most of these studies
were mainly focused on cartilage thickness.®”
Yet, B-mode MSUS is an excellent, reliable, and
feasible tool with a high level of agreement
with magnetic resonance imaging to assess
the DFC thickness (DFCT).®* The studies in
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adults without chronic conditions reported that
sex, height, vitamin D level, and professional
sports are contributors to DFCT.!**? Despite the
increased accessibility in the use of MSUS in the
pediatric population, there remains a paucity of
studies investigating DFCT and the associated
factors to DFCT.

This study aims to explore DFCT according to
age and sex and to examine its relationship with
anthropometric measurements, exercise habits,
and vitamin D levels during adolescence.

Materials and Methods

Study population and design

Adolescents aged between 12-18 years were
included in this cross-sectional study between
January-April 2023 in Tekirdag City Hospital in
the city of Tekirdag located on the Northwestern
coastline of Turkiye. Demographic and clinical
characteristics, exercise routines, and routine
laboratory data were noted. The participants
were grouped according to their ages as follows:
group 1: 212 and <14, group 2: 214 and <16, and
group 3: 216 years. Standard deviation scores
(SDS) of the anthropometric measurements
(weight, height, and body mass index [BMI])
were calculated according to the growth charts
of Turkish children.® Sex- and age-specific
BMI >95th percentile defined obesity."* Serum
25-hydroxy-vitamin D (25-OH vitamin D) levels
were considered deficient if <20 ng/mL and
severely deficient if <10 ng/mL. Health-related
quality of life (HRQoL) was evaluated using
the Pediatric Quality of Life Inventory Generic
Core Scales (PedsQL-GC) with young adult
self- and parent proxy-reports, which have
been translated and validated in the Turkish
adolescent population.!® The scale consists of
23 items encompassing four domains: physical,
emotional, social, and school functioning.
Domain scores were calculated as the mean of
the transformed item scores within each domain.
The Health Summary Score (HSS) in PedsQL
is a composite measure that reflects a child’s
overall HRQoL by combining key functional
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domains. The Physical HSS was calculated
by the physical functioning domain and the
Psychosocial HSS by the emotional, social, and
school functioning domains. Higher scores
indicate better HRQoL."” Adolescents were
excluded if they had a chronic disease, a history
of knee trauma in the preceding six months
or knee surgery. Adolescents with abnormal
laboratory tests suggesting chronic diseases
(e.g. hyperthyroidism) and those involved
in professional sports were also excluded.
The participants were recruited after their
routine well-child visit for an ultrasonographic
examination.

Ultrasonographic examination

A pediatric rheumatologist (POAA) and a
physiatrist (EGK), blinded to the clinical/
laboratory findings, measured DFCT by
MSUS within 10 days of the clinical visit of
the participants. Both clinicians had at least
three years of experience in MSUS. A senior
physiatrist (LO) technically controlled MSUS
images and measurements.

During the measurements, the participants
lay supine with their knees maximally flexed
and the probe positioned just superior to the
upper border of the patella in the transverse
plane. The greatest DFCT (hyaline/articular
cartilage) perpendicular to the bony surface
was visualized.”'® The central points of the
medial and lateral femoral condyles (right
lateral condyle: RLC, left lateral condyle: LLC,
right medial condyle: RMC, left medial condyle:
LMC), and the intercondylar area (RICA and
LICA) were measured bilaterally (Fig. 1). Atleast
three consecutive measurements of each were
taken and the average was noted. Likewise, the
average of the measured RLC, LLC, RMC, LMC,
RICA, and LICA was then defined as ‘mean
DFCT'. Intra- and inter-reader reliability of both
physicians among the measurements taken
from the same area on the same day were also
assessed. All measurements were performed
using either a 5-12 MHz linear transducer
(Siemens Acuson S3000) or a 12-2 MHz linear
transducer (Hitachi Arietta 65).
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2.2mm 2Dist:
Fig. 1. Distal femoral cartilage thickness measurement at the lateral condyle (1), intercondylar area (2), and

medial condyle (3)

The study complied with the Declaration of
Helsinki and it was approved by the local
Human Research Ethics Committee. Written
parental permission and assent were obtained
from all participants.

Statistical analysis

Descriptive statistics were defined by the
frequency (n) and percentage (%) for categorical
and mean + standard deviation (SD) or
median with interquartile range (IQR; 25th-
75th percentile) for continuous variables. The
Shapiro-Wilk test with distribution graphs
was performed to demonstrate the normality
of the data distribution. Categorical variables
between groups were compared by the chi-
square test while the Mann-Whitney U test was
used for continuous variables. The effects of age
group and sex on femoral cartilage thickness
were evaluated using a two-way analysis of
variance (two-way ANOVA) for each cartilage
measurement (mean DFCT, RLC, RICA, RMC,
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LLC, LICA, and LMC). Age group (three levels:
>12-14, >214-16, and >16-18 years) and sex (male,
female) were entered as fixed factors, and each
cartilage thickness parameter was analyzed as
a separate dependent variable. For each model,
main effects of age group and sex, as well as
the interaction effect (age*sex), were examined.
Assumptions of normality and homogeneity
of variances across groups was assessed using
the Shapiro-Wilk and Levene’s test to ensure
the validity of the model. Correlations between
clinical, laboratory, and ultrasonographic
measurements were evaluated by Pearson
coefficients (r), whereby r 20.2 was considered
significant, 0.4 - 0.6 as moderate, and r >0.6
as strong. Intra- and inter-reader reliability of
two physicians was determined by intraclass
correlation coefficient (ICC) with the 95%
confidence interval (CI) and ICC 20.75 was
considered an excellent level of reliability. All
data were analyzed using SPSS version 21.0.0
and statistical significance was set at p <0.05.
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Results

A total of 150 adolescents between the ages
of 12-18 years participated in the study. The
characteristics of the participants are shown in
Table I. DFCT measurements of the right and
left knee were strongly correlated (r for RLC and
LLC=0.862, p<0.001; r for RMC and LMC=0.861,
p<0.001; r for RICA and LICA=0.854, p<0.001).
Regarding MSUS measurements of the two
physicians, the ICC for intra- and inter-reader
reliability were 0.96 (0.95-0.97) and 0.86 (0.81-
0.90), respectively.

Comparison of the DFCT according to the age
groups and sex is given in Table II. Two-way
ANOVA revealed significant main effects of age
and sex on mean DFCT (p<0.001 for age and sex).
Overall, DFCT decreased with increasing age
and was consistently thicker in males compared
with females. The age*sex interaction was
significant for mean DFCT (p=0.040), indicating
that the age-related decrease in cartilage

Table I. Characteristics of the study population (N=150).
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thickness differed between males and females.
There was a negative mild correlation between
age and mean DFCT (Table III). Weight, height,
and BMI were not significantly correlated with
DFCT measurements. Serum 25-OH vitamin D
levels, weight, height, BMI, exercise habits, and
HRQoL did not differ between the age groups
(all p>0.05).

The participants with obesity had similar
mean DFCT as those with normal weight (2.16
mm, IQR 1.97-2.43 vs. 2.04 mm, IQR 1.80-2.32,
p=0.074). The mean DFCT of the participants
doing exercise regularly did not differ from the
others (2.10 mm, IQR 2.03-2.28 vs. 2.07 mm, IQR
1.87-2.37, p=0.673). The participants with severe
vitamin D deficiency demonstrated similar
mean DFCT when compared with others (1.96
mm, IQR 1.77-2.37 vs. 2.10 mm, IQR 1.88-2.34,
p=0.111) and there were no correlations between
vitamin D levels and mean DFCT (r=0.109,
p=0.191).

Age, years, mean +SD
Age groups, n (%)
Group 1: 212-14
Group 2: 214-16
Group 3: 216-18
Female sex, n (%)
Weight, SDS, mean +SD
Height, SDS, mean +SD
BMI, SDS, mean +SD
Obesity, n (%)
25-OH vitamin D level, ng/mL, mean +SD
25-OH vitamin D status, n (%)
Deficiency group: <20
Severe deficiency group: <10
Regular exercise, n (%)
PedsQL-GC, median (IQR)
Physical HSS, self-report
Physical HSS, parent proxy-report
Psychosocial HSS, self-report
Psychosocial HSS, parent proxy-report

1495+ 1.74

47 (31.3)
57 (38.0)
46 (30.7)
100 (66.7)

0.45+1.63

0.19 +1.03

0.30 + 1.57
30 (20.0)

13.53 +5.97

132 (88.0)
44 (29.3)
11(7.3)

84.38 (71.88-93.75)
87.50 (69.53-93.75)
75.00 (63.33-86.67)
79.17 (61.67-86.67)

BMI: body mass index, HSS: Health Summary Score, IQR: interquartile range, PedsQL-GC: Pediatric Quality of Life
Inventory-Generic Core, SD: standard deviation, SDS: standard deviation score.
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Table II. Comparison of distal femoral cartilage thickness measurements according to age groups and sex.*

Age All participants Female Male Main Main  Interaction:
Group mean+SD(n) mean+SD () meanSD (n) Effect: Age Effect: Sex Age*Sex
(p-value) (p-value) (p-value)
Mean >12-14 2.29 +0.39 (47) 2.07 £0.29 (24) 2.52 +0.35 (23) 0.001 <0.001 0.040
DFCT  >14-16 2.03:032(57) 2.02+0.33(47) 2.11+0.26 (10)
>16-18 2.04+031(46) 1.92+025(29) 2.24+0.29 (17)
RLC >12-14 2.36+0.42 (47) 2.12 £0.27 (24) 2.60 +0.40 (23) 0.001 <0.001 0.027
>14-16 2.09+033(57) 2.07+033(47) 2.17+0.35 (10)
>16-18 2.12+031(46) 2.03+0.31(29) 2.27+0.24 (17)
RICA  >12-14 2.23+0.43 (47) 2.04 £0.35 (24) 243 +0.42 (23) 0.076 <0.001 0.176
>14-16 2.04+039(57) 2.02+039 (47)  2.13+0.37 (10)
>16-18 2.03+0.36 (46) 1.88+026(29) 2.28=0.38 (17)
RMC >12-14 2.31+0.42 (47) 2.10 £ 0.63 (24) 2.53 +£0.41 (23) 0.002 <0.001 0.099
>14-16 2.04+035(57) 2.03+037(47) 2.12+0.21(10)
>16-18 2.03+0.36 (46) 1.91+0.30(29) 2.24+0.36 (17)
LLC >12-14 2.36 +0.40 (47) 2.13 £0.67 (24) 2.60 +0.32 (23) <0.001 <0.001 0.035
>14-16 2.07+034(57) 2.05+034(47)  2.14 +0.30 (10)
>16-18 2.05+033 (46) 1.92+028(29) 2.26+0.30 (17)
LICA >12-14 222+040(47) 2.01+0.65(24) 2.44+0.36 (23) 0.008 <0.001 0.032
>14-16  1.98 £ 0.36 (57) 1.98+0.38 (47)  2.01+0.23 (10)
>16-18 2.02+035(46) 1.89+0.27(29) 2.25+0.35(17)
LMC  >12-14 227+041(47) 2.04+0.62(24) 250+0.36(23)  <0.001 <0.001 0.071
>14-16 1.99+033 (57) 197+034(47)  2.09+0.31 (10)
>16-18 1.97+0.34 (46) 1.86+0.30(29) 2.16+0.32 (17)

*Two-way ANOVA; values are presented as mean + SD (mm).
DFCT: distal femoral cartilage thickness, LICA: left intercondylar area, LLC: left lateral condyle, LMC: left medial condyle,
RICA: right intercondylar area, RLC: right lateral condyle, RMC: right medial condyle, SD: standard deviation.

Table III. Correlation of distal femoral cartilage thickness with age and anthropometric measurements according

to sex.”
Mean DFCT, mm

All participants (n=150) Female (n=100) Male (n=50)
Age, years -0.252 (0.002) -0.163 (0.105) -0.315 (0.026)
Weight, SDS 0.149 (0.069) 0.208 (0.038) 0.006 (0.968)
Height, SDS 0.098 (0.232) 0.104 (0.301) -0.026 (0.858)
BMI, SDS 0.140 (0.087) 0.194 (0.053) 0.016 (0.912)
25-OH vitamin D, ng/mL 0.109 (0.191) 0.044 (0.667) -0.099 (0.507)

*Pearson correlation coefficients [r (p-value)]; mild: 0.2-0.39, moderate: 0.4-0.59, strong: > 0.6; p-value <0.05
BMI: body mass index, DFCT: distal femoral cartilage thickness, SDS: standard deviation score.
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Discussion

This cross-sectional study demonstrated that
age and sex were the major associated factors
of DECT in healthy adolescents. On the other
hand, anthropometric measurements, exercise,
and vitamin D levels did not show any relation
with DECT during adolescence.

Cartilage thickness has been reported to be
thicker during early childhood, decreasing till
the ages of 13-15 years, and almost stabilizing
thereafter.*' In line with this finding reported
by a few studies available in the literature, we
found that DFC was thicker in participants
below 14 years of age. Furthermore, we showed
that an inverse correlation was present between
age and DFCT during adolescence. The second
significant factor affecting DFCT was found to
be sex in our study, i.e., males had significantly
thicker DFC than females. The observed
interaction patterns suggest that the decrease
in DFCT with age during adolescence does not
progress uniformly between sexes. This result
is not only consistent with postpubertal and
adult reports but also with those of prepubertal
children, which suggests factors other than
sex hormones affect cartilage thickness.>”!
Of note, the reason for different cartilage
volumes between males and females even in the
prepubertal period remains unexplained in the
current literature.

A recent study reported that height, weight, and
BMI were not effectors of cartilage thickness in
school-aged children.” Another study found that
thinner cartilage was observed with increasing
height and weight in healthy children. Notably,
height was suggested to be the best predictor
of cartilage thickness with age.” Moreover, a
longitudinal study demonstrated a significant
positive correlation between the cartilage
volume accrual with changes in height but
not with weight. Indeed, children who were
overweight had similar cartilage volume as
children with normal weight** We found no
relationship between DFCT and height, weight,
and BMI. Also, obesity appeared not to affect
DECT. Although obesity is a well-known risk
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factor for osteoarthritis, it seems that its effect
on cartilage becomes apparent in older ages.'
Lastly, we did not observe any impact of regular
exercise on DFCT. However, the number of
children doing regular exercise was limited in
our study and we excluded those performing
professional sports to homogenize our sample.
A study in healthy young university students
showed that cartilage thickness was higher in
sportsmen and there was a direct relationship
between the muscle percentage and cartilage
thickness.?? Moreover, children undertaking
more vigorous sports showed higher amounts
of cartilage accrual.?

Vitamin D is an essential mediator in skeletal
health and there is a very well-known
association between vitamin D deficiency
and rickets, osteomalacia, and osteoporosis,
particularly in newborns, the elderly, and
high-risk patient populations. Besides, diverse
studies suggest that vitamin D has many
extraskeletal functions and that its deficiency
is related to several other diseases.”” Despite
its prevalent deficiency worldwide, there is no
consensus on the routine measurement of its
level and vitamin D supplementation in healthy
children.” Strikingly, vitamin D deficiency was
present in almost 90% of our study population
and one-third had severe vitamin D deficiency
despite living in a coastline city of Turkiye
with high numbers of sunny days. We showed
that the DFCT was not affected by severe
vitamin D deficiency. Fortunately, its potential
detrimental effects on cartilage are not clearly
evident during adolescence; however, opposite
reports in adults and the elderly delineate
further attention to implementing guidelines
on screening and supplementation of vitamin D
deficiency in this critical period of life.!****

This study has several limitations, including its
cross-sectional design and single-center setting.
Itinvestigated only DFC, although it is one of the
most commonly deteriorated articular cartilages
that is easily measured. Other cartilages can
also be evaluated in the future. Unfortunately,
the majority of the study population had low
vitamin D levels and they mostly demonstrated
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a sedentary lifestyle. Other environmental and
hormonal factors that might affect cartilage
thickness might have been included. Further,
it would be interesting to have follow-up visits
with longitudinal ultrasonographic evaluations
of cartilage thickness. Also, the structural
features that can be observed during MSUS,
such as surface irregularity or echogenicity,
might be taken into consideration in future
studies. Advanced methods for functional
and biomechanical assessment can be used to
support our findings. On the other hand, the
use of a standardized approach with excellent
reliability in MSUS examination represents an
important strength of our study.

In conclusion, DFCT shows variations during
adolescence, whereby age and sex are the main
associated factors, while weight, height, BMI,
and exercise seem to have no effects. Vitamin
D deficiency does not seem to affect DFCT in
adolescents; however, given its negative effect
on cartilage health in adults, longitudinal data
are needed.
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