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Şükrü Güngör 1 , Raikan Büyükavcı 2,* , Fatma İlknur Varol 1 , Emre Gök 1 and Semra Aktürk 3
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Abstract

Background/Objectives: Malnutrition is an imbalance of nutrients required for growth,
development, and organ function. Its impact on bone development is known, but its effects
on cartilage remain unclear. This study aimed to evaluate the femoral cartilage thickness in
children with primary malnutrition. Methods: In this cross-sectional observational study,
83 children with primary malnutrition and 62 age- and sex-matched healthy controls were
included. Patients with primary malnutrition were classified as mild, moderate and severe.
Femoral cartilage thickness measurements of all children were taken by ultrasound from
the femoral lateral condyle, femoral medial condyle and intercondylar area for both knees
with the patient in a supine position with the knees flexed 90 degrees. Results: The right
lateral, right medial, left lateral, and left medial femoral cartilages were significantly thicker
in patients with malnutrition compared to those without malnutrition (p = 0.002, 0.004,
<0.001, and 0.001, respectively). A significant negative correlation was found between age,
weight Z-score, and height Z-score and triceps skinfold thickness. Conclusions: Distal
femoral cartilage thickness is significantly greater in children with primary malnutrition.
This demonstrates the effect of nutritional factors on cartilage tissue and suggests that
children with chronic malnutrition are at risk for both knee joint problems and short stature
later in life.

Keywords: cartilage; child health; malnutrition; ultrasound

1. Introduction
Malnutrition is an imbalance of nutrients required for growth, development, and

organ function [1]. There are two types of malnutrition: primary and secondary. Primary
malnutrition occurs as a result of inadequate dietary intake, while secondary malnutrition
develops as a result of underlying medical conditions such as heart disease, immune
deficiencies, renal failure, and celiac disease [2]. Primary malnutrition is common in
developing countries as a result of inadequate food supply caused by social, economic
and environmental factors [3]. In cases of malnutrition, the body attempts to provide the
necessary energy by catabolizing protein, carbohydrates, and fat to protect vital organs. If
this adaptive metabolic response is prolonged, all organs except the brain begin to shrink.
Growth retardation (due to chronic malnutrition) is defined as a height-for-age Z-score
below −2, indicating stunted linear growth due to long-term nutritional deficiency or illness.
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Acute malnutrition (wasting) is characterized by a weight-for-height Z-score below −2,
reflecting recent or severe weight loss. Underweight is defined as a weight-for-age Z-score
below −2, which may represent a combination of chronic and acute malnutrition [4,5].

Measuring femoral cartilage thickness by ultrasonography (USG) in the pediatric pop-
ulation has many advantages: it is safe, does not involve ionizing radiation, is noninvasive,
is well accepted by children, does not require sedation, and can be performed at the bedside.
Therefore, studies evaluating femoral cartilage thickness using USG have gained increasing
attention due to their potential to detect early cartilage changes. Femoral cartilage thickness
is known to vary based on several factors, including age, gender, and physical activity
levels, as these influence cartilage metabolism and load-bearing capacity. Additionally,
preexisting inflammatory diseases, such as rheumatoid arthritis and psoriatic arthritis, can
accelerate cartilage degradation, leading to measurable thinning. Furthermore, nutritional
factors like vitamin D levels play a critical role in cartilage health by modulating bone
and cartilage metabolism. Understanding these variables is essential for interpreting USG
findings accurately and for distinguishing pathological changes from normal physiological
variations [6–8]. Moreover, femoral cartilage thickness reflects overall cartilage health and
integrity. Nutrition-related factors, including protein, calcium, and vitamin D, influence
cartilage metabolism. Studies have demonstrated altered cartilage development in chil-
dren with protein–energy malnutrition, potentially contributing to joint problems later in
life [9,10].

To our knowledge, there is no study in the literature that shows the effects of malnutri-
tion on cartilage in pediatric patients. Therefore, the aim of our study was to determine the
effect of primary malnutrition on femoral cartilage thickness in both knees.

2. Materials and Methods
2.1. Study Design and Ethical Approval

This cross-sectional observational study was conducted at the Pediatric Gastroenterol-
ogy, Hepatology, and Nutrition Clinic. Ethical approval was obtained from the Inonu
University Scientific Research and Publication Ethics Committee, Health Sciences Scien-
tific Research Ethics Committee (approval date: 13 December 2022, session number: 20,
decision number: 2022/4163). This study was conducted in accordance with the Declara-
tion of Helsinki, and informed consent was obtained from all participants and/or their
legal guardians.

2.2. Participants

Children aged 2 to 16 years were included in two groups:

• Patients diagnosed with primary malnutrition
• Age- and sex-matched healthy controls (because femoral cartilage thickness varies with

age and sex [11], the control group was matched accordingly to reduce confounding).

Primary malnutrition patients were further classified into mild, moderate, and severe
groups based on anthropometric Z-scores (weight, height, BMI, and mid-arm circumference).

2.3. Inclusion and Exclusion Criteria

Inclusion criteria: (1) children aged 2–16 years, (2) diagnosis of primary malnutrition
based on anthropometric Z-scores, and (3) absence of chronic or systemic disease.

Exclusion criteria: Presence of chronic diseases that may cause secondary malnutrition,
such as heart failure, chronic liver disease, renal failure, diabetes mellitus, celiac disease,
cystic fibrosis, cerebral palsy, or short bowel syndrome. History of knee injections and/or
surgery within the past year.
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2.4. Anthropometric Measurements

All anthropometric measurements were performed on the day of ultrasound examina-
tion by trained personnel using standardized protocols.

Height: Measured without shoes or socks using a portable vertical stadiometer, cali-
brated to the nearest millimeter. Hair accessories were removed before height measurement.

Weight: Measured wearing light clothing (T-shirt and shorts) with a digital electronic
scale calibrated to the nearest 0.1 kg.

Body Mass Index (BMI): Calculated as weight (kg) divided by height squared (m2).
Mid-Arm Circumference (MAC): The midpoint between the acromion and olecranon

was identified, and three separate measurements were taken using a non-stretchable tape
measure; the average was recorded [12].

Triceps Skinfold Thickness (TST): Skin and subcutaneous tissue were gently pulled
away from the muscle using two fingers. Three measurements were taken at this site using
a caliper device, and the average was calculated [12].

2.5. Diagnostic Criteria for Primary Malnutrition

Primary malnutrition describes patients with malnutrition due to inadequate intake
and no underlying disease. Anthropometric measurement Z scores between −1 and −2
were classified as mild malnutrition, those between −2 and −3 as moderate malnutrition,
and those below −3 as severe malnutrition (Table 1). In this study, we determined the
degree of malnutrition according to the weight-for-age Z-score [13].

Table 1. Determination of degree of malnutrition.

Normal Malnutrition

n-%
Mild
n-%

Moderate
n-%

Severe
n-%

Weight Z score
−1 < Weight Z score ≤ 2 −2 < Weight Z score ≤ −1 −3 < Weight Z score ≤ −2 ≤−3

61–42.4 16–11.1 43–29.9 24–16.7

Height Z score
−1 < Height Z score ≤ 2 −2 < Height Z score ≤ −1 −3 < Height Z score ≤ −2 ≤−3

79–54.9 29–20.1 25–17.4 11–7.6

MAC
Z score

−1 < MAC Z score ≤ 2 −2 < MAC Z score ≤ −1 −3 < MAC Z score ≤ −2 ≤−3

50–34.7 45–31.3 28–19.4 21–14.6
Abbrevations: MAC: mid-arm circumference.

2.6. Ultrasonographic Measurement of Femoral Cartilage Thickness

Femoral cartilage thickness was measured bilaterally by an experienced physiatrist
using an Esaote (Genova, Italy) Mylab 70 ultrasound machine with a 6–18 MHz linear probe.
The patient rested in the supine position for 15 min prior to measurement. Measurements
were taken with both knees flexed at 90◦ and cartilage thickness was recorded in millimeters
(mm) (Figure 1).

2.7. Power Analysis

Using a t-test for the difference between two independent means, with an alpha level
of 0.05, effect size of 0.5, and power of 0.85, the minimum sample size was calculated as
59 per group (patient and control). The total planned sample size was at least 118.
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Figure 1. Ultrasound measurement of cartilage thickness. 1: Intercondylar area (ICA), 2: medial
femoral condyle (MFC), and 3: lateral femoral condyle (LFC).

2.8. Statistical Analysis

Data were analyzed using SPSS version 22 (IBM Corp., Armonk, NY, USA). Descriptive
statistics are presented as mean ± standard deviation (SD), number (n), and percentage (%).
The Kolmogorov–Smirnov test was used to assess the normality of continuous variables.
For normally distributed data, comparisons between two groups were made using Student’s
t tests, and comparisons between two or more groups were made using one-way ANOVA.
For non-normally distributed data, the Mann–Whitney U test (two groups) or the Kruskal–
Wallis test (multiple groups) were used. Categorical variables were analyzed using Chi-
square tests. Differences in cartilage thickness between the healthy control group and
the malnutrition group were analyzed using independent Student’s t tests. Differences in
cartilage thickness according to the severity of malnutrition were analyzed using one-way
ANOVA. The correlation between anthropometric measurement Z-scores and cartilage
thickness was calculated using the Pearson correlation coefficient. A p-value < 0.05 was
considered statistically significant.

3. Results
The number of cases included in this study was 144. Of these, 83 were malnourished

and 61 were healthy controls. The mean age of the malnourished group was 7.84 ± 4.62,
and the mean age of the healthy group was 7.86 ± 5.36. The malnourished group included
39 girls (47%) and 44 boys (53%), while the healthy control group included 32 girls (52.5%)
and 29 boys (47.5%). There was no significant difference between the groups in terms of
age or gender (p: 0.992, p: 0.512, respectively).

When patients were evaluated according to their weight Z-score, 61 patients (42.4%)
were normal, while 16 patients (11.1%) had mild underweight, 43 patients (29.9%) had
moderate underweight, and 24 patients (16.7%) had severe underweight. When patients
were evaluated according to their height Z-score, 79 patients (54.9%) were normal, 29 pa-
tients (20.1%) had mild stunting, 25 patients (17.4%) had moderate stunting, and 11 patients
(7.6%) had severe stunting. When patients were evaluated according to the MAC Z-score,
50 patients (34.7%) were normal, 45 patients (31.3%) had mild malnutrition, 28 patients
(19.4%) had moderate malnutrition, and 21 patients (14.6%) had severe malnutrition. Ac-
cordingly, the MAC Z-score was selected to detect malnutrition of approximately 10% more
than the weight loss Z-score (according to Gomez’s malnutrition classification) (Table 1).

There was no significant difference between the groups in terms of age or gender
(p: 0.976, p: 0.516, respectively). We found that the right lateral, right medial, left lateral
and left medial cartilages were significantly thicker in malnourished patients than in the
healthy group (p = 0.002, p = 0.004, p < 0.001, and p < 0.001, respectively). Right and left
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intermedial cartilage thicknesses were not different between the groups (p = 0.174 and
p = 0.345, respectively) (Table 2).

Table 2. Evaluation of differences in cartilage thickness between groups.

Healthy Group (62)
n-%

Malnutrition (83)
n-% p

Gender

0.516Female 32–52.5 39–47

Male 29–47.5 44–53

Mean ± SD Mean ± SD

Age (months) 7.84 ± 4.62 7.86 ± 5.36 0.976

R-FLC (mm) 3.02 ± 0.84 3.64 ± 1.41 0.002

R-ICA (mm) 3.07 ± 0.79 3.26 ± 0.91 0.174

R-MLC (mm) 3.19 ± 0.78 3.73 ± 1.38 0.004

L-FLC (mm) 2.92 ± 0.73 3.59 ± 1.39 <0.001

L-ICA (mm) 3.07 ± 0.76 3.19 ± 0.73 0.345

L-MLC (mm) 3.14 ± 0.77 3.84 ± 1.41 <0.001
Abbreviations: R: right; L: left; FLC: femoral lateral condyle; ICA: intercondylar area; MLC: femoral medial
condyle; SD: standard deviation. Statistics: independent Student’s t test; Significance level set at p < 0.05.

When cartilage thickness was evaluated according to the degree of malnutrition,
we found that the right lateral, right medial, left lateral and left medial cartilages were
significantly thicker in patients with moderate to severe malnutrition compared to the
healthy group (p = 0.002, p = 0.004, p < 0.001, and p < 0.001, respectively). Cartilage was
thicker in the mildly malnourished group compared to the healthy control group, but there
was no statistically significant difference. Although the right and left intermedial cartilages
were thicker in all degrees of malnutrition, this difference was not statistically significant
(Table 3).

Table 3. Evaluation of cartilage thickness according to malnutrition groups.

Healthy
Group

(61)
Mean ± SD

Mild
Malnutrition

(16)
Mean ± SD

Moderate
Malnutrition

(43)
Mean ± SD

Severe
Malnutrition

(24)
Mean ± SD

p

Age (months) 7.84 ± 4.62 4.48 ± 1.08 5.54 ± 0.85 8.14 ± 5.82 0.992

R-FLC (mm) 3.02 ± 0.84 α 3.59 ± 1.12 3.63 ± 1.53 β 3.68 ± 1.40 β 0.034

R-ICA (mm) 3.07 ± 0.79 3.19 ± 0.93 3.24 ± 0.94 3.35 ± 0.56 0.527

R-MLC (mm) 3.19 ± 0.78 α 3.43 ± 1.22 3.77 ± 1.46 β 3.87 ± 1.37 β 0.036

L-FLC (mm) 2.92 ± 0.73 α 3.56 ± 1.16 3.60 ± 1.41 β 3.60 ± 1.55 β 0.010

L-ICA (mm) 3.07 ± 0.76 3.11 ± 0.61 3.15 ± 0.78 3.34 ± 0.73 0.520

L-MLC (mm) 3.14 ± 0.77 α 3.69 ± 1.34 3.87 ± 1.48 β 3.90 ± 1.38 β 0.007
Abbreviations: R: right; L: left; FLC: femoral lateral condyle; ICA: intercondylar area; MLC: femoral medial
condyle; SD: standard deviation. Statistics: one way ANOVA, post hoc Scheffe alpha test. A statistically significant
difference exists between α and β.

There was no significant correlation between the BMI Z-score and MAC Z-score and
femoral cartilage thickness. We found a significant negative correlation between age, triceps
thickness and cartilage thickness in all locations (Table 4).
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Table 4. Correlation of cartilage thickness with age and anthropometric measurements.

Age BMI
Z-Score

Weight
Z-Score

Height
Z-Score

MAC
Z-Score

TST
Z-Score

R-FLC
r −0.647 ** −0.102 −0.168 ** −0.239 ** −0.071 −0.280 **

p <0.001 0.230 0.045 0.004 0.398 0.001

R-ICA
r −0.521 ** 0.089 −0.132 −0.134 −0.025 −0.277 **

p <0.001 0.292 0.115 0.109 0.794 0.001

R-MLC
r −0.673 ** −0.150 −0.223 ** −0.257 ** −0.055 −0.267 **

p <0.001 0.076 0.007 0.002 0.516 0.002

L-FLC
r −0.625 ** −0.116 −0.209 ** −0.286 ** −0.097 −0.284 **

p <0.001 0.171 0.012 0.001 0.248 0.001

L-ICA
r −0.531 ** −0.093 −0.121 −0.145 −0.036 −0.268 **

p <0.001 0.274 0.152 0.083 0.672 0.002

L-MLC
r −0.650 ** −0.156 −0.238 ** −0.284 ** −0.100 −0.271 **

p <0.001 0.064 0.004 0.001 0.232 0.002
Abbreviations: R: right; L: left; FLC: femoral lateral condyle; ICA: intercondylar area; MLC: femoral medial
condyle; MAC: mid-arm circumference; BMI: body mass index; TST: triceps skinfold thickness: ** Correlation is
significant at the 0.001 level.

We found a significant negative correlation between weight Z-score and right lat-
eral, right medial, left lateral and left medial cartilage thicknesses (r = −0.168, p = 0.045;
r = −0.223, p = 0.007; r= −0.209, p = 0.012; r = −0.238, p = 0.004; respectively). We found
a significant negative correlation between height Z-score and right lateral, right medial,
left lateral and left medial cartilage thicknesses (r = −0.239, p = 0.004; r = −0.257, p = 0.002;
r = −0.286, p = 0.001; r = −0.284, p = 0.001; respectively) (Table 4).

4. Discussion
Distal femoral cartilage thickness is significantly greater in children with primary

malnutrition. This finding demonstrates the effect of nutritional factors on bone and
cartilage tissue.

Cartilage formation and degradation is a dynamic process that continues throughout
life and is regulated by nutritional, metabolic, and endocrine factors. Femoral cartilage
thickness is increasingly being investigated in the evaluation of the musculoskeletal sys-
tem in children. Spannow et al. provided reference values for normal ultrasonographic
measurements in children aged 1–18 years [11]. Prior studies have shown that cartilage
thickness is inversely associated with age and skeletal maturity [14–17]. Although sex
differences have been reported in adults—with men having thicker cartilage—studies
in pediatric populations have yielded inconsistent results. In our cohort, no significant
difference in femoral cartilage thickness was found between sexes.

Femoral cartilage thickness was assessed at three locations in each knee (medial and
lateral condyles, and intercondylar area) using USG. Previous studies have shown that
measurements from the medial and lateral femoral condyles are more reliable and typically
reveal greater thickness at the medial condyle [18,19]. In line with this, we observed
significantly greater cartilage thickness in both the medial and lateral femoral condyles in
the malnourished group compared to healthy controls.

Moderate to severe malnutrition remains a major public health concern, especially
in low- and middle-income countries [20]. Over time, malnutrition leads to multisystem
complications, including stunting. While anthropometric parameters are routinely used
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to assess nutritional status, the musculoskeletal system deserves greater attention in mal-
nourished children. Ultrasonographic reference values for healthy children are valuable
for interpreting cartilage changes under pathological conditions [11,14,21]. Interestingly,
the increased cartilage thickness we observed—especially in the condylar regions—may
seem paradoxical, as cartilage thinning is often linked to degeneration. However, this
thickening may reflect delayed endochondral ossification and skeletal maturation, rather
than improved cartilage quality.

This interpretation is further supported by the negative correlations found between
cartilage thickness and weight-for-age, height-for-age Z-scores, and triceps skinfold
thickness—all indicators of poor nutritional status. Chronic undernutrition may result in
reduced mechanical loading on joints due to lower body mass, leading to delayed cartilage
remodeling [22]. Mid-upper arm circumference (MUAC) did not consistently correlate with
cartilage thickness, likely because it predominantly reflects peripheral fat and muscle stores
rather than lower limb musculoskeletal development. However, lower MUAC values have
been linked to reduced physical performance and muscle function, which may indirectly
compromise joint integrity [23].

Comparable findings have been reported in diverse pediatric cohorts. In adolescents,
muscle mass inversely correlated with cartilage thickness [24]. Children with cerebral palsy
or Down syndrome similarly exhibited negative associations between cartilage thickness
and muscle strength or motor performance [7,16]. Furthermore, malnourished children
demonstrated reduced diaphragm muscle thickness and function relative to healthy con-
trols [25], underscoring the systemic musculoskeletal impact of malnutrition.

The lack of significant differences in intercondylar cartilage thickness likely reflects
biomechanical loading variations. Because the medial and lateral condyles bear the majority
of weight during gait, they may be more susceptible to nutritional and mechanical factors. It
is crucial to note that thicker cartilage in malnourished children does not equate to superior
cartilage health. Cartilage thickness is modulated by growth phase, body composition,
muscle mass, mechanical loading, and metabolic status [17,19,24], so thickness alone cannot
reliably indicate cartilage integrity. Qualitative parameters—such as matrix composition,
collagen architecture, and hydration—may be more clinically informative but are not
assessed by thickness measurements alone.

Articular cartilage development is a dynamic process heavily influenced by physical
activity, hormonal signals, and nutritional status [26]. Although bone density is genetically
influenced, nutrition and exercise during growth are crucial in determining peak muscu-
loskeletal health. Children with inadequate cartilage mineralization and joint support due
to malnutrition may be at increased risk of developing musculoskeletal disorders, such as
patellofemoral pain syndrome or early-onset osteoarthritis, later in life.

Strengths: This study is one of the few to evaluate the effect of primary malnutrition
on femoral cartilage thickness in children using ultrasonography, a non-invasive and
reproducible method. The inclusion of a control group matched for age and sex enhanced
the internal validity of the results. All ultrasound measurements were performed by a
single experienced physiatrist, which minimized interobserver variability.

Limitations: This study has a cross-sectional design, which limits the ability to infer
causal relationships. The relatively small sample size may limit the generalizability of the
findings. Long-term clinical outcomes related to cartilage changes could not be assessed.
BMI Z-scores were excluded from the final analysis, which may have reduced the sensitivity
of the nutritional status assessment.
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4.1. Study Implications and Future Directions

This study highlights the potential impact of malnutrition on articular cartilage de-
velopment in children. Detecting early cartilage involvement via ultrasonography may
provide an opportunity for timely nutritional and rehabilitative interventions. Future
longitudinal studies are needed to evaluate whether cartilage thickness normalizes with
nutritional rehabilitation and to explore the long-term musculoskeletal consequences of
pediatric malnutrition.

4.2. Recommendations

Pediatric patients diagnosed with malnutrition should be evaluated not only in terms
of anthropometry but also for subclinical musculoskeletal changes. Ultrasonographic as-
sessment of femoral cartilage thickness could be integrated into the nutritional follow-up
of children at risk. Multidisciplinary management including pediatricians, nutritionists,
and physiatrists may be beneficial for improving both systemic and musculoskeletal out-
comes in malnourished children. Future research should include larger and more diverse
populations, and evaluate the effect of nutritional interventions on cartilage structure.

5. Conclusions
In conclusion, our study shows that cartilage health is affected by the presence of

malnutrition, which is one of the major problems of childhood. These findings suggest
that malnutrition may affect not only growth and body composition but also joint cartilage
development. Ultrasonography appears to be a useful, non-invasive tool to detect early
cartilage alterations in pediatric populations at nutritional risk. Early identification and
management of such changes could play a role in preventing future joint dysfunction and
improving musculoskeletal health outcomes.
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