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Abstract: This cross-sectional study assessed bone and joint health in 13-16 years old adolescents in Visakhapatnam using 
anthropometric (BMI, WHR, MUAC, SF) and physical fitness (HGS, Flamingo, Tapping) measures. Significant 
interrelationships were found, revealing gender/age-based variations in body composition and strength. The study emphasizes 
integrated nutritional and physical activity interventions for optimal adolescent bone health and lifelong well-being. 
Methodology: This cross-sectional study enrolled 13-16 years old adolescents from Visakhapatnam. Non-invasive Nutrition 
Focused Physical Examination (NFPE) and Fit India Protocol tests measured BMI, WHR, MUAC, SF, HGS, Flamingo 
balance and tapping test. Data analysis employed t-tests to determine statistical significance between parameters. Nutritional 
and physical activity consultations were provided to participants. 
Results: Statistical analysis showed significant interrelationships (p<0.001) between BMI and  
other health parameters. While most adolescents were normal weight, girls showed higher rates of overweight/obesity and high 
WHR, and older boys had lower handgrip strength. MUAC was consistently normal, and most participants demonstrated 
good balance and coordination. 
Conclusion: The study highlights significant gender and age-based differences in adolescent body composition and physical 
fitness, underscoring their impact on bone health. Targeted interventions addressing abdominal adiposity in girls and 
improving hand grip strength in older boys are crucial. Promoting integrated nutritional and physical activity education within 
schools is vital for long-term skeletal health in this demographic.   
Keywords: “Body mass Index BMI, Fit India Protocol, Flamingo test, Mid Upper arm Circumference, Nutrition focused 
physical examination NFPE, Waist hip ratio WHR” 
 
INTRODUCTION 
Bone health truly takes root even before we are born. A mother's good nutrition during pregnancy lays the 
groundwork for a baby developing skeleton [1]. Then, childhood and adolescence become crucial for building 
a strong skeletal foundation – this is when we reach our peak bone mass, the highest amount of bone tissue 
we will ever have [2]. 
Our bones are constantly being remodeled by specialized cells. Osteoblasts and osteocytes are the dedicated 
builders, working hard to form new bone tissue, while osteoclasts act as the remodelers, breaking down old 
or damaged bone. During our growing years, the bone-building activity of osteoblasts takes the lead over the 
bone-resorbing action of osteoclasts. 
Even a small boost in peak bone mass during childhood and adolescence can have a huge impact later in life. 
Studies suggest that a mere 10% increase in peak bone mass can slash the risk of a debilitating osteoporotic 
fracture in adulthood by a remarkable 50%. That really underscores how important it is to prioritize bone 
health early on [3]. 
The adolescent years represent a dynamic and critical phase of human development, characterized by 
profound hormonal shifts and accelerated physical growth [4]. This period is not only marked by visible 
changes but also serves as a foundational window for establishing robust bone and joint health, a cornerstone 
of lifelong well-being [5]. Compounding this challenge is the rising prevalence of obesity, a well-recognized 

mailto:researchlhd@leepharma.com
mailto:akmpawar@andhrauniversity.edu.in
mailto:pmunit3@leepharma.com
mailto:nutrition@leepharma.com


International Journal of Environmental Sciences 
ISSN: 2229-7359 
Vol. 11 No. 5, 2025 
https://theaspd.com/index.php 
 

2499 
 

contributing factor to a spectrum of musculoskeletal disorders [6]. Addressing this critical health landscape 
demands a proactive and multifaceted approach, with proper nutrition and physical activity serving as 
indispensable pillars in preventing and managing these conditions. To gain a comprehensive understanding 
of musculoskeletal status, appropriate non-invasive tests play a vital role in determining key bone and joint 
health indices. Complementing this, a nutritional focused physical examination (NFPE) offers a specialized 
and holistic assessment, going beyond standard evaluations to scrutinize the nutritional status of adolescents 
through a detailed physical lens [7]. This examination meticulously assesses body composition, evaluates 
micronutrient sufficiency, and examines muscle functional capacity. Recognizing the fundamental role of 
movement, regular physical activity is inherently essential for the optimal function and maintenance of bones 
and joints. The NFPE incorporates crucial anthropometric measurements, including height, weight, waist 
and hip circumference, alongside functional assessments like handgrip strength, and body composition 
indicators such as mid-upper arm circumference and skinfold thickness [8]. 
Further promoting a physically active lifestyle, the Fit India protocols advocate for a suite of tests specifically 
designed to enhance motor skills and cultivate habits conducive to long-term health. By strategically 
integrating comprehensive nutritional assessments and the promotion of regular physical activity, we can 
effectively fortify the musculoskeletal foundation of adolescents during these transformative years, paving the 
way for a healthier, more active and resilient future [9]. 
"The landscape of adolescent health research reveals a rich yet often fragmented exploration of individual 
parameters. Numerous studies have illuminated the relationship between Body Mass Index (BMI) and hand 
grip strength, with findings often differ by factors such as age, gender, and muscle mass [10,11]. Similarly, the 
significance of mid-upper arm circumference as a key indicator of nutritional status has been well-
documented, underscoring its impact on adolescent growth and development [12-15]. 

Acknowledging the limitations of isolated anthropometric measures, researchers have increasingly 
incorporated Nutritional Focused Physical Exam (NFPE) techniques. Studies employing triceps skinfold 
thickness alongside BMI have provided deeper insights into body fat distribution [16-20], while the waist-hip 
ratio has emerged as a critical predictor of abdominal adiposity and associated health risks [21,22]. 
Recognizing the integral role of neurocognitive and motor development, investigations have explored the link 
between BMI and coordination, often utilizing tests similar to the tapping test promoted by the Fit India 
protocols [9]. These protocols, emphasizing activities that enhance neurocognitive function, underscore a 
growing awareness of the mind-body connection in adolescent health. Furthermore, the importance of static 
balance, frequently assessed through measures like the flamingo balancing test, has been highlighted in 
relation to physical activity and overall postural stability [23-27]. 

Several studies explained that weight-bearing exercises are the main players in the bone-building process. 
These are activities where bones and muscles work against gravity. When engaged in these exercises, it creates 
a healthy amount of stress on bones. This stress isn't harmful; in fact, it's the signal that tells the bone cells to 
get to work and build more bone tissue. Some of them are jumping rope, walking, jogging and dancing. 
Higher bone mineral density indicates stronger, denser bones that are less prone to fractures. Studies have 
consistently shown a positive correlation between regular participation in weight-bearing activities during 
adolescence and higher peak bone mass [28-32]. 
While existing literature provides valuable insights into these individual facets of adolescent health, a notable 
gap emerges in the comprehensive integration of these diverse assessments within a single study population, 
particularly within the Indian context. Till date, to our knowledge research in the Visakhapatnam region has 
not, adopted such a holistic approach, simultaneously employing a battery of NFPE examinations and Fit 
India protocol-aligned tests. 
Our study seeks to bridge this gap. By concurrently examining BMI, hand grip strength, mid-upper arm 
circumference, triceps skinfold thickness, waist-hip ratio, coordination (tapping test), and static balance 
(flamingo test) in adolescents aged 13-16 years in Visakhapatnam, we aim to provide a more integrated and 
nuanced understanding of their bone and joint health. This new methodology, combining established NFPE 
techniques with contemporary fitness assessments, promises to yield unique insights into the interrelatedness 
of these health indicators within this specific demographic and geographical setting." 
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MATERIALS AND METHODS 

The medical camp was organized in the premises of the respective schools with prior permission and consent 
of the school authorities. This camp has facilitated the procedure to examine and determine the various 
parameters through noninvasive methods and only with aid of physical examinations, which were nutrition 
centered. 

Instruments Involved: 

Height scale: (Prime Surgicals Height measuring scale - Stadiometer - Precision Model);  
Weight scale: (Beurer GS10 180kg Black Digital Glass Bathroom Scale with Easy to Read Display Weighing 
scale); Hand grip strength:  (CAMRY Digital Hand Dynamometer Grip Strength Measurement Meter Auto 
Capturing Electronic Hand Grip Power 198 Lbs / 90 Kgs) ; Skinfold Caliper: (Lightstuff. Precision Skinfold 
Caliper); Shakir tape: (IS Indosurgicals Muac Tape); Measuring Tape: (Trendmakerz 1.50 meter 150 CM 
Superior Quality Measuring Tape inch measure tape) 
Dietary consultation was provided and necessary interventions were suggested. The mentioned examination 
was based on the NFPE Nutrition Focused Physical Examination, Which was designed to identify signs of 
malnutrition or nutritional risk that might not be evident through medical history or lab results alone. By a 
thorough physical exam, dietitians can detect subtle changes in body composition, skin integrity, and other 
physical markers that indicate nutritional imbalances. This particular research was designed to utilize the 
NFPE for estimation of parameters in Bone Joint health. 
The determinant tools of NFPE for Bone Joint health were mentioned as below: 

Body mass index (BMI)  

BMI is a calculated measure of a person's body weight (in kilograms) divided by the square of their height (in 
meters). BMI categories for children and teens were based on sex-specific BMI percentiles. Using percentiles 
to define BMI categories in children is important because they are still growing [33]. 

Waist and Hip Ratio (WHR): 

It's crucial to recognize that excess fat around the abdomen poses health risks beyond what total body fat 
alone can indicate. The waist-to-hip ratio (WHR) helps us specifically assess this distribution of abdominal 
fat [34]. 

Handgrip strength (HGS): 

Hand grip strength (HGS) reflects the peak static force generated by hand and finger muscles, including those 
in the thenar and hypothenar eminences and the hand's intrinsic muscles. Beyond indicating muscle mass 
and activity levels, HGS serves as a predictor for chronic disease risk and nutritional status, with typical values 
varying by gender and age [35]. 

Mid upper arm circumference: 

Mid-Upper Arm Circumference (MUAC) is a simple yet effective measurement of upper arm muscle and fat. 
Measured with a non-stretch tape at the midpoint between the shoulder blade (acromion) and elbow 
(olecranon) bones, it serves as a quick indicator of body composition in both adults and children. A MUAC 
below 12.5 cm can signal malnutrition, while above 13.5 cm is typically considered normal [36]. 

Skinfold thickness:  

Measurement of skinfold thickness, obtained using calipers, is useful in assessing and monitoring nutritional 
status [37]. 

Static Balance - Flamingo Balance Test:  

This test determines the ability to balance successfully on a single leg. This single leg balance test assesses the 
strength of the leg, pelvic, and trunk muscle as well as Static balance.  

To perform this balance assessment, the individual stands on a non-slip surface, or for a greater challenge, on 
a beam or block. Balancing on their chosen leg, they hold the non-stance leg with the knee bent and foot 
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close to the buttocks. The tester records the total number of times balance is lost (falls) within a 60-second 
period. If balance is lost more than 15 times in the first half-minute, the test is discontinued [9]. 

Coordination (Plate Tapping Test): 

Assessing speed and coordination of limb movement is the goal of this test, which utilizes a standardized 
setup. Two discs are positioned 60 cm apart on a table, with a rectangle placed exactly in the middle. The 
non-preferred hand remains on the rectangle, and the preferred hand rapidly taps each disc in an alternating 
fashion, passing over the central hand. The time taken to complete a consistent 25 cycles of this movement 
is the primary measure [9]. 

Based on all the above considerations, these parameters were measured for the subjects participated in the 
camp. Considering all results, nutritionist would diagnose their bone health condition and would suggest the 
good nutritional diet, physical exercise, and traditional games to improve the hand and eye coordination 
along with muscular health. 

Participants:  
Inclusion criteria 
We included children (13-16 years) from Standard IX and X from three different schools in the urban area 
of Visakhapatnam who have accepted to participate in this camp and this consent was initiated in the form 
of registration with their basic details like name, age, sex who did not have medical comorbidities. We did 
not restrict inclusion based on body mass index. 
The participants were initially registered with their basic details of Name, Sex, age, in a registration form with 
their consent. Later the height and weight were initially recorded and notified in the mentioned columns of 
the form. BMI is calculated based on these measurements. HGS, WHR, MUAC,  SKIN fold were measured 
for each participant by the above metioned instruments and the readings were captured in their respective 
form. 
Later all the participants were checked for the flamingo test and coordination plate test. Hence with all the 
completed tests and the respective reports in the form, the participants were given a nutritional consultation 
and explained their physical status of static balance and other bone and joint health condition. These 
mentioned above were concluded with a awareness talk on pros and cons of the bone jont health. The 
children were suggested to involve in the Physical activity, which will be already their part of curriculum. 
Along with these activities, they were introduced to the age-old traditional games, which are the foot print to 
have a good hand eye coordination, and other muscular coordination. Children were engaged in 
competitions like Jump rope which to develop a better hand and leg coordination’s and the muscular 
strength. 
All the obtained values for the various determinants by different tests mentioned above were subjected to 
statistical analysis comparing the important hypothesis of the study. Considering the T test and P value, the 
hypothesis was concluded and the results were reported.  
 
RESULTS 
The obtained data from various schools were consolidated and all the obtained values were categorized based 
on the sex and age to determine the comparative index of boy’s vs girls and the age wise variation. All the 
results of the NFPE examination were consolidated and tabulated in the below Table: The comparative graphs 
for both the categories were consolidated in graphical representation which are represented in the Figures. 

Parameters 
Normal ranges 

% of population 
Gender 

% population Age 
group 

Body Mass 
Index [33] 

Boys Girls 13-14 15-16 
< 5 th   - Underweight 12.8 7.3 8.9 16.4 

≥ 5 th  and < 85 th -Normal weight 61 59.9 59.5 64.9 

≥85 th and <95 th  - Overweight 13.5 17.9 17.5 7.2 
≥ 95 th    - Obese-I 10.9 13.3 13.2 9.2 
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≥ 99 th   - Obese -II 1.46 1.38 0.76 2.06 

Waist and Hip 
Ratio [34] 

Male : ≤0.95    – low risk 95.6 - 94 40.4 
0.96-1.0 – moderate risk 3.29 - 3.8 18.6 
≥ 1.0   - high risk 1.09 - 0.9 40.9 
Females:  ≤ 0.80 – low risk - 40.5 95.5 44.8 
0.81- 0.85 – moderate risk - 26.6 2.9 37.9 
≥ 0.85 – high risk - 33.3 1.4 17.2 

Table-1: Normal ranges of BMI, Waist hip ratio and % of population gender wise and age wise 
 

Parameters 
 

Normal ranges 

% of population 
Gender  

% population Age   
group 

Boys Girls 13 
 
14-15 
 

 
16 
 

Hand Grip 
Strength [38] 
 

Category 
(Male) 

12-13 
Age 
group 

14-15 
Age 
group 

16-17 
Age 
group 

Weak (W) <19.4 <28.5 <32.6 

Normal(N) 19.4-
31.2 

28.5-
44.3 

32.6-
52.4 

Strong (S) >31.2 >44.3 >52.4 
 

W-
44.3 

-  
W-
18.5 

W-
52.8 

W-60 

N-
53.8 

- N-75.7 
N-
46.6 

N-40 

S- 
1.83 

- S-5.7 

 
S-0.5 

S-0 

Category 
(Female) 

12-13 
Age 
group 

14-15 
Age 
group 

16-17 
Age 
group 

Weak (W) <14.6 <15.5 <17.2 
Normal(N) 14.6-

24.4 
15.5-
27.3 

17.2-
28.0 

Strong (S) >24.4 >27.3 >29.0 
 

 
- 

W-15.6 
W-
11.6 

W- 
18.2 

W-0 

- N-77.8 N-74.0 
N-
80.2 

N-
66.6 

- S- 6.4 S-14.2 
S-
1.45 S-

33.3 

Table -2: Normal ranges of hand grip strength and % of population gender wise and age wise. 

Parameters 
 

Normal ranges 
% of population 
Gender  

% population Age 
group  

Boys Girls 13-14 15-16 

Mid upper arm 
circumference 
[39]  

Red colour: 0 - 11.5 cm (Wasted) - - - - 

Yellow colour :11.5 – 12.5 cm 
(Borderline) 

- - - - 

Green colour: from 12.5 cm 
(Normal) 

100 100 100 100 

Skinfold 
Thickness [40] 

Males (0-20 years) 
Lean: 2-8 mm 9.15 - 27.2 

38.6 
31.2 
2.7 
 
34 
39 
23.7 
3.09 

Healthy: 8.5 – 14mm 36.6 - 
Average :14.3- 20.2mm 50.9 - 
Fat: 21.3 – 24.9mm 3.29 - 
Females (0-20 years)   
Lean: 11.3 – 17mm - 52.9 
Healthy: 17.7 – 23mm - 41.47 
Average: 23.2 – 29mm - 3.22 
Fat: 30.2 - 34.6mm - 2.30 
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Table -3: Normal ranges of mid upper arm circumference, Skin fold thickness and % of population gender 
wise and age wise. 
 

Parameters 
 

Normal ranges 
% of population 
Gender  

% population Age group  

Boys Girls 13-14 15-16 
 
 
Tapping Test 
[9] 
 
 
 
 

Measures the time taken for 
25 full cycles (50 taps) 

Good-57.5 Good-51.6 
Good- 
54 

Good – 
57.7 

Need to 
Improve 
42.4 

Need to 
Improve 
48.3 

Need to 
Improve 45.8 

Need to 
Improve 
10.4 

Flamingo 
Balance Test 
[9] 

No. of falls or loss of balance 
is recorded in 60 seconds 

Good-66.6 
Good 
66.3 

Good-66.9 Good- 64.4 

Need to 
Improve 
33.3 

Need to 
Improve 
33.6 

Need to 
Improve 33.1 

Need to 
Improve 
35.05 

Table-4: Normal ranges of tapping test, flamingo balance test and % of population gender wise and age wise. 
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Figure 1: Graphical represenation of all the anthropometric measurements which were derived as based on 
sex of the study population. 

                      

                     

                     

                                                 
Figure 2: Graphical represenation of all the anthropometric measurements which were derived as based on 
Age Group of the study population. 
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Figure 3: Comprehensive Graphical represenation of all the anthropometric measurements considering the 
BMI categories. 
Statistical Analysis: 

Parameters  P-value t- stat 
Age and BMI  <0.001 6.296058 

 
BMI and WHR <0.001 55.40265 

 
BMI and HGS <0.001 14.7961 

 
BMI and MUAC <0.001 21.13737 

 
BMI and SF <0.001 6.450239 

 
Table -5: Statistical Determination of p-value and t-value of BMI with other parameters. 
 
DISCUSSION 
The BMI data reveals that the majority of both boys (61%) and girls (59.9%) fall within the normal weight 
range. This trend is consistent across both age groups, with a slightly higher percentage in the 15-16 age group 
(64.9%) compared to the 13-14 age group (59.5%). 
The prevalence of underweight increases significantly in the 15-16 age group (16.4%) compared to the 13-14 
age group (8.9%). A higher percentage of boys (12.8%) are underweight compared to girls (7.3%). 
The 13-14 age group has a higher percentage of overweight individuals (17.5%) compared to the 15-16 age 
group (7.2%). More girls (17.9%) are overweight compared to boys (13.5%).  
The 13-14 age group has a higher prevalence (13.2%) compared to the 15-16 age group (9.2%) in category 
Obese-I. A higher percentage of girls (13.3%) are classified as Obese-I compared to boys (10.9%).  
However, the 15-16 age group shows a higher prevalence (2.06%) compared to the 13-14 age group (0.76%). 
The percentages are relatively low for both boys (1.46%) and girls (1.38%) in the Obese –II category.  
The WHR results obtained shows that, in the age 13-14, most individuals (95.5%) are at low risk. Very few 
are at moderate (2.9%) and high risk (1.4%). In the age group 15-16, the distribution is more varied, with 
44.8% at low risk, 37.9% at moderate risk, and 17.2% at high risk. In consideration to gender, vast majority 
of boys (95.6%) are at low risk (WHR ≤ 0.95). A small percentage are at moderate (3.29%) and high risk 
(1.09%). A significant portion of girls (40.5%) is at low risk (WHR ≤ 0.80). However, a notable percentage 
are at moderate (26.6%) and high risk (33.3%).  
Considering the HGS results of the data, A significant portion of boys in the 12-13 age group fall into the 
weak category (44.3%), but this percentage decreases in the 14-15 age group (18.5%) and then increases again 
in the 16-17 age group (52.8%). The majority of boys in the 14-15 age group are in the normal category 
(75.7%), but this percentage decreases in the 16-17 age group (46.6%). 
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The majority of girls across all age groups fall into the normal category, with the highest percentage in the 16-
17 age group (80.2%). The percentage of girls in the weak category is relatively low across all age groups, with 
the highest being in the 16-17 age group (18.2%). The percentage of girls in the strong category is highest in 
the 14-15 age group (14.2%). 
The data of Mid Upper Arm Circumference reveals that all boys and girls across the specified age groups fall 
within the normal range, indicating good nutritional status and muscle mass development. 
With respect to Skinfold Thickness, the majority of boys fall within the average (50.9%) and healthy (36.6%) 
categories, indicating a balanced body fat percentage. A smaller percentage falls within the lean (9.15%) and 
fat (3.29%) categories. The distribution across age groups shows variability, with some age groups having 
higher percentages in the lean category. 
A significant portion of girls fall within the lean (52.9%) and healthy (41.47%) categories, indicating a 
generally lower body fat percentage compared to boys. The percentages in the average (3.22%) and fat (2.30%) 
categories are relatively low, suggesting that most girls maintain a healthy body fat level. 
Statistical Significance Based on P value, t-stat: 
The very low p-value (p< 0.001) indicates a statistically significant relationship between BMI in relation to 
age, WHR, HGS, MUAC, and SF. The t-stat value is well above the critical value, further confirming the 
significance. The confidence interval does not include zero, reinforcing the significance of the relationship. 
 
CONCLUSION 
To conclude on all the above results, boys are more likely to be underweight, while girls have higher 
percentages in the overweight and obese categories. This suggests potential differences in dietary habits, 
physical activity, or metabolic factors between genders. The majority of boys are at low risk based on WHR, 
while girls have a more balanced distribution across risk categories. The majority of girls has the normal range 
across all age groups, indicating generally good sign for handgrip strength. However, there is a small 
percentage of girls in the strong category, suggesting room for improvement. The data indicates that both 
boys and girls generally have a normal mid upper arm circumference, reflecting good nutritional status.  
The 15-16 age group shows a higher prevalence of underweight and Obese-II categories, indicating a possible 
shift in body composition as children grow older. The 15-16 age group shows a higher percentage of 
individuals at moderate and high risk, suggesting increased health risks as they approach late adolescence. 
There is a noticeable fluctuation in handgrip strength across different age groups, with a significant portion 
of boys in the weak category in the 16-17 age group. This suggests a need for targeted interventions to improve 
handgrip strength in this age group. 
Boys tend to have a higher percentage in the average and healthy categories, while girls predominantly fall 
within the lean and healthy categories. This suggests gender differences in body fat distribution, with girls 
generally having lower body fat percentages. 
Boys generally perform better in the tapping test, and performance improves with age. Performance in the 
Flamingo Balance Test is consistent across genders and age groups, with a majority performing well. 
Overall, the data indicates good nutritional status and physical fitness among the population, with some areas 
for improvement, particularly in hand grip strength for boys and balance for both genders. Targeted 
interventions and continuous monitoring can help address these areas and promote overall health and well-
being. 
The statistical analysis shows significant relationships between various parameters such as BMI, WHR, HGS, 
MUAC, and SF. The low p-values and high t-statistics across these relationships indicate strong statistical 
significance, suggesting that these parameters are interrelated and can provide valuable insights into the 
health and fitness of the population studied. 
The study reveals that Bone joint development in the adolescent age has a consequence role in their future 
bone development and its overall health. The prominent features of examination as per NFPE have shown 
the significance impact in the determination of Bone health. 
In essence, to address the final determinants and let them understand, we have shared an awareness to the 
participants, which had insights on the importance of bone development in the adolescent age. Bone health 
during adolescence is pivotal for ensuring long-term skeletal integrity and overall well-being. This study 
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disseminates critical insights into the importance of bone development and encourages regular engagement 
in weight-bearing exercises. These activities are not solely for immediate physical fitness but represent a vital 
investment in the participants future health. 
This study aims to address the critical determinants of bone health in adolescents by promoting awareness 
and implementing structured interventions. The study advocates for the inclusion of free playtime in school 
curricula to foster physical activity, which is essential for developing a robust skeletal system. Additionally, 
the importance of good nutritional habits and their impact on bone and joint health was emphasized. Future 
research will incorporate indigenous games and exercises designed to enhance compression forces, improve 
bone density, and optimize axial posture. 
The findings underscore the necessity of integrating physical activity and nutritional education into 
adolescent routines. By fostering an environment that supports these practices, schools can significantly 
contribute to the development of strong and resilient bodies in their students. Promoting bone health in 
adolescents through structured physical activity and nutritional education is crucial for long-term skeletal 
health. The study highlights the importance of early intervention and the role of schools in facilitating these 
practices. Future initiatives will continue to explore effective methods for enhancing bone density and overall 
physical well-being in adolescents. 
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