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Abstract

Objective: To establish age and gender-specific paediatric and adult reference data for muscle function parameters
assessed using Jumping Mechanography in the Indian population. Methods: 2056 healthy individuals (1068 males), aged
5 to 60 years, performed 2 tests on a force platform (Leonardo Mechanograph, Novotec). Maximum power (Pmax) was
assessed by single two legged jump and maximum force (Fmax) by multiple one legged hopping. LMS method was used to
generate age and gender-specific reference curves for 5 — 20y group and mean + SD and median = IQR are presented for
21 - 60y group. Results: In 5 - 20y group, Pmax and Fmax increased with age while in 21 — 60y group, the parameters
declined with age. Females had lower Pmax values than males, consistently through all age groups. In children <15y,
there were no intergender differences in Fmax, however, in further age groups, females had lower Fmax (p<0.001). Our
participants showed lower Pmax and Fmax when compared with machine reference data based on German population
(p<0.001). Conclusion: We present ethnicity-specific reference values for muscle function by Jumping Mechanography.
These values are intended to help in clinical assessment of muscle function of Indian population and to identify those at

risk of poor muscle function.
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Introduction

The significance of muscle function in both daily activities
and exercise performance across one’s entire life is widely
acknowledged'. Moreover, muscle function plays a critical
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role in determining the risk of numerous lifestyle disorders,
osteoporosis and sarcopenia®. While the importance of
muscle function is thoroughly established, there is a lack of
standardized techniques for its quantitative measurement.
Muscle mass is often used as a proxy for muscle function;
however, research indicates that functional capacity can
be modified without concurrent changes in muscle mass in
prepubertal children and older populations®. The most
commonly used method for evaluating measurable muscle
function involves using dynamometry to measure hand grip
force. Also, a few reference datasets for grip strength in
children, adolescents and adults are available®™®. However, its
applicability is limited as it solely measures isometric force at
a non-weight-bearing part of the body'°.

Current literature highlights differences in muscle function
across diverse ethnic groups. Additionally, there are ethnic
differences in the magnitude of negative associations of
muscle function with age in adults''~'. A study conducted
in the United States of America on an ethnically diverse
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population of older adults has shown that Asians with lower
muscle strength were at a higher risk of functional limitations
compared to their other ethnic counterparts'”. Furthermore,
studies on grip strength have shown developing countries
have substantially lower muscle strength across the life
course, than developed countries'®. These findings emphasize
the need for an ethnicity-specific reference database to
precisely characterize muscle function.

Innovative approaches, such as portable ground reaction
force plates, show promise in assessing dynamic muscle
function through different testing procedures. Jumping
Mechanography specifically assesses muscle force and
power by analysing measurements derived from an
individual’s ground reaction forces. It also demonstrates
reliability and accuracy in evaluating muscle function in
both, healthy children'®2' and those with clinical needs?2-2¢,
Similarly, it has been shown to be effective in the diagnosis
of sarcopenia, prediction of falls, and understanding bone
health and mobility in older adults®2728, Yet, no reference
database is available for the clinical assessment of muscle
function status of Indian population. Hence, the aim of our
study was to establish gender specific paediatric and adult
reference data for muscle function parameters assessed
using Jumping Mechanography.

Methods
Study Design and Participants

Two separate cross-sectional studies were designed for 2
age groups to generate age and gender-specific reference
data for muscle function parameters. The 2 age groups
defined were 5 - 20 years and 21 - 60 years. A random
sample of 40 healthy boys and 40 healthy girls for each year
from 5y to 20y (total n=1200) and 40 men and 40 women
for each decade from 21y to 60y (total n=320) was planned
to be recruited by stratified sampling method. Consequently,
the projected total sample size for the entire study was 1520,
encompassing all age groups.

The participants for the 5y — 20y group were recruited
from 5 schools and 2 colleges in Pune city, Maharashtra
state in Western India. The schools and colleges catered
to upper and upper-middle socioeconomic classes?®°,
Principals of 6 schools and 3 colleges were approached
and explained the details of the study. Five schools and 2
colleges gave permission to conduct the study. A letter with
information about the study was given to the students to give
to the parents. During parents-teachers’ meetings, details
about the procedures involved in the study were explained
to the parents and children and doubts, if any, were cleared.
Children who voluntarily agreed to participate were included
in the study. An informed written consent was obtained from
parents and an assent from children before conducting the
measurements. A total of 1703 children and adolescents
agreed to participate in the study. Based on the inclusion
and exclusion criteria (details given below), a total of 1670
children and adolescents (842 boys, 828 girls) were included
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in the final analyses.

For the 21y — 60y group, staff and teachers working in the
schools and colleges that had agreed to take part in the study
were approached for the study. Parents of the children and
adolescents enrolled in the paediatric study were also invited
to take part. Additionally, we visited 2 banks, 3 private offices,
and 2 housing complexes and explained the study procedure.
People who voluntarily agreed to take part in the study were
included. Informed written consent was obtained from all the
adults. A total of 427 adults consented to participate. As per
the inclusion and exclusion criteria, 386 adults (226 males,
160 females) were included in the study.

All healthy and physically active individuals belonging to
the upper middle class (so that they had adequate access
to nutrition and healthcare) based on the monthly income
of the family®!, were offered the study. All subjects were
assessed by a physician/paediatrician to confirm that they
were healthy; medical records were reviewed. Children and
adolescents having height or weight below 3™ or above 97t
percentile according to Indian reference data®?, adults having
Body Mass Index (BMI) below 18 kg/m? (underweight) or
above 25 kg/m? (obese)®, individuals who had prolonged
periods of immobilization in the past 12 months or those
who suffered from chronic systemic ilinesses were excluded
from the study. Those consuming vitamin D or any other drug
known to affect bone or muscle health were also excluded.
Adults above 40 years were first evaluated for osteoporosis
through a DXA (Dual energy X-ray Absorptiometry) scan of
the spine. The ones diagnosed to have osteoporosis (T score
=-2.5) were excluded and referred to a specialist for further
treatment.

Of the 1703 children and adolescents who had agreed to
participate, 11 children were excluded as they had weight
below the 3™ centile, and 20 were excluded as they had
weight above the 97" centile. One child was suffering from
epilepsy and one child met with an accident and was injured,
after the consenting but before the assessment. Thus, a total
of 1670 healthy children and adolescents (842 males, 828
females) were included in the final analyses. For the adult
reference database, out of the 427 who had consented, 20
were excluded for having BMI >25 kg/m?, 5 individuals had
BMI <18 kg/m? and hence were excluded, 7 individuals were
excluded as they were diagnosed to have osteoporosis and 9
people were suffering from chronic Type 2 diabetes mellitus.
Hence, 386 healthy adults (226 males, 160 females) free
from any medical illnesses were included in the study. The
participant flow is illustrated in Figure 1.

Data were collected from July 2018 to June 2021. All the
measurements were performed on the same day for each
participant. Data were collected under similar conditions at 2
locations: (a) On-site: We visited 3 schools for data collection.
(b) At the research institute: Children and adolescents from
remaining 2 schools and colleges were called to the research
institute for the assessments by appointment. All the adults
were called with prior appointments to the research institute
for the measurements.
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( N
Establishing reference data for muscle function parameters
measured using Jumping Mechanography in Indian
children, adolescents and adults
5 — 20 year age group 21 — 60 year age group
6 schools and 3 colleges approached 6 schools and 3 colleges approached
for participation in the study for participation in the study
A J A 4
5 schools and 2 colleges consented Individuals from private offices, banks,
to participate in the study schools, colleges, housing complexes
A J k-
Healthy 5-20-year-old individuals Healthy 21-60-year-old individuals
assessed for eligibility (n=1703) assessed for eligibility (n=427)
Excluded (n=33) Excluded (n=41)
* Weight below 3 centile: 11 e BMI=25kg/m’ 20
| = Weight above 97" centile: 20 e BMI<ISkg/m™: 5
"| + Excluded due to medical » + Diagnosed to have
conditions: 1 osteoporosis: 7
*  Excluded due to injury: 1 e K/C/OT2DM: 9
A 4 A J
Individuals included from all Individuals included (n=386)
schools and colleges (n=1670)
Measurements: Demographic data, anthropometry, body composition by
BIA, Muscle function tests by Jumping Mechanography
BMI: Body Mass Index; K/C/O: Known case of; T2DM: Type 2 Diabetes Mellitus;
BIA: Bioelectric Impedance Analysis
Figure 1. Participant Flow Diagram.
N J

Table 1. Anthropometric and body composition characteristics of the 5y — 20y group.

Parameter | Boys (842) | Girls (828) | Total (1670)
Age (y) 120+ 3.7 119+ 3.8 119+ 3.8
Height (cm) 144.6 + 19.6 140.1 + 16.2° 142.4+ 18.1
HAZ# -0.2+0.9 -0.2+0.9 -0.2+0.9
Weight (kg) 38.4+ 169 35.2+13.4° 36.8+15.4
WAZ# -0.3+1.0 -0.3+0.9 -0.3+1.0
BMI (kg/m?) 174+ 3.9 17.2+ 3.7 17.3+ 3.8
BAZ* -0.3+1.0 -0.3+1.0 -0.3+1.0
Fat% 14.0+ 10.1 20.6+9.4° 17.3+10.3
Fat% Z-score* -0.5=% 1.1 -0.3+£1.0° -04+1.0
MM% 81.8+9.9 75.2+9.5° 78.5+ 10.2
MM% Z-score* 04+10 0.3+09° 0.3+10
Muscle: Fat 11.4+£10.0 53+4.6°? 84+84
Allvalues are mean * SD. °Significantly different than boys (p<0.001). #Z-scores are calculated for participants upto 18y of age. HAZ: Height
for age Z-score; WAZ: Weight for age Z-score; BMI: Body mass index; BAZ: BMI for age Z-score; Fat%: Fat percentage; Fat% Z-score: Fat
percentage Z-score; MM%: Muscle mass percentage; MM% Z-score: Muscle mass percentage Z-score.
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Anthropometry and body composition

Standing height was measured for all participants, using
a portable stadiometer (Seca 213 Portable Stadiometer,
Germany). Body mass and composition (fat percentage, fat
mass, fat free mass, bone free lean tissue mass (muscle mass)
and total body water) were measured using the bioelectrical
impedance analysis (BIA) method (Tanita Body Composition
Analyzer (Model BC-420MA)).

Body mass index (BMI) was calculated by dividing the
weight in kilograms by height in meters squared. The
Z-scores for height for age (HAZ), weight for age (WAZ), BMI
for age (BAZ), muscle percentage and fat percentage for age
were computed using Indian growth references®?3# for the
paediatric age group.

Muscle function by Jumping Mechanography

The assessment of dynamic muscle function was performed
by the Leonardo Mechanograph Ground Reaction Force
Plate (Novotec Medical, Pforzheim, Germany). The software
provided by the manufacturer (Leonardo Mechanography
GRFP version 4.4, Novotec, Pforzheim, Germany) was used
for the detection, storage and calculation of the outcomes.
Each participant performed 2 types of jumps: single 2
legged jump (s2LJ) and multiple 1 legged hopping (m1LH).
Participants were requested to perform each type of jump
thrice and the jump with the highest outcome (Pmax for s2LJ
and Fmax for m1LH) was selected for subsequent analyses.

Single 2-legged jump (s2LJ)

The jump was performed as a counter-movement jump
(the participants briefly squatted before jumping) with freely
moving arms. The main outcomes of interest for the s2LJ
are the maximum power (Pmax, kW) and maximum power
relative to body mass (Pmax/kg, Watt/kg). Maximum velocity
(Vmax, m/s) and maximum jump height (Hmax, in m) were
used for generating reference centile curves. A new variable,
the Nerve — Muscle Index (NMI), was computed to evaluate
the jump efficiency®®. It was defined as the ratio of maximum
velocity to relative force (Vmax/(Fmax/BW)) derived from
s2LJ.

Multiple 1-legged hopping (m1LH)

The participant was instructed to jump repeatedly
(approximately fifteen jumps), as fast as possible on the
forefoot of their dominant leg, with freely moving arms.
Any repetition with heel contact were excluded from the
analysis by the manufacturer’s software. The maximum
voluntary force (Fmax, kN) and maximum relative force i.e.
Fmax normalized to body weight (Fmax/BW) were the main
outcome variables for m1LH.

Statistical analysis

Before statistical analyses, all the study parameters were
tested for normality. All results have been expressed as
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mean + standard deviation. Descriptive statistics were used
to describe the characteristics of the participants. Student’s
t-test was used to test the differences between genders at
each age group. Significance level was set at p<0.05.

For the 5 — 20 years age group, LMS chart maker 2005
software was used for computing age and gender specific
percentile curves for Pmax, Pmax/kg, Fmax, Fmax/BW, Vmax,
Hmax and NMI (LMS chartmaker Pro version 2.4, 2008).
The LMS (Lambda Mu Sigma) method constructs reference
percentiles adjusted for skewness and the variable of interest
is summarized by three smooth curves plotted against age,
representing the median (M), coefficient of variation (S), and
skewness (L) of the measurement distribution®®. The models
were checked using the detrended Q-Q plot, Q tests, and
worm plots®” for goodness of fit.

Thus, gender-specific reference plots showing the 5%,
25", 50, 75 and 95" percentiles were computed using the
LMS method.

For the 21 - 60 years age group, independent sample
t-test was performedto test the differences in muscle function
parameters between different age groups and between the
two genders. Correlation analyses were performed to test for
the association between age, body composition and muscle
function parameters.

Results

The results of the 2 age groups, 5 - 20y and 21 - 60y, are
presented separately.

5 - 20years age group

Muscle function parameters of children, adolescents and
youth from 5 - 20 years with mean age of 11.9 + 3.8 years
are presented. The anthropometric and body composition
parameters and s2LJ results are available on the whole
group of 1670 (842 males, 828 females) participants while
results of mILH are available on 1563 (793 males, 770
females) participants from the same group who did not differ
in any anthropometric or body composition parameters. The
number of participants in the 19 and 20 year age groups
were low, hence for the convinenince of analyses, these 2
groups were amalgamated and presented as 19+ in further
results.

The mean height for age Z-score (HAZ), weight for age
Z-score (WAZ) and BMI for age Z-score (BAZ) were calculated
based on Indian growth references®? for the children and
adolescents below 18 years of age. The mean HAZ, WAZ
and BAZ were close to zero and the SD were close to 1 at
most age gender groups in comparison with Indian reference
growth data®2. The mean BMI of the participants above 18
years in this age group was 21.8 + 2.9 kg/m? for males and
21.8 £ 2.7 kg/m? for females.

The anthropometric and body composition characteristics
of the study population are presented in Table 1.

The close to zero Z-scores of anthropometric and body
composition values indicate that the study cohort was on par
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Table 2. Muscle function parameters of boys and girls during single 2 legged jump (s2LJ).

. Pmax®w) | Pmax/mass(Whkp |
Age (years) .

| Boys(N=842) | Girls(N=828) | Boys | Girls |

5+ 0.50+0.3 (40) 0.47 £ 0.2 (43) 28.40+4.8 26.21+4.5°

6+ 0.66 = 0.3 (40) 0.52 + 0.1 (40)° 30.29£4.6 2770+4.6°

7+ 0.76 £ 0.2 (40) 0.60+0.1(53)° 32.15+5.1 28.44+4.2°

8+ 0.87 £ 0.5 (42) 0.72+0.2(70)° 32.88+59 29.43+59°

9+ 0.97 £0.3 (121) 0.87 +0.2(102)° 33.67+5.4 30.62+5.1°

10+ 1.12+0.3 (121) 1.08 + 0.4 (96) 3396+5.4 31.56 £5.3°

11+ 1.26 £ 0.3 (62) 1.32£0.3 (66) 36.03+5.3 34.08+5.3°

12+ 1.53+0.4 (61) 1.48 + 0.4 (57) 376170 34.53+59°

13+ 1.82 + 0.6 (55) 1.54 + 0.3 (55)° 40.27 + 7.3 3470+6.3°

14+ 2.21 £0.5(50) 1.60+ 0.4 (42)° 4491 +£8.1 33.99+71°

15+ 2.61 £0.6 (62) 1.76 £ 0.4 (59) ° 46.80+ 7.0 36.62+6.6°

16+ 2.57+0.5(43) 1.75+0.3 (42)° 45.16 £ 6.0 35.21+5.1°

17+ 2.97 +0.7 (42) 1.70+ 0.3 (42)° 46.40+79 34.28+5.5°

18+ 2.99 £ 0.6 (36) 1,79+ 0.3 (28)° 4780+ 7.8 33.33+54"°

19+ 3.04+0.5(27) 1.78 £ 0.2 (33) 48.02+6.3 32.27+5.8°
@ Significantly lower than boys (p<0.001). The number of individuals is presented in parentheses and is not different between Pmax and

Pmax/kg.

Table 3. Muscle function parameters of boys and girls during multiple one legged hopping (m1LH).

-
Age (years) .
___ Boys(N=793) | Girls(N=770) | Boys | Gils

5+ 0.50 £ 0.2 (20) 0.50+0.2(27) 2.82+0.3 276+0.3

6+ 0.59 + 0.3 (29) 0.53 £ 0.1 (27) 277+0.3 2.87+0.3

7+ 0.63 +£0.2(29) 0.57 + 0.1 (46) ® 292+0.3 2.81+£0.3

8+ 0.72 £ 0.3 (40) 0.69 + 0.2 (65) 291+0.3 291+0.3

9+ 0.79+0.2 (121) 0.78 £ 0.2 (99) 2.85+0.3 2.86+0.3

10+ 0.88+0.2(121) 0.90+0.2(94) 2.74+0.3 2.80+0.3

11+ 0.95+0.2(62) 1.01 £0.2 (63) 2.81+0.3 270+£0.3

12+ 1.10+£ 0.2 (61) 1.14£0.2 (57) 277+0.3 2.68+0.3

13+ 1.21 £ 0.3 (55) 1.16 £ 0.2 (52) 2.72+0.3 2.69+0.2

14+ 1.31 £ 0.3 (48) 1.23+0.2(42) 2.75+0.3 273+0.3

15+ 1.54 £ 0.3 (62) 1.27 £0.2 (57)° 2.84+0.3 276 +0.3

16+ 1.57 £ 0.3 (42) 1.29+0.2(41)? 2.81+0.3 2.69+0.2°

17+ 1.71 £ 0.3 (40) 1.27 £0.2 (40)® 2.83+0.3 2.66+0.3°

18+ 1.68+ 0.2 (36) 1.31£0.2(27)° 276 £0.4 2.60+0.2°

19+ 1.75+0.2 (27) 1.28+0.2 (33)° 2.83+0.3 249+0.2°
aSignificantly lower than boys (p<0.001). The number of individuals is presented in parentheses and is not different between Fmax
and Fmax/BW.

with the Indian reference healthy population.

relative force- Fmax/body weight (Fmax/BW) of the study

The age and gender specific mean £ SD values of maximum population are presented in Tables 2 and 3, respectively.
power (Pmax), maximum relative power- Pmax/body mass Females were seen to have consistently lower values of Pmax
(Pmax/kg), maximum voluntary force (Fmax) and maximum and Pmax/kg at most age groups, as compared to males
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Figure 2. Age dependent smoothened percentile graphs for Pmax and Pmax/kg.

Table 4. Nerve Muscle Index (NMI) of boys and girls.

Boys (N=842) Girls (N=828)

5+

0.68 £0.1 0.65 + 0.1
6+ 0.78 £0.2 0.72+0.2
7+ 0.86+0.2 0.82+0.2
8+ 0.87 £0.1 0.86+£0.2
9+ 094 0.1 091 £0.1
10+ 0.94+0.2 0.92 £0.1
11+ 0.98 0.1 0.95+0.2
12+ 0.97 0.1 0.95+0.2
13+ 1.03+£0.2 0.94 +0.1°
14+ 1.07 £0.2 094+0.2°
15+ 1.03+£0.2 090+0.2°
16+ 1.03 £0.1 091+0.2°
17+ 1.04+0.2 090+0.1°
18+ 1.01 £0.2 0.83+0.1°
19+ 0.94+0.2 0.82+0.1

a Significantly lower than boys (p<0.001).
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(p<0.001). No gender differences were found from age 5 to
14 years, in Fmax and Fmax/BW (p>0.001), however, after
15 years of age, females had significantly lower Fmax and
Fmax/BW than males (p<0.001). The mean Vmax of the study
group was 2.1 + 0.3 m/s (males: 2.2 £ 0.3 m/s, females: 1.9
+ 0.2 m/s). The mean Hmax was observed to be 0.3 + 0.1 m
(males: 0.32 + 0.1 m, females: 0.3 = 0.1 m).

The mean NMI of the study population was 0.9 + 0.2 m/s
(males: 1.0 + 0.2 m/s, females: 0.9 + 0.2 m/s). Age and
gender specific mean = SD values of NMI are presented in
Table 4. No gender differences were found from age 5 to
12 years in NMI (p>0.001), however, after 13 years of age,
females had significantly lower NMI than males (p<0.001).

Further, the correlations between muscle mass percentage
and Pmax/kg and Fmax/BW were examined. A significant
positive correlation was observed between Fmax/BW and
muscle mass percentage in both the genders (males r = 0.4,
females r = 0.4, p<0.001 for all). However, no significant
correlation was found between Pmax/kg and muscle mass
percentage in either boys or girls. Similar correlations were
observed between muscle/fat ratio and Fmax/BW in both
the genders (males r = 0.3, females r = 0.3, p<0.001 for all).
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Additionally, a weak positive correlation was noticed between
the Pmax/kg and muscle/fat ratio in males and females
(males r=0.2, females r = 0.1, p<0.001 for all).

Reference Percentile Curves

Datawere further analysedto produce reference percentile
curves for assessing muscle function status in Indian children
and adolescents.

Results are presented separately for boys and girls. The
age dependent reference curves for Pmax, Pmax/kg, Vmax,
Hmax and NMI are obtained from s2LJ, and for Fmax and
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Fmax/BW are obtained from m1LH.

Age dependent smoothed reference percentile curves
for Pmax and Pmax/kg for boys and girls are presented in
Figure 2, for Vmax in Figure 3, Hmax in Figure 4, NMI in
Figure 5. and for those of Fmax and Fmax/BW are presented
in Figure 6.

The reference curves for Pmax showed a clear flattening
around 13-14 years in girls which is in contrast to in boys,
in whom Pmax continued to increase with age. Similarly, the
Pmax/kg reference curves showed arise with age till 17 years
in boys, whereas in girls, the curves presented a downwards
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Table 5. Anthropometric and body composition parameters of the adults.

Age group 21-30y 31-40y 41-50y 51-60y
Gender (N) | Males (75) |Females (40) | Males (40) |Females (40)| Males (61) |Females (40) m Females (40)

Age (y) 244+26 241 +25 34.2+3.5 35.3+29 444+2.8 440+3.0 56.4+4.8 541+44
Height (cm) | 1709+70 | 157.7+6.4* | 169.8+6.0 | 1543 +6.6°| 170.1 +6.0 | 155.0+6.8° | 166.3+5.1 | 152.7 +5.7°
Weight (kg) | 704+ 134 | 571 +9.1° | 722+ 104 | 604+12.8 | 740+ 11.4 | 63.0+10.5°| 739+9.0 | 599+ 7.2a
BMI (kg/m?) | 21.8+2.3 21.2+2.2 225+ 2.6 21.2+2.2 225+ 19 22.1+2.8 234+ 16 231+ 14

Fat% 21.5+45 31.0+6.7° 23.4+41 344+58° | 23.1+5.2 37.2+4.5° 259+39 369+ 3.1°
MM% 744+ 4.2 65.1 + 6.4° 727+39 61.7 +5.5° 72.6+43 | 58.2+5.0° | 69.9+47 59.2 +2.9°
Muscle: Fat 3712 23+1.2° 3.3+10 1.9+0.5° 3.2+09 1.6+£0.3° 2.8+ 06 1.6+£0.3°
Significantly different than males from corresponding age groups (p<0.001). BMI: Body mass index; Fat%: Fat percentage; MM%: Muscle
mass percentage.

trend from 15 years of age (Figure 2). Similar trends were
observed in the curves for Vmax (Figure 4), Hmax (Figure 5)
and NMI (Figure 6). The reference curves showed a significant
increase in both boys and girls in childhood, however, in girls,
the curves showed a plateau, starting around 14 years of age.

Similar to Pmax, the reference curves for Fmax started
flattening around 14 years in girls, while in boys, a sharp
increase was seen till 17 years. The curves for Fmax/kg were
flatter than Fmax, both in boys and girls. The relationship
between Fmax/kg and age was negative, especially in girls, as
the curves showed a downward trend with progressing age.
In boys, the relationship was observed to be fairly constant,
post adolescence as illustrated in Figure 3.

The manufacturer’s software provides the standard
deviation scores (SDS) for Pmax and Fmax. These scores are
based on the reference data used by the manufacturer which
were generated based on muscle function parameters of
children and adolescents studying in schools in Germany?8-*,
When the SDS of the children and adolescents from this study
were studied, it was observed that Indian children from our
study had significantly lower muscle function parameters as
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comparedto the reference dataprovided by the manufacturer.
The Pmax SDS ranged from —0.18 to —1.28 in boys and from
—0.87 to —1.97 in girls. The Fmax SDS ranged from —1.32
to —1.92 in boys and in girls it ranged from —1.43 to —2.68.
Figure 7 illustrates the comparison of Indian children’s
muscle function parameters with the reference data provided
by the software.

21 - 60years age group

Muscle function parameters of adults from 21 — 60 years
with mean age of 38.8 + 12.2 years are presented. The
anthropometric, body composition parameters and s2LJ
results are available on the whole group of 386 (226 males,
160 females) participants while results of m1LH are available
on 349 (214 males, 135 females) participants.

The anthropometric and body composition characteristics
of the adult population in the study are presented age group
wise in Table 5.

All the females were significantly shorter and lighter than
the males (p<0.001) but had similar BMI (p>0.05). The males
from all age groups were seen to have higher muscle mass
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Table 6. Muscle function parameters of males and females.

Age group 21-30y 31-40y 41 -50y 51-60y

Pmax (KW) 3.2+£08 1.9+0.4° 3.1x£07 1.8 £0.5a 2.8x0.6 1.6 £0.3° 24+05 1.3£0.3°
3.2(2.7-3.8) 1.8(1.6-2.1) 3.0(2.7 - 3.6) 1.6(1.4-2.2) 27(2.4-3.3) 1.6(1.4-1.8) 2.5(2.0-2.9) 1.3(1.1-1.4)
Pmax/mass (W/kg) 43179 31.2+£5.7 41.0+£7.3 29.2+5.7° 37271 25.2+4.2° 32.2+6.0 21.8£3.5a
42.4(37.4-49.4) | 309 (27.6 - 34.2) | 40.2(36.0-44.8) | 28.4(25.5-32.7) | 36.9(32.3-42.3) | 24.9(21.4-28.2) | 33.3(27.5-36.3) | 22.0(18.3 - 24.6)
Vmax (m/s) 2503 20x0.2° 23%0.2 1.8£0.2° 2103 1.7+0.2° 1.9+£0.3 1.5£0.2°
25(2.3-2.7) 20(1.8-2.2) 2.3(2.2-2.5) 1.8(1.7-1.9) 2.2(20-2.3) 1.7 (1.6 - 1.8) 2001.8-2.1) 1.5(1.3-1.6)
Hmax (m) 0.4=x0.1 0.3+0.1° 0.4=0.1 0.3x0.12 0.3+0.1 0.2+0.04° 0.3+0.1 0.2x0.1a
0.4(0.3-0.5) 0.3(0.2-0.3) 0.4(0.3-0.4) 0.2(0.2-0.3) 0.3(0.3-0.4) 0.2(0.2-0.3) 0.3(0.2-0.3) 0.2(0.1-0.2)
NMI (m/s) 1.1+£0.2 1.0£0.2° 1.0£0.2 0.8+0.2? 1.0+£0.2 09+0.2° 09+0.2 0.7+0.2
1.1(1.0-1.2) 1.0(0.9-1.1) 1.0(0.8-1.2) 0.8(0.7 - 1.0) 1.0(0.8-1.1) 0.9 (0.8-1.0) 0.8(0.7-1.0) 0.7 (0.6 - 0.9)
Fmax (kN) 1.9+0.3 1.5+0.2° 1.8+£0.3 1.3+0.2° 1.8+0.3 1.4+£0.2a 1.7+0.2 1.2+0.2a
1.9 (1.6 - 2.0) 1.4(1.3-1.6) 1.8(1.6 - 2.0) 1.3(1.1-1.5) 1.8(1.6 - 2.0) 1.4(1.3-1.6) 1.7(1.6-1.9) 1.2(1.1-1.4)
Fmax/BW 27+0.3 2.5+0.3° 25+0.2 2.3+0.3° 2.5+0.3 2.3+0.3° 24+0.2 2.1+£0.3°
27(25-29) 2.5(2.2-2.8) 2.5(2.3-2.7) 2.3(2.1-2.5) 2.5(2.3-2.6) 2.4(2.1-2.6) 2.4(2.3-2.5) 2.0(1.9-2.3)
Values are mean + SD and median (IQR). The Pmax values are expressed in kW and Pmax/mass values are expressed in W/kg. °Significantly lower than males from corresponding age group
(p<0.001).

percentage and lower fat percentage than the females from corresponding age groups
(p<0.001).

The age group and gender wise mean + SD (median — IQR) values of maximum
power (Pmax), maximum relative power- Pmax/body mass (Pmax/kg), maximum
velocity (Vmax), maximum jump height (Hmax), Nerve Muscle Index (NMI), maximum
voluntary force (Fmax) and maximum relative force- Fmax/body weight (Fmax/BW) of
the study population are presented in Table 6.

As shown in Table 6, females were observed to have consistently lower values
of Pmax, Pmax/kg, Vmax and Hmax at all the age groups, as compared to males
(p<0.001). On comparing the consecutive age groups, in males as well as females,
the Pmax values significantly decreased from the 41 — 50y age group to 51 - 60y
age group (p<0.001), whereas, the Pmax/kg significantly decreased from 31 -
40y age group to 41 — 50y age group and from 41 - 50y to 51 - 60y age group
(p<0.001). Vmax and Hmax decreased significantly from 41 — 50y to 51 — 60y age
group (p<0.001) in males. No significant changes were observed in the NMI values.
In females, Vmax and NMI decreased significantly from 21 - 30y age group to 31
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- 40y age group and from 41 - 50y to 51 - 60y age group (p<0.001). Males had
higher Fmax and Fmax/BW at all the age groups, as compared to females (p<0.001).
In females, the Fmax values significantly decreased from the 41 — 50y age group to
51 - 60y age group (p<0.001).

Figure 8 represents the correlation of Pmax and Pmax/mass in males and females
across the age groups, respectively. A significant negative correlation was observed
between age and Pmax in both the genders (males r =—-0.4, females r = -0.5, p<0.001
for all). Similar negative correlation was seen between the body mass adjusted Pmax
(Pmax/mass) and age (males r = —0.5, females r = —0.6, p<0.001 for all).

The correlation of Fmax and Fmax/kg in males and females across the age is shown
in Figure 9. A weak but significant negative correlation was observed between age
and Fmax in both the genders (males r = —0.2, females r = —0.2, p<0.001 for both).
Similarly, the body weight adjusted Fmax (Fmax/BW) and age (males r =—0.4, females
r=-0.4, p<0.001 for both) showed a negative correlation.

Further, the correlations between muscle mass percentage and Pmax/kg and Fmax/
BW were examined. A significant positive correlation was observed between Pmax/
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mass and muscle mass percentage in both the genders (males
r = 0.4, females r = 0.6, p<0.001 for all). Similarly, Fmax/
BW was positively correlated with muscle mass percentage
in both the genders (males r = 0.4, females r = 0.5, p<0.001
for all). Similar correlations were observed between muscle/
fat ratio and Pmax/mass in both the genders (males r = 0.3,
females r = 0.5, p<0.001 for all). Also, a positive correlation
was observed between the Fmax/BW and muscle/fat ratio in
males and females (males r = 0.4, females r = 0.5, p<0.001
for all).

When the age associated decline in muscle mass
percentage and Pmax/mass were compared, the decline in
Pmax/mass was observed to be in excess as compared to
that of muscle mass percentage, both in males and females
as demonstrated in Figure 10a. Similar pattern was observed
when the decline in Fmax/BW was compared with the decline
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in muscle mass percentage linked with increase in age. This
relationship is shownin Figure 10b. However, the differencein
percent reduction of Fmax/BW and muscle mass percentage
was not as sharp as that observed with Pmax/mass.

The SDS for Pmax and Fmax are provided by the
manufacturer’s software. These scores are based on the
data of muscle function parameters of healthy adults from
Germany“°. The SDS of the Indian adults from this study
were seen to be significantly lower than their Western
counterparts. The Pmax ranged from —1.61 to —1.97 in males
and from —1.89 to —2.30 in females. The Fmax SDS ranged
from —3.06 to —2.74 in males and in females it ranged from
—2.64 to —4.06. Figure 11 shows the comparison of Indian
adults’ muscle function parameters with the reference data
provided by the manufacturer.
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Discussion

In this cross-sectional study, we present age and gender
specific reference values for muscle function parameters
as measured by Jumping Mechanography, for the first
time in Indian children, adolescents, and adults. To our
knowledge, this is the second largest study (1670 children
and adolescents and 386 adults) on reference data for
Jumping Mechanography outcomes. The paediatric sample
size is greater than the earlier published studies on Jumping
Mechanography?83°4! whereas the adult sample size is
comparable to other similar studies**™#4. Additionally,
we have also provided smoothed reference curves for
maximum power, maximum power relative to body mass,
maximum velocity, maximum jump height, NMI, maximum
voluntary force, and maximum force relative to body weight.
These reference data and percentile curves will facilitate
the accurate assessment of muscle function in the Indian
population.

The Nerve Muscle Index is a newly defined parameter to
evaluate jump efficiency and, hence, the muscle function.
This index has been introduced in a recently published large
longitudinal study®®. It is a ratio of maximum velocity to
relative force. It is beneficial to establish an interrelationship
between the two factors and analyze whether the observed
performance was primarily influenced by the velocity factor
(serving as a proxy for neuro-motor coordination) or by the
force factor (serving as a proxy for muscular strength). Higher
the NMI, higher is the movement efficiency. This is the second
study to use this parameter and provide the reference curves.
The NMI values in our study started declining in girls post 13
years of age, and in boys post 14 years of age. The observed
phenomenon may be attributed to diminished movement
efficiency resulting from insufficient muscle coordination and
reduced flexibility which may stem from reduced physical
activity. Indian children and adolescents were observed to
have lower Nerve Muscle Index than the German children
and adolescents?®>. In the adult cohort, the NMI did not exhibit
drastic changes. It reduced significantly only in females along
with age.

We found significant gender differences in Pmax and Pmax/
kg at all age groups, while the gender differences in Fmax and
Fmax/BW were evident post adolescence, females had lower
values. This difference can be explained through the action of
androgens on muscle. Testosterone exerts a strong anabolic
effect on muscles®s. As the levels of testosterone are higher
in boys, they gain greater muscle mass and function. A recent
Chinese study has shown that a high concentration of serum
testosterone contributes to gains in muscle mass and hand
grip strength in male adolescents“*¢. Age and anthropometric
parameters strongly influence the development of muscle
function during growth3®4!. The shapes of the curves for
Pmax and Fmax in the percentile graph in our study exhibited
comparable patterns. A linear rise with age was seen in
prepubertal children for both the parameters. Girls reached
a plateau in adolescence, while boys maintained a steady
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increase throughout childhood. Our findings align with the
fact that muscle function is a function of height and girls stop
growing earlier thanboys*’4°, These results match previously
published data on Jumping Mechanography outcomes*'-5°,

Similar trend was observed in the centiles of Pmax after
adjusting for body mass; a linear increase with age where
girls plateaued earlier as compared to boys. However, after
correction for weight, Fmax remained relatively constant
in boys across ages, consistent with prior observations of
Fmax/BW3°4!, however, in girls, Fmax/BW showed a declining
trend with age. A probable explanation for this decline may be
due to a decrease in physical activity in girls with increasing
age®' and higher body fat percentage as compared to boys3“.
The girls in this study had a significantly higher body fat
percentage than boys from 11 years of age.

In the adult age group from our study, a significant sexual
dimorphism was observed in muscle function, with females
showing lower levels than their male counterparts, in all
decades. A possible explanation for this can be a similar one
as in the children. Females have higher body fat percentage
than males and a lower muscle/fat ratio®2. Similar results
were seen in our study where females had significantly lower
muscle/fat ratio than males and lower muscle function.
Additionally, the higher levels of testosterone in males may
be responsible for the higher muscle function. Studies have
shown positive association between serum testosterone
levels and muscle strength in both men and women3®354, A
study from South Korea has reported that men and women
with low testosterone levels have weak muscle strength
after adjusting for muscle mass®4. Furthermore, the muscle
function parameters in this study exhibited a negative
association with age, in both males and females. These
findings are similar to other studies conducted on muscle
function in adults*?-44, The existing hypothesis suggests
that age-related decline in muscle mass is the cause of the
decline in muscle function. However, the extent of the decline
in both muscle mass and muscle function differs with age. A
recent longitudinal study has shown that there is an early and
pronounced age-related decline in muscle power, assessed
by Jumping Mechanography, as compared to muscle mass®®.
As muscle power is the product of force and velocity, as per
this study, the significant decrease in muscle power appears
to be attributed to an early decline in the largest and fastest
contracting type Il muscle fibers. This decline is linked to a
general demyelination of the central and peripheral nervous
system resulting in a slowdown of axonal conduction velocity
with age and the prevalence of type | muscle fibers. This
phenomenon is observed in both men and women, with the
only sex-specific difference being the smaller and decreasing
size of type Il muscle fibers in women compared to men as
age increases. Additional intrinsic changes in actin-myosin
structures, motor units, as well as hormones and metabolism
contribute to reduced muscle power, potentially explaining
the earlier decline in women compared to men in our study®®.
Thus, the importance of assessment of muscle function in
adults is emphasized and makes it a more relevant parameter
in diagnosis of sarcopenia.
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The healthy Indian children and adults were seen to have
very low Z-scores when compared to the German reference
data®®4°, The participants in this study were shown to have
lower muscle function though all the participants were
physically active and had adequate nutrition. These changes
may be attributed to mainly different body sizes and body
composition. These discrepancies in muscle function justfy
the need for ethnic specific reference data.

This is the first study to establish Indian reference data
for muscle function parameters assessed by Jumping
Mechanography. The advantages of the assessment tool are
that it is quick, reliable, reproducible, accurate, and gives
guantitative results. The strength of this study lies in the
adequate sample size. The measurements were performed
by only 2 observers, one of whom (SK) was present at all
measurements. This assured the uniformity in measurements
during the whole study.

JumpingMechanography hasprovedbeneficialinassessing
muscle function of children with diseases and disorders
affecting muscular health?22325, This Indian reference data
will help in precise assessment of muscle function of Indian
children requiring specific treatments to preserve muscle
function and avoid further deterioration. Furthermore,
measurement of muscle function is a key component in the
diagnosis of sarcopenia®’. Studies have shown the criticality
of using ethnicity specific cut offs of muscle parameters for
diagnosing sarcopenia in Indian population®®° as Indians
have lower muscle mass and strength than their Western
counterparts. The adult reference data generated in our
study will help in accurate diagnosis of sarcopenia in Indian
population and aid in devising strategies to prevent falls and
fractures.

The study is limited by its cross-sectional design. A
longitudinal study design may help to better explore the
relationship between age and muscle function. At the same
time, however, the results from this study can serve as a
starting point for future studies. Secondly, we were not able
to collect data on pubertal staging in children and adolescents
as most of the data collection took place in schools, and most
of the participants who visited the institute for assessments
denied assent. Data on muscle functionin relation to pubertal
development would have further added to our understanding
of muscle function. Also, we could not use the LMS method
for adult data as the numbers were modest. Additionally, this
study includes participants from only one city. To increase
the applicability of the results, a bigger study with more
centres can be conducted.

In conclusion, this study presents gender-specific
paediatric and adult reference data on the main parameters
assessed by Jumping Mechanography from a large cohort.
Our results are intended to assist clinicians in the assessment
of muscle function by Jumping Mechanography in the Indian
population.
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