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Abstract

Introduction: The muscle strength problems of Individuals with Down Syndrome (IDS) originate from both con-
genital hypotonus and joint hypermobility. This affects daily life activities adversely. In medicine, muscle strength me-
asurements are usually performed with Nicholas Manual Muscle Test (NMMT) or with the Manual Muscle Test (MMT)
by physiotherapists, whereas, in other fields, scientists have difficulty to find suitable tests for measurement of muscle
strength. The aim of this study is to investigate whether alternative tests can be used to assess muscle strength in IDS
instead of medical tests.

Material and methods: In the city of Adana of Turkey, 30 IDS from various Special Education and Rehabilitation
Centers and 85 Typically Developing Individuals (TDI) from various secondary schools participated in the study volun-
tarily. Lower extremity strength was evaluated with NMMT, Leg Dynamometer Test (LDT), MMT and 30-second Chair
Stand Test (30s-CST). The Mann Whitney U Test and Spearman’s Rank Correlation were used in statistical analysis.

Results: By using different methods, it was determined that the lower extremity strength assessment measurements
correlated positively with each other. Especially, the 30s-CST correlated with the ratio of 0.62 with LDT, while the LDT
correlated with the gluteus maximus Manual Muscle Test (right-left) ratio of 0.66—0.64, respectively.

Conclusion: As a remarkable result, low muscle strength was not measured with NMMT. For this reason, we can em-
phasize that the muscle development measurements of IDS with low muscle strength should be made by using 30s-CST
or LDT with NMMT together.
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Introduction

Down Syndrome which is a congenital autosomal
malformation, is characterized with growth deficiency
and mental delay. It was declared that the main physical
features common to Individuals with Down Syndro-
me (IDS) are hypotonia, ligament laxity and decreased

muscle strength. Joint and musculoskeletal abnormali-
ties can affect muscle strength quality [1]. It was indi-
cated that muscle hypotonia reduces the quality of life
and especially can affect self-care and academic ability
in IDS [2,3]. Most of the clinic problems including the
musculoskeletal system, orthopedic, cardiovascular and
perception disabilities are seen in IDS. IDS runs into
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problems in gross motor functions like push-ups and si-
t-ups and major problems in fine motor skills. Also, it
is stated that there is an inability in processes including
visual motor integration, muscle strength, agility, and
motion reaction time. Studies have shown that IDS have
lower muscle strength than Individuals with Intellectual
Disability (IDI) or non-IDS or non-IDI [4]. Muscle hy-
potonia, unstable joint or joint problems can lead to mo-
re musculoskeletal problems and impaired gait posture
in IDS. Because, the limitation appeared in the muscu-
loskeletal system causes secondary defects and fatigue
[5]. In literature studies, it has been reported that the leg
strength is an important factor as a determinant of func-
tional skill, physical fitness and gait [6,7]. Moreover, it
was indicated that there was a strong correlation betwe-
en leg strength and oxygen uptake values [8]. Accordin-
gly, it can be emphasized that lower extremity muscle
strength has great importance for daily life activities of
IDS and in maintaining functional independence [9].
Therefore, trainers, parents and scientists working with
IDS are trying to contribute to the development of mu-
scle strength by using lower extremity muscle strength
training programs. There are many studies (medicine,
sports sciences etc.) in the literature regarding muscle
strength related to IDS [1,10,11]. In medicine, strength
development follow-ups are performed with expensive
and hard to reach device tests such as Nicholas Manual
Muscle Test (NMMT) or Manual Muscle Test (MMT)
done by a physical therapist. However, scientists study-
ing in other fields such as sport sciences, special educa-
tion, or child development evaluate the muscle strength
measurements; and they have difficulty to find suitable
test techniques. Therefore, there are few studies related
to muscle strengths of IDS in other areas except medi-
cine [10,11].

The 30-second Chair Stand Test (30s-CST) test
and Leg Dynamometer Test (LDT) are considered as
alternative tests to measure lower extremity muscle
strength of elderly individuals; and also, NMMT and
MMT results used in medical field were compared
in IDS and TDI. Some researchers conducted validi-
ty and reliability studies to use the tests managed in
different areas in the measurement of IDS [12]. One
of these tests is 30s-CST, especially, this test is used
to measure lower extremity muscle strength of older
adults [13]. In Hilgenkamp et al.’s test-retest studies
performed in older adults with Intellectual Disabili-
ty, 30s-CST was used and moderate-high correlation
was found in test-retest reliability (0.65-0.72) [14,15].
Then, Terblanche and Boer evaluated it according to
age categories (18-25 years, 2635 years, 36—45 years
and >45y) [9,16]. However, a comparative study for
IDS who are athletes or non-athletes and TDIs was not
found in the literature.

Therefore, this study was carried out to determine
whether easily available, cost-effective tests can be
used as an alternative to the tests used in the medical
field. Also, the other aim was to compare different me-
thods of lower extremity muscle strengths of athletes
and non-athletes with Down Syndrome and Typically
Developing Individuals (TDI).

Material and methods

The study protocol was approved by the Ethics
Committee of Cukurova University (approval number
and date: 59/2016). Lower extremity muscle strength
measurements of all groups were performed with four
different test methods 30s-CST, NMMT, MMT, LDT.
Validity and reliability studies of 30s-CST were perfor-
med on IDS (ICC = 0.94) [4, 13, 15, 16]. 30s-CST on
TDI was measured twice with one-week intervals, and
test retest values and reliability validity were evaluated
(ICC = 0.86). All measurements were applied twice to
participants and the best measurement value was recor-
ded. Moreover, all tests were performed at the same ti-
me in the morning, and the tests took about 30 minutes.
A survey was administered to the parents to determine
the demographic characteristics (doing sport situations,
how many days in a week and hours, etc) by resear-
chers.

Participants

In the city of Adana of Turkey, 30 IDS (15 male and
15 female) from various Special Education and Reha-
bilitation Centers and 85 TDI (48 male and 37 female)
from various Secondary School participated as volunte-
ers in the study. The study group was divided into two
groups as IDS (11 athletes and 19 non-athletes) and
TDI (53 athletes and 32 non-athletes).

Inclusion criteria for this study

For IDS: cognitive abilities that allow to follow in-
structions during test measurements. Absence of any
history of congestive heart failure, serious pathology
and physical, mental and medical problems. For TDI:
Absence of any history of physical, neurological and
mental health problems.

Due to the few numbers of IDS in society, thirty
IDS individuals took part in our study. For this reason,
the numbers of IDS and TDI were found different from
each other.

Protocol of Muscle Strength Methods

Nicholas Manual Muscle Test (NMMT) [8,9]: It
was reported that NMMT (model 01165) was found
as reliable and valid for measurements performed on
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lower extremity muscle strengths of individuals with
mental retardation or non-mental retardation [6,17,18].
Manual Muscle Test (MMT) [1,8,9]. MMT and NMMT
Protocols: For MMT, the researcher tells to test how
strong the upper limb muscles are in the arms. Individu-
als sit in an appropriate and comfortable test position.
The researcher asks individuals to exert as much effort
as possible. The MMT grade is measured on a scale
from 0 to 5, such as re-scoring +, —, 3, 3+ according to
the force of the researcher. Moreover, the NMMT will
measure the strength. Individuals are in the appropriate
position for measurement. NMMT is placed for the in-
dividual as described above. The individual pushes the
researcher as best as she/he can. The researcher mat-
ches the force exerted by the person on the dynamome-
ter to ensure that the dynamometer remains constant.
The value in Newton is stored in the device. Individuals
rest for about 30 seconds [19,20].

30-second Chair-Stand Test (30s-CST): 30s-CST
was found reliable and valid for IDS in the literature
[13—16]. There was no reliability and validity study of
TDI for 30s-CST in the literature. For this reason, the
test-retest study was performed for 85 TDI one-week
intervals twice by us. According to this test results,
Cronbach’s Alpha value was measured as 0.86 between
first and final measurements. The reliability and validi-
ty of the test were determined because of showing high
correlation. Lower body strength was assessed with the
chair stand test [13]. Participants sat on a straight-bac-
ked chair (43.18 cm in height and with no arm rests),

Family having IDS oriented
information and voluntary

participation meeting

(n =40)
Individuals not meeting the
—_— study criteria
(n=6)

feet flat on the floor and arms across the chest. On the
signal “Go”, the participant rose to a full stand, and then
returned to a fully seated position. The score was the
number of stands completed in the 30s (two trials) [9].

Leg Dynamometer Test (LDT) (Takei Model): Fir-
stly, the test was shown on the dynamometer by the re-
searcher. In the upright position, the dynamometer was
set on the individual knee level of the chain. Partici-
pants were asked to pull the dynamometer upward in
a position similar to the stand position on the basket-
ball. The reading was recorded in kg [10,11].

Study flow chart is shown at Figure 1.

Statistical analysis

The SPSS 21.0 program was used for statistical
analysis. Kolmogorov-Smirnov Test was applied for
the normal distribution of variables. However, varia-
bles did not demonstrate normal distribution. For this
reason, the non-parametric test (Mann Whitney U-Test)
was applied. Moreover, Spearman’s Rank Correlation
analysis was performed. In addition, the results were
assessed at a 95% confidence interval, with a signifi-
cance of p < 0.05.

Results
The records of 115 individuals (30 IDS, 85 TDI) we-

re assessed. The mean values of the age, weight, height
and Body Mass Index (BMI) are presented in table 1.

Family having TDI oriented
information and voluntary
participation meeting
(n=87)

|

IDS participated as volunteer

(n=234)
Those who can not complete
the test are excluded from
the study
(n=4)

Individuals refused to attend
TDI participated as volunteer

(n=87)

to the study
(n=2)

IDS participated as volunteer
(n=30)

\

|

TDI participated as volunteer
(n=85)

=

Fig. 1. Study flow-chart

Total number of participants
(n=115)
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Tab. 1. The demographic characteristics of groups

TDI IDS
Demographic characteristics n X Sd n X sd p
Age 85 12.56 1.91 30 15.90 9.64 0.07
Weight 85 46.55 11.01 30 51.95 22.49 0.216
Height 85 155.12 11.44 30 141.63 16.69 <0.001
Body mass index (BMI) 85 19.18 3.35 30 24.69 7.11 <0.001
TDI - Typically Developing Individuals, IDS — Individuals with Down Syndrome.
Tab. 2. The comparison of lower extremity muscle strength measurements of TDI and IDS
TDI (n=85) DSI(n=30)
Lower extremity muscle strength measurements z P
Meanrank ~ Mean rank
30 Second Chair Stand Test 72.08 18.12 —7.645 <0.001
Leg Dynamometer Test 68.06 29.50 —5.452 <0.001
Hip flexion NMMT (right) 66.02 35.27 —4.344 <0.001
Hip flexion NMMT (left) 66.02 35.27 —4.344 <0.001
Hip extension NMMT (right) 65.63 36.38 —4.131 <0.001
Hip extension NMMT (left) 65.83 35.82 -4.239 <0.001
Gluteus maximus muscle (only) NMMT (right) 64.91 38.43 -3.739 <0.001
Gluteus maximus muscle (only) NMMT (left) 65.05 38.03 -3.816 <0.001
Hip flexion manual muscle test (right) 66.38 34.25 —4.716 <0.001
Hip flexion manual muscle test (left) 66.63 33.55 —4.828 <0.001
Hip extension manual muscle test (right) 66.61 33.62 —4.815 <0.001
Hip extension manual muscle test (left) 67.28 31.72 -5.163 <0.001
Gluteus maximus (only) manual muscle test (right) 65.72 36.12 -4.287 <0.001
Gluteus maximus (only) manual muscle test (left) 65.75 36.05 —4.293 <0.001

NMMT - Nicholas Manual Muscle Test; TDI — Typically Developing Individuals, IDS — Individuals with Down Syndrome.

The comparison of lower extremity muscle strength
measurements of DSI and TDI were shown in Table 2.

When the lower extremity muscle strength parame-
ters of the participants were examined, there were sta-
tistically significant differences in all muscle strength
parameters between the two groups (p < 0.001). The
correlation analysis of four different muscle strength
measurement methods of the participants is given in
Table 3.

P < 0.05 was accepted significant according to Sig
(2-tailed) score in Spearman’s Rank Correlation analy-
sis. In the evaluation of lower extremity muscle strength

measurements performed by using four different me-
thods, it was seen that the measurements showed a po-
sitive correlation with each other. It was especially
noted that the 30s-CST showed correlation at a rate of
0.62 with LDT, while LDT showed correlation at a ra-
te of 0.66—0.64 with gluteus maximus manual muscle
test. While 62.35% of TDI were doing sport regularly,
36.67% of IDS were doing sport regularly. In an exami-
nation of sports branches, TDI (28 persons) performed
individual sport (karate, gymnastics, cycling, walking,
swimming). They reported that they played individual
sports for 1.25 + 0.44 years. Moreover, they also said
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Tab. 4. The situations of doing sport in TDI and IDS

TDI IDS
n % n %
Yes 53 62.35 11 36.67
The situations of doing sport in TDI and IDS
No 32 37.65 19 63.33
Dance 3 5.66 - -
Karate, Judo 3 5.66 — —
Bicycle 1 1.89 - -
Individual sport
Gymnastics 4 7.55 4 36.36
The sport Walking 15 28.30 4 36.36
branches
Swimming 2 3.77 3 27.27
Football 15 28.30 - -
Team sport Volleyball 2 3.77 - -
Basketball 8 15.09 - -
Groups TDI (53 Individuals) IDS (11 Individuals)

Individual Sport Team sport Individual sport
The situations of doing sport in participants (n=28 TDI) (n=25TDI) (n=111DS)
52.8% 47.2% 100%

The mean of doing sport year

1.25 + 0.44 years

2.40 + 0.50 years

1.82 + 0.75 years

The mean of doing sport day in a week

3.86 £ 1.76 days

4.00 + 1.83 days

4.45 £ 1.86 days

The mean of doing sport hours in a day

1.43 £ 0.60 hours

2.08 + 0.89 hours

1.55 £ 0.52 hours

TDI — Typically Developing Individuals, IDS — Individuals with Down Syndrome.

that they did these sports 3.86 = 1.76 days a week and
1.43 £+ 0.60 hours a day. The rest of TDI (25 persons)
were doing team sports (football, basketball and vol-
leyball). They reported that they played team sports
for 2.40 + 0.50 years. In addition, they also declared
that they did these sports 4.00 = 1.83 days a week and
2.08 £ 0.89 hours a day. Moreover, eleven IDS perfor-
med individual sport like gymnastics, walking, swim-
ming, etc. (the mean time of doing sport 1.82 + 0.75
years, 4.45 + 1.86 days a week and 1.55 + 0.52 hours in
a day) (Table 4).

The comparison of lower extremity muscle strength
measurements of TDIs who performed team and indivi-
dual sport are shown in Table V. Lower extremity mu-
scle strengths of TDIs who performed team and indivi-
dual sport were compared. According to results, it was
determined that the values of 30s-CST (p = 0.03), LDT
(p = 0.04), manual hip extension test [right (p = 0.02)
and left (p = 0.05)] were higher in TDIs who performed
team sport than TDIs who performed individual sports.

There were no statistically significant differences in the
other test values (p > 0.05) (Table 5).

When the lower extremity muscle strengths were
compared in athletes and non-athletes IDS, there were
statistically significant differences in the mean values
of the athletes with IDS according to non-athletes with
IDS [(30s-CST (p =0 .03)], hip flexion NMMT (ri-
ght) (p = 0.03), Hip Flexion NMMT (left) (p = 0.03),
Hip Extension NMMT right (p=0.03), Hip Extension
NMMT left (p = 0.02), Gluteus Maximus NMMT left
(p =0.03)] (Table 6).

Discussion

BMI is a health marker. It is commonly used to
classify the nutritional status of child, adult and elder
individuals [21]. Bertapelli et al formed a BMI chart
in Brazil. In this study which was performed on 706
IDS (aged between 2-18 years), the mean of BMI was
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Tab. 5. The comparison of lower extremity muscle strength measurements of TDIs who performed team and
individual sport

Lower extremity muscle strength measurements Ieilr;ssg%r; Inii\jcéléa;glon z p
Mean rank Mean rank

30 Second Chair Stand Test 31.76 22.75 —2.143 0.03*
Hip flexion NMMT (right) 25.72 28.14 -0.570 0.57
Hip flexion NMMT (left) 25.76 28.11 —-0.553 0.58
Hip extension NMMT (right) 26.90 27.09 —0.045 0.96
Hip extension NMMT (left) 28.18 25.95 —0.526 0.59
Gluteus naximus NMMT (right) 28.00 26.11 —-0.446 0.66
Gluteus naximus NMMT (left) 29.14 25.09 —0.953 0.34
Hip flexion manual muscle test (right) 27.84 26.25 —-0.401 0.69
Hip flexion manual muscle test (left) 27.18 26.84 —0.085 0.93
Hip extension manual muscle test (right) 31.96 22.57 -2.337 0.02%*
Hip extension manual muscle test (left) 31.14 23.30 -1.944 0.05%*
Gluteus maximus manual muscle test (right) 30.72 23.68 -1.714 0.09
Gluteus maximus manual muscle test (left) 29.64 24.64 -1.214 0.23

*p < 0.05, TDI — Typically Developing Individuals, IDS — Individuals with Down Syndrome, NMMT — Nicholas Manual Muscle
Test.

Tab. 6. The comparison of lower extremity muscle strength of athletes and non-athletes with IDS

Athletes (n=11)  Non-athletes (n = 19)

Lower extremity muscle strength measurements Mean rank Mean rank z p
30-Second Chair Stand Test 20.09 12.84 -2.18  0.03*
Leg Dynamometer 19.14 13.39 -1.73  0.08
Hip flexion NMMT (right) 19.32 13.29 -1.81  0.07
Hip flexion NMMT (left) 20.05 12.87 -2.15  0.03*
Hip extension NMMT (right) 20.05 12.87 -2.15 0.03*
Hip extension NMMT (left) 20.36 12.68 -2.30 0.02*
Gluteus maximus (only) NMMT (right) 18.86 13.55 -1.59  0.11
Gluteus maximus (only) NMMT (left) 20.00 12.89 -2.13  0.03*
Hip flexion manual muscle test (right) 18.32 13.87 -1.41 0.16
Hip flexion manual muscle test (left) 18.36 13.84 -1.41  0.16
Hip extension manual muscle test (right) 17.95 14.08 -1.19  0.23
Hip extension manual muscle test (left) 18.82 13.58 -1.61  0.11
Gluteus maximus (only) manual muscle test right) 18.09 14.00 -1.27  0.20
Gluteus maximus (only) manual muscle test (left) 18.41 13.82 -1.42 0.16

*p <0.05, NMMT — Nicholas Manual Muscle Test.
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found as 26.14 + 5.63 kg/m? in DS males, respecti-
vely. The same dimensions were 26.40+5.92 kg/m? in
DS females [21]. In our study, the means of BMI of
thirty IDS aged between 15.90+9.64 years (15 male;
15 female) were calculated as 24.69 + 7.11 kg/m?. Ac-
cording to the literature data, our findings were similar
to the studies in Brazilian populations. In our study,
there was also a significant difference between TDI
and IDS in all parameters excluding age and weight.
In a study performed in Japanese population, the rela-
tions of muscle strength (lower and upper extremity),
BMI, height and weight were examined. In this study
performed with 48 Japanese males and 189 Japane-
se females aged between 15-19 years, it was reported
that leg muscle strength was significantly correlated
with height and weight (r = 0.708 and p < 0.0001).
However, there was a negative correlation between
leg strength per body weight and BMI (r =-0.719 and
p < 0.0001) [22]. All muscle strength parameters we-
re found higher at significant levels in TDI than IDS
(p <0.001). We think that the first of reasons why the
values of the TDI group are better than the IDS values
is that BMI and height values of TDI and IDS gro-
ups are different from each other. Moreover, we can
say that the second reason is basis physical properties
including muscle hypotonia, joint laxity which is se-
en in IDS. Also, there is a time of prolonged motion,
reaction time, balance, postural insufficiency and re-
duction in co-contraction between agonist and anta-
gonist muscles. For this reason, there are reduced mu-
scle tonus and reduction in ligament laxity in plantar
flexor muscles and decreased ankle stabilization [23].
This situation leads to, reduced muscle strength in
IDS [1]. In addition, we can say that all these physical
characteristics can play a role in low muscle strength
in IDS. According to literature performed by Pitetti et
al, findings including muscle strength were similar to
our study [24]. However, in Golubovic¢ et al’s Eurofit
Physical Fitness Test Battery’ study including speed,
flexibility, endurance and strength which was perfor-
med with 42 Intellectual Disability Individuals (IDI)
and 45 TDI, it was reported that all physical fitness
parameters were found lower in IDI than TDI. It was
stated that this situation is related to the reduced intel-
lectual level [25].

In evaluations of lower extremity muscle strength
which was performed with four different methods,
the measurements showed a positive correlation with
each other. Especially, there was a moderate corre-
lation (r = 0.62) between 30s-CST and LDT. There
was a moderate correlation between 30s-CST and hip
extension muscle strength test right (0.59) and left
(0.57), respectively. LDT showed a moderate corre-
lation with gluteus maximus manual muscle test right

(0.66) and left (0.64) respectively. Furthermore, the-
re was a moderate correlation between hip extension
manual muscle test right and left (0.63). Hardy et al
performed a study with 174 individuals (81 males and
93 females, aged 53 years) and reported that 30s-CST
showed a negative correlation with weight and height
measurements. Moreover, there was a positive corre-
lation between 30s-CST and knee extension muscle
strength (quadriceps femoris muscle) [26]. In our stu-
dy, 30s-CST showed moderate correlation (0.62) with
LDT. We can say that while both LDT and 30s-CST
were performed, quadriceps femoris, hamstring musc-
les, dorsi flexors, plantar flexors, erector spina, which
play roles in test protocols were used. For this reason,
we suggest that LDT and 30s-CST can be used in the
strength evaluation of these muscles.

NMMT is one of the muscle tests which we used in
muscle strength measurements. There were studies re-
lated with reliability and validity of NMMT in litera-
ture. The coefficient was found higher than the 0.90 in
the reliability study of NMMT (Model 01165) which
was performed with having IDI or not. Thus, NMMT
was found reliable and valid in muscle strength me-
asurements for individuals [17,27,28]. However, in
a study, which was performed one year later by the
same researchers there were moderate correlations
between NMMT and isokinetic scores. As a result, it
was emphasized that the generalization of test results
from one test protocol to the other was not assured
[18]. In the literature, upper extremity muscle strength
correlation coefficients were found between 0.83 and
0.86 in individuals having moderate IDI, and the lo-
wer extremity isometric muscle strength correlation
coefficient was found higher than 0.79 in individuals
with Spastic Diplegic of Cerebral Palsy [17,28]. In ad-
dition, there are many studies about different muscle
strength measurement devices. These tests were in li-
ne with the NMMT usage protocol [27]. In Aufsesser
et al.’s study, it was reported that the measurement of
hand dynamometers by a fixed lever arm rather than
testers’ hand can give more reliable results [27]. The-
refore, we can emphasize there was the necessity of
using such a mechanism in NMMT measurements.
Moreover, we can say that at least two measurement
protocols instead of one test measurement can be used
especially; in lower extremity muscle strength eva-
luation of IDS. We think that this situation will give
more reliable results. In our study, 62.35% of TDIs
and 36.67% of IDSs were doing sport regularly. In
the investigation of sports branches, twenty-eight ath-
letes with TDI performed individual sport including
karate, gymnastics, cycling, walking, swimming, etc.
(the mean time of doing sport was 1.25 + 0.44 years,
3.86 + 1.76 days a week and 1.43 £+ 0.60 hours a day).
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Moreover, twenty-five athletes with TDI were doing
team sports including football, basketball and volley-
ball for 2.40 + 0.50 years and 4.00 = 1.83 days a week
and 2.08 £ 0.89 hours a day. Furthermore, eleven ath-
letes with IDS performed sports like gymnastics, wal-
king, swimming, etc. (the mean time of doing sport
was 1.82 £ (.75 years, 4.45 + 1.86 days a week and
1.55 £ 0.52 hours a day). Athletes with TDI do both
team sports and individual sports, while athletes with
IDS do only individual sports. In the literature, IDS
participated in both individual and team sports as a re-
creational activity [24]. In a study performed by Oates
et al. on 208 adults with IDS, swimming (44.7%) and
bowling (15.9%) as individual sports and football
(8.2%), basketball (7.2%) as team sports were done
most frequently in Australia [29]. However, in a stu-
dy performed on 54 adults with IDS by Jobling et al.,
swimming and jogging were done most frequently by
90% of families [30]. Whereas, IDS tried ice skating
in Canada, cycling in Taiwan and China [31,32]. In
addition, it was also reported in other studies that wal-
king was performed by IDS most frequently [33,34].
In our study, individual sports were preferred by IDSs
as was reported in other literature studies.

In our study, in comparison of lower extremity
muscle strength of TDI and non-athletes, 30s-CST
(p=0.02) and LDT (p =0.03) results were found higher
at statistically significant levels in athletes than in non
-athletes. However, in comparison of lower extremity
muscle strength of athletes and non-athletes with IDS,
the means of some lower extremity muscle strength
measurement parameters were higher in athletes than
in non-athletes. Furthermore, there were significant
differences between groups in some measurements in-
cluding 30s-CST (p = 0.03), hip flexion left (p = 0.03),
hip extension right (p = 0.03), left (p = 0.02), gluteus
maximus muscle test left side (p = 0.03). Jalali et al.
compared the fine and gross motor skills of forty ath-
letes and non-athletes with IDS between the ages of
24-33 with BOTMP test. It was reported that sport
increased some parameters like running speed, skill
and balance in IDS. It was especially emphasized that
muscle strength values of athletes with IDS were bet-
ter than the non-athletes [35]. According to the litera-
ture data, our findings were similar to studies in Ira-
nian IDS. Golubovi¢ et al. studied measure balance,
strength and cardio-respiratory endurance on Serbian
population. Their baseline measurements were found
lower in 23 mild IDI than in 19 borderline IDI. It was
stated that borderline IDI who did exercise received
the best results in tests of balance, bent arm hang and
cardio-respiratory endurance, while mild IDI rece-
ived the best results in standing long jump, strength
and abdominal muscle strength measurements [25].

Moreover, it was also reported that the IDIs in the
control group who were not included in the exercise
program had improved in their last measurements and
this could be due to the fact that they learned their test
positions. However, it was found that the last measu-
rements of IDI in the control group were lower in ath-
letes than IDIs [25]. In our study, there was no signifi-
cant difference in some strength measurement results.
The reason for, this can be explained as follows; Ma-
hony et al. studied 20 physically disabled individuals
as Spina Bifida (between 5—15 ages). Their hip flexor,
abductor, and knee extensor, the strength of isometric
muscle strength were evaluated with a manual hand
dynamometer by researchers. It was stated that the
intertester reliability interval was between 0.76 and
0.83. In addition, the intertester coefficient for Manu-
al Muscle Test (MMT) of hip abductors, hip extensor
and knee extensor were evaluated as high (r = 0.75),
lower (r = 0.37) and lower (r = 0.40), respectively. Ac-
cordingly, it was stated that if the disabled individuals
have insufficient strength to move the lower extremi-
ty against gravity, it may be more appropriate to use
the MMT [19]. In our study, there was no significant
difference in NMMT measurements. We thought the
reason for this was that individuals did not apply suf-
ficient strength against gravity. However, there were
statistically significant differences in 30s-CST, LDT
and MMT results. Therefore, we can emphasize that
only the measurement method in force measurement
tests may not be reliable and valid in IDS. In another
literature study performed with the MMT test, it was
important to measure the muscle strength as correct
and reliable in IDS and individuals with Developmen-
tal Anomaly. Although MMT is a very common me-
thod, it was reported that it is controversial to ensure
the reliability of force evaluation between normal and
good points [36]. For this reason, the 30s-CST is prac-
tical and easy to use and we can emphasize 30s-CST
can be used as an alternative test for improving the va-
lidity and reliability of the test, especially in the lower
extremity muscle strength measurements in IDS.

In our study, the lower extremity muscle strength
of TDI doing team and individual sports were com-
pared. The results of 30s-CST (p = 0.03), LDT
(p = 0.04), manual hip extension [right (p = 0.02), left
(p=0.05)] were found higher in those of team athletes
than those of individual athletes. There was no stati-
stically significant difference in other muscle strength
measurements (p > 0.05). It was seen that the artic-
les about muscle strength measurements of subjects
who performed team and individual sports were not
compatible with each other. In a study performed by
Saygin et al., physical characteristics of athletes doing
individual sports (47 subjects; athletics, swimming,
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tackwondo) and athletes doing team sports (113 sub-
jects; football, basketball and volleyball) were com-
pared. It was determined that hand grip strength was
better in male athletes doing team sports than in males
doing individual sports [37]. According to the litera-
ture data, our findings were similar to these. Combi-
ned movements (dribble, passing, man to man defen-
se, offensive or defensive techniques, etc.) are more
common in team sports than in individual sports. In
addition, we can say that team sports need ball more
often than individual sports, and this situation plays
an important role in increasing overall body muscle
strength. However, in a study performed with 15 ath-
letes doing individual sports (athletics, boxing, judo)
and 15 team sports (football, basketball, volleyball),
physical features were compared. It was reported that
the upper extremity muscle strength was found more
powerful in individual sports than in team sports [12].
This discrepancy can be originated from limited parti-
cipation. Generally, we state that the methods of four
strength measurements were different in our study. We
think that these different results were based on the lack
of IDS strength against gravity in some strength tests.
In addition, we can say that the co-operation of ma-
jor and assisting muscles used in some test protocols
(30s-CST and LDT) may lead to different results. For
example, the gluteus maximus muscle used in muscle
strength measurements is the strongest hip extensor
muscle [20]. It provides the stabilization of the joint
of knee and hip. This muscle works strongest in gait,
sit-up, climb up stairs, and upright posture [38]. Mo-
reover, psoas major, psoas minor, and iliacus, which
are responsible for hip flexion, abdominal and back
muscles, knee extensors and flexors, and ankle dorsi-
flexors and plantar flexors contribute to movement as
accessory muscles in sit-to-stand test [20,38]. If mu-
scle strength is desired to be measured with NMMT,
only the strength of the basic muscle involved in that
movement is calculated. Thus, we believe that the re-
ason for different results from 4 different methods in
muscle strength assessment of the participants is whe-
ther or not agonist, antagonist and synergistic muscles
(major and assisting muscles) are involved in the me-
asurement evaluation.

Conclusions

In conclusion, we determined that to apply musc-
le strength measurements together with an alternative
test protocol rather than a single test protocol was more
realistic and more accurate in our study. Moreover, in
the next scientific studies, we suggest that the methods
of muscle strength measurements should be chosen

according to the aims of measurement. Namely, if the
researchers want to measure only one muscle group,
they can use the NMMT test. However, we can empha-
size that especially in the muscle development measure-
ments of Down Syndrome Individuals with low muscle
strength, 30s-CST or LDT with NMMT tests should be
used together.
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