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Abstract: Flexibility is a physiological characteristic that allows an individual to execute voluntary movements of maximum joint
angular amplitude within morphological limits, free of pain and restrictions. The prevention of musculoskeletal injuries and
improvement in muscle movement and performance depend on body flexibility. The purpose of this study was to analyse the prevalence
of flexibility among health care professional students. A total of 700 students, in which 68 students were excluded and 632 students
were included, Subjects were assessed for joint flexibility by using the measurements of joint range of motion developed by Norkin
and White. The inclusion and exclusion criteria were female students aged between |7 and 25 years with recent fractures and sprains,
a history of neurological problems, and recent surgeries. The major muscles tested for flexibility are trapezius, pectoralis major, hip
flexors, rectus femoris, hamstrings, and calf muscles, as these muscles commonly cause the restriction identified with stretching pain
for each muscle. Statistical analyses were conducted according to gender, age, body mass index value[normal-overweight-obese], and
the results of the muscle flexibility test. In the overall sample, 9.17% of students had pectoral muscle tightness; 22% of students had
upper trapezius muscle tightness; 38% of students had hamstring muscle tightness; 18.2% of students had calf muscle tightness; 3.32%
of students had adductor muscle tightness; and 9.33 % of students had rectus femoris muscle tightness. This study confirms that the
flexibility of the major muscles is poor because of their daily activities, BMI, and ageing process. Poor flexibility may lead to poor
posture and some musculoskeletal problems. These studies help them learn how important it is to do regular physical activities every
day.
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l. INTRODUCTION

Flexibility is defined as the capacity to bend, or to be flexed or
extended without breaking'. Flexibility is a physiological
characteristic that allows an individual to execute voluntary
movements of maximum joint angular amplitude within
morphological limits?, free of pain and restrictions®, which is
closely associated with muscle extensibility, range of motion,
and plasticity of ligaments and tendons.* The prevention of
musculoskeletal injuries and improvement in muscle movement
and performance depend on body flexibility.> When there is a
limitation in movement, the body undergoes a number of
counterbalances, in order to establish an adaptive response to a
set of disharmonies®, which may influence the adopted posture.
A good flexibility level can greatly impact an individual’s quality
of life as the benefits of flexibility include: improved skills in daily
activities and sports; reduced risk of musculotendinous injuries
and incidence of muscle pain, reduced stress and improved
posture’. In addition, psychosocial factors and fitness are crucial
for stimulating physical activity?, which is essential for health.
There are basically two types of flexibility measures. The first is
"single joint action," which consists of the body when only one
joint action is involved. The most common device to measure
joint action is a manual goniometer'®. Moore et al.'' group the
goniometers into two classes: ' instruments of universal
application to all joint actions and ? instruments designed to
measure a single range of motion for a specific joint. A second
type of flexibility measurement involves the measure of
composite action, which consists of the extent of movement
when more than one joint or more than one type of action
within a single joint is used'®. Several physical fitness tests
contain a flexibility measure that is usually of this type.
According to Harris et al.'’, "this practise is based on the
assumption that flexibility characteristics within the body are of
a general nature, i.e., they vary systematically for the various
joint actions or combinations of them." Several of the
composite measures involve flexion or extension of the entire
length of the body, while others involve movement of only one
or more segments. Some of the tests are static in nature,
requiring the ability to hold a stretched position, while others
are dynamic and require the ability to make rapid, repeated
movements'®. Cureton's battery of four tests is one of the
earliest composite measures of flexibility'?. It consists of trunk
flexion, trunk extension, shoulder elevation, and ankle flexibility.
The purpose of this study was to analyse the prevalence of
flexibility among health care professional students.

2. METHODOLOGY

This cross-sectional study was conducted among the students
of four constituent colleges of Saveetha Institute of Technical
and Medical Sciences and Sri Balaji Vidyapeeth. This study
involved 700 non-medical students, in which 68 students were
excluded and 632 students were included. A convenient
sampling method was followed for this study. Participants of this
study were normal, healthy female students aged between 17
and 25, and participants were excluded if they had recent
fractures and sprains, a history of any other neurological
problem, or recent surgeries around the joints.

2.1 Ethical clearance statement

The ethical clearance was obtained for this study from the
Institutional Ethical Committee[IEC]. IEC/SMC/2019/1015.The
consent of the students were taken after informed consent. The
consent of the institute was also taken after prior explanation
of the study. Initially, the demographic data, i.e., name, age,
height, weight, and BMI, was assessed. After that, these subjects
were assessed for joint flexibility, in which we tested some
major joints of the body, such as cervical, shoulder, lumbar, hip,
knee, and ankle joints, by using the measurements of joint range
of motion by Norkin and White®’. The major muscles tested for
flexibility are trapezius, pectoralis major, hip flexors, rectus
femoris, hamstrings, and calf muscles, as these muscles
commonly cause the restriction identified with stretching pain
for each muscle.

2.1  The flexibility was assessed through various tests

2.2  Shoulder reach Flexibility Test | Back scratch test
Shoulder reach Flexibility Test/Back Scratching Test'*'*,
measures how close the hands can be brought together behind
the back. purpose of This test measures the general shoulder
range of motion.

2.3  Procedure

This test is done in the standing position. Place one hand behind
the head and back over the shoulder, and reach as far as possible
down the middle of your back, your palm touching your body
and the fingers directed downwards. Place the other arm behind
your back, palm facing outward and fingers upward, and reach
up as far as possible, attempting to touch or overlap the middle
fingers of both hands. An assistant is required to direct the
subject so that the fingers are aligned and to measure the
distance between the tips of the middle fingers. If the fingertips
touch, then the score is zero. If they do not touch, measure the
distance between the finger tips[a negative score]; if they
overlap, measure by how much[a positive score]. Practice two
times, and then test two times. Stop the test if the subject
experiences pain.

2.4  Scoring

Record the best score to the nearest centimetre or /2 inch.
The higher the score the better the result. Table | showing the
recommended ranges[in inches] for this test based on age
groups.

2.5 Trapezius stretch test”
2.6 Purpose

Sit straight up in a chair with your shoulders relaxed. Bring your
chin down toward your right collar bone as far as you can
without rounding your upper back. Then turn your head slightly
to the left. You should feel a pulling sensation on the left side of
your neck. The flexibility of the trapezius muscle is identified by
restriction of movement due to stretch pain.

2.7  Sit and Reach Flexibility Test'*
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The sit and reach test is a common measure of flexibility and
specifically measures the flexibility of the lower back and
hamstring muscles.

2.8  Purpose
This test measures lower body flexibility.
2.9 Procedure

This test involves sitting on the floor with your legs stretched
out straight ahead. Shoes should be removed. The soles of the
feet are placed flat against the box. The knees should be locked
and pressed flat to the floor—the tester may assist by holding
them down. With the palms facing downwards and the hands on
top of each other or side by side, the subject reaches forward
along the measuring line as far as possible. Ensure that the hands
remain at the same level, not one reaching further forward than
the other. After some practise reaches, the subject reaches out
and holds that position for one to two seconds while the
distance is recorded. Make sure there are no jerky movements.

2.10 Scoring

Record which leg was used for measurement. table 2 showing
the recommended ranges[in inches] for this test based on age
groups.

2.11 Calf muscle flexibility test'®

This is a simple indirect flexibility test of the calf muscle that
requires minimal equipment.

2.12 Procedure

Stand as far away from the wall as you can while remaining flat-
footed and able to bend your knee to touch the wall.Repeat for
each leg.

2.13 Scoring

Measure the maximum distance from toe to the wall.

2.14 5 Groin flexibility test'’

2.15 Purpose

This simple test measures the flexibility in the adductor muscles.
2.16 Procedure

Sit on the floor with your knees bent, and your feet flat on the
floor with your legs together. Let your knees drop sideways as
far as possible, keeping your feet together. The soles of your
feet should be together and facing each other. Grab hold of your
ankles with both hands, and pull them as close to your body as

possible. Measure the distance from your heels to your groin.

2.17 Scoring

The smaller the score, the better your flexibility.
3. STATISTICAL ANALYSIS

Analyses were conducted according to gender, age, body mass
index value[normal-overweight-obese] and the results of a
muscle flexibility test. Descriptive statistical parameters such as
mean and standard deviation were calculated.

2.18 Data extraction

The first author was in charge of gathering data on the following
characteristics of each article: Study specifics such as the author,
location, and design; Data collection of measures related to
psychological flexibility and professional quality of life;
Participant characteristics, including the number of recruits,
demographics, and type of healthcare profession; Analysis,
including the method used and effect sizes; and Key findings. A
second reviewer also independently extracted data for a subset
of the studies[33%] to check for accuracy and assess the
consistency of information extraction between the two
reviewers.

2.19 Quality appraisal

The study used two specific tools to evaluate the quality of
studies included in the analysis: the Critical Appraisal Skills
Programme[CASP] quantitative checklist for cohort studies and
the Appraisal tool for Cross-Sectional Studies[AXIS tool]. Both
of these tools were used to appraise a subset of studies[33%]
for the quality, and the inter-rater reliability of the quality
appraisal was assessed by having a second reviewer
independently evaluate a subset of the studies. Any differences
in opinions were resolved through discussion.

4. RESULT

A total of 632 students were evaluated for flexibility; the
occurrence of poor flexibility varied depending on their age and
body mass index. The highest difference was found in the age
group of 18 to 20 years. The percentage of poor flexibility is
shown in charts | and 2. The mean age, height, weight, and BMI
are shown in table 5. In the overall sample, 9.17% of students
had pectoral muscle tightness; 22% of students had upper
trapezius muscle tightness; 38% of students had hamstring
muscle tightness; 18.2% of students had calf muscle tightness;
3.32% of students had adductor muscle tightness; and 9.33% of
students had rectus femoris muscle tightness. And also, the
percentage of BMI of students varies from underweight to
obese; 72% of students are normal, 22.5% of students are
overweight, 2.5% of students are obese, and 3.5% of students
are underweight. A study of 632 students found that the
occurrence of poor flexibility varied depending on age and BM|,
with the highest difference found in 18-20 year-olds. The study
also found 9.17% of students had pectoral muscle tightness, 22%
upper trapezius muscle tightness, 38% hamstring muscle
tightness, 18.2% calf muscle tightness, 3.32% adductor muscle
tightness, and 9.33% rectus femoris muscle tightness. Percentage
of BMI varies from underweight to obese, with 72% normal,
22.5% overweight, 2.5% obese and 3.5% underweight.
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Table | : Interpretation of Shoulder reach Flexibility Test / Back scratch test

Rate Description
Good Fingers are touching

Fair Fingers are not touching but are less than two inches(5cm] apart
poor Fingers are greater than two inches(5cm] apart.

Table 2 : Interpretation of Sit and Reach test and Trapezius stretch test

Ratings Cm / inches
Good +11 to +20 / +4.5 to +7.5
Fair -7t00/-25t0 0
Poor -15to-8/-6.0to-3.0

Table 3: Interpretation of Calf muscle flexibility test

Values Description

<6cm Tight
10— 12cm Normal

>12cm Hyper mobile

Table 4: Interpretation of Groin flexibility test

Rating Score
Good I5cm
Fair 20cm
poor 25cm

Table 5: Shows the mean and standard deviation value for total number
of students in different age group

Age Number of students Height Weight BMI
Mean SD Mean SD Mean SD
17 n=>53 +154.94 +3.38 15829 895 2429 +2.95
18 n =94 £156.25 +3.60 £58.03 7.89 £23.68 1244
19 n=93 15570 +3.68 15744 8.1 £23.66 +2.96
20 n=147 £156.09 +3.67 £5828 843 +23.82 1283
21 n=90 £155.72 +3.69 £57.26 8.5 +23.56 +2.93
22 n=70 £155.01 £3.76 £55.72 796 £23.54 276
23 n=35 £159.75 +3.86 +61.37 593 £2385 +I.73
24 n=30 £159.59 379 #6153 6.15 £2393 £I.82
25 n=20 £160.24 +3.82 160.05 502 £23.25 +I.34

5. DISCUSSION

The present study shows the flexibility of college students in
which the prevalence of flexibility was measured by using the
performance scales for each and every muscle group. There are
many benefits to being flexible, including good health, good
posture, reduced risk of injury, and improved performance. One
of the health benefits of good flexibility is the prevention of back
pain. Poor flexibility can also contribute to poor posture.
Pectoral muscle tightness can lead to rounded shoulders and can
cause the head to lean forward. Hamstring and calf muscle
tightness can cause a curve in the lower back that can result in
muscle soreness and pain. Excess body fat in and around joints
and muscles can present a mechanical block to full range of
motion. The excess tissue acts like a wedge, preventing full joint
motion, which leads to poor flexibility. Leighton stated that
flexibility refers to one element of body movement; that is, the
range of movement of the different body segments at the various

joints of the body. Inadequate range of motion in certain joints
may restrict a person's ability to perform. Kraus also found that
the lack of flexibility contributes to lower back pain. BMI: obesity
can also affect the body's flexibility and movement; people who
lead sedentary lifestyles usually have stiff joints and muscles
become tight without regular movement, and inactivity can lead
to chemical changes in surrounding connective tissue that
restrict flexibility. And also, a sedentary lifestyle often leads to
weight gain and obesity, which further inhibits joits, muscles, and
connective tissues. In this way, body size affects flexibility. Age:
Due to the ageing process, the tissue around joints tends to
thicken. This can decrease the joints' range of motion. Trends
indicate a decrease in flexibility with ageing, which is largely
attributed to a loss in elasticity in the connective tissues
surrounding the muscles. In general, these muscles throughout
the body undergo a natural shortening process as a result of
decreased frequencies of physical activity. It is suggested that a
gradual deterioration of cell function within cartilage, ligaments,
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tendons, and muscles is the mechanism for this loss of ROM as
the ageing process continues.

5.1 Limitations

The limitations of this study that focused on the relationship
between psychological flexibility and professional quality of life
for healthcare practitioners are as follows. The study only
included primary quantitative empirical studies that explicitly
aimed to assess this relationship. The limitation of this study is
that it may have missed out studies that measured this
relationship as a part of another research question. This may
mean that there could be more studies to be included in a more
extensive review or meta-analysis.

6. CONCLUSION

The study that aimed to analyze the prevalence of flexibility
among healthcare professional students. A total of 632 students
were included in the study and were assessed for joint flexibility
by using Norkin and White's measurements of joint range of
motion. The major muscles tested for flexibility were trapezius,
pectoralis major, hip flexors, rectus femoris, hamstrings, and calf

9. REFERENCES

I.  Flexibility as an aspect of physical fitness. Thomas Kirk
Cureton Pages 381-90 | Published online: 22 Mar 201 3.

2. Dantas EHM. Alongamento & flexionamento. Vol. 4* ed.
Rio de Janeiro: Shape; 1998. 33 p.

3. Polachini LO, Fuzasaki L, Tamaso M, Tellini GG,
Masieiro D. Comparative study between three
methods for evaluating of hamstring shortening. Rev
Bras Fisioter. 2005;9(2]:187-93.

4. Almeida TT, Jabur MN. Mitos e verdades sobre
flexibilidade: reflexdes sobre o treinamento de
flexibilidade na salde dos seres humanos. Motri.
2007;3(1):337-44. doi: 10.6063/motricidade.3(1).687.

5. Mikkelsson LO, Nupponen H, Kaprio ], Kautiainen H,
Mikkelsson M, Kujala UM. Adolescent flexibility,
endurance strength, and physical activity as predictors
of adult tension neck, low-back pain, and knee injury: a
25-year follow wup study. Br ] Sports Med.
2006;40(2):107-13. doi:  10.1136/bjsm.2004.017350,
PMID 16431995.

6. Veiga PH, Daher CR, Morais MF. Postural alterations
and flexibility of the posterior chain in soccer’s injuries.
Rev Bras Cienc Esporte. 201 1;33:235-48.

7. Glaner MF. The importance of health-related physical
fitness. Rev Bras Cineantropom Desempenho Hum.
2003;5(2]:75-85.

8. Juzwiak CR, Paschoal VC, Lopez FA. Nutrition and
physical activity. ] Pediatr (Rio J). 2000;76;Suppl 3:5349-
58. doi: 10.2223/jped.174, PMID 14676913(3]: 349-358.

9. Norkin CC, White D). Measurement of joint motion: A
guide to goniometry. 3rd ed. Philadelphia: F A Davis
Company; 2003.

10. Harris ML. Flexibility. Phys Ther. May 1969;49(6):591 -
601. doi: 10.1093/ptj/49.6.591, PMID 4894575.

muscles, as these muscles are commonly associated with
stretching pain. The study found that 9.17% of students had
pectoral muscle tightness, 22% upper trapezius muscle tightness,
38% hamstring muscle tightness, 18.2% calf muscle tightness,
3.32% adductor muscle tightness, and 9.33% rectus femoris
muscle tightness. The results showed that the flexibility of the
major muscles is poor due to their daily activities, BMI, and
ageing process. Poor flexibility may lead to poor posture and
musculoskeletal problems. The study highlights the importance
of regular physical activities every day.

7. AUTHORS CONTRIBUTION STATEMENT

E. SHANMUGANANTH has done by the concept], J.
MUTHUKUMARAN has done by the design, M. RANJANI, K.
REKHA, S. VAISHNAVI has done by the Data collection ,
GOPAL NAMBI .S supervision , SABARISH HARIHARAN
manuscript help

8. CONFLICT OF INTEREST

Conflict of interest declared none.

I'l. Leighton JR. Flexibility characteristics of males six to ten
years of age. ] Assoc Phys Ment Rehabil. 1964;18: 19-
25, January:19-21 PASSIM. PMID 14116604.

12. Cureton TK. Flexibility as an aspect of physical fitness.
Res Q. 1941;12;5up2:381-90  [Suppl].  doi:
10.1080/10671188.1941.10624692.

I3. Rézanska-Kirschke A, Kocur P, Wilk M, Dylewicz P.
The Fullerton Fitness Test as an index of fitness in the
elderly,Medical. Rehabilitation. 2006;10(2]: 9-16.

4. Jones CJ, Rikli RE. Measuring functional fitness of older
adults. ] Act Aging, March. April 2002:24-30.

I5. WELLS KF, DILLON EK. 1952 The sit and reach—a
test of back and leg flexibility. Res Q Am Assoc Health
Phys Educ Recreat, 231:115-8.

16. Wood R. First published; 2008. Page title: calf muscle
flexibility test, VWebsite name: topped sports, Webpage.
Available from:
http://www.topendsports.com/testing/tests/calf-
flex.htm.

7. Cejudo A, Ayala F, De Baranda PS, Santonja F. Reliability
of two methods of clinical examination of the flexibility
of the hip adductor muscles. Int J Sports Phys Ther.
2015;10(7) | December 2015 |:976-83. PMID 26674136.

18. Leighton JR. On The significance of flexibility for
physical educators. ] Phys Educ Recreat. November
1960;31(8):27-70. doi:
10.1080/00221473.1960.1061 1395.

19. Jensen CR, Schultz GW. Applied kinesiology. New
York: McGraw-Hill, Inc; 1977.

20. Harris ML. A factor analytic study of flexibility. Res Q.
1969;40(1):62-70. doi:
10.1080/10671188.1969.106 16644, PMID 5252465.

2]. Kolber MJ. pt et al. "The reliability and concurrent
validity of shoulder mobility measurements using a
digital inclinometer and goniometer: a technical

L149


https://doi.org/10.6063/motricidade.3(1).687
https://doi.org/10.1136/bjsm.2004.017350
https://www.ncbi.nlm.nih.gov/pubmed/16431995
https://doi.org/10.2223/jped.174
https://www.ncbi.nlm.nih.gov/pubmed/14676913
https://doi.org/10.1093/ptj/49.6.591
https://www.ncbi.nlm.nih.gov/pubmed/4894575
https://www.ncbi.nlm.nih.gov/pubmed/14116604
https://doi.org/10.1080/10671188.1941.10624692
https://www.ncbi.nlm.nih.gov/pubmed/26674136
https://doi.org/10.1080/00221473.1960.10611395
https://doi.org/10.1080/10671188.1969.10616644
https://www.ncbi.nlm.nih.gov/pubmed/5252465

ijlpr2023;doi10.22376/ijlpr.2023.13.2.SP2.L.143-L150

22.

report”. Int | Sports Phys Ther;7(3) | June 2012 |:306-
13.

Patterson P, Wiksten DL, Ray L, Flanders C, Sanphy D.
The validity and reliability of the back saver sit-and-
reach test in middle school girls and boys. Res Q Exerc

Sport. 1996;67(4):448-51.
10.1080/02701367.1996.10607976, PMID 9016486.

23. kisner c et al.” therapeutic exercise. fountations
techniques. 6th ed; 2001.

doi:

and

L150


https://doi.org/10.1080/02701367.1996.10607976
https://www.ncbi.nlm.nih.gov/pubmed/9016486

