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ABSTRACT

Since flexibility training can increase range of tla and prevent joint stiffness, the purpose @& tiresent
research was to examine the effect of eight wekeltexibility training on step length, range of rimt, and balance
of middle-aged men and women with ectomorph andreathh body types. 48 healthy, middle-aged men and
women (40-60 years of age) volunteered for theystuding Heath-Carter method of somatotyping, thgigpipants
were divided into Ectomorph (12 men and 12 wom&r§ & 2.6 yrs.; weight of 72.5 + 3.3 kg; heightlof0.1 £0.04
cm; BMI of 25.40 + 3.3 kg/fh and Endomorph (12 men and 12 women; 53.2 + 254 weight of 80.2 + 2.1 kg;
height of 167.8 + 1.1 cm; BMI of 30.51 + 2.5 kd)ngroups. Both groups participated in a flexibilitsaining
program for eight weeks, with three 30-minute sessper week. The exercises focused on upper avet lnody
flexor and extensor muscles. Step length, rangeotibn, and dynamic balance were measured, andtTaas used
for data analysis at the 0.05 significance levelThere were no significant differences betweenBttemorph and
Endomorph groups in the pre-test. However, sigaifiqpost-test differences were observed betweetwthgroups
in step length, range of motion, and dynamic bagan@he results showed that step length, rangeatiom and
balance were affected by somatotype. Thereforey bgmk must be accounted for in prescribing flditjbexercises
for middle-aged people.
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INTRODUCTION

Many organizations, institutions, and universitlemsve recommended aerobic and flexibility trainidgter the
publication of the national guidelines on physiaativity and public health by the Center for Dise&ontrol and
Prevention, the number and diversity of recommeaadatfor flexibility and cardiovascular exercisegreased
dramatically, leading to much confusion among Heaitofessionals [2, 3]. As a result, in 1998, thmekican
College of Sports Medicine (ACSM) provided a confmasive guideline for the quality and quantity lekibility
and cardiovascular exercise [1]. Of course thestilissoom for new findings in this regard withspgect to different
age groups, professions, demands, and social gfblps

Flexibility has been defined as the range of motibmuscles and connective tissues at a joint ougof joints [4].
Flexibility exercises can increase the length alagdtieity of muscles and periarticular tissues, #ngs reduce the
risk of injuries [5]. Bischoff and Roos (2003) falithat performing regular exercisescan signifigaitttrease the
ROM of upper and lower extremities. The mechanidansthis are reduced pain and increased extertyilli
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periarticular tissues [6]. Woolstenhulme et al.q@0showed that theflexibility of muscles, tendoasd ligaments
decreases with age [7].

A well-established notion in sport and physicahdiss is that insufficientrange of motion and jatiffness can
increase the individual's vulnerability during esise and other physical activities [8]. Carvalh@kt(2009) found
that women get better results from flexibility esises than men do [9].

Step length is another kinematic measure that besiwved attention in evaluating the gait of midaieed and
elderly individuals. Increased step length andétulation are important factors that are influehbg flexibility
exercises [10]. Bird et al. (2010) considered &egth and balance as the most important factopsamenting falls
and maintaining the musculoskeletal health of ok#ults. They also reported that multi-componemresesthat
include strengthening and stretching can improvartz@ in the long run [11]. Newsom et al. (2004)je@ed more
than 30 studies on prescription of physical fitnessrcises for older adults and found that theszoises affect
various mobility factors, including strength, réaigce, and musculoskeletal balance [12].

Obesity is an important factorassociated with cleanm lifestyle, mainly caused by high-calorie k&taand
insufficient physical activity. Thus, it is impenat to examine the causes of obesity and its welatiip with
physical activity [19]. Having reviewed the liteuag, there were no studies on balance and stephlénglder
adultsthat accounted for body type. Therefore pilmpose of the present research was to examineffinet of eight
weeks of flexibility training on step length, rangé motion, and balance of middle-aged men and womih
ectomorph and endomorph body types.

MATERIALS AND METHODS

The population consisted of randomly selected hgadtults. The sample included 48 adults (40-60sye&age)

who were divided into Ectomorph (12 men and 12 wan®.5 + 2.6 yrs.; weight of 72.5 + 3.3 kg; heigiitL70.1

+ 0.04 cm; BMI of 25.40 + 3.3 kg/fhand Endomorph (12 men and 12 women; 53.2 + &4 weight of 80.2 + 2.1
kg; height of 167.8 + 1.1 cm; BMI of 30.51 + 2.5/kg) groups.

After obtaining informed consent from the participg their age, height, and weight were measuned,Heath-
Carter method of somatotyping was used to deterrtieg body type. This method involves 10 anthroptiin
measurements: height, weight, triceps skinfold,seapular skinfold, supraspinale skinfold, medidf s&infold,
biepicondylar breadth of the humerus, biepicondglaadth of the femur, upper arm girth, and catthgh sliding
caliper, skinfold caliper, tape measure, and waighscale were used for measuring these variableseover,
range of motion (goniometer), dynamic balance (Bio8ystem), and step length (tape measure) wersumezh

The participants were divided into Ectomorph andi@&norph groups based on Heath-Carter method, and th
performed the ACSM exercise protocol (2010) forheigeeks, with three 30-minute sessions per weekhése
sessions, basic warm-up and stretching exercises pexformed on flexor and extensor muscles ofuthiger and
lower limbs and the trunk. The participants begachesession with a 30-minute warm-up, which inctideeck
extension, flexion, lateral flexion, and rotatioartk flexion, extension, and lateral bending; agdad, bending the
knee toward the chest, and bending the knee andibg the heel toward the hips. The main exercisesisted of
stretching the major muscles of the trunk and linip8 minutes). Finally, the same warm-up exercisese
performed as cool-down (20 minutes). Range of motitep length, and dynamic balance were again uneéat
the end of the training period.

» Dynamic balance was measured using the Biodex Bal&ystem (BSS). Before training, the participamtse

convened at a biomechanics laboratory and werengiweoverview of the testing procedure. BSS hasvBl$ of

difficulty, with 1 being the easiest and 5 being thost difficult. Based on the instructions of #ystem’s manual,
Level 2 was considered appropriate for the middjie-participants of this study.According to the LeXgrotocol,

the individual has to maintain balance on an unetplatform in horizontal (X), vertical (Y), andajonal (4 and

Z,) axes. During the test, BSS provides feedbacksyushich the individual can correct their stanchisTtest was
performed three times with half an hour intervalsorder to diminish the learning effect. Then, paeticipants
performed the test for the fourth time and therecwas recorded as the pretest. After the eigletvwirining

period, the participants performed the posttest.

» Range of motion was measured using a goniometez.t@$t was elaborated for the participants and tene

instructed to perform ankle flexion, ankle extensibip abduction, and lumbar flexion (finger-groudidtance).
Then, the range of motion in these movements warerded using a goniometer before and after trginin

» Step length was measured using talcum powder gredneeasure. Leg length (from anterior superioc #igine to
the medial malleolus) was measured in order to abemthe data. After providing the instructionacke participant
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passed along a 10-meter line drawn on the grountinses to become familiar with the test proceddree sole of
the participants was covered with talcum powder twedexaminerrecorded the distance between theskrilad of
one foot and the heel strike of the opposite fdbe same procedure was followed in the pretespasttest.

Descriptive statistics were used to provide thenmmad standard deviation of the data. Kolmogorowr&on test
was applied to examine the normal distribution afad Also dependent and independent t-tests werd fos
within-group and between-group differences at & Gignificance level.

RESULTS

Based on the data in Table 1, an increase wasw@ibbetween the pretest and posttest data of ttuariecph group

in ankle flexion (4.43%), ankle extension (3.05%jp abduction (2.45%), balance in the X (1.37%),axis
(1.29%), 4 (1.95%), and £(2.31%) axes, and step length (0.29%). Howevegefi-ground distance decreased in
the posttest (8.91%). In the Endomorph group, &nease was observed between the pretest and pastids
flexion (4.17%), ankle extension (1.31%), hip altdhre (3.35%), balance in the X (0.57%), Y axis 86, 4
(0.49%), and £ (0.77%) axes, and step length (0.51%), while firgyeund distance decreased in the posttest
(10.99%).

Table 1. Mean and standard deviation of kinematic arameters (step length, range of motion, and balaeg in the pretest and the posttest

. Ectomorph Group Endomorph Group
Variables Pretest Posttest Pretest Posttest
Ankle flexion (cm) 23.82+1.41 26.03+1.81 23#%.29 25.82+141
Ankle extension (cm) 52.25+1.81 5553+164 9&8.16 5225+1.81
Hip flexion (cm) 47.71+350 50.10+3.80 43.6454 46.67+1.58

Finger-ground distance (cm)  9.17 +1.80 7.67+2432.78+1.28 10.25+1.23
Balance in the X axis (cm) 74.65+£297 76.71#3.273.62+290 74.46+2.85
Balance in the Y axis (cm) 77.48 +3.27 79.50#63.877.59+1.52 78.59 +1.09
Balance in the Zaxis (cm) 50.68 +4.40 52.69+4.33 48.92+1.669.48+2.20
Balance in the Zaxis (cm) 5598 £3.08 58.62+3.01 52.85+1.233.66+1.94
Step length (cm) 18.39+1.10 18.50+1.17 21.2828 22.00+ 1.36

Table 2. Comparison of the pretest and posttest datof the Endomorph and Ectomorph groups using depetent t-test

Variable Group Mean Difference t Sig.

Step lenath Ectomorph -0.11 -3.44 0.002
pleng Endomorph -0.22 -429 0.001
Ankle flexion Ectomorph -2.21 -4.29 0.001
Endomorph -2.07 0.04 0.01

. Ectomorph -3.28 -2.20 0.005

Ankle extension Endomorph -1.36 082 0045
Hio abduction Ectomorph -2.39 222 0.003
P Endomorph -3.03 0.11 0.030
Finger-ground distance Ectomorph 1.5 116 0.003
ger-g Endomorph 2.53 213 0.040

. . Ectomorph -2.06 -3.04 0.001
Balance in the X axis g 146morph 102 1146 0045
Balance in the Y axis Ectomorph -2.02 -2.81 0.001
Endomorph -1 -1.13  0.045

. . Ectomorph -2.01 -3.31 0.001
Balance in the Zaxis £,y morph -0.48 001 001
. . Ectomorph -2.64 -4.50 0.001
Balance inthe Zaxis g 45morpn 081 098 0040

Based on the data in Table 2, the training periasl tad a significant effect on ankle flexion, andkgension, hip
abduction, finger-ground distance, and balancehm X, Y, 4, and Z axes in both the Ectomorph and the
Endomorph groups.

The results of independent t-test in Table 3 ingicagnificant differences between the Ectomorpth Bndomorph
groups in step length, range of motion, and dyndralance.
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Table 3. Comparison of the posttest data of Ectomph and Endomorph groups using independent t-test

Variable df Mean Difference t Sig.
Step length 46 -3.50 -5.67 0.001
Ankle flexion 46 2.21 -0.04 0.03
Ankle extension 46 3.28 0.82 0.040
Hip abduction 46 6.43 -0.24 0.020
Finger-ground distance 46 -2.58 2.40 0.045
Balance in the X axis 46 2.25 -1.04 0.01
Balance in the Y axis 46 1.91 0.70 0.001
Balance in the Zaxis 46 3.29 224 0.012
Balance in the Zaxis 46 4.96 -3.01 0.003

DISCUSSION

The purpose of the present research was to exatmneffects of eight weeks of flexibility trainiran a selected
kinematic parameters (step length, range of mot, balance) in middle-aged men and women withneatph

and endomorph body types. The results indicatedthdhese parameters improved in the posttesbth broups.
The Endomorph group outperformed the Ectomorphmiowstep length, while the Ectomorph group outperied

the Endomorph group in range of motion and dynaralance.

In many studies on the importance and improveménfieaibility, range of motion can temporarily irease
following flexibility exercises. However, long-terincrease in range of motion can be expected aftkrast 3 to 4
weeks of flexibility training [13, 14, 15]. The mdts of the present research showed that the rahgeotion of
ankle flexors, ankle extensors, and hip abductigrsificantly increased in the posttest (after 8 kaef training).
Due to the importance of these muscles in measuléxgility [14], increased ROM of these muscleslicates
increased flexibility in middle-aged individuals asesult of flexibility training.

Lumbar flexion is another important measure in ifidity [16], and in the present research it wasasw@ed by
recording the distance between fingers and thengtotihe results indicated a significant decreadenger-ground
distance in the posttest, suggesting that the gigaitits were able to bend the trunk further towtn floor.
Therefore, lumbar flexion also increased in thettess

The present findings are consistent with the resaft Bischoff and Roos (2003), Hunter et al. (2004nd

Woolstenhulme et al. (2006) [6, 17, 7]. There hasrbno study on flexibility training that focuses somatotype.
The reason for greater range of motion in ectom®igdmpared to endomorphs is probably due to lowescie

component, higher height-weight ratio, and an ekx/position of the body’s center of mass in ectqrhs [18, 19].

Step length was another kinematic parameter thratdweived attention in the study of gait in oldéults [10]. The
ability to take longer, more regular steps has gbAzeen considered as a positive factor in evalgdtie effects of
flexibility exercises [10]. The results of the pees research showed that step length significantjyroved in the
posttest, and an increase in the walking speebeoparticipants is also expected. This is condistéth the results
of Bird (2010) and Bell (2010) [11, 20], and thare no studies that prove otherwise.

Balance is an important issue in evaluating theatffeness of flexibility training. In this resehrdalance was
measured using the Biodex Balance System (BSS). B&S several protocols for measuring balance, but
considering the age of the participants and tHeafdalling, the easiest protocol was used in phesent research.
The participants stood on the unstable surfaceS8 Bnd tried to maintain their balance for 3 miauBalance was
measured in the horizontal, vertical, and diago@&°® and 135°) axes. The findings suggested th&inbae
improved in all directions after the training petioThis clearly shows that stretching andflexifgilitaining can
improve balance in middle-aged individuals. Of mguthis is not a new finding and many studies haperted
similar results [1, 10, 11]. The reason is thatgitgl activities improve balance by changing th&tesys involved in
maintaining balance [21]. Changes in body compasifollowing a successful training program (deceeasbody
mass or weight) can also be effective in maintgjrbalance. Furthermore, many studies have showrattyaform

of physical exercise improves postural control. §htmaining programs can improve balance by afigctither
physical factors, changing the mechanisms invoivethaintaining balance, and improving divided atitem and
focus [21, 22]. The present findings are also &iast with the results of Bird et al. (2010), Mcldil (2006), Blair
et al. (2001), and Newsom (2004) [23, 16, 11, Hwever, Swaney and Hess (2003) and Lewarchick 3200
concluded that core stability training has no dffen balance [24, 25]. This inconsistency can hebated to
differences in training protocols, subjects, anbjects’ interest in the protocols.
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CONCLUSION

In sum, the results of the present research sugmjéisat flexibility training can improve step lehgbalance, and
range of motion in ectomorphs and endomorphs. Ha®morphs achieved better results in step lengtiiewhe

ectomorphs achieved better results in balance amgerof motion. A significant difference was obsehbetween
men and women, with women obtaining better resblia men.
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