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The Effect of Thoracic Joint Mobilization on the Changes of
the Thoracic Kyphosis Angle and Static and Dynami8alance

Hae-Jin Jeond and Byeong-Jo Kind™*
Department of Biomedical Health Science, Dong Eui University, Busan 47340, Korea

The objective of this study was to evaluate theotsfof thoracic mobilization (TM) on the angletiodracic kyphosis,
and static and dynamic balances by applicatiomgefihe subjects of this study were 18 adult matesfemales=20
years old) who had the angle of thoracic kyphosisakto or higher than 40A pre-test was conducted for all subjects
and TM was carried out. Data were collected betfweeintervention, 3 weeks after the interventiord & weeks after
the intervention. It was measured three times gasorement and mean values were used for theiandlys results of
this study showed that the angle of thoracic kyrgignificantly P<.05) decreased after applying TM. However, the
migration area (mf) of the center of pressure (COP) in the statiarz# did not vary significantly. In the case of the
dynamic balance, when eyes were open, the migraian(mrf) of the COP significantlyR<.05) decreased after 3 weeks.
When eyes were open, the migration areaqnofnthe COP significantlyR<.05) decreased after 3 weeks and 6 weeks.
Therefore, an intervention for improving the hunfmdy alignment and balance should be applied fong-term,

rather than a short-term, in order to be effective.
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INTRODUCTION

ture habits, which can affect spinal diseases @ial., 2018).
The vertebral column is made up of 7 cervical \de, 12
thoracic vertebrae and 5 lumbar vertebrae, andéfte-

In recent years, the use of computer and informatio bral canal is adjacent to the central and peripmetaous

technology by the general public has been on #ge and
research findings indicate that South Korea hamarts
phone penetration rate of 73 percent (Joo and 2@b4).
Excessive use of communications devices is a faatesing
not only ophthalmic diseases, but also musculoskteles-
orders affecting areas such as the neck, shoalder,and
hand (Kim et al., 2016). In particular, it is knottrat young
adults exposed continually and repeatedly to tbquient
use of communications devices come to develop posr
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systems. In addition, the spinal column produeemnittion
through the action of vertebrae, ligaments, muscled
many joints (Kim, 2015). Casual poor postures predtin
everyday life lead to spinal transformation duthtochange
to ideal alignment of the body. As a result, tieesformed
loads imposed on the vertebrae increase the sgdarae
and compression force in the vertebra segment @tich
Jang, 2012; Kim, 2013).

The curves of the sagittal plane of the vertebnaecin the
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form of the lordotic curvature in the cervical emtae, the
kyphosis of the thoracic vertebra and the lordativature
of the lumbar vertebrae. At birth, the primary &uim the
form of retroversion is seen in the region of theracic
vertebra and sacral vertebrae, and with growthsébendary
curves take place, which involve the lordotic csriseing
developed around the cervical vertebra and lumérdelwrae.
Keeping the balance in the sagittal plane invothesver-
tebra, pelvis, coxal articulation and knee joingélet al.,
2011). The vertebra has an S-shaped curve andrssigpo
variety of physical activities by maintaining baalignment
and postures (Mirbagheri et al., 2015).

An ideal body alignment line refers to a line thglowvhich
all segments go through the axis of joints vettidebm the
gravity line. It refers to maintaining normal boalignment
that connects to the front of knee and malleoligs phssing
the external auditory canal and shoulders, theibaio& of
the vertex on the femoral head of the hip joinb{Jat al.,
2013). Imbalance of the body due to changes irabkalign-
ment leads to the unnecessary use of postural esussla
compensatory action, causing an excessive useeasfjyen
fatigue and pain (Lee and Kang, 2016). Poor splitgdment
due to bad living habits, aging or injury causeangfes in
the pressure on the spinal disc and can changeasia,
along with vertebral deformation and disorders (idgal.,
2012). The thoracic vertebrae form ribs and joinéking
minor movements, but are very clinically importastthe
nerves which move from each joint to the trunk abdom-
inal viscera pass through them (Lee, 2010). They play
an important role in delivering arm and leg strarag the
optimal functional segment that requires both htatzsind
mobility (Jang et al., 2012).

The angle of thoracic kyphosis in the vertebralicwl in-
volves the vertebral body and vertebral disc stpg@nerally

as well as a decrease of facet joint movementeidrey, the

human body, once it detects a region where movenaeat
decreased, causes overuse and hypermobility (Kihdam,

2012).

Keeping one's head and neck in a correct posture is
possible only when the thoracic vertebrae are atign a
correct manner (Jung et al., 2013). When a movement
sensed on a certain body segment by the interdutioveen
spine, pelvis, knee and ankle by the influence liestyle
and environment, other segments show movements-in r
sponse to it (Moon et al., 2014). Kyphosis is iaflaed by
the weight load and movement patterns, and théegiesel
of stiffening of the thoracic vertebrae causesraorrect
posture control in the lumbar vertebrae and cdrveréebrae
as a compensatory action (Song et al., 2013; R@1d).
The variation of the kyphosis influences movemaeittigons
and makes compensatory movements in the neckbahe an
lumbar vertebrae, resulting in pain and functiatisbrder
around the vertebrae (Kim and Jang, 2012).

Spinal joint mobilization is a method used to gjitben
unstable joints by increasing the mobility rangéoifts that
have limited movements due to changes in the moscul
skeletal system caused by kyphosis and functiamétiat
tions across the body and weakened muscles. €htsient
technique is found to have fewer side effects wapgiied
indirectly to the neck or waist, rather than adiegplication
(Yang and Kim, 2015). When indirect joint mobilimat
was applied to the upper thoracic region of a patigth
neck pain, it presented effects of a reductioneickrpain
(Hwangbo, 2011).

Joint mobilization is classified into three phadegending
on its purposes, and involves the restorationiof foobility
around the joints with minor functional movemerssazl|
as pain relief. The first and second phases atmguaind

in the 20-40" shape on the sagittal plane (Kim and Jang,gliding, respectively, and aim at relieving paimjlesthe third

2012). When the retroversion around the thoraditelbea
exceeds its normal range, the lordotic curve isdod the
retroversion of thoracic vertebra is"4fr over, a phenom-
enon called 'kyphosis' (Song et al., 2013). Kypghosithe
thoracic vertebrae is developed not by self-regdlater-
tebrae disorders but by the structural deformatibthe
thoracic vertebrae due to poor posture habitsdaiyabasis,

phase - pulling and gliding - is used to increas# mobility
of stiff tissues with minor movements (Kaltenbar@93).
As such, earlier studies both in Korea and abr@ae h
demonstrated that joint mobilization and correcégarcise
play a positive role in changes to kyphotic arttie bending
of neck bone and lumbar vertebrae and to pain. Memve
more studies need to be conducted to address #stiaqu
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of how the changes to the thoracic kyphotic angtand the
application of joint mobilization to people with yosis
influence the balance of the body.

As such, this study intended to identify the chartgehe
thoracic kyphotic angle that occur with the appiara of
joint mobilization to people with a thoracic kypsogreater

on the spinal segment to be used. The therapgsdahe
left hand on the right hand to secure accuratestippthe
contact point and prevent shaking. While loosettieggrip
of the right hand, and allowing the left hand dgapighten,
movement was made to put the therapist's weidimemwith

the vertical axis. Then, instead of arm moveméetupper

than 40, along with their impacts on static and dynamic body was involved into top-to-bottom vibration noots so

balance.

MATERIALS AND METHODS
Study design and study participants

This study applied joint mobilization to all paitiants
following the pretest three times each for six veeeld it
was measured a total of three times - before iateion,
three weeks after intervention and six weeks afterven-
tion. Each measurement was conducted three tirdemiean
values were retrieved and used. Approved by thetBis
Committee (DIRB-201709-HR-E-037) to ensure thetdgh
and well-being of the participants and comply wiite Act
on Ethics and Safety of the Research. The pantitipsere
18 male and female adults (5 males and 13 femalas)
agreed to take part in the study, with an averggerange
of 30.78t4.08, height range of 163.28.35 cm and weight

the patient's spinous process of vertebrae coulédéo
making back-to-front movements. In this way, thersjth
was transferred (Hyung and Ha, 2009; Sung et G142
In terms of the amount of strength, this experinagmpiied
Kaltenborn's three-phase mobilization techniquas den-
erate an extensibility in articular tissues (Katem, 1993;
Yang and Kim, 2015).

The participants were asked if they felt uncomfuea
with the applied segment for the joint mobilizatidhis was
conducted repeatedly three times after about oneteni
application & about one-minute break, while theguatwas
feeling comfortable (Hyung and Ha, 2009).

Measurement instrument and methods

The kyphosis angle was measured using two inclino-
meters (Lewis and Valentine, 2010). The kyphosiglean
was calculated by the summation of the angle recbby

range of 61.7812.46 kg. The selected participants: 1) hadthe two inclinometers (Fig. 1).

a kyphosis angle of 4@r over, 2) were male and female

adults aged 20 or over, 3) had never undergonealirgat-
ment for vertebrae, 4) had no rheumatic diseasaslhoitis
in the spine, 5) had no nervous system disorders,63
had no other diseases that could affect the expatim

Experimental procedures and methods

For a warm-up exercise prior to the applicatiorthef
joint mobilization, the participants took a fivesmate walk
on a treadmill to promote temperature and bloamition
throughout their body. For a cool-down exercisey tvalked
on the treadmill for an additional five minutes i8cet al.,
2013).

The therapist, standing at the patient's sidecteelehe
segment with minor mobility from zygapophysial jsiand
let the lateral surface of the luna in the pisif@mna hamate
on the right hand come into contact with the spirmocess

One horizontal section of the floor of the inclireter is
located between spinous processes in thoracichvaetel
and 2, with the other placed between thoracic beaté2
and lumbar vertebra 1. Prior to taking the measengnthe
patient performed the following actions: taking efioes,
standing up straight, taking wide-open arm exerttisee
times, bending head forward and lifting three tijreasd
breathing in & out three times.

The Biorescue (RM Ingenierie, France), a meastining
strument used to measure balance ability, is dedigo
measure the movement of the body's center of pressu
(COP) at a point where the gravity influences teter of
gravity (COG) of the body or object in order toesssthe
migration area (mA) while the movement is taking place
(Nam, 2015). The intra-class correlation coeffiti@@C)
was in the 0.830.95 range in the reliability analysis in the
previous research (Geronimi, 2014).
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Fig 1.Inclinometers for mesure of kyphosis angleThe kyphosi
angle was calculated by the summation of the amieglerded b
the two inclinometer

Fig 2. The Biorescue (RM Ingenierie, Francek instrument fc
measure balance ability. Biorescue is designedetsune the move-
ment of the body's center pfessure (COP) at a point where
gravity influences the center of gravity (COG)iaé body or obje
in order to assess the migration area fjwhile the movement
taking place.

performed to compare the effects achieved duringdB6
weeks after the application, respectively, in tiveegk appli-

To take static measures of balance by Romberg operation of the joint mobilization following the ptesting, on

closed eyes test, the participant was asked td starthe
measuring instrument and look upward at a 15 deagle,
and to keep the front part of both feet in a pestatating
externally at about 30 degrees, before measurinqitra-
tion area of the center of pressure for 30 seq@tatk, 2017;
Kim et al., 2014). The dynamic balance was measoyed
placing four measuring instruments on the auxiliagchine
with four springs in the same posture used to meabe
static balance (Fig. 2).

Data analysis

The data collected for this study was analyzeduSPSS

changes to the angle of thoracic vertebrae ar tdyinamic
balance. The study also utilized the tests on mislibject
effects with regard to sequential points of timeiithin-
subject variables. The significance lewglyas set at .05.

RESULTS

Comparing the kyphosis angle before and after thepjnt
mobilization intervention

The kyphosis angle based on the period during wbiioh
mobilization is applied showed a significant deses®
<.05) (Table 1). Moreover, through comparing tretsten

18.0 for Windows. Also, repeated one-way ANOVA was within-subject effects of the kyphosis angle, istieally sig-
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nificant difference was found in the applicatiomipes: be-
fore the intervention until 3 weeks after the gstion, and
from 3 to 6 weeks after the interventidh<(05) (Table 2).

Romberg test

Static balance - eyes opemlo statistically significant dif-
ference was found in changes to the movement &rtree 0
body's center of pressure based on the appliga¢iood of

the joint mobilization when the participant opetigeir eyes
in a state of static balandeX.05) (Table 3).

In addition, no statistically significant differemovas
seen when comparing the tests on within-subjeetsffof
changes to the movement area of the body's ceénpees-
sure P>.05) (Table 4).

Static balance - eyes clos®lo statistically significant dif-

Table 1.Changes in the angle of thoracic kyphosis accgtditthe period of TM

meant SD E b
Pre Post 3 weeks Post 6 weeks
KA (°) 48.11+8.14 45.06:5.86 42.11+4.98 33.12 0.0o

P<.05, TM: thoracic mobilization, KA: kyphosis angle

Table 2. Test for the angle of the kyphosis thoracic adogrtb the period of TM

Period MD F P
Pre - Post 3 weeks -3.11 18.77 0.00
Post 3 weeks - Post 6 weeks -6.00 67.60 *0.00

P<.05, TM: thoracic mobilization, MD: mean differenc

Table 3.Variation of COP moving area of the body accordinthe period of TM in static balance in EO state

meant SD . P
Pre Post 3 weeks Post 6 weeks
AM (mm?) 102.96:176.16 80.04123.66 28.3230.84 1.48 0.26

P<.05, TM: thoracic mobilization, COP: center of gmere, EO: eyes open, AM: area moving,

Table 4. Test for the COP moving area of the body accorttiriye period of TM in static balance in EO state

Period MD F P
Pre - Post 3 weeks -22.93 2.88 0.11
Post 3 weeks - Post 6 weeks -74.63 2.98 0.10

P<.05, TM: thoracic mobilization, COP: center of ggere, EO: eyes open, MD: mean difference

Table 5.Variation of COP moving area of the body accordintie period of TM in static balance in EC state

meant SD E b
Pre Post 3 weeks Post 6 weeks
AM (mmz) 101.15:165.32 72.38:87.81 31.5941.61 152 0.25

P<.05, TM: thoracic mobilization, COP: center of gmere, EC: eyes close, AM: area moving
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ference was found in changes to the movement &rdeo  Dynamic balance - eyes openrA statistically significant
body's center of pressure based on the periodpitaiion  difference was found in changes to the movemeatdadrthe
of the joint mobilization when the participant @dstheir ~ body's center of pressure based on the appliga¢ivod of

eyes in a state of static balanPe- (05) (Table 5). the joint mobilization when the participant opertbéir
No statistically significant difference was seerewtthe  eyes in a state of dynamic balanee& (05) (Table 7).

tests on within-subject effects of changes to theament A statistically significant difference was also folas a

area of the body's center of pressure were comg&ed result of comparing the tests on within-subjecea# of

>.05) (Table 6). changes to the movement area of the body's cenpees-

Table 6. Test for the COP moving area of the body accortinije period of TM in static balance in EC state

Period MD F P
Pre - Post 3 weeks -28.85 1.88 0.19
Post 3 weeks - Post 6 weeks -69.56 3.02 0.10

P<.05, TM: thoracic mobilization, COP: center of gmere, EC: eyes close, MD: mean difference

Table 7.Variation of COP moving area of the body accordinthe period of TM in dynamic balance in EO state

meant SD . b
Pre Post 3 weeks Post 6 weeks
AM (mmz) 198.15£22.71 187.59:18.261 113.5211.94 14.76 0.00

P<.05, TM: thoracic mobilization, COP: center of ggere, EO: eyes open, AM: area moving

Table 8. Test for the COP moving area of the body accorttirige period of TM in dynamic balance in EO state

Period MD F P
Pre - Post 3 weeks -10.56 0.49 0.49
Post 3 weeks - Post 6 weeks -84.63 25.79 “0.00

P<.05, TM: thoracic mobilization, COP: center of ggere, EO: eyes open, MD: mean difference

Table 9.Variation of COP moving area of the body accordinthe period of TM in dynamic balance in EC state

meant SD . b
Pre Post 3 weeks Post 6 weeks
AM (mm?) 680.67+447.67 431.1#1173.01 273.1289.57 16.00 0.do

P<.05, TM: thoracic mobilization, COP: center of gzere, EC: eyes close, AM: area moving

Table 10.Test for the COP moving area of the body accorttiige period of TM in dynamic balance in EC state

Period MD F P
Pre - Post 3 weeks -249.56 9.92 0.02
Post 3 weeks - Post 6 weeks -407.48 32.94 “0.00

P<.05, TM: thoracic mobilization, COP: center of gmere, EC: eyes close, MD: mean difference
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sure, during an application period ranging frora 8 tveeks
after the interventiorR<.05) (Table 8).

Dynamic balance - eyes closeéA statistically significant
difference was found in changes to the movemeatairéhe
body's center of pressure based on the appligatiood of
joint mobilization when the participant closed theyes in
a state of dynamic balande<(.05) (Table 9).

A statistically significant difference was also folas a
result of comparing the tests on within-subjeceef of
changes to the movement area of the body's cenpees-
sure, during the application periods ranging froefiore the
intervention' until 3 weeks after the interventiand from
3 to 6 weeks after the interventid®<(.05) (Table 10).

DISCUSSION

cervical vertebrae leads to reducing propriocepiiyit
signals from the cervical vertebrae (Cheng eallp).

In the Kaltenborn-Evjenth concept for patients wigtk
pain, the study conducted an experiment with tvewgs -
a group of seven participants on which joint mahtion
was applied to the upper thoracic vertebrae andapgof
another seven that underwent conservative phytkiegdpy.
According to the experiment, the group with joirthiti-
zation showed a significant increase of the rarfigaation
in 3 or 4 vertebral segments depending on the ghenidh
no noticeable difference found in the group withsmrva-
tive physical therapy (Jun, 2012). In this studsigmificant
difference was also found in the kyphosis angthéncom-
parison - before the intervention, 3 weeks afteritfter-
vention and 6 weeks after the intervention - dejpendn
the application period of the joint mobilization.

It was found that a comparison was made for twoggo

As a person moves, the central nervous systemhwhicof patients with chronic back pain - the group vyamt

consists of the brain and the spinal cord, receseesory
information through the spinal cord. Then, the brmm

plans movements and the cerebellum corrects threoigen

information before providing control functions andm-

mobilization applied to their thoracic vertebra¢ghmimited
mobility following a lumbar stabilization exercised the
lumbar stabilization exercise group. The comparsmwed
that both groups experienced, through the two rtreat

mands for accurate, appropriate movements (Yun.et atechniques, a pain reduction and improvements rinese

2013). As such, "balance" refers to an ability tntain an
upright posture, whereas posture stability candfimed as
an individual's ability to maintain the body's egrdf gravity
(COG) within the base of support (BOS) (Michaehkt
2013). In terms of the compensatory postural inmzaa

thetic sense of proprioception (Yang and Kim, 20t5yas
asserted that the reduction of kyphosis angle saushange
in the position of the cervical vertebrae, influaggostural
alignment (Moon et al., 2014).

Postural balance is the ability to maintain efficimuscle

caused by the movement of COG, appropriate exercistone, joint flexibility, muscular strength and erahce in

strategies were observed for the head, the trudKeays,
with information input needed for maintaining balarin
somatosense, vision and vestibular sense. It wasl fthat
the body keeps its balance by using the legs ipastpf the
body on the ground and controlling strategic movesef
ankle joint and hip joint (Mouchnino et al., 1998e verte-
bral canal is adjacent to the central and peripimeraous
systems and the thoracic vertebrae are locatecebgtthe
cervical vertebrae and lumbar vertebrae (Kim, 20Thg
variation of the kyphosis angle is closely coresfatvith
leading to the flexion of the cervical vertebrazgi6 et al.,
2002). The muscle tone of nearby muscles to imptioee
stability of the spinal cord by means of the flexif the

combination with the nerve system and musculoskelet
system in order to adapt to changes in one's sufirgys. To
maintain these conditions, postural balance iptbeess in
which the central nervous system integrates toerimdtion
collected through vision, somesthetic sense, ogption,
cutaneous sensation, joint receptors and vestibetse, in
order to keep the body in balance. Of the compsneit
sensory systems to keep the body in balance, pogpiion
in somesthesis is kept in balance and correlathie the
vision and vestibular senses serve as an auxéiatyr (Lee
et al., 2002; Sturnieks et al., 2008; Carli et2010). In a
study concerning the proprioception of knee jolmsed
on visual information involving eye closure and tipg

- 155 -



and the difference in thickness of the insole,asvfound
that a significant level of mean error was measwidn
the participant opened his/her eyes; however, &esberror
value was shown when eyes were closed (Kim e2G05).
This can be understood as a static situation iclwtiiere
are no motions.

For an experiment measuring the lumbar propriooepti
with the error value returning from the neutral tpos
through trunk flexion to the neutral posture, tagtipipant
wore an eye patch to block his/her vision and sat chair
to exclude afferent input that comes from vestibanse
and feet. The experiment represented a reductiproprio-
ception due to pain, showing that the processtafmiag to
neutral posture is maintained by the control thnozgmpen-
sation not for the vision and vestibular sensddsytroprio-
ception (O'Sullivan et al., 2003). This is consistsith the
fact that compensation by the vision and vestitadaise is
unable to keep the body's posture in balance iewhst of
a problem associated with vestibular sense (Yaddan,
2015). In addition to this, research on a sensaight was
conducted (Oie et al., 2002). The sensory weigpbses an
impact on body posture control by allowing othenssey
organs to have an added weight when many sengmuy in
organs of the body make changes to a specific Serthis
way, when visual information is reduced, somesttiefor-
mation is given a heavier weight, whereas when stiretc
information is reduced, more reliance is givenisual in-
formation to maintain posture control. Howevethis study,
the state of static balance does not belong tertiieonment
sensitive to visual and somesthetic informationitifluence
posture control, which therefore causes the semggight to
remain unbiased. In a test for static balance wWakping
the posture static, it was also considered thaigmficant
difference is found when the participant closedr thges
and opens them.

When the participant opened their eyes in the digam
balance, the balance ability was shown in a smedl af
movement prior to the experiment, also represetiimgame
small area of movement even 3 and 6 respectivesiadter
the intervention. However, the movement area predluc
when the participant closed their eyes prior tceth@eriment
was larger than when eyes were opened. But, asitene

by, the kyphosis showed a reduction, with the mardrarea
seeing a noticeable decrease as well. This apfehes/e
had more focus on the sense of movement of thénghak
board when eyes are closed, with influences omsttieéch
reflex at the ankles, somatosense and on the dyhataince.

According to Carli et al. (2010), in the supporspoe
for two legs, similar portions are found in veslirsense,
vision and proprioception input when the participeased
their eyes and opened them following the rehahitigi On
the other hand, keeping the posture with only egeh the
ground requires more proprioception input to thigjesi's
leg while closing their eyes without any visuabimhation.
Moreover, the researchers found that the mechanfsm
spinal reflexes became revitalized in the leg ctimg the
ground while integrated with vestibular sense d$ weported
by Dietz et al. (1991) that in an experiment whidtuces
in the opposite direction that the head and truokerto
give change to vestibular sense, maintenance anticbtof
the posture is performed by the vestibular orgahsgpmal
reflexes. However, when the head moves fasteretigmnse
induced by vestibular sense was 10 times lessdinetth
reflexes by the displacement at the ankles. Thifesthe
mechanism of postural reflexes and control in teghs
weight shift, and the sensory receptor in the $oiand
vertebrae provides information about the locatiérihe
body's center of gravity. This shows that the tstiiti control
an exercise due to improved mobility of thoracidelerae
also influences the balance ability. According Ry and
Ha (2009), when manipulation was applied to théeheal
joints with reduced mobility to stimulate movemefritsn
front to back, muscles were relaxed by the stirodadn
the tendon spindle caused by the muscle stretdohvirn
creased the working range of movement to enharee th
dynamic balance ability.

As seen above, the structural change to the kyphagie
with the application of joint mobilization leads pooper
alignment of the body, which has an impact on tiarize
due to changes to the muscle length, speed of metem
and changes to joint locations. But, the statieuz¢ de-
signed to provide static somesthetic informatiaticated
that based on the application period, the struathange to
the kyphosis angle did not present a significaffitrdince
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in change to the movement area of the body's cefiter Han AR, Jeong JI, Feng J, Kim YH. Kinematic Analysif

pressure. It appears that the kyphosis angle igeldbover
time - before the intervention, 3 and 6 respeatigeks after
the intervention - in a state of dynamic balanofgrmation
is smoothly delivered by the proper vertebral atignt;
the displacement at the ankles on the auxiliaryunsent
causing the shaking makes stretch reflexes of goiits
lead to spinal reflexes; postural reflex in weighift and
weighted information of somesthesis is dedicateahtin-
crease in the balance control ability in the dyrapalance.

This study adopted selection criteria targetingpfeaged
20 or over without the symptoms of a disorder, nade-
fore may not be generally applied to all subjdataddition,
the researchers were faced with some limitationgh as
insufficient control over living habits and failui@ compare
effects made by the intervention due to the laci obntrol
group. As such, future studies should addressrtiitations
indicated above.
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