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Abstract

Background : Low back pain is a prevalent musculoskeletal condition that
significantly impacts hip joint mobility. Standard tools for measuring range of motion,
such as goniometers and inclinometers, are widely used for their accuracy but are
limited by handling difficulties or high costs. This study aims to evaluate the adapted
gravitational goniometer, a cost-effective alternative previously validated for shoulder
joint measurements, by comparing its reliability and accuracy with the ACUMAR digital
inclinometer in assessing hip joint range of motion.

Methods : This study involved 128 healthy female volunteers, aged 18-33 years
(mean age: 20.06 + 1.99), with no history of injury, accidents, or abnormalities in the
lower back, hip, knee, or ankle. The volunteers were measured for hip flexion, hip
extension, hip abduction, and hip adduction using both the Adapted Gravitational
Goniometer and the ACUMAR digital inclinometer.

Results : The study found the following average measurements for the
volunteers: Hip flexion the adapted gravitational goniometer showed 117.18 + 10.44
degrees, while the ACUMAR digital inclinometer showed 116.59 + 10.48 degrees. There
was a statistically significant correlation between the two tools (r=0.69, ICC=0.82,
p<0.05). Hip extension the adapted gravitational goniometer showed 34.58 + 8.55
degrees, while the ACUMAR digital inclinometer showed 34.48 + 9.43 degrees. A
significant correlation was observed (r=0.68, ICC=0.81, p<0.05). Hip abduction the
adapted gravitational goniometer measured 53.23 + 11.27 degrees, while the ACUMAR
digital inclinometer measured 55.41 + 10.33 degrees. A significant correlation was
found (r=0.58, ICC=0.73, p<0.05). Hip Adduction the adapted gravitational goniometer
showed 30.33 + 11.89 degrees, while the ACUMAR digital inclinometer showed 29.02
+ 12.13 degrees. A significant correlation was also observed (r=0.65, ICC=0.79, p<0.05).

Conclusion : the adapted gravitational goniometer demonstrated validity and
reliability in measuring hip joint range of motion, comparable to the ACUMAR digital

inclinometer.
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inclinometer during straight leg | Au&usiUSAU digital
raise neurodynamic testing. inclinometer L@y
Physiotherapy. 2012 digital goniometer ‘1'71|§i\‘1
Jun;98(2):174-9.
43785 19AA WN1IE Vnavia Taae awan fanu feAewuLags
Saunnsnl oudeys. A undefio ansoinuas
Udefauazauiisanssweddnd | s1uaeenisg
Toflmasonduusaliuaauuy wdeulléviug
sianUad wag hand-held
inclinometer lun1sinn1s
wdoulmveswelud. Journal of
Associated Medical
Sciences,2017; 50(3): 566-575.

A13197 4 LLamszTaﬁLLavgaﬁwﬁ’maq digital inclinometer

N13ANE o ves1iin
Graeme Ethan Hancock et al. digital inclinometer lﬂﬁizﬂu‘uwmm
Accuracy and reliability of knee Lﬁum?aﬂﬁaﬁi%’fﬂﬂgm
goniometer methods. J Exp “U@ﬂLﬁtﬁﬁLLﬂJuE‘hﬁ?jﬂ
Orthop 2018 Oct 19;5(1):46.
Morey J Kolber, William J digital  inclinometers ﬁswmﬁgm’jw

Hanney. The reliability and

< = A A
LWULATDIUDN AN

goniometer U uagy




concurrent validity of shoulder
mobility measurements using a
digital inclinometer and
goniometer. Int J Sports Phys
Ther. 2012 Jun; 7(3): 306-313.

drmin JUvdniun way
foalasunisanelunisley
UBLUULREINU

universal goniometry

4 =

Tadeaimnuwuglung

aaugnInTUauUli

See

[V

wiriunnaseneulyay
WiaanAMULABSUNISIAR

YDRANAIAIUNITIA

M1519 5 LARIYALATYaINAYRY BUU ROM test kit: Self-Assess

AN i ot
A3¥ol esfnaiuasal woveny. | anunsolyiamaans fanudugouvesnaln
mMaWuuazneaeUgUnsalin | wndeulmlddemues | wazgunsalinnnin
psmnsasulmuswesedite | liswdudedy 2 edu | universal goniometer

ARNTBILATAAMILAIEVORAMY

AULDN. YINIIVET 2562: 1-42.

Yeuzdn  TTUMDUNITHY
! 1o & v
Nuaekazlisndudaa
fanutungyavised

AINUIVNNIEINA

ANENS

[ 7

way inclinometer 9l

D9 INAWEUATIT WA
NAAN LN NI UF D
Wagwielwanniziuee

MaNVIINITIA

A13297 6 UAASYOALAYIBINAVDY Smart phone goniometer

ANSAN®N

a

VA

YDINNA

Yugo Takeda, Katsuhiro
Furukawa. Clinical reliability
and usability of smartphone
goniometer for hip range of
motion measurement. J Phys
Ther Sci. 2022 Jun;34(6):433-
439.

ALAINA BN LA L
wan loAnuLssaves
InsAnvidedaunnesr
A5TARLMY a9 os o le

LAY

anailaumaIAARa U
199971715008 o Ul
Yaladesineiafinig
Lﬁlaumqmmm"w TRRIRE
Ho9nsInUny IAT90 9

nsiaaaulm




A1379% 7 Uansvoflazuedninved Adapted gravitational goniometer

10

ANSAN®N

Y9h

YBINNA

CY s

437195 19AR WNE NaaviF
Saunnsal %auL"?Jstgﬂ. A
Undetonazanuiisinswestnd
TodlimesonAuusaluualquwuy
faulad way hand-held
inclinometer Tun153AN"S
waeulmweselua. Journal of

Associated Medical

Sciences,2017; 50(3): 566-575.

Infllefiwasendoussliy
LUUARLUaS dAY
Undedouazaiy
Fissnsafteusiiu hand
held inclinometer Tunns
Saransedeulnives
volva f51Angn anwnen
Tyauldanennmagain
Lazannsaialalurese
Tugj vesssngla
azaan dnnsalyussiiu
Adreluyuunsetiulu

[

PiNuALAUle

Aosfiaudunglunis

Taaseaile

2.3 MUNIUITTUNTINAINANYBIULALAUNEINTIYRsQUNTAl

A131991 8 LL@AIAT intra-rater, inter-rater reliability 98¢ Universal goniometer

N13ANY Joint/Action Inter-rater Intra-rater
A3l \NesAganuasal wazAnz. | Shoulder joint | 0.99 1.00
A arageugUnsalin Elbow joint (0.99-1.00) (0.99-1.00)
psmmsiadaulmvevoneiiadn | Wrist joint
nsBIATRNNUAIETBRARAE Hip joint
AULDY. YINIITENT 2562: 1-42. Knee joint

Ankle joint
Yugo Takeda, Katsuhiro Hip joint 0.89-0.92 0.91-0.93
Furukawa. Clinical reliability and
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usability of smartphone
goniometer for hip range of
motion measurement. J Phys

Ther Sci. 2022 Jun;34(6):433-439

Morey J Kolber, William J
Hanney. The reliability and
concurrent validity of shoulder
mobility measurements using a
digital inclinometer and
goniometer. Int J Sports Phys
Ther. 2012 Jun; 7(3): 306-313.

1. Shoulder
flexion

2. Shoulder
abduction 3.
Shoulder
internal
rotation

4. Shoulder
external

rotation

1. 1.0.95
(0.89-0.98)
2.0.97
(0.94-0.99)
3.0.95
(0.89-0.98)
4.0.94
(0.87-0.98)

mswﬁ 9 LLaﬂ\‘iﬂlﬂ intra-rater, inter-rater reliability ¥84 Hand-held inclinometer

NSANWN Joint Inter-rater Intra-rater
Benjamin S Boyd. Physiotherapy. | Hip joint - 0.95-0.98
Measurement properties of
hand-held inclinometer during
straight leg raise neurodynamic
testing. Physiotherapy. 2012
Jun;98(2):174-9
A3l \NesAganuasal wazAnz. | Shoulder joint | 0.99 1.00
A arageugUnsalin Elbow joint (0.99-1.00) (1.00-1.00)
psrmsirdeulmveveseLiiafn Wrist joint

Hip joint
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NSeILALAAMLATIZYDRAGAE Knee joint

AULBY. YINIVEANT 2562: 1-42. Ankle joint

43195 W3R8 WA Yugied Saun | 1. Shoulder 1.0.98
n30] gouduga. mnmideliouas | flexion (0.97-0.98)
aufiessnseeddnilefimesorde | 2. Shoulder 2.0.99
wssliauuUAaLUaY ag hand- | extension (0.98-0.99)
held inclinometer Tun153nns 3. Shoulder 3.0.98
waeulmweselua. Journal of | abduction (0.97-0.99)
Associated Medical 4. Shoulder 4.0.98
Sciences,2017; 50(3): 566-575. adduction (0.97-0.99)

m’i’]\i‘ﬁ 10 LLamﬂlﬁ intra-rater, inter-rater reliability 984 Digital inclinometer

n1SANWN Joint Inter-rater Intra-rater

Graeme Ethan Hancock et al. Knee joint 0.98-0.99 0.98-0.99

Accuracy and reliability of knee

goniometer methods. J Exp

Orthop 2018 Oct 19;5(1):46

Morey J Kolber, William J 1. Shoulder - 1. 0.95

Hanney. The reliability and flexion (0.90-0.98)

concurrent validity of shoulder | 2. Shoulder 2.0.97

mobility measurements using a | abduction (0.94-0.98)

digital inclinometer and 3. Shoulder 3.0.97

goniometer. Int J Sports Phys internal rotation (0.93-0.98)

Ther. 2012 Jun; 7(3): 306-313. 4. Shoulder 4.0.98
external (0.96-0.99)

rotation
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A1579f 11 wainem intra-rater, inter-rater reliability ¥839 BUU ROM test kit: Self-

Assess
N13ANY Joint Inter-rater Intra-rater

A3l \NesAganuasel wazAnz. | Shoulder joint | 0.99 0.998
A Larageugunsalin Elbow joint (0.99-0.99) | (0.99-1.00)
psmmsiedeulmvevoneLiiadn | Wrist joint
nsBIATRNNUAIETBRARAE Hip joint
AULBY. YTWINIYENT 2562: 1-42. Knee joint

Ankle joint

A1519%i 12 wansan intra-rater, inter-rater reliability U84 Adapted gravitational

goniometer
A3ANYI Joint Inter-rater Intra-rater
#3795 19AA KN1IA WL | 1. Shoulder flexion 1.AUf 1 : 1.0.97
avien] faunnsal wou | 2. Shoulder extension | 0.88(0.84-0.92) | (0.95-0.98)
Woegs. Aan@efio | 3. Shoulder abduction | AUl 2 : 2.0.95
wazAUfisansavesln | 4. Shoulder adduction 0.82(0.76-0.87) | (0.94-0.98)
Hlodlmasodussliy 2.0 1 : 3.0.97
AL UUAALUAY kA 0.89(0.86-0.93) | (0.96-0.98)
hand-held AT 2 ; 4.0.96
inclinometer Tun133n 0.84(0.79-0.89) | (0.94-0.97)

nsiadeulmvete
lua. Journal of
Associated Medical
Sciences,2017; 50(3):
566-575.
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2.4 JadgNenadenanazienisiaoulng
2.4.1 91y

91398999 Meiling et al. Tud 2023 wansliiiuingsesrinisied sulnivesae
azlnn val waglasanivluvawinvesgengananilaiiisuiuauientuand 1Wedwan

mMs\denamesszuunszgniasnduile dwalinnudilunisinuanasegiaiulatn?
2.4.2 WA

138983 Moromizato et al. Tud 2016 wansliiudsnnnuunnsisvesi
aﬂmmﬁmﬁ'aulmiwdwLWW@&LLazLWﬂm*&J IﬂEﬂuLWﬁmﬁQ%ﬁ*‘ﬁNaﬂmmﬁmﬁ'aulm“uaﬂ
shoulder flexion, shoulder internal rotation, shoulder horizontal flexion, elbow flexion,
elbow extension, wrist extension, hip flexion, hip adduction, L& hip internal rotation
wnndthunayne uwiazdvresrmnisadeulnves hip extension, hip external rotation,

trunk flexion wag trunk rotation Heeninguyney

Piuisesmninadoulwilureas innmandgsagiienudavguinnniflunae
Fudunamnanmslisuavinannlasswesiumeilaemlulumavdsasiyuesmued
nsimdeulusumtiives femoral neck wag acetabulum fisnnndnwane Flilumeands
31 hip flexion Wag hip internal rotation uINNILAZA hip extension Way hip external
rotation tesnithumane ludruvesddiflumnaveiivasesmnisideulmunnnitlume
nijuilesmniaeiilulunandgasd spinal column fiduniuasdl lordosis Tushamaseu
wannniumanedaduamelilumanediesmnisindeulmues trunk flexion wa trunk

rotation 11nnN7tY
2.4.3 1N

91NNATDIIUITE Hussein et al. Tud 2022 wandbiviuinlunquuesauiiaidudl

'
o

wianeanInnaeikareglunueiunfaziaesmnisaieulmiidisauewnnniingy

]
aa v A

vospunisviinanieaininnaeiuazlunguaudiu®

31n971U3T8989 Moromizato et al. lul 2016 wui1wweIAINIsAdoulnIvangy
AUNT Lean body mass unazdivisesanisimaeulmives shoulder external rotation way

shoulder horizontal extension anad kALLYI9VIANNITARBULNIVDI wrist flexion and
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hip adduction 1n3u nauiulunguussauniiesidudluiulusinieuinazdivasesrnis
vAd aul1Iv89 shoulder external rotation, shoulder horizontal flexion, elbow flexion
waz extension anas Feorailunanivenisirdanenienmainnisazanvedluduuiiin

sousuenn’
2.4.4 yaindianazhindn (Ahwazfanssuivindudszdn)

9191398999 Moromizato et al. Tudll 2016 wanslifiufisnanuunna1aeenedl
1"1&1éfﬁmaasﬁaqaammﬁLﬂﬁaulwa':?w'ms'wma%wqﬁaﬁmLLazlzjaﬁm NAAYDIUIY
wusemerildatnasiinosnisiedeulnives shoulder internal rotation, hip
abduction, tiaz ankle plantar flexion wnndneiiodn luvasfinndiadnezdaasmnis
Lﬂﬁaulwa%aa shoulder external rotation, wrist flexion, Wag hip adduction mmdﬂ%ﬁ\‘iﬁ'
Lyionin PiFuhianssuivhiiulssaunsnilugmalisuamesmamns

wasubmlalnsanzlunguvesauiiauimndetinnsenuauyianiioug )

2.4.5 vimelunisia

i1n19tun15.ad oulyidanan 9v29n15A8 Ul Tale LU N1sLAA active
insufficiency Tunanuilendigainiziuicue 2 vesietuld anadeulminseugiulunnvese

Anzaglilseansnnnisvinauasdesatlianunsawndeulmlaegaudun® wwu

- Rectus femoris aguaduanaziisnnanisindoulnalun1svii hip flexion 618159 knee

extension hUnsaufue

- Hamstring aguaduasiazdiandnnisiad ouluilun19vi hip extension 8131591 knee

flexion TunSauiute

2.4.6 ANUTUIYVBETINNITIR

IS

lun1sinvianisimdaulminieg goniometer uag inclinometer 1Jwign1suInsgu

mluilalunsaddnuazinduiznisunsgunluuseuiieulunside esndaiu

= o w A 1

Wiensaazuiuguazaunsalnnmazain uidvedinAensseyuasn1n3gnensdelveg

Y

o

'
o dl % = =

AufinsgihlagindwalvitinaiunaiandeudanunsAuin N Ianudeaiey Wi wnngd

wazinnenmuiln anvedesly 2 dalunisin villdaiunsatasedegle®
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uni 3

%4

SEU8UITIY

3.1 3UuUUUIY (Research design)

[ 7
[

mﬁ%ﬂiﬂﬁﬁugmwu Validity and reliability correlation study
3.2 521U8U5798 (Research methodology)
3.2.1  UsEynsuaznguiiegng

Uszannsnangsluingaeigudnaudinuiu 696 au

9

nauMBg 19T 128 AU

3.2.2  WNU9INISAALABN UL
1. neein15anA (inclusion criteria)

0 W = a

1.1 dn@nwunandgnmasdnwegluinedeiwudvgednilguning

9
v £%

1.2 lifmuRauniveslasiadasenuiinisusamasdiuans voayinn Yo
LAz

1.3 lilflonmssounsiesndmilousnaayinn 91 dsswazvewin

1.4 lifermsuinUinmasdiuans aelnn wse 1w

1.5 liiuseianslesuuinduuinnmasdiuans aslnn vise w1 melu 1 e

1.6 TaifiUseiRnsumsindnusnmdsaiuans aslnn wisenneluszezia 6
deuil

1.7 lsifinnssrdamsindeulmaswearinnvidevoin

1.8 lsifinnsauiinvidessnidinmeuinasesndiuarsmelutuienfuiudisne

IUUINY
2. 1neuain1sanaan (Exclusion criteria)

2.1 llUszasansinauive
2.2 liasnsnvinnsiasasaniseasulmvssaaslnnlaasu

2.3 flgyulunsdeans nsils waz anula



3.2.3 NISATUIUVUINAIDE

wunasegnlylunsanuiluasall lugasusennsnidniuiueu

(Yl A3aze1m, 2535: 39)
Tvgns n = _ PP
e? + P(1-P)
/2 N
e n = $1aunguiiegis
N = §1u3uUsEvIns

L2 %

P = dndiuveUsyynsngidenvungy

[

e = dadruvainnunataAdaungaulmAnIule

Ingivua N = 696 Iuiudseansinanguinedeisudvaed

P =0.10
e = 0.05
72 = 1.98 \{l991n@oensAUEdesiuil 95%

n = (0.10) (1 - 0.10)

(0.05)2 + (0.10) (1 - 0.10)

(1.98)2 696

115372 (Jadu 116)

116 * 10% (A4 Drop out) = 12 AU

116 + 12

128 AU

17
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3.3 AU by lueuide

aaudsau laun Inilefimesendousaliuaisuuunnulas (adapted gravitational

goniometer) kaz ACUMAR digital inclinometer

fauUsany Lawn a9r1n15wAd aululvesaaslnnluficnia flexion, extension,

abduction, adduction

S =

fauussunau Teun 91g wiln Anuudausswesnduilo uay YuNAveI5E1IAYY
3.4 \espsiialylunsdse
1. wuulpsuasunuAIBUgaNNSIINT I
2. quaaummé’mﬂiaaQLsszéauv‘iﬁ%’sJ Uy 3 dw leun
i 1 %ayjadauqﬂﬂa
ddl 2 %ayjaqsumw
dwdi 3 wuudansadlidalalsun

3. ipsedlnilefimesenduunslunalauuunnuias (Adapted gravitational goniometer)

UM 2 nuans Infilefimesendoussliunisuusiauiag

v L4

9198990 @385 19AA WN1IA Wnavial Shunnsal geulues. mnulLeloua
ANMULTILINTIVDINTE LTI BTDIALTILLUA LU AWUAY WAy hand-held
inclinometer Tun1sinnsweasulmveswalg. Journal of Associated Medical

Sciences,2017; 50(3): 566-575
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4. w399 ACUMAR ™DIGITAL INCLINOMETER (Model ACU 360)

gﬂﬁ 3 ALans ACUMAR digital inclinometer

91989311 Morey J Kolber, William J Hanney. The reliability and concurrent validity
of shoulder mobility measurements using a digital inclinometer and goniometer.

Int J Sports Phys Ther. 2012 Jun; 7(3): 306-313.

3.5 38maifiuvoya
3.5.1 nswseuaaud
nsdnmssuiesitiResdmsuetatadasueuluvyyinnsnageu
3.5.2 NSLA3PNDIEEUAT

SIS sUNTSHEaNTeYRtanatatastavdy s lulrdndanisiavianiseaaulm

YULVINITNAFDU
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3.5.3 YUABUNISNAFBUNISINYIINISAFUMA

nsmanuddeien1slugin 28715 2 A9 Tnuasen LkagaATen 2 seaenis

Junan 3 Tu dweyannadens 2 ass wndseuiisuiuiomaudndeionislud in

(n=18)

MIMANNULTeTeTEniginAun 1uas2 uweyanieluasusediu luesednille
fwmesordeusdlduaisuuudauuat v inaun 1war2 unuIeuiguiun oniay

Wdeiesenieinaun lwaz2 meluasafediu (n=18)

ANSUIAINULI INTITELIINLAS BILNT 1oL LMD DR UWTILUUAILUUA AL UAILAY

ACUMAR digital inclinometer thanadevesi 2 in3sunilFouifieuiu (n=128)

[

AN1SNAFIU LIUNDY F9U

1. lufuusn 1anadinsnauiuuaauaUAnNToIRIT 3Ty
IpgildiureveyadiuyAng, YaLaguNm, LUUAANTeN

hsalalsun wazibuludugaunisiunsiuauise

l

2. newinvunsadeulm Wenaadasueunneiiiies 3intuugideesuieieaiu

Mmsnaziosnsdeulinvesveaslnn 4 fievne Taun hip flexion, hip
extension, hip abduction, hip adduction lngazinvinas 3 AssLazAn 2 W9

PN TIALFARLASI LDATU 3 AST WA 5 wiinaulnrenistadsulmlurindaly




21

3. Gudnvmaefoulmsigunsaliun 1 ACUMAR digital inclinometer 3nlu
weiiaiin ngligiderui 1 WudfAnesesdiowasidoaun 2 Jugeunas

JUTNAT HIUAINU

l

1. 1 hip flexion

- Tenanasimsuaunane

N

Y

IuAngUNTAIUTIINANANTENING greater trochanter Way lateral

e

epicondyle of femur
- Wenanadnsoin way seaslnnligarisnisindeulnn
2. ¥ hip extension

- Tvenanadmsusuan

N

[y

IAuAngUNTAIUTIINAMNANTENING greater trochanter Way lateral

e

epicondyle of femur

- Wenanadaswmdeaiun uay wdeaazlnnuimissundlngnyianis

AUl
3. v1 hip abduction
- Tenanatinsusunzwaanns (urenliladnenisnasulm)

'
v a =

- {I78AnLAT 8T 0UTIINA INA195ENI9 head of fibula uay lateral

malleolus
PN9PTUNALTN

- Wonanadiaslyvvanegiuun nseenltianvasnisnioulm

Y

4. v hip adduction

- Tenanatinsusunzwaanne (urenliladneenisasulm)

'
v a =

- f{37uAALAT 83l auT N INa195817 19 head of fibula kag lateral
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4 )

yumaafoulmmeaunsali 2 Indlefiwesendousdduauuudaulad (adapted

4. Jevhmyiaveavlnniieaunsal ACUMAR digital inclinometer 1a5auds aun

gravitational goniometer) IngA5n13 819U Lagduneunsdauln azmilouiu

M3 iasaeaunsal ACUMAR digital inclinometer tnglvifidenui 2 {ugFin

Ya

wseallonaviiduaun 1 Wugeuuastuiingn

|

5. Weaideaud 1 Inviesmnisindeulnimegunsal ACUMAR digital

\_ /

inclinometer wagf3deaAui 2 Invaesmnsindeulnimegunsal Indlefiwesende
wsaltugiauuaauUag (adapted gravitational goniometer) l@5aduIa Azl

oanaiAsuInrgesrnisieaaulneluindnun

- J

l

6. luSuitaes Buiawanisiadeulme aaaﬂﬂsm%um 1 ACUMAR digital inclinometer

Folumanadeatudutuusn Tngliidoaud 2 Wudfnedesdionasiidonuil 1 10u

f}j@IWULLa”‘UUVIﬂﬂ’] 1ne35n15 a1eu LLﬁ”“UUW@Uﬂ’]ﬁLﬂﬁBUlW’J zuiloununsinluiu

i
P

7. Luammsamaaﬂmmaaﬂﬂ‘im ACUMAR digital inclinometer @S udy 2w TR

~

mandeulmegunsaii 2 Inflefnesendeusdiiudisuuudauyas (adapted
gravitational goniometer) lng38n1s a1y wazdunounsiadeuln avwmileuiuns

Fadneaunsal ACUMAR digital inclinometer tngliifiduaun 1 JudRnniosdiouas

K iAuaudt 2 Judeuuasduiinan /

l

INTUYINTInTINseasulmveweaslnnluenaadnsaudalunie

JUADULALIDNISLAYINY
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3.6 @01UNYNINN1598

[
[y o

VoIl Tu2 angnenmi1dn Imendeisudvged
3.7 szpzaanitlylunsinade

19 (hou 1.0, - 5.0. 2567)
Tunmsifuteyaeiaadasazamulide 2 ads waduiuey 1 ade
Tnoarlunanadazyseann 1 il
3.8 MIUsEaAKATaYALAZNITAIATIYivaYS
adanlelunsiameiveya

1. "3miwﬁsﬂazﬂaﬁ’ﬂﬂﬁmaﬁﬁL%a‘wsimm 1w 97 (Aady (Mean), Andesuunnsgu
(Standard deviation; SD)

2. wanuhdeiowazanuiismsavesgunsallnilefinesordeussliuaisuuudaulas
(adapted gravitational goniometer) Wz ACUMAR digital inclinometer 31As13#ilagy
pearson product moment correlation coefficient (r) , Fulsvansavduiusaneludu
(Interclass correlation : ICC), mmﬂmmﬂﬁaummgmmaﬂmmﬁa (Standard Error of
Mean : SEM)

v v

3. fvunseRuTdEINIEdA p-value < 0.05
3.9 11AsN1INIsUaeiuNITUNIsEUInYae Covid-19 vaizaANTuILIY
neuduinsmagoureideiiuinanistiestunisundszunaves Covid-19 feil
1. Usziluanuidesyes Covid-19 WA InRUNNINIELAZATIY ATK nouENVIAdeY
2. anuivhmsnaaeuiinsszuieenaléd liuedn
3. Adouazenaatnsiedionsunasvdainnsmaaouynads

4. YUEAMIUNITINYNEALATATAINLEVUNININBUNLENADANITAMRUINUITE

5. viduaseduNvIeaeU WakazviauazeInaunsal uazaauilylunisneaey
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uni 4
NaN157¢

4.1 szazvadauANLYaiavainAun 1uaz2 dduiaTasiialniilediinasandeusaldy
f29UUnALUAY
ANAU 89759909 NT e N wasoAaLsIlUNn9UUA ALUadlagnNTSiUS s UL g U

=

eludinaui 1uaz2 Tuv hip flexion ag# r Ianuduiusludauluszdudunn, ICC ag
lusgstusn W1 hip extension 8¢l r flauduiuslu@auluseiuiiunas, ICC agluszdu
#1 11 hip abduction 8¢ r fiauduiuslud@suIntuseaumun, ICC aglusyaud v hip

adduction 8¢l r fianuduiusludauinlusgauniun, ICC aglusysium

A13197 13 Wisuiisuanuiemsdunsinyinisadoulmiseninegdideaui 1 uay 2

99aLINn AELATRlNLlalwasaAawIlLUa Ik UUAALUAY (N=18)

mMaiadouln finauil 1 {3nauil 2 r ICC
Hip flexion -0.01
114.33 + 4.09 117.02 + 4.15 -0.01
(degree) (-0.46-0.45)
Hip extension -0.48
2595 + 2.27 21.45 + 2.83 -0.49
(degree) (-0.77-(-0.33))
Hip abduction 0.17
74.52 + 4.35 68.12 + 5.87 0.17
(degree) (-0.31-0.58)
Hip adduction 0.20
27.70 + 3.83 2697 +3.24 0.20
(degree) (-0.28-5.60)
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4.2 S38sNaaEaUAMNNEINIIvaATasiinlniiladinasanfeusaluualauuuanwladlag

wW3sueunu ACUMAR digital inclinometer

NDE@TATIIIL 128 AU AALBTY 20.06+1.99 T Han1sAnwIvedlnile
fimesorfuusaliudruuudnulas WeiSoulfioutu ACUMAR digital inclinometer wuin
Aade hip flexion Afadelndlefimesondausdltiudrauuudaulas (117.18+10.44) uay
ACUMAR digital inclinometer (116.59+10.48) iinudusiusnuegwiideddgyneads (r =
0.69, p<0.01) AAAY hip extension fTasaelnilefmesodoussliiudranuuinulas

v s

(34.58+8.55) Wwaz ACUMAR digital inclinometer (34.48+9.43) inudunusAuag19ll
TedFeynnsada (r = 0.68, p<0.01) ANade hip abduction #iasmelnfilefiwmesendeusdlt
A UUAALUAY (53.23+11.27) wag ACUMAR digital inclinometer (55.41+10.33) i
anuduiusfuegadived fyvneadn (r = 0.58, p<0.01) Aade hip adduction iAgaeln
Alofiwoiondousslunalsuuuaniiad (30.33+11.89) uaz ACUMAR digital inclinometer
(29.02+12.13) fiauduiusfusgrefitoddumneada (r = 0.65, p<0.01) lewSeudiou
A 2903a1n156Ad aulun Adadaelndledmesordeusdddunrsuuudnwatuas

ACUMAR digital inclinometer hip flexion, hip extension, hip abduction, hip adduction

wuIAIaageIAInIsnasulmliLana s UNIgEiA (p<0.01)
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A1519% 14 WSsuisuaadsnisiavianiseasulmvesweazlnn serinaesaslnile

fmesonduussliuaaiuudaiUaiuas ACUMAR digital inclinometer (n=128)

Adapted

gravitational

ACUMAR digital

N IcC P
Motion inclinometer "
goniometer (95% CI | value
Mean | S.D. | SSEM | Mean | S.D. | S.EM
Hip
0.82
flexion 117.18 10.44 0.92 116.59 10.48 0.93 0.69 0.0001
(0.74-0.87)
(degree)
Hip
0.81
extension 34.58 8.55 0.76 34.48 9.43 0.83 0.68 0.0001
(0.73-0.87)
(degree)
Hip
0.73
abduction 53.79 11.27 0.99 55.41 10.33 0.91 0.58 0.0001
(0.62-0.81)
(degree)
Hip
0.79
adduction 30.33 11.89 1.05 29.02 12.13 1.07 0.65 0.0001
(0.70-0.85)
(degree)

* Significant Yayaiianuduiusiuluseiun p<0.01
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unil 5
aAUTENALaLETUNANTTIRY

NningusrasnvesnTideiiiieAnvianuiissmsuazarnindefieveinile
Awesonfuussldualsuuuaniiasuag ACUMAR digital inclinometer 97nNan19398WU1
W ewSeuiisuad ealndlefimedendousaliugrauuudnulatuas ACUMAR digital
inclinometer Tun1sinonanadasdiuau 128 au lunuauuanaeegsddudAgnieans

o

(p<0.01) Iuﬂqﬂﬁﬂmwaqmsm?alaulm%aaﬂwn
MeiLdesainan IcC lumsin hip flexion, hip extension, hip abduction wag hip
adduction WU 0.82, 0.81, 0.73 way 0.79 muasu wazilan r Tunsasfiamiayindu 0.69,
0.68, 0.58 uax 0.65 MudFU Tsogluszduuiunansied Ustinedodnilofinefendouse
Tugiwuudnudasdianuasnndasiuaiildainades ACUMAR digital inclinometer Ju
nsinrensiadeulmvesearing dwandiiiuinedednilefmesordousdiumdiuuy
Fanasfianuiissmsanazanuindefdoisuvinfuies eeflounsgiu ACUMAR digital
inclinometer

MnnTesgauinTefioseninedIa 2 au (inter-rater reliability) Tunnsng
Mnnduenanaiassiua 18 au Tagly two-way random effects model #u31A1 r uag ICC
wansliiiiuinad eslniledmesordoussliudinvufauvasiiannuindofiesenine in
(inter-rater reliability) Tusz @ ua Luv @ hip flexion wag hip adduction w# Tu? @ hip
extension way hip abduction frAnuduiusAnau Jauansdinnulidonndestuszniig

HAN15INBIEIANERs duAnanTadenNg 9 U AnudureuveInsindoulnilazn15Ig

Y

| [

AuvteATee AuAITin1sUTuUTaIsNMsTakarn153nvinEgnin sIufansHniuyin

VALLAL bBANAULUSUSIULAZLANAIINULYD DD

[ Y]
v a v v 6

NANITIVYASINADNARDINUINUITEUDT A35M tazAne WU 2562 AITUNISANE

A53i3ly ACUMAR digital inclinometer dadun3asdieniimanuiideiogusauiiou

Aulndlafimasandunsaluunlruuusakiuasiunisinvaaslnn
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(2) Andrinmuadouln Wamaiaspumneiitisn nnudidvasuadieaiuvimniaziomns

waaulmvasdaarinn & fiema laun hip flexion, hip extension, hip abduction, hip adduction
Tazasiavinas 3 Atauasin 2 ufsewinnaiausasets Sloaiu 3 @i W 5 wwinouiatnn
wasulmluvindaly

(3) Guinvnnaadoulwiieguniniuil 1 ACUMAR digital inclinometer Salundniindn ngli

-

v
&

o O P R By v = s v v
fdvaudt 1 Dulfaeisddiouasfidorud 2 Judonuastiiinen snuddudil
(3.1) 1 hip flexion

- ThonanasiAsuaunny

v

JuFnguniaiuInnfiNaIzwin greater trochanter uas lateral epicondyle of femur

gza

- Wmatianau uas soazinnldantnnaeiioulm
(3.2) 1 hip extension
- Vinanasirsuaued
- tj’iﬁ'ﬂﬁﬁq‘\]n’:‘nhj?L’Jmf"}anaw’szw’Sw sreater trochanter Waz lateral epicondyle of femur
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(3.3) v hip abduction
- Vomadiesuaunsuesiin rudnililédntamaeiouln)
- Bivhaedardiovinnfnanzwin head of fibula uas lateral malleolus M uwTh
- Vomadieslivinefiogiuuu nusanliigenmiuedanln
(3.4) ¥ hip adduction
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