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| Abstract |

PURPOSE: The aim of this study was to evaluate the
concurrent validity and clinical usefulness of the universal
plastic goniometer to measure the range of motion of the
internal and external rotation of the hip joint using the three
dimensional motion analysis which can analyze the joints and
segment movements in the most objective and quantitative
method.

METHODS: Clinical and kinematic data were collected
from thirty individuals using a universal plastic goniometer
and a ten camera motion analysis system. Passive hip rotation
range was obtained three trials for left and right hip joints

using two measure methods simultaneously.
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RESULTS: There were significant differences between all
matching measures of the two measures of internal and
external rotation of the hip joint (p<.05). The relationship
between the two tests for all measurements of the internal and
external rotation of the hip was statistically significant with
correlation coefficient form r=.87 to .96. (p<.01).

CONCLUSION: Clinical measurement of the internal and
external rotation of the hip using a universal plastic
goniometer is effective to assess the hip condition. However,
application of universal plastic goniometer requires careful
attention in more accurate evaluation and research

verification of the internal and external rotation of hip joint.
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el w9 a3t H3S FtcHDujardin F, 1995;
Watelain 5, 2001). 222 W3 A1} 9349 HAA
HEHSIE 717t of dseolsl, 4] el B FHE
W9 AT Aol et oike) Ajol7} Qlot of
90°~100°2 & A 9JthCibulka, 2004). AA| T3 W
olsl FREHgIe] B Tt B Fleh Tud
Wela1d ZKE RSl Ajole] B Yrtemuizlel 3
=5t AHkA Q)(anteversion) S ZHFA 9(retroversion)
Qo 7)m, AA| 1134 X E<(total hip replacement)
o T 4%l 2elo] =7]% ghrk(Akiyama
%5, 2016; Kouyoumdjian 5, 2012; Shoji 5, 2015). 21344
Wolslde] FHEue) BaEe] AFE v e
v yel3ld 250 o] Ajolot 244 A 5=
F lom, djREo Aglo] FiHAolal R Al
A 7], A7) B w7 5o ulg A ARAlek
o] Al 7] 13kt (Cibulka, 2004; Nyland %5, 2004).
A 7HEH 919 Ak HAE BHoR
o =S A5 SN U Eukay &7
(universal plastic goniometer; UPG)E ©|-&3}= WH
(Cibulka 5, 2010; Kim %, 2018; Kouyoumdjian 5, 2012;
Nussbaumer 5, 2010), 73 AFA|(inclinometer) & ©]-8-5}+=
HH(Krause 5, 2015; Bagwell 5, 2016), H]t] Q. &
(Damsted %, 2015; Norris@} Olson, 2011) 5o Slth
o] % UPGE ol 7HEW 910 348 Ak A7)
Apaeo] Ajgto] 710} glol, HIE HolA H8ol
ol QAAIA 7P Aeahe Aajoltt. T2, UPG
ARERE I W 93] o] Ths 9] HAbel Hiet
M4 5841 ede A5 A4 583 UPG
FEE HST Aol = FHH
ol 2115 B 113t ¢(Holm %5, 2000; Grossman %,
2008)eF F-4 A el AtE H gk A-HClapperet Wolf,
1988; Nussbaumer 5, 2010)7} A2 & AE Ri1s)
7 9 AHolch Eg nEA WIsld 15 HSlo]
g UPG A1e) Q1A 847} SAEHEg oo}
ool 77 AAPAIL 22190 olstel 24 A
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Zeinstra 5, 1998; Bagwell 5, 2016; Roach 5, 2013).
o 1 vhelsio) A THEuslel A

Aol ATA R 42 1E e A& Hrlol=d
VHeIA ve- F23F Jols Qlovt HEe] 27
Ho] UPG ®Hofl oJ&star §lof ofof that B =9}
WA 78S B HSohs Aol Fasitt wet
A 2 Ao =R T 2AY RAUE 7P A
Holi A or EAsl= oz dixl 33 &
ZFELA (3D motion analysis; 3DMA)S AR8-5Fo] UPGH):
o e Wels el ks el S8 gt sAIE
FE} A 84S Yot At gt

e A= ABA, 2EAA F2 2EeAEY 7]

A Yol Aol tiek 3 BErFsH Y
3DMAE st &% #H|2 Qualisys Motion Capture A]
2 H(Qualisys, Gothenburg, Sweden)2 ARE-5}%ch E
kol AR Qualisys A|2EE- 10T] 9] 2 Q)4 71|
2H(0qus-7, Qualisys, Gothenburg, Sweden)& A5 A|A
AATe ' S-S EASES A E ST 7 EE
ol doixl WA7FE Sl et A A S74%k
< FHTHY A7 A £2ZE0)(QTM software,
Qualisys, Gothenburg, Sweden)2 X Uj# 2= At
3DMA A|2~El9] B H(calibration) T} A3 A 37+ 7
9] 27| %(lab origin}S ¢l TAHE 750 mm R A9}y
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Fig. 1. Measures of passive hip rotation range of motion
using a plastic goniometer and cameras with
fixations of the pelvic area.
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Fig. 2. Modified shank model with Calibrated Anatomical
System Technique to measure hip internal and
external rotation using a Visual3D program.
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Table 1. Repeated measure ANOVA comparing hip rotation ranges under the test conditions and hip sides (N=30)

Variable Level F p

Test conditions 29.29 .00

Internal rotation (degree) Hip sides 2.05 17
Conditions*sides 45 Sl

Test conditions 9.50 .01

External rotation (degree) Hip sides 10.42 .01
Conditions*sides 12 73

Test conditions 31.79 .00

Internal/External rotation ratio Hip sides 6.99 .02
Conditions*sides 1.51 24

X 43 BASTES oohir] 919 Toje: At

A (Pearson’s correlation test)2 AR5} T} 1L

ofa o] ZHEHslol thet 219 242 Ak, A7)

4 27wy Ajole] §o48 AFTRA 229

27 BLALEL A (two-way repeated measures ANOVA)

AHgatglon, 2ol Wt g ue = 7
H S3xE t A (paired t-test) S

‘ﬂ@,% SPSS window-£-

I, 7zt

A% AR Yot 7] 9|3
G*power 3.1- 2 AM&-3to] a3t=7] 8, HAH 08, 79
G 052 A A REsE nYo et
L geEe Tejslo] 09 S AT el
G Al W 9w A% AFe 47
30.9+11.54), 174.249.5 c¢m, 71.8+12.2 Kgo|ith
HbE = BAo = phd 93] A0 oA
ZAISF IDMAS B3t A kR A} Afolol A
AFHE 93 (F=29.29), Q31HA(F=9.50), 34 H]&
(F=3179) mREol A = AL 7 Golat Holr} Gl Ao
2 LebRThpe0l)(Table 1), © 223} 912 174 A}

THAS
HESE

o]9] Zfolof At Wl HAAE F2I3t Hpol 7} §lgto
LHF=2.05; p>.05), 2] 9] H(F=10.42; p<.01)3} <o}
H]&(F=6.99; p<.05) A= 23t 2ko]7} AU THTable
1), BE nkd felsld Waolx AAEAT 1k
5 ole] FEAGol S fAT Fol = glolet
(p>.05)(Table 1).

T+ 7HA Ak mhE i el THsH et
71 vl thet et g2 ¢ Aol gt At
= Table 29 7tk 5 74} Aol o] Tk o)z e)
BE g AR 7R3 Aolvh ATkp<05)
(Table 2). A eE DR SlsHAAL IDMA 5
ko] UPG 227] 27gek §ofsh] 2ok, it
A W2lidofl A= 3DMA S43ko] UPG £247] S7d%k
wrt o5l §2l817] A LheRTHTable 2)

P Q] 2le] B SARkl iR+ 7HA A
Afo]9] ARBA ATATE =8T0M 9602 T
7HA A Aolofl BAIM R frofet ofe] duaAE
H Y THp<.01).
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Table 2. Mean and standard deviation (SD) values of hip rotation range betweentests (N=30)

Variable Goniometer Motion analysis t-value p
Right hip rotation range
Internal Rotation (°) 45.36+13.58 38.69+12.17 4.04 .00
External Rotation (°) 39.08+12.47 42.18+11.58 -2.79 .01
Internal/External Ratio 1.29+.68 1.04+.68 3.97 .00
Left hip rotator range
Internal Rotation (°) 41.14+13.12 36.12+13.69 3.06 .01
External Rotation (°) 44.39+11.10 47.89+11.51 -2.68 .02
Internal/External Ratio 1.00£.60 .85+.59 3.56 .00
of 270] glof 7¥g 5] AGEHE UPGS) QA 98 = Uehitow], makd sl Wi 2w Ao] Wik
A1} el S dotr 7] YY) Al 1E e oF 3.1°~3.5° %1 tHTable 2). Nussbaumer 5{(2010)2 157
aAgl BilE Al R ety QBe © o 19h $EE 2 (femoroacetabular impingement) 3
o, A RE BYEE 5 sHAE A9 Aot 157 9] 7491 tider 1y 7 9foll o
R opyet HAY Ao o AHoRRE dAYEH= 3t UPGE ehd At AR AAL Al =g A53HAT
thefet AR (ground reaction force)S A4k J52 UPGE] BIEE 4352 sl AdAp7] 34 Al2E)
293t 982 SHtWolf 5, 2013; Rowley %} Richards, (electromagnetic tracking system; ETS)S AME-3}%S

ke
2015). & AFoflA= LEE o W3l H o WEvbE

th. UPG= ¥ 9 7Hs 99t A JHE B71shs
WA H7t=T2A SA4o] mfe- 7HHstal, FHIEAIRE
I} H]E- Holl A vl AEAQl FA e ol ARt 11 4lg]
Lo B o] thefAe A= Ate s Bk wektt
(Clapper2} Wolf, 1988; Grossman 5, 2008; Holm 5,
2000; Nussbaumer 5, 2010). UPG9] E}lFAl 7} A=A
8= AST 71E AFolA ot 2aprt Harg
olfr= TR SAHET, 2 SR 9= 5
o] T3] Wi o2 AtEE Tk & AtolA= UPGY]
EREE oolria @A ALE SRy w

2 Ae] Ayt wE 13 felgd s &4
Zholl A AR 2F -9t Zfo] 7L LI tHTable 1)(Table
2). LEZT} AF 1y 0] 3] Hof A UPGLL 3DMA
ZHgk Afolo] Hat 2t 2ol o] WM Q)= oF 5.02°~6.67°

AT BE 1 THEESIolA ETS 27713k UPG

277) 243k Aololl §oI8 Aok AL Aole]
HE= oF 2.0°0) 4] 18.9°= X 175} thNussbaumer 5,

2010). ol & A-of 2ot v AR AHE EA
o, & A9} BlaLste] 71E Aol A 4 =1t
=783k Aol9] He7H o \A e ol 71EdT
of AR 15T o2 v A QLA B
Hestet AR S8 =79 Abel, S47] dAR
SHE 2po] P o2 ALRHETh & AolA] ARG
3DMA S| =4 H SHE| A2 47)) WhAREA 7} shef
SHLHE Fske 2R AAE] 5 HiE
o} shE]o] Foftoll Farelal aydef Weleds &
gok37] miiell Hep Fugt Z4o] 7Hs 3K Collins
%, 2009; Kim -5, 2018). & ¢1-2] Ax}of|A UPG &4
ghol 1 Wi glidoll A 3DMA SggkE T =7 e
won, A s WA et HARE
e A Fe HolAle ¢odt o= 3DMA 54
o8 Heks u UPG 4] St 2o
T ANE AlrE 2 Yefe]d e vles i
oA jL FQ3t A3Fo|tHCibulka, 2004; Kim 5,
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Table 3. Pearson’s correlation values of hip rotation range between tests (N=30)

Variable Correlation value p
Right hip rotation range
Internal Rotation (°) .87 .00
External Rotation (°) 93 .00
Internal/External Ratio 93 .00
Left hip rotator range
Internal Rotation (°) .87 .00
External Rotation (°) .89 .00
Internal/External Ratio .96 .00
2018). a2 Wl 98)d o] Blee ARl A V.2 E

10] Sgsho} sel, L} =9 245 o] st
AMAHSIE Lk, 150t 2245 9l o)
FHCHCibulka, 2004; Cibulka 5, 2010). B2 2 AGLo] A
A YSA FEH F A S5 Atole]
2% Rol7k SATH O OISR Bt 66
2 w9 2 Ao] Holx|i= ggror), Takd Welad
of ulg Holte HfAOR 2 g Mtk wrehd 1
A olghd HALE Be 22AAY ool o
Aug Bkt A7 A5 AR o
=3 5o) Aeje] glof AFI 17t BAF 7

ARk Tad elald A5 lel thak UPGet
3DMA A4 23k ALl 9] ABAL =87-9602
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