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Abstract

Background: Goniometer is a physical therapy tool for evaluation of the range of motion. Standard goniometer
is commonly used in clinical practice. However, simple and inexpensive tools are necessary for community based

practice.

Objectives: To study reliability and validity between adapted gravitational goniometer (AGG) and hand-held inclinometer

(HHI) in measuring shoulder range of motion.

Materials and methods: One hundred and eight female subjects aged between 18-22 years old (19.25+0.99 years
old) without shoulder operation or injuries of shoulder, clavicle, scapular, and shoulder muscle recruited for this
study. All subjects were evaluated for the ranges of motion of shoulder flexion, extension, abduction, and adduction
by AGG and HHI.

Results: Mean average of shoulder flexion measured by AGG (167.69+6.3 degrees) and by HHI (167.78+7.23
degrees) was significant correlated at r=0.84 (p<0.05). Mean average of shoulder extension measured by AGG
(36.29+10.84 degrees) and by HHI (35.19+11.14 degrees) was significant correlated at r=0.67 (p<0.05). Mean average
of shoulder abduction measured by AGG (169.44+7.28 degrees) and by HHI (168.48+7.66 degrees) was significant
correlated at r=0.78 (p<0.05). Mean average of shoulder adduction measured by AGG (49.05+7.89 degrees) and by
HHI (48.08+8.35 degrees) was significant correlated at r=0.66 (p<0.05). The validity study of AGG and HHI revealed
by having no significant differences of average ranges of shoulder flexion, shoulder extension, shoulder abduction,

and shoulder adduction (p>0.05) measured by two devices.

Conclusion: Adapted gravitational goniometer is reliable and valid in comparison to hand-held inclinometer for
evaluation of shoulder flexion, shoulder extension, shoulder adduction, and shoulder abduction.
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Figure 1 Adapted gravitational goniometer (AGG).
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Figure 2 Hand-held inclinometer (HHI)
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289 AGG mﬂu;ﬁ'@muﬁ 2 (intra-rater reliability) 1%in
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Table 1 Measurement of shoulder flexion and shoulder extension using AGG by first person (N=92).

Trial 1 Trial 2 Trial 3 r ICC
(degree) (degree) (degree) (95%Cl)
Shoulder flexion 165.3946.43 | 165.45+6.22 - 0.89* 0.88
165.396.43 - 165.74+6.22 0.86* (0.84-0.92)
- 165.45+£6.22 | 165.7416.22 0.90*
Shoulder extension 39.46+8.66 | 40.16+8.76 - 0.90* 0.89
39.46+8.66 - 40.74£9.104 0.84* (0.86-0.93)
- 40.1618.76 - 0.94*

*0<0.05
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Table 2 Measurement of shoulder flexion and shoulder extension using AGG by second person (N=92).

Trial 1 Trial 2 Trial 3 r ICC
(degree) (degree) (degree) (95%Cl)
Shoulder flexion 165.78+6.45 | 165.97+5.12 - 0.80* 0.82
165.78+6.45 - 165.92+5.67 0.81* (0.76-0.87)
- 165.97+5.12 | 165.92+5.67 0.90*
Shoulder extension 40.97+8.17 | 41.62+8.74 - 0.86* 0.84
40.97+8.17 - 42.21+8.81 0.84* (0.79-0.89)
- 41.62+8.74 | 42.21+8.81 0.84*
0<0.05
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Figure 3 Correlation of degree of shoulder flexion by IGG between two physiotherapy.
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Figure 4 Correlation of degree of shoulder extension by IGG between two physiotherapy.
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WinAY 0.99 Laz@A1 SEMs L¥innAL 1.36 896N ALARLBIFN
shoulder abduction 3¥#39MTIATIMIU 3 A9 e ICC

WinALU 0.98 Laz@1 SEMs YAl 1.11 89 &IuALads

247N shoulder adduction 3% 319MIMNTINTIWIN 3 A9 e
ICC 1¥inNU 0.98 WazA1 SEMs LYinNU 1.21 ad¢ (Table 3)

Table 3 Standard error of measurements of shoulder flexion, shoulder extension, shoulder abduction and shoulder

adduction measured by HHI (N=108).

Motion Trial 1 Trial 2 Trial 3 r ICC SEM
(degree) (degree) (degree) (95% ClI) (%)
Shoulder 167.73£7.27 | 167.79+7.26 0.98* 0.98 1.05
flexion 167.73+7.27 167.83+7.32 0.97* (0.97-0.98) (0.62%)
167.79+7.26 | 167.83+7.32 0.98*
Shoulder 35.26£11.17 | 35.09+11.18 0.99* 0.99 1.36
extension 35.26+11.17 35.20+11.25 0.98* (0.98-0.99) (3.86%)
35.00+11.18 | 35.20+11.25 0.99*
Shoulder 168.5417.72 | 168.33+7.73 0.98* 0.98 1.11
abduction 168.54+7.72 168.57+7.69 0.97* (0.97-0.99) (0.66%)
168.33+7.73 | 168.57+7.69 0.98*
Shoulder 47.8118.40 48.12+8.48 0.99* 0.98 1.21
adduction 47.81+8.40 48.32+8.35 0.98* (0.97-0.99) (2.47%)
48.12+8.48 48.32+8.35 0.98*

* Significant different at p<0.05

fiafuaden shoulder flexion 71iAsY AGG 32319
MIIAWIN 3 ﬂ% e 167.4316.43, 167.78+6.32 LAY
167.88+6.42 84¢N ANURIAL Hen ICC YNy 0.95, 0.97
e 0.98 uazen SEMS Whriu 1.16 agen susiadgaen
shoulder extension $1%3% 3 A9 e 36.40+10.91,
36.32+10.92, ey 36.11+11.19 2IAIAINRIAL WA ICC
WAL 0.95 wazen SEMs Wiy 2.32 asmeniafnaden

shoulder abduction 3147% 3 A39 J61 169.40+7.31,
169.47+7.36 LAY 169.46+7.37 8IAIANNA1AL A1 ICC
Whiil 097 uszen SEMs Wil 1.22 agen shusniadpasen
shoulder adduction 31424 3 A3 Aen 48.80+7.72,
49.1048.17 Uaz 49.25+8.11 adeNaUAIAL dF1 ICC N
0.96 UazF1 SEMs t¥innU 1.60 a4¢ (Table 4)

Table 4 Standard error of measurements of shoulder flexion, shoulder extension, shoulder abduction and shoulder

adduction measured by AGG (N=108).

Motion Trial 1 Trial 2 Trial 3 r ICC SEM
(degree) (degree) (degree) (95% ClI) (%)
Shoulder 167.43+6.43 | 167.7846.32 0.97* 0.97 1.16
flexion 167.436.43 167.88+6.42 0.95% (0.95-0.98) (0.69%)
167.78+6.32 | 167.88+6.42 0.98*
Shoulder 36.40+10.91 | 36.32£10.92 0.98* 0.95 2.32
extension 36.40+10.91 36.16+11.19 0.94* (0.94-0.98) (6.39%)
36.32+10.92 | 36.16£11.19 0.94*
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Table 4 Standard error of measurements of shoulder flexion, shoulder extension, shoulder abduction and shoulder

adduction measured by AGG (N=108). (continued)

Motion Trial 1 Trial 2 Trial 3 r ICC SEM
(degree) (degree) (degree) (95% ClI) (%)
Shoulder 169.40+7.31 | 169.47+7.36 0.98* 0.97 1.22
abduction 169.40+7.31 169.46+7.37 0.96* (0.96-0.98) (0.72%)
169.47+7.36 | 169.46+7.37 0.97*
Shoulder 48.80+7.72 49.10+8.17 0.96* 0.96 1.60
adduction 48.80+7.72 49.25+8.11 0.95* (0.94-0.97) (3.26%)
49.10+8.17 49.25+8.11 0.97*

* Significant different at p<0.05

HaMIANENA AL TaTTes AGG WalSeuifisuriy
HHI (Table 5) Wuieuaapaden shoulder flexion Aiadae
AGG (167.696.32 23¢) uaz HHI (167.78+7.23 83f)
fanuauwnsnuadednusanneadia (r=0.84, p<0.05)
fLaapeden shoulder extension M3ASE AGG (36.29+10.84
89¢N) WAz HHI (35.19£11.14 84n) ANUFNNUTARBEN
InpdANNEDa (r=0.67, p<0.05) f1adnasem shoulder
abduction 713068 AGG (169.44+7.28 89fn) waz HHI
(168.48+7.66 ad¢n) AnMuFNWHINMaLIhyfAYNS

88 (r=0.78, p<0.05) UazALAAL8IA shoulder adduction
fiacy AGG (49.05+7.89 09¢) Uy HHI (48.08+8.35
89¢1) Jenusuwnsnuadsduedrnyn1eada (r=0.66,
p<0.05) Wasauiisudaioasenisiadewlnives
shoulder flexion, shoulder extension, shoulder abduction
Waz shoulder adduction 130@78 AGG uaz HHI wui 4
dadsasmmstadanln liuandnsiunissda (p>0.05)
(Figure 5, Table 6)

Table 5 Mean degrees of shoulder flexion, shoulder extension, shoulder abduction and shoulder adduction measured

by AGG and HHI (N=108).

Motion AGG HHI r ICC
(min-max) (min-max) (95% CI)

Shoulder flexion (degree) 167.69+6.32 167.78+7.23 0.84* 0.83
(150.00-180.00) (150.00-180.00) (0.76-0.88)

Shoulder extension 36.29+10.84 35.19+11.14 0.67* 0.67
(degree) (10.00-70.00) (16.00-70.00) (0.55-0.76)

Shoulder abduction 169.44+7.28 168.48+7.66 0.78* 0.77
(degree) (150.67-180.00) (150.00-180.00) (0.68-0.84)

Shoulder adduction 49.05+7.89 48.08+8.35 0.66* 0.66
(degree) (24.00-68.33) (20.00-70.00) (0.53-0.75)

* Significant different at p<0.05
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Figure 5 Compare of degree of shoulder motion measure by HHI and IGG.

Table 6 Compared degrees of shoulder flexion, shoulder extension, shoulder abduction and shoulder adduction measured

by AGG and HHI (N=108).

AGG HHI Mean Std. Error | p value
Motion Mean | S.D. S.E. | Mean | S.D. s.g. | Difference | Difference
mean mean
Shoulder flexion 167.69 [ 6.32 0.61 | 167.78 | 7.23 0.70 0.0895 0.924 0.923
(degree)
Shoulder extension 36.290 | 10.84 1.04 | 3519 | 11.14 1.07 -1.105 1.496 0.461
(degree)
Shoulder abduction 169.44 | 7.28 0.70 | 168.48 | 7.66 0.74 -0.963 1.016 0.345
(degree)
Shoulder adduction 49.05 | 7.89 0.76 | 48.08 | 8.35 0.80 -0.966 1.106 0.383
(degree)
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