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A review on measuring cervical range of motion using an inertial
measurement unit

Juhyuk Yim, Hyunho Kim, Young-Jac Park and Young-Bae Park

Department of Human Informatics of Korean Medicine, Graduate School, Kyung Hee University

Objectives: The purpose of this study was to review the article using an IMU(Inertial Measurement Unit) for
measuring the cervical range of motion and to evaluate the feasibility of using an IMU for measuring the cervical

range of motion.

Method: Scopus was used to search for the articles relating to the inclusion criteria. Which is measuring the cervical
range of motion using an IMU. A total of 15 articles were selected through discussion. Degree and the reliability
of the cervical range of motion and the validity of the data within the articles were extracted.

Results: The measurement of the cervical range of motion using an IMU were 92.25° to 138.2 ©, 122.4° to 154.9°,
73.75° to 93.1° on the sagittal plane, transverse plane, and coronal plane respectively. 38 of the 43 values showed
good reliability. They were larger than 0.75. 5 of the 43 values showed reliability less than 0.75. They were measured
by smart phone. 16 of the 21 values showed good validity. The remaining 5 were measured by smart phone. The
lower reliability and validity of smart phone were related to the protocol. The IMU can measure the coupling motion

and may be used in various situations.

Conclusion: The IMU may become a gold standard for measuring the cervical range of motion. The IMU measured
not only the cervical range of motion but also the coupling motion. Furthermore, IMU may be used in various
situations. Therefore, IMU must be considered a valuable measurement device.

Key Words = MU, inertial sensor, inertial measurement unit, motion analysis, ROM, neck
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1. Measurement on Cervical ROM using an
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Fig. 1. A Review of Measurement on Cervical ROM using an IMU
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Table 1. Measurement on Cervical ROM using an IMU,

o7 o]fodrt =y AHE TR A A(total)
CROM %2 Oculus RiftE E3 543 69.85 Al
Q)3 B 92259} 1382 Aolo] E-¥ o] 9k
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Sagittal Plane

Transverse Plane Coronal Plane

Study N Total Extension  Flexion Total Left Right Total Left Right
Pancani et al' 12 106* 54 52 145 80
Schiefer et al*! 20 117* 54.33 62.67 141* 70 71 76.33*%  39.33 37
Xu et al? 10 69.8 99.5 16.2
Alghtani et al'® 18 128.1% 66.4 61.7 154.9% 80.5 74.4 83.6* 42.1 415
Quek et al' 21 131.3* 79.3 52.0 122.4% 65.3 57.1 93.8* 48.8 45.0
Kim et al* 18 116.70 57.23 58.48 14329  69.67 73.62 89.42 44.15 4528
Peter et al' 12 92.25 125.75 73.75
Jan et al® 10 63.2 75.0 40.1
Miyaoka et al”® 14 112.9* 61.2 51.7 86.6* 439 42.7
Duc et al®® 10 122 144 88
Tousignant etal® 28 138.2% 82.2 56.0 147.8% 75.4 72.4 93.1* 475 45.6

Unit: degree; N: number of subjects, *These values were calculated by adding two separate values,
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Table 2. Reliability of Measurement on Cervical ROM using an IMU,

Study N Sagittal Plane Transverse Plane Coronal Plane
Total Extension  Flexion Total Left Right Total Left Right
Pancani et al'? 12 0.88 0.92 0.65 0.91
Schiefer et al*" 20 0.89 0.83 0.79 0.83 0.93 0.95
Alghtani et al'> 18 0.98 0.98 0.99 0.97 0.98 0.98
Quek et al'® 16 0.82 0.86 0.05 0.33 0.85 0.90
Kim et al? 18 0.98 0.97 0.98 0.99 0.99 0.99 0.97 0.97 0.98
Peter et al” 12 0.85 0.95 0.86
Duc et al*® 10 0.87 0.98 1.00
Tousignant etal” 28 0.84 0.78 0.66 0.74 0.78 0.77

Intraclass Correlation Coefficient(ICC). N: number of subjects,

http://dx.doi.org/10.13048/jkm.17006 61



(62) Ul stE]A] A38A A3 (20179 3€)

< Pearson r @& ol EEEE AAEIAL

Pearson r 3| 0.70]/do]H 743t g3 %ﬁ](related
strongly)7} Tk 3jA48IA Y. Pancani 57,
Quek 'Y Tousignant S'9& ICC(Intra-Class
Coefficients) 5 &3l EFFEE A8, & <
Toll A= 1CC7T 0.65 ©)/do]™ good, 0.657]RF 0.50
o]’3o]™ moderate, 0.507|7FO]™ poorZ 34} TE
. Pancani 5%, Pryce 5272 AT A T2
& A7) g 5H o8 s 7|7 E AREste]
CROM<S =433, Quek 5", Tousignant 5
] oq;g /\”}Ezg EBH CROM= Z43}3itt

=
3%

E}%Eé wE}LHMJ} lEEos 243
k C

S22 1271 FollA] 7705ke] 0.65 ©]/d2] IC
ERIQI)

S4% IC

=N

AAE I BabE 9 LAl ofo]3
CC % 37} 0.58% HES Vel A
S Al9fstais B 0.65 o)) 1CC #F 0.7 ©]4
9] Pearson r #to] AAE ] ¥2(good) EFIE 3k
< UERATE ofdl vls] WS B E 4 2
ko] & ghs WeEhAAL, YAl 470= 1CC @
0.53, 0.53, 0.43, 0.55% X Z(moderate) & Y&
(poor) FES LERYQILE o] 4709 v ICC #h
EF AntEEO R =A3) glo|t) o] ARIEEY)
AF L7t A FEHAA Yk HellA ok
A AR AEE A9 AR S UERATE o]
2 mFo] Kol ~AnlEFEOR CROMO FHHE
SAsk= 2 AlFa] ofgria Btk vhdel,
JAA ] s2S SA5H7] g HAH o= JEE 7]7]

b L

(
i

CROM Z4ghe A gksit). ofd] wsle],
¥ Fele] IMU” deteld Frhdos wde)

32
:ﬁ

3. Lt

09

St SHEfol IMU, (Ctkst IMU Device)
Tl A ZF3 IMUE A 24 oat ol
ZA4TS A8 e o] gl AnfEE
& Mg tupo] g tpFo] Aeelqivh B
Hpo] 2= ThA] 717] FEje] AfolE st
WLEE3} Oculus RiftZ Lol A&3leith

fud

fo & o

W el )
Obo mi O}-ﬂ FI'E

31 0¥ S& £EME IMU C|HIO|A LIE 2 M=
71E AT AMHEE = 7, JAY NS 5
Asl7] fl8l Az IMU AA 52 table 3.1% 2
‘—Jr o2 FXE2 71 %Al (accelerometer), 2
&2 Al(gyroscope), A A7) Al(magnetometer) S EF
ELXHOPJ"A AL} o] FA 5L ¥, HE HAA g o]
x5 FE A woll F&E A2 diide 24
A& SAsh=d], A7 tuto] A5 7.85g~47g
BArr st 37] ek 2 Jqo]‘jr

o o] A5

Aate] 24 tharatel 7 %;%h TS $X1
S48 hAsl 24T 4 Ark(figre 2). ©
A AFYFo| w

2 u, IMUZ ©]

&2 rl-N

—

Table 3. Validity of Measurement on Cervical ROM using an IMU,

Sagittal Plane

Transverse Plane Coronal Plane

Study Gold standard ~ Validity = N

Total Extension Flexion Total Left Right Total Left Right

The camera’s

Pancani et al'? ICC 12 098 1.00 0.96
system
Pryce et al*® video Pearsonr 13 0.92 0.95
Quek et al'? 3DMA ICC 21 0.98 0.53  0.53 0.95  0.96
T"“S;%;?m ¢ CroM Icc 28 0.76 043 055 070 0.5

N: number of subjects. 3DMA: three dimensional motion analysis (Eyeglasses—like instrument has three inclinometers placed at three different

positions), CROM: Cervical Range of Motion Device,
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Fig. 2. (a) wireless IMU from Kim et al* (b) Wired IMU based CUELA system From Schiefer et al?
Table 4. Devices only for a measurement about movement
Study Device Fix Size Communic
ation
. OPAL, APDM, Inc., Portland. Straps
12) 5 5
Pancani et al Oregon, USA Dermatological patches NA NA
Microstrain mXRS, Lord Sensin; 47 .
20) 5 4 g,
Pryce et al Systems; Williston, Vermont USA NA 58mm X 43mm x 22mm Wireless
. CUELA SYSTEM (CUELA, IFA, . .
21) , IEA,
Schiefer et al Sankt Augustin, Germany) Velcro straps N/A. Only in picture. Wired
. 3A Sensor String; ThetaMetrix double-sided tape .
15) 5 5
Alghtani et al Waterlooville, UK N/A Wired
Cuesta-Vargas et al*  Inertiacube3, InterSense Inc., MA 26.2mmx39.2mmx14.8mm  N/A
. Model EBIMU24G, E2BOX, Seoul 7.85 .
4) s 5 2,
Kim etal Republic Korea Velero straps 32mm x 21mm x 6.5mm Wireless
) model 3DM-GX3-25; Microstrain . 18¢g .
Peter et al VT, USA double-sided toupee tape 44mm * 25mm x 11mm Wired
Jan et al® 1C3. Intersense, Bedford, MA, USA N/A Wireless
. ADXL-250, Analog Devices Inc. the glasses and suspenders
23) s g > g P
Miyaoka et al Norwood, MA, USA with the two sensor elements NA NA
The weaable system (Physilog®. . .
28)
Duc et al BioAGM, CH) dermatological patches N/A wireless
Boissy et al®® MotionPod, Movea Inc, Grenoble 33mm % 21lmm X 15mm Wireless
France
32 ADIEE0| LIRS IMU B S5t ROM B, aa W 2% 374 492 AZae, 53 84
nle Tulolze] NS CuAon B8aE  AsE AAEA A 2Ho] etk 34
B QY ZmkE o] QTP wh, snhE tuhe] A% ) ol 14
24 Zeage ga o) 99 ehiss} ge g gAE Fbdow
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3.3 Oculus Rift0f] LHE= IMU £ £ ROM &F
Oculus Rift VRS IMUE 42¢ A5ek 3D 7h
4y82 Head-Mounted Display(HMD) 7]7]o]t}*.

4———————————— Phone fixed on helmet

Reflective Markers

Fig. 3. the Android phone based equipment set up from Quek et al'”),

Fig. 4. Position of the iPhone for the measurement of right lateral flexion from Tousignant et aI‘S)_
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Fig. 5. (a) A participant wearing the Oculus Rift performing the task. (b) A yellow field goal post at the center viewpoint
of the participant from Xu et a/®®.
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5.1 Assessment of the Sheffield Support Snood,
an innovative cervical orthosis designed for
people affected by neck muscle weakness'”,

o] Aol 73 ROMERE ofUz}, 39 &
2] A%k XLX]E% @Al Al Z-EAIZT e el A
B3] Algke FAUS SAsATE Aol AHER
745 A& (cervical orthoses) x|+ Sheffield Support

Snood (SSS), Vista, Headmaster Al F&-°]t}. Vista
= AW (frontal), =W (lateral), &H (posterior) F-&-
of %#] #x]7} 913l, Headmastert %1% (frontal)l]
T AAGA7F ATk SSS+ Z4ud(frontal)oﬂm 2%
XS 3 7%, AW(frontal), =W(lateral), T
(posterior)ell A A FA& %TE o] 543
AUtk B AR ICC - 0.85 o] Fo®E 4

T+ Skt

Table 59 AIA|El ROM #HE°] B Adw I

=

(cervical orthoses) 28 A] AA3] Fo=v AS

el 3], SSS 6 supports$} Vista 2] 7
T AF 2249 A sl £2 AR HITh
217 (extension)¥} S (lateral flextion)2] 74-$- 2
ol 20° 71 FoJEM, FF(flextion) T} 3 A (axial
} OX]C’]O] AgtE = S
2 oo A x5197)
‘ﬂﬁ, Headmater® SSS A

rotaion) 2] 79 A¥
A = Qdrh K
o}

support®] -9 FI(flextion) e AF A
AF SHe Fou), v Mg AT 5o tha
t}. o]& =3 (flextion) WO ZRF HZY

5.2 Prehospital Spinal Immobilization: Effect of
Effort on Kinematics of Voluntary Head—neck
Motion Assessed using Accelerometry®”.

Rob Pryce 527 459 2494E& Al 7HA] ©@A

2 243ko] ROME STk A5l obedd A
sl A= 7} S’;\‘“ AHel, 743 X3 d(Cervical Collar)
=

£ AelA= ROM k—%Ol g EAdo R A
HoH, s BAAE ST AAE ROMgk
55 BYl AF BodE AEAI A4S, Bl of
A X7 gl el vls) S Ade
of An7hE Aol AFHM, B gk o=
20° o)/ Algke ). ok Al gh(full immobilization)

Table 5. Mean (SD. Standard deviation) values for the ROM reached performing extension, flexion, axial rotation and lateral

flexion with orthoses,

Max ROM (deg)  Trials without orthoses HR SSS A support SSS 6 supports VA
Extension 54 (13) 50 (12) 43 (7) 35 (10) ** 35 (7) **
Flexion 52(9) 28 (13) ** 36 (13) * 36 (12) * 27 (10) **
Axial rotation 145 (12) 116 (21) 101 (30) ** 96 (33) ** 77 (30) **
Lateral flexion 80 (12) 70 (13) 67 (11) 60 (18) * 61 (15) *

HR: Headmaster, SSS—A support: SSS with the A support, SSS—6 supports: SSSwith six supports, VA: Vista, (*) Level of significance for the
difference with “trials without orthosis” is P { 0,05, (**) Level of significance for the difference with “trials without orthosis” is P ¢ 0,01,
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5.3 Inertial sensor real—time feedback enhances
the learning of cervical spine manipulation:
a prospective study®.

Antonio I Cuesta-Vargas 52 IMUS %5 F
W cervical spine manipulation, CSM) A5 4]
of &g3l3lrh 6] AFAo]l AATIoE IMUE
Eal] AAzrto® 3= (feedback) WO o]
7183 Als AL 9FobS(lying supine), A&
A AAE 2= DH(finding the pre-manupulation

Ni

position), A]%& 7 A}Al|(pre-manipulation position),
T Al=(thrust) olF A Wi ZHzbe] w@Awih
3] A(rotation), Z=(side bending) WO =2 =43}
Aot AXE 2HEE B A7k 32 ulg) A
o] W9E gote = Stk dekel= A W)
7F AL, Al A S S wol 22 2 AL
Ql BEol HAHW, A& A AAddA = dse] =
ofETH Fut AleAl 4% WeE vehdth s
(rotation) A9} = (side bending) A = s
g0l #FEH ZF(side bending)?] 7]€7|% Y
Epytr},

Edold A3} Egold ol F1 Al%(Thrust)
7}e] zpol= Edold ¥ 31 (rotaion) WO
= Y& =7, S (side bending) WO RE T
A YeRgou FAAOR folg A%ghs 2
= 2 tHTable 6). o]= 2], 604 A5S, Ao
2 74 dee] Egoly JJr’“"] ]—E% HSEA] 7]

Table 6. Angular displacement of the thrust (deg), Mean

+ SD.
Rotation Side bending
Pre - training 9.0+8.0 79+3.6
Post - training 13.1+£83 6.6+2.1
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5.4 Effectiveness of Cervical Spine Stabilization
Techniques®
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