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Research on the stability of teaching robots of rotation-traction manipulation FENG Min-shan,ZHU Li-guo,WANG
Shang-quan,YU Jie ,CHEN Ming,LI Ling-hui,and WEI Xu. Beijing Key Laboratory of Traditional Chinese Orthopedics and
Traumatology , W angjing Hospital , China A cademy of Chinese Medical Sciences ,Beijing 100102, China
ABSTRACT Objective:To evaluate the stability of teaching robot of rotation-traction manipulation. Methods: Operators
were required to get the hang of rotation-traction manipulation and had clinical experience for over 5 years. The examination
and data processing of the ten operators in our research were collected by the teaching robot of rotation-traction manipulation.
Traction, pulling force ,maximum force , pulling time , rotational amplitude and pitch range were recorded and compared for five
times(G1,G2,G3,G4 and G5). The qualification rates were analyzed to evaluate the stability of teaching robot of rotation-trac-
tion manipulation. Results: Nonconforming items were found in G1 and G2,for instance, pulling force (P=0.074), maximum
force(P=0.264) and rotational amplitude (P=0.531). There was no statistically difference. None nonconforming item was found
in G3,G4 and G5. All data were processed by SPSS and One-way ANOVA was used to analysis. Pulling force was found statis-
tically different in G1, compared with G4 and G5 (P=0.015,P=0.006). Maximum force was found statistically different in G1,
compared with G4 and G5 (P=0.021,P=0.012). None differences were found in other comparisons (P>0.05). Conclusion ; The
teaching robot of rotation-traction manipulation used in our research could provide objective and quantitative indices and was
considered to be an effective tool of assessing the rotation-traction manipulation.
KEYWORDS Cervical spondylosis;  Manipulation,orthopedic;  Robotics;
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Tab.2 Distribution of pulling force, maximum force and
rotational amplitude in each operation

SH bk R BRI e e
(x+s,kg) (zxs,kg) (x%s,°)
Gl 10 8.64+2.79 21.32+3.12 2.03+2.54
G2 10 9.90+3.21 22.28+2.99 1.71+1.31
G3 10 10.21£1.62 23.12+1.65 0.89+1.06
G4 10 11.25+2.15 23.93+2.08 1.29+0.81
G5 10 11.63+1.00 24.17£2.00 1.27+0.87
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Tab.1 Qualification rates of pulling force , maximum force
and rotational amplitude in G1 and G2

) G1(f) G2(fil)
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Tab.3 Comparison of pulling force in the five operations

FAEREL Gl G2 G3 G4 G5
Gl - 0.226 0.133 0.015 0.006
G2 0.226 - 0.764 0.197 0.098
G3 0.133 0.764 - 0.319 0.172
G4 0.015 0.197 0.319 - 0.707
G5 0.006 0.098 0.172 0.707 -

x4 BRBERXIERNLEN PE

Tab.4 P value comparison of of maximum force in the five

operations
BRI B Gl G2 G3 G4 G5
Gl - 0.382 0.105 0.021 0.012
G2 0.382 - 0.444 0.137 0.090
G3 0.105 0.444 - 0.463 0.342
G4 0.021 0.137 0.463 - 0.827
G5 0.012 0.090 0.342 0.827 -
x5 BRBIEREREELLR
Tab.5 Comparison of rotational amplitude in the five
operations
B Gl G2 G3 G4 G5
Gl - 0.627 0.088 0.264 0.251
G2 0.627 - 0.216 0.524 0.504
G3 0.088 0.216 - 0.544 0.564
G4 0.264 0.524 0.544 - 0.976
G5 0.251 0.504 0.564 0.976 -




« 244 - A 2017 4E 3 H2E 304545 3 #H China J Orthop Trauma, Mar.2017, Vol.30,No.3

3 g
3.1 HUAEALAE T IR

A TE G R ) R, SCERERE LS
B, MUR 22— IR TAE# s JE A 1 211y
PRECEASALAR 7 TH AE ST, BRAF s mT kA A 7
Z A EE IR ERSES , — 7 e 0
ARFRIATREBFEAL, 55— T2# A —A]
PLHEA TG R SE R BT

KTV REF 2RESEUREREEP TEEE2
R RE BN R ARSI — B O il R A
BRI RS, %R GR FDGRAR BERRI J7 v A . c
P52 95 N TR R S B B A%, FEERAE
1 R R I A R AR A R AR P B 5 TG R
FRAB AT, Sl AL SRR T 5
MrEe s B R R R AR nT R 48 it —25
BB S X BUE A T T, A5 R SR $R R AL
BESTERZEETR iR SN SimMan 25
BRAUNFLC I BN, XFEEER) 166 45 7 4F
Wl PR B2 Lol 22 R AT T RN S 4%, FEessl
HIJAXT 166 £ 2# A TR A, AR ERK
LRI R RN ARG, BESA R
A A ) R K RS, O RS LA T
SRR I, X E B ) AR IR, LA
RS RESEVIS , 90% LA b il E REfg FEA 43

[ A2 200 VR P BRI 28 1 FH T I PR 2L
2R FERGRI, BEIfEZat VR R B
J& , PR E N SRR Jr A 5P B R i, AN 1)
B e R IS8R A B e i 25 57, M A
7 FH = ] i 00 B0 S AR 0 7 A ol 2 114 = L i A A
A Bkshp O MESE NRES B, Egh I PR = A= #5170 ik
FIAITFAR . RS2 2 5 7 AT B VAR R} 1 PN
FARBAERBE, W IR P9 BT AR (EYESI
i ] A 7 ) W AR B DT A T BRI, a4 30 s A
HIG R, ZFARBAULRRENS Ml R B A Fesi b4
Ptz TS B IG IR v R BB -5, NE RG]
AR AT RARC S FEXT 38 AR T A, S
WA AR R W D2 > B ]| BRI o
FH ;SR B0 28 R A7 AR 2 FH & 5 R B R 5¢
3 O BB B TR B . IR, 7E
AR BEIF AT, i B tE R AR R AR 3K )
OHES B, FF BRI e B W TE G K &
RS, AR, VR BRI HUE RS | PR AT USRI
PR DRG], 0 sEERE R R T B = W2 3 s
e ARAR BTz N, B 7 T, T %
FAR @ BRI 3 e Bl ek w54 Bh, i
i NN 28 2 W BRAE AR PSR A 8 B AT, X TCEE AR

R T BURE A IR 2 MRV B T, B2 Ak
BB EVR 2B AR S AR IR Z2r, HRalar TR
I RFL R 0, X2 A Bl N B AT AR S5 I, R
R BEAR T I PRSI 2% 2 26, 5 B[R, Zead 4%
YIJE B R B X SV EF e S5 A 1 BRI EDUL A
PR
2.2 FIEHCABIZRIEGT PR

Jim S0 ] 4 A4 120 Hz I9ERA5 k4
T 3PHAITIRAEXT 8 {7 i JE 3 54T SMEIR G T3k et
(1) T2 580, ARG R g S Hrsent
(B SR 25 T oM iy WA AT 2 236y T ImFE
VEI R 1 2E AR b e e e — 20, (R et e
H AR RS SRR e R FEAR— B, RIAESEA T S0
PR T- I BRI AR SR R R — 3,
HEAES P IS BT A B X EWE 15
VEFIEBIAIE IS B0 %A — A X 8], LB ERfE
BHIAT TR, 1R IE TR X A n A
BEVEIE AN, RS R IR B —E B R A 5, A ]
REf iz 1 IX ], A 283 I R sl i Al R
HOTEH, B TR e R O A I 2
SR, HAT RIS 4510 0 R 8206 TAE IR B iR AH ¢
JIF AR TR AL T R SAT ) R IE A

Descarreaux 55 PSEEWF5E P38 |, 78 AR
HOIARUBRE &, DA AR SR RIS i A
AR, TS A TR R g B o i
AR, AR IEREME AT AL, 2500 5 A B A
FHEBEAH ST, P& BHETFEAIRK
), Cuesta-Vargas 35T 17— T HHET-1%
FEN RS K T35 50 R 3 4 I vI2E B 7E R
L2 M E I TEAE, EECLERE T FIEREE
L 1 A 2E AR R AR $2 2 U ) A R D
TR 2R 5 8 2 A BRI A e PR 4
iz FHNUAR G ke B X B R v (W A0 28 BRI A T
fif SN A AL O R PR BB 5 5 3 A 2@ 0%
YRR 252 SRR AL AR B SCET =1
PR R, B B, 5 3 A A i T 8 Tk
PRAER BRI RN . MRS RN R A T 2R b
BRI Y AN S  SchmidPUHE Y 2 ) S
PR, POk, BEISdEE A
B, BT L, e R B P RS R A A E I A 2
FEHBERY, Flynn 255 Petty P45 242 HAT
R RS N S LB § N VN Ik 1Y i M
BRVE R T2 2T (HX B ) ik 7 T i
SRE | [RDR 0 R A% O bR TR TG TR R LS
), VAR TR R R 2 R AR ME B4
RO IR IR A%, DL, — 8 B3



A4S 2017 4E 3 A2 30 555 3 #H China J Orthop Trauma, Mar.2017, Vol.30,No.3

. 245 -

AT LA LA B I 35007 2ORAR 2 . HLE
Hhef Bl A R B R SR A A B A
AT R RS B IR L2, 52
DTSR AH FE , 22 A ) 3 3l TS a3k P f 5t
B PR R P A ) “E R bR R 20 1 %3 Tk
27 I AT AR KA B

B, BHUASTEIR R A Al R SRt

WFAE DT TR AL T IR SERYFORORER , o AR AR BE

BRI AL TR RSP , ARk 1 A By

R I B SC R K | DR AR P~ Rl i i i

AL DB, AT IR R EE 55 T AR B2 SR

22 WNGRIRI #4725 4%, iy ) A 04 7 Tk

FUAE R AT 53 RS, R R E MR Y AT

HI AR G R e b Tk AL R M b A ] Dy

NEre

B3 3k

(1] EFEEEYS. SRR SR [ M]. Juat . PERE

BE2£2 2010 1-13.
Chinese Association of Rehabilitation Medicine. Diagnosis and
Treatment of Cervical Spondylosis and Rehabilitation Guide[ M ].
Beijing: Chinese Association of Rehabilitation Medicine,2010;1-
13. Chinese.

[2]  ZEvK, BOSGHE, SRACH , 45 SUHER AR FHIE I A T 2= P9 (]
TR R AR B R, 2004, 29(4) :472-474
WANG B,DUAN YP,ZHANG YC, et al. Epidemiologic research on
the clinical features of patients with cervical spondylosis[J]. Zhong
Nan Da Xue Xue Bao: Yi Xue Ban,2004,29(4) :472-474. Chinese.

(3] ZRALEE,GKIE, mdkAe, 55, HER: T Hh YT i Z AR RS0 141G

PRI (T ). HEH45,2005, 18(8) :489-490.
ZHU LG,ZHANG Q,GAO JH, et al. Clinical observation on rota-
tion-traction manipulation for treatment of the cervical spondylotic
of the neuro-radicular type[J ]. Zhongguo Gu Shang/China J Orthop
Trauma, 2005, 18(8) :489-490. Chinese with abstract in English.

(4] E#, RLE, SR, S IR T H0 )T M AR AR 107

HOWER[T]. P IERE,2009,21(6):9-11.
WANG Q,ZHU LG,GAO JH, et al. Clinical observation on rotation
traction manipulation for treatment of the cervical spondylotic of the
neuro-radicular type[ J]. Zhong Yi Zheng Gu,2009,21(6).9-11.
Chinese.

[5] Gross AR,Hoving JL,Haines TA , et al. A Coehrane review of manip-
ulation and mobilization for mechanieal neck disorders[J]. Spine
(PhilaPa1976),2004,29(14) . 1541-1548.

[6] Niemisto L,Rissanen P,Sama S, et al. Cost-effeetiveness of com-
bined maniPulation, stabilizing exereises,and Physician consulta-
tion compared to alone for chronic low back pain;a prospective ran-
domized trial with 2-year follow-up[J]. Spine(Phila Pa 1976),
2005,30(10):1109-1115.

[7] Maigne JY,Chatellier G,Faou ML, et al. The treatment of chronic
coccydynia with intrarectal manipulation:a randomized controlled
study[J ]. Spine(Phila Pa 1976),2006,31(18) :621-627.

[8] Karels CH,Polling W, Bierma-Zeinstra SM,, et al. Treatment of arm,

neck ,and/or shoulder complaints in physical therapy practice [J].

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

Spine(Phila Pa 1976),2006,31(17) : 584-589.
Vernon H, Humphreys K, Hagino C. Chronic mechanical neck pain
in adults treated by manual therapy:a systematic review of change
scores in randomized clinical trials[ ] ]. ] Manipulative Physiol Ther,
2007,30(3):215-227.
Johnston BC,da Costa BR, Devereaux PJ, et al. The use of exper-
tise-based randomized controlled trials to assess spinal manipula-
tion and acupuncture for low back pain:a systematic review [J].
Spine(Phila Pa 1976),2008,33(8):914-918.
Schneider M, Vemon H,Ko G, et al. Chiropractic management of
fibromyalgia syndrome:a systematic review of the literature[J]. J
Manipulative Physiol Ther,2009,32(1);25-40.
F SR IR 1NN i A N L NS SR i R R A (SR
WTEA A0S ()], P E P EE R, 2011,19(9) : 14-17.
ZHU LG,FENG MS,WEI X, et al. The research for individual fac-
tors on cervical rotation-traction manipulation [ J]. Zhongguo Zhong
Yi Gu Shang Ke,2011,19(9) : 14-17. Chinese.
AL SO, BEITAZ SR BUERE (5% ) SR Tk RUTEIR 12
T[], P E R E A, 2007,22(8) :673-676.
ZHU LG ,FENG MS,BI FS, et al. Mechanical measurement of cer-
vical rotation-traction manipulation[]J ]. Zhongguo Kang Fu Yi Xue
Za Zhi,2007,22(8) :673-676. Chinese.
L AL B, 55 SRR TR R A 3 A i
MR ()], T E A 244, 2011,26(2) : 176-177.
FENG MS,ZHU LG,WEI X, et al. Dynamic capture of cervical
rotation-traction manipulation[J]. Zhongguo Kang Fu Yi Xue Za
Zhi,2011,26(2):176-177. Chinese.
JBOIR RS, ik ek, VRIS, 45 OO A IR B A R R GE i e
[J]. fLIedi SR 55, 2010,29(5) : 109-115.
YIN SM,LU YY,TAN HP,et al. The design of cardiopulmonary
resuscitation simulation manikin control system[J]. Chuan Gan Qi
Yu Wei Xi Tong,2010,29(5) : 109-115. Chinese.
TAER  BRss VPN, 45 B2 R IR S B R
IR [T]. A el SR D277, 2008, 8: 101-103.
SHI CJ,CHEN K, XU JZ, et al. The application of medical simula-
tion technology in the teaching of clinical first-aid skills[J ]. Zhong-
guo Gao Deng Yi Xue Jiao Yu,2008,8;101-103. Chinese.
Snyder CW, Vandromme M]J, Tyra SL, et al. Effects of virtual real-
ity simulator training method and observational learning on surgi-
cal performance[J ]. World J Surg,2011,35(2):245-252.
Kruglikova I,Grantcharov TP, Drewes AM,et al. The impact of
constructive feedback on training in gastrointestinal endoscopy
using high-fidelity Virtual-Reality simulation:a randomized con-
trolled trial[J]. Gut,2010,59(2) . 181-185.
Luursema JM, Buzink SN, Verwey WB, et al. Visuo-spatial ability
in colonoscopy simulator training[ J ]. Adv Health Sci Educ Theory
Pract,2010,15.:685-694.
Fayez R,Feldman LS,Kaneva P,et al. Testing the construct va-
lidity of the Simbionix GI Mentor Il virtual reality colonoscopy
simulator metrics; module matters [ ] |. Surg Endosc,2010,24(5);
1060-1065.
Mi SH,Hou ZG,Yang F,et al. A 3D virtual reality simulator for
training of minimally invasive surgery[J]. Conf Proc IEEE Eng
Med Biol Soc,2014,2014 :349-352.
ST, BMEEL, XU, 55, R T AR & 5 v MR} 77 AR B U
P R T AR BETE I PR 20 T B i (D], I BR IR B2k



- 246 -

[23]

[24]

[25]

[26]

[27]

[28]

[29]

A 2017 4E 3 H2E 304545 3 #H China J Orthop Trauma, Mar.2017, Vol.30,No.3

2009,9(11).:2158-2159.

WU H,DAI WJ,LIU DC,et al. Clinical application of surgical
simulator to improve the cataract surgical skills of junior oph-
thalmologists[J ]. Guo Ji Yan Ke Za Zhi,2009,9(11):2158-2159.
Chinese.

S RN, TS S R AU SEHORTE By g (). o
HRE R IR, 2005,12(6) :33-35.

LUO W,LI SS,TIAN F,et al. The application of virtual reality
technology in medical science[J]. Zhonghua Yi Yuan Guan Li Za
Zhi,2005,12(6) :33-35. Chinese.

A R R SR AE 12 PR RS b A
[J]. EPR OB E2A IR, 2015,42(1) :69-74.

SHI Q,HOU JX. Application of virtual reality technology in oral
operation training[ J ]. Guo Ji Kou Qiang Yi Xue Za Zhi,2015,42
(1):69-74. Chinese.

FFH P RV I SEORTE IR R PR A ()], BT T
M4 2012,33(7) - 126-127.

WANG D,LUO LP. Application of virtual reality technology in
clinical teaching[ J . Yi Liao Wei Sheng Zhuang Bei,2012,33(7) ;
126-127. Chinese.

Jim MW, Daniel Chow, Andrew D. The kinematics and intra-and
inter-therapist consistencies of lower cervical rotational manipul-
ation[ J]. Med Eng Phys,2005,27(5) :395-401.

Triano Schultz. Cervical spine manipulation ; applied loads, motions
and myoelectric responses| C]. Proceedings of the 14th Annual
Meeting of the American Society of Biomechanics, Miami, Florida,
1990, 14.187-188.

John JT. Biomechanical analysis of motions and loads during

spinal manipulation[ C]. Ann Arbor, University of Michigan, 1998.

Descarreaux M,Dugas C,Raymond J,et al. Kinetic analysis of

expertise in spinal manipulative therapy using an instrumented

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

manikin[J]. J Chiropr Med,2005,4(2) : 53-60.
Cuesta- Vargas AL, Williams J. Inertial sensor real -time feedback
enhances the learning of cervical spine manipulation: a prospective
study[J ]. BMC Med Educ, 2014, 14 120.
Schmid RA. The schema as a solution to some persistent probiems
in motor learning theory. In Motor Control : Issues and Trends[ M ].
Edited by Stelmach G. New York (NY) ; Academic, 1976:41-65.
Flynn TW, Wainner RS, Fritz JM. Spinal manipulation in physical
therapist professional degree education:a model for teaching and
integration into clinical practice[J]. J Orthop Sports Phys Ther,
2006,36(8):577-587.
Petty NJ, Bach TM, Cheek L. Accuracy of feedback during training
of passive accessory intervertebral movements[J]. ] Man Manip
Ther,2001,9:99-108.
Crosbie J,Gass E, Jull G, et al. Sustainable undergraduate educat-
ion and professional competency[J]. Aust J Physiother,2002,48
(1):5-7.
Snodgrass SJ,Rivett DA,Robertson VJ,et al. A comparison of
cervical spine mobilization forces applied by experienced and
novice physiotherapists[J]. J Orthop Sports Phys Ther,2010,40
(7):392-401.
Snodgrass SJ, Rivett DA, Robertson V], et al. Cervical spine mobi-
lisation forces applied by physiotherapy students[J]. Physiother-
apy,2010,96(2) :120-129.
Snodgrass SJ, Rivett DA, Robertson V], et al. Real-time feedback
improves accuracy of manually applied forces during cervical
spine mobilisation[ J ]. Man Ther,2010,15(1) :19-25.
Snodgrass SJ,Odelli RA. Objective concurrent feedback on force
parameters improves performance of lumbar mobilisation, but skill
retention declines rapidly[J]. Physiotherapy,2012,98(1) :47-56.
(W5chis H 399:2016-07-24 AR SCHwf SR 1E)





