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Abstract

BACKGROUND: Cervical spondylotic radiculopathy is a common clinical disease. Rotation-traction manipulation is an effective means to treat cervical
spondylotic radiculopathy. The measurement of intervertebral foramen is an important reference standard in clinic.

OBJECTIVE: To analyze the effects of different states of rotation-traction manipulation on the structural changes of lower cervical intervertebral foramen, and
to explore the biomechanical mechanism of rotation-traction manipulation.
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METHODS: Cervical spine specimens were implanted with screws to facilitate positioning during CT imaging. Firstly, MTS material machine was used to
simulate the rotation manipulation with different positioning angles on fresh cervical specimens. The motion trajectory of Marker points was obtained by
motion capture technology. Then, the cervical specimens were scanned by thin-layer spiral CT. The three-dimensional cervical solid reconstruction was carried
out by using Mimics software. According to the motion trajectory of cervical vertebra under the process of rotation-traction manipulation, the multi-mode
medical image three-dimensional registration was carried out by Autodesk Maya software to realize dynamic virtual reality simulation, and then the dynamic
image processing was carried out. Finally, ImageJ software and Adobe Photoshop software were used to measure the longitudinal diameter and area of lower
cervical intervertebral foramen before and after rotation-traction manipulation.

RESULTS AND CONCLUSION: (1) Positioning traction was helpful to open the lower cervical intervertebral foramen in advance. The traction effect was slightly
worse than neutral traction, but positioning traction had better safety. (2) When the pulling force was within 150 N, the smaller the pulling force of rotation-traction
manipulation, the smaller the increase of the longitudinal diameter and area of the lower cervical intervertebral foramen. After the pulling force exceeded 150 N,
the increase of longitudinal diameter and area of cervical intervertebral foramen had little effect. (3) Rotation-traction manipulation may help to loosen the adhesion
around the intervertebral foramen by increasing the lower cervical intervertebral foramen, so as to alleviate the symptoms of nerve root stimulation.

Key words: cervical spondylotic radiculopathy; rotation-traction manipulation; cervical intervertebral foramen; virtual reality; dynamic; positioning traction;
neutral traction
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1 ##BF755E Materials and methods
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Figure 1 | In vitro vertebral marker (screw with
a diameter of about 1 mm) implanted at the
midpoint of anterior margin of vertebral body
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Figure 3 | Virtual probe to determine the
spatial position of virtual points

2 | {RIVGEEFIEIRME
Figure 2 | Simulated rotation-
traction manipulation
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Table 1 | MTS material machine simulated traction and rotation-traction
manipulation in different states

InE () TS mEks e e
— (N) (N) (s)
e Al

AL AR 5| 0 0 0 300 10

SENLAET| 70 10 0 300 10

50 N #5234 /1 70 10 150 50 0.11

150 N 453 13 70 10 150 150 0.11

250 N 4#525)) 7 70 10 150 250 0.11
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1.4.2 PEMEARAHEAT CT #2483 RAERE CT X C,-C, i
MW E SR, B%r: G HSE, Bk 120 kv,
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Figure 4 | Mimics software showing bone tissue
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" Figure5 | Confirmation of screw
position
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Figure 6 | Three-dimensional imaging of cervical spine
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Figure 8 | Screw position and
marker registration binding

7 | TEIERBIESA Maya
Figure 7 | Motion capture data
into Maya
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H Figure 9 | Measurement of the

cervical intervertebral foramen
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SEAAEG], g LA S AR AR ST R SHER AR A IR K,
Forp ZE M LA U84 R SR &, IR HL Cysn Copp SUAE R LA
Ll Coe BRI BE IR s PR ZE 5| AT R S0HE (] SLA AR 22 (8
Cusv Cog HHEAK, Cqp SMEIR] FLINR ZE A L AL 22 5] 22 4L
R, WFk2, 3.

2 | PafuzEsIER T EIFLA RIS TN (cm)
Table 2 | Dynamic change of longitudinal diameter of cervical
intervertebral foramen under neutral traction
WB AT A5 5 5| 1 J5 ZE1E
Je A el Ll i Zefm Eplll
Cyss 1.032 0.781 1.112 0.927 0.080 0.146
Cs6 0.883 0.896 0.977 0.995 0.094 0.099
Ce/7 0.590 0.449 0.725 0.540 0.135 0.091
#3 | EuEsHER THHEELARRZIETIL (cm)
Table 3 | Dynamic change of longitudinal diameter of cervical
intervertebral foramen under positioning traction
B AElET A5 5 A5 5 Z1H
T Ealll Ll i Zefm Epll
Cyss 1.347 1.074 1.418 1.140 0.071 0.066
Cs6 1.105 0.850 1.196 0.933 0.091 0.083
Ce/r 0.949 0.552 0.983 0.555 0.034 0.003

FALRIRNECLEE S | SR FL AR BN : AT
SEALAES], e LA G AEAE G AT SIUHE 10 SUAE 8] L i AR B Gk 0
Ky HZEMEA MBS KR ERIE, JFH Cysv Cop SUHEIRIAL
AR LE Coje 3G RMIEE IR s W AR A2 5] BT J5 B HIAR Z21E Cyse
Cos THEAK,  Cqyp STV H] L AR Z2 48 P LA A2 51 AL K,
W3k a4, 5.
=4 | hufESER T B ERMATEL (cm?’)

Table 4 | Dynamic change of cervical intervertebral foramen area under
neutral traction

WBL AEBIET 5 )5 A2 5|1 5 2 E
AN A JEM) i syl eyl
Cys 0502 0332 0.540 0.412 0.038 0.080
Cys 0186 0302 0.214 0389 0.028 0.087
Cy 0190 0.131 0.251 0.166 0.061 0.035
=5 | EESMER THHEFLARMTEK (cm?’)

Table 5 | Dynamic change of cervical intervertebral foramen area under
positioning traction

WE ATl Ll A5 Bl A 248
| A Fefm A sl| A
Cuss 0.713 0.578 0.698 0.592 0.015 0.014
Cose 0.166 0.319 0.234 0.337 0.068 0.018
Cerr 0.370 0.164 0.371 0.174 0.001 0.010

22 XRR#RF) AERRETF ER T HAER UL L & ARH A
FEENLZRAF T, fEH 50, 150, 250 N AN[F K /NR B 77 1
RFIRAEThrAS, A0 SUHE ] FL AR A SUHE (] £L i B 4 3
B

AR AT FLN TS T v,
FEARE AT HHER S LR ZBEA KR, FEARKEGERT,

50-150 N itk (Al fLAAR ZAE AR BUR,  FikAE I BEHE Rl
T RAE R B B3R, 4Rah it 150 N 22 )5, S A) 9L
IR AT A, GREE IR SN ) TR ROR T W] AL,
L3 6-8.

# 6 | = 50 N WA NHERFEER THHEREIFLARMENTT LWL
Table 6 | Dynamic change of longitudinal diameter of cervical

intervertebral foramen under the action of simulated 50 N rotation-traction
manipulation

(cm)

B RN | W e BN fE ZE
T Fin ZEf Eaplll 7 EalLl
Cyss 1.125 0.941 1.176 0.970 0.051 0.029
Css6 1.115 0.888 1.186 0.920 0.071 0.032
Ce/r 0.956 0.816 0.964 0.862 0.008 0.046
F7 | BHL150 NI DIER FEER THHEFLAZHHTEL  (cm)
Table 7 | Dynamic change of longitudinal diameter of cervical
intervertebral foramen under the action of simulated 150 N rotation-
traction manipulation
B AT el WANHT J5 22 ME
FEq A i} Fifml il Fifn
Cuss 0.965 0.795 1.043 0.882 0.078 0.087
Csss 0.912 0.702 1.011 0.856 0.099 0.154
Ce/7 0.786 0.680 0.828 0.705 0.042 0.025
<8 | 15l 250 NIREN AR FAMER THHEEFLIERNZIEEZL  (cm)

Table 8 | Dynamic change of longitudinal diameter of cervical
intervertebral foramen under the simulated 250 N rotation-traction
manipulation

WE s wAJE FELER
FEA A Pyl A il A
Cuss 1.248 1.100 1.323 1.183 0.075 0.083
Coss 1.090 0.879 1.128 0.963 0.038 0.084
Copr 0.932 0.807 0.972 0.832 0.040 0.025

AEEREN D T HiMEE FLERNSLN: b EdE w0,
FAEAR AN AT SMER LI AR Z A K, FEAFRREEAERT,
Cuys (1 SUME ] FLIHIAR Z (B BEH BN T 3G KM K, Coen Copr
F1 25UME 1) L 1 AR 22 (8 B 43l 0 g e W B A Ak, S
AR, Wk 9-11,

&9 | 1R 50 N IWENAFERFAMER THMELERMSEL  (om)

Table 9 | Dynamic change of area of cervical intervertebral foramen under
the effect of simulated 50 N rotation-traction manipulation

B ARSI W JE WA JE ZAL
LA i | A JEA gl
Cus 0.525 0.429 0.555 0.440 0.030 0.011
Coss 0.162 0.349 0.204 0.367 0.042 0.018
Corr 0.425 0.290 0.459 0.297 0.034 0.007

#F 10 | & 150 N R AFER FEMER TR FLEARMEHSEX (cm?)
Table 10 | Dynamic change of cervical intervertebral foramen area under
the effect of simulated 150 N rotation-traction manipulation

WE bl WG WG ZA]
FEA A Pyl A pasa il A
Cus 0.440 0.346 0.480 0.369 0.040 0.023
Coss 0.176 0.329 0.198 0.314 0.022 0.015
Cor 0.317 0.208 0.337 0.209 0.020 0.001
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F 11 | 83250 N IREV AR FEME A THHEEFLERMES T (cm?)
Table 11 | Dynamic change of cervical intervertebral foramen area under
simulated 250 N rotation-traction manipulation

WE ARSI W e WA R JE 2L
il A il A JEAN A
Cuss 0.639 0.605 0.714 0.662 0.075 0.057
Coss 0.174 0.347 0.178 0.395 0.004 0.048
Corr 0.398 0.259 0.417 0.286 0.019 0.027

3 i Discussion
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