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Abstract

Background and Rationale: Previous cervical traction studies have investigated the impact of traction force intensity
and duration of traction force on outcomes of cervical traction therapy.

Objective: The present study aims to demonstrate the impact of the intensity of the traction force and the time of the rise
of this force on the measurement of separation during cervical spine traction.

Method: the human cervical spine was modeled as a system with eight degrees of freedom, an undamped system sub-
Jected, first of all, to a force of rectangular impulse then to a force of progressive intensity (sloping). The equations of
motion describing this model were written and then solved using modal analysis. The intensity of the traction force
and the time rise of the force were gradually modified in order to verify their impact on the evolution of the increase in
intervertebral spaces.

Result: the numerical results showed that the intervertebral spaces calculated using different increments of the rise
time (17,57, 10", 15" and more) do not differ much and this remains proportional to the gradual increase in the tensile
force applied (100N, 150N, 200N). A gradual increase in the intervertebral spaces has also been observed, these spaces
being all the higher as the tensile force is greater.

Conclusion: This study confirms the need to monitor the speed of deployment of the traction force (vise time) as well
as the progressive evolution of the widening of the intervertebral spaces, proportional to the traction force applied.
However, it emphasizes that the time variation of the climb has almost no influence on the gain in intervertebral space.
Hence the need on the one hand to monitor the speed of execution of the cervical traction to avoid damage to the anato-
mo- physiological structures and on the other hand the downward revision of the duration of a cervical traction session.
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1. Introduction

The modeling of the cervical spine is a design and use of an
anticipated mathematical model, allowing a simplified under-
standable representation, a form of prediction of the functioning
of the cervical spine, thanks to these biomechanical properties.
Thanks to this modeling it will be possible to parameterize, to
calibrate or adjust the functioning of the spine in order to draw
practical conclusions applicable in humans, during treatment of
cervico-spondyloarthrosis by cervical traction.

Cervical spondyloarthrosis clinically manifesting itself in vari-
ous forms, the most common of which is radiculopathy on ver-
tebral disco impingement or cervico-brachial neuralgia (CBN)
is one of three clinical syndromes of cervical spondyloarthrosis
(CS) [1]. CBN is caused by compression or irritation of nerve
roots [2,3]. The World Health Organization recommends that
degenerative joint conditions should be managed by non-inva-
sive, non-pharmacological therapeutic measures. This can be
done manually or mechanically by applying a traction force to
stretch the muscles, lengthen the soft tissues and create the space
between the cervical vertebrae (figurel,2), [4 - 5]. The littera-
ture suggests that for a good clinician, the traction force applied
should neither be excessive nor insufficient. Thus, an appropri-
ate pulling force must be fixed in advance.

The problem justifying this study is in the fact that previous re-
search has shown that a traction force of 11 to 16 kg and a du-
ration of 20 to 25 minutes was necessary to obtain a measurable
change in the structures of the cervical spine and a good mus-
cle relaxation [6,7]. However, there is not yet clear evidence on
the impact of loading time rise (the evolution of the increase in
intervertebral spaces) and on the results. Therefore, the present
study aimed to evaluate the influence of the intensity of the trac-
tion force and the time of the rise on the progressive evolution
of the intervertebral spaces, for a controlled, effective and safe
cervical traction.

This study will provide the necessary information on the evalu-
ation of the evolution of the spacing of the intervertebral spaces
during a brutal loading, or rectangular impulse and during a pro-
gressive loading following a slope or progressive impulse. was
put on the impact of the time of the rise or the loading on the gain
of intervertebral spaces observed. Finally, a comparison will be
made in the discussion part with the experiment carried out in
vitro in goats in previous study.

2. Methodology

The methodology adopted in this study and described below, is a
combination of main two parts such as sustained traction of the
human cervical spine, modeling and evaluation of intervertebral
space separation measure. First, in the modeling part, the human
cervical spine was modeled as an eight degrees of freedom, un-
damped system and the sustained pulling force was first modeled
as a rectangular impulse (The pulling force is applied suddenly
at a certain level), then following a slope (The pulling force is
applied gradually). In the evaluation of intervertebral space mea-
surement, the equations of motion of the system under arbitrary
excitation were written and solved using modal analysis.

3. Modeling Traction of The Human Cervical Rachis

3.1. Structure of the Human Cervical Spine

As shown in the images (figurel), the human cervical spine is
made up of seven vertebrae (C,-C.) connected by soft tissues
which are the intervertebral discs, ligaments, neck muscles and
facet joints. The intervertebral discs act as a shock absorber
during axial loading and carry the load from one vertebra to the
other; the articular facets only support the load of one vertebra
on the other; the ligaments and muscles of the neck stabilize the
cervical spine.

T

Upper Cervical Spine
Ci1-C2

Middle Cervical Spine
C3-C5

disc

Lower Cervical Spine
C6-T1

(Adapted from Hughson Sports Medicine Foundation)

Vertebral body

Intervetebral

Posterior longitudinal
ligament

Anterior longitudinal
ligament

(Adapted from Agur and Dalley, 2005)

Figure 1: Cervical spine: Vertebrae and ligaments
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Figure 2: Facet joints and muscles
3.2. Physical Model of the Human Cervical Spine
To facilitate the analysis, a few assumptions were made on the
human cervical spine model:
*  The vertebrae are considered as rigid and dimensionless,
identical bodies whose masses in grams per unit of vertebra
are 6.3. [8].

Discs and ligaments are treated as in parallel combination of

linear parts, springs providing longitudinal stiffness.

Using the previous assumptions, the eight degrees of free-
dom model is established as shown in (Figure 3), where k,-j(i =
0C,1,2,3,4,5,6,7,j=1,2,3,4,5,6,7,T1)represent different stiffness-
es.

x4(t)
x5(t)
x6(1)

x7(t)

Figure 3: Axial traction of the cervical spine (model)
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Stiffness values are given in Table 1 and Table 2 for, respectively, various intervertebral ligaments and discs.

spinal level Ligaments Stiffness (N/mm)
co-C1 JC (joint capsules) 32.6
AA-OM (anterior atlanto — occipital membrane) 16.9
PA-OM ( posterior atlanto — occipital membrane) 5.7
Cc1-C2 ALL ( anterior longitudinal ligament) 24.0
IC 323
LF ( ligament flavum ) 11.6
0cC-C2 TM ( tectorial membrane ) 7.1
Apical 28.6
Alar 21.2
CLV ( cruciate ligament , vertical part) 19.0
C2-C5 ALL 16.0
PLL ( posterior longitudinal ligament) 25.4
LF 25.0
SIL 7.74
C5-T1 ALL 17.9
PLL 23.0
LF 21.6
ISL ( ligament interspinous ) 6.4

Table 1: Ligament stiffness [9]

Level Stiffness (N/mm)
C2-C3 63.5
C3-C4 69.8
C4-C5 66.8
C5-Ceé 22.0
Cc6-C7 69.0
C7-T1 82.2

Table 2: Disc stiffness [9]

3.3. Modeling of The Axial Tensile Force We then apply a force gradually following a linear transition in
To model the pulling force, we first consider a rectangular pulse  time 7 (rise time) to a constant load of amplitude 7, as shown
of magnitudeF, (Figure 4), which represents a pulling force sud- in Figure 5, which represents a pulling force applied gradually
denly applied to the occiput. to the occiput (OC).

Fy

tend I

Figure 4: Rectangular Pulse
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Figure 5: Inclination of the slope with time of the rise
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4. ASSESSMENT OF INCREASE IN INTERVERTEBRAL
SPACE MEASUREMENT

4.1. Equations of Motion/Governing Equations

The cervical spine was modeled as an eight-degree-of-freedom
system as shown in Figure 3 , so the motion of the system can
be completely described by the coordinatesx,,.. (), x, (2), x, (2),
x, (), x, (), x; (1), x, (9), x, ()which define the vertical displace-

ments of the vertebra represented by the massesm, ., m, m,, m,,

m,, m,, m., m_at any time tfrom equilibrium positions.

Applying Lagrange’s principle, principle of derivative of the
equations of motion to the model leads to the system of equa-
tions which can be written in general matrix—vector form as:

M)} + K{x(0)} = {(F(D}

3
8
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koc1 + koc2 —koc1 —kocz 0 0 0 0 0
/ Tkocr  koct + kaz —kys 0 0 0 0 0 \
| —koc2 k1, kocz + kiz + ka3 + ko5 —k33 0 —k3s 0 0 |
o 0 0 —kys Kps + kay  —kas 0 0 0 ‘
0 0 0 —ksy kg + ks —kas 0 0
0 0 —kys 0 —kys kas + kys + kse + ksry —kse 0
\ 0 0 0 0 —ksq —ke, ks + kg7 0 /
0 0 0 0 0 0 —kgy  key + Koy
F(t)
0
0
0
{F(t)} = | 0 |
0
)
0

4.2. Resolution

To solve the problem of governance equation, we applied the
method of modal analysis exploiting the properties of orthogo-
nality properties, vibration modes to transform the eight equa-
tions of motion from a physical system where the equations are

Solve the eigenvalue problem to

coupled to a modal coordinate system where the equations of
motion are decoupled. Each of the decoupled equations can be
solved independently. The flowchart displayed in the figure be-
low summarizes the modal analysis method (figure 6):

and modal vectors (X;) :

A 4

[K — w*M]X =0

P=[X1,2,..XN]

obtain natural frequencies (a)]-) Write the modal matrix Calculate the transpose

of P. > PT

A 4

éwjz,X](] = 1,2, ,N)

<

Calculate the modal mass, stiffness and force matricesM™ =
PTM; K = PTKP; F = PTF

response.

Solve the uncoupled system of differential equations using an appropriate method to obtain modal

d;j(®) + w2q;(t) = w2 f;®) > q;(®)  =12,..,N)

Transform back to obtain physical response.

Figure 6: The Flowchart of the Modal Analysis Method
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5. Results

Level Maximum intervertebral Maximum intervertebral Maximum intervertebral Maximum intervertebral Maximum intervertebral
displacements [mm] displacements [mm]| displacements [mm]| displacements [mm]| displacements [mm]|
Rectangular pulse To=1s Ty =5s To=10s To > 10s
0oc-C1 0.587 0.3378 0.3377 0.3377 0.3000
C1-C2 1.546 0.8602 0.8598 0.8598 0.9000
C2-C3 1.268 0.7004 0.7002 0.7002 0.7000
C3-C4 1.372 0.7620 0.7617 0.7618 0.7000
C4-C5 1.727 0.9475 0.9469 0.9470 0.9000
C5-C6 3.337 1.9285 1.9278 1.9279 1.9000
C6-C7 1.527 0.9207 0.9205 0.9205 0.9000
C7-T1 1.897 1.1087 1.1083 1.1084 1.1000

Table 3: Displacements (in mm) of the intervertebral spaces for an initial excitation force of 100N (FO0=100N) applied without
linear transiton (rectangular puls) and with linear transition.(1s,5s,10s, and >10s)

The application of the rectangular mode (application without
linear transition over time), displacements (in mm) result in
large intervertebral spaces ( first column).Concerning the mode
with linear transition for the 100N excitation forces the displace-

ments observed (in mm) are of small dimensions (3rd, 4th and
5th) column. Compared to the time rize of the (1s, 5s, 10s and
more than 10s) we observed no impact on the evolution of the
intervertebral spaces.

Level Maximum intervertebral Maximum intervertebral Maximum intervertebral Maximum intervertebral Maximum intervertebral
displacements [mm] displacements [mm] displacements [mm] displacements [mm] displacements [mm)]
Rectangular pulse To=1s To=>5s To=10s To > 10s
0oc-C1 0.881 0.5067 0.5066 0.5066 0.5000
C1-C2 2.318 1.2902 1.2896 1.2897 1.3000
C2-C3 1.903 1.0506 1.0503 1.0503 1.1000
C3-C4 2.058 1.1430 1.1426 1.1427 1.1000
C4-C5 2.590 1.4212 1.4203 1.4204 1.4000
C5-C6 5.006 2.8928 2.8916 2.8918 2.9000
C6-C7 291 1.3810 1.3807 1.3807 1.4000
C7-T1 2.846 1.6630 1.6625 1.6626 1.7000

Table 4: Displacements (in mm) of the intervertebral spaces for an initial excitation force of 100N (F0=150N) applied without
linear transiton (rectangular puls) and with linear transition (1s,5s,10s, and >10s)

The application of the rectangular mode (application without
linear transition over time), displacements (in mm) result in
large intervertebral spaces (first column). Concerning the mode
with linear transition for the 150N excitation forces the displace-

ments observed (in mm) are of small dimensions (3rd, 4th and
5th) column. Compared to the time rize of the (1s, 5s, 10s and
more than 10s) we observed no impact on the evolution of the
intervertebral spaces.

Level Maximum intervertebral Maximum intervertebral Maximum intervertebral Maximum intervertebral Maximum intervertebral
displacements [mm] displacements [mm] displacements [mm] displacements [mm] displacements [mm]
Rectangular pulse To=1s To=5s To=10s To > 10s
oc-C1 1.174 0.6756 0.6755 0.6755 0.7000
C1-C2 3.091 1.7204 1.7195 1.7196 1.7000
C2-C3 2.536 1.4008 1.4004 1.4004 1.4000
C3-C4 2.745 1.5239 1.5235 1.5236 1.5000
C4-C5 3.454 1.8949 1.8938 1.8939 1.9000
C5-Cé 6.674 1.8570 1.8555 3.8557 3.9000
C6-C7 3.054 1.8414 1.8409 1.8410 1.8000
C7-T1 3.795 2.2173 2.2167 2.2168 2.2000

Table 5: Displacements (in mm) of the intervertebral spaces for an initial excitation force of 100N (F0=200N) applied abrupt-
ly (Rectangular impulse case) and for a tensile force applied with a linear transition in time X 0 (rise time: 1S, 5S , 10S and

> 108).

Adv Theo Comp Phy, 2025

Volume 8 | Issue 3 | 07



The application of the rectangular mode (application without
linear transition over time), displacements (in mm) result in
large intervertebral spaces (first column) Concerning the mode
with linear transition (for the same initial excitation forces) the

displacements observed (in mm) are of small dimensions (3rd,
4th and 5th) column. Compared to the time rize of the (1s, Ss,
10s and more than 10s) we observed no impact on the evolution
of the intervertebral spaces.

» lsec
* 5 sec

® 10 sec

® plus 10 sec

Figure 7: Variation of intervertebral cervical spaces during cervical traction with an excitation intensity of 150 N, following

a linear transition over time: 1, 5, 10 and > 10 minutes

For an excitation force of 150 N, the evolution of the rise of
the intervertebral spaces during traction (blue, red, green and
purple) is not at all influenced by the time of rise (1, 5, 10 and >
10 seconds).

6. Discussion

The influence of the intensity of the pulling force on the inter-
vertebral space is studied for F 0 =100 N ,150 N and 200 N and
the influence of the time rise is studied first for a rectangular
impulse, then for a pulse with linear transition (T0=1,5 s, 10
And > 10 s). Tables 3, 4 and 5 show the simulation results:

1 Each intervertebral space increases proportionally with F 0,
this offers the possibility of a gradual readjustment of the trac-
tion force for a progressive tolerance in case of intolerance. This
result was observed during in vitro experimentation in goats
[10].

2 Contrary to E. Viel, in his publication dating from 1978 (Ann.
Kinésithérapie 1978.5.27-39) which mentioned the possibility
of subjecting the cervical spine to moderate traction of the order
of 5 to 10 kg for a duration of 1 at 2 o’clock in the context of
continuous traction, we must today specify, on the basis of this
result, that this traction was only effective during the first 5 min-
utes. The rest of the time was only used to save the gain and not
to exert traction. When the tensile force is applied gradually and
for the same force intensity, there is no noticeable impact of the
rise time on the intervertebral space (figure7). The same obser-
vation was made during the above-mentioned experiment. The
advantage that derives from this result is that the duration of a
cervical traction session can be reduced, because beyond certain

duration the intervertebral spaces remain static.

When the traction force is applied without linear transition, as
is the case of the rectangular impulse, the intervertebral spaces
reach higher values. Such an elevation carries obvious risks to
the soft tissues. Sudden maneuvers are therefore to be avoided.
The 5th and 6th intervertebral spaces show increasing values
compared to the overlying spaces. This observation, also made
by E. Viel quoted above, is justified by the low rigidity of the
C5-C6 intervertebral disc (22 N/mm),(table 2) compared to oth-
er discs above and below. However, this larger increase in the
intervertebral spaces of the lower cervical segment benefits the
strengthening of the therapeutic power of cervical traction, be-
cause this segment is the privileged site of the disc degeneration
responsible of disco-radicular impingement. According to our
first study, the lower cervical level is more loaded than the upper
levels [3].

Considering the result observed during the variation of the time
of the ascent whatever the intensity of the traction load, we can
argue that the duration of a cervical traction session can be re-
vised downwards, because this it does not influence the variation
of the intervertebral spaces significantly. The in vitro experiment
in goats confirmed this study when it specified that beyond 5
minutes no increase in gain on the intervertebral spaces was ob-
served [10].

7. Conclusion
This numerical model developed to investigate the impact of
traction force intensity and rise time on the intervertebral spaces
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during sustained traction therapy on the human cervical spine,
achieved its goal: The spaces calculated using different times
of the climbs are quite the same. However, when the traction
force is applied suddenly following a rectangular impulse, the
intervertebral spaces reach higher values, which can be uncom-
fortable or cause injury. This study helps to understand how
loading conditions during traction therapy affect spaces. This
understanding is vital for patient safety.
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