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Background: This study aimed to investigate the association between range of motion of the cervical vertebrae and various
C5/C6 intervertebral space distraction heights.
Material/Methods: The cervical vertebrae from 6 fresh adult human cadavers were used to prepare the models. Changes in C4/C5
and C6/C7 intervertebral disk pressures, articular process pressure, and range of motion of the cervical verte-
brae before and after the distraction of the C5/C6 intervertebral space at benchmark heights of 100%, 120%,
140%, and 160% were tested under different exercise loads.

Results: The pressure on the adjacent intervertebral disks was highest with the standing upright position before distrac-
tion, varied with different positions of the specimens and distraction heights after distraction, and was closest
to that before distraction at a distraction height of 120% (P<0.05). The pressure of the adjacent articular pro-
cesses was highest with left and right rotations before distraction, varied with different positions of the spec-
imens and distraction heights after distraction, and was lowest under the same exercise load with different
positions at a distraction height of 120% (P<0.05). The ranges of motion of the cervical vertebrae and interver-
tebral disks were largest without distraction and at a distraction height of 120% after distraction, respective-
ly (P<0.05).

Conclusions: When removing the C5/C6 intervertebral disk and implanting an intervertebral bone graft, a benchmark height
of 120% had little influence on the pressure of the adjacent intervertebral disks and articular processes and
range of motion of the cervical vertebrae and is therefore an appropriate intervertebral space distraction height.
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Background

Anterior surgery was first described in the 1950s and is wide-
ly accepted as a standard surgical treatment for cervical spon-
dylosis refractory to conservative management [1,2]. Cervical
disk removal, interbody fusion, and intervertebral disk replace-
ment are commonly-used surgical approaches in the treat-
ment of cervical spondylosis, but many studies have found
that cervical fusion can lead to the degeneration of adjacent
vertebral bodies [3-5]. Degeneration of adjacent vertebral
bodies is mainly characterized by changes in the pressure of
adjacent intervertebral disks and articular processes, and the
range of motion of cervical vertebrae. In this study, we simu-
lated the anterior approach of the cervical intervertebral disk
(C5/C6) as an example. In accordance with the various distrac-
tion heights of the cervical intervertebral space, we analyzed
the change patterns in the pressure of adjacent intervertebral
disks and articular processes, as well as the range of motion
of the C5/C6 cervical vertebrae, to gain better understanding
of the degeneration of adjacent vertebral bodies after anteri-
or-approach cervical fixation.

Material and Methods

Materials

Six fresh young adult male human cadavers provided by
Southern Medical University were selected. Before the selec-
tion, medical records were reviewed, and frontal and lateral
radiographs of the cervical spine were taken. No carotid ver-
tebra trauma, cervical tumor, severe osteoporosis, or severe
cervical degenerative disease were found in the 6 cadavers.
The ages of the cadavers at time of death ranged from 24 to
40 years (mean +SD: 29.6+8.30 years). The heights ranged
from 1.65 to 1.80 m (1.73+0.0 m) and body weights from 63
to 83 kg (71.6+6.20 kg). The time of sample collection was 3.5
to 5.0 h (4.2+0.8 h) after death, and the storage time was 15
to 25 days (21.6+3.9 days).

Model preparation

The C1 to T1 vertebrae of each cadaver were used to prepare
the specimen. The skin, subcutaneous fat, fascia, and other
soft tissues surrounding the specimens were removed. The
ligaments, intervertebral disks, and articular capsules stabi-
lizing the vertebral bodies were retained, sealed with double-
layer plastic bags, and stored at -20°C in a refrigerator. The
specimens were thawed naturally 24 h before the experiment.
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Experimental methods
Model installation

Denture-based, resin solution type Il self-coagulation denture
drops were dripped into denture-based resin type Il self-co-
agulation care powder and evenly mixed to embed the C1-C3
vertebral bodies and C7-T1 vertebral bodies of all the speci-
mens (Shanghai New Century Dental Materials Co., Ltd.). The
embedded specimens were fixed on a BOSE moving/static ma-
terial testing machine, with the upper and lower ends parallel
to the docking interface of the Instron digital electrohydraulic
server fatigue testing machine, so that the cervical specimens
were in the normal physiological bending state.

Measurement methods of intervertebral disk and articular
process pressure of the specimens

A micro-pressure transducer (Precision Measurement [US],
model 060, serial No. 7307; measuring range, 0-3.4 Mpa; di-
ameter, 1.5 mm; and thickness, 0.3 mm) was connected to an
amplifier, and the micro-pressure sensor was placed in the
center of the C4/C5 and C6/C7 intervertebral disks and ar-
ticular processes by using a Kirschner wire with a diameter
of 2 mm. To prevent sensor detachment, the puncture holes
were closed with Pattex Adhesive (batch No. 120835, Henkel
Adhesive Co., Ltd.). The changes in the pressures of the inter-
vertebral disk (Figure 1A) and articular process (Figure 1B) at
standing upright (i.e., cervical vertebral flexion position under
a natural state), 30° flexion, 30° extension, and 30° left- and
right-side bending positions under a 2.50-Nm force moment
load, which was the natural state of the anterior cervical flex-
ion position, were measured. Each experiment was first con-
ducted with a preload to remove the impact of cervical soft
tissue creep relaxation. Then, the measurement was repeat-
ed 3 times, and the average values of the 3 measurements
were taken as the values for the intervertebral disk and artic-
ular process pressure.

Measurement method of range of motion of the cervical
vertebrae

A mechanical testing machine (MX-5000N-350, Shenzhen
Chuang Lian Da Tooling Co. Ltd.) was used to test the range
of motion of the cervical vertebrae under a 2.50-Nm force mo-
ment load (Figure 2).

Intervertebral disk resection and intervertebral bone graft

The Smith-Robinson intervertebral disk resection method was
used to remove the anterior longitudinal ligament, interver-
tebral disk, and cartilage endplate in front of the C5/C6 inter-
vertebral space, while the posterior longitudinal ligament was
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Figure 2. The test method for the range of motion of the cervical
vertebrae under a 2.50-Nm force moment load.

retained. A distraction screw was inserted in the center of the
C5 and C6 vertebral bodies, and a distraction device (provided
by Shandong Weigao Group Medical Polymer Co., Ltd. — Guo Shi
Yao Xie Zi [Zhun] 2013 No. 3650801) was used to open the in-
tervertebral space to simulate a clinical bone graft (Figure 3A).

Intervertebral height measurement

The height of the anterior edge of the C5/C6 intervertebral
space was accurately measured on the basis of the lateral ra-
diograms of the cervical vertebra specimens. The mean height
of the anterior edges of the C4/C5 and C6/C7 intervertebral
spaces was used as the benchmark height for C5/C6 interver-
tebral bone grafting, and 100% (i.e., benchmark height, M),
120%, 140%, and 160% of the benchmark height were calcu-
lated (Figure 3B). Panjabi’s hybrid test method was used to
study the effect of the simulated surgery on adjacent sections.
In this experiment, 5 states were tested in the following order:
(1) normal intact cervical vertebrae (i.e., before distraction);
(2) simulated bone graft at 100% of the benchmark height;
(3) simulated bone graft at 120% of the benchmark height; (4)
simulated bone graft at 140% of the benchmark height; and
(5) simulated bone graft at 160% of the benchmark height.

Statistical methods

Statistical Package for the Social Sciences version 19.0 soft-
ware was used to conduct one-way analysis of variance on
intervertebral disk pressure, articular process pressure, and
range of motion of the cervical vertebrae in the C4/C5 and
C6/C7 segments of the 6 specimens in the 5 states. After ob-
taining homogeneity of variances, multiple comparisons (least
significant difference test) among the experimental groups
were performed. Differences with P values of <0.05 were con-
sidered significant.
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Figure 3. Methods of intervertebral bone graft (A) and intervertebral height measurements (B).

Results

Through the measurement and statistical analysis of the radio-
graphic results of the lateral cervical spine models, the mean
C5/C6 heights of the 6 models were derived as 6.80 mm, that
is, 120% M (8.16 mm), 140% M (9.52 mm), and 160% M (10.88
mm). Therefore, the distraction heights were 1.36, 2.72, and
4.08 mm, respectively. Before and after the biomechanical test,
no vertebral fracture or collapse was observed in the models by
comparing the radiograms of the models and gross observation.

The results in Table 1 and Figure 4 shows that the pressure of
the adjacent intervertebral disks was highest with the upright
standing position among the various positions before distrac-
tion. Furthermore, after distraction, the pressure of the adja-
cent intervertebral disks varied with different positions of the
specimens and distraction heights, and the pressure of the
adjacent intervertebral disks at a distraction height of 120%
was closest to that before distraction (P<0.05).

The results in Table 2 and Figure 5 show that the pressure of
the adjacent articular processes was highest with left and right
rotations. However, with the upright standing position, the
bone graft height had little influence on the articular process
pressure, without any significant differences among the groups
before distraction (P>0.05). After distraction, the pressure of

the adjacent articular processes varied with different positions
of the specimens and distraction heights, and the pressure of
the adjacent intervertebral disks under the same exercise load
with different positions at a distraction height of 120% was
lower than that at other distraction heights (P<0.05).

The results in Table 3 show that the range of motion of the
cervical vertebrae was largest without distraction. After dis-
traction, under the same moment of force, the range of mo-
tion of the intervertebral disks was largest at a distraction
height of 120% (P<0.05).

Discussion

After cervical anterior discectomy, and vertebral distraction,
fixation, and fusion, the original range of motion of the ver-
tebral segments is compromised, resulting in changes in the
physiological mechanics of the adjacent segments, accelerat-
ing their degeneration [6,7]. After the adjacent segments de-
generate, the water content in the adjacent disks decreases,
the intervertebral height significantly reduces, the cervical disk
pressure distributed in the facet joints significantly increas-
es, and the facet joints are often prone to serious second-
ary injury with loss of range of motion of the intervertebral
disks. At the same time, the shear force and rotation load of
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Table 1. Comparison of values of intervertebral disc pressure of C4/5 and C6/7 intervertebral discs with different distraction heights
and different directions under a 2.50 Nm force moment load (MPa).

Open

Group  Neutral position Flexion 30°

height

Left and right
lateral bending 30°

Left and right

E i 2
gisgsion 30 lateral rotation 30°

C4/5 0.9434+0.0042 0.9217+0.0027

Before
distraction c6/7

0.1261+0.0026 0.6157+0.0031 0.8432+0.0034

ce/7 1.0628+0.0021 0.9546+0.0019
A
1.2000
1.0000
. -8000+
=
£ 6000
&
.4000
.2000
.0000 - —
Neutral Flexion 30°  Extension 30° Leftand right Left and right
position lateral lateral
bending 30°  rotation 30°

0.1868+0.0018 0.6898+0.0018 0.5180+0.0026
B
i W 100%
1.2000 W 120%
W 140%
1.0000 160%
[IBefore distration
. -8000+
=
£ 6000
&
.4000
.2000
.0000 -
Neutral Flexion 30°  Extension 30° Leftandright Left and right
position lateral lateral
bending 30°  rotation 30°

Figure 4. Intervertebral disk pressures at C4/C5 (A) and C6/C7 (B) with different distraction heights and different directions under a

2.50-Nm force moment load (MPa).

the adjacent articular joints are significantly increased owing
to increased stiffness of the fixed area and displacement of
the rotation center. Even without exceeding their physiolog-
ical limits, the adjacent facet joints work long-term at a high
load, further accelerating the degeneration of the segments
adjacent to the fusion site [8]. In recent years, we found that
effective intraoperative intervertebral height recovery plays
an important role in preventing the degeneration of adjacent
segments [9,10]. Appropriate intervertebral distraction height
can effectively restore the physiological curvature of the cervi-
cal spine, reduce pressure on the adjacent disks, and restore
the tension of knee joint capsules [11], thereby slowing the
degeneration of adjacent joints. Therefore, attention should
be paid to the intraoperative recovery of intravertebral height.
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However, a unified understanding of intervertebral height re-
covery is lacking.

Brower et al. analyzed the data of 59 patients who underwent
anterior cervical interbody fusion and found that the possibil-
ity of nonunion increased when the distraction height was >4
mm [12]. Bayley et al. measured intervertebral foramens after
different cervical bone graft modes and considered 5 mm to
be the optimal intervertebral distraction height for bone graft,
but the study lacked an analysis of preoperative interverte-
bral space height [13]. An et al. used fresh cervical specimens
from 6 cadavers for C4/C5 disk decompression and bone graft-
ing with different heights of the iliac bones for intervertebral
bone grafting and found that with a single gap distraction of
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Table 2. Comparison of C4/5 and C6/7 facet joint pressures value of in 2.5 Nm loading phase when different open height and different
direction (MPa).

Neutral . . Left lateral right lateral Left lateral  Right lateral
I Flexion Extension . . . q
position bending bending rotation rotation
ca/s 0.9710+ 0.5972+ 1.8014+ 1.4750+ 1.4666+ 1.6613+ 1.6592+
e 0.0051 0.0034 0.0043 0.0039 0.0035 0.0025 0.0037
distraction - 0.9393+ 0.5689+ 1.6761+ 1.5132+ 1.5205+ 1.6294+ 1.6015+
0.0059 0.0072 0.0036 0.0047 0.0042 0.0018 0.0036
cass 0.9802+ 0.5810+ 1.8557+ 1.5011+ 1.5075+ 1.7008+ 1.6881+
. 0.0028 0.0031 0.0057 0.0074 0.0026 0.0030 0.0031
L
c6/7 0.9441+ 0.5692+ 1.7643+ 1.5326+ 1.5298+ 1.6667+ 1.6708+
0.0039 0.0086 0.0049 0.0070 0.0031 0.0041 0.0028
cass 0.9775+ 0.5315+ 1.7559+ 1.3816+ 1.3821+ 1.5509+ 1.5635+
0% 0.0035 0.0029 0.0022 0.0055 0.0048 0.0028 0.0024
120%
c6/7 0.9411+ 0.5660+ 1.6308+ 1.4453+ 1.4408+ 1.6045+ 1.6127+
0.0040 0.0046 0.0034 0.0035 0.0045 0.0022 0.0019
ca/s 1.0124+ 0.5301+ 1.7706+ 1.5254+ 1.5176+ 1.5991+ 1.5900+
- 0.0030 0.0039 0.0025 0.0028 0.0034 0.0026 0.0038
) C6/7 0.9605+ 0.5655+ 1.6478+ 1.5417+ 1.5403+ 1.6476+ 1.6471+
0.0027 0.0021 0.0033 0.0023 0.0029 0.0031 0.0022
ca/s 1.0402+ 0.5712+ 1.7699+ 1.6240+ 1.6273+ 1.6515+ 1.6602+
o 0.0035 0.0045 0.00238 0.0031 0.0035 0.0020 0.0034
1 e
0 c6/7 0.9839+ 0.5598+ 1.6653+ 1.6127+ 1.6032+ 1.6546+ 1.6619+
0.0033 0.0050 0.0032 0.0029 0.0024 0.0033 0.0030
A B
| l100% |
200007 1500 20000
W 140%

[ 160%
1.5000 7 T efore distration

1.0000

Open height
Open height

Neutral ~ Flexion Extension  Left Right Left Right Neutral ~ Flexion Extension  Left Right Left Right
position lateral lateral  lateral lateral position lateral  lateral lateral lateral
bending bending rotation rotation bending bending rotation  rotation

Figure 5. C4/C5 (A) and C6/C7 (B) facet joint pressure values in the 2.5-Nm loading phase with different open heights and directions
(MPa).

Table 3. Comparison of cervical activity in 2.5 Nm load torque when different opening height.

Before distraction 100% 120% 140% 160%
Flexion 58.26+7.14 43.55+8.61 45.90+6.59 41.83+7.25 40.27+7.82
Cextension 61041692 18814773 52658703 18761739 48054711
lateral bending 011733 2463702 26175756 23981695 2672735
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2-3 mm, the corresponding height and area of the interverte-
bral foramens significantly increased. This can effectively re-
store the curvature of the cervical spine while reducing the
stress on the bone graft. However, distraction of >3 cm did
not significantly increase the area of the intervertebral fora-
men. Owing to the existence of individual differences in the
error factors, the numerical results of previous distractions do
not provide a better guide in clinical practice [14]. In the pres-
ent study, the mean height of the intervertebral space, rather
than the height of the surgical intervertebral space, was se-
lected as the benchmark height. Reduction of intervertebral
distraction and bone graft surgery usually result in more se-
vere degeneration and larger variation. At the same time, indi-
vidual differences in the height of the intervertebral disks and
intervertebral spaces exist, so we chose the heights of 100%,
120%, 140%, and 160%. In addition, considering that in the
Chinese population, cervical disk lesions mostly occur in the
C5/C6 segments, we selected the C5/C6 segment for the sim-
ulation of an experimental vertebra, so the measured results
can be more widely used in most patients, reducing the error
caused by the individual differences. The selected 30° flexion,
30° extension, and 30° left and right bending positions in this
experimental study due to degeneration of the disk were close-
ly related to the 30° torque load [15,16]. The rate of apoptosis
of normal medullary nucleus cells was increased, and the an-
gle of fiber arrangement in the fiber ring was changed if the
twist angle was >30° and then caused irreversible degenera-
tion of the disk [17].

The findings of this study indicate that under the same pres-
sure load, the measurements of intervertebral disk pressure
with different intervertebral distraction heights also differ with
different cervical curvatures. At different levels of interverte-
bral distraction height, the 30° cervical disk posterior exten-
sion position has the smallest intervertebral disk pressure,
which is related to the fact that when the pressure sensor is
located in the center of intervertebral disks, the pressure sen-
sor receives a small stimulation. At 120% of the benchmark
height, the pressure values of the C4/C5 and C6/C7 interver-
tebral disks at the 30° cervical extension, 30° flexion, and 30°
side bending were lower than those at other reference levels.
During upright standing, the pressure values of the C4/C5 and
C6/C7 intervertebral disks were less than those measured at
100%, 120%, and 160% of the benchmark height, and great-
er than the intervertebral disk pressure values measured be-
fore distraction. This may be related to the fact that before
the distraction, the articular process is similar to normal tis-
sues. Furthermore, we conclude that with different interverte-
bral distraction heights, the articular process pressure is low-
est when the cervical vertebra is flexed at 30°. This may be
because the pressure sensor is located at the center of the
articular capsule and receives little stimulation. During cervi-
cal flexion, the articular process pressures in C4/C5 and C6/
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C7 were lower than the measured pressure values at 100%,
140%, and 160% of the benchmark height, and greater than
those measured before the distraction. This may be related
to the fact that before the distraction, the articular process
is similar to normal tissues. It is easy to understand that dur-
ing extension of the cervical vertebrae, the load on the artic-
ular processes is increased. In contrast, during left and right
rotation, owing to the existence of lateral bending and pos-
terior extension of the coupling, resulting in uneven distribu-
tion of articular process pressure, the load on the facet joint
is increased, thus accelerating the articular process degener-
ation. Therefore, after cervical spine internal fixation surgery,
in addition to the necessary activities and functional exer-
cise, excessive extension and left and right rotations should
be avoided so as not to accelerate degenerative changes of
the articular processes. Finally, the range of motion was larg-
est before distraction, which shows that fixed fusion had an
important effect on the range of motion of the cervical ver-
tebrae. As fixed fusion surgery is inevitable for cervical spon-
dylosis, a suitable distraction height should be chosen to re-
duce the incidence of complications. Obviously, 120% of the
distraction height had minimum impact on the range of mo-
tion after C5/C6 fixed fusion. When the distraction height was
>120%, as the distraction height increased, the range of mo-
tion of the cervical vertebrae gradually decreased. Especially,
the flexion function decreased obviously, which may be relat-
ed to the limitation of the posterior ligament structure ten-
sion. During side bending, the concave side of the joint slips
backward, which can cause rotation in the same direction.
Therefore, side bending movement is often accompanied by
ipsilateral rotation [18]. However, excessive distraction height
increases the contact of the upper and lower articular process-
es, reduces the slippage of the articular surfaces, and reduces
the degree of side bending. Therefore, the range of motion of
the cervical vertebrae was lowest at 160% of the distraction
height during left- and right-side bending. Thus, choosing an
appropriate height is particularly important for maintaining
the range of motion of the cervical vertebrae and preventing
the degeneration of adjacent segments.

Conclusions

In conclusion, we found that in intervertebral disk removal and
bone grafting of the C5/C6 intervertebral disk, 120% of the
benchmark height can reduce the pressure of adjacent artic-
ular processes and intervertebral disks and increase the range
of motion of adjacent intervertebral disks, thus delaying the
degeneration of adjacent segments. Therefore, it is an appro-
priate intervertebral distraction height that can be used as
the reference distraction height for clinical intervertebral bone
grafting. This experimental study was conducted with young
adult specimens with mild cervical vertebra degeneration, and
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only C5/Cé6 fixation was performed. However, in clinical prac-
tice, most patients have severe degeneration, which is not lim-
ited to C5/C6. Therefore, other factors that affect the patho-
logical changes of adjacent segments should be considered,

References:

—

N

w

IS

S,

[=2)

~

oo

Nel

. Cloward RB: The anterior approach for removal of ruptured cervical disks.

J Neurosurg, 1958; 15: 602-17

. Bohlman HH, Emery SE, Goodfellow DB, Jones PK: Robinson anterior cer-

vical discectomy and arthrodesis for cervical radiculopathy. Long-term fol-
low-up of one hundred and twenty-two patients. ) Bone Joint Surg Am,
1993; 75: 1298-307

. ChungJY, Kim SK, Jung ST, Lee KB: Clinical adjacent-segment pathology af-

ter anterior cervical discectomy and fusion: Results after a minimum of 10-
year follow-up. Spine J, 2014; 14: 2290-98

. Wang F, Hou HT, Wang P et al: Symptomatic adjacent segment disease af-

ter single-lever anterior cervical discectomy and fusion: Incidence and risk
factors. Medicine, 2017; 96: €8663

. Louie PK, Presciutti SM, lantorno SE et al: There is no increased risk of ad-

jacent segment disease at the cervicothoracic junction following an ante-
rior cervical discectomy and fusion to C7. Spine J, 2017; 17: 1264-71

. Prasarn ML, Baria D, Milne E et al: Adjacent-level biomechanics after single

versus multilevel cervical spine fusion. ) Neurosurg Spine, 2012; 16: 172-77

. Goffin J, van Loon J, Van Calenbergh F, Lipscomb B: A clinical analysis of 4-

and 6-year follow-up results after cervical disc replacement surgery using
the Bryan Cervical Disc Prosthesis. ] Neurosurg Spine, 2010; 12: 261-69

. Seybold EA, Baker JA, Criscitiello AA et al: Characteristics of unicortical

and bicortical lateral mass screws in the cervical spine. Spine, 1999; 24:
2397-403

. Nassr A, Lee JY, Bashir RS et al: Does incorrect level needle localization dur-

ing anterior cervical discectomy and fusion lead to accelerated disc degen-
eration? Spine, 2009; 34: 189-92

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

LuT etal:
C5/C6 ISDH on the range of motion of the CV
© Med Sci Monit, 2018; 24: 2533-2540

with attention to individual differences. In addition, owing to
the small sample size of the experiment, the experimental re-
sults have certain limitations.

10.

11

12.

13.

14.

15.

16.

17.

18.

Kawakami M, Tamaki T, Yoshida M et al: Axial symptoms and cervical align-
ments after cervical anterior spinal fusion for patients with cervical my-
elopathy. J Spinal Disord, 1999; 12: 50-56

Bayley JC, Yoo JU, Kruger DM, Schlegel J: The role of distraction in improv-
ing the space available for the cord in cervical spondylosis. Spine, 1995;
20: 771-75

Brower RS, Herkowitz HN: Effect of distraction on union rates of Smith-
Robinson type anterior discectomy and fusion. The twentieth annual meet-
ing of the Cervical Spine Research Society; Palm Desert, California, 1992

Bayley JC, Yon JU, Zou D: The role of distraction in improving the space for
the cord and never roots in cervical spondylosis. The North American Spine
Society conference; Keystone, Colorado, 1991

An HS, Evanich CJ, Nowicki BH, Haughton VM: Ideal thickness of Smith-
Robinson graft for anterior cervical fusion. A cadaveric study with comput-
ed tomographic correlation. Spine, 1993; 18: 2043-47

Barbir A, Godhurn KE, Michalek AJ: Effects of torsion on intervertebral disc
gene expression and biomechanics, using a rat tail model. Spine, 2011; 36:
607-14

Walter BA, Korecki CL, Purmessur D et al: Complex loading affects inter-
vertebral disc mechanics and biology. Osteoarthritis Cartilage, 2011; 19:
1011-18

Gantenbein B, Gnmhagen T, Lee CR et alL: An in vitro organ culturing sys-
tem for intervertebral disc explants with vertebral endplates: A feasibility
study with ovine caudal discs. Spine, 2006; 31: 2665-73

Middleditch A, Oliver J: Functional Anatomy of the Spine. 2013; 120

Indexed in:
[ISI Journals Master List]
[Chemical Abstracts/CAS]

[Index Medicus/MEDLINE]

[Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[EMBASE/Excerpta Medica]



