
HE authors of previous clinical studies have reported
an increased incidence of disc degeneration at levels
adjacent to fusion sites in the cervical spine.2,8,12 The

cause of this subsequent disc degeneration, however, re-
mains unknown. One of the suggested etiological factors is
an increase in IDP. The IDP increase blocks the diffusion 
of nutrients from the endplate.3,23 Impaired nutrition of the
disc has been identified as the most significant cause of disc
degeneration. The authors of several biomechanical reports
have shown that the IDP increased at adjacent segments af-
ter ACDF.7,9

Although fusion techniques have led to adequate results,

continuing advances in the field have led to the introduc-
tion of various arthroplasty techniques. Arthroplasty is per-
formed to maintain ROM and decrease the rate of adjacent-
segment disease. Many biomechanical tests have provided
evidence that cervical artificial discs can preserve the mo-
tion comparable with the intact spine at the surgically treat-
ed segment.7,9 For the artificial disc to prevent adjacent-seg-
ment degeneration, the IDP at the adjacent segment should
not be increased after arthroplasty. Currently, reports on
IDP changes after arthroplasty are scarce.

The facet joint can carry a significant amount of the total
compressive load on the spine when the spine is hyperex-
tended.4 The authors of biomechanical reports of anterior
L4–5 fusion found an increase in the plane strains in the
L3–4 and L5–S1 facet joints.14 They observed that the L4–5
facet capsules exhibited decreased strains. In the cervical
spine, changes in facet force after arthroplasty have not
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Object. The authors of previous in vitro investigations have reported an increase in adjacent-level intradiscal
pressures (IDPs) and facet joint stresses following cervical spine fusion. This study was performed to compare adja-
cent-level IDPs and facet force following arthroplasty with the fusion model.

Methods. Eighteen human cadaveric cervical spines were tested in the intact state for different modes of motion
(extension, flexion, bending, and rotation) up to 2 Nm. The specimens were then divided into three groups: those
involving the ProDisc-C cervical artificial disc, Prestige cervical artificial disc, and cervical fusion. They were load
tested after application of instrumentation or surgery at the C6–7 level. During the test, IDPs and facet forces were
measured at adjacent levels.

Results. In arthroplasty-treated specimens, the IDP showed little difference from that of the intact spine at both
proximal and distal levels. In fusion-treated specimens, the IDP increased at the posterior anulus fibrosus on exten-
sion and at the anterior anulus fibrosus on flexion at the proximal level. At the distal level, the IDP change was not
significant. The facet force changes were minimal in flexion, bending, and rotation modes in both arthroplasty- and
fusion-treated spines. Significant changes were noted in the extension mode only. In extension, arthroplasty mod-
els exhibited significant increases of facet force at the treated level. In the fusion model the facet forces decreased
at the treated segment and increased at the adjacent segment. 

Conclusions. The two artificial discs of the semiconstrained systems maintain adjacent-level IDPs near the preop-
erative values in all modes of motion, but with respect to facet force pressure tended to increase after arthroplasty.
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Abbreviations used in this paper: ACDF = anterior cervical disc-
ectomy and fusion; IDP = intradiscal pressure; PMMA = polymeth-
ylmethacrylate; ROM = range of motion.

 



been reported until now. Our goal was to investigate
changes in IDP and facet force after cervical arthroplasty
and to compare these data with those obtained in the fusion
model.

Materials and Methods
Twenty-four human cadaveric cervical spines (C3–T2 speci-

mens) were obtained from Science Care Anatomical and Interna-
tional Biological, Inc. After specimens containing bone abnormali-
ties were excluded based on anteroposterior and lateral radiography
findings, 18 cadaveric spines were used for the study. The speci-
mens were thawed overnight at room temperature, and attached
musculature was adequately removed to expose the facet joint sur-
faces of the C-5, C-6, and C-7 vertebrae. The cadaveric spines were
divided into three groups, with six specimens in each group.

Each cervical C3–T2 specimen was fixed by drilling and insert-
ing screws in the most superior and most inferior segments (extend-
ing into C3–4 and T1–2 segments). The end segments and screws
were capped with PMMA (COE tray plastic, GC America), and the
PMMA-covered ends were potted in polyester resin (Bondo). The
potting fixtures were used to attach the cadaveric spines loaded onto
a mechanical testing and simulation loading frame (MTS 858
MiniBionix), and the cadavers were loaded in flexion, extension,
left and right lateral bending, and left and right rotation.

Pressure transducer needles (Model 6376, Robert A. Denton,
Inc.) were inserted into the central anterior portion of the disc supe-
rior to C-6 and the disc inferior to C-7. Each needle had three pres-
sure transducers spaced 5 mm apart. The needle tips were inserted
approximately 2 cm into the disc so as to have pressure transducer
No. 2 in the center of each disc, with No. 1 toward the posterior 
and No. 3 toward the anterior aspect (Fig. 1). Strain guages (model
CEA-06-062UW-350, Vishay Micro-Measurements, Inc.) were al-
so mounted on both left and right surfaces of the C5–7 facet joints
as shown in Fig. 2. Pressure transducer signals and strain guage sig-
nals were conditioned and amplified by a signal conditioner (system
2100, Vishay Micro-Measurements) and recorded by the mechanic-
al testing system.

The pressure in the posterior anulus fibrosus, center of the disc
nucleus, and the anterior anulus fibrosus were measured using the
No. 1, 2, and 3 pressure sensors of the pressure transducer needles.
As the force in the facet changes, the surface strain of the facet joint
also changes, and thus the force in the facet can be indirectly mea-
sured and compared with that of the intact spine. Artificial disc re-
placement, discectomy, and fusion procedures were performed by a
neurosurgeon. 

Discectomy and Artificial Disc Implantation

Anterior C6–7 discectomies were performed using the Smith–

Robinson technique. The C6–7 disc space was chosen because the
level exhibited the most adequate disc height. Most of the available
human cadaveric spines had significant loss of disc height due to the
degenerative process. When the middle segment of C5–6 and C6–7
processes in the final 18 selected specimens underwent radiography,
the C6–7 level was shown to have better disc height preservation
than C5–6.

The specimens were divided into three groups, with six speci-
mens in each group and each group receiving an artificial disc im-
plant (ProDisc-C [Synthes Spine] or Prestige [Medtronic Sofamor
Danek]) or fusion in which a dense cancellous bone allograft (Os-
teotech) and anterior plate (SpineVision) were placed. The 7-mm-
high ProDisc-C and 8-mm-high Prestige disc were adequate for the
specimens. For specimens in the anterior cervical fusion group, a 7-
mm, lordotic, tapered, dense cortical allograft was used in conjunc-
tion with rigid plate and screw fixation to maintain lordosis at the
surgically treated level. Artificial discs were placed in a 36˚C bath
for 24 hours prior to implantation to allow the discs to be near a bio-
physiological condition. Each step was performed according to the
recommended surgical technique, and the C-arm fluoroscopy was
used throughout the procedure to verify the correct position of the
artificial disc.

Biomechanical Testing

Biomechanical testing was performed in six modes of motion:
flexion, extension, left and right lateral bending, and left and right
axial rotation. In each loading mode, a maximum torque of 2 Nm
was applied with a 100-N axial preload. Axial compression and ax-
ial rotation were determined by the upper spine fixator, whereas
flexion, extension, and lateral bending were determined by the rota-
tion of both spine fixators in the respective coronal and sagittal
planes. To stabilize the viscoelastic effect, each mode of testing was
performed three times, with only the result of the third test being
used.

The outputs of the pressure transducers and strain guages were
determined for each specimen in the following states: 1) intact con-
dition, and 2) after artificial disc implantation or ACDF.

Statistical Analysis

Because the data could not be assumed to be normally distributed
due to the sample size, nonparametric statistical methods were used
to distinguish significant differences among groups and compare
data with those acquired in the intact spines. Facet forces (output
readings of the strain guages) and IDPs were normalized by divid-
ing them by those of the intact spine. Paired comparisons between
treatment groups were made using the Wilcoxon paired t-test, and
statistical significance was assigned at a probability level of less
than 0.05. Values are presented as the mean 6 standard error of the
mean.
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FIG. 1. Left: Photograph showing the needle pressure transducer. Inset: The position of individual pressure sensors
(Nos. 1, 2, and 3: posterior anulus fibrosus, nucleus, and anterior anulus fibrosus, respectively). Right: Lateral radi-
ograph demonstrating a specimen with the transducer in place.



Results

The normalized posterior, center, and anterior IDPs at
the level above (C5–6) and below (C7–T1) the treated level
are shown in Figs. 3 and 4, respectively. The normalized
facet forces at the level above (C-5), the same as (C-6), and
below (C-7) the treated levels are shown in Fig. 5. 

Intradiscal Pressure

In the arthroplasty groups at the disc above and below
the target level, the IDP change typically did not differ
much from that of the intact spine (, 10% difference) and
all were without significance (Figs. 3 and 4). This finding
was similar in both Prestige and ProDisc groups. The dif-
ference was not found among the three sites of IDP mea-
surement. 

In the ACDF group, however, at the superior level, the
IDP was increased (46.5 6 18.8%, p = 0.686) at the poste-
rior anulus fibrosus during extension and was also in-
creased (33.9 6 8.9%, p = 0.686) at the anterior anulus fi-
brosus during flexion. In the center of the superior level, the
IDP did not increase during any mode of motion (Fig. 3b).
At the inferior level, the IDP change noted in the ACDF
group was not significant compared with that of the intact
spine in all modes of motion (Fig. 4).

Facet Joint Force 

Extension. The facet forces documented in all artificial
disc groups were increased except that at the superior lev-
el in the Prestige artificial disc (ProDisc-C artificial disc:
14.9 6 11.9% at the superior level, 95.4 6 13.9% at the
same level, and 7.7 6 7.7% at the inferior level; Prestige
artificial disc: 24.0 6 7.9% at the superior level, 25.1 6
13.5% at the same level, and 2.5 6 10.7% at the inferior
level) compared with the intact spine. Although this group
demonstrated a decrease in the facet force at the superior
level in extension, this finding was not statistically signifi-

cant. Similarly, the facet changes inferior to each artificial
disc were not significant. At the same level, the facet force
change in specimens fitted with the ProDisc-C artificial
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FIG. 2. Photograph showing the position of strain guages
(dashed circles) on the C5–7 facet joint surfaces.

FIG. 3. Bar graphs demonstrating superior-level IDPs at the sur-
gically treated (C5–6) segment in the posterior (a), central (b), and
anterior (c) portions of the anulus fibrosus. Black bars represent the
ProDisc-C group, gray bars represent the Prestige group, and white
bars represent the ACDF group. Bend. = bending; Ext. = exten-
sion; Flex. = flexion; Rot. = rotation.



disc was significant (p = 0.043). The extent of the increase
was more prominent at the same level than at the adjacent
levels. In specimens treated with ACDF, the same-level
facet force was reduced (18.3 6 15.6%) whereas superior-
level facet force was significantly increased (28.2 6

10.7%, p = 0.043), and facet was also increased at the infe-
rior level (24.0 6 10.9%, p = 0.074). At the same level, the
facet force in ACDF-treated specimens was significantly
less than that in spines fitted with the ProDisc-C artificial
disc (p = 0.018). At the superior level, the facet force was
significantly higher than that of the Prestige artificial disc
(p = 0.018).

Flexion. At the same level, the facet forces documented
in ACDF-treated specimens (219.5 6 18.1%) were de-
creased whereas those in both ProDisc-C artificial disc–
treated (19.7 6 12.2%) and Prestige artificial disc–treated
(22.4 6 14.0%) specimens were both increased compared
with forces in the intact spine, although significance was
not achieved. At the superior level, the facet forces record-
ed in ProDisc-C artificial disc (11.8 6 4.6%) and ACDF
(13.3 6 10.9%) groups were increased whereas those in the
Prestige artificial disc group (23.6 6 8.8%) were de-
creased compared with forces in the intact spine. At the in-
ferior level, the facet forces were decreased in spines fitted
with the ProDisc-C artificial disc (214.0 6 12.8%), Pres-
tige artificial disc (24.7 6 5.7%), and those that underwent
ACDF (21.5 6 11.6%), but all the changes in superior and
inferior facet force were of no significance.

Lateral Bending. At the same level, the facet force asso-
ciated with the Prestige artificial disc (10.7 6 13.9%) was
increased whereas those associated with the ProDisc-C ar-
tificial disc (26.4 6 7.4%) and ACDF (23.4 6 4.9%)
were decreased. The mean facet force changes for different
treatments at the superior level were as follows: ProDisc-C
artificial disc, 22.4 6 8.6%; Prestige artificial disc, 27.9 6
10.5%; and ACDF, 6.8 6 6.8%. The mean facet force
changes for different treatments at the inferior level were as
follows: ProDisc-C artificial disc, 22.9 6 10.1%; Prestige
artificial disc, 11.5 6 9.3%; and ACDF, 27.0 6 9.0%. All
the values were of no statistical significance.

Axial Rotation. At the same level, the facet forces in 
the ProDisc-C artificial disc (20.3 6 6.4%) and ACDF
(26.6 6 8.2%) groups were decreased whereas that in the
Prestige artificial disc group (5.9 6 7.4%) was increased.
The facet force changes associated with the different treat-
ments at the superior level were as follows: ProDisc-C arti-
ficial disc, 5.3 6 9.0%; Prestige artificial disc, 4.5 6
10.3%; and ACDF, 11.8 6 8.7%. The facet force changes
for different treatments at the inferior level were as follows:
ProDisc-C artificial disc, 27.8 6 5.1%; Prestige artificial
disc, 22.9 6 9.8%; and ACDF, 22.2 6 9.6%. The differ-
ences were not statistically significant.

Discussion

Facet Force Change

Facet forces vary according to the mode of motion. The
facet joints were found to carry no load in flexion, large
loads during extension (205 N at a 10-Nm moment and a
190-N axial load), rotation (65 N at a 10-Nm moment and
a 150-N axial load), and lateral bending (78 N at a 3-Nm
moment and a 160-N axial load) in physiological ROM.21

There are some published data on fact force change after
lumbar fusion,13,14 but few data are available on changes in
the cervical spine.

In our experiment, the facet force changes were minimal
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FIG. 4. Bar graphs revealing inferior-level IDPs at the surgical-
ly treated (C7–T1) segment in the posterior (a), central (b), and
anterior (c) portions of the anulus fibrosus. Black bars represent the
ProDisc-C group, gray bars represent the Prestige group, and white
bars represent the ACDF group.



in flexion, lateral bending, and rotation modes. This is com-
mon after both fusion and arthroplasty. Significant changes
were noted in the extension mode only. In extension, ar-

throplasty models exhibited increased facet force, more at
the surgically treated level and less at adjacent levels. In the
fusion model, the facet forces showed a decrease at the
treated segment and an increase at adjacent segments. The
reason facet force increases at the treated segment after
arthroplasty may be that, in most artificial discs, the instan-
taneous axis of rotation is located in the posterior portion of
the designed implant.19 As a result, the lordotic curve is
restored and loading on the posterior element increases
after arthroplasty. 

When there is significant facet loading, the interior tips
of the facets bottom out on the laminae below and act as
pivots for the entire vertebra to rotate posteriorly, causing a
visible stretch of the superior portion of the facet joint cap-
sules.26 It has also been noted that in extension there is con-
tact between the tip of the facet joint and the lamina below
and that a posterior rotation of the superior portion of the
facet’s inferior articular process occurs, causing the superi-
or portion of the capsule to become extensively stretched.4
The external geometry of the facet’s superior portion is ap-
parently a major factor in determining the magnitude of the
stretch.

Change in IDP

Many authors have investigated adjacent-level IDP
changes after lumbar fusion.22,24 In these reports, the adja-
cent-level IDP increased as the length of fusion levels in-
creased and as the range of flexion and extension motion
increased.24

Also in the cervical spine, the authors of previous in vitro
investigations have reported an increase in adjacent-level
IDPs and facet joint stresses following anterior interbody
fusion.6,9,15,20,25 In the report by Dmitriev and colleagues7 in
which the C5–6 level was fused, the IDP change was more
prominent at the distal than the proximal level. The IDP 
increased at the distal level in all modes of motion, but at
the proximal level in bending and axial rotation. The great
change noted at the distal segment on flexion/extension
was consistent with findings reported by Pospiech et al.20

Eck and associates9 reported that the IDP in the nucleus
increased during flexion by 73.2% at the proximal level
and by 45.3% at the distal level after C5–6 fusion. The
pressure increase in extension was not significant. During
extension, because a greater portion of the load is applied
to the facet joints, the effect on the IDP is less than that
found during flexion. In their experiment, the authors found
that the increase of ROM accompanies the increase of the
IDP.

Wigfield and colleagues25 applied the techniques used by
McNally and Adams16 to the cervical spine and investigat-
ed the internal stress distributions in cadaveric cervical
discs. In their report, the IDP was highest in the anterior an-
ulus fibrosus when in the neutral position. A significant
IDP increase after fusion was observed only in the anterior
anulus fibrosus in flexion. After cervical arthroplasty, the
anterior IDP increase disappeared and the IDP change was
not noted in the region of nucleus.

Maiman and coworkers15 analyzed adjacent-disc stress
after cervical fusion by using an experimentally validated
C4–6 finite element model. A C5–6 fusion resulted in a
higher stress increase in the C4–5 disc space in compres-
sion than C4–5 fusion did in the C5–6 disc space. In flex-
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FIG. 5. Bar graphs showing normalized facet forces at the level
(a) above (C-5), (b) same as (C-6), and (c) below (C-7) the surgi-
cally treated segment. An asterisk indicates a significant difference
between groups; a cross represents a significant difference from
intact spine. 



ion and extension modes, however, the stress change was
not different at either proximal or distal levels.

In arthroplasty models, analysis of the data showed that
IDP changes were associated with little difference in the
intact spine at both proximal and distal levels. In the fusion
model, the IDP increased at the posterior aspect of the anu-
lus fibrosus on extension and at the anterior aspect of the
anulus fibrosus on flexion at the proximal level. At the dis-
tal level, the IDP change was not significant in any mode.
These findings show that the artificial disc model resulted
in reduced stresses in the anulus fibrosus compared with
the fusion model. Measurement of IDP is an appropriate
method for characterizing spinal loading condition. There-
fore, the little change in IDP after cervical arthroplasty indi-
cates that spinal loading does not increase at the adjacent
segments. 

As for the fusion model, evaluation of our data demon-
strated some differences compared with findings reported
by others. In two studies, the IDP increased at both proxi-
mal and distal segments after fusion,7 or greater change was
seen at the distal level in rotation mode.20 The data in the
aforementioned studies were measured in the nucleus at
each level. We found, however, a significant IDP increase
at the proximal level only in flexion/extension mode. Addi-
tionally, significant IDP changes were noted at the anulus
fibrosus region only. In the nucleus region, the IDP change
was minimal. These differences may be due to the different
surgically treated level and the use of an axial preload. A
constant background load of 200 N during static loading
may mask any smaller changes that occur as a result of in-
strumentation.

Measurement of Cervical IDP

McNally and Adams16 measured stress profilometry in
lumbar disc pressure with a technique that involved a fine-
needle pressure transducer. They confirmed that vertical
stress was more or less uniformly distributed across the nu-
cleus and inner anulus fibrosus in the nondegenerated disc.
Flexion and extension affected the shape of the stress pro-
files and the overall magnitude of stress. 

Hattori and colleagues11 measured the cervical IDP in pa-
tients with a change of posture and degeneration. They ob-
tained pressure measurements in 80 cervical discs in 48 pa-
tients who were treated for cervical disc disease. They
found a direct correlation between IDP and the extent of
disc degeneration.

Pospiech and associates,20 using small amounts of
applied moments, evaluated the effect of anterior fusion on
the change in cervical IDP under in vitro condition. When
they compared their in vitro data with in vivo data reported
by Hattori et al.,11 they found the IDP changes were in a
similar range.

The reason for the paucity of cervical IDP data is the
technical challenge associated with placing a pressure sen-
sor in the disc space. When the transducer is inserted into
the disc space, the surgeon needs to ensure that the needle-
mounted pressure sensor does not touch the endplate. If the
sensor makes contact with the osseous structures, it may
produce an artifact in the pressure signal. For safe place-
ment, the guide tube may be used when the needle is insert-
ed.5 The height of the disc in a young individual is 3.8
mm.10 Pospiech and coworkers20 used a 1.3-mm-diameter

needle. A 1.0-mm-diameter pressure needle would repre-
sent 26% of this cervical disc height. The measured values
in the cervical disc are considerably higher than those in the
lumbar disc at comparable load levels.5 McNally and
Adams16 reported a pressure of 0.5 MPa for an L2–3 disc
under 500 N of compression. Under the same amount of
compression, however, the pressure was measured at 1.4
MPa for the C4–5 disc space.5 This phenomenon can be in-
ferred because the IDP for a given force is known to be in-
versely proportional to the disc’s cross-sectional area.17 As
in the lumbar disc, the IDP varied linearly with the axial
compression applied in the cervical disc.5

Relation Between IDP and Disc Degeneration

The intervertebral disc lacks a true blood supply. Instead,
it depends on nutrients diffusing through the extracellular
matrix from peripheral blood vessels and vertebral end-
plates. Small solutes, such as O2, glucose, and sulphate, are
transported into the disc chiefly by diffusion.23 Increased
pressure in the disc acts to alter the diffusion characteristics
of nutrients delivered from the periphery blood supply and
leads to an accumulation of waste products in the disc. Fail-
ure to remove waste products adequately from the disc can
lead to increased lactate levels and decreased pH, which
can impair metabolism and lead to cell death.3

Adams and colleagues1 investigated the IDP in degener-
ated lumbar spine with a 1.3-mm transducer. The degener-
ative changes reduced the diameter of the central hydrosta-
tic region of each disc (functional nucleus) and pressure
within the nucleus. The width of the functional anulus fi-
brosus increased, and the height of the pressure peak with-
in the anulus fibrosus also increased. This phenomenon
was more prominent in the posterior anulus fibrosus than in
the anterior anulus. In the healthy disc, the IDP is slightly
higher in the posterior anulus than in the anterior anulus fi-
brosus. The nucleus is lowest. It has been predicted that de-
generation will result in a transfer of compressive stress
from the nucleus to the anulus fibrosus.18

Conclusions

Cervical arthroplasty maintained the adjacent-level IDPs
near the values of the intact spines. In a fusion model, adja-
cent-level IDPs showed the increasing tendency in flexion/
extension mode at the superior level. At the inferior level,
significant IDPs changes were not noted. With regard to fa-
cet force, an increasing tendency was observed in extension
at the treated segment. Although cervical arthroplasty can
prevent adjacent-level IDP change, it may cause an in-
crease of loading in posterior elements. 

Disclaimer

The authors have no financial interest in, and will not benefit
from a relationship with, the manufacturing of the devices named in
this study.

References

1. Adams MA, McNally DS, Dolan P: ‘Stress’ distributions inside
intervertebral discs. The effects of age and degeneration. J Bone
Joint Surg Br 78:965–972, 1996

U. K. Chang et al.

38 J. Neurosurg: Spine / Volume 7 / July, 2007



2. Bohlman HH, Emery SE, Goodfellow DB, Jones PK: Robinson
anterior cervical discectomy and arthrodesis for cervical radiculo-
pathy. Long-term follow-up of one hundred and twenty-two pa-
tients. J Bone Joint Surg Am 75:1298–1307, 1993

3. Buckwalter JA: Aging and degeneration of the human interverte-
bral disc. Spine 20:1307–1314, 1995

4. Cavanaugh JM, Ozaktay AC, Yamashita HT, King AI: Lumbar
facet pain: biomechanics, neuroanatomy and neurophysiology. J
Biomech 29:1117–1129, 1996

5. Cripton PA, Dumas GA, Nolte LP: A minimally disruptive tech-
nique for measuring intervertebral disc pressure in vitro: applica-
tion to the cervical spine. J Biomech 34:545–549, 2001

6. DiAngelo DJ, Roberston JT, Metcalf NH, McVay BJ, Davis RC:
Biomechanical testing of an artificial cervical joint and an anteri-
or cervical plate. J Spinal Disord Tech 16:314–323, 2003

7. Dmitriev AE, Cunningham BW, Hu N, Sell G, Vigna F, McAfee
PC: Adjacent level intradiscal pressure and segmental kinematics
following a cervical total disc arthroplasty: an in vitro human cad-
averic model. Spine 30:1165–1172, 2005 

8. Eck JC, Humphreys SC, Hodges SD: Adjacent-segment degener-
ation after lumbar fusion: a review of clinical, biomechanical, and
radiologic studies. Am J Orthop 28:336–340, 1999

9. Eck JC, Humphreys SC, Lim TH, Jeong ST, Kim JG, Hodges SD,
et al: Biomechanical study on the effect of cervical spine fusion on
adjacent-level intradiscal pressure and segmental motion. Spine
27:2431–2434, 2002

10. Gilad I, Nissan M: A study of vertebra and disc geometric relations
of the human cervical and lumbar spine. Spine 11:154–157, 1986

11. Hattori S, Oda H, Kawai S: Cervical intrdiscal pressure in move-
ments and traction of the cervical spine. Z Orthop Ihre Gren-
zgeb 119:568–569, 1981

12. Hilibrand AS, Carlson GD, Palumbo MA, Jones PK, Bohlman
HH: Radiculopathy and myelopathy at segments adjacent to the
site of a previous anterior cervical arthrodesis. J Bone Joint Surg
Am 81:519–528, 1999

13. Ianuzzi A, Little JS, Chiu JB, Baitner A, Kawchuk G, Khalsa PS:
Human lumbar facet joint capsule strains: I. During physiological
motions. Spine J 4:141–152, 2004

14. Little JS, Ianuzzi A, Chiu JB, Baitner A, Khalsa PS: Human lum-
bar facet joint capsule strains: II. Alteration of strains subsequent
to anterior interbody fixation. Spine J 4:153–162, 2004

15. Maiman DJ, Kumaresan S, Yoganandan N, Pintar FA: Biomech-
anical effect of anterior cervical spine fusion on adjacent seg-
ments. Biomed Mater Eng 9:27–38, 1999

16. McNally DS, Adams MA: Internal intervertebral disc mechanics
as revealed by stress profilometry. Spine 17:66–73, 1992

17. Nachemson A: Lumbar intradiscal pressure. Experimental studies
on post-mortem material. Acta Orthop Scand Suppl 43:1–104,
1960 

18. Nachemson A: The effect of forward leaning on lumbar intradis-
cal pressure. Acta Orthop Scand 35:314–328, 1965

19. Pickett GE, Rouleau JP, Duggal N: Kinematic analysis of the cer-
vical spine following implantation of an artificial cervical disc.
Spine 30:1949–1954, 2005

20. Pospiech J, Stolke D, Wilke HJ, Claes LE: Intradiscal pressure
recordings in the cervical spine. Neurosurgery 44:379–385, 1999

21. Schendel MJ, Dekutoski MB, Ogilvie JW, Olsewski JM, Wallace
LJ: Kinematics of the canine lumbar intervertebral joint. An in
vivo study before and after adjacent instrumentation. Spine 20:
2555–2564, 1995

22. Sudo H, Oda I, Abumi K, Ito M, Kotani Y, Hojo Y, et al: In vitro
biomechanical effects of reconstruction on adjacent motion seg-
ment: comparison of aligned/kyphotic posterolateral fusion with
aligned posterior lumbar interbody fusion/posterolateral fusion. J
Neurosurg 99 (2 Suppl):221–228, 2003

23. Urban JP, Holm S, Maroudas A, Nachemson A: Nutrition of the
intervertebral disc: effect of fluid flow on solute transport. Clin
Orthop Relat Res 170:296–302, 1982

24. Weinhoffer SL, Guyer RD, Herbert M, Griffith SL: Intradiscal
pressure measurements above an instrumented fusion. A cadaver-
ic study. Spine 20:526–531, 1995

25. Wigfield CC, Skrzypiec D, Jackowski A, Adams MA: Internal
stress distribution in cervical intervertebral discs: the influence of
an artificial cervical joint and simulated anterior interbody fusion.
J Spinal Disord Tech 16:441–449, 2003

26. Yang KH, King AI: Mechanism of facet load transmission as a hy-
pothesis for low-back pain. Spine 9:557–565, 1984

Manuscript submitted July 15, 2006.
Accepted March 14, 2007.
Address reprint requests to: Daniel H. Kim, M.D., Department 

of Neurosurgery, Ochsner Clinic Foundation, 1514 Jefferson High-
way, New Orleans, Louisiana 70121. email: neurokimdaniel@
yahoo.com.

J. Neurosurg: Spine / Volume 7 / July, 2007

Disc pressure and facet force change after cervical arthroplasty 

39


