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A Scientifi c  Investigation

Intradiscal Pressure Monitoring in the Cervical Spine

Marc S. Menkowitz, MD, Jonathan R. Stieber, MD, Cornelia Wenokor, MD, Jason D. Cohen, MD, 
Gordon D. Donald, MD, and Charles Crescanti-Dakinis, MD

Discography has been widely used 
in the lumbar and cervical spine as a di-
agnostic tool to identify sources of disco-
genic pain that may be amenable to surgi-
cal treatment (1). When used in conjunc-
tion with clinical exam and radiographic 
imaging, discography has the capacity to 
further localize the specific level or levels 
of disc disease (2-5). In the lumbar spine, 
intradiscal pressure monitoring as an ad-
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junct to traditional provocative discog-
raphy has aided the discographer in de-
termining clinically significant internal 
disc disruption. The addition of pressure 
monitoring has increased the interob-
server reliability and reproducibility, as 
well as the objectivity of the study. A pres-
sure gradient of up to 80-90 psi is used to 
determine the high end of physiological 
pressure in the lumbar spine (1). Intra-
discal pressure also provides an endpoint 
at which the disc may be graded normal 
in the absence of concordant pain. Mini-
mum lumbar intradiscal rupture pressure 
has been determined to be 110-212 psi, 
and this has provided a safety parameter 
for lumbar discography (1). 

Discography in the cervical spine is 
currently performed without the benefit 
of pressure monitoring, and correspond-
ing pressure parameters have not been de-
termined. The purpose of this study was 
to develop the framework for intradiscal 

pressure monitoring in the cervical spine 
and the basis for a pressure curve that will 
reflect clinically significant cervical inter-
nal disc disruption. We also sought to de-
termine whether any pressure increase oc-
curs in adjacent discs during cervical dis-
cography that might result in a false-pos-
itive diagnosis during in-vivo discogra-
phy. An additional goal was to establish 
safe upper parameters for infusion vol-
ume and intradiscal pressure in the cer-
vical spine. 

METHODS

We investigated 26 discs in five fresh-
frozen cadaveric cervical spines aged 45 to 
68 with no prior history of cervical spine 
disease. T2 MRI was performed on each 
specimen and radiographically abnor-
mal discs were not used. Pressure-con-
trolled, fluoroscopically guided discogra-
phy was performed on each level using a 
right lateral approach. A 25G spinal nee-
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in 5 fresh-frozen cadaveric cervical spines 
aged 45 to 68 with no prior history of cervical 
spine disease. A T2 MRI was performed on 
each specimen and radiographically abnor-
mal discs were noted. Pressure-controlled, 
fl uoroscopically guided discography was per-
formed on each level using a right lateral ap-
proach. Opening pressure, rupture pressure, 
volume infused, and location of rupture were 
recorded. Pressures were simultaneously re-
corded at each adjacent disc level using addi-
tional pressure monitors and identical needle 
placement. Immediately following discogra-
phy, CT was performed on each specimen ac-
cording to the discography protocol.

Results: Twenty-six discs C2-3 to C7-T1 
were grossly intact for evaluation. The me-
dian opening pressure was 30 psi (range 14-
101 psi). Two discs did not rupture and were 
pressurized to 367 psi. In 24 discs, the me-
dian intradiscal rupture pressure was 40 psi 

(range 14-171 psi). The median volume in-
fused at rupture was 0.5 ml (range 0.25-1.0 
ml). When grouped, the median intradiscal 
rupture pressure in the C2-3, C3-4, and C7-
T1 discs was 53 psi (range 16-171 psi) com-
pared to 36.5 psi (range 14-150 psi) in the C4-
5, C5-6, and C6-7 discs (p=0.18). There was 
no measurable pressure change in any of the 
30 adjacent disc levels evaluated.

Conclusion: In the cervical spine, iat-
rogenic disc injury may be caused at signif-
icantly lower pressures and volumes infused 
than in the lumbar spine. There was no mea-
surable pressure change in any of the adja-
cent disc levels evaluated at maximum in-
tradiscal pressurization. Further cadaveric 
testing will be necessary to develop parame-
ters for intradiscal pressure monitoring in the 
cervical spine.
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dle was placed into each disc and Om-
nipaque 300 (Nycomed, Princeton, NJ) 
contrast dye was infused utilizing a pres-
sure-controlled inflation syringe with dig-
ital pressure monitor (Merit Universal Sy-
ringe, MeritMedical, South Jordan, UT) 
(Fig. 1). The operating pressure range 
of the monitor was 0-367 psi (± 2.5%). 
Opening pressure, rupture pressure, vol-
ume infused, and location of rupture were 
recorded. Pressures were simultaneously 
recorded at each adjacent disc level using 
additional pressure monitors and identi-
cal needle placement. Immediately fol-
lowing discography, CT was performed 
on each specimen according to the dis-
cography protocol. All radiographic stud-
ies were read by a musculoskeletal radiol-
ogist who was blinded to the pressure and 
volume recordings (Fig. 2). 

Statistical analysis was performed 
using commercially available software 
(XL Stat; Addinsoft, Brooklyn, NY). Non-
parametric data were analyzed utiliz-
ing repeat measure Analysis of Variance 
(ANOVA) and parametric data were ana-
lyzed utilizing a student’s T-test. A P-val-
ue < 0.05 was considered statistically sig-
nificant.

RESULTS

Twenty-six discs, C2-3 to C7-T1, 
were grossly intact with no evidence of 
frank rupture. The median opening pres-
sure was 30 psi [206.8 kPa] (range 14-
101 psi) [96.5-696.4 kPa]. Two discs did 
not rupture and were pressurized to 367 
psi [2530.4 kPa]. In 24 discs, the medi-
an intradiscal rupture pressure was 40 
psi [275.8 kPa] (range 14-171 psi) [96.5-
1179.0 kPa]. The median volume infused 

at rupture was 0.5 ml (range 0.25 to 1.0 
ml). When grouped, the median intra-
discal rupture pressure in the C2-3, C3-
4, and C7-T1 discs was 53 psi [365.4kPa] 
(range 16-171 psi)[110.3-1179 kPa] com-
pared to 36.5 psi[251.7kPa] (range 14-150 
psi) [96.5-1034 kPa] in the C4-5, C5-6, 
and C6-7 discs (p=0.18) (Figures 3 & 4). 
While this difference was appreciable, it 
is not statistically significant. The average 
intradiscal rupture pressure for C2-3, C3-
4, and C7-T1 was 66 psi [455.1 kPa] com-
pared with 55 psi [379.2 kPa] in C4-5, C5-
6, and C6-7 discs (p=0.156). There was no 
measurable pressure change in any of the 
30 adjacent disc levels evaluated. 

DISCUSSION

Investigation of intradiscal rupture 
pressure exhibited a bimodal distribu-
tion with higher intradiscal rupture pres-
sures observed in the C2-3, C3-4, and C7-
T1 discs compared with those of the C4-5, 
C5-6, and C6-7 discs. Despite maximum 
pressurization, there was no transmission 
of pressure to adjacent cervical discs. Dur-
ing in-vivo provocative discography, it is 
possible to observe a disc with normal ap-
pearance and dye distribution, but with a 
positive concordant pain response (6). In-
vivo investigation has shown that there is 
no transmission of pressure to adjacent 
discs in the lumbar spine when a normal 
appearing disc with a concordant pain 
response is infused at 100 psi (7) [689.5 
kPa]. Similar to findings in the lumbar 
spine, this finding suggests that pressure 
transmission to an adjacent symptomat-
ic level does not explain such an observa-
tion (8). 

A high rate of asymptomatic radio-

graphic changes have been seen in cer-
vical spines of individuals of all ages, so 
discography may be the only test capable 
of localizing the specific painful disc (9). 
Discogenic pain during discography can 
be attributed to either mechanical irrita-
tion or chemical mediators. Derby et al 
(9) have defined discographic parameters 
in the lumbar spine for differentiating be-
tween these two etiologies. Chemical dis-
cogenic pain was determined to occur 
when less than 1 ml of contrast was visu-
alized reaching the outer annulus or with 
pain elicited at less than 15 psi [103.4 kPa] 
above the opening pressure. Mechani-
cal pain was implicated with symptoms 
occurring at pressures 15-50 psi [103.4-
344.7kPa] above the opening pressure. 
In this study, chemical discogenic pain 
was determined to be predictive of a good 
surgical outcome, whereas mechanical 
pain could not be shown to be predictive 
and required further investigated. Eighty-
nine percent of patients with chemically 
sensitive discogenic pain achieved relief 
with a lumbar interbody fusion (9). Ex-
amining lumbar discography as a predic-
tor of surgical outcomes, Kikuchi et al (2) 
found good to excellent results in 39% of 
patients who did not undergo preopera-
tive discography, compared with 79.7% 
of patients who were diagnosed by posi-
tive discography. Similarly, Simmons et al 
(10) reported 80.8% good to excellent re-
sults with fusion after positive preopera-
tive discography. It is our ultimate goal to 
document the predictive value of cervical 
discography and to develop similar pres-
sure parameters for diagnosis. 

In the current study, minimum pres-
sure for disc rupture was 14 psi with infu-

Fig. 2. CT following discographyFig. 1. Cadaveric discography
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sion of only 0.25 ml. These results indi-
cate that cervical intervertebral discs may 
have appreciably lower pressure parame-
ters than those of the lumbar spine and 
that the potential for iatrogenic disc inju-
ry may exist with low pressures and vol-
umes. If pressure-controlled discography 
is to be safe and effective in the cervical 
spine, a specific cervical infuser may need 
to be developed with a capacity to admin-
ister smaller volumes and with a more 
sensitive gauge. 

The cadaveric testing in this study 
was limited by sample size, but it begins to 
establish parameters for intradiscal pres-
sure measurement as a component of 
provocative cervical discography. Further 
cadaveric testing is necessary to develop 
more robust parameters. Weaknesses of 
this study include the small sample size 
and the potential changes that may occur 

in the composition of cadaveric discs even 
when employing fresh-frozen specimens; 
these changes include differences in rup-
ture pressures at the same level on differ-
ent specimens. 

As surgeons seek to treat axial or pre-
dominant neck pain recalcitrant to con-
servative therapy, discography holds the 
promise of aiding in the localization of 
intradiscal pathology. In combination 
with zygapophyseal joint injections, dis-
cography will play an important role in 
preoperative planning. With the immi-
nent introduction of cervical disc ar-
throplasty, the problem of adjacent lev-
el degeneration found after cervical fu-
sion may be all but eliminated. Thus, cer-
vical disc replacement may prove to be a 
superior option to cervical fusion in the 
not too distant future. Cervical discogra-
phy is certain to be integral to the surgical 

Fig. 3. Disc pressure measurements 

Fig. 4. Pressure-volume curve
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treatment algorithm whether arthroplas-
ty or fusion is indicated. This study estab-
lishes a starting point for intradiscal pres-
sure monitoring in the cervical spine, but 
further cadaveric testing will be necessary 
before it can be expanded to human trials 
and clinical applications.

CONCLUSION

Introgenic disc rupture may occur at 
lower pressures and volumes with cervi-
cal than lumbar discs. Further studies are 
needed to develop pressure infusion de-
vices appropriate for the cervical spine.
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