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Abstract

Background Cadaveric studies suggest neck postures may affect cervical intradiscal pressure (CIDP) and potentially
contribute to intervertebral disc (IVD) pathologies. Despite neck flexion and protraction posture prevalence and
potential impact on cervical IVD health, no studies have investigated CIDP during end-range protraction and
retraction. This study investigated (1) CIDP differences between cervical traction, six sagittal plane cervical end-ranges,
and neutral posture; (2) CIDP and segmental cervical range of motion (ROM) correlation; and (3) CIDP measurement
reliability.

Methods Seven cadaveric specimens, mean age 80.6+7.2 years, had cervical segmental ROM assessed by lateral
radiographs and CIDP responses measured by fiberoptic pressure sensors in C4-5, C5-6, and C6-7 IVDs for supine end-
range chin to neck, chin to sternum, protraction-flexion, occiput to neck, occiput to thorax, retraction-extension, and
neutral traction.

Results Friedman tests revealed greater CIDP in (1) chin to sternum as compared to traction at C4-5, C5-6 and C6-7
(p<.02); (2) chin to sternum as compared to retraction-extension at C5-6 and C6-7 (p=.027); and (3) chin to sternum
as compared to protraction-flexion at C5-6 (p=.042). End-range postures demonstrated moderate effect sizes on
CIDP at C4-5 (ES=0.31), C5-6 (ES=0.46), and C6-7 (ES=0.36) using Kendall's W. Strong correlations between cervical
segmental ROM and CIDP were identified at C4-5 chin to neck, rs=0.79, p=.04; C5-6 occiput to thorax, r=0.79,
p=.04; and Cé-7 protraction-flexion, r=0.82, p=.02. Reliability was good to excellent for CIDP and segmental ROM
measurements (ICC>0.92, 95%Cl| 0.86-0.98).

Conclusions Consistent chin to sternum increases and traction decreases in CIDP occurred at all cervical IVD levels.
The CIDP tended to increase during flexion end-ranges at all IVD levels, while extension, protraction, and retraction
tended to decrease at C5-6, C6-7 and increase at C4-5. Large positive or negative CIDP variations with even larger
standard deviations were observed within and between cervical IVD segments during various postures.
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Background

Discogenic pain represents a common cause of neck pain
and accounts for approximately 20% of cervical spine
pathology in the United States [1-3]. The lower cervical
intervertebral discs (IVDs) are prone to early, multi-level
degeneration and result in internal and external IVD dis-
ruptions, foraminal and central stenosis, and nerve root
compression syndromes [4—8]. Progressive cervical spine
degeneration may result in chronic disability for 5-16%
of patients with neck pain [1-3, 9].

Cervical intradiscal pressure (CIDP) is a potential fac-
tor of discogenic pain and indicator of overall IVD health
[3, 4, 7, 10-13]. Increased CIDP correlates with IVD
degeneration [3, 4, 7, 10-12], while decreased CIDP can
be indicative of annular weaknesses, disc rupture, and
potential leakage of nuclear material [8, 14]. Cervical
spine postures in the sagittal plane increase CIDP, with
flexion demonstrating the largest increases followed by
extension. Increased CIDP occurs frequently in adja-
cent segments of the cervical spine during fusions or
arthroplasties and are suggested as an accelerator of IVD
degeneration [4, 6, 7, 10, 12, 15-18]. Previous studies
have examined CIDP in cadaveric specimen with vary-
ing postures and identified increased CIDP in flexion and
end range extension [4, 6, 7, 15, 18, 19]; however, these
postures were limited in range of motion (ROM) excur-
sion and performed in vitro with mechanical testing sim-
ulators [9, 20—22]. The CIDP has been demonstrated to
increase in sagittal plane ROM; however, we do not know
CIDP responses in the lower cervical IVDs during chin
to neck flexion, chin to sternum flexion, occiput to neck
extension, occiput to upper back extension, protraction,
or retraction [4, 7, 9, 10, 12, 15-18, 20-22].

Most studies examined differences between pre- and
post-operative CIDP, usually C4-5 and C6-7, following
surgical interventions such as arthroplasty and/or fusions
of two or more segments [4, 6, 10, 12, 15-17].

Of particular note is the paucity of CIDP assessment
in vivo or in situ, where only one study examined CIDP
and volume capacity in healthy versus degenerated IVDs
in 19 patients under anesthesia prior to surgical interven-
tion [23, 24]. Another weakness in CIDP current knowl-
edge is the lack of pressure response at the C5-6 IVD
level, typically the location of surgical fixation in many of
the identified studies [4, 6, 12, 15—-17]. This gap in CIDP
responses at C5-6 represents significant challenges for
conservative care as it is the most common level of lower
cervical spine IVD pathology [25].

Conservative treatment approaches use sagittal plane
postures for manual therapy interventions, as well as
exercise prescription to address cervical IVD pathologies.
Selected authors addressed effects of cervical traction in
cadaveric specimens, revealing decreased CIDP corre-
sponding with distraction forces [19, 26]. A singular in
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situ study investigated prone manual cervical distraction
on nine cadaveric specimens and reported lower CIDP
at the C4 to T1 IVD levels during the technique [13]. Of
particular interest is cervical retraction, which is a nec-
essary movement to maximally flex the upper cervical
spine segments and is a core component of many treat-
ment strategies to address postural dysfunction and dis-
cogenic pain [9, 21, 22, 27, 28].

Despite widespread use of cervical retraction to treat
cervical IVD pathology, objective information regarding
effects of this posture on CIDP are unknown and effi-
cacy is determined by empirical evidence alone [21, 22].
Understanding the effects of sagittal plane end-range
postures on CIDP could help inform development of
future clinical studies on methods of identification, pre-
vention, and management of cervical IVD conditions.

The purpose of this study was to investigate in human
cadaveric specimens the CIDP differences between six
sagittal plane end-range cervical postures and traction in
neutral, the correlation between CIDP and cervical seg-
mental range of motion (ROM), and the measurement
reliability.

Methods

The investigation aimed to establish in human un-
embalmed cadaveric specimens (1) CIDP differences
between neutral posture with cervical traction and six
sagittal plane end-range cervical postures including
chin to neck, chin to sternum, protraction with flexion,
occiput to neck, occiput to thorax, and retraction with
extension (Fig. 1); (2) CIDP differences between each of
the lower cervical IVD levels; (3) the correlation between
CIDP and cervical segmental ROM, and (4) the CIDP
measurements intra-rater reliability during end-range
cervical postures in the sagittal plane in supine.

Research design
Experimental test-retest reliability study and pre-test,
post-test repeated measures design.

Specimens and sample size

A convenience sampling of ten un-embalmed
human cadavers was acquired through the départe-
ment d’anatomie de I'Université du Québec a Trois-
Riviéres and the study protocol was approved by the
Ethics Subcommittee for use of cadaveric material
(SCELERA-21-06). Inclusion criteria consisted of adult,
willed body donor, un-embalmed cadavers. Exclusion
criteria were any known cervical spine surgery history,
cervical spine trauma, cervical ROM limitations greater
than 50% [29], cervical spine cancer or significant sys-
temic conditions impairing cervical joint mobility, and
radiographic evidence of advanced degenerative cervical
spine disease. Criteria were selected to ensure viability
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Fig. 1 Supine end-range postures with radiographs. (a) Flexion — chin to neck, (b) Flexion — chin to sternum, (c) Cervical protraction with flexion, (d)
Extension — occiput to neck, (e) Extension — occiput to upper thoracic spine, (f) Cervical retraction with extension, (g) Neutral with cervical traction

of all lower cervical IVDs and consistency with previous
CIDP studies to promote greater applicability of findings.
Two cadavers were excluded secondary to radiographic
findings including severe degenerative changes and com-
plete fusion of the C4-5 vertebral bodies. A third speci-
men sustained a C6-7 IVD rupture during end-range
posture radiographs and was unable to maintain pres-
surization for further testing. Four female and three male
cadaveric specimens with a mean age of 80.6+7.2 years
(range 70-89), mean height of 1.6+0.1 m, mean weight
of 57.9+11.8 kg, and mean body mass index of 21.6+2.9
were included in the study.

Lab environment

The cadaveric specimens were wrapped in saline-soaked
material, bagged and frozen in storage until needed
at —18 degrees Celsius. Each cadaveric specimen was
thawed for 24 h at 14—16 degrees Celsius prior to testing.

The tissue was frequently irrigated with saline during
preparation and testing to preserve tissue moisture.

Specimen preparation
Demographic information including sex, age, height,
weight, body mass index, and cause of death was
recorded for all specimens during intake of willed body
donors by the département d’anatomie de I'Université du
Québec a Trois-Riviéres. Investigator-1, a physical thera-
pist with 23 years of clinical experience and advanced
national certification in musculoskeletal physical therapy,
performed and reviewed lateral radiographs to rule out
cervical spine exclusion criteria [6, 7, 10-14, 16-19, 26,
30]. After radiographic verification, an anterior midline
dissection was performed to expose the anterior surfaces
of the cervical spine to allow visualization of the C4 to C7
IVDs [1, 5, 11, 12].

A metal marker of known size was inserted on the lat-
eral aspect of the C3 vertebral body and verified by lateral
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radiograph (Fig. 2A). This marker assisted with IVD level
identification and measurement scaling.

The cadaver was positioned and secured by straps with
the T2 spinous process at the edge of the table and the
head supported on a portable instrument tray. Investi-
gator-1 positioned cadavers in each sagittal plane end-
range posture including neutral without traction, chin
to neck (Fig. 2B), chin to sternum, protraction with
flexion, occiput to neck, occiput to thorax, and retrac-
tion with extension while investigator-2 obtained lateral
radiographs using standardized imaging parameters [21,
27, 31]. Radiographic images were saved and later mea-
sured segmental ROM for each IVD segment in all seven
postures.

Following ROM assessment, 1 and % inch 18-gauge
needles were inserted into the C4-5, C5-6, and C6-7
IVDs [12-15]. Each segment IVD space was identified
counting caudally from the previously marked C3 ver-
tebral body and visually verified for bulging of the IVD
during cervical flexion, extension, and lateral flexion
movements. Needles were inserted into IVDs and imme-
diately removed and flushed to eliminate annulus mate-
rial clogging. Careful reinsertion of the needle into initial
entrance holes was necessary to prevent IVD pressuriza-
tion loss and achieved by magnified visualization during
withdrawal. Verification of needle placement within IVDs
was achieved by filling the Luer lock hub of a needle with
water to create a meniscus. The meniscus was observed
for movement during cervical ROM, demonstrating bulg-
ing during flexion, retraction during extension, or no
response with incorrect placement. Needle placement
within IVDs was verified by lateral radiographs (Fig. 2C)
with repositioning and subsequent re-verification as nec-
essary [1,4-7, 11, 12, 16]. Sutures were placed within the
anterior vertebral ligament to maintain needle position.
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Cotton patches and tissue glue were placed and cured for
five minutes to re-enforce needle placement.

Instrumentation setup and calibration

The CIDP was measured at the C4-5, C5-6, and C6-7 IVD
levels simultaneously with three FISO FPI-HR-2 fiberop-
tic pressure sensors with range +300 mm Hg and accu-
racy +1 mm Hg (FISO Technologies Inc., Québec, QC,
Canada) [7, 10, 12, 15, 16, 18]. Pressure chamber systems
were constructed from a 4-way stopcock with swivel
male Luer lock, an injection adapter with MLL 1 and 7/16
inches, a 17-inch Appx 0.48 mL smallbore ext set with
MicroClave clear clamp Luer lock for direct attachment
to the IVD needle, and a 10 mL syringe filled with water
(Fig. 3). All pressure chamber systems components were
pre-loaded with water to eliminate air. Fiberoptic sensors
labeled with corresponding IVD levels were introduced
by 18-gauge needles into the injection adapter chamber.
Needles were retracted once sensors were in the cham-
bers. Pressure system chambers were visually inspected
to ensure no air present prior to connecting 17-inch tub-
ing to IVD needles. Preloading IVDs was accomplished
introducing up to 0.1 mL water prior to testing and as
needed to maintain pressure responses during repeated
trials [14, 23].

The OptiTrack 3D motion analysis system (Natural-
Point, Inc., Corvallis, OR, USA) ensured consistency
performing repeated sagittal plane end-range postures
during Phases 1 and 2. Comparison of OptiTrack to
other three-dimensional motion analysis systems dem-
onstrated excellent proficiency with linear measurement
accuracy and reliability [32—34]. Data collection occurred
in a designated laboratory area with fixed global axes
and camera placements for three-dimensional visualiza-
tion of specimen movements by investigator-1. Static

Fig. 2 Lateral radiograph detailing angular ROM measurements and intradiscal needle placement. (A) radiographic marker placed in C3 vertebral body,
(B) C5-6 IVD disc space angle during chin to neck posture, (C) C5-6 IVD needle placement verification
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Fig. 3 Cadaveric specimen in supine at completion of preparatory procedures. (A) OptiTrak marker cluster; (B) three 18-gauge needles inserted in C4-5,
(C5-6, and C6-7 IVDs; (C) three FISO fiberoptic pressure sensors in closed pressure chamber systems

and dynamic system calibration was performed prior to
collecting CIDP measurements. A custom-made four
cluster marker with 6-inch post was mounted into a pre-
drilled location in the zygomatic bone (Fig. 3) [35]. The
OptiTrack provided real-time tri-planar motion feed-
back to investigator-1, ensuring isolated sagittal plane
movements. Starting neutral position was defined as
mid-range between cervical flexion and extension and
specimens were positioned with an adjustable procedure
table prior to each trial. Investigator-1 clinical experi-
ence determined end-range during the first trial, and the
OptiTrak coordinates of this initial end-range position
were noted as a reference for investigator-1 during subse-
quent trials. Each trial consisted of five cycles that began
in neutral, proceeded to clinical end-range and held for
three seconds, returned to neutral position and held for
five seconds.

Data collection

Phase 1: CIDP measurements reliability

Measurement order for each end-range posture was
randomly assigned using an analog randomization tech-
nique. Each end-range posture trial was started with the
specimen head in neutral position determined by the
mid-range between cervical flexion and extension [4, 30].
Five trials of each sagittal plane end-range posture were
performed for the first two specimens with mean CIDP
calculated [4, 6, 7, 10, 15, 16]. This process was repeated
three times and reliability calculated for the three mea-
surements. Two investigators performed the data collec-
tion. Investigator-1 performed all cervical spine sagittal
plane end-range postures using an empirical approach of

pressure used in clinical practice (Fig. 4). Investigator-1
was blinded to all CIDP measurements throughout test-
ing. Investigator-2 recorded all CIDP readings for each
cervical IVD level (C4-5; C5-6 and C6-7) and monitored
results for IVD pressure loss indications requiring system
reloading or needle flushing. The same order of measure-
ments was used on all three rounds of reliability testing.
Successive testing rounds were repeated 30 min after
previous data collection completion.

Phase 2: CIPD measurements

The end-range posture testing order was randomly
assigned for each specimen by investigator-2 as previ-
ously reported. Neutral head position was obtained as
previously discussed prior to each trial of end-range
postures. Investigator-1 performed five repetitions of
each cervical spine sagittal plane end-range posture with
investigator-2 monitoring pressure responses of speci-
mens during testing [4, 6, 7, 10, 15, 16], Investigator-1
remained blinded to CIDP measurements obtained dur-
ing neutral and end-range postures while Investigator-2
recorded CIDP measurements for each end-range pos-
ture during the five trials.

Phase 3: CIDP and segmental cervical ROM correlation

Segmental cervical spine angular ROM was measured
at C4-5, C5-6, and C6-7 for all end-range postures for
each cadaveric specimen from digital lateral radiograph
images. Measurements were performed using open-
source software program Image] (Wayne Rasband and
contributors, National Institutes of Health, Bethesda,
Maryland, USA). Segmental ROM for IVD levels were
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Fig. 4 Specimen in supine during occiput to neck end-range posture. A. OptiTrack 3D motion reference, B. FISO fiberoptic sensor input device for CIDP

recording

measured by anterior disc space angles at neutral and
each end-range posture. Tangential lines were drawn at
inferior endplates of superior vertebrae and superior
endplates of inferior vertebrae. Angles created by tan-
gential lines for each IVD segment were measured for
all specimens at each end-range posture and neutral
cervical spine using the modified Cobb angle method to
determine anterior disc space angle [36, 37]. Intra-rater
reliability was determined for investigator-1 by three
segmental ROM measurements at C4-5, C5-6, and C6-7
from two specimens completed over three separate
days. Segmental ROM and CIDP measurements for each
end-range posture were correlated to identify potential
associations.

Data analysis
Descriptive statistics including mean, median, standard
deviation, minimum and maximum values for specimen
demographics including age, gender, height, weight, and
body mass index were calculated and reported above.
Inferential statistics were calculated using the IBM
SPSS Statistics, Version 27 (IBM Corporation, New
Orchard Road, Armonk, NY 10504). Intraclass correla-
tion coefficient [ICC (3,5)] was measured using mean
CIDP changes from the five consecutive measurements
of each end-range posture at each of the three cervical
IVD levels. The CIDP data did not meet assumptions for

parametric statistics for normal distribution, therefore
multiple Friedman two-way ANOVAs were used to eval-
uate main effects in CIDP differences during various end-
range cervical postures for C4-5, C5-6 and C6-7. Post hoc
analyses were performed with Dunn’s pairwise compari-
sons to assess for significant differences in CIDP between
each end-range posture for each cervical IVD level. Alpha
level was adjusted using Bonferroni correction to <0.002
for multiple comparisons. The effect size of end-range
postures on CIDP for each IVD level was calculated by
Kendall’s W. Intra-rater reliability of segmental cervical
spine angular ROM measurements was performed by
ICC (3,1). Spearman rank correlation was performed on
CIDP and cervical ROM by IVD level for each end-range
posture to identify any association between measures.

Results

Descriptive statistics of CIDP for all cervical end-range
postures at each IVD level are presented in Table 1. Addi-
tional File 1 includes strip plots of CIDP at all IVDs for
each specimen across six end-range postures and trac-
tion to assist with visualization of variability of pressure
responses.

Phase 1 of our study sought to establish the intra-
rater reliability of CIDP measurements and resulted
in an ICC (3,5) greater than 0.92 (95% confidence
interval = 0.86-0.95.86.95).
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Table 1 End-range CIDP (mm Hg) means, standard deviations,
median, and interquartile range at each IVD level

Page 7 of 10

Table 2 End-range cervical angular ROM (degrees) means,
standard deviations, range, CIDP correlation and significance per

Posture  Statistics C4-5 C5-6 Cc6-7 VD
Chinto  Mean£SD 25.59+4449  40.62+87.39 9.71+26.58 Posture Statistics C4-5 C5-6 C6-7
Neck Median 323 0.26 0.25 Neutral Posture Mean+SD 11.44+2.13 10.17£323 5.59+3.96
IOR 5223 95.76 481 Range  7.93to 471 to 23210
Chinto  Mean+SD 10407424561 52.80+69.63 32.55+47.85 14.68 13.32 14.04
Sternum  Median  7.77 2218 15.16 Mean Differences from Neutral Posture
IOR 2678 13708 3738 Chin to Neck Mean+SD —437+498 —548+424 033338
Protrac-  Mean#SD 61.84424968 —69.84+13048 —3025+71.28 Range ~ -937to  -956to  —401to
tion- Median 716 ~17.38 ~061 477 2.20 3.13
Flexion IOR 2280 83.69 3461 Spearman  r=0.79, r=0.18, r=0.07,
) p=.04 p=.70 p=388
Occiput Mean+SD 28.65+37.48 —15.00£100.02 —1.73+8.84 .
to Neck ) 3 B Chinto Sternum ~ Mean+SD —6.84+2.92 —5.85+257 —1.78+4.80
Median 435 0.50 033
I0R 2851 4210 1091 Range -1156t0  —9.09to -10.11to
. -249 —204 208
%C%F;Urgx mZZ?;SD %'8?275‘59 72513.234;132.64 7249&(9&32.00 Spearman r=-032, r=-011, r=-036,
: : : p=48 p=.82 p=43
IGR 26.14 279.74 36.99 Protraction-Flexion Mean#SD —6.65+2.96 —6.58+2.36 —1.89+343
Retrac-  Mean#SD 26017378  —10345£12990 —1685+36.07 Range  -1158to  -993to  —904to
tion-Ex- Median  9.50 —13.65 497 ~386 412 1.89
tension  joR 109.47 23607 67.77 Spearman r=018,  r=-014, r=0.82,
Traction  Mean+SD —-51.13+£6841 —101.45+£168.12 —45.69+60.61 p=.70 p=.76 p=.02
Median -31.40 -9.12 -31.99 OcciputtoNeck  Mean+SD —0.05+4.01 0294591 2.04+3.76
IQR 86.98 238.68 64.05 Range -7.61to —-598to -351to
Positive numbers indicate increased CIDP while negative numbers indicate 3.96 9.13 894
decreased CIDP Spearman r=-021, =029, r=0.50,
CIDPCervical intradiscal pressure, [VDintervertebral disc, /QRinterquartile p=.65 p=.54 p=25
range OcciputtoThorax Mean+SD 3.94+435 2034543 3.73+454
Range -1.86to —2.58to -3.03to
Phase 2 explored the effect of end-range sagittal plane S :ii N 15)479 ?Zg .
postures on CIDP relevant to the C4-5, C5-6, and C6-7 p=59  p=04  p=34
IVDs using Friedman ANOVAs with results indicating  gataciion- MeantSD 2124382 1504686 4164464
that end-range postures effected changes in CIDP for  Extension Range 907t0  —671t0 41810
each IVD level. Pairwise comparisons showed signifi- 877 11.35 968
cant CIDP increases from C4-5 traction to chin to ster- Spearman  r,=0.14, r,=0.50, r=0.71,
num (p =.011); C5-6 traction to chin to sternum (p =.007); p=76 p=25 p=07

C5-6 chin to sternum to retraction-extension (p=.027);
C5-6 chin to sternum to protraction flexion (p=.042);
C6-7 chin to sternum to traction (p=.018); and C6-7 chin
to sternum to retraction-extension (p=.027). When con-
sidering prevalence of increased CIDP across each end-
range posture at all IVD levels, CIDP increased 71% of
the time during chin to neck, 100% during chin to ster-
num, 38% during protraction-flexion, 48% during occiput
to neck, 33% during occiput to thorax, 38% during retrac-
tion-extension, and 0% during traction. Moderate effect
sizes of end-range postures on CIDP at each IVD level
were determined by Kendall’s Coefficient of Concordance
with 0.31 at C4-5, 0.46 at C5-6, and 0.36 at C6-7.

In Phase 3, the intra-rater reliability of radiographic
angular measures of segmental cervical spine ROM
resulted in an ICC(3,1) greater than 0.96 (95% confi-
dence interval=0.94-0.98.94.98). Although ROM data
did meet assumptions for normality, CIDP did not dis-
play a normal distribution, thus the Spearman rank

Bold indicates significant values; values represent disc space angle between
adjacent vertebral endplates; negative numbers represent decreased angles
relative to neutral posture indicating flexion; positive numbers represent
increased angles relative to neutral posture indicating extension

CIDP cervical intradiscal pressure, IVDintervertebral disc, ROMrange of motion,
r; Spearman rank correlation

correlation was calculated. Strong correlations between
end-range posture and CIDP were identified at C4-5
chin to neck, r4=0.79, p=.04, where cervical flexion and
CIDP increased; C5-6 occiput to thorax, r5=0.79, p=.04,
where cervical flexion and CIDP decreased; and C6-7
protraction flexion, r¢=0.82, p=.02, where cervical flex-
ion increased and CIDP decreased. Expected positive
and negative correlations were not found in many of the
end-range conditions, including C6-7 protraction flexion.
These results may be attributed to outliers created by the
wide CIDP variations observed within and between spec-
imens. Segmental cervical spine angular ROM and cor-
relation details are presented in Table 2.
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Discussion

Our study was the first to evaluate effects of supine sagit-
tal plane end-range cervical postures including protrac-
tion and retraction on CIDP. Results indicated that CIDP
was highly variable within and between cadaveric speci-
mens. Variability in CIDP may occur as result of many
factors including specimen age, gender, vertebral archi-
tecture, gravitational forces, and degenerative changes to
the IVD segments all potentially leading to alternations
in segmental ROM, disc height, and lordotic angle. Addi-
tional studies have explored the impact of IVD degenera-
tion on segmental range of motion and CIDP, suggesting
that degeneration ultimately decreases segmental range
of motion and CIDP through biomechanical alterations
that become progressive in nature and accelerate fur-
ther degeneration. Considering the contributions of IVD
degeneration to decreased motion and pliability of the
cervical disc segments leads to the question of whether
overall IVD degeneration is the determinant of highly
variable CIDP responses. This variability is consistent
with previous studies demonstrating wide ranging CIDP
values from 700 mm Hg in cervical extension [4] to 7978
mm Hg during cervical flexion and extension movements
[12] with greater unpredictability with concomitant cer-
vical IVD degeneration. The CIDP measurements in
our study also ranged widely from - 188 to 660 mm Hg
at C4-5, -427 to 216 mm Hg at C5-6, and — 189 to 138
mm Hg at C6-7. Several factors may be contributing to
overall lower CIDP measurements recorded in our study
compared to those reported in previous investigations.
First, the mean age of our specimens was 80.6 years,
increasing the likelihood of degenerative cervical IVDs.
Kambin et al., [23] Menkowitz et al. [14] and Hattori et al.
[24] demonstrated decreased CIDP in subjects with IVD
degeneration. Hattori et al. [24] detailed the unpredict-
ability of peak CIDP during varied cervical ROM, even
citing flexion causing negative CIDP. Instrumentation for
measuring CIDP varies widely across the limited studies
examining cervical IVDs. Most other studies included
some degree of axial compression and vertical postures,
which resulted in increased CIDP [4, 6, 7, 11, 16-18],
whereas our study was performed in supine without axial
loading to simulate clinical conditions.

Our results demonstrated highest CIDP during flex-
ion movements and decreased CIDP during extension
and was consistent with the findings of Pospiech et al. [7]
and Wu et al. [19] Additionally, Pospiech et al. [7] iden-
tified that proximal IVDs, C3-4 in their study, yielded
higher CIDP both in flexion and extension ROM, which
was reflected in our study with C4-5 tending to display
higher CIDP in all end-range sagittal postures than C5-6
and C6-7 [7]. Further support of increased CIDP during
flexion, decreased CIDP during extension, and decreas-
ing CIDP in the caudal direction of IVD segments was
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reported by Liebsch and Wilke [38] in their system-
atic review and meta-analysis of whole spine intradiscal
pressures.

Several cervical postures demonstrated meaningful
consistency for CIDP changes. Differences between cer-
vical traction with decreased CIDP and chin to sternum
with increased CIDP were statistically significant in all
cadaveric specimens at C4-5, C5-6 and C6-7 reflecting
the findings of many prior studies. Chin to sternum ver-
sus retraction-extension at C5-6 and C6-7 were also sta-
tistically significant, while C5-6 also reached significance
for chin to sternum compared to protraction-flexion. The
findings for Cervical traction CIDP reductions were con-
sistent with Gudavalli et al., [13] Li et al., [26] and Wu et
al., [19] while increased CIDP in cervical flexion posture
was supported by the findings of Pospiech et al. [7] and
Wu et al. [19] Our findings differed from the results of
Hattori et al.,, [28] Eck et al,, [4] and Park et al., [6] who
reported cervical extension movements increased CIDP
greater than cervical flexion. Thus, uncertainty remains
about sagittal plane direction impact on CIDP.

Although not statistically significant, a greater percent-
age of specimens experienced decreased CIDP in pro-
traction (57% at C4-5, 71% at C5-6, and 57% at C6-7),
retraction (71% at C5-6 and C6-7), occiput to neck (57%
at C5-6 and 57% at C6-7) and occiput to thorax (57% at
C4-5, 71% at C5-6 and C6-7), while CIDP increased in a
majority of specimens during chin to neck (86% at C4-5,
71% at C5-6, and 57% at C6-7). The exception to the rule
was C4-5, which demonstrated increased CIDP during
occiput to neck (57%) and retraction (57%). This finding
at C4-5 is consistent with higher pressures in proximal
IVDs as noted by Pospiech et al. [7] and may represent an
important distinction in CIDP responses at the transition
between upper and lower cervical spine.

Clinically, our findings showed large CIDP variability
in response to sagittal plane end-range postures. Tenden-
cies for CIDP to decrease during extension movements
were supported at C5-6 and C6-7, while C4-5 remained
less predictable in CIDP responses. Full cervical flexion
attained through chin to sternum motion consistently
increased CIDP. In contrast, cervical traction decreased
CIDP regardless of IVD level. Variable CIDP responses
at C4-5 and decreases at C5-6 and C6-7 during exten-
sion and retraction postures may present a distinction
between the transition of lower to cervical spine and may
warrant further investigation. Despite protracted cervical
postures requiring end-range flexion of the lower cervical
IVD segments, CIDP tended to decrease at all IVD levels
during end-range protraction despite similar segmental
ROM to chin to sternum postures. This finding was unex-
pected due to the similar biomechanical properties of the
movements and would benefit from further exploration.
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Several limitations exist that affect the application of
our results to clinical practice. Our convenience sample
of cadaveric specimens were of advanced age with cervi-
cal IVD degeneration which tends to decrease CIDP. The
small sample size is a limitation for the statistical power
of the study; however, moderate effect sizes were demon-
strated with respect to the significant end-range postures
on CIDP. As with all cadaveric studies, direct correlation
with live patient care is not possible due to absent con-
tributions of IVD fluid mechanics, active muscle contrac-
tions, and neurophysiologic control, which all potentially
increase CIDP. Previous studies have demonstrated sim-
ulated muscle contractions and axial loading do increase
CIDP significantly. Specimens are limited in physiologi-
cal responses to tissue loading and testing and ignores
the contribution of contractile elements on CIDP and
ROM.

Our study measured CIDP with all specimens in the
supine position and was consistent with procedures in
Hattori et al’s [24] in vivo study of cervical IVDs prior
to surgical intervention as well as the two traction stud-
ies by Gudavalli et al. [13] and Wu et al. [19] The focus
on supine postures was driven by similarity with clini-
cal assessment and treatment as well as feasibility,
understanding that loaded postures were the next line
of inquiry. Future research directions should evaluate
effects of static and dynamic loading end-range postures
on CIDP in weight bearing positions to simulate the
effects of head weight, muscle forces, and gravitational
forces. Axial rotation and lateral bending end-range pos-
tures may also be included to cover all components of
cervical mobility. Formal IVD degeneration grading by
radiograph or magnetic resonance imaging (MRI) should
be included in future studies to identify potential corre-
lations on CIDP responses. As addressed in limitations,
larger sample sizes comprised of different ages would
help reduce the effects of degeneration on IVD segments
and provide greater statistical power. Additional areas
to study would be the correlation of IVD morphologic
measurements such as anterior disc height to CIDP and
exploring MRI and diagnostic ultrasound imaging capa-
bilities as a non-invasive assessment of IVD responses to
end-range postures in vivo.

Clinical translational directions

This study identified cervical end-range postures that
demonstrated increases and decreases in CIDP, with
some very consistent and others showing strong ten-
dencies. With the development and validation of non-
invasive measures of CIDP or IVD volume, clinical pilot
studies assessing efficacy of end-range postures on dis-
cogenic pain may be possible. Disc hydration and dehy-
dration management approaches have been suggested
for lumbar discogenic pain; although, cervical IVDs are
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morphologically different, perhaps end-range postures
could be used to similar effect. In vivo responses may
be compared to in situ for correlation of changes in disc
height and lordotic angle during sustained or repeated
end-range postures while also considering reported pain
responses.

Conclusion

This is the first research study to examine CIDP dur-
ing supine sagittal plane end-range postures, including
retraction and protraction, and improves understanding
CIDP variability from a cadaveric context, which may
inform future clinical investigations. Our findings dem-
onstrated decreased CIDP at C4-5, C5-6 and C6-7 dur-
ing cervical traction while CIDP increased during chin
to sternum postures across all IVD levels. Supine cervi-
cal IVD responses in magnitude and direction of CIDP
values during chin to neck, protraction, occiput to neck,
occiput to thorax, and retraction. Increased CIDP tended
to occur during chin to neck postures and then demon-
strated decreasing trends during protraction, occiput to
neck, occiput to thorax and retraction.

Abbreviations

CIDP Cervical intradiscal pressure
IVD(s) Intervertebral disc(s)
ROM Range of motion

Supplementary Information
The online version contains supplementary material available at https://doi.or
g/10.1186/512891-025-09284-6.

[ Supplementary Material 1. J

Acknowledgements

The authors thank the anatomy laboratory team at the Université du Québec
a Trois-Rivieres for their support and the use of their facilities and equipment.
The authors also sincerely thank those who have donated their bodies to
science so that anatomical research could be performed. These donors and
their families deserve our highest gratitude.

Authors’ contributions

The roles of each author are detailed below according to the Contributor
Roles Taxonomy (CRediT).Marc T. Crawford — conceptualization, data

and curation, formal analysis, investigation, methodology, validation,
visualization, writing — original draft, writing — review and editing; Jean-
Michel Brismée — conceptualization, formal analysis, methodology, project
administration, supervision, writing — review and editing; Marc-Olivier St-Pierre
- investigation, methodology; Nicholas Bellot — investigation; Phillip S. Sizer
- conceptualization, methodology, supervision, writing — review and editing;
Stéphane Sobczak - conceptualization, investigation, methodology, project
administration, resources, supervision, writing — review and editing.

Funding
Not applicable.

Data availability
The datasets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.


https://doi.org/10.1186/s12891-025-09284-6
https://doi.org/10.1186/s12891-025-09284-6

Crawford et al. BMC Musculoskeletal Disorders (2025) 26:1038

Declarations

Ethics approval and consent to participate

This study protocol was approved by research standards of the département
d'anatomie a I'Université du Québec a Trois-Riviéres Ethics Subcommittee for
the use of cadaveric material (SCELERA-21-06). Consent for participation in
the body donation program for teaching and research at the Université du
Québec a Trois-Rivieres was provided by all donors or their family members
in the presence of two witnesses according to the government of Québec
Ministere de la Santé et des Services sociaux guidelines.

Consent for publication
Written consent for publication was obtained from the individuals
photographed in Figs. 1 and 4.

Competing interests
The authors declare no competing interests.

Received: 31 July 2024 / Accepted: 15 October 2025
Published online: 12 November 2025

References

1. Kwak SY, Chang MC. Effect of intradiscal pulsed radiofrequency on refrac-
tory chronic discogenic neck pain: a case report. Medicine (Baltimore).
2018;97:20509.

2. Manchikanti L, Helm S, Singh V, et al. An algorithmic approach for clinical
management of chronic spinal pain. Pain Physician. 2009;12:E225-64.

3. Onyewu O, Manchikanti L, Falco FJ, et al. An update of the appraisal of the
accuracy and utility of cervical discography in chronic neck pain. Pain Physi-
cian. 2012;15:E777-806.

4. EckJC, Humphreys C, Lim T-H, et al. Biomechanical study on the effect of
cervical spine fusion on adjacent-level intradiscal pressure and segmental
motion. Spine (Phila Pa 1976). 2002,27:2431-4.

5. Grubb SA, Kelly CK. Cervical discography: clinical implications from 12 years
of experience. Spine (Phila Pa 1976). 2000;25:1382-9.

6.  Park D-H, Ramakrishnan P, Cho T-H, et al. Effect of lower two-level ante-
rior cervical fusion on the superior adjacent level. J Neurosurg Spine.
2007,7:336-40.

7. Pospiech J, Stolke D, Wilke HJ, Claes LE. Intradiscal pressure recordings in the
cervical spine. Neurosurgery. 1999;44:379-84. discussion 384.

8. Singh V.The role of cervical discography in interventional pain management.
Pain Physician. 2004;7:249-55.

9. LeeH, Nicholson LL, Adams RD. Cervical range of motion associations with
subclinical neck pain. Spine (Phila Pa 1976). 2003;29:33-40.

10.  Chang UK, Kim DH, Lee MC, Willenberg R, Kim SH, Lim J. Changes in adjacent-
level disc pressure and facet joint force after cervical arthroplasty compared
with cervical discectomy and fusion. J Neurosurg Spine. 2007;7:33-9.

11. Cripton PA, Dumas GA, Nolte LP. A minimally disruptive technique for mea-
suring intervertebral disc pressure in vitro: application to the cervical spine. J
Biomech. 2001;34:545-9.

12. 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 cadaveric model. Spine (Phila Pa 1976).
2005;30:1165-72.

13. Gudavalli MR, Potluri T, Carandang G et al. Intradiscal pressure changes dur-
ing manual cervical distraction: A cadaveric study. Evid Based Complement
Alternat Med. 2013; Article ID 954134.

14. Menkowitz M, Stieber JR, Wenokor C, Cohen JD, Donald GD, Cresanti-Dakinis
C. Intradiscal pressure monitoring in the cervical spine. Pain Physician.
2005;8:163-6.

15.  Kretzer RM, Hsu W, Hu N, et al. Adjacent-level range of motion and intradiscal
pressure after posterior cervical decompression and fixation: an in vitro
human cadaveric model. Spine (Phila Pa 1976). 2012;37:E778-85.

16. LouJ,LiY,Wang B, Meng Y, Gong Q, Liu H. Biomechanical evaluation of
cervical disc replacement with a novel prosthesis based on the physiological
curvature of endplate. J Orthop Surg Res. 2018;13:41.

17. Rao RD, Wang M, McGrady LM, Perlewitz TJ, David KS. Does anterior plating of
the cervical spine predispose to adjacent segment changes. Spine (Phila Pa
1976). 2005;30:2788-92. discussion 2793.

Page 10 of 10

18.  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. 2003;16:441-9.

19. Wu LP, Huang YQ, Zhou WH, et al. Influence of cervical spine position, turning
time, and cervical segment on cadaver intradiscal pressure during cervical
spinal manipulative therapy. J Manipulative Physiol Ther. 2012;35:428-36.

20. Lentell G, Kruse M, Chock B, Wilson K, Iwamoto M, Martin R. Dimensions of
the cervical neural foramina in resting and retracted positions using mag-
netic resonance imaging. J Orthop Sports Phys Ther. 2002,32:380-90.

21. Ordway NR, Seymour RJ, Donelson RG, Hojnowski LS, Edwards WT. Cervical
flexion, extension, protrusion, and retraction. A radiographic segmental
analysis. Spine (Phila Pa 1976). 1999;24:240-7.

22. Takasaki H, Herbowy S. Immediate improvement in the cranio-cervical flexion
test associated with MDT-based interventions: a case report. J Man Manip
Ther. 2016;24:285-92.

23. Kambin P, Abda S, Kurpicki F. Intradiskal pressure and volume recording:
evaluation of normal and abnormal cervical disks. Clin Orthop Relat Res.
1980;146:144-7.

24. Hattori S, Oda H, Kawai S, Ube-Shi. Cervical intradiscal pressure in movements
and traction of the cervical spine. Z Orthop Ihre Grenzgeb. 1981;119(6):568-9.

25. Tsao S, Pidcoe P. The management of a patient with a cervical disc herniation:
a case report. Clinical Medicine: Case Reports. 2008;1:45-9.

26.  LiYK, Zhu QA, Zhong SZ.The effect of cervical traction combined with rota-
tory manipulation on cervical nucleus pulposus pressures. J Manipulative
Physiol Ther. 1998;21:97-100.

27. Park SH. Kinematic analysis of the lower cervical spine in the protracted and
retracted neck flexion positions. J Phys Ther Sci. 2015;27:135-7.

28. Persson PR, Hirschfeld H, Nilsson-Wikmar L. Associated sagittal spinal move-
ments in performance of head pro- and retraction in healthy women: a
kinematic analysis. Man Ther. 2007;12:119-25.

29. Thoomes-de Graaf M, Thoomes E, Ferndndez-de-Las-Pefias C, Plaza-Manzano
G, Cleland JA. Normative values of cervical range of motion for both children
and adults: A systematic review. Musculoskelet Sci Pract. 2020,49:102182.

30. Hwang H, Hipp JA, Ben-Galim P, Reitman CA. Threshold cervical range-of-
motion necessary to detect abnormal intervertebral motion in cervical spine
radiographs. Spine (Phila Pa 1976). 2008,33:E261-7.

31. Bontrager KL, Lampignano J. Chapter 6 Rachis. Bontrager's handbook of
radiographic positioning and techniques. French edition. Elsevier Health Sci-
ences; 2013.p. 188.

32. Carse B, Meadows B, Bowers R, Rowe P. Affordable clinical gait analysis: an
assessment of the marker tracking accuracy of a new low-cost optical 3D
motion analysis system. Physiotherapy. 2013;99(4):347-51.

33. Thewlis D, Bishop C, Daniell N, Paul G. Next-generation low-cost motion cap-
ture systems can provide comparable spatial accuracy to high-end systems. J
Appl Biomech. 2013;29(1):112-7.

34, Aurand AM, Dufour JS, Marras WS. Accuracy map of an optical motion
capture system with 42 or 21 cameras in a large measurement volume. J
Biomech. 2017;58:237-40.

35. Milner CE. Motion analysis using on-line systems. In: Payton CJ, Burden A, eds.
Biomechanical Evaluation of Movement in Sport and Exercise: The British
Association of Sport and Exercise Sciences Guide. Second Edition. Abingdon,
Oxon: Routledge; 2018:69-90.

36. Shin DA, Yi 'S, Yoon DH, Kim KN, Shin HC. Artificial disc replacement combined
with fusion versus two-level fusion in cervical two-level disc disease. Spine.
2009;34(11):1153-9.

37. ShiS, Zheng S, Li X-F, Yang L-L, Liu Z-D, Yuan W. Comparison of 2 zero-profile
implants in the treatment of single-level cervical spondylotic myelopathy:

a preliminary clinical study of cervical disc arthroplasty versus fusion. PLoS
ONE. 2016;11(7):0159761.

38. Liebsch C, Wilke HJ. The effect of multiplanar loading on the intradiscal
pressure of the whole human spine: systematic review and meta-analysis. Eur
Cells Mater. 2021;41:388-400.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Cervical intradiscal pressure responses to end-range supine postures: a cadaveric investigation
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Research design
	﻿Specimens and sample size
	﻿Lab environment
	﻿Specimen preparation
	﻿Instrumentation setup and calibration
	﻿Data collection
	﻿Phase 1: CIDP measurements reliability
	﻿Phase 2: CIPD measurements
	﻿Phase 3: CIDP and segmental cervical ROM correlation


	﻿Data analysis
	﻿Results
	﻿Discussion
	﻿Clinical translational directions

	﻿Conclusion
	﻿References




