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Abstract

Background: Although the cervical interspinous ligament is a potential source of neck pain, the
effects on cervical joint motion and pressure pain sensitivity has never been investigated. The
understanding of the relationship will broaden our understanding of cervical biomechanics and
improve diagnosis and treatment of neck pain.

Methods: Fluoroscopy videos of cervical flexion and extension movements and pressure pain
thresholds over bilateral C2/C3 and C5/C6 facet joints were collected in fifteen healthy subjects
before and after injections of hypertonic and isotonic saline in C4/C5 ISL. The videos were divided
into 10 even epochs and the motion of individual joints during each epoch was extracted. Joint
motion parameters including anti-directional motion, pro-directional motion, total joint motion and
joint motion variability were extracted across epochs. Joint motion parameters and PPTs were
compared before and after injection of hypertonic and isotonic saline separately.

Findings: Compared with baselines: hypertonic saline injection 1) decreased anti-directional motion
and joint motion variability at C4/C5 (P < 0.05) and increased at C2/C3 (P < 0.05) during extension;
2) increased total joint motion of CO/C1 during first half range (P < 0.05) and decreased during
second half range of extension , and total joint motion of C2/C3 increased during second half range
of extension (P < 0.05) and; 3) increased pressure pain thresholds over left C2/C3 facet joint (P <
0.01).

Interpretation: The cervical interspinous ligament pain redistributed anti-directional motion
between C4/C5 and C2/C3 during dynamic extension and decreased pressure pain sensitivity over

the left C2/C3 facet joint.



1. Introduction

Cervical interspinous ligament (ISL) is a posterior element of the neck, which exists
between spinous processes of two adjacent cervical vertebrae and prevents the corresponding joint
from hyperflexion *. Cervical ISL injury was demonstrated in 56.1% of patients with cervical spine
traumas?, and potentially became the source of neck pain *.

Patients suffering from neck pain are associated with decreased range of motion, large
joint position sense errors and decreased smoothness of movement which indicate a poor
neuromuscular control of the neck movements * . Furthermore, patients with neck pain commonly
conducts neck movements with a stiffer motor control strategy compared with healthy subjects®.
Since cervical ISL is crucial for cervical muscle coordination and contributes to the dynamic joint
stability "8, it is possible that pain in cervical ISL leads to restriction of cervical joint motion
during dynamic neck movements.

Cervical ISL contributes to the sensorimotor control of cervical joints during the entire
range of neck movements® *°, however, previous studies mostly assessed cervical joint motion at
end-static ranges of neck movements ** . Recently, with quantitative video-fluoroscopy, the neck
movements are able to be tracked in real time®. The cervical joint motion was revealed to contain
motion along with the primary direction (pro-directional motion) and motion opposite to the
primary direction (anti-directional motion) during cervical flexion and extension movements™*.
Wang et al. (2018) further showed that the cervical joint motion pattern during cervical flexion and
extension movements was repeatable within and between days in healthy subjects®. Our previous
work showed that experimental multifidus muscle pain redistributed the anti-directional motion
between joints and experimental trapezius muscle pain decreased the overall anti-directional and
pro-directional motion during cervical extension compared with before pain'®. Additionally, the

smoothness of joint motion indicated as joint motion variability decreased during cervical extension



by experimental trapezius muscle pain compared with before pain® . However, the effect of
cervical ISL pain (both in patients and experimental pain models of healthy populations) on cervical
joint motion during dynamic neck movements has never been investigated. Experimental pain
models were extensively applied to explore the cause-effect relationship between pain and
sensory/motor alterations without the cofounding factors usually found in patients *"*.

Assessment of pressure pain thresholds (PPTs) was widely used to quantify sensory
deficit during experimental neck pain and indicated the underlying mechanisms of different pain
conditions 2% %, Decreased PPTs were normally found over the injection site or the referred pain
areas and reflects the sensitization of peripheral nociceptors®®. With respect to areas out of the
injection site, PPTs were related with central sensitization which reflected the balance between
enhanced descending inhibitory and facilitatory mechanisms®. Diverse findings of PPTs were
demonstrated over areas out of the injection site when experimental pain was induced in different
structures®*?®. However, experimental pain induced in tendon or ligament was prone to decrease
PPTs over the areas out of the injection site”.

The current study aimed to investigate the effects of hypertonic saline induced
interspinous ligament pain on cervical joint motion during cervical flexion and extension and PPTs
over cervical facet joints. It was hypothesized that experimental interspinous ligament pain will
decrease anti-directional, pro-directional motion and joint motion variability during cervical flexion

and extension and decrease PPTs over cervical facet joints compared with before pain.

2. Methods
2.1 Subject
Eleven male and four female healthy participants without neck pain for the last 3

months were recruited (Mean and standard deviation (SD), age: 27.4 years (SD 6.5), height: 173.7



cm (SD 11.5) and weight: 73.6 kg (SD 11.8). Participants were excluded if they had: (1) Cervical
trauma or surgery, (2) Cervical musculoskeletal diseases, (3) Psychosocial profile that would affect
responsiveness to pain, (4) Lack of ability to cooperate and (5) Possibility of pregnancy. The study
was approved by North Denmark Region ethics committee (N20140004) and written consent forms

were provided by all participants.

2.2 Experimental protocol

This was a repeated-measures design study with two experimental sessions separated
by an interval of at least one week. Hypertonic saline and isotonic saline were randomly injected in
the cervical interspinous ligament across the two sessions. In each session, fluoroscopy videos of
cervical flexion and extension movements were recorded and PPTs over cervical facet joints were
assessed before and after the injection. Pain intensity, pain duration and pain distribution were

obtained after the injection.

2.3 Experimental neck pain

Sterile hypertonic saline (0.2 ml, 5.8%) and isotonic saline (0.2 ml, 0.9%) were
injected into C4/C5 interspinous ligament with 27G needle and a tuberculin syringe. The injection
procedure was guided by real-time ultrasound imaging®’. The skin was cleaned by alcohol wipes
before injections.

A 10-cm visual analogue scale (VAS) anchored with ‘no pain’ at 0 cm and ‘maximum
pain’ at 10 cm was used to record pain intensity every minute after injections until the pain
disappeared. Pain distribution was drawn on a body chart at the end of each session. Peak VAS
score, pain duration and pain distribution (VistaMetrix v.1.38.0; SkillCrest, LLC, Tucson, AZ, USA)

in arbitrary units (a.u.) were extracted for further analysis.



2.4 Pressure pain thresholds (PPTs)

The PPTs were measured over bilateral C2/C3 and C5/C6 cervical facet joints by a
handheld digital algometer (Algometer, Somedic Production AB, Sollentuna, Sweden) with a 1-cm?
round rubber tip when the subject lay prone on a bench and totally relaxed the neck. Application of
pressure increased at a rate of 30kPa/s. Subjects pressed a button once the pressure stimulation

elicited detectable pain. An average of three measurements determined PPT at each site.

2.5 Fluoroscopic records and extraction of kinematic data

A previously-published method was applied to record cervical flexion and extension
movements 4% % Participants were seated in a wooden chair with restriction of their trunk and
wore custom glasses with four steel balls (external markers represented the occiput). Cervical
flexion and extension movements were recorded by a Video-fluoroscope system (Philips BV Libra,
2006, Netherland) from neutral position (self-determined) to the maximal rang position (the farthest
position participants could achieve). Speed training of neck movements was performed before
formal recordings to avoid blur videos. Visual instruction of a straight line was provided during
movements to reduce out-of-plane rotations.

Eleven images representing 10 even epochs of each cervical flexion and extension
video was selected and marked via a custom Matlab program (The MathWorks, Inc., Natick,
Massachusetts, USA). The marking process was previously published with low marking errors and
good reliability®. The landmarks of cervical vertebrae were identified and used to calculate cervical
joint motion according to modified method initiated by Frobin et al®>. The motion of individual
joints (CO/C1, C2/C3, C3/C4, C4/C5, C5/C6 and C6/C7) during each epoch (1% epoch, 2™

epoch...10™ epoch) was extracted. The motion opposite to the primary direction was defined as anti-



directional motion, the motion was otherwise defined as pro-directional motion*. Anti- and pro-
directional motions of individual joints were extracted across epochs. Total joint motion was the
sum of anti- and pro-directional motions. Joint motion variability was extracted as the variance of
individual joint motions across epochs. The total joint motion was further extracted during the first
half range (1% to 5™ epochs) and the second half range (6™ to 10™ epochs) of cervical flexion and

extension movements.

2.6 Statistical Analyses

Results are reported as mean and standard deviations (SD) in the text and mean and
standard error (SE) in the figures. SPSS (IBM Statistics 24) was used to conduct statistical analysis.
The data was tested for normality by the Shapiro Wilk test before comparison and was generally
normally distributed (P>0.05).The homogeneity of variance between paired conditions was tested
by Mauchly's test and the Greenhouse-Geisser correction was applied when the paired conditions
did not meet the homogeneity.

To compare pain characteristics induced by hypertonic and isotonic saline, the pain
intensity after injection for hypertonic and isotonic saline was analyzed by a two-way analysis of
variance (ANOVA) with Saline (hypertonic, isotonic) and Time after injection (0 min, 1 min...12
mins) as repeated measures. The peak VAS score, pain duration and pain distribution were
compared for hypertonic and isotonic saline injection by pared t-test.

To assess different effects of hypertonic and isotonic saline on cervical joint motion
and PPTs, baselines of the two sessions were firstly compared by two-way ANOVA with Joint
(CO/C1, C2/C3, C3/C4, C4/C5, C5/C6 and C6/C7) and Saline (hypertonic, isotonic) as repeated
measures. No statistical difference was found between two baselines of PPTs and cervical joint

motion parameters, therefore, the cervical joint motion parameters and PPTs were further analyzed



separately for hypertonic and isotonic saline during cervical flexion and extension movements. A
two-way ANOVA was applied to analyze pro-directional motion, anti-directional motion, total joint
motion and joint motion variability with Joint (CO/C1, C2/C3, C3/C4, C4/C5, C5/C6 and C6/C7)
and Time (before injection, after injection) as repeated measures. In addition, a three-way ANOVA
was applied to total joint motion during half ranges of flexion and extension movements with Joint
(CO/C1, C2/C3, C3/C4, C4/C5, C5/C6 and C6/C7), Time (before injection, after injection) and
Range (first half, second half) as repeated measures. The PPTs were analyzed by a two-way
ANOVA with Site (right C2/C3, left C2/C3, right C5/C6 and left C5/C6) and Time (before injection,
after injection) as repeated measures. Each ANOVA P-value was corrected by multiplying the total
number of ANOVAs. Post hoc test with Bonferroni correction was performed when significant

main effects or interactions were found. Statistical significance was accepted at value of P < 0.05.

3. Results

3.1 Pain intensity, duration and distribution

The normality of the data was confirmed. Compared with isotonic saline, injection of
hypertonic saline showed a higher peak VAS score (Fig. 1A, Hypertonic: 5.0 cm (SD 2.2), Isotonic:
0.9 cm (SD 1.2), t 14y = 7.34, P < 0.001) and higher average pain intensity from immediate time
after injection to 10 minutes after injection (P < 0.05). Injections of hypertonic saline showed a
longer duration (Fig. 1B, Hypertonic: 7.8 min (SD 3.2), Isotonic: 1.7 min (SD 2.6), t 14y = 6.45, P <
0.001) and a larger pain distribution (Fig. 1C, Hypertonic: 3.5 a.u. (SD 3.0), Fig. 1B, Isotonic: 0.7

a.u. (SD 1.7), t 1s) = 2.87, P = 0.012) compared with isotonic saline injections.

3.2 Pressure pain thresholds (PPTs)



The PPTs over cervical facet joints before and after injections of hypertonic saline and
isotonic saline are shown in Fig. 2A and Fig. 2B. The normality of the data was confirmed (P >
0.05). Significant interaction between Site and Time was found before and after hypertonic saline
injection (RM-ANOVA: F (342) = 3.694, P = 0.038) and the assumption of homogeneity was met (P
= 0.408). Post hoc analysis revealed PPTs over the left C2/C3 facet joint was higher after injection

compared to before injection (Bonferroni: P = 0.014).

3.3 Pro-directional motion and anti-directional motion

Pro-directional motion and anti-directional motion before and after hypertonic saline
injection is shown in Fig. 3. The normality of the data was confirmed (P > 0.05). Significant
interaction between Joint and Time was found in anti-directional motion of cervical extension
movement before and after hypertonic saline injection (F @gs) = 4.791, P = 0.002) and the
assumption of homogeneity was met (P = 0.155). Post hoc analysis revealed that the C2/C3 anti-
directional motion increased (Bonferroni: P = 0.0001) and C4/C5 anti-directional motion decreased
(Bonferroni: P = 0.005) after injection compared to before injection. No significance was found in
pro-directional motion. No significance was found in pro-directional motion and anti-directional
motion of cervical flexion. For Isotonic saline injection, no significance was found. Pro-directional
motion and anti-directional motion before and after isotonic saline injection could be found in

supplementary Fig. 1.

3.4 Total joint motion
The normality and homogeneity of the data were confirmed (P > 0.05). However, no
significant difference was found for Time, Joint and interaction between Time and Joint at any joint

motion before and after hypertonic and isotonic saline injection (supplementary Fig. 2).



3.5 Joint motion variability

The normality of the data was confirmed (P > 0.05). Significant interaction between
Time and Joint was found in cervical extension movement before and after hypertonic saline
injection (F (6,84) = 3.537, P = 0.014) and the assumption of homogeneity was met (P = 0.06). Post
hoc analysis revealed that the C2/C3 motion variability increased (Bonferroni: P = 0.014) and
C4/C5 motion variability decreased (Bonferroni: P = 0.021) after injection compared to before

injection (Fig. 4).

3.6 Total joint motion during half ranges of flexion and extension

The joint motion during half ranges of flexion and extension movements before and
after hypertonic and isotonic saline injection was shown in Fig. 5. The normality of the data was
confirmed (P > 0.05). Significant interaction effect between Joint, Time and Range was found in
cervical extension movement before and after hypertonic saline injection (F (6,84) = 4.401, P =
0.0026) and the assumption of homogeneity was met (P = 0.767). Post hoc analysis revealed that
during first half range, the CO/C1 motion (Bonferroni: P = 0.003) increased compared to before
injection. During second half range, the CO/C1 motion decreased (Bonferroni: P = 0.021) and

C2/C3 motion decreased (Bonferroni: P = 0.004) compared to before injection.

4. Discussion

The C4/C5 interspinous ligament pain induced by hypertonic saline injection
decreased both anti-directional motion and joint motion variability at C4/C5 and increased at C2/C3
compared to before injection conditions. Meanwhile, total joint motion of CO/C1 and C2/C3 was

redistributed during the second half range of cervical extension, and total joint motion of CO/C1 was



redistributed between the first and the second half ranges of extension. In addition, PPTs over left

C2/C3 facet joint increased after hypertonic saline injection compared to before injection.

4.1 Pain intensity, duration and distribution

Injection of hypertonic saline into the cervical interspinous ligament showed higher
peak pain VAS, longer pain duration and larger pain distribution compared to the isotonic saline
injection. Since similar volumes of hypertonic and isotonic saline were used, the distinctions may
result from the higher saline concentration in the hypertonic solution (5.8% vs 0.9%). Furthermore,
it is documented that pain intensity is correlated with the saline concentration®!. Indeed, the peak
pain VAS (5 cm) in the present study is higher than the previous study (around 4 cm), using similar
volume (0.2 ml) but lower concentration (5%) of hypertonic saline injected into the lumbar
interspinous ligament 2’. Another possible explanation is that cervical interspinous ligament
contains higher nociceptor density than lumbar interspinous ligament ** since experimental pain
sensation results from the membrane depolarization of nociceptors after hypertonic saline
injection®*. The shorter pain duration (7.8 mins) was found compared with hypertonic saline
injection in the lumbar interspinous ligament (10.7 mins) 2’. It may be explained by the rich
vascularity of the neck structures around the cervical interspinous ligament which may increase the
process of absorbing or dissolving the bolus of saline®. In the present study, most subjects showed
localized pain distribution following both injections in cervical interspinous ligament. The localized
anatomical morphology of the cervical interspinous ligament may account for this finding, since the

ligament lies between two adjacent spinous process *.

4.2 Pressure pain thresholds (PPTs)



Contrary to our hypothesis, increased PPTs were found over left C2/C3 facet joint
following the injection of hypertonic saline compared to before injection condition. The pressure
hypoalgesia indicated the potential role of conditioned pain modulation which reflects the
descending noxious inhibitory control mechanisms *. The finding is in accordance with previous
studies where pressure hypoalgesia during pain conditions was found at areas outside the pain site®"
%8 However, previous studies also simultaneously showed pressure hyperalgesia and hypoalgesia at
different areas during the comparable experimental pain 2*?°. The enhanced descending inhibitory
and facilitatory mechanisms were activated simultaneously by experimental pain and the balance
between them determined the alterations of PPTs over areas outside the pain site®*. Therefore, the
pressure hypoalgesia over left C2/C3 facet joint during pain may result from the predomination of
the enhanced descending inhibitory mechanism in the present study?* %. In addition, the inherent
difference of sensitivity between human areas should also be considered *2. Schomacher et al. (2013)
demonstrated that the C2/C3 facet joint was more sensitive to mechanical pressure stimulation than
C5/C6 facet joint in healthy controls “°. This may explain why there were only findings over C2/C3

facet joint without changes over C5/C6 facet joint in the present study.

4.3 Cervical joint kinematics

The effect of cervical interspinous ligament pain on cervical joint motion during
dynamic flexion and extension movements was investigated for the first time. The high repeatability
of individual cervical joint motion analysis used in this study during flexion and extension
movements was established previously™.

Hypertonic saline injection in the C4/C5 interspinous ligament decreased C4/C5 anti-
directional motion and increased C2/C3 anti-directional motion during extension movement. Wang

et al. have reported that anti-directional motion is a common sign of healthy cervical joints and is

10



equal to approximately 40% of the pro-directional motion during either flexion or extension
movements **. The alteration in anti-directional motion may be a biomechanical marker which
reflects the fine motor control on individual cervical joints under different pathological conditions.
The present findings are in concurrence with previous studies that patients with neck
pain are commonly associated with altered motor control patterns***°. Decreased anti-directional
motion and joint motion variability at C4/C5 may indicate a local stiffing strategy of the joint
during cervical extension, which concurs with previous studies where patients with neck pain
showed stiffer and more rigid movements compared with healthy controls® . The stiffing strategy
was supposed to avoid movements which may cause pain or further damage and keep dynamic
stability of the neck during pain conditions*. Patients with neck pain are normally present with
increased activity in superficial cervical muscles and decreased activity in deep cervical muscles
compared to healthy subjects*”*°. Deep cervical muscles are crucial to the fine control of individual
joints'® L. The muscular co-contraction of agonist and antagonist or the cooperation of deep and
superficial muscles determine the proper cervical joint motion during dynamic neck movements®.
Moreover, ligaments are involved in the ligamento-muscular reflex and pain induced in the
ligaments may activate the associated muscle activity®® >*. Even though this study did not measure
muscle activity during the task, decreased anti-directional motion and joint motion variability at
C4/C5 may be a result from activating deep cervical muscles by pain stimulation in the interspinous
ligament®. Consequently, the redistribution of anti-directional motion between C4/C5 and C2/C3
could be a compensative response to the experimental pain. Such a compensative mechanism is a
common way for the neck to maintain the motor outputs during pathologic conditions>* >°. Previous
studies also showed that the decreased motion contribution at C5/C6 was compensated by C3/C4

during cervical lateral bending in patients with disc herniation >

11



Motion redistribution was found between joints (C0/C1 and C2/C3) and between half
ranges (CO/C1) during extension movement, this together with findings in anti-directional motion
and joint motion variability, indicated cervical joint motion during dynamic neck movements is
more sensitive to neck pain compared with motion parameters measured at static and end range
positions®® *°.

Interestingly, the interspinous ligament pain only affected cervical joint motion during
extension movement without any changes found during flexion movement. First, the anterior and
posterior cervical structures generated different resistances during cervical flexion and extension.
These differences in resistance demand different motor control strategies to conduct cervical flexion
and extension movements®. Second, the cervical joint motion depends on proper co-contraction
between agonist and antagonist muscles®?. Cheng et al. showed that the co-contraction patterns of
cervical muscles during cervical flexion and extension were different, which indicated different

motor demands®™ ®2. The previous study also indicated the cervical extensors were more activated

than cervical flexor during both cervical flexion and extension®.

4.4 Clinical implication

The present results highlighted that pain induced in the cervical interspinous ligament
altered the motor control strategy during the entire cervical range of motion. The findings challenge
previous notions that the cervical interspinous ligament merely contributes to the restriction of
cervical flexion at the end of the motion. The widely applied flexion-extension radiographs in the
clinical practice provide less diagnostic value in recognizing the pain sources. The present findings
provided evidence in support of the possibility of investigating cervical joint motion during
dynamic neck movements to detect motor impairments related with interspinous ligament pain .

Cervical ligaments were most likely to be one of pain sources in chronic whiplash neck pain

12



patients®. The current results may help clinician to recognize ligament pain in the acute phase,

design target treatments and prevent the pain becoming chronic.

4.5 Limitation

In the current study, some limitations should be considered. First, the marking error is
the largest error, however, the reproducibility of the marking procedure has been published with
good reliability and low marking errors®®. Second, the results are limited to a young and healthy
population although degeneration of the neck is more severe in older subjects ®*. Therefore, further
research needs to investigate the effects of degeneration on cervical joint motion during cervical
flexion and extension in older adults. Third, the gender was not balanced in the study. Since the
gender could be a potential factor affecting the cervical joint motion®, further studies should take
gender balance into consideration when designing studies. Fourth, the cervical joint motion has not
been examined when the pain disappeared in the study. It will be of interest to check whether the
altered motion pattern can return to baseline when the induced pain is gone. Lastly, cervical joint
motion is three-dimensional. The motion in sagittal plane is accompanied by motions in the frontal
and transversal planes®™. The further studies need to investigate the pain effects on motion in the
frontal and transversal planes or investigate the pain effects on motion in the three planes

simultaneously.

5. Conclusion

Cervical interspinous ligament pain induced by hypertonic saline altered cervical joint
motion during dynamic extension movement and altered pressure pain sensitivity in the neck. The
interspinous ligament pain redistributed anti-directional motion between C4/C5 and C2/C3 during

cervical extension. The present study highlighted the value of the dynamic characteristics of neck

13



movements and the possibility of investigating cervical joint motion during dynamic neck
movements to detect impairments associated with neck pain. Nevertheless, even localized noxious
provocations can affect joint function, also at a distance from the painful structure, illustrating that
the widespread functional effects of neck pain in patients may be difficult to localize to the source

of pain.
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10 Pain intensity
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Fig.1. Pain distribution followed injection of hypertonic saline (A) and isotonic saline (B) in C4/C5

interspinous ligament. Low transparency in color indicates the area is more frequently marked by the

subjects. C: Visual analogue scale (VAS) score (meant SE) against time followed the injection of
hypertonic saline and isotonic saline. Significant differences in_pain intensity between hypertonic and

isotonic saline injections: * P < 0.05.
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Fig.2. Mean and SE of pressure pain thresholds over bilateral C2/C3 and C5/C6 facet joints before and after
hypertonic (A) and isotonic (B) saline injection. Significant differences after injection compared with before
injection: * P < 0.05.
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Fig.3. Mean and SE of pro-directional motion and anti-directional motion of cervical flexion and extension
before and after hypertonic saline injection. A: Pro-directional motion during cervical flexion; B: Anti-
directional motion during cervical flexion; C: Pro-directional motion during cervical extension; D: Anti-
directional motion during cervical extension. Significant differences after injection compared with before
injection:* P < 0.05.
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Fig.4. Mean and SE of joint motion variability of cervical flexion and extension before and after hypertonic
and isotonic saline injection. A: Flexion before and after hypertonic saline injection; B: Flexion before and
after isotonic saline injection; C: Extension before and after hypertonic saline injection; D: Extension
before and after isotonic saline injection. Significant differences after injection compared with before
injection:* P < 0.05.
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Fig.5. Total joint motion during half ranges (first half, second half) of cervical flexion and extension before
and after hypertonic and isotonic saline injection. A: Flexion before and after hypertonic saline injection; B:
Flexion before and after isotonic saline injection; C: Extension before and after hypertonic saline injection;
D: Extension before and after isotonic saline injection. Significant differences during first half range (*
P<0.05) and during second half range (# P<0.05) are illustrated.



Highlights:
e Interspinous ligament pain altered cervical joint motion pattern during extension
e Anti-directional motion was redistributed from C4/C5 to C2/C3 during extension

e Interspinous ligament pain increased pressure pain threshold over left C2/C3 facet joint



