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Abstract

Background: To better understand biomechanical factors that affect intervertebral alignment throughout active
therapeutic exercise, it is necessary to determine spinal kinematics when subjects perform spinal exercises. This study
aims to investigate the outcomes of active cervical therapeutic exercise on intervertebral foramen changes in neck
pain patients with disc herniation.

Methods: Thirty diagnosed C4/5 and/or C5/6 disc-herniated patients receiving an 8-week cervical therapeutic exer-
cise program were followed up with videofluoroscopic images. The dynamic changes in the foramen were computed
at different timepoints, including the neutral position, end-range positions in cervical flexion-extension, protrusion-
retraction, and lateral flexion movements.

Results: The results showed that the active cervical flexion, retraction, and lateral flexion away from the affected
side movements increased the area of the patients’intervertebral foramen; while the active extension, protrusion,
and lateral flexion toward the affected side reduced the areas of intervertebral foramen before treatment. After
the treatment, the active cervical flexion significantly increased the C2/3, C3/4, and C6/7 foramen area by 5.02—
8.67% (p=0.001~0.029), and the extension exercise significantly reduced the C2/3 and C4/5 area by 5.12-9.18%
(p=0.001~0.006) compared to the baseline. Active retraction movement significantly increased the foramen area
from C2/3 to C6/7 by 3.82-8.66% (p=0.002 ~ 0.036 with exception of C5/6). Active lateral flexion away from the
affected side significantly increased the foramen by 3.71-6.78% (p=0.007 ~ 0.046 with exception of C6/7).

Conclusions: The 8-week therapeutic exercises including repeated cervical retraction, extension, and lateral flexion
movements to the lesion led to significant changes and improvements in intervertebral foramen areas of the patients
with disc herniation.

Trial registration: ISRCTN61539024
Keywords: Disc herniation, Active therapeutic exercise, Intervertebral foramen, Videofluoroscopy

Background

Deviations from neutral alignment of human body seg-
ments such as the head, neck, and trunk are commonly
identified as excessive curvature or reductions in cur-
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to interact with various daily or occupational perfor-
mances. Work-related neck and upper limb disorders
have been reported to be associated with long hours
of computer work and prolonged periods of holding
a static posture that might easily lead to deviation in
body alignment [2, 3]. Long-term stature-like posture
is most pronounced in the neck and shoulder region,
resulting in increased forward neck flexion posture and
elevated static muscle tension in the region. The con-
sequences of increased forward neck flexion, including
increased tension in the postural stabilizing muscles
as well as increased compressive forces in the articu-
lations of the cervical spine, further cause higher risk
of neck and upper back pain [3]. Although all muscles
contribute to the support of the spine in a complex way,
previous research indicated that patients with neck and
back pain disorders alter the muscular morphology and
motor control of these muscles [3]. The static neck and
shoulder posture has been frequently assumed as a pos-
sible risk factor in work-related neck and upper limb
disorders among office workers. An association linking
prolonged static posture with increased muscle loading
and a subsequent increased risk for developing symp-
toms in the neck and upper back has been reported [1,
4]. The cumulative effects of these working conditions
demanding static and deviated posture may greatly
contribute to the development of musculoskeletal dis-
comfort, such as neck pain.

Neck pain affects around half of general population at
some time during their lifespan and results in mild to
severe disability [2, 3]. The majority of acute episodes of
spinal pain are mechanical, postulated to arise from an
injury to or derangement of some structure within the
spine. These patients typically suffer in the neck, shoul-
der blades or from radiating arm symptoms such as pain,
sensory disorders, reflex abnormalities, and motor weak-
ness [1, 3, 4]. However, the pathogenesis of neck pain
related to alterations in cervical biomechanics or changes
in morphology have not been completely explored. The
intervertebral disc plays a role in dampening of the com-
pressive loads experienced when engaging in various
daily and occupational activities [5, 6]. When the disc
is herniated and degenerated, this can lead to mechani-
cal compression or chemical irritation of the nerve root,
which causes neurological deficits and corresponding
symptoms [7, 8]. A herniated intervertebral disc is usually
believed to cause compression of a spinal nerve within an
intervertebral foramen, commonly clinically known as
foraminal stenosis of the spine [8—10]. A herniated disc
with irritation of spinal nerves is a common neck or back
condition that cause neck or back and limb pain. Sev-
eral reports have indicated that highly repetitive flexion
motions result in intervertebral disc herniation [11, 12].
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Although a radiographic evaluation on the sagittal
plane is feasible for the assessment of disc degeneration,
the motion profiles of a spine with a herniated disc are
not easily addressed in routine examinations. Cervical
disc herniation or other space-occupying lesions com-
monly result in nerve root inflammation, impingement,
or both [10]. Although disc herniation may be attrib-
uted to biomechanical changes in segmental movement,
disc mechanism, and foramen morphology, lacking
in dynamic investigations regarding the movement or
anatomic features of the cervical spine obscure further
understanding of cervical biomechanics in disc-herni-
ated patients. The size and shape of the intervertebral
foramen and their spatial relationship with the nerve
root is important. Variations in the size and shape of the
foramen are often associated with symptoms of nerve
root compression in the spinal region. These changes
in foraminal dimensions have been commonly used to
understand patho-anatomy with respect to correspond-
ing changes in symptoms, clinical signs, or the patho-
physiology of some spinal disorders [13, 14].

Exercise is recommended in patients with radicular
pain due to disc herniation. Clinical efficacies including
pain reduction and functional improvements have been
demonstrated [15]. Active spinal exercises are one type
of nonsurgical interventional procedure commonly used
for treatment of chronic neck disorders [16, 17]. Physical
therapists frequently instruct patients with active thera-
peutic exercises, such as cervical retraction, extension,
and lateral flexion, to treat spinal dysfunctions [15-17].
However, the influences of positional changes in the cer-
vical spine on the dimensions of the intervertebral fora-
men are not well documented in the literature.

Long and Donelson [18] conducted a randomized con-
trol trial consisting of therapeutic exercise for patients
with spinal pain. Their findings indicated the exercises
matching the subjects’ directional preference signifi-
cantly and rapidly decreased pain and medication use,
and led to improvements in the functional outcomes.
Specific spinal exercises have been recommended, but
their effects on and relationship to intervertebral posture
remain unclear. In order to better understand the biome-
chanical factors that affect spinal alignment throughout
active therapeutic exercise, it is necessary to determine
the spinal kinematics when subjects perform spinal exer-
cises. Therefore, the purpose of this study is to analyze
the outcomes of active cervical therapeutic exercises
on changes in the intervertebral foramen after thera-
peutic exercise treatment sessions in patients with disc
herniation. It was hypothesized that 1) the areas of the
intervertebral foramen may be changed based on differ-
ent cervical spinal postures and movements, and 2) an
8-week intervention consisting of active spinal exercises
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utilizing different movement patterns may result in sig-
nificant changes in the intervertebral foramen.

Methods

Study design

This was a one-group pretest-posttest case series study
design with pre-treatment and 8-week follow-up assess-
ments. This clinical trial has been registered under
the ISRCTN registry with the registration number:
ISRCTN61539024 and the date of first registration on
02/08/2016 (retrospectively registered; https://doi.org/
10.1186/ISRCTN61539024).

Participants

Thirty diagnosed C4/5 and/or C5/6 disc-herniated
patients with neck, shoulder blade, or radiating arm
symptoms referred from the Department of Physical
Medicine and Rehabilitation of a medical center in mid-
dle Taiwan were recruited to participate in this study.
Their symptom duration was 3.4+ 2.1 months and pain
or numbness locations were neck (83%), shoulder girdle
(67%), interscapular (60%) and forearm (33%) areas. The
disc herniation pathology was diagnosed by the clinical
presentations in symptoms and signs or medical images
of these patients. The patients with disc herniation have
intermittent pain or numbness over the neck and upper
extremities and they demonstrated a limited range of
neck motion. The exclusion criteria for the participants
were as follows: (1) past history of cervical surgery, such
as disc replacement, bone fusion, discectomy, etc., (2)
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significant potential for spinal cord injury, such as cord
impingement from a large disk herniation, (3) advanced
cervical spondylosis, (4) severe spinal stenosis, (5)
inflammatory arthritic disorders (ankylosing spondylitis
or rheumatoid arthritis), (6) severe spinal instability, and
(7) pregnancy [19-22]. The Visual Analogue Scale (VAS)
and Neck Disability Index (NDI) were applied to evaluate
the patient’s status presence and to assess the evolution
across the intervention in this study.

Ethics statement

The study was reviewed and approved by the Research
Ethical Committee of the China Medical University
& Hospital, Taichung, Taiwan. (reference #: CRREC-
105-011). Prior to participation, each participant was
informed about the study aims and experimental proce-
dures and then was asked to sign a written consent form.

Interventions

Active spinal exercise is a nonsurgical interventional
procedure used for treatment of chronic neck and back
disorders. The spinal approach postulated by McKenzie
indicated that compensatory pressure on the disc in the
direction of the lesion can reduce the displacement of the
nucleus in the disc [16, 18, 19]. The 8-week spinal thera-
peutic exercises in the present study mainly included
end-range repeated cervical retraction, extension, and
lateral flexion movements to the lesion in order to reduce
the nucleus displacement and peripheralization inside
the disc (Fig. 1).

Fig. 1 The spinal therapeutic exercises mainly included end-range repeated cervical retraction (a), extension (b), and lateral flexion (c) movements
toward the lesion in order to reduce the nucleus displacement and peripherization inside the disc
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The active exercise was suggested to be performed
10-15 times each session, 610 sessions per day [18, 22—
24]. The programs were administrated by an experienced
orthopedic physical therapist in the Department of Phys-
ical Medicine and Rehabilitation to match the patients’
directional preferences, where significantly and rapidly
decreased pain and improved functional outcomes were
reported. The neck movement was performed to the end
range with less than 6/10 in visual analogue scale and
without symptom peripheralization.

Experimental setup and procedures

The videofluoroscopic system (Toshiba, Tokyo, Japan) in
the Department of Radiology of this medical center was
used to record continuous segmental movement of the
cervical spine at a rate of 30 frames per second. During
preparation and screening, the images were displayed
on a high-resolution monitor and recorded with a digi-
tal camcorder. The radiographic beam field of the video-
fluoroscopy unit was collimated to obtain optimal image
sharpness. The size of the imaging field was also adjusted
to view the entire alignment of the cervical spine posture
through the range of movement.

The participants were requested to wear X-ray protec-
tive clothing and to stand between the image intensi-
fier and the examination table. They were instructed on
how to perform the therapeutic exercises for the cervi-
cal spine. The measurement of intervertebral posture
and positional biomechanics in this study involved two
assumptions: First, active movement has been reported
to be accompanied by a limited range of motion in dif-
ferent motion planes [24]. Second, the vertebral body was
assumed to be a rigid body for the purposes of the kin-
ematic analysis. Before actual screening, the participants
were allowed to practice the active cervical therapeutic
exercises a few times with correction to reduce trunk and
out-of-plane motions. The subjects could visualize their
neck motions on the display of a widescreen liquid crys-
tal display throughout the movements.

The recorded video images of the spinal segment
motion were captured at 30 frames/ second using the
input/output and monitoring solution, Avid Mojo (Avid
Inc., USA). The digital images were then transformed into
sequences of bitmap pictures with the aid of Canopus
Edius computer software (Canopus Co., Ltd., USA). Ten
pictures in evenly divided intervals of each cervical thera-
peutic exercise were selected for digitizing, respectively.

During the image processing, cross-sectional areas of
the foramen were measured using SigmaScan 5.0 (SPSS
Inc., Chicago, IL, USA) on a high-resolution monitor
[25, 26] (Fig. 2). The methods for identifying the verte-
bral landmarks and foraminal dimensions were blinded
between examiners, and a total of two sets of 1080 image
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sequences (30 subjects x 6 movements X 6 intervals)
were digitized by two trained laboratory technicians. The
cross-sectional areas of the C2/3 to C6/7 foramen were
analyzed in different positions, including the neutral
position, end-range positions in cervical flexion, exten-
sion, protrusion, retraction, and bilateral lateral flexion
movements. The area change of intervertebral foramen in
flexion was defined as the foramen difference between the
neutral position and end-range position in cervical flex-
ion. The comparison before and after the 8-week exercise
interventions, the dynamic area change of intervertebral
foramen in flexion was defined as the foramen differences
between the neutral position and end-range position in
cervical flexion before and after treatment.

Adverse effects study report protocol

In this study, an adverse event was defined as an injury
to the neck or upper limb attributable to the interven-
tion requiring a visit to a hospital. The small degree of
increased risk was stated in the informed consent sheet.

Statistical analyses

Analyses were performed using the Scientific Package for
Social Sciences (version 19; SPSS, Chicago, IL, USA). The
reliability of the digitizing image procedures at 2-weeks
intervals and between raters were assessed using the
intraclass correlation coefficient (ICC 2,1) and stand-
ard error of measurement (SEM) methods on ten dif-
ferent randomly-selected subjects [27, 28]. The minimal
detectable change (MDC) for the measurement error was
further calculated by 1.96 x V2 x SEM [27, 28]. The com-
parisons among changes in the intervertebral foramens
throughout the ranges of the therapeutic exercises were
performed with a paired t-test with a probability level of
p<0.05 was selected as the criterion for significant differ-
ences across the treatment sessions.

Results

The age of the 30 patients (14 females and 16 males) with
disc herniation ranged from 20 to 50years with a mean
age of 30.5£5.7years. Their body heights and weights
were 168.5+6.2cm and 66.2+£6.8 kgw. The ICCs for
the calculated foramen area within raters and between
raters during the exercises averaged 0.951 and 0.842,
respectively. The SEM values of calculated foramen
area ranged from 0.156 to 0.409mm?* with an average
of 0.276 mm? (0.604%). The minimal detectable change
(MDC) values of calculated foramen area ranged from
0.378 mm? (0.828%) to 0.994mm? (2.174%) with an aver-
age of 0.797mm? (1.745%) (Table 1). The mean Visual
Analogue Scale (VAS) was 4.7 £2.4 at baseline and sig-
nificantly reduced to 1.8£1.2 after the intervention.
The mean Neck Disability Index (NDI) was 19.2+4.9 at
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Fig. 2 Identification of bony landmarks and segmental neural foramen during therapeutic movement (cervical extension)

baseline and also significantly decreased to 5.9 & 3.4 after
the intervention (both p<0.005). All the thirty patients
with disc herniation completed the intervention program
and no negative outcomes associated with attempted
movement interventions found during the period of
participation.

Cervical flexion

The mean range of the dimensions of the intervertebral
foramen during active flexion and extension are pre-
sented in Fig. 3(a). The active cervical flexion movement
increased the area of intervertebral foramen from C2/3
to C6/7 by 5.29+1.47%, 11.43+3.02%, 10.22+3.85%,
9.12+3.49%, and 6.52 + 1.88%, respectively, as compared
to the neutral position in the disc-herniated patients
before treatment (p=0.001~0.033). After the treat-
ment, the active cervical flexion movement increased
the area of the intervertebral foramen from C2/3 to
C6/7 by 13.96+3.78%, 18.03+£4.18%, 13.09+5.86%,
12.03+6.56%, and 11.55+3.04%, respectively, as com-
pared to the neutral position (all p<0.001). The area
of the intervertebral foramen in the cervical flexion

movement significantly increased after treatment, espe-
cially in C2/3 (p=0.002), C3/4 (p=0.001), and C6/7
(p=0.029).

Cervical extension

The extension exercise reduced the foramen area
from C2/3 to C6/7 by 12.15+3.26%, 16.33+4.55%,
17.36 +3.58%, 15.66 +4.08%, and 13.48 +4.56%, respec-
tively, as compared to the neutral position before treat-
ment (all p<0.001) (Fig. 3a). After the treatment, the
extension exercise reduced the foramen area from C2/3
to C6/7 by 21.331+6.25%, 17.021+5.26%, 22.48 +4.76%,
17.244+5.20%, and 18.07 £6.54%, respectively, as com-
pared to the neutral position (p =0.001 ~0.015). The area
of the intervertebral foramen in terms of the cervical
extension movement increased significantly after treat-

ment in C2/3 (p=0.001) and C4/5 (p =0.006).

Cervical protrusion

The mean range of the dimensions of the intervertebral
foramen during active protrusion and retraction are pre-
sented in Fig. 3b. The active cervical protrusion move-
ment decreased the area of the intervertebral foramen
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Table 1 The standard error of measurement (SEM) and minimal detectable change (MDC) were presented by the mean (mm?) and
percentage (%) of the intervertebral foramen area before and after spinal therapeutic exercise movements, including cervical flexion-
extension, protrusion-retraction, and lateral flexion toward or away from the affected side

SEM  Flexion before treatment Extension before treatment

Mean 0.197 0.289
% 0431% 0.633%
Protrusion before treatment Retraction before treatment
Mean 0.267 0.156
% 0.584% 0.342%
Lateral flexion toward before Lateral flexion away before
treatment treatment
Mean  0.203 0.208
% 0443% 0.454%
Total
MDC Flexion before treatment Extension before treatment
Mean 0478 0.702
% 1.046% 1.536%
Protrusion before treatment Retraction before treatment
Mean  0.648 0.378
% 1.417% 0.828%
Lateral flexion toward before Lateral flexion away before
treatment treatment
Mean 0491 0.503
% 1.074% 1.101%
Total

Flexion after treatment
0.340

0.744%

Protrusion after treatment
0.392

0.859%

Lateral flexion toward after
treatment

0.272
0.595%

Flexion after treatment
0.825

1.805%

Protrusion after treatment
0.952

2.083%

Lateral flexion toward after
treatment

Extension after treatment
0.409

0.897%

Retraction after treatment
0.268

0.587%

Lateral flexion away after
treatment

0.309

0.675%

0.276

0.604%

Extension after treatment
0.994

2.174%

Retraction after treatment
0.650

1.423%

Lateral flexion away after
treatment

0.660 0.748

1.444% 1.637%
0.797
1.745%

from C2/3 to C6/7 by 16.6844.23%, 15.26+3.88%,
16.37 £4.06%, 12.30+3.59%, and 5.62+2.33%, respec-
tively, as compared to the neutral position in the disc-
herniated patients before treatment (all p <0.001, except
for C6/7 (p=0.069)). After the treatment, the active
cervical protrusion movement significantly decreased
the area of the intervertebral foramen from C2/3 to
C6/7 by 28.43+6.22%, 23.03+5.13%, 25.50=+5.66%,
22.69+5.48%, and 15.03+£4.17%, respectively, as com-
pared to the neutral position (all p <0.001). For the com-
parison before and after therapeutic exercise sessions, the
area of the intervertebral foramen in the cervical protru-
sion movement significantly decreased to a greater extent
after treatment (p =0.001 ~ 0.004).

Cervical retraction

The retraction movement slightly increased the foramen
area from C2/3 to C6/7 by 4.86+1.26%, 3.88£1.17%,
4.65+2.35%, 2.81 £ 3.82%, and 2.20 1= 2.34%, respectively,
as compared to the neutral position before treatment
(all p>0.001). After the treatment, the retraction move-
ment increased the foramen area from C2/3 to C6/7 by
13.51+3.85%, 9.16 £3.12%, 10.12+3.74%, 6.63 £5.48%,
and 7.99 £ 2.11%, respectively, as compared to the neutral

position (p=0.006 ~0.014). For the comparison before
and after therapeutic exercise sessions, the area of the
intervertebral foramen in the cervical retraction move-
ment significantly increased after treatment in all seg-
ments (p=0.002~0.036) with the exception of C5/6
(p=0.071).

Cervical lateral flexion toward the affected side

The active cervical lateral flexion toward the affected
side decreased the area of the intervertebral foramen
from C2/3 to C6/7 by 14.70+3.12%, 12.22+£3.08%,
9.66+2.85%, 10.24+£3.04%, and 6.55+1.65%, respec-
tively, as compared to the neutral position before treat-
ment (p=0.001~0.041) (Fig. 3¢).

After the treatment, active cervical lateral flex-
ion toward the affected side decreased the area
of the intervertebral foramen from C2/3 to C6/7
by 21.2544.75%, 18.72 £ 3.88%, 15.16 £+ 3.45%,
15.05+3.94%, and 12.07 £ 2.34%, respectively, as com-
pared to the neutral position (all p<0.001). For the
comparison before and after the therapeutic exercise
sessions, the area of intervertebral foramen in terms
of cervical lateral flexion toward the affected side
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Fig. 3 The dimensions of the intervertebral foramen before and after various spinal therapeutic exercise movements, including cervical
flexion-extension (a), protrusion-retraction (b), and lateral flexion toward or away from the affected side (c)
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significantly decreased to a greater extent after treat-
ment (p =0.005 ~ 0.026).

Cervical lateral flexion away from the affected side

The lateral flexion away from the affected side
increased the foramen area from C2/3 to C6/7 by
8.34+2.88%, 7.91+2.65%, 8.29+3.12%, 5.77 +2.16%,
and 6.49+3.42%, respectively, before treatment
(p=0.003 ~0.026 for C2/3 and C4/5; p>0.05 for C5/6
and C6/7). After the treatment, lateral flexion away
from the affected side increased the foramen area
from C2/3 to C6/7 by 15.07 +3.97%, 14.69 £4.03%,
14.02+4.34%, 10.25+£3.71%, and 10.19£5.23%,
respectively, as compared to the neutral position
(»=0.004~0.014). The area of the intervertebral fora-
men during cervical lateral flexion away from the
affected side significantly increased after treatment in
all segments (p=0.007 ~0.046) with the exception of
C6/7 (p=0.108).

The mean difference and 95% confidence intervals
of the intervertebral foramen area before and after
spinal therapeutic exercise movements, including cer-
vical flexion-extension, protrusion-retraction, and lat-
eral flexion toward or away from the affected side were
summarized in Table 2.
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Discussion

To provide additional insights into cervical biomechanics
related to the patients with disc herniation, the dimen-
sional changes in the intervertebral foramen of cervical
spine during different active exercises were determined
based on the validated radiographic protocol. This study
is the first attempt to analyze the outcomes of active cer-
vical therapeutic exercises on changes in the interverte-
bral foramen and after therapeutic exercise treatment
sessions in patients with disc herniation. The areas of
the intervertebral foramen generally increased in cervi-
cal flexion, retraction, and lateral flexion away from the
affected side movements. In contrast, the areas of the
intervertebral foramen generally decreased in cervi-
cal extension, protrusion, and lateral flexion toward the
affected side movements. The 8-week therapeutic exer-
cises led to the significant changes in the interverte-
bral foramen areas and improvement of patient’s status
presence.

Considering the reliability tests in the present study, the
ICCs and SEMs on identifying the vertebral landmarks in
sequential videofluoroscopic images were in accordance
with the cervical spinal researches [26, 29]. The error of
locating vertebral landmarks was also comparable to the
findings of Lee et al. [30]. The low radiation, reliable vide-
ofluoroscopic technique, and real-time visualization of

Table 2 The mean difference and 95% confidence intervals of the intervertebral foramen area before and after spinal therapeutic
exercise movements, including cervical flexion-extension, protrusion-retraction, and lateral flexion toward or away from the affected
side. (* indicates with statistical difference)

Level

Means Difference
across Flexion

Lower limit of 95%
Cl

Upper limit of 95%
Cl

C2/3  867% 3.52% 13.81%
C3/4  6.60%" —0.46% 13.66%
C4/5  287% —6.66% 12.39%
C5/6 291% —6.94% 12.76%
C6/7  5.02%" 0.20% 9.84%

Means Difference
across Protrusion

Lower limit of 95%
Cl

Upper limit of 95%
Cl

/3 —11.73%" 3.52% 13.81%
/4 —7.77%" —16.60% 1.06%
C4/5 —9.13%" —18.66% 0.40%
C5/6 —1039% —19.26% —152%
C6/7  —941%" —15.78% —3.04%

Means Difference
across Lateral flex-

Lower limit of 95%
Cl

Upper limit of 95%
Cl

ion toward
C2/3  —6.55%" 3.52% 13.81%
C3/4  —650%" —13.32% 0.32%
C4/5 —550%" —11.68% 0.67%
C5/6  —481%" —11.65% 2.03%
C6/7  —552% —9.49% —155%

Means Difference
across Extension

Lower limit of 95%
Cl

Upper limit of 95% CI

—9.18% —1850% 0.14%
—0.69% —10.30% 8.92%
—5.12%" —13.30% 3.05%
—1.58% —1067% 7.51%
—459% —15.47% 6.29%

Means Difference
across Retraction

Lower limit of 95%
Cl

Upper limit of 95% CI

8.66%" 352% 13.81%
5.28% 1.07% 9.48%

547%" —0.50% 11.43%
3.82%" —5.30% 12.93%
579%" 1.43% 10.15%

Means Difference
across Lateral flex-

Lower limit of 95%
Cl

Upper limit of 95% CI

ion away

6.73%" 3.52% 13.81%
6.78%" 0.23% 13.33%
573%" —1.58% 13.05%
448% —127% 10.23%
3.71%" —477% 12.18%
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vertebral segments is considered feasible in clinical and
research applications. The minimal detectable change
(MDC) for the measurement error in the present study
ranged from 0.378 mm? (0.828%) to 0.994mm? (2.174%)
with an average of 0.797 mm? (1.745%). This results indi-
cated that the measurement for the active cervical thera-
peutic exercises on changes in the intervertebral foramen
in patients with disc herniation with an error of approxi-
mately 2.2%. The study demonstrated that the meaning-
ful statistical significance by the percentage (%) changes
of the intervertebral foramen area before and after spinal
therapeutic exercise movements exceeded the minimal
detectable change (MDC) (Table 1).

The results of the present study showed that active cer-
vical flexion increased the area of the patients’ interver-
tebral foramen from C2/3 to C6/7, and the extension
exercise reduced the foramen area from C2/3 to C6/7.
Our findings were similar to the reports of Yoo and col-
leagues [31]. They tested five fresh frozen adult human
cadaver cervical spines (C2-T1) with combinations of
flexion-extension and compared the results with the
foraminal diameter at the neutral position. The neural
foramen diameters increased significantly by 8 and 10%
at 20 degrees and 30 degrees of flexion, respectively. Con-
versely, the neural foramen diameters underwent sig-
nificant reductions of 10 and 13% at 20 degrees and 30
degrees of extension, respectively.

Although many spinal patients have demonstrated clin-
ically meaningful improvements in pain relief and func-
tional recovery following spinal exercises, the influences
of dynamic positional changes in the head and neck on
the dimensions of the neural foramen of the spine have
not been well documented. Dynamic evaluations of
changes in the intervertebral foramen during active ther-
apeutic exercise are crucial for the understanding the
cervical biomechanics and treating cervical disc hernia-
tion disorders. Cervical retraction exercise is a commonly
prescribed therapeutic exercise for correction of forward
head posture and restoration of extension of the cervical
range to relieve disc pressure [19, 28, 32]. Lentell and col-
leagues described the cervical biomechanical relationship
in healthy individuals by making a comparison in a neu-
tral cervical spine position and a static retracted position
using magnetic resonance imaging [33]. Their findings
suggested that cervical retraction did not promote posi-
tional stenosis of the intervertebral foramen in a healthy
neck. The major drawback of this previous study how-
ever was that the subjects were passively positioned in a
supine position inside a magnet evaluation field, and this
position did not reflect a real situation where the subjects
actively performed the exercises or were physically exam-
ined in the upright position. Our subjects demonstrated
similar findings when performing an active retraction
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exercise and increased the foramen area from C2/3 to
C6/7 by 6.63—-13.51%. This scenario may verify the effi-
cacy of the retraction exercise for relieving the nerve
compression within an intervertebral foramen [15, 16].
Although there is not much dynamic imaging evidence
indicating this phenomenon, these previous findings and
our results coincidentally suggest that therapeutic inter-
vention methods may normalize the posture to physi-
ological reference ranges and may thus be effective in the
treatment of patients with neck or back pain.

In contrast, active cervical protrusion movement
decreased the area of the intervertebral foramen in the
disc-herniated patients under consideration in this study.
Cervical protrusion movement resembles the forward
head posture, the most common cervical postural fault
in the sagittal plane that is found at different levels of
severity in almost all populations. Some previous studies
have demonstrated a correlation between forward head
posture and neck pain [3, 34-36]. Smith and associates
investigated the impact of cervical deformities, including
forward head posture and upper thoracic kyphosis, on
the anatomy of the cervical neural foramen using human
cervical spine specimens [34]. They found that the area of
the cervical neural foramens may decrease with increases
in upper thoracic kyphosis, with greater reductions
occurring in the lower cervical spine. In patients with
such cervical deformities, cervical retraction exercises
are commonly prescribed as the therapeutic strategy for
the correction of forward head posture and restoration of
the extension of the cervical range and length of the neck
muscle. The exercise program is designed for patients to
learn a new postural position, restore the original muscle
length-tension relationships, restore normal joint mobil-
ity, and restore normal body balance [37, 38].

Generally, the present study provided dynamic evi-
dence indicating changes to the intervertebral foramen
during multi-directional exercises of the cervical spine.
Based on the dynamic radiographic imaging analyses,
the exercise outcomes leading to increases in the area
of cervical neural foramen as high as 13% were obtained
by having patients perform cervical flexion and retrac-
tion exercises. The findings of this study also indicate
that awkward posture or improper movement patterns
of the cervical spine may possibly reduce the area of the
intervertebral foramen and consequently cause neck pain
and nerve root entrapment. Although this study provides
scientific evidence of changes in the dynamic interver-
tebral foramen during cervical movements, and the
findings suggest clinical merits for encouraging or pro-
hibiting some directions of neck movement as well, some
limitations regarding the study design and the experi-
mental processes still should be noted. The symptom
duration of the disc-herniated patients was 3.4months
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before intervention in the present study. The pain or
numbness location were over neck, shoulder girdle, inter-
scapular and forearm areas. Due to the medium- and
long-term suffering of neck and arm pain, the patients
did not vary the pain status and intensity much before
the participation of this study. The mean visual ana-
logue scale and neck disability index of these patients
significantly decreased after the therapeutic exercise
intervention. However, the study limitation needs to be
concerned about spontaneous remission of symptoms
from disc-herniation and therefore the present results
need carefully interpreted. On the other hand, the use of
videofluoroscopy to record and analyze the intervertebral
foramen dimensions may have resulted in spatial infor-
mation bias in 3D. Furthermore, the different cervical
movement starting positions and variations in habitual
control of cervical motion among each participant could
possibly lead to variations in motion. A quantitative
analysis of the intervertebral foramen may be employed
to diagnose translation abnormalities such as hypomobil-
ity or hypermobility. Although the reliability and meas-
urement errors are considered to be acceptable [39], the
results of the present study must be interpreted with
caution because of the limits related to enrolled subject
numbers. Moremore, the present study focused on disc-
herniated patients, future research should expand the
subject groups across different spinal problems and ages
and may reveal more complicated or even compensatory
movements related to spinal impairments. Although the
cervical therapeutic exercise was performed to the end
range with less than 6/10 in visual analogue scale and
without symptom peripheralization, the more exten-
sive study to need to be conducted to understand if the
changes in foramen areas relate to the pain intensity or to
clinical improvements.

Conclusions

The dimensional changes in the intervertebral foramen
of the cervical spine during different active exercises
were first described based on the validated radio-
graphic protocol. The 8-week therapeutic exercises led
to the significant changes in the intervertebral foramen
areas and improvement of patient’s status presence.
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