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Abstract

Background
The cervical �exion-relaxation ratio (FRR) is known as a quantitative measure of the ability of the cervical
extensor muscles to relax during the full �exion of the cervical spine. In this sense, the variations in the
cervical FRR indicate some changes in the neuromuscular pattern of extensor muscles, and consequently,
their functions. Compared with patients suffering from non-speci�c neck pain, the changes occurring in
the pattern of the neck muscles' functions in cases with cervical spinal stenosis are not yet well
understood. Therefore, this study aimed to compare cervical FRR in patients with cervical lateral spinal
stenosis and asymptomatic controls.

Methods
In total, 25 patients with cervical lateral spinal stenosis (aged 44.7±10.4) and 25 asymptomatic
individuals (aged 44.3±10.8) were included in this study. These participants performed full-neck �exion,
and at the same time, the electrical activity of the cervical erector spinae (CES) muscles was recorded
bilaterally. Cervical FRR was further calculated by analyzing the electromyographic (EMG) data recorded
for each muscle.

Results
The mean cervical FRR was signi�cantly lower (P<0.05) and the FRR asymmetry (∆FRR) was
signi�cantly higher (P=0.003) in the patients than asymptomatic controls. In addition, the cervical FRR of
the involved side was signi�cantly lower in the patients compared with that in the non-involved one
(P=0.004). There was also a signi�cant difference in the cervical extension (CE) angle between both
study groups (P<0.001), while the cervical �exion (CF) angle was not different (P>0.05).

Conclusion
According to the study results, it was concluded that the neuromuscular pattern of the cervical muscles
could change asymmetrically and the CE angle could decline in individuals with cervical lateral spinal
stenosis. Therefore, such patients will be more susceptible to biomechanical changes and persistent pain
if the cervical muscles are not considered in their treatment.

Background
Spinal stenosis refers to a condition characterized by the narrowing of the spinal canal or vertebral
foramen that compresses the spinal cord or the nerve root, resulting in pain and some neurological
symptoms (1, 2). As retrieved from the related literature, the degenerative form of cervical spinal stenosis,
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i.e., cervical spondylotic myelopathy (CSM), is much more prevalent in the elderly population (1, 3, 4).
Based on its anatomical location, spinal stenosis is grouped into two categories where the spinal cord is
damaged, namely, central and lateral/foraminal stenosis (1, 5, 6). The signs and symptoms of spinal
stenosis depend on the spinal cord or nerve root compression severity and involvement (3, 6). In general,
patients with cervical spinal stenosis may complain of pain in the neck and even experience unilateral or
bilateral radicular pain in the upper extremities, as well as numbness and weakness during the �ne
movements of their limbs, and possibly gait disorders, including imbalance (1, 3). At present, magnetic
resonance imaging (MRI) is a valuable and common non-invasive method for diagnosing spinal stenosis
compared to other technologies (3, 5, 7); however, the severity of patients' clinical symptoms may not
sometimes match that of spinal stenosis reported on MRI, as con�rmed in some studies (4, 8, 10).
Depending on the symptoms, conservative or surgical treatment is often chosen to improve patient's
condition (1, 3). In this sense, conservative treatment consists of medication use, medical support, and
physiotherapy (1). Considering the nerve nutrition of the muscles surrounding the cervical spine, spinal
stenosis in this area may lead to denervation, and consequently, increase fat in�ltration into these
muscles (8, 11). On the other hand, fear of movement due to the exacerbation of stenosis and pain (1, 6)
augments the risk of cervical muscle disuse and atrophy in such cases (12). Although previous studies
have thus far reported the morphology of paraspinal muscle changes in patients with lumbar and cervical
spinal stenosis (8, 11, 13, 14), evaluating neck muscle function, based on electrical activity, in patients
with spinal stenosis seems to be essential with regard to the key role of neck muscles in providing the
stability of this area.

The �exion-relaxation phenomenon (FRP) here means the relaxation of the super�cial extensor muscles
following the �exion of the spine; in other words, the electromyographic (EMG) activity of the super�cial
erector spinae (ES) muscles diminishes or switches off once the spine is fully �exed, referred to as FRP
(15, 17). In fact, this phenomenon emerges due to the transfer of the kinetic force torque to the passive
elements of the spine (15, 17, 18). In this line, Pialasse et al. had con�rmed the existence of �exion-
relaxation in the cervical spine (15). Mousavi-Khatir et al. had further observed FRP change parameters
after 10 minutes of sustained full cervical �exion (CF) in healthy individuals (19). According to the related
literature, �exion-relaxation ratio (FRR) is known as a quantitative measure for calculating FRP (17, 20,
22), and even a reliable method to examine neuromuscular dysfunction, as suggested by Murphy et al.
(16). Moreover, Yeo et al. had reported that FRR could mostly vary in individuals with forward head
posture compared with healthy controls (22). However, few studies have so far shown that FRP in
patients with neck pain has changed (16, 17). Comparing FRR between healthy cases and patients with
chronic neck pain, Murphy et al. had further noted that FRR in patients had been signi�cantly higher than
that in healthy individuals (16). In another study, Marou� et al. had found FRP in only 36.3% of patients
with chronic neck pain, and suggested that neck muscle activity could vary in the majority of motor tasks
(17). Considering that patients with spinal stenosis need to maintain spinal �exion to prevent pain (1, 6),
it seems that the study of super�cial ES muscle activity pattern and FRP in patients with neck canal
stenosis is of utmost importance. However, no study was found, to the best of the authors' knowledge,
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investigating the electrical activity of the super�cial cervical ES muscles in patients with cervical lateral
spinal stenosis.

In addition to FRR, two other features were examined in this study; the �rst one was FRR asymmetry
(∆FRR), which was compared due to the one-sidedness of patients' symptoms, and the second feature
was the CF and cervical extension (CE) range of motion (ROM), which could often show a discrepancy in
neck disorders (23). Therefore, the primary objective of this study was to evaluate mean FRR in patients
with cervical lateral spinal stenosis and compare it with asymptomatic controls, and the secondary
objective was to compare ∆FRR in ES muscles on both sides between patients and controls. As the
tertiary objective, the present study aimed to compare the CF and CE angles between both groups.

Methods
This observational case-control study was performed in the Biomechanics Laboratory of the
Rehabilitation School a�liated to Babol University of Medical Sciences, Babol, Iran. The ethical approval
of this study was also granted by the Research Ethics Committee of Babol University of Medical
Sciences, Babol, Iran (IR.MUBABOL.REC.1399.245).

Participants
In total, 25 patients (5 men and 20 women) with cervical lateral spinal stenosis and 25 asymptomatic
controls (5 men and 20 women) participated in this study. The patients were referred to the Biomechanics
Laboratory of a neurology clinic a�liated to Babol University of Medical Sciences, Babol, Iran, and were
included in the study after physical evaluations by a skilled physiotherapist, having 15-year experience in
the �eld of cervical musculoskeletal disorders, to investigate the interference of other musculoskeletal
disorders in the neck and shoulder regions. The patients were accordingly selected for this study if they
had a con�rmed MRI report of cervical lateral spinal stenosis, pain in the neck or one upper extremity, and
no history of cervical spine surgery. The patients were also excluded if they were candidates for surgery
to treat stenosis, or had a history of neck rehabilitation and therapy over the past three months, or the
evidence of a tumor, a fracture, or an infection in the cervical spine. The participants in the control group
were further recruited from individuals with no history of pain and disorder in the neck and the upper
extremity in the last year. The ones with a history of neck surgery, regular exercise, and unwillingness to
cooperate were consequently excluded from the study. All the participants received explanations about
the testing process, signed an informed consent form, and completed a personal information
questionnaire.

Experimental Protocol
All the participants were tested in one session for 40 minutes. They were �rst seated in a chair with a
back while the soles of their feet were on the ground and the knees and hips were at a 90o angle. Then,
their thoracic region was �xed to the chair with a strap, at the level of the scapula, holding the arms
comfortably at the side of the body. The participants were next asked to look at the target at the eye level
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during the test and keep their head and neck in a neutral position, determined as the midpoint between
full neck �exion and extension (19) by an experienced physiotherapist. Accordingly, the participants were
requested to perform the �exion and extension of the cervical spine to the end of the range, and the
midpoint was targeted as the neutral position of the head for each individual (19). In addition, they were
asked to �ex and extend their neck three times from the midpoint as far as they could in order to assess
the cervical ROM on the sagittal plate. The average of three repetitions in each movement was further
considered as the ROM of �exion and extension. Afterward, the participants performed the following
steps, respectively: (1) keeping the head in the starting position for 4 seconds, (2) bending the head until
the chin was close to the upper chest, and this was done in 4 seconds, (3) maintaining this position for 4
seconds, and (4) returning (re-extending) the head to its original position within 4 seconds. An audio
signal was also applied to determine the speed of movement in each step (16). Before the performance,
all the test steps were explained to the participants and they were allowed to practice the test steps
several times. Of note, each participant repeated the testing process three times, and an interval was
provided to prevent muscle fatigue for two minutes between each time.

Instrumentation
The EMG signals were recorded bilaterally from the cervical ES, using a surface EMG device, DataLITE
(PIONEER, Biometrics Ltd., UK). The wireless bipolar Ag/AgCl surface electrodes were then bilaterally
attached on skin, 2 cm outside the center of the spinous process of the fourth cervical vertebra, in line
with the ES muscle �bers (19, 24). The inter-electrode distance was equal to 20 mm. Before the electrode
placement, the examiner prepared the participant’s skin by light abrasion, swabbing with alcohol, and
shaving if it was necessary.

The sampling rate was 1000 Hz with a band-pass �lter at 20-480 Hz that was ampli�ed with a common
mode rejection ratio > 110 dB, an overall gain of 1,000, and noise < 1 µV root mean square (RMS). To
determine the exact test steps, the neck �exion and extension angles were recorded using an
electrogoniometer (the sampling rate of 1000 Hz, Biometrics, Ltd., UK) synchronized with the EMG data.

Data Analysis
The raw EMG waves were �ltered and their RMS was detected by the Biometrics Analysis Software for
DataLITE, in 50 ms Time Windows. FRR was then calculated as an indicator of the presence of FRP by
dividing the maximum RMS in the cervical re-extension stage (viz. the fourth stage) by the average RMS
in the stage of maintaining full �exion (i.e., the third stage). Afterward, the mean FRR of both (left and
right) sides was utilized for statistical analysis (19). The difference in muscle FRR on both sides actually
signi�ed asymmetry in the FRP presentation. For this purpose, ∆FRR was calculated as follows: ∆F=
|right FRR – left FRR| (20). The FRR index was further calculated for cervical ES on both sides. In addition,
the amount of FRR on the involved side was compared with the non-involved one in the patient group
during an intra-group comparison.

Statistical Analysis
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The SPSS (ver. 20) Statistics software package (SPSS Inc., Chicago, USA) was used for data analysis
purposes. Independent-samples t-test was also applied to compare the distribution of the demographic
characteristics between both groups of the participants. As well, independent-samples t-test was recruited
to compare the mean FRR, ∆FRR, and CF and CE angles between the two groups. Paired-samples t-test
was additionally employed to compare FRR between the involved and non-involved sides in patients. The
statistically signi�cant level in all tests was considered as P<0.05.

Results
Before analyzing the study results, the normality of the data was con�rmed in all research variables by
the Kolmogorov-Smirnov test, but it was not signi�cant at the level of 0.05. In terms of the demographic
variables, there were no signi�cant differences in the mean age, weight, height, and body mass index
(BMI) (P>0.05). Moreover, all the study participants were right-handed. The results are presented in Table
1.

The study results revealed that the mean FRR in the patients was signi�cantly lower than that in the
controls (P=0.015) (Figure 1). To compare the asymmetry between FRR in the right and left cervical
erector spinae (CES), ∆FRR was compared and the �ndings established that the asymmetry in the
patients was signi�cantly higher than that in the controls (P=0.003). The CE.ROM in the patients was
signi�cantly lower than that in the controls (P<0.001), while the CF.ROM angle was not signi�cantly
different between the two groups (P=0.25) (Figure 1). Table 2 illustrates the information related to these
data.

In total, 17 and 8 participants in the patient group had right- and left-sided involvement, respectively.
Likewise, a signi�cant decrease was observed in the FRR of the involved side compared with the non-
involved one in the patients (P=0.004) (Table 3).

Discussion
The present study examined the cervical CES FRR in patients with cervical lateral spinal stenosis
compared with asymptomatic controls.

Of note, FRR is a quantitative measure for evaluating FRP in ES muscles as well as a practical and
reliable method for re�ecting on the functional pattern of these muscles in patients with neck pain (16).
Accordingly, the study results showed that cervical FRR in patients with cervical lateral spinal stenosis
was signi�cantly lower than that in asymptomatic controls, which was consistent with the �ndings of
previous studies on neck pain (16, 17, 25). Murphy et al. had further observed a signi�cant drop in mean
FRR in patients with chronic neck pain compared with controls, and had reported the high reliability of the
results and differences between groups, suggesting that FRR was a good indicator of the changes in
neuromuscular function in patients with neck pain (16). Shamsi et al., comparing the FRR of the CES
muscles and the upper trapezius of patients with non-speci�c neck pain and healthy individuals, had
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similarly observed that the FRR in patients was lower than that in healthy individuals, but there was no
signi�cant difference in the upper trapezius muscles (25). In fact, the fall in FRR may occur due to the
elevated activity of ES muscles in the state of full �exion or a rise in the activity of these muscles during
re-extension of the full �exion. According to Marou� et al., boosting the activity of the CES muscles in the
full �exion phase could have a signi�cant effect on reducing FRR in patients with chronic neck pain
compared with controls (17). Decreased FRR in patients with cervical stenosis in this study may also
indicate the changes in neuromuscular function and muscle activity pattern. One possible hypothesis to
explain the reduced FRR in these patients is no relaxation of the cervical super�cial ES muscles in the full
�exion phase, attributed to the increased activity of these muscles to stabilize the neck following a
decline in the deep contractile units of muscle �ber after increased fat in�ltration in the state of nerve root
compression (14, 26). To the best of the authors' knowledge, this study was one of the �rst attempts to
investigate FRR in patients with cervical lateral spinal stenosis, so further research is needed to evaluate
other features of FRP.

As recommended in the study by Dulcina et al., ∆FRR was used to compare the asymmetry of the cervical
FRR between the two groups (20) and the results showed that the asymmetry of CES FRR in patients with
cervical lateral spinal stenosis was signi�cantly higher than that in asymptomatic controls. Dulcina et al.
had similarly measured asymmetric FRR in the ES muscles and super�cial lumbar multi�dus in patients
with non-speci�c low back pain, and had observed that the ∆FFR of the ES muscles in patients was
higher than that in controls, and stated that asymmetric FRR could cause unilateral overactivity of the
lumbar ES (20). Previous studies had also reported muscle atrophy associated with cervical myelopathy
and radiculopathy (11, 13, 14, 27, 28). Besides, Fortin et al. had reported more asymmetry in the cross-
sectional area of the paraspinal muscles below the compression level in patients with degenerative
cervical myelopathy, and had reported that elevated asymmetry was associated with reduced functional
scales (29). Therefore, the changes in muscle morphology could shape muscle function in patients with
nerve compression syndrome in the cervical region (14, 29). In other words, the asymmetry in atrophy can
be associated with that in muscle activity since muscle atrophy is related to a reduction in the basic
contractile units of muscle �ber. In addition to the inter-group comparison, an intra-group comparison
was also performed in the patient group between the FRR of the involved and non-involved sides, and it
was revealed that the FRR of the involved side was signi�cantly lower than that of the non-involved one.
In line with the study results, Shamsi et al. had reported signi�cant differences between FRR on the left
and right sides in a group with non-speci�c neck pain, and had suggested that asymmetric FRR could
induce unilateral overactivity of the CES muscle, and consequently, persistent pain (25). In another study,
Park et al. had demonstrated that the pattern of muscle activity on the painful side could change more in
patients with unilateral posterior neck pain, and the asymmetry in pain could affect that of muscle
activity (30). An imbalance in bilateral paracervical muscle activity had been further reported during neck
endurance testing in patients with cervical radiculopathy (31). Therefore, the existence of asymmetry in
the pattern of muscle activity and FRR are made possible due to the one-sided symptoms and pain in the
patients participating in this study. However, it is not yet clear whether this asymmetry comes from the
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effect of unilateral symptoms or it is the cause. In general, it may be effective in perpetuating or reversing
pain due to unilateral muscle overactivity.

The neck ROM, as one of the components studied in patients with neck pain (32, 33), was also examined
in this study, and the results showed that the neck extension ROM was signi�cantly lower in patients with
cervical lateral spinal stenosis than that in the controls. Other studies had further reported signi�cant
differences in the cervical total ROM of the sagittal plate in patients with cervical myelopathy (34, 35).
The changes in the neck ROM can be thus assumed as one of the disruptive factors in neck
biomechanics. In this respect, Yeo et al. had detected a descending trend in FRR in a group with forward
head posture, and had concluded that fatigue in the ES muscles may be a factor in changing FRR (22).
Mousavi-Khatir et al. had also studied the effect of static neck �exion on FRP in healthy individuals, and
had observed that the FRP parameters such as FRR, neck �exion angle, and amplitude of ES muscle
activity had changed after 10 minutes of keeping the head in the �exion position (19). Of note, patients
with spinal stenosis avoid extension movements to prevent pain, irritation, and exacerbation of
symptoms, and typically tend to maintain the �exion posture (1, 8). As suggested by Mousavi-Khatir et al.,
maintaining neck �exion in the long run may change the length-tension characteristics, reduce the
stiffness of passive viscoelastic tissues, and ultimately give rise to compensatory cervical muscle activity
(19). Accordingly, it can be assumed that the changes in the neck ROM in patients with cervical lateral
spinal stenosis can be a factor in changing their muscle activity pattern.

This study had several limitations. Although there was no signi�cant difference between the contextual
variables, due to the attrition in the number of volunteers for their reluctance to participate in the study
following the pandemic, coronavirus disease 2019, some interfering conditions such as occupation and
socioeconomic status of the participants were not taken into account. As well, only patients with mild-to-
moderate spinal stenosis were evaluated in this study, and the cases with severe spinal stenosis were not
included for ethical considerations. Therefore, more studies are needed to clarify the relationship between
spinal stenosis severity and FRR.

The study �ndings also revealed that FRR and its asymmetry were different in patients with cervical
lateral spinal stenosis compared with those in asymptomatic individuals, indicating the changes in FRP
in these patients, so further research is required to investigate other features of FRP as well as the
presence or absence of FRP in patients with cervical lateral spinal stenosis. In addition, knowing about
the changes in the pattern of cervical muscle function in patients with cervical spinal stenosis is effective
in planning rehabilitation practices and treatments to maintain the correct function pattern of the
muscles in this area and prevent pain reversibility, along with other procedures to relieve pressure on the
spinal cord and the nerve roots. Therefore, more studies are needed to determine the relationship between
cervical spinal stenosis, the changes in muscle activity pattern, and the effect of rehabilitation exercises
on it in patients with cervical lateral spinal stenosis.

Conclusion
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The present study showed that FRR in the patients with lateral spinal stenosis was signi�cantly different
from that in asymptomatic controls, and even more asymmetry was observed in the CES FRR of the
patients with lateral spinal stenosis. In addition, a signi�cant difference in the CE.ROM in the patients
with cervical lateral spinal stenosis may affect the biomechanics of the cervical region in these patients.
Therefore, more research is needed to address this issue. Furthermore, it is suggested to investigate the
relationship between cervical ROM, spinal stenosis severity, and functional status of patients with FRR
changes, as well as the presence or absence of FRP and the variations in muscle activity pattern in
patients with lateral spinal stenosis in future studies (14).
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Tables
Table 1: The comparison of baseline characteristics 

BMI= body mass index

 

Table 2: The comparison of cervical FRR, ∆FRR, and cervical ROM in sagittal plate 
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Variables Patients Controls P-value

m.FRR 4.30±1.4 5.70±2.3 .015*

∆FRR 3.34±2.2 1.74±1.1 .003*

CF.ROM 40.85±6.2o 42.68±4.7o .25

CE.ROM 28.08±3.9o 34.22±4.8o .000*

M.FRR= mean �exion-relaxation ratio, ∆FRR= asymmetry of �exion-relaxation ratio between right and left
sides, CF.ROM= cervical �exion range of motion, CE.ROM= cervical extension range of motion

*Signi�cant based on the independent-samples t-test results

 

Table 3: The comparison of the involved and non-involved sides in the patient group

Patients  Involved side ES Non-involved side ES P-value

FRR 3.04±1.00 4.47±1.94 0.004*

*Signi�cant based on the paired-samples t-test results, FRR= �exion relaxation ratio

 

Figures
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Figure 1

CF and CE angles in patients and controls 

*Signi�cant based on the independent-samples t-test results


