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ABSTRACT

BACKGROUND: Neck pain is associated with decreased health-related quality of life, decreased work productivity, and increased visits to
health care providers.

AIM: The aim of this study was to assess the effectiveness of “Global Postural Re-education” (GPR) versus a neck specific exercise (SE) pro-
gram on neck pain, disability, cervical range of movement, postural stability, and activity of the superficial cervical flexor muscles.

DESIGN: A parallel-group and single-blinded clinical trial.

SETTING: Community interventions.

POPULATION: Fifty women with non-specific chronic neck pain (NSCNP).

METHODS: Participants were randomly assigned to one of the two intervention groups (GPR [N.=25] or SE [N.=25]). Both interventions con-
sisted of eight sessions of ~40 minutes duration, performed twice a week, for four weeks. Outcomes included neck pain intensity and disability,
cervical range of motion (CROM), postural sway, and activity of the superficial neck flexor muscles during a cranio-cervical flexion test (CCFT).
All outcomes were assessed twice before the intervention and immediately following eight treatment sessions over four weeks.

RESULTS: Both interventions were equally effective in reducing neck pain (P<0.001, np?=0.770) and disability (P<0.001, yp2=0.306), im-
proving neck mobility (P<0.001, 0.385<np2<0.623, for all measurements) and decreasing the activity of the superficial cervical flexor muscles
(P>0.001). Neither intervention altered postural sway.

CONCLUSIONS: Our results revealed that GPR and SE induced significant positive results in all measures apart from postural stability but with
no difference between the interventions.

CLINICAL REHABILITATION IMPACT: “Global Postural Re-education” (GPR) and neck SE interventions are equally effective in reducing
neck pain and disability, and improving neck mobility in women with NSCNP. Overall, this study indicates that GPR and SE interventions can
be used to effectively manage patients with NSCNP.

(Cite this article as: Mendes Fernandes T, Méndez-Sanchez R, Puente-Gonzalez AS, Martin-Vallejo FJ, Falla D, Vila-Cha C. A randomized controlled
trial on the effects of “Global Postural Re-education” versus neck specific exercise on pain, disability, postural control, and neuromuscular features in
women with chronic non-specific neck pain. Eur J Phys Rehabil Med 2023;59:42-53. DOI: 10.23736/S1973-9087.22.07554-2)
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Neck pain is a highly prevalent musculoskeletal dis-
order and is one of the major contributors to the
global burden of disability.! Neck pain is most common in
middle age, with women being affected more than men.2
The course of neck pain has a favourable prognosis for
most people. Nonetheless, one-third of people still pres-
ent low-grade symptoms or pain recurrence one year after
treatment, often leading to chronic pain.3 Neck pain is as-
sociated with decreased health-related quality of life, de-
creased work productivity, and increased visits to health
care providers,3 resulting in enormous costs for society.!:3

Although neck pain can be caused by traumatic events
(e.g., fracture, whiplash-associated disorder) or inflam-
matory disorders, most people present with non-specific
neck pain as it cannot be attributed to specific causes.3-5
Nevertheless, non-specific neck pain can be accompanied
by a myriad of neuromuscular and biomechanical changes
including reduced range, smoothness and variability of
neck movement,b reduced directional specificity of neck
muscle activity,” poorer performance on tests of motor
control,? altered coordination between the deep and super-
ficial neck flexors® and delayed muscle responses to per-
turbations.!0 Additionally, some people with chronic neck
pain present with altered sensorimotor control, including
deficits in proprioception, a decline in oculomotor control
and poorer balance.!! These alterations, taken together,
can lead to a decline in motor performance and postural
stability,!? increasing the risk of falls, particularly at older
ages.13 Consequently, interventions to enhance neuromus-
cular and sensorimotor control features are advocated for
the effective clinical management of people with chronic
neck pain.!4

Several studies have demonstrated that different modes
of exercise, including strengthening, endurance, stretch-
ing and motor control exercises, can be effective for the
management of chronic neck pain, but there is no clear
evidence that one particular type of exercise is more ef-
fective than another in relieving pain.!s However, few ran-
domized controlled trials (RCTs) have examined the ef-
fect of neck exercise on neuromuscular and sensorimotor
control’- 16 or they have been limited to the investigation
of a single aspect of neuromuscular/sensorimotor control
only, limiting the broader understanding on the benefits of
a particular type of exercise program. It also remains un-
known whether a more global form of exercise can change
neuromuscular/sensorimotor control in a similar way to a
more localized approach.

In recent years, a form of exercise termed “Global Pos-
tural Re-education” (GPR) has been introduced and is
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being used by clinicians worldwide.!?” GPR is a method
of physiotherapy, developed by Phillipe Souchard in the
1950s.18 Its therapeutic approach rests on causality, and
globality and is based on the hypothesis that the muscu-
lar system is organized into muscle chains, which can be
shortened as a result of musculoskeletal disorders and
constitutional, behavioral and psychological factors.17-20
Based on this rationale, the GPR aims to recover muscle
function and reduce postural alterations by improving
body awareness and postural control management.!7. 20
For this purpose, maintained postures of global stretching
of the muscle chains are used with the active participation
of the patient.!7. 18,20 A series of postures and gentle active
movements are performed aimed at stretching shortened
muscles, decompressing and aligning joints, with breath-
ing control, contractions of antagonist muscles and sen-
sory integration exercises to work on proprioceptive af-
ferents and re-educate postural control.17-2!

A number of studies have demonstrated the effective-
ness of the GPR in treating patients with different mus-
culoskeletal disorders.20.22,23 The few studies which have
examined the effect of GPR on chronic non-specific neck
pain have shown positive results in relieving pain, de-
creasing disability, and increasing flexibility and mobility
of the neck.!% 20 Nonetheless, the studies on GPR need to
be interpreted with caution due to the heterogeneity of the
results and the low quality of the clinical trials.!” Addi-
tionally, no study has investigated whether GPR provides
comparable effects to other forms of exercise, such as evi-
denced based specific localized strengthening and motor
control training programs. Moreover, there has not been
any investigation of the effects of GPR on neuromuscu-
lar or sensorimotor features in patients with chronic non-
specific neck pain.

This RCT aimed to examine the effectiveness of GPR
versus a neck specific exercise (SE) program on neck
pain, disability, range of movement, postural stability,
and activity of the superficial cervical flexor muscles. It
was hypothesized that, when compared to an established
SE program, GPR would induce similar changes in neck
pain intensity and disability as well as similar changes in
mobility, postural sway and muscle given the more global
nature of the exercise program.

Materials and methods

Participants

Women with chronic non-specific neck pain were re-
cruited from the community of Guarda County, Portugal.
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The participants were recruited through an online ques-
tionnaire published in social networks, advertisements in
physiotherapy clinics, and by emails sent to the Polytech-
nic Institute of Guarda staff. The inclusion criteria were
women aged between 30 and 65 years with chronic non-
specific neck pain lasting for at least 12 weeks, with pain
intensity greater or equal to 2 in the numerical Pain Rating
Scale. Participants were excluded if they received physio-
therapy treatment for their neck pain in the last 3 months
or are taking any pharmacological treatment, had been di-
agnosed with a specific cause of neck pain, had a history
of spinal surgery, or had central or peripheral neurologi-
cal signs or cognitive impairment. Initially, 63 women re-
sponded to the recruitment questionnaire, of which only
52 women met the selection criteria and were recruited.
All participants gave their informed written consent before
inclusion in the study. The study was approved by the Eth-
ics Committee of the University of Salamanca (458-2019)
and Ethics Committee of Polytechnic Institute of Guarda
(n.°2/2019) and was conducted in accordance with the
Declaration of Helsinki. The clinical trial was registered in
prospectively on ClinicalTrials.gov (NCT04402463).

Study design

This study was a parallel-group, single blinded controlled
clinical trial. The study protocol conformed to the SPIRIT
2013 Statement,?* and the reporting of this clinical trial
conforms to the CONSORT 2010 Statement (Consolidated
Standards of Reporting Trials).25 The study protocol for
this randomized, parallel, clinical trial was described in
detail in Fernandes et al.26

The number of participants required in each group was
estimated based on the potential modification of the prima-
ry outcomes, neck pain intensity and neck disability from
baseline to final assessments. For repeated measurements,
the sample size estimated, accepting an alpha risk of 0.05
and a beta risk of 0.2 in a two-sided test, was of 26 par-
ticipants in each group to recognise a statistically signifi-
cant difference greater than or equal to 2 units (SD=1.75)
(NPRS) or 7 units (SD=6) (NDI). The sample size cal-
culated for each group, it was also considered appropri-
ate to find an effect size of 0.8 in terms of standardized
means between groups (Cohen’s d). The sample size was
estimated with the software “PASS 15 (NCSS statistical
software)” and “The R Project for Statistical Computing”.

Following the initial clinical interview conducted by
a specialist physiotherapist, patients were randomly as-
signed to either the GPR or SE. The randomisation was
undertaken by an independent assessor, with no other in-
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volvement in the trial, by using a computerized random-
ization system (randomized.com). Allocation concealment
was guaranteed by sequentially numbered, opaque, sealed
envelopes. The participating subjects were not blinded
to the intervention, having been informed only that they
would receive an effective treatment, without knowing ex-
actly what type of intervention. The researchers who per-
formed the study measurements of all outcome variables
were blinded to the treatment performed by each partici-
pant. And the physiotherapist who provided the interven-
tion was not blinded due to the treatment characteristics
themselves, but was unaware of the outcome of the as-
sessments.

All patients participated in three laboratory sessions,
on three separate days, and in eight exercise sessions over
a 4-week intervention period (2 visits per week), accom-
panied by an individual daily exercise program at home
(Figure 1).

To assess day-to-day variability, two laboratory ses-
sions were completed one week apart before the inter-
vention (PRE1 and PRE 2). After the second assessment,
participants started the intervention programs, and the last
evaluation (POST) occurred 48 to 72h after the eighth

Enrollment | Assessed for eligibility (N.=63)

Excluded (N.=13)
- Did not meeting the inclusion
criteria (N.=11)
- Declined to participate (N.=2)

Y

Randomized (N.=50)

Y Allocation y

GPR Group ST Group
- Allocated to intervention (N.=25) - Allocated to intervention (N.=25)

v Follow-up v

Intermediate assessment
4 sessions (2 weeks)
(N.=25)

Intermediate assessment
4 sessions (2 weeks)
(N.=25)

v Follow-up 17

Post-intervention assessment
8 sessions (4 weeks)

(N.=25)

Post-intervention assessment
8 sessions (4 weeks)
(N.=25)

Y Analysis Y
| Analyzed (N.=25) || Analyzed (N.=25)

Figure 1.—Flow chart of the study.
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Numerical Pain Rating Scale
(NPRS)

Neck disability index
(NDI)

| >

Pain and disability neck pain | Stabilometry

Range of movement | EMG recording of Time
superficial neck muscle
activity during the
cranio-cervical flexion test

Figure 2.—Experimental design followed in the laboratory sessions.

treatment. All patients were assessed under the same con-
ditions and the outcomes were measured in the following
order: neck pain and disability, postural sway, cervical
range of motion (CROM) and superficial neck flexor activ-
ity during performance of the cranio-cervical flexion test
(CCFT) (Figure 2).

Outcome measures
Primary outcomes
PERSONAL AND SOCIODEMOGRAPHIC VARIABLES

Individual sociodemographic factors, including age, sex,
educational level, marital status, occupation, and employ-
ment status, were assessed during the first visit to the
laboratory. Measures of anthropometric variables (body
weight, height, Body Mass Index), neck pain duration (in
months and weeks), physical activity levels and sitting
time were also assessed.

NECK PAIN INTENSITY AND NECK DISABILITY

Neck pain intensity was measured using a Numerical Pain
Rating Scale (NPRS) composed of an 11-point scale, rang-
ing from 0 (“no pain”) to 10 (“the “worst pain imagin-
able”).27. 28 Neck disability was measured using the Por-
tuguese version of the Neck Disability Index (NDI-PT).28
The questionnaire has 10 items relating to daily activities
(personal care, lifting, reading, headaches, concentration,
work status, driving, sleeping and recreation) and cervical-
spine pain. Each item is scored from 0 to 5, and the total
score out of 50 points is summated.

Secondary outcomes
CROM

Assessment of neck range of motion with the CROM de-
vice was performed according to previous studies.2% 30 In-
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dividuals were seated on a chair with no backrest, with
their feet on the floor, and the CROM device positioned on
their heads. A magnetic collar was placed on the shoulders
to take into account any rotation of the trunk, and it was
always in the same position with respect to the magnetic
pole. A neutral head position (e.g. anatomical position),
keeping their gaze straight ahead, was established as the
starting and reference positions, and the CROM device
was adjusted to zero.2% Range of movement was measured
with an accuracy of 1° for flexion, extension, lateral flex-
ion, and rotation in a consistent order for all participants.
All participants performed three repetitions of each move-
ment. Subjects were instructed to perform the movement
smoothly to the maximum of their capacity (until feel pain,
blockage, tissue tension or a compensatory movement ap-
peared), and the final position of each movement was re-
corded. At the end of each movement, the participant re-
turned the head to the initial position. A rest interval of ap-
proximately 15 seconds was given between each measure.

POSTURAL SWAY

Postural sway was measured while the participants were
standing on a force platform (Kistler, model 9260AA6,
Switzerland). Participants were asked to stand upright with
their arms by their sides and barefoot on the top of the plat-
form in four different positions: 1) narrow stance (feet to-
gether), with open eyes; 2) narrow stance, with closed eyes;
3) narrow stance standing on a blue pad foam (46 cm x 6
cm x 40 cm), with open eyes and, 4) narrow stance standing
on foam, with closed eyes. Participants were required to
maintain each position for 40 seconds, following the afore-
mentioned order. Each position was repeated twice. Data
were sampled at 1000 Hz and different parameters were
computed, namely: oscillation of center of pressure (COP)
(95% confidence elliptical area), mean COP velocity and
anteroposterior (AP) and mediolateral (ML) COP velocity.
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ELECTROMYOGRAPHY

Bipolar surface electromyography (EMG) signals were
detected from the sternal head of the sternocleidomastoid
(SCM), and anterior scalene (AS) muscles bilaterally as
participants performed the cranio-cervical flexion test.
Pairs of Ag-AgCl electrodes (Ambu Neuroline; conductive
area 28 mm?) were positioned 10 mm apart over the SCM
and AS following skin preparation and guidelines for elec-
trode placement.3! EMG signals were amplified as bipolar
derivations (EMG amplifier; LISIN-OT Bioelettronica, To-
rino, Italy), band-pass filtered (- 3 dB bandwidth, 10-500
Hz), sampled at 2,048 samples/s, and converted to digital
data by a 12-bit analog-to-digital (A/D) converter board. A
reference electrode was placed around the right wrist.

To perform the test, the participants were comfortably
positioned in supine, crook lying with the head and neck
in a mid-position. Then CCFT consisted of five incremen-
tal movements of increasing cranio-cervical flexion range
of motion as described previously.32 The performance
was guided by visual feedback from an air-filled pressure
sensor (Stabilizer, Chattanooga Group Inc., Austin, TX,
USA), which was placed in the suboccipital region, and
inflated to a baseline pressure of 20 mmHg. During the
test, participants were required to perform gentle nodding
motions of cranio-cervical flexion, progressing in ranges
to increase the pressure by five incremental levels (22, 24,
26, 28, and-30 mmHg) holding each level for 10s with 30s
of rest in between levels. Participants were familiarized
with the task before the application of the electrodes. Af-
terwards, the participants performed a standardized ma-
noeuvre for EMG normalisation that consisted of a head
lift (combined cervical and cranio-cervical flexion) to just
clear their head from the bed, which was maintained for
10s, during which EMG data were recorded. A one-minute
rest period was given before the participants then per-
formed the CCFT. For each level of the CCFT, the EMG

A
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recordings were initiated at the point at which the partici-
pant steadily reached the target pressure level. The aver-
age rectified value (ARV) was computed offline from the
EMG signals in intervals of 1s. The ARV values were then
averaged and normalized with respect to the ARV comput-
ed from the reference voluntary contraction and expressed
as a percentage.

Interventions

Both interventions are described in detail in the protocol of
this study.2¢ Briefly, both interventions consisted of eight
sessions of ~40 minutes duration, performed twice a week,
for four weeks. A time interval of 72h to 96h was permit-
ted between sessions.

GLOBAL POSTURAL RE-EDUCATION

The global postural exercises consisted of three positions
as described by Souchard.!8 For the first position, the pa-
tient lied in supine with their shoulders abducted to 30°
and the forearms supinated. The pelvis was kept in a neu-
tral position, while the lumbar spine remained supported.
This position is characterized by a progression from flex-
ion to extension of both hips and knees (Figure 3A). For
the second position, the patient remained in supine with
their hips at 90° of flexion and performed gradual knee
extensions (Figure 3B). The participants remained be-
tween 15 and 20 minutes in each of these two positions.
Under the supervision and verbal and/or manual guidance
of the physiotherapist performing the intervention, they
performed 5-10s isometric contractions of the antagonist
muscles of the muscle chain targeted by each posture, with
sufficient intensity to promote and maintain the stretch-
ing of that muscle chain. Subjects also made active ad-
justments to their position during the posture to achieve
correct joint alignment and maintained specific control of
breathing. At some point, while the patient maintained the
corresponding posture, the physiotherapist could favor,

’}

Figure 3.—The three positions of GPR. A) Positioned in supine to stretch anteriorly; B) positioned in supine to stretch posteriorly; C) standing
posture.
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with some manual contact, sustained stretching and some
joint traction as previously described.!® To complete the
session, the participants were requested to maintain an up-
right posture in standing for 5 minutes (Figure 3C).

NECK SPECIFIC EXERCISE (SE)

Participants assigned to the SE group performed SEs, as
described previously.4 The protocol consisted of exercises
for the cervical and axioscapular region and sensoriomotor
control exercises with visual feedback with a laser pointer.
The program was initiated with specific low-load exer-
cises for both the deep neck flexors, performed in supine
lying, using feedback from an air-filled pressure sensor
(Stabilizer™, Chattanooga Group Inc., Chattanooga, TN,
USA) and deep neck extensors as participants performed
isolated neck extension in a prone position. Axioscapular
muscles, particularly targeting the lower and middle fibres
of the trapezius, were trained using inner range holding
exercises of scapular retraction and depression, practiced
initially in side lying and then prone. The participants also
performed sensoriomotor control exercises with a Visual
Feedback Rehab Laser (MotionGuidance®), involving re-
location of the head back to a neutral posture or to pre-
determined points in range, as well as movements of the
head to points in different directions (horizontal, vertical
lines and circles) of the different designs of Motion Guid-
ance (MotionGuidance®). The exercises followed a pro-
gression by introducing changes in direction and range of
movement and variants with closed eyes and by increasing
speed and tracing more intricate patterns such as a figure
of eight, zig-zag or a butterfly form.

For both interventions, the exercises progressed in in-
tensity over the duration of the training, as described in
detail in Fernandes ef a/.26 Additionally, the patients were
asked to perform their exercises at home but without the
use of any equipment (Supplementary Digital Material 1:
Supplementary Table I).
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Statistical analysis

Data were analyzed using the IBM-SPSS software pack-
age (version 23.0). Descriptive data analysis was reported
by groups as means+standard deviation for all quantitative
variables. The normality of the distribution of dependent
variables was confirmed using Shapiro-Wilk test. Be-
tween-group differences in age, height, and weight were
assessed using independent #-tests. The Test of Levene was
applied to test the homogeneity of variance in the factor
of independent measures and Mauchly’s Sphericity Test
for the factor of repeated measures. When the sphericity
assumption was not met, the Greenhouse-Geisser correc-
tion was used. The effects of the two interventions on neck
pain, neck disability, neck mobility, and COP parameters
were assessed with two-way repeated-measures Analysis
of Variance (ANOVA) with factors intervention (GPR vs
SE) and time (PRE1, PRE2, and POST). In both groups,
there was no side to side difference in the level of SCM
and AS EMG amplitude, and therefore an average was
taken. The effects of both interventions on CCFT perfor-
mance were assessed with three-way repeated-measures
ANOVA with factors intervention (GPR vs SE), pressure
levels (22, 24, 26, 28, and-30 mmHg) and time (Prel,
Pre2, and Post). Partial eta-squared (np2) was used to cal-
culate the effect sizes of the statistical results, which were
classified as weak (yp2<0.01), medium (gp? 0.01<0.06) or
high (yp2>0.14).33 The significance level was set at P<0.05.
Pairwise comparisons were performed with the Bonferro-
ni post-hoc test when ANOVA was significant. The level
of significance for the statistical tests was set at P<0.05
with a confidence interval of 95%. Data are displayed as
mean=+standard deviation (SD) in the text and tables and as
mean=standard error (SE) in the figures.

Results
Participants

Of the 52 patients recruited, 50 completed the full trial.
Two patients did not complete due to the incompatibility

TABLE I.—Characteristics of the participants, showing mean (standard deviation, SD) for age, height (m), weight (kg), Body Mass Index
(BMI) and pain duration and then divided in the postural global re-education group (GPR) (N.=25) and specific neck exercise group

(SE) (N.=25).

Patients Age Height Weight BMI
Mean (SD) Mean (SD) Mena (SD) Mean (SD)

All participants (N.=50) 50.82 (8.77) 1.60 (0.05) 62.35 (9.02) 24.39 (3.54)

Postural global re-education group (N.=25) 47.84%* (8.86) 1.61 (0.03) 61.82 (6.89) 24.02 (2.94)

Neck SE group (N.=25) 53.80 (7.74) 1.5936 (0.06) 62.88 (10.87) 24.77 (4.08)

*Statistically significant difference between groups (independent t-Test) (P<0.05).
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of schedules for data collection and treatment. Thus, the re-
sults are presented for 25 subjects in each group (Table I).

All 50 participants attended all of their treatment ses-
sions, and no adverse events were recorded. As a result
of the randomisation process, significant differences were
observed between groups for age (P=0.02), but not for
height, weight or Body Mass Index (P>0.427 for all pa-
rameters). Also, no significant differences were observed
between groups regarding any of the sociodemographic
and physical activity variables analyzed. No differences
were observed between groups for neck pain intensity,
neck disability, EMG variables, CROM (with the excep-
tion for flexion; P<(.02) and COP measurements assessed
in the PRE1 and PRE2 sessions (P>0.186 for all param-
eters).

Neck pain intensity and neck disability

Both exercise interventions induced a significant reduc-
tion of neck pain intensity (main effect time: P<0.001,
yp?=0.770, Table II) and neck disability (main effect time:
P<0.001, yp?=0.306, Table II) but no differences were
observed between groups (main effect group: P=0.534,
yp?=0.001). The Bonferroni post hoc Test showed that fol-
lowing both interventions neck pain intensity and disabil-
ity significantly decreased compared to PRE1 and PRE2
moments (P>0.001 for all measurements). On average,
patients indicated a reduction in neck pain intensity of 3.6
points and a reduction in disability of 4.2 points following
GPR and 3.8 points and 4.3 points, after SE intervention,
respectively. All participants reported pain relief, regard-
less of intervention (ranging between 1 and 7 points).

For those that reported a decrease in disability, 11 from
each intervention group reported improvements of 5 points
or more on the NDI.

Neck mobility

Analysis of neck ROM showed that neck mobility im-
proved significantly following both interventions (main
effect time: P<0.001, 0.385<yp2<0.623, for all measure-
ments; Table III). The post hoc results are presented in Ta-
ble III. Overall, on average, the GPR group increased their
cervical ROM between 7.78° and 11.43° and SE between
3.9°and 7.26° (Table III), but no differences were observed
between groups (main effect group: 0.186<P<0.635,
yp2<0.036, for all CROM measurements). In the GPR
group, all participants improved their neck mobility in all
measured directions, while in the SE group, 2 of the 25
patients experienced a decrease in extension and lateral
flexion (on average — 3.1°).
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TABLE Il.—Mean+SD of the numeric pain rating scale (NPRS)
and the neck disability index (NDI), before (PREI and PRE2) and
after (POST) “Global Postural Re-education” (GPR) and specific
neck exercises (SE) interventions.

GPR SE
NPRS PREI1 6.16+1.40 6.04£1.65
PRE2 6.12£1.59 6.08£1.55
POST 2.56+1.36* 2.244+1.23 *
PRE1 15.52+5,42 16.08+5.34
NDI PRE2 13.96+5,01 15.36+5.01
POST 11.24+5,58%* 11.80£6.09*

*Statistically significant difference between groups (P<0.05); **P<0.001; PRE1
and PRE2 significantly different from post condition.

TABLE IIl.—Mean+SD of the neck flexion, extension, rotation, and
inclination mobility, before (PRE1 and PRE2) and after (POST)
“Global Postural Re-education” (GPR) and specific neck exer-
cises (SE) interventions.

GPR SE
Flexion PREI 58.76+11.87 60.12+12.45
PRE2 54.36+11.05F 57.52+12.98%
POST 64.92+7.83* 64.92+6.67*
Extension PREI 46.76£11.99 45.48+11.63
PRE2 44.76+9.35 42.84+11.17
POST 54.92+7.93* 54.44+8.46*
Rotation PREI 59.62+9.65 63.78+8.92
PRE2 59.3249.11 63.58+6.40
POST 70.90+8.70%* 70.94+5.74%
Lateral Flexion PREI1 31.64+7.38 34.70+8.55
PRE2 31.32+6.81 32.86+5.72
POST 39.26+6.47* 39.10+6.46*

*P<0.001; PREI and PRE2 significantly different from post condition. ¥P=0.02;
PREI significantly different from PRE2.

Neck flexor muscle activity

Figure 4 shows the EMG amplitude of the SCM and AS
during the five stages of the CCFT for each group at each
time point. As expected, a significant main effect of the
CCFT stage was observed (P<0.02; np2<0.12, for both
muscles). A main effect of time was also observed for the
EMG amplitude for the SCM and AS (main effect time:
P<0.0001, np2=0.44 and P<0.0001, np?=0.35, respective-
ly; Figure 4); both groups (displayed a similar decrement
of the SCM and AS EMG amplitude across all stages of
the CCFT after the interventions (P>0.001 when compared
Post to PRE1 and PRE2 sessions, for both muscles; Figure
4). Overall, and across all stages of the CCFT, the EMG
amplitude of the neck flexors decreased between 3.33%
and 17.03% and between 4.38% and 14.97% follow-
ing GRP and SE programs, respectively. No differences
were observed in the EMG amplitude assessed in PRE1
and PRE2 sessions (P>0.823 for both muscles). However,
a main group effect was detected (P<0.02; np2<0.12, for

February 2023



RE-EDUCATION VERSUS NECK SE IN WOMEN WITH CHRONIC NSCNP MENDES FERNANDES
GPR Group ST Group 60 -
60- Sternocleidomastoid = I
g mufde g E so| Erre |
= 507 5 1 © BB POST
< % 1 f *kk E 40_
Y] - (]
40 - Y 0
S % I 7 £
: } fLt :
N 307 i ¥} I g 201
[ R S R S s . A\ O
E | e .- v I o PRET g
5 204 g i o PRE2 € 10
3 --n- POST 5
. )
10722 24 26 28 30 2 24 26 28 30 GPR EXER  GPR EXER  GPR EXER  GPR EXER
A Platform EO Platform EC Foam EO Foam EC
60 A
) Anterior scalene g 81
< 50+ mufde T CIPRET ;L
= o D P —_ I PRE2
< ® T =
© I 1 o | HEPOST
404 . ¢ N
2 T %/ o £
........ v o
b . g
530 J I v S 4
g /’E LT ® PRET <
S 200 I ; o PRE2 >
S . ‘¥ POST g o
100 % 4 26 28 30 2 24 26 28 30 <
St f th io- ical flexion test H e o
B ages of the cranio-cervical flexion test (mmHeg) GPR EXER  GPR EXER  GPR EXER  GPR EXER
- - - Platform EO Platform EC Foam EO Foam EC
Figure 4—Mean and SE of the normalised average rectified values |RB

(ARV) for the Sternocleidomastoid (A) and anterior scalene (B) muscles
for each stage of the cranio-cervical flexion test during the preinterven-
tion sessions (PRE1 and PRE2) and postintervention (POST) (“Global
Postural Re-education” [GPR] and specific exercise [SE]).

*Significant main group effect (P<0.05); ***significant difference be-
tween POST and PRE1 and PRE2 sessions (P<0.001).

both muscles). The SE group presented significantly high-
er EMG amplitude in both SCM and AS across all stages
than the GPR group (Figure 4). Not all participants ex-
perienced a reduction in the EMG amplitude of the SCM
and AS following treatment (measured as an EMG ampli-
tude average across all 5 test levels). This alteration was

Figure 5—Mean and SE of the confidence ellipse area (A) and total
sway velocity (B) in the conditions with feet side-by-side over the plat-
form and the blue foam with eyes open (EO) and closed (EC) during the
pre (PRE1 and PRE2) and post intervention (POST) sessions (“Global
Postural Re-education” [GPR] and specific exercise [SE]).

observed in 19 participants from the GPR (on average,
-13.1%), and 23 from the SE group (on average, - 1.3%).
Whereas, six participants of the GPR and two from the
SE group experienced an increase in the activity of these
muscles during the CCFT (on average +7.4% and+1.3%,
respectively) post-treatment.

TABLE IV.—Mean=+SD of anteriorposterior velocity (AP velocity) and mediolateral velocity (ML velocity), before (PRE I and PRE 2) and
after (POST) “Global Postural Re-education” (GPR) and specific - exercises (SE) intervention groups.

GPR SE

AP velocity ML velocity AP velocity ML velocity

Stable surface, eyes open PRE1 0.88+0.22 1.09+0.31 0.92+0.27 1.17+.029
PRE2 0.89+0.30 1.09+0.29 0.93+0.27 1.16+0.31

POST 0.90+0.29 1.09+0.21 0.93+0.26 1.18+0.31

Stable surface, eyes closed PRE1 1.30+0.52 1.57+0.61 1.35+0.43 1.63+0.50
PRE2 1.3240.55 1.60+0.64 1.40+0.42 1.71£0.63

POST 1.21+0.28 1.48+0.37 1.31£0.37 1.64+0.45

Unstable surface, eyes open PRE1 1.76+0.55 1.97+0.49 1.88+0.60 2.02+0.45
PRE2 1.72+0.45 1.91£0.37 1.91+0.53 2.15+0.49

POST 1.70+0.43 1.90+0.36 1.82+0.45 1.99+0.45

Unstable surface, eyes closed PRE1 4.40+1.41 4.28+1.19 4.42+1.35 4.60+1.34
PRE2 4.14+1.45 4.22+1.35 4.25+1.02 4.55+1.17

POST 4.03+4.28 6.45+2.29 4.284+0.99 6.67+1.52
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Postural sway

The results presented in Figure 5 and Table IV indicate
that neither of the treatment interventions altered postural
sway (main effect time: 0.064<P<0.201, 0.03<np2<0.06;
Figure 5, Table IV).

Discussion

This study aimed to investigate the effectiveness of a glob-
al versus more localized exercise program in reducing pain
and disability and enhancing kinematic, neuromuscular
and sensorimotor control features in women with chronic
non-specific neck pain. The results showed that both inter-
ventions were equally effective in reducing neck pain and
disability, improving neck mobility and reducing the activ-
ity of the superficial cervical flexor muscles during a test
of motor control. On the other hand, neither intervention
influenced postural stability. The lack of superiority of one
treatment over the other reveals that both options could be
considered for the treatment of chronic non-specific neck
pain in the short term.

This is the first study to compare the effectiveness
of GPR against a SE program that has been previously
shown to be effective for the treatment of chronic neck
pain.”- 8. 34. 35 In previous studies, the effects of GPR on
neck pain were compared to a control group,!® segmen-
tal static stretching22. 23 or manual therapy?2? interventions.
The results of these studies make it challenging to under-
stand the effectiveness of GPR compared to other effective
exercise modes. Moreover, this is the first study investigat-
ing the effects of GPR on the activity of cervical flexor
muscles in patients with chronic neck pain by comparing it
to a form of exercise that promotes coordination between
the superficial and deep cervical muscles. In the present
study, the changes induced by GPR and SE were concur-
rently investigated in two groups with similar characteris-
tics, which made a direct comparison possible.

Pain, disability and neck mobility

Eight sessions of either GPR or SE over four weeks were
sufficient to reduce neck pain (NPRS) and perceived dis-
ability (NDI Score) and improve neck mobility. The pa-
tients reported, on average, a reduction of 3.6 to 3.8 points
on the NPRS after the GPR and SE treatment, respectively,
revealing that both interventions were similarly effective
in relieving neck pain in patients with mild to moderate
chronic non-specific neck pain. In addition, a similar re-
duction in the NDI was observed after both interventions
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(~4 points on average). These values are within the same
range reported by previous trials studying the effective-
ness of SE32.36.37 and GPR20. 23 interventions for people
with mild to moderate chronic neck pain.

Areduction of 5.5 points in the NDI and 1.5 in the NPRS
has previously been determined to be a clinically impor-
tant difference (MCID) for uncomplicated neck pain.38
Nonetheless, the recommended MCID on the NPRS, and
in particular on the NDI, varies substantially. For the NDI,
the MCID score ranges between 1.6 points for a patient
population with light to moderate recurrent neck pain3 to
7 points for patients with cervical radiculopathy.4® On the
other hand, for the NPRS, the MCID scores range between
1.3 points in patients with mixed neck pain3 and 2.5 points
for patients non-specific neck pain.#! In the present study,
both interventions induced a reduction in the NDI and
NPRS scores that fall within these MCID scores. More-
over, the effect size for the NDI and NPRS was high,33
confirming that both SE and GPR are effective in the man-
agement of patients with non-specific chronic neck pain.

In our study, the baseline mobility values for all direc-
tions (except for flexion) were similar, or even lower in
some cases, to those presented by previous studies with
subjects with neck pain.2%:37 In flexion, our patients showed
similar values to those presented by healthy subjects.29 37

Following both interventions neck mobility improved
in all directions, particularly in flexion, extension and ro-
tation, and the post-intervention values of both groups be-
came closer to the values observed in healthy subjects.29.37
These results are in line with previous findings on the ef-
fectiveness of exercise interventions in improving func-
tion in patients with neck pain.8. 34

Different modes of exercise have been shown to be ef-
fective, including low-intensity exercise based on preci-
sion and control and high-intensity exercise focused on
strength and endurance.!4 Although the exercise param-
eters vary between exercise programs, there is no clear
evidence that one particular type of exercise is more effec-
tive than another in managing patients with chronic neck
pain.!4 15 In the present study, the SE program involved
localized SEs (based on motor control exercises for the
neck muscles), while GPR involved more global exercises
(focused on stretching postures and isometric contrac-
tions). Despite methodological differences, both exercise
programs produced similar improvements in several out-
come measures. Our findings are, therefore, in accordance
with previous data, confirming a similar impact of differ-
ent exercise programs in reducing pain and disability in
patients with neck pain.34 42
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The mechanisms underlying the effectiveness of differ-
ent exercise interventions may vary, including a reduction
of nociceptor inputs due to modification of tissue load-
ing,!4 improvement in the coordination between muscles,3¢
enhanced physical fitness!4 15 and a reduction of threat due
to exposure to the movement.43 The effectiveness of GPR
in reducing pain has been associated with mechanisms
underlying the prolonged stretching of muscles which is
thought to reduce the viscoelasticity of the tissues and in-
crease the range of motion, with a consequent reduction
in pain.# Stretching may also influence the autonomic
nervous system and central hemodynamics, leading to
decreased parasympathetic activity and alterations in the
blood flow in stretched and remote muscles.4> Such altera-
tions may also produce an analgesic effect.

Previous evidence revealed minimal benefit when only
stretching exercises were used for the cervical region.!5: 46
However, it should be noted that GPR differs from a con-
ventional stretching exercise program since it involves
isometric contractions, manual traction and simultaneous
stretching of multiple muscles for 15 to 20 minutes, rather
than stretching single muscles for short durations. In ad-
dition, GPR also incorporates breathing control, which
can induce positive effects on the autonomic nervous sys-
tem.47

Activity of the superficial cervical flexor muscles

GPR and SE induced a similar decline in EMG amplitude
of the superficial cervical flexor muscles across all five
levels of the cranio-cervical flexion test. Nonetheless,
the number of participants experiencing this improve-
ment was slightly greater in the SE group than in the GPR
group (23 vs. 19, respectively). Previous studies have con-
firmed that neck SE is superior to general neck strength-
ening exercises at reducing the activity of the superficial
neck flexor muscles,8: 34. 3¢ and this change is thought to
reflect improved coordination between the deep and su-
perficial neck flexor muscles during this test of motor
control.# % The SE program specifically included cranio-
cervical flexion exercise, and therefore, it is not surprising
that this group improved their performance overall when
performing the cranio-cervical flexion test. It should be
noted, however, that the GPR group gained a significant
improvement in test performance (noted as a reduction in
superficial muscle activity) even though the movement of
cranio-cervical flexion was not specifically targeted. This
finding supports the effect of GPR on neck muscle coor-
dination.
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Postural stability

A number of studies have shown that patients with chron-
ic neck pain may present with poor balance compared to
asymptomatic people, reflected as a larger displacement
of COP during balance tasks either with the eyes open or
closed.*8 Nevertheless, very few studies have investigated
the effects of different interventions on balance perfor-
mance in people with neck pain. Previous research has
suggested that endurance training of the neck muscles#
and manual therapy®? can improve postural stability in
patients with whiplash associated disorders. On the other
hand, no changes in static balance were observed follow-
ing a neck-SE program, a behavioral approach or general
physical activity.!! No previous study has evaluated the
effect of GPR on balance. Since GPR is a more global
exercise approach, we anticipated that it would improve
postural stability. Yet, the results of the present study in-
dicate that neither intervention affected postural stability.
Although the interventions were not specifically designed
to improve balance, they both aimed to enhance neuro-
muscular and sensorimotor control, which could poten-
tially enhance postural stability. Importantly, however, it
should be noted that the data from the present study do
not allow us to confirm that our participants had impaired
balance since a healthy control group was not recruited.
Moreover, there is no normative data or cut-off points on
COP measures regarding normal or impaired balance, and
the measurement parameters vary substantially between
the few studies on the topic, limiting the comparison with
previous studies.

Limitations of the study

The main limitation of this study was the lack of an as-
ymptomatic control group which would have allowed us
to understand if the baseline measures were different to
healthy individuals, e.g. balance may not have changed as
their balance was normal in the first place. In addition, the
participants presented with mild to moderate pain and dis-
ability, which limits the results of this study to patients
that fall into this category. A further consideration is that
the outcome measures were limited to only some aspects
of neuromuscular and sensorimotor control, and although
the two exercise interventions revealed comparable ef-
fects, they may influence other aspects of neuromuscular
and sensorimotor control differently. Additionally, the fol-
low-up was limited to immediately after the interventions,
and further research is required to determine the impact of
these exercise programs in the longer term.
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Conclusions

GPR, which focuses on stretching positions and isometric
contractions, was equally effective as a specific localized
neck exercise program in reducing neck pain and disability
and improving neck mobility and neuromuscular coordi-
nation in the short term.
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