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Abstract
Objective: The aim of this study was to review the scientific literature on the efficacy of neuromuscular integration techniques for
the rehabilitation of forward head posture (FHP) and rounded shoulder posture (RSP). Data Sources: Online databases CINAHL,
PubMed, and SportDiscus were searched for the Boolean terms: “neuromusc* AND shoulder AND posture”, “neuromusc* AND neck
AND posture”, “neuromusc* AND head AND posture”. Study Selection: Reviewed studies were limited to human studies with
an exercise intervention. Studies that contained participants with severe chronic conditions or acute musculoskeletal injuries were
excluded. Data Extraction: One reviewer extracted data on study and patient characteristics and selected articles were evaluated
by 2 raters for methodological quality. Data Synthesis: A total of 281 subjects participated in the six chosen studies that met the
inclusion criteria. Exercise intervention protocols were then reviewed and recommendations were made accordingly for the FHP and
RSP respectively. Conclusions: Evidence showed efficacy of neuromuscular techniques for FHP, but not for RSP. This review also
highlighted the lack of research in this field and the ambiguity in practice for what constitutes a neuromuscular integration method.

Keywords: Exercise intervention; Craniovertebral angle, Dysfunction
Abbreviations: FHP: Forward Head Posture; RSP: Rounded Shoulder Posture; ACL: Anterior Cruciate Ligament; UCL: Ulnar

Collateral Ligament; PNF: Proprioceptive Neuromuscular Facilitation; CVA: Craniovertebral Angle; C7: Seventh Cervical Vertebrae;
DNS: Dynamic Neuromuscular Stabilization; IC: Ischemic Compression; PEF: Peak Expiratory Flow; CMCPS: Chronic Myofascial
Cervical Pain Syndrome

Introduction
Forward head posture (FHP) and rounded shoulder
posture (RSP) are common postural misalignments
caused by muscular imbalance that lead to a variety of pain
patterns in the neck and shoulder [1,2]. FHP prevalence
ranges from 61% to 85% and is associated with RSP [37]. RSP prevalence ranges from 66% to 78% [3,5,7].
Importantly, FHP and RSP have a number of negative
effects on health and functioning, highlighting that these
postural misalignments are of major societal concern [2].
FHP is characterized by weakening of the deep neck
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flexor muscles causing increased cervical lordosis [8]
and a protruding head position due to the shortening of
the semispinalis cervicis and capitis, along with the upper
trapezius and levator scapulae. RSP is typically seen with
scapula anterior tilt and internal rotation of the scapula
giving a forward and rounded protrusion of the shoulders,
caused by shortened pectoralis minor and weakness in the
middle trapezius, lower trapezius, and serratus anterior
[9-11].
Researchers have linked FHP and RSP to a range of
negative functional signs and symptoms, such as increased
pain and muscle strain [12-16], decreased strength and
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range of motion of the mandible, neck, and shoulders [1721], a reduction in respiratory function [22-26], a decrease
in stability [27,28], and alterations in muscle activation
patterns and scapular kinematics and position [1,2932]. FHP and RSP have also been linked to etiological
pathologies such as temporomandibular joint dysfunction
syndrome [33-35], thoracic outlet syndrome [33,36, 37],
chronic neck pain [7,15,38], shoulder overuse injuries
[1], scapular dyskinesis [31], and even cardiorespiratory
impairments [39]. The breadth of these negative effects
demonstrates that FHP and RSP are major upper body
pathologies in need of addressing.
According to Griegel-Morris et al. [3], 66% of the 20-50year old healthy subjects studied demonstrated FHP, and
prevalence of RSP was reported to be 73% and 66% for right
and left shoulders respectively. Thus, given the prevalence
of FHP and RSP and their negative consequences for health
and optimal functioning, an important question is how to
remediate these conditions. Traditionally, clinicians have
remediated these postural misalignments through isolated
exercise rehabilitation protocols – that is, stretching the
overactive muscles and strengthening the underactive
muscles. This literature review examines the prevalence
and effectiveness of a training methodology known as
neuromuscular integration for the rehabilitation of FHP
and RSP. In neuromuscular integration approaches,
clinicians undertake rehabilitation in a more holistic
manner, focusing on optimizing the patient’s ability to
stabilize joints and postures, react to proprioceptive
changes, and improve activation patterns.
This approach of incorporating neuromuscular training
into rehabilitation has become increasingly popular,
particularly for lower extremity injuries impacting the
ankle, knee, and hip. The literature on anterior cruciate
ligament (ACL) rehabilitation literature, in particular, is
littered with articles related to ‘neuromuscular control,’
which is defined as muscle strength, power, and activation
patterns [40] which can be extended to control of the core
and trunk in the coronal plane [41].
Research on the lower extremity has revealed altered
muscular recruitment patterns following injury [42,43].
Intriguingly, injuries to the upper body appear to influence
lower body functioning, highlighting the integrated nature
of human movement. For example, Garrison et al., [44]
compared the lower extremity balance ability of baseball
players with ulnar collateral ligament (UCL) tears to a
healthy cohort and found poorer balance in those who had
sustained an injury. Further supporting the integrated
nature of human functioning, Ibrahim et al. [13] augmented
their management of lumbosacral radiculopathy with FHP
corrective exercises and observed reductions in pain and
improvements in function for these patients.
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Neuromuscular training can improve proprioception and
stability [45] and induce isokinetic strength gains [46].
Research has also identified neuromuscular control as a
potential prophylactic measure and indicator of injury
risk [47,48]. The positive results of a neuromuscular
integration philosophy applied to lower extremity injuries,
combined with evidence of the integration between upper
and lower body in functional movement, suggests there is
value in exploring the effects of neuromuscular training on
FHP and RSP.
Given the aforementioned background, the aims of
the current study were: (i) to assess the availability of
research for treating FHP and RSP using a neuromuscular
integration exercise approach, and (ii) to critically review
the scientific evidence for the effectiveness of these
approaches on rectifying these maladaptive postures.
To identify the prevalence of neuromuscular integration
approaches to FSP and RSP, we performed a systematic
literature search to examine what evidence exists to
support the use of neuromuscular training to treat these
postural deviations. We considered exercise interventions
neuromuscular in nature if they incorporated more than
just isolated strengthening and stretching and instead
used techniques such as proprioceptive neuromuscular
facilitation (PNF) exercises, proprioception or stability
training, or exercises that targeted core stability.

Methods
Data sources
A computerized search was conducted of all English
available peer-reviewed scientific papers in CINAHL,
PubMed, and SportDiscus. Studies were collected up
to December 2020, with all articles being published
between 2010-2020. To maximize the available literature
on posture, searches included the terms head, neck,
and shoulder. The following Boolean terms were used:
“neuromusc* AND shoulder AND posture”, “neuromusc*
AND neck AND posture”, “neuromusc* AND head AND
posture”.
These terms were used to encompass all truncated forms
of the potential term “neuromuscular”, and the specific
body part search was varied on each search engine due to
the ambiguous definition of these postures.
Study selection and methodological quality
Figure 1 shows the PRISMA Flow Diagram of the
processes used to select the final papers for review. A total
of 392 papers were identified in the initial search. After
removing duplicates and those not related to posture
184 remained. These remaining studies were checked to
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Figure 1: PRISMA Flowchart paper selection.

ensure they used human subjects, included no chronic
conditions such as Cerebral Palsy or Parkinson’s Disease,
no acute musculoskeletal injury, and contained an exercise
intervention. The reference sections of the remaining
articles were searched for any appropriate studies that
fit the description, leading to the identification of three
Risk of bias criteria

additional articles – leaving the final study count with six
articles.
Of the final six studies, five were randomized control
trials. These were assessed using the Cochrane risk of bias
assessment (Table 1), with all showing a low level of bias
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Kim et al. (2019)

Moustafa et al. (2018)

Won-Sik et al. (2019)

Low
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Domain 1: Risk of bias
arising from the
randomization process
Domain 2: Risk of bias
due to deviations from
the intended
interventions
Domain 3: Risk of bias
due to missing
outcome data
Domain 4: Risk of bias
in measurement of the
outcome
Domain 5: Risk of bias
in selection of the
reported result

Table 1: Cochrane’s risk of bias assessment tool.
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on all measures of bias assessment. The analyses of these
five articles demonstrated heterogeneity in methodology.
The remaining article from Szczygieł et al. [49] was not
a randomized control trial, thus it was excluded from the
bias assessment tool.
Data extraction
The results of the literature search are reported according
to the specific technique of neuromuscular integration
used, followed by the specific results these interventions
had on FHP and RSP. The intervention strategies are
described in detail and include the aim of the intervention,
targeted musculature, and measurement techniques used.
Table 2 provides background information for each study
as well as a summary of the protocol and the results.

Results
Content description
Of the six eligible papers, one used variations of an

acute, single-bout stretching session following ischemic
compression [54], one implemented a denneroll
traction device combined with neuromuscular inhibition
techniques [51], and the remaining four articles focused on
stabilization and strengthening of involved musculature
using neuromuscular integration techniques [50,52,53,55].
The heterogeneity in study designs, participant
populations, forms of neuromuscular integration,
durations of interventions, dependent measures, and
quantification of FHP and RSP prevented an integrated
presentation or meta-analysis of the findings. Therefore,
the four FHP articles are summarized separately and the
two RSP articles are summarized separately.
Forward head posture
In the selected papers, four articles reported on FHP [5053] and used varying methods to do so, and all articles
implemented their own unique form of neuromuscular
integration for the rehabilitation of FHP. Kim et al.
[50] used the McKenzie exercise program to investigate
changes in FHP and respiratory function. Moustafa et al.

Birinci (54)

Lee (55)

Kim (50)

Moustafa (51)

Szczgiel (52)

Won-Sik (53)

Year of Publication

(2020)

(2017)

(2019)

(2018)

(2018)

(2019)

Country of Origin

Turkey

South Korea

South Korea

UAE

Poland

South Korea

Aim of Paper

Investigate which type of
stretching exercise used
after ischemic
compression (IC) was
more effective on latent
trigger points in pectoralis
minor

Investigate the effects of
the McKenzie exercise
program on forward head
posture and respiratory
function.

Investigate the functional
and pain response
outcomes of denneroll
cervical extension traction
compared to standard
care in patient cases with
chronic myofascial
cervical pain syndrome
(CMCPS)

Evaluate the effect of
whole program exercise
for activating deep
stabilizer muscles on the
posture and quality of
respiratory movements.

Investigate the effects of
dynamic neuromuscular
stabilization (DNS)
exercises on the vertebral
structures and forward
head postures of
participants with forward
head posture.

Target Population

40 participants (6 male),
aged 18-35 years old

Determine the effect of
forward head posture
(FHP)-improving exercises
on rounded shoulder
posture (RSP) when
employing the self-stretch
exercise, McKenzie
exercise, and the Kendall
exercise as intervention
methods.
28 participants, aged 19
years and older

30 adult men and women
aged 20-29

18 participants, aged 2030 years old

45 participants in their
20s

Protocol

Single-event stretching
intervention
Divided into 4 groups:
1) IC with contract-relax
PNF stretching
2) IC with static stretching
3) IC with myofascial
release
4) no intervention.
Tests immediately after
and 24hr post
Treatment methods using
proprioceptive
neuromuscular facilitation
(PNF) techniques
produced statistically
significant improvements
in RSP as measured by Pec
Minor Index and Pec
Minor Length.

8-week training
intervention, 25mins/day,
3x week, for 8 weeks
Divided into 3 Groups:
1) McKenzie Exercise
Group
2) Self-Stretch Exercise
Group
3) Kendall Exercise Group

15 experimental
15 control
Experimental exercises
incorporated seven
McKenzie exercises
20mins/day, 3x week, for
4 weeks.

3 times per week for 4
weeks.
Breathing exercises
performed while prone,
bridging, on all 4’s, and on
unstable surface

6-week training
intervention. Group A
performed neck
stabilization exercise.
Group B performed
stretching and extensor
strengthening exercise.

Significant differences in
craniovertebral angle
(CVA) and scapular index
in all groups, no
significant differences
between the groups.

CVA significantly
improved in the
experimental group. No
significant difference was
found in the control
group.
Respiratory measures
were significantly
improved in experimental
group. Not so in the
control.

120 patients (76 male)
with chronic CMCPS,
average age of 33.1 and
31.9 in the two groups
Intervention and control
groups both received
integrated neuromuscular
inhibition techniques
(INIT), intervention group
received denneroll
cervical traction device.
10 weeks treatment time,
immediate assessment
post intervention and 1
year follow up
Patients suffering from
cervical myofascial pain
syndrome completed
integrated neuromuscular
inhibition technique and
saw improvements in
neck disability, pain
intensity, and posture
(CVA, Shoulder angle).

Deep stabilizer muscle
exercises resulted in a
significant change in the
position of the body in the
sagittal plane (posture) as
well as an increase in the
amplitude of breathing
(optoelectric body
explorer).

All exercise modalities
improved FHP even in the
DNS group who also saw
improvements in core
muscle activity and
endurance indicating that
DNS improves posture
and ancillary measures.
Measured using wholebody posture
measurement system
(GPS 400).

Results

Table 2: Article Review Summary.
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[51] used integrated neuromuscular inhibition techniques
in conjunction with a denneroll cervical traction device.
Szczygieł et al. [52] performed breathing variations aimed
at activating the deep core musculature, particularly the
transverse abdominus, multifidus, and internal oblique
muscles. Won-Sik et al. [53] examined three groups with
different modalities of treatment including; Dynamic
Neuromuscular Stabilization (DNS) techniques, McKenzie
neck stabilization exercises, and cervical extensor
stretching and strengthening.
Kim et al. [50] investigated the effects of the McKenzie
exercise program on FHP and respiratory function in 30
adult men and women following a four-week training
exercise protocol. Participants with FHP, as measured
by craniovertebral angle (CVA), completed McKenzie
exercises three times a week for four weeks, while control
group participants received no intervention. CVA is a
common FHP measurement technique that involves
photographing a subject from the lateral view and marking
cervical vertebrae seven (C7) and the tragus of the ear. A
vertical line bisects the C7 mark and a diagonal line is
drawn from the C7 marker to the tragus. The CVA is the
angle between the vertical and diagonal line. A CVA of
less than 49o was required and used for measurement of
FHP. Forced vital capacity (FVC), FVC% predicted, forced
expiratory volume at one second (FEV1), and FEV1 %
predicted were measured for respiratory function.
The McKenzie exercises included: head retraction with
overpressure while seated, neck extension while seated,
head retraction with overpressure while lying, neck
extension while lying, side bending of the neck while
sitting, neck rotation while sitting, and neck flexion
with chin-in in the siting position. These exercises were
performed for seven seconds at static maximum muscle
strength with a three second rest between each motion,
and this was repeated 15-20 times. Exercise sessions lasted
approximately 20 minutes and were completed three days
per week for four weeks.
Kim et al. found significant differences in CVA and all
respiratory measures between pre- and post-tests for the
exercise group, and no differences for the control group.
Between groups, only CVA and FVC% predicted were
statistically different after the four-week intervention.
The authors acknowledged that the small sample size and
lack of long-term follow-up were limitations of the study.
In addition, it could be argued that a longer intervention
duration may have resulted in more pronounced results.
Moustafa et al. [51] randomly distributed 120 patients
with chronic myofascial cervical pain syndrome (CMCPS)
into a control or intervention group to complete a 10-week
exercise intervention. They investigated the functional and
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pain response outcomes of the denneroll cervical traction
device compared to traditional care – this traditional
care implemented various neuromuscular integration
techniques. Both groups received the integrated
neuromuscular inhibition techniques (INIT), ischemic
compression, strain counterstrain (SCS), and muscle
energy techniques as their treatment intervention, but
only the intervention group received the denneroll cervical
traction device, aimed at improving cervical lordosis
and alleviating FHP. Both groups also completed daily
home exercises. This prospective, investigator-blinded,
randomized clinical trial included patients with a cervical
lordosis of less than 25o and a FHP measurement using
craniovertebral angle (CVA) of less than 50o. Exercises
and traction were performed three times per week for 10
weeks, with measurements taken at baseline, 10 weeks and
1-year post intervention.
Both groups exhibited statistically significant changes
in NDI, pain intensity, algometric pressure, posture
parameters, and cervical ROM after 10 weeks, however,
the changes were significantly greater in the intervention
group compared to the traditional care group for algometric
pressure, posture parameters, and cervical ROM. At the
1-year follow up, the intervention group demonstrated
significantly better outcomes than the traditional care
group for all of the dependent measures, highlighting the
superiority of the denneroll traction device in inducing
positive changes in posture, pain, and function.
The authors attempted to blind participants to the group
they were in by using a placebo traction method involving
a small cervical towel in place of the denneroll device for
control subjects. This sham traction force for the control
group was used in a similar manner to the intervention
group, but without applying a significant enough
extension force to sufficiently bend the spine to mimic
the intervention. Though the use of a placebo traction
method was a clear strength of the study, sampling of the
participants from a single clinic for convenience limited
the ability to extrapolate these results out to a larger
population.
Szczygieł et al. [52] recruited 18 volunteers aged 20-30
from a healthy, nonsmoking population without respiratory
issues to complete a 4-week training intervention aimed at
activating the deep stabilizers. The researchers evaluated
how deep stabilizer muscle training would impact postural
control and quality of breathing movements. Posture was
measured using the optoelectric body explorer (OBE),
which uses reflective markers placed on various anatomical
landmarks to measure posture of the head, pelvis, and
trunk in two dimensions. Reflective markers on the central
part of the upper lip, occipital tuberosity, and the reference
y-axis were used to measure FHP. Participants completed
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exercises three times per week for 4-weeks, which were
designed to activate the transverse abdominus, multifidus,
and internal obliques.
Exercises were performed supine, bridging, in a four-point
kneeling position, and on unstable surfaces consisting
of three sets of holding specific postures for 10 seconds,
resting for five seconds, and repeating for 10 repetitions.
Results showed improvements in sagittal plane trunk
posture and abdominal excursion, but no other statistically
significant improvements in sagittal plane head posture
(FHP) were found after the 4-week training intervention.
Limitations of this study included the relatively small
sample size, lack of control group, and lack of integration
of other deep stabilizing musculature in the exercise
intervention. Szczygieł et al. [52] noted that any future
programs should include exercises aimed at improving
head and upper body control, such as incorporating
serratus anterior activation or FHP exercises. In addition,
the biomechanical aspect of breathing was not measured
through pulmonary function. Future studies would be wise
to include this measure.
Won-Sik et al. [53] measured the effects of dynamic
neuromuscular stabilization (DNS) exercises on changes
in FHP in 45 participants in their 20s divided into three
equal groups. The intervention lasted for six weeks. To
measure FHP, researchers used the GPS 400 system and
drew perpendicular induction lines through the center of
the humerus and the outer ear line to calculate degree of
FHP. Participants with 1 cm or greater distance between
these two points were deemed eligible for the study.
Thoracic kyphosis and lumbar lordosis were also measured
using the GPS 400 system. In addition to the dynamic
neuromuscular stabilization (DNS) group, the authors
included two control groups. Control group A performed
neck stabilization exercises and control group B performed
stretching and extensor strengthening exercises.
The intervention group’s exercises involved using a
pressure biofeedback device placed at the waist until the
pressure measured 60 mmHg. Participants were then
asked to increase this pressure by a further 10 mmHg
by inhalation and exhalation. This pressure biofeedback
device was then placed under the neck of the participant
and used while performing neck stabilization exercises in
static positions for 10 seconds and repeated 10 times at a
pressure of 20 mmHg. The pressure was increased by two
mmHg and repeated until the participant achieved a final
measurement of 30 mmHg. Control group A completed
the McKenzie neck strengthening exercises [same as
those completed by Kim et al. [50] with the omission of
two exercises], and control group B used isolated neck
strengthening exercises with the same repetition and set
structure as above.
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Measurements performed at baseline, 3-weeks, and
6-weeks revealed that all three intervention groups
improved FHP, thoracic kyphosis, and lumbar lordosis
significantly after 6-weeks. No interaction effect was
found between the three groups, indicating that although
the DNS intervention was effective, it was no more
effective than the exercises performed by either control
group – one of which specifically implemented McKenzie
neck stabilization exercises. Although no significant
difference was found between the groups, Won-Sik et al.
[53] demonstrated that implementing a DNS exercise
program yielded postural results independent of specific
isolation of the affected areas, highlighting the efficacy
of a neuromuscular approach to rehabilitating postural
dysfunctions.
Rounded shoulder posture
Two articles measured RSP [50,54]. Birinci et al.
[54] measured RSP and respiratory function following
an intervention utilizing different types of stretching
maneuvers and manual therapy. Do Youn Lee et al. (2017)
utilized FHP interventions (similar to those listed above)
to investigate the impact those exercises had on RSP.
Unfortunately, with RSP there is no consensus on a gold
standard for measurement like the CVA measure for FHP.
As such, these two studies used different measurement
techniques.
Birinci et al. [54] measured RSP using Pec Minor Length,
Pec Minor Index, and lying acromion to table distance
– all of which have been validated previously. The aim
of this study was to investigate the best neuromuscular
stretching technique following a single session ischemic
compression (IC) manual treatment. Consequently, there
was no specific strengthening protocol put in place for
this study, but the PNF stretching techniques utilizes
muscle contractions at end-stage ROM and was deemed a
neuromuscular technique.
The 40 study participants were randomly divided into
four equal study groups: group 1 used IC with a modified
contract-relax PNF stretch, group 2 used IC with a static
stretch, group 3 used IC with myofascial release, and group
4 had no intervention. A physiotherapist performed all
IC’s, a second, blinded therapist performed the stretching
interventions, and a third physiotherapist performed
all other assessments and data collection. Postural and
respiratory outcome measurements were collected at
baseline, immediately after the intervention, and 24 hours
following the intervention.
This acute study showed differences in Pec Minor index in
the PNF group and myofascial release group immediately
and 24 hours after the intervention. The PNF group
was the only group to report a statistically significantly
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improvement in pain pressure threshold immediately after
the intervention. Pec Minor length improved in the PNF
and myofascial release groups and FEV1, peak expiratory
flow (PEF), FEV1/FVC, and maximum expiratory pressure
all improved in the PNF group. The myofascial release
group was the only other group to see improvements
in respiratory function, with significant differences in
maximum inspiratory pressure and maximum expiratory
pressure. Non-significant changes were seen in the other
groups and no group saw improvements in RSP.
Although Birinci et al. [54] did not utilize an extended
exercise protocol, they still found improvements in
pectoralis minor length and respiratory measures. This
finding suggests that a longer PNF intervention may lead
to improvements in RSP.
Do Youn Lee et al. (2017) split 28 participants into
three distinct exercise groups: McKenzie exercise group
(9), Kendall exercise group (9), and self-stretch exercise
group (10) to determine whether neuromuscular exercises
designed to improve FHP could also improve RSP. The
exercise interventions lasted 25 minutes per day and were
done three times per week for eight weeks. Measurements
were taken pre- and post-intervention. Although the
intervention focused on RSP and used the scapular index,
FHP was also measured using the traditional CVA.
The McKenzie exercises were identical to those listed
in the Kim et al. [50] paper. The Kendall exercises were
more traditional, focusing on 15 repetitions of isolated
stretching and strengthening techniques more commonly
seen in FHP treatments. The self-stretch group performed
10 sets of 10 second stretch holds followed by five seconds
of rest on the various neck musculature.
At the end of the training intervention, all groups
showed statistically significant improvements from pre- to
post-measures, but there was no statistically significant
difference between groups for either FHP or RSP. Although
no differences were found between groups, much like
in Won Sik et al. [53], the findings demonstrated that a
neuromuscular integration approach to FHP and RSP can
still yield results. In particular, the exercises prescribed
by Do Youn Lee et al. (2017) focused on correcting FHP
to investigate the impact these exercises had on RSP –
demonstrating the efficacy of a non-specific neuromuscular
approach for treating postural dysfunction.

Discussion
This literature review aimed to identify and critically
evaluate evidence for the efficacy of implementing a
neuromuscular integration approach to the treatment of
FHP and RSP in adult individuals. As discussed earlier,
because neuromuscular integration techniques are
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commonly implemented in lower body rehabilitation
programs, there is a need to investigate the efficacy of
this training method for upper body rehabilitation. It is
difficult to draw firm conclusions from the review, but a
range of neuromuscular integration techniques appear
to have the potential to correct FHP and RSP. Overall,
however, the current evidence for the effectiveness of
neuromuscular integration techniques in upper body
rehabilitation is moderate given the limited number of
studies, their heterogeneity, and the positive changes seen
in control groups that were exposed to non-neuromuscular
integration techniques, thus supporting the idea that more
research is clearly needed.
Over a period of 10 years (2010-2020), six studies with
strong methodological quality and low risk of bias were
conducted. These studies included five RCTs and an
observational study that evaluated the level of posture
restoration using neuromuscular integration techniques
in a combined total of 281 adult individuals. All five
RCTs reported improvements in FHP and RSP, while the
observational study did not reveal any changes in FHP and
did not include a control group for comparison purposes.
Despite the consistent improvements reported in the five
RCTs, it is important to note that these improvements
were generally equal to those of participants in control
groups who received non-neuromuscular integration
techniques. At the very least, these findings suggest that
neuromuscular integration techniques are as effective as
well-established exercise protocols, like McKenzie and
Kendall, for improving upper body posture.
Two interrelated factors cloud the interpretation of the
findings from this review and the conclusions that can
be reached. The first is the lack of agreement in the field
of rehabilitation on what constitutes a neuromuscular
integration technique. The second factor, which logically
stems from the first, is the high degree of methodological
heterogeneity in the studies included in the review.
With regard to the first factor, the lack of agreement in
exercise based physical rehabilitation as to what constitutes
neuromuscular integration is clearly problematic. Myer et
al. [56] referred to neuromuscular training as a training
model to enhance health and skill-related components of
physical fitness – this includes training modalities such
as strength and conditioning modalities that focus on
resistance and core-based strength, as well as stability,
plyometric and agility training. Typically, in the lower
extremity literature we see references to controlling the
frontal and transverse planes of movement [57] and ability
to control the body’s trunk during exercise [58]. Despite
only one article measuring trunk posture [52], all articles
integrated neuromuscular principles in their exercise
selection which focused on exercises involving multiple
planes of motion. Well established methodologies such as
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the McKenzie, Kendall, and DNS protocols were used in
half of the studies, all of which led to improvements in the
posture measurements [50,53,55], although sometimes
these protocols were assigned to participants in the control
groups rather than the primary intervention group. The
remaining studies [51,52,54] implemented less structured
methodologies, such as manual therapy techniques and
home exercise prescription, and saw more mixed results.
With respect to the second factor, methodological
heterogeneity was particularly high in terms of how the
interventions were supervised and their durations. Three
studies relied solely on home-based intervention protocols
[50,53,55], one was a mix of home-based and therapist
supervision [51], and the remaining two were treatment
protocols led by a therapist [51,54]. Regarding duration,
the studies ranged from an immediate intervention
protocol to 10-week exercise interventions. For the purpose
of comparison, exercise intervention protocols for treating
FHP and RSP using non-neuromuscular approaches
typically range from 6-12 weeks in duration [13,59-65].
Specifically, the neuromuscular intervention-based
exercise programs included in this literature review had
the following durations: immediate [54], 4-weeks [50,52],
6-weeks [53], 8-weeks [55], and 10-weeks [51] – meaning
half of the articles in the current review used durations
that fell below the typical duration of non-neuromuscular
intervention protocols. It is also informative to compare
the durations of the protocols used by the studies in the
current review with the durations of neuromuscular
integration protocols for the lower extremity. Traditional
neuromuscular integration approaches for the lower
extremity typically range from 6-10 weeks in duration
or can be season-long interventions in certain sporting
contexts [57,66-73]. Therefore, it could be argued that
lack of improvement in posture in the two RSP articles
[54,55] could be attributed to the fact that neither study
reached the 6-week threshold considered ‘typical’ for a
neuromuscular training intervention.
Finally, research on FHP has long used CVA as a valid
and reliable measure of FHP [74,75], but RSP has no
equivalent gold standard of measurement. The two
articles that measured RSP used different measurement
techniques. Birinci et al. [54] measured RSP by having
the participant lie supine on a table, legs bent, with arms
by their side, and measured the vertical distance between
the posterior border of the acromion and the table. This
technique’s obvious flaw is the lack of functionality with the patient in a non-weightbearing, non-standing
position to measure posture. In contrast to Birinci et
al. [54], Do Youn Lee et al. [55] used the scapular index
method which is becoming increasingly popular. It
is performed with the patient standing in a relaxed
posture. A tape measure is used to measure the distance
between the sternal notch and coracoid process and the
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distance between the posterolateral angle of the scapula
(acromion) to the thoracic spine is recorded. The former
becomes the numerator and the latter the denominator,
with the resultant number multiplied by 100 to capture
a final measurement [76]. Lack of a gold standard of
measurement for RSP compromises the repeatability and
generalizability of findings generated by studies designed
to test the efficacy of interventions for this type of postural
deviation.
In conclusion, more research is needed before
firm conclusions can be drawn about whether the
implementation of neuromuscular integration techniques
is an effective method for treating upper body postural
disorders. The findings from this literature review indicate
that this rehabilitation approach is effective for FHP, but
the effectiveness of the approach for RSP is less clear.
In the reviewed articles, the neuromuscular integration
techniques were never shown to be inferior to traditional
approaches to correcting these postural deviations,
indicating that as this field continues to grow in evidence
and practice, patients exposed to these techniques are
unlikely to experience detrimental effects. The review also
highlighted alternative avenues for application of these
techniques, such as in the improvement of respiratory
function.
Overall, it appears that neuromuscular integration
techniques have the potential to correct FHP and RSP in
otherwise healthy individuals, although further research
is clearly required before definitive alterations in current
exercise prescription methods for the treatment of FHP
and RSP can be recommended.
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