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ABSTRACT
Objective: The purpose of this systematic review and meta-analysis was to summarize the results related to the
effects of corrective exercises on postural variables in individuals with forward head posture (FHP).
Methods: A systematic review of the electronic literature through February 2017 was independently performed by 2
investigators. The electronic databases searched included PubMed, MEDLINE, Web of Science, ScienceDirect,
Cochrane Central Register of Controlled Clinical Trials, Google Scholar, and Scopus. Methodological quality was
evaluated using the Physiotherapy Evidence Database scale. Meta-analyses were carried out for craniovertebral angle
(CVA), cranial angle (CA), and pain intensity.
Results: Seven randomized clinical trials comprising 627 participants met the study criteria. The between-groups
pooled random odds ratios for CVA, CA, and pain were 6.7 (confidence interval [CI] = 2.53-17.9, P = .0005), 0.7 (CI =
0.43-1.2, P = .2), and 0.3 (95% CI = 0.13-0.42, P b .001), respectively. No publication bias was observed. Level 1a
evidence (strong) indicates exercise training can effectively modify CVA, and level 1b evidence (moderate) indicates
exercise may improve pain but not CA.
Conclusion: The findings suggest that therapeutic exercises may result in large changes in CVA and moderate
improvement in neck pain in participants with FHP. The precise nature of the relationship between FHP and
musculoskeletal pain, and improvements in both after therapeutic exercise, remains to be established. (J Manipulative
Physiol Ther 2018;41:530-539)

Key Indexing Terms: Posture; Head; Neck; Exercise; Review
INTRODUCTION

Forward head posture (FHP) is a commonpostural variation
in people of all ages, from childhood to old age.1,2 Forward
head posture is characterized by the head position in the sagittal
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plane being forward relative to the neck. Forward head posture
is associated with hyperextension of the upper cervical spine
(C1-C3) and flexion of the lower cervical spine (C4-C7). In
some studies, FHP is characterized as pathologic when the
craniovertebral angle (CVA) is≥50°, even though such cutoffs
lack rigorous validity.3-5 Some research has shown that head
and neck position are associated with other musculoskeletal
disorders, such as neck pain,6 headache,7 and masticatory
dysfunction.8 Thus, it has been hypothesized that the treatment
of FHP may be helpful in managing these disorders.

Corrective exercise is 1 of the interventional methods that
had been suggested for treatment of FHP, including stretching,
strengthening, and movement control exercises.9-13 Moreover,
there may be advantages in exercising adjacent body segments
to the cervical spine, such as the thoracic spine, to enhance the
effectiveness of exercise training on FHP.14

Several studies have shown that corrective exercise regimes
can improve FHP and potentially related symptoms.3-5,15-21

For example, exercise training protocols have resulted in
improvement of CVA,4,5,22,23 head tilt,3 cranial or cervical
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range of motion,22 neck disability,22 and pain.5,22 A
systematic review with pooled meta-analysis would clarify
the strength of the effect of such exercises onFHP.The purpose
of this systematic review and meta-analysis was to summarize
the results related to the effects of corrective exercises on
postural variables in individuals with FHP.

METHODS

Literature Search Strategy
To determine whether a systematic review on this topic had

existed, the Cochrane Library and the Database of Abstracts of
Reviews of Effectiveness were searched and none were found.
An extensive review of the electronic literature was subse-
quently performed by 2 investigators (R.S. and P.S.). The
electronic literature databases included PubMed, MEDLINE,
Web of Science, ScienceDirect, Cochrane Central Register of
Controlled Clinical Trials, Google Scholar, and Scopus. The
keywords were originally selected fromMeSH terms and then
partially modified to try to ensure all eligible studies were
found. These electronic databases were searched using
combinations of the following keyword groups: (1) exercise,
sport, movement therapy, exercise therapy, physical therapy,
and corrective exercise; AND (2) FHP, forward head; AND (3)
randomized study, randomized controlled trial, randomized
clinical trial, randomized trial, randomized experiment. The
“AND” operator was used between the 3 keyword groups,
while the “OR” operator was used within each keyword group.
The search period covered years from inception to February
2017. The reference lists contained in all eligible studies were
checked to identify additional eligible studies.

Selection Criteria
Both reviewers (R.S. and P.S.) independently performed the

searches, assessed inclusion criteria, and extracted data on trial
design and outcomes, and disagreements were resolved by
consensus. Potential publications were selected by screening
titles and abstracts for clinical trials that used any kind of
exercise intervention for FHP. All potentially eligible studies
were retrieved, and the full-text articles were reviewed to
determine whether they met the inclusion criteria. Only
randomized controlled trials (RCTs) published in peer-
reviewed journals were considered. Studies had to include a
control group and at least 1 variable aimed at assessing head or
neck alignment. Studies were not excluded based on the type of
exercise protocol used or the type of measurement used to
assess FHP. Studies had to be published in English. Studies
were excluded if exercise was not performed or if it was
performed in addition to other interventions, such as manipu-
lation or medications, and the measured variables did not
include head or neck alignment. Studies that had duplicated data
were excluded, with only 1 of them selected for the review.

Data Extraction
Review authors (R.S. and S.S.) extracted study data on

the following topics: first author name and date of
publication, quality assessment of the study, participants’
characteristics (eg, sample size, age, and sex), intervention
type, frequency, duration, comparison group, outcome
measures, and primary results (Table 1).
Quality Assessment and Level of Evidence
The quality assessment scores of eligible studies were

obtained from thePhysiotherapyEvidenceDatabase (PEDro).24

The PEDro25 has a total score of 10 points, including internal
validity evaluation criteria and statistical analyses presentation.
The studies with scoring of 6 to 10 were considered
methodologically “high,” 4 to 5 were considered “fair,” and
≤3 were considered “poor.”26 The level of evidence was
determined according to Sackett et al.27 Level 1a of evidence
(strong) was given if 2 or more “high” quality RCTs (PEDro
≥6) demonstrated similar findings. Level 1b (moderate) was
given when 1 RCT of “high” quality (PEDro ≥6) existed, 2a
(limited) was givenwhen at least 1 “fair” quality RCT (PEDro =
4-5) existed, and 2b (limited) was given when at least 1 “poor”
quality RCT (PEDro b4) indicated exercise training to be
effective.27
Statistical Analysis
All relevant outcome data were extracted as provided in

the studies. Results of comparable studies were combined
using a random effect model of meta-analysis and a forest
plot of the relative odds ratio (OR) with 95% confidence
interval (CI). Considering the OR interpretation, based on
the Cohen’s rule of thumb, an effect size of 1.5 is
considered to be small, 2.5 medium, and 4.30 large.28

Heterogeneity between studies was assessed by the standard
χ2 test, which indicates only the presence of heterogeneity
and the I2 coefficient, which measures the percentage of
total variation across studies due to true heterogeneity rather
than chance.29 I2 ranges between 0% and 100%, with
higher values indicating higher heterogeneity.29 Publica-
tion bias was checked using both funnel plots and
quantitative methods, including the rank correlation test,
Egger's test of the intercept, and the trim and fill method.30

A symmetrical inverted funnel plot, a nonsignificant
negative rank correlation, a nonsignificant value of the
Egger's regression test of the intercept, and an unchanged
effect size using the trim and fill method were considered
indicators that publication bias does not exist. Comprehen-
sive Meta-Analysis version 3.0 (Biostat Inc, Englewood,
New Jersey) was used for statistical analysis.
RESULTS

Search Results
The search of selected databases provided a total of 3380

citations. Of these, 3333 articles were discarded after
abstract review because they did not meet the inclusion
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criteria. The full text of the remaining 47 citations were
examined in more detail, with 39 being excluded because
they did not meet the inclusion criteria, leaving 8 studies.
One study was also excluded15 because it reported
overlapping data with another paper included in this
review.3 Finally, a total of 7 clinical trials were therefore
eligible (Fig 1).
Study Characteristics
The duration of the interventions ranged from 4 to 32

weeks, with 2 to 7 exercise sessions per week. A total of 3
studies had supervised sessions, 3 were nonsupervised,
and 1 did not report on this. In total, the 7 clinical trials
involved 627 participants, as shown in Table 1. The
FHP parameters analyzed included CVA,3-5,15-17,22,23 head
tilt,3,15-17 cranial range of motion,22 anterior head transla-
tion,31 head distance,17 head sway,16 shoulder-ear dis-
tance,16 horizontal distance between the acromion and
tragus,17 and shoulder distance (horizontal distance from
acromion to plumb line).17 Three studies measured neck
pain intensity.
Description of Selected Variables
Criteria to Define FHP. The criteria used to classify

someone as having FHP differed between the eligible
studies. Two studies presented no clear inclusion criteria to
diagnose FHP16,22; 3 studies used a CVA angle of less than
50°3-5; 1 study used the position of the tragus being greater
than 5 cm anterior to the posterior acromial angle;17 finally,
1 study considered a thoracic kyphosis angle≥42°, forward
head angle ≥44°, and a simultaneously forward shoulder
angle of ≥ 49°, as characteristic of FHP.23

Measurement of FHP. There was also considerable
variation in the methods used to calculate FHP; 5 studies
used photogrammetry;3-5,17,23 1 used electromagnetic
sensors,16 and 1 used X-ray assessment.22 Cranial angle
(CA) is a measure of upper cervical posture, typically
obtained by calculating the angle between lines drawn from
the canthus of the eye and the tragus of the ear and the
horizontal line.32 Cranial angle is also referred to as sagittal
head tilt3 and head angle17 in the literature. An angle
between lines drawn from the tragus to the C7 and the
horizontal line is called CVA. The greater the CVA,
the more the head is forward relative to the neck.32

Craniovertebral angle is also referred to as cervical angle,3

neck angle, 16,17 and forward head angle23 in the literature
(Fig 2).

Measurement of Pain. Pain intensity was measured in 3
studies using either the visual analogue scale5,22 or
Numerical Graphic Rating Scale.16 There were no precise
definitions of pain provided in these studies.

Exercise Protocols. The prescribed exercise protocols
varied in the studies, including the following: FHP
corrective exercise, including stretching and strengthening
exercises of the spine and hamstrings4,5; a home exercise
program, including 2 strengthening and 2 stretching
exercises for the neck17; Pilates exercise, including
stretching and strengthening exercises for the neck and
upper back22; Rocabado 6 x 6 exercises for the neck and
jaw16; strengthening and stretching in physical education
class3; and local or comprehensive corrective exercise
protocols, including general corrective stretching and
strengthening exercises.23
Data Synthesis
Cranial Angle. Figure 3 shows the comparison of the OR

of CA between individuals who attended a corrective
exercise program and who did not across 3 studies.3,15-17

The pooled random OR of CA between groups was 0.72
(CI = 0.43-1.2, z = -1.21, P = .2). This result suggests that,
in total, there is no significant difference in CA between
those persons who participated in an exercise program and
those who did not.

In addition, a symmetrical inverted funnel plot, as
shown in Figure 4; a nonsignificant negative rank
correlation test (τ = -1.67, P = .11); an insignificant
Egger's test of the intercept (intercept = 0.87, P = .3); and
an unchanged effect size from the trim and fill method
suggests no clear sign of publication bias. Furthermore,
no evidence for heterogeneity was found (Q = 0.15, P = .9;
I2 = 0%).

These results indicate level 1b (moderate) evidence that
exercise training is ineffective in reducing CA, based on 1
“high” quality RCT3,15 and 1 “fair” quality RCT.16

Craniovertebral Angle. Figure 5 illustrates that persons
who participated in an exercise program were significantly
(z = 3.82, P = .0005) more likely to report increased CVA
than those who did not across 7 studies. The pooled random
OR of CVA between groups was 6.7 (2.53-17.9).

Regarding possible publication bias, a symmetrical
inverted funnel plot, as shown in Figure 6, implies no
clear sign of publication bias. In addition, using the trim
and fill method, the effect size remained unchanged under
both models (fixed and random). In addition, a
nonsignificant negative rank correlation test (τ = 0.07,
P = .8) and a nonsignificant Egger’s regression test
intercept (intercept = 1.05, P = .8) suggest no clear sign
of publication bias.

A significant Q test (Q = 48.96, P = .0) indicated
heterogeneity among the data, and the I2 index (I2 = 85%)
quantified the high magnitude of the heterogeneity. With
the exception of a single study,16 most eligible RCTs found
significant FHP differences between those allocated to the
therapeutic exercise group and the control group. Thus,
there is level 1a evidence (strong) based on 414,16,17,23

“high” quality RCTs that exercise training is effective in
reducing CVA.



Table 1. A Description of Eligible Studies

Subjects Exercise Training Protocol

Study Sample Description

Sample Size
(Men/Women)
(Age ± SD)

Total Duration
of Exercise
(wks); Weekly
Frequency (d);
Supervision

Exercise Intervention
Program Control Intervention

Measured Variables
in the Study Main Outcomes

PEDro
Scores

Diab 201215 Seventy-six adolescent
participants with scoliosis

E:38 (20/18)
(13.2 ± 1.2)
C:38 (21/17)
(14.5 ± 1.3)

10; 3; NR Stretching and strengthening
exercises of the spine and
hamstrings with FHP
corrective exercise

Stretching and
strengthening exercises
of the spine and
hamstrings without
FHP corrective
exercise

CVA CVA was significantly
improved in the group
performing FHP
corrective exercises

7/10

Diab and
Moustafa
201116

Ninety-six participants with
unilateral lower cervical
spondylotic radiculopathy
and craniovertebral
angle ≤50

E:48 (27/21)
(46.3 ± 2.05)
C:48 (23/25)
(45.9 ± 2.1)

10; 4; No Posture corrective exercise
program in addition to
ultrasound and infrared
radiation

Ultrasound and
infrared radiation

CVA
VAS

CVA and pain were
improved significantly
in the intervention
group

7/10

Harman, et al
200517

Forty-one participants
with FHP

E: 24 (10/14)
(38.4 ± 11.3)
C: 17 (5/12)
(36.9 ± 9.5)

10; 4; No Home exercise program
including 2 strengthening
and 2 stretching exercises

No exercise CVA (neck angle)
CA (head angle)

CVA, but not CA,
was significantly
different in the
exercise group at
post-test

4/10

Lee, et al,
201622

Twenty-eight participants
with FHP; sedentary,
with pain in neck
or shoulders

E: 14 (0/14)
(29.2 ± 4.3)
C:14 (0/14)
(28.9 ± 5.0)

10; 3; Yes Pilates based strengthening
and stretching exercises

Typical strengthening
and stretching exercises

CVA
VAS

Both improved in
pain but only the
exercise group
improved in FHP

4/10

Mulet, et al
200716

Forty-two participants with
myofascial pain of the
masticatory muscles

E:20 (1/19)
(25.1 ± 2.3)
C:22 (1/21)
(23.4 ± 2.1)

4; 7; No Self-care + Rocabado’s
6 X 6 exercises (general
stretching, strengthening,
and stability exercises)

Self-care including
counseling, education,
and encouragements to
rest the masticatory
muscles

Baseline+mean
changes (Exp)
CVA (neck angle)
CA
NGRS

CA and CVA did
not improve in either
groups but pain
intensity was
significantly improved

5/10

Ruivo, et al
201612

Eighty-eight adolescent
participants with
FHP and protracted
shoulder posture

E: 42 (16/26)
(15.5 ± 1.0)
C: 46 (15/31)
(15.9 ± 1.1)

32; 2; Yes Strengthening and
stretching
in addition to physical
education class

Physical education
class only

CA (sagittal head tilt)
CVA (cervical angle)

CVA and CA were
significantly improved
in the group performing
strengthening and
stretching exercises

6/10

Seidi, et al
201423

Sixty participants who had
thoracic kyphosis ≥42°,
FHP ≥44°, forward
shoulder posture ≥44°

and were aged 18-25 y

LCEP (20) +
CCEP (20) +
Control (20)

Sum: (30/30)
(20.84 ± 1.69)

12; 3; Yes LCEP including exercises
to stretch and strengthen
the thoracic structures,
CCEP including exercises
to stretch and strengthen
the thoracic, head and
neck and shoulder
structures

No exercise CVA (FHA) CVA was improved
significantly in the
LCEP and CCEP groups,
but unchanged in the
control group

5/10

C, control group; CA, cranial angle; CCEP, comprehensive corrective exercise program; CVA, craniovertebral angle; E, exercise group; FHA, forward head angle; FHP, forward head posture; FSA, forward
shoulder
angle; LCEP, local corrective exercise program; NGRS, numerical graphic rating scale; PEDro, Physiotherapy Evidence Database; NR, not reported; SD, standard deviation; VAS, visual analogue scale.
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Fig 1. Flow diagram for eligible studies.

Fig 2. Postural variables were analyzed in the study. Adapted
with permission from Mulet M, et al 2007.16
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Pain
Figure 7 illustrates the OR of pain between individuals

allocated to a corrective exercise program compared
to those who were not, across 3 studies.5,16,22 The
pooled random OR (95% CI) of pain between groups
was 0.23 (0.13-0.42, z = -4.8, P = .0005). People who
participated in the exercise intervention were signifi-
cantly less likely to report pain than those who were in
the control group.

Regarding possible publication bias, a symmetrical
inverted funnel plot, as shown in Figure 8, implies no
clear sign of publication bias. In addition, the insignifi-
cant rank correlation test (τ = -1, P = .11) and Egger’s test
of the intercept (intercept = -5.6, P = .5), as well as
unchanged effect size determined by the trim and fill
method under both models of fixed and random effect
models, suggest the absence of evidence for publication
bias. There was evidence for significant heterogeneity (Q =
21.8, P = .0005; I2 = 90%).

All 3 RCTs, 5,16,22 which examined neck pain
intensity, showed a significant difference in pain between
those who attended a therapeutic exercise program and
those who did not. Therefore, there is level 1b (moderate)
evidence, based on 1 “high” quality RCT5,22 and 2 “fair”
quality RCTs,16,22 that exercise training is effective in
reducing pain.
DISCUSSION

To our knowledge, this is the first research aimed to
review and analyze the studies in the field. The results of
this review suggest there is strong evidence showing an
improvement in FHP, as measured by CVA, in response to
exercise training programs. However, CA did not change
with exercise. While pain intensity was not the primary
focus of this review, there was also moderate evidence that
pain can be improved with exercise.

According to our results, very different exercise
programs had an effect on FHP, but the effect of these
exercises on pain was weaker. This may be due to the fact
that pain has a multidimensional nature33 and involves
many factors in addition to posture. For example, it has
been shown that neck pain is linked to psychosomatic stress
symptoms,34 anxiety,35 and both physical and psychosocial
exposure factors at work.36 Therefore, it is reasonable that
postural variables, such as FHP, might improve more easily
than pain. The mean change in CVA was similar in those
with or without neck pain (on average: 4.5° in those with
neck or shoulder pain and 4.58° in pain-free participants),
and it is not clear what degree of change in FHP would be
clinically meaningful. No studies undertook a mediation
analysis to establish whether it was changing FHP that
caused the improvements in pain. The relative changes in
CVA and CA suggest that CVA is more likely to be linked
to changes in pain. However, it is also possible that exercise
helps pain through another factor (eg, muscle strength,
mood, or fear) and that this was how pain was relieved,
rather than through changing FHP variables such as CVA.
Further RCTs, which include mediation analysis of such a
range of secondary measures, would add clarity to this
situation.
Critical Appraisal of Methodological Quality
Some of the studies had small sample sizes, so the

chance of type 2 errors may be increased. Moreover,
dispersion measures (such as the standard error) may be

Image of Fig 1
Image of Fig 2


Study name Statistics for each study Odds ratio and 95% CI

Odds Lower Upper 
ratio limit limit Z-Value P Value

Mulet, 2007 0.737 0.245 2.215 -0.543 .587
Harman, 2005 0.868 0.281 2.678 -0.247 .805
Ruivo, 2017 0.667 0.330 1.346 -1.131 .258

0.722 0.428 1.220 -1.218 .223
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Meta Analysis

Fig 3. Forest plot of the effect of exercise on cranial angle (favors A: exercise, favors B: control). CI, confidence interval.
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Fig 4. Funnel plot of studies worked on cranial angle.
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increased with small sample size. Consequently, the risk of
publication bias was assessed in the funnel plot analysis. In
addition, the eligible studies varied among themselves in
the variables that were measured, assessment tools and
methods that were employed, the age of participants,
exercise type, volume and intensity, supervision of the
therapist or trainer, and study samples.

For the meta-analysis of CVA, high heterogeneity was
seen. The high heterogeneity is possibly due to the different
exercise types that were prescribed, different assessment
methods that were used for CVA, or different exercise
characteristics, which reduce the certainty of the results
regarding CVA. The variety of therapeutic exercises were
applied to a wide variety of participants, including
participants from adolescents to adults; participants from
different socioeconomic groups; and those who had neck
pain, back pain, kyphosis, rounded shoulders, or scoliosis.
None of the eligible studies excluded participants with high
levels of fear avoidance scores that are likely to have poor
outcomes.37 Some studies did not blind the therapist,
trainer, or participants.4,5,17,23 Pain rating scales were self-
recorded, though this is standard practice.

Only 3 studies hadmedium-term to long-term follow ups: 1
study with 16 weeks,3 1 with 3 months,4 and another with 6
months.5 In some studies, while the results showed statistically
significant differences, the absolute changes were small, such
that further studies, which determine minimal clinically
important differences or minimally detectable changes for

Image of Fig 3
Image of Fig 4


Study name Statistics for each study Std diff in means and 95% CI
Std diff Standard Lower Upper 

in means error Variance limit limit Z-Value P Value
Diab, 2011 1.809 0.242 0.059 1.334 2.284 7.466 0.000
Diab, 2012 1.949 0.279 0.078 1.403 2.495 6.995 0.000
Harman, 2005 0.169 0.318 0.101 -0.454 0.791 0.532 0.595
Lee, 2016 1.162 0.409 0.167 0.361 1.963 2.843 0.004
Mulet, 2007 0.000 0.309 0.095 -0.606 0.606 0.000 1.000
Ruivo, 2017 0.531 0.200 0.040 0.139 0.924 2.656 0.008
Seidi CCEP, 2014 1.639 0.365 0.134 0.923 2.356 4.485 0.000
Seidi LCEP, 2014 1.175 0.342 0.117 0.504 1.846 3.432 0.001

1.029 0.101 0.010 0.830 1.228 10.151 0.000

-1.00 -0.50 0.00 0.50 1.00

Favors A Favors B

Meta Analysis

Fig 5. Forest plot of craniovertebral angle odds ratios between groups of study (favors A: exercise, favors B: control). CI, confidence
interval; std diff, standard differences.
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Fig 6. Funnel plot of craniovertebral angle across the studies.
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therapeutic exercises, would be valuable. Most studies were A
vs A and B study designs, which are weak.

Limitations
Two reviewers screened available full text independent-

ly for inclusion, and data extracting was checked indepen-
dently to minimize bias through the review. We made no
attempts to search in any language other than English. This
review was not registered on a prospective register, such as
PROSPERO, in advance. While we analyzed pain as an
outcome, it was not the primary focus of the review, and
pain was not used as a keyword, such that other studies on
pain not included in this review could exist. While the level
of evidence is strong, the high degree of heterogeneity

Image of Fig 5
Image of Fig 6


Study name Statistics for each study Odds ratio and 95% CI

Odds Lower Upper 
ratio limit limit Z-Value P Value

Lee, 2016 0.464 0.119 1.807 -1.107 .268
Diab, 2011 0.414 0.198 0.865 -2.346 .019
Mulet, 2007 0.009 0.002 0.039 -6.217 0.000

0.230 0.127 0.417 -4.847 0.000

0.01 0.1 1 10 100

Favors A Favors B

Meta Analysis

Fig 7. Forest plot of pain odds ratios between groups of study (favors A: exercise, favors B: control). CI, confidence interval.
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Fig 8. Funnel plot of pain across the studies.
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highlights the need for caution in interpreting the results and
generalizing the findings to all forms of exercise.
CONCLUSION

The results of this review provide level 1a evidence that
prescribing therapeutic exercises may reduce CVA but level
1b evidence that prescribing therapeutic exercises cannot
reduce CA. There is also level 1b evidence of a moderate
improvement in neck pain when exercises are prescribed in
participants with FHP. The degree of improvement in CVA
and pain varied considerably between studies, suggesting
some exercise programs may be more effective than others.
There was considerable heterogeneity in the results,
suggesting caution in extrapolating the findings to all
participants with FHP and to all forms of exercise. The
precise nature of the relationship between FHP and neck
pain is not linear and requires further research.
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Practical Applications
• The results provide level 1a evidence that
prescribing therapeutic exercises may reduce
CVA.

• The effectiveness of exercise training on CA
is questionable.

• There is 1b evidence of moderate neck pain
improvement when exercises are prescribed
in participants with FHP.

• These findings may help practitioners in the
field to manage their clients.
REFERENCES

1. Griegel-Morris P, Larson K, Mueller-Klaus K, Oatis CA.
Incidence of common postural abnormalities in the cervical,
shoulder, and thoracic regions and their association with pain
in two age groups of healthy subjects. Phys Ther. 1992;72(6):
425-431.

2. Kuo YL, Tully EA, Galea MP. Video analysis of sagittal
spinal posture in healthy young and older adults. J
Manipulative Physiol Ther. 2009;32(3):210-215.

3. Ruivo RM, Carita AI, Pezarat-Correia P. The effects of
training and detraining after an 8 month resistance and
stretching training program on forward head and protracted
shoulder postures in adolescents: randomised controlled
study. Man Ther. 2016;21:76-82.

4. Diab AA. The role of forward head correction in management
of adolescent idiopathic scoliotic patients: a randomized
controlled trial. Clin Rehabil. 2012;26(12):1123-1132.

5. Diab AA, Moustafa IM. The efficacy of forward head
correction on nerve root function and pain in cervical
spondylotic radiculopathy: a randomized trial. Clin Rehabil.
2011;26(4):351-361.

6. Lau KT, Cheung KY, Chan KB, Chan MH, Lo KY, Chiu TT.
Relationships between sagittal postures of thoracic and
cervical spine, presence of neck pain, neck pain severity and
disability. Man Ther. 2010;15(5):457-462.
7. Fernandez-de-las-Penas C, Alonso-Blanco C, Cuadrado ML,
Gerwin RD, Pareja JA. Trigger points in the suboccipital
muscles and forward head posture in tension-type headache.
Headache. 2006;46(3):454-460.

8. Armijo-Olivo S, Rappoport K, Fuentes J, et al. Head and
cervical posture in patients with temporomandibular disor-
ders. J Orofac Pain. 2011;25(3):199-209.

9. Page P, Frank CC, Lardner R. Assessment and Treatment of
Muscle Imbalance: The Janda Approach. Champaign, IL:
Human Kinetics; 2010.

10. Liebenson C. Rehabilitation of the Spine: A Practitioner's
Manual. 2nd ed. Philadelphia, PA: Lippincott Williams &
Wilkins; 2007.

11. Sahrmann S. Diagnosis and Treatment of Movement Impair-
ment Syndromes. St. Louis, MO: Mosby; 2002.

12. Sahrmann S. Movement System Impairment Syndromes of the
Extremities, Cervical and Thoracic Spines. 1st ed. St. Louis,
MO: Mosby; 2010.

13. Comerford M, Mottram S. Kinetic Control: The Management
of Uncontrolled Movement. 1st ed. Sydney, Australia:
Churchill Livingstone; 2012.

14. Liebenson C. Functional Training Handbook. 1st ed.
Philadelphia, PA: Lippincott Williams & Wilkins; 2014.

15. Ruivo RM, Pezarat-Correia P, Carita AI. Effects of a resistance
and stretching training program on forward head and protracted
shoulder posture in adolescents. J Manipulative Physiol Ther.
2017;40(1):1-10.

16. Mulet M, Decker KL, Look JO, Lenton PA, Schiffman EL. A
randomized clinical trial assessing the efficacy of adding 6 x 6
exercises to self-care for the treatment of masticatory
myofascial pain. J Orofac Pain. 2007;21(4):318-328.

17. Harman K, Hubley-Kozey CL, Butler H. Effectiveness of an
exercise program to improve forward head posture in normal
adults: a randomized, controlled 10-week trial. J Man
Manipulative Ther. 2005;13(3):163-176.

18. Im B, Kim Y, Chung Y, Hwang S. Effects of scapular
stabilization exercise on neck posture and muscle activation in
individuals with neck pain and forward head posture. J Phys
Ther Sci. 2016;28(3):951-955.

19. Jang HJ, Kim MJ, Kim SY. Effect of thorax correction
exercises on flexed posture and chest function in older women
with age-related hyperkyphosis. J Phys Ther Sci. 2015;27(4):
1161-1164.

20. Kang DY. Deep cervical flexor training with a pressure
biofeedback unit is an effective method for maintaining neck
mobility and muscular endurance in college students with
forward head posture. J Phys Ther Sci. 2015;27(10):
3207-3210.

21. Kang JI, Jeong DK, Choi H. The effect of feedback respiratory
exercise on muscle activity, craniovertebral angle, and neck
disability index of the neck flexors of patients with forward
head posture. J Phys Ther Sci. 2016;28(9):2477-2481.

22. Lee SM, Lee CH, O'Sullivan D, Jung JH, Park JJ. Clinical
effectiveness of a Pilates treatment for forward head posture. J
Phys Ther Sci. 2016;28(7):2009-2013.

23. Seidi F, Rajabi R, Ebrahimi I, Alizadeh MH, Minoonejad H.
The efficiency of corrective exercise interventions on thoracic
hyper-kyphosis angle. J Back Musculoskelet Rehabil. 2014;
27(1):7-16.

24. PEDro. Physiotherapy Evidence Database 2017. Available at:
https://www.pedro.org.au/. Accessed February 17, 2017.

25. Elkins MR, Moseley AM, Sherrington C, Herbert RD, Maher
CG. Growth in the physiotherapy evidence database (PEDro)
and use of the PEDro scale. Br J Sports Med. 2013;47(4):
188-189.

http://refhub.elsevier.com//rf0005
http://refhub.elsevier.com//rf0005
http://refhub.elsevier.com//rf0005
http://refhub.elsevier.com//rf0005
http://refhub.elsevier.com//rf0005
http://refhub.elsevier.com//rf0005
http://refhub.elsevier.com//rf0010
http://refhub.elsevier.com//rf0010
http://refhub.elsevier.com//rf0010
http://refhub.elsevier.com//rf0010
http://refhub.elsevier.com//rf0010
http://refhub.elsevier.com//rf0015
http://refhub.elsevier.com//rf0015
http://refhub.elsevier.com//rf0015
http://refhub.elsevier.com//rf0015
http://refhub.elsevier.com//rf0015
http://refhub.elsevier.com//rf0015
http://refhub.elsevier.com//rf0020
http://refhub.elsevier.com//rf0020
http://refhub.elsevier.com//rf0020
http://refhub.elsevier.com//rf0020
http://refhub.elsevier.com//rf0025
http://refhub.elsevier.com//rf0025
http://refhub.elsevier.com//rf0025
http://refhub.elsevier.com//rf0025
http://refhub.elsevier.com//rf0025
http://refhub.elsevier.com//rf0030
http://refhub.elsevier.com//rf0030
http://refhub.elsevier.com//rf0030
http://refhub.elsevier.com//rf0030
http://refhub.elsevier.com//rf0030
http://refhub.elsevier.com//rf0035
http://refhub.elsevier.com//rf0035
http://refhub.elsevier.com//rf0035
http://refhub.elsevier.com//rf0035
http://refhub.elsevier.com//rf0040
http://refhub.elsevier.com//rf0040
http://refhub.elsevier.com//rf0040
http://refhub.elsevier.com//rf0040
http://refhub.elsevier.com//rf0045
http://refhub.elsevier.com//rf0045
http://refhub.elsevier.com//rf0045
http://refhub.elsevier.com//rf0045
http://refhub.elsevier.com//rf0050
http://refhub.elsevier.com//rf0050
http://refhub.elsevier.com//rf0050
http://refhub.elsevier.com//rf0050
http://refhub.elsevier.com//rf0055
http://refhub.elsevier.com//rf0055
http://refhub.elsevier.com//rf0055
http://refhub.elsevier.com//rf0060
http://refhub.elsevier.com//rf0060
http://refhub.elsevier.com//rf0060
http://refhub.elsevier.com//rf0060
http://refhub.elsevier.com//rf0065
http://refhub.elsevier.com//rf0065
http://refhub.elsevier.com//rf0065
http://refhub.elsevier.com//rf0065
http://refhub.elsevier.com//rf0070
http://refhub.elsevier.com//rf0070
http://refhub.elsevier.com//rf0070
http://refhub.elsevier.com//rf0070
http://refhub.elsevier.com//rf0075
http://refhub.elsevier.com//rf0075
http://refhub.elsevier.com//rf0075
http://refhub.elsevier.com//rf0075
http://refhub.elsevier.com//rf0075
http://refhub.elsevier.com//rf0075
http://refhub.elsevier.com//rf0080
http://refhub.elsevier.com//rf0080
http://refhub.elsevier.com//rf0080
http://refhub.elsevier.com//rf0080
http://refhub.elsevier.com//rf0080
http://refhub.elsevier.com//rf0085
http://refhub.elsevier.com//rf0085
http://refhub.elsevier.com//rf0085
http://refhub.elsevier.com//rf0085
http://refhub.elsevier.com//rf0085
http://refhub.elsevier.com//rf0085
http://refhub.elsevier.com//rf0090
http://refhub.elsevier.com//rf0090
http://refhub.elsevier.com//rf0090
http://refhub.elsevier.com//rf0090
http://refhub.elsevier.com//rf0090
http://refhub.elsevier.com//rf0095
http://refhub.elsevier.com//rf0095
http://refhub.elsevier.com//rf0095
http://refhub.elsevier.com//rf0095
http://refhub.elsevier.com//rf0095
http://refhub.elsevier.com//rf0100
http://refhub.elsevier.com//rf0100
http://refhub.elsevier.com//rf0100
http://refhub.elsevier.com//rf0100
http://refhub.elsevier.com//rf0100
http://refhub.elsevier.com//rf0100
http://refhub.elsevier.com//rf0100
http://refhub.elsevier.com//rf0105
http://refhub.elsevier.com//rf0105
http://refhub.elsevier.com//rf0105
http://refhub.elsevier.com//rf0105
http://refhub.elsevier.com//rf0105
http://refhub.elsevier.com//rf0110
http://refhub.elsevier.com//rf0110
http://refhub.elsevier.com//rf0110
http://refhub.elsevier.com//rf0110
http://refhub.elsevier.com//rf0115
http://refhub.elsevier.com//rf0115
http://refhub.elsevier.com//rf0115
http://refhub.elsevier.com//rf0115
http://refhub.elsevier.com//rf0115
https://www.pedro.org.au/
http://refhub.elsevier.com//rf0125
http://refhub.elsevier.com//rf0125
http://refhub.elsevier.com//rf0125
http://refhub.elsevier.com//rf0125
http://refhub.elsevier.com//rf0125


539Sheikhhoseini et alJournal of Manipulative and Physiological Therapeutics
Effectiveness of Exercise on Head PostureVolume 41, Number 6
26. Foley NC, Teasell RW, Bhogal SK, Speechley MR. Stroke
rehabilitation evidence-based review: methodology. Top
Stroke Rehabil. 2003;10(1):1-7.

27. Sackett DL, Straus SE, Richardson WS, Rosenberg W,
Haynes RB. Evidence-Based Medicine: How to Practice
and Teach EBM. 2nd ed. New York, NY: Churchill
Livingstone; 2000.

28. Lipsey MW, Wilson DB. Practical Meta-analysis. Thousand
Oaks, CA: Sage; 2001.

29. Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring
inconsistency in meta-analyses. BMJ. 2003;327(7414):
557-560.

30. Sterne JA, Gavaghan D, Egger M. Publication and related bias
in meta-analysis: power of statistical tests and prevalence in
the literature. J Clin Epidemiol. 2000;53(11):1119-1129.

31. Moustafa IM, Diab AA. The effect of adding forward head
posture corrective exercises in the management of lumbosacral
radiculopathy: a randomized controlled study. J Manipulative
Physiol Ther. 2015;38(3):167-178.
32. Singla D, Veqar Z, Hussain ME. Photogrammetric assessment
of upper body posture using postural angles: a literature
review. J Chiropr Med. 2017;16(2):131-138.

33. Dworkin RH, Bruehl S, Fillingim RB, Loeser JD, Terman GW,
Turk DC. Multidimensional diagnostic criteria for chronic pain:
introduction to the ACTTION-American pain society pain
taxonomy (AAPT). J Pain. 2016;17(9 Suppl):T1-T9.

34. Siivola SM, Levoska S, Latvala K, Hoskio E, Vanharanta H,
Keinanen-Kiukaanniemi S. Predictive factors for neck and shoulder
pain: a longitudinal study in young adults. Spine. 2004;29(15):
1662-1669.

35. Dimitriadis Z, Kapreli E, Strimpakos N, Oldham J. Do psycholog-
ical states associate with pain and disability in chronic neck pain
patients? J Back Musculoskelet Rehabil. 2015;28(4):797-802.

36. Holte KA, Westgaard RH. Further studies of shoulder and
neck pain and exposures in customer service work with low
biomechanical demands. Ergonomics. 2002;45(13):887-909.

37. Maughan EF, Lewis JS. Outcome measures in chronic low
back pain. Euro. Spine J. 2010;19(9):1484-1494.

http://refhub.elsevier.com//rf0130
http://refhub.elsevier.com//rf0130
http://refhub.elsevier.com//rf0130
http://refhub.elsevier.com//rf0130
http://refhub.elsevier.com//rf0130
http://refhub.elsevier.com//rf0135
http://refhub.elsevier.com//rf0135
http://refhub.elsevier.com//rf0135
http://refhub.elsevier.com//rf0135
http://refhub.elsevier.com//rf0135
http://refhub.elsevier.com//rf0140
http://refhub.elsevier.com//rf0140
http://refhub.elsevier.com//rf0140
http://refhub.elsevier.com//rf0145
http://refhub.elsevier.com//rf0145
http://refhub.elsevier.com//rf0145
http://refhub.elsevier.com//rf0145
http://refhub.elsevier.com//rf0145
http://refhub.elsevier.com//rf0150
http://refhub.elsevier.com//rf0150
http://refhub.elsevier.com//rf0150
http://refhub.elsevier.com//rf0150
http://refhub.elsevier.com//rf0155
http://refhub.elsevier.com//rf0155
http://refhub.elsevier.com//rf0155
http://refhub.elsevier.com//rf0155
http://refhub.elsevier.com//rf0155
http://refhub.elsevier.com//rf0155
http://refhub.elsevier.com//rf0160
http://refhub.elsevier.com//rf0160
http://refhub.elsevier.com//rf0160
http://refhub.elsevier.com//rf0160
http://refhub.elsevier.com//rf0165
http://refhub.elsevier.com//rf0165
http://refhub.elsevier.com//rf0165
http://refhub.elsevier.com//rf0165
http://refhub.elsevier.com//rf0165
http://refhub.elsevier.com//rf0165
http://refhub.elsevier.com//rf0170
http://refhub.elsevier.com//rf0170
http://refhub.elsevier.com//rf0170
http://refhub.elsevier.com//rf0170
http://refhub.elsevier.com//rf0170
http://refhub.elsevier.com//rf0170
http://refhub.elsevier.com//rf0175
http://refhub.elsevier.com//rf0175
http://refhub.elsevier.com//rf0175
http://refhub.elsevier.com//rf0175
http://refhub.elsevier.com//rf0175
http://refhub.elsevier.com//rf0180
http://refhub.elsevier.com//rf0180
http://refhub.elsevier.com//rf0180
http://refhub.elsevier.com//rf0180
http://refhub.elsevier.com//rf0185
http://refhub.elsevier.com//rf0185
http://refhub.elsevier.com//rf0185
http://refhub.elsevier.com//rf0185

	Effectiveness of Therapeutic Exercise on Forward Head Posture: A Systematic Review and Meta-analysis
	Introduction
	Methods
	Literature Search Strategy
	Selection Criteria
	Data Extraction
	Quality Assessment and Level of Evidence
	Statistical Analysis

	Results
	Search Results
	Study Characteristics
	Description of Selected Variables
	Criteria to Define FHP
	Measurement of FHP
	Measurement of Pain
	Exercise Protocols

	Data Synthesis
	Cranial Angle
	Craniovertebral Angle

	Pain

	Discussion
	Critical Appraisal of Methodological Quality
	Limitations

	Conclusion
	Funding Sources and Conflicts of Interest
	Contributorship Information
	References


