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Abstract

Purpose of Review Forward head posture (FHP) is the most common cervical postural fault in the sagittal plane that is found with
different severity levels in almost all populations. Despite claims that FHP may be related to neck pain, this relation seems to be
controversial. Thus, our purpose is to determine whether FHP differs between asymptomatic subjects and those with neck pain
and to investigate if there is a relationship between head posture and neck pain.

Recent Findings A total of 15 cross-sectional studies were eligible for inclusion for this systematic review and meta-analysis. Ten
studies compared FHP between a group of asymptomatic participants and a group of participants with neck pain and an overall
mean difference (MD) of 4.84 (95% CI=0.14, 9.54), indicating a significant between-group difference, contrary to adolescent
(MD = —1.05; 95% CI= —4.23, 2.12). Eight studies showed significant negative correlations between FHP and neck pain
intensity (r = —0.55; 95% CI=—0.69, —0.36) as well as disability (» = —0.42; 95% CI= —0.54, —0.28) in adults and older
adults, while in adolescents, only lifetime prevalence and doctor visits due to neck pain were significant predictors for FHP.
Summary This systematic review found that age played an important role as a confounding factor in the relation between FHP
and neck pain. Also, the results showed that adults with neck pain show increased FHP when compared to asymptomatic adults
and that FHP is significantly correlated with neck pain measures in adults and older adults. No association was found between
FHP and most of neck pain measures in adolescents.
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Introduction

Neck pain is a common complaint in the population, with a
considerable impact on individuals and their families, commu-
nities, health-care systems, and businesses [1, 2, 3¢]. The es-
timated 1-year incidence of neck pain ranges between 10.4
and 21.3%, and the overall prevalence of neck pain in general
population can be as high as 86.8% [2, 3¢]. Neck pain has an
episodic occurrence with variable recovery between episodes
[4], and it is considered the most persistent musculoskeletal
pain syndrome [5]. Neck pain can be associated to serious
conditions such as neurological conditions, infections, neo-
plasms, and fractures of the cervical spine, or it can be idio-
pathic (neck pain without unknown cause) [6].
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Strong evidence was found to relate neck pain with female
gender, older age, being an ex-smoker, high job demands, and
low social or work support [7, 8]. Regarding physical work
factors, neck pain was significantly associated with holding
the neck in a forward bent posture for a prolonged time and
making repetitive movements [9]. In addition, the increasing
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use of new information and communication technologies has
led to an increase in time spent texting messages on mobile
phones or using computers, which might have a long-term
impact on neck pain, potentially due to prolonged periods of
neck flexion [10e].

Neck flexion may facilitate forward head posture (FHP)
[11], which refers to forward placement of the head in relation
to the shoulder. This is the most common cervical postural
fault in the sagittal plane that is found with different severity
levels in almost all populations [12]. Greater FHP has been
associated with greater deficits in cervical range of motion,
particularly neck rotation and flexion [13, 14]. Also, FHP
seems to have a negative impact on static balance control in
asymptomatic adults [15]. Despite claims that FHP may be
related to neck pain, existing evidence seems controversial,
since some previous studies have reported no significant as-
sociations between neck pain and FHP [16—18], whereas other
studies have reported an association between FHP and neck
pain [19-21].

A previous systematic review compared surrogate mea-
sures for head posture in individuals with and without neck
pain. This review did not reach a clear conclusion as the in-
cluded studies reported contradictory results [22]. These con-
tradictory results may be explained by the poor methodolog-
ical quality and inadequate reporting of data of included stud-
ies [22, 23]. Hence, it is necessary to update the systematic
review of Silva et al. [22] to determine whether the latest
published research can clarify this controversy. Thus, the pri-
mary aim of this study was to determine whether FHP differs
between neck pain and asymptomatic subjects. A secondary
aim was to investigate if there is a relationship between head
posture and neck pain.

Methods

This systematic review was registered on PROSPERO
(PROSPERO 2017: CRD CRD42018081494) and conducted
according to Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines [24].

Information Sources and Search Strategy

The electronic databases EMBASE, MEDLINE/PubMed,
Cochrane Library Web search, Physiotherapy Evidence
Database (PEDro), and CINAHL were searched for observa-
tional studies published in English and indexed from 2009 to
April 2017, and updated search was performed on 19
September 2018. The search strategy consisted of a mix of
free-text terms and Medical Subject Headings (MeSH). The
details of the search strategy are shown in Appendix Table 4.
Reference lists of the relevant articles were also searched.
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We searched the databases from 2009 because this system-
atic review is considered an update of a previously published
review [22] and is being undertaken in the light of the publi-
cation as a significant new research with some modifications
in the research questions as well as inclusion and exclusion
criteria. The inclusion and exclusion criteria are shown in
(Table 1).

Study Selection

All titles and abstracts were imported into Mendeley
Desktop© (version 1.17.6) through which we removed dupli-
cates and irrelevant articles that did not meet the inclusion
criteria. Two reviewers (NF and KH) independently identified
papers as relevant based on eligibility criteria. Lists from both
reviewers were compared, and papers identified by both au-
thors were obtained in full text. Discrepancies in judgment
were resolved by consensus. A third reviewer (AGS) acted
as arbiter.

Data Extraction

Two reviewers (NF and KH) independently extracted the ap-
propriate data. They compared their findings to verify whether
all appropriate data were successfully extracted. We also
contacted the primary authors for additional data and/or clar-
ification of data, when needed.

Table 1 Eligibility criteria of the included studies

Studies were eligible for inclusion if

* Transversal or longitudinal studies evaluating the relationship between
sagittal head posture and idiopathic neck pain (observational studies)

* Investigating FHP in individuals with idiopathic neck pain (described as
neck pain of unknown origin and described as a posterior pain
perceived in the region below the superior nuchal line, above the spine
of the scapula) [4]

* The comparison group included pain-free subject (described with no
history or current neck pain)

* Involving individuals with acute or chronic idiopathic neck pain of any
age group

* The primary outcome of interest was FHP (measured as distances or
angles between anatomical landmarks). Secondary outcomes include
neck pain measures (e.g., severity, frequency, duration, and/or disabil-
ity) assessed using validated instruments

Studies were excluded if

* Neck pain has a specific underlying pathology such as fractures,
rheumatoid arthritis, osteoporosis, or whiplash injuries as well as neck
pain associated with radiculopathy

* Including the assessment of dynamic FHP (during working or using
visual display terminals)

* Including participants with neck pain and other concomitant complaints
(e.g., patients who suffered from neck pain and headache)

* In languages other than English

* Conference proceedings, editorials, letters, and poster presentations
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Quality Assessment

Three researchers (AGS, KH, and NF) independently assessed
the quality of selected articles by using an adapted form of the
Effective Public Health Practice Project (EPHPP) assessment
tool which was developed by Thomas et al. [25]. This tool was
chosen because it had been used previously in adapted form
for recording quality of similar studies [22, 26]. To avoid
conflict of interest, 2 articles were assessed by 2 researchers
only (KA and NF) as the third researcher (AGS) was one of
the authors of these two articles [27, 28]. Discrepancies in
assessment were solved by discussion until consensus was
reached.

The quality assessment tool has eight components: sample
selection, study design, confounders, blinding of outcome as-
sessors and participants, reliability and validity of data collec-
tion tools, appropriateness of sample size, withdrawals, drop-
outs, and accuracy of data analysis. Each component was rat-
ed strong, moderate, or weak according to the adapted EPHPP.
Each paper then received a global rating. This global rating
was “strong, moderate, and weak.” All studies were included
in this review regardless of its quality.

Statistical Methods

For comparative meta-analyses, we analyzed data from the
included studies using Review Manager (RevMan, version
5.2; Nordic Cochrane Center, Cochrane Collaboration,
Copenhagen, Denmark) and Microsoft Excel 2010
(Microsoft Corp., Redmond, WA, USA). A formal meta-
analysis was conducted for all comparative outcomes. We
expressed pooled continuous effect measures as the mean
difference (MD) with 95% CI through random-effects
model. We explored and quantified between-study statisti-
cal heterogeneity using the I test (which describes true
variation across studies as a percentage, where values
around 25% indicate low, 50% medium, and 75% high
heterogeneity among studies) [29]. Subgroup analyses
were performed with the studies that used the same age
group. We categorized the studies into adolescent (less
than 18 years), adults (18 years to 50 years), and older
adults (above 50 years).

For correlative outcomes, we did meta-analyses according
to Goh et al.’s [30] methodology by using comprehensive
meta-analysis software (version 3). The correlation coeffi-
cient from each study was Fisher z transformed to be suitable
for pooling. Standard error and 95% CI were calculated for
each r value; then, the weighted mean was calculated
(weight depended on the sample size). z and x> values were
then calculated to determine the p value of the overall effect
across the studies. All z-transformed r values and their CI
were reversed again for representation. Heterogeneity across
the studies was determined using Cochran’s Q which was

transformed into /* percent with its p value. Publication bias
could not be tested because of the small number of included
studies [30].

Results
Search Results

The search of selected databases provided a total of 1292
references. After excluding for duplicates as well as title, ab-
stract, and full-text review finally, a total of 15 studies were
eligible to be included in this review (Fig. 1). The agreement
between the 2 reviewers who screened the references was
81%. Thirteen of the 15 studies provided data for meta-
analysis.

Characteristics of Included Studies

Ten studies were cross-sectional studies (compared FHP be-
tween a group of participants with neck pain and a group of
asymptomatic participants) [27, 28, 31-38], while four papers
were cross-sectional without a comparison group (presented
correlation data between FHP and neck pain) [39-42] and one
study investigated the correlation between four postural clus-
ters and neck pain [43]. Of the ten studies that presented com-
parative data, 3 studies presented correlational data also [28,
32, 33]. A summary of the retrieved data of the included
articles is presented in Table 2.

Quality Assessment

Results from using the EPHPP quality assessment tool are
shown in Table 3. Eight studies were rated of moderate quality
while 7 were rated of weak quality. The most common limi-
tations include the following: not using an appropriate sample
size, uncontrolled confounding factors, and using a neck pain
assessment tool that was not shown to be valid. Eight studies
used appropriate sample size [27, 33, 35, 36, 40-43], and only
two of them performed a priori sample size calculation [27,
33].

Included studies controlled for different confounding fac-
tors: six studies controlled for both age and sex [27, 3234, 37,
43], while two studies controlled for sex only [35, 40] or for
age only [28] and six studies did not control for sex or age [31,
36, 38, 39, 41, 42].

Three studies did not measure or report on the reliability
of the FHP measuring tool [33, 40, 41], while six studies did
not use a valid instrument to assess neck pain [34-36, 38,
40, 43].

@ Springer



Curr Rev Musculoskelet Med

Additional records identified
through reference lists
(n=15)

Records excluded
(n=766)

A 4

Full-text articles excluded
(n=37)

We excluded the studies which:
1- Not in English

2 Not available as a full paper

3- Not related to our scope

4 Contain assessment of dynamic
posture

5- Contain assessment of posture
while using visual display terminals

A 4

(smart phone or computer)

6-  doesn’t contain assessment of neck
pain (presence, severity. Disability,
prevalence) as a separate variable.
Ex, studies that assess trigger
points, studies that combined neck

pain and headache or neck pain
and TMG and fascial pain)
7- duplicate

N

c . o

K Records identified through database

g searching (n = 1291)

Q

:E *PUBMED 786 *COCHRANE 241 * PEDRO 5

5 CINAHL 95 *EMBASE 164

S
-/ v v
— Records after duplicates removed

(n=818)

o0

=

c

()

(7]

S \4

o

(2] .

Records after title and abstract
screening (n = 52)

SR

>

=

‘S v

éo Full-text articles were eligible

t for inclusion (n = 15)
-
SR

o} v

() . . .

b o) Studies that included in

% meta-analysis (n=13)

L=
-/

Fig. 1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow chart

Meta-Analysis

Overall FHP Difference Between Neck Pain and Asymptomatic
Participants

A total of 10 articles performed comparisons between neck
pain and asymptomatic groups: seven out of these 10 articles
measured the craniovertebral angle (CVA; the angle between
C7, tragus, and horizontal) [27, 28, 31, 32, 35, 36, 38], one
study measured the complementary angle of CVA (angle be-
tween C7, tragus, and vertical) [33], and 2 studies used a
cervical range of motion (CROM) device to measure FHP
distance and upper cervical angle (UCA), which represents
the angle between vertical, occipite, and nose, measured by
a sagittal inclinometer on the CROM device [34, 37].

The data of seven studies (n = 677 participants) which com-
pared CVA between asymptomatic and neck pain subjects

@ Springer

with different age groups showed high heterogeneity across
studies. The pooled MD was 1.61 (95% CI=-0.99, 4.22),
which indicates that there was no statistically significant dif-
ference in the FHP between asymptomatic and neck pain sub-
jects (Fig. 2).

Helgadottir et al. [33] also compared the FHP between
asymptomatic and neck pain adults and found no statistically
significant difference between the 2 groups (p =0.07), al-
though the exact data was not reported [33]; we contact the
author of this study, but we did not receive response; therefore,
this study was not included in the meta-analysis.

Nagai et al. [34] and Dunleavy et al. [37] investigated the
combined sample of adults and older adults using the CROM
device. The pooled mean difference was 0.26 (95% CI=—
1.36, 1.89), which showed no statistically significant differ-
ence in FHP by using the CROM device [34, 37]. The hetero-
geneity across studies was moderate (Fig. 3). Unexpectedly,
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Table 3 Quality assessment of the included studies

Studies 1 2 3 4 5 6 7 8 Finalrating
Silva et al. (2009) WS S MM S S S Moderate
Oliveira and Silva (2016) M M S W S W S S Moderate
Nagai et al. (2014) WMS WMWS M Weak
Mani et al. (2017) WMWWWWS W Weak
Lau et al. (2010) WMS WS WS S Weak
Dunleavy et al. (2015) WMS WS WS M Weak
Cheung et al. (2010) S S MMM W S M Moderate
Nejati et al. (2015) M MMWWM S M Moderate
Helgadottiretal. 2011) W S S M W S S M Moderate
Ruivo et al. (2014) M MMMMM S M Moderate
Kim and Kim (2016) WMWWWMS M Weak
Lau et al. (2010) WMWMS WS M Weak
Dolphens et al. (2012) S MM W W M S S Moderate
Richards et al. (2016) S MS W WM S S Moderate
Arun et al. (2017) WMWWMMS M Weak

1, selection bias; 2, study design; 3, controlling confounders; 4, blinding;
5, data collection methods; 6, sample size; 7, withdrawals; 8, analyses (S
= strong, M = moderate, W = weak)

Dunleavy et al. [37] found a significant difference on the same
sample for the UCA as a surrogate measure for FHP.

Subgroup Analysis According to Age of Studies that
Measured CVA and Pooled Results

Of the seven studies that measured CVA, 3 studies included
adolescents [28, 31, 35], 2 studies included adults [32, 36],
one study included adults and older adults with subgroup
analysis [27], and one study included a wide age range sample
(adolescent, adults, and older adults); therefore, this study was
not included in subgroup analysis [38].

FHP in Adolescent The data showed high heterogeneity across
studies (3 studies, n =405). The pooled mean difference was
—0.05 (95% CI=—4.23, 2.12), indicating no statistically sig-
nificant difference in FHP between adolescents with and with-
out neck pain (Fig. 4).

AS NP

Study or Subgroup Mean [degree] SD [degree] Total Mean [degree] SD [degree]

Total Weight IV, Random, 95% Cl [degree]

57.1 5 30 60.03 9.05
48.4 30 40.13 6.68
47.43 15 43.54 6.63
37.7 46 371 7.8

Cheung et al. 2010
lauK T et al. 2010
Mani et al. 2017
Nejati et al. 2015

5.52
7.97
8.2

oliveira and Silva 2016 44.18 364 35 46.62 4.92
Ruivo et al. 2014 47.96 479 170 46.46 56
Silva et al. 2009 486 71 40 454 6.8
Total (95% Cl) 366

Heterogeneity: Tau? = 9.83; Chi = 40.18, df = 6 (P < 0.00001); I* = 85%

Test for overall effect: Z = 1.22 (P = 0.22)

30
30
16
55
35
105
40

311

FHP in Adults The data showed high heterogeneity across
studies (3 studies, n=203). The pooled mean difference was
4.84 (95% CI=0.14, 9.54), indicating that there was a statis-
tically significant difference in FHP between adults with neck
pain and asymptomatic adults; i.e., adults with neck pain
showed a more FHP than asymptomatic adults (Fig. 5).

FHP in Older Adults Only one of the eligible studies (n =38)
performed a subgroup analysis using age as a factor and re-
ported that CVA was not significantly different between
asymptomatic and neck pain adults aged more than 50 years
old (NP, mean +£SD =44.8°+7.1°; AS, mean + SD =45.1°+
6.7° F1,36 < IO,p >0.05) [27]

Upper Cervical Posture

The angle between the tragus, the eye, and the horizontal (or
its complementary angle) is believed to reflect the posture of
the upper cervical spine and is called gaze angle or sagittal
head angle. Four studies compared this angle between asymp-
tomatic and neck pain subjects [27, 33, 35, 38]. Each study
showed data for a different age group; Ruivo et al. [35] in-
cluded adolescents, Helgadottir et al. [33] included adults,
Silva et al. [27] included adults and older adults, while Mani
et al. [38] included broad unmatched age range (adolescents,
adults, and older adults). Three studies showed no between-
group significant difference, and one study found a statistical-
ly significant increased head extension in the neck pain group
compared with the asymptomatic group (p = 0.02) [33].

Correlation Between FHP and Neck Pain Measures
Correlation in Adolescents

Three studies measured the relationship between CVA and
pain measures in adolescents. Oliveira and Silva [28] mea-
sured the relationship between neck pain intensity and CVA
in adolescent, and the results showed no significant correla-
tion (r=0.12, p>0.05). Beside intensity, there is absence of
significant correlations between pain duration and frequency
in the previous week and CVA. Another study examined 1108
adolescents as follow-up to the Pregnancy Cohort Study
(http://www.rainestudy.org.au), which classified head posture

Mean Difference
IV, Random, 95% ClI [degree]

[

Mean Difference

13.2%
14.3%
10.5%
14.2%
16.2%
17.2%
14.4%

2.93[-6.63, 0.77]
8.27[5.17, 11.37]
3.89[-1.29, 9.07]
0.60 [-2.54, 3.74]

244 [-4.47, 0.41]

1.50[0.21, 2.79]
3.20[0.15, 6.25]

_

——

100.0% 1.61[-0.99, 4.22]

-

' '
-10 -5 0 5 10
Favours [AS] Favours [NP]

Fig. 2 Overall CVA difference between asymptomatic (AS) and neck pain (NP) participants
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AS NP Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Dunleavy etal. 2015 217 16 27 221 15 27 61.0%  -0.40[-1.23,0.43] —
Nagai et al. 2014 175 3 20 162 27 20 39.0% 1.30 [-0.47, 3.07] I L
Total (95% ClI) 47 47 100.0% 0.26 [-1.36, 1.89] ’
Heterogeneity: Tau? = 0.95; Chiz = 2.91, df = 1 (P = 0.09); I = 66% 4 2 o 2 j‘

Test for overall effect: Z = 0.32 (P = 0.75)

Favours [AS] Favours [NP]

Fig. 3 Forest plot of comparison. Comparison between asymptomatic (AS) and neck pain (NP) adult and older adults, using the CROM device

into 4 clusters: upright, intermediate, slumped thorax/forward
head, and erect thorax/forward head. In this study, multivari-
able logistic regression was used, adjusting for the potential
confounding variables, to estimate associations between pos-
ture clusters and persistent neck pain as well as to investigate
whether sitting worsened neck pain. The results showed no
association between pain measures and posture clusters [43],
while Dolphens et al. [40] used logistic regression analyses on
639 boys and 557 girls to study the association between CVA
and lifetime prevalence, 1-month prevalence, and doctor visits
due to neck pain. The results showed that the CVA was a
significant predictor for lifetime prevalence and doctor visits
due to neck pain. The increased CVA was associated with an
approximately 5% decrease in odds of lifetime prevalence of
neck pain in boys (OR=0.95; 95% CI = 0.92-0.99; p =

0.004). Also, a 1° increase in CVA had a 9.0% decrease in
odds of having sought medical help for neck pain in girls
(OR =0.91; 95% CI=0.82-0.99; p = 0.04) [40]. The variabil-
ity of neck pain measures, methodology, and analysis proce-
dure prevented us from performing a meta-analysis.

Correlation in Adults and Older Adults Between CVA and Neck
Pain Intensity Three cross-sectional studies (n = 144) reported
negative correlation coefficients between neck pain intensity
and CVA in adults and older adults. The pooled correlation
was significant (r=—0.55; 95% CI=-0.69, —0.36;
p<0.001). The heterogeneity across studies was insignificant
(0=3.26; p=0.195; P= 38.74%) in a random-effect model.
Lau et al. [32] also found that the CVA was negatively corre-
lated (»=—0.56; p < 0.01) with the presence of neck pain. The
CVA was a predictor for the presence of neck pain (OR = 0.86;
p =0.04) after adjusting for age and gender (Fig. 6).

Correlation in Adults and Older Adults Between CVA and Neck
Pain Disability Four cross-sectional studies (n =270) reported
negative correlation coefficients between neck pain disability
and CVA in adults and older adults. The pooled correlation

was significant (r=—0.420; 95% Cl=—0.543, —0.279;
p <0.001). The heterogeneity across studies was insignifi-
cants (0 =4.539; p=0.209; P= 33.906%) in a random-
effect model (Fig. 7).

No study measured the relation between neck pain
intensity/disability and FHP in older adults separately, but
Lau et al. [39] measured this relation in a combined sample
of adults and older adults and found a significant negative
correlation between CVA and neck pain intensity and disabil-
ity (r=—0.7 and »r=—0.67; p<0.001), respectively, and a
positive correlation between anterior head translation (AHT)
and pain intensity (»=0.49; p=0.006) as well as disability
(r=0.39; p=0.033).

Discussion

The purpose of the current review was to determine whether
FHP differs between neck pain and asymptomatic subjects
and to investigate if there is a relationship between head pos-
ture and neck pain. The results showed that adults with neck
pain have significantly more FHP than asymptomatic adults.
In contrast, no significant difference was found for FHP be-
tween adolescents with and without neck and between adults
with and without neck pain who aged 50 years old or more. In
addition, a significant correlation between FHP and neck pain
intensity/disability in adults and older adults was also found,
but not in adolescents except for neck pain lifetime prevalence
and number of doctor visits.

FHP Difference Between Subjects With
and Without Neck Pain

The absence of a significant difference for FHP between ado-
lescents with and without neck pain compares favorably with
the results of a recent systematic review targeting studies on
adolescents only [44¢¢]. However, there was a statistically

AS NP Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Cheung et al. 2010 57.1 5 30 60.03 9.05 30 26.4% -2.93[-6.63, 0.77] —
oliveira and Silva 2016 44.18 3.64 35 46.62 4.92 35 352%  -2.44[-4.47,-0.41] I —
Ruivo et al. 2014 47.96 479 170 4646 56 105 38.5% 1.50 [0.21, 2.79] —
Total (95% Cl) 235 170 100.0%  -1.05[-4.23, 2.12] -—*—
Heterogeneity: Tau? = 6.39; Chi? = 13.12, df = 2 (P = 0.001); 12 = 85% 4 2 0 2 i

Test for overall effect: Z = 0.65 (P = 0.52)

Favours [AS] Favours [NP]

Fig. 4 Forest plot of comparison. Comparison between asymptomatic (AS) and neck pain (NP) participants (outcome: CVA in adolescents)
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AS NP
Study or Subgroup Mean SD Total Mean

SD Total Weight

Mean Difference
1V, Random, 95% CI

Mean Difference
IV, Random, 95% CI

lau KT etal. 2010 48.4 552 30 40.13 6.68 30
Nejati et al. 2015 377 82 46 371 7.8 55
Silva et al. 2009 518 59 21 461 6.7 21

Total (95% CI) 97 106 100.0%

Heterogeneity: Tau? = 14.32; Chi? = 11.89, df = 2 (P = 0.003); I1> = 83%
Test for overall effect: Z =2.02 (P = 0.04)

34.2%
34.1%
31.8%

8.27 [5.17, 11.37) —a—
0.60 [-2.54, 3.74]

5.70 [1.88, 9.52] —
4.8410.14, 9.54] i

10 5 0 5 10
Favours [AS] Favours [NP]

Fig. 5 Forest plot of comparison. Comparison between asymptomatic (AS) and neck pain (NP) participants (outcome, 1.1 CVA in adults)

significantly high heterogeneity (/> = 85%) among studies,
which decreases the confidence on results. The high hetero-
geneity may be due to different assessment methods and char-
acteristics of neck pain measures in each study.

In adults, the meta-analysis showed adults with neck pain
to have increased FHP. However, the high heterogeneity (* =
83%) among studies decreases the confidence on these results.
A previous systematic review [22] was inconclusive about this
difference in adults due to contradictory results of the retrieved
studies. Recent studies included in the present review were of
better quality than those included in the review of Silva et al.
[22]. Recent studies are better at reporting the characteristics
of neck pain, exclusion criteria, and selection process. In ad-
dition, recent studies are also better in terms of using valid and
reliable methods to measure FHP. Nevertheless, some of these
recent studies still lack controlling for confounders.

The findings of the current study suggest that increasing
FHP in adults with neck pain but no difference in adolescents
may be due to adults who presume more flexed posture than
young when performing the same tasks [45]. Maintaining a
high flexion angle of the neck during work leads to an increase
in the weight of the head [46] which put extra load on the
spine and lead to changes in ligaments, tendons, and muscle
which may progressively cause permanent changes of posture
in the form of FHP [47].

Despite adolescents potentially spending more time hunched
on visual display terminals as cell phone or maintaining neck
flexion during studying [48], the short-term effects are not no-
ticeable [49¢]. In contrast, there are appears to be long-term
effects in terms of decreased neck muscle flexibility and endur-
ance in adolescent predisposing to neck pain in adults [48].

Increasing FHP in adults with neck pain may be associated
with lower endurance of the deep neck flexors and extensors and
with a higher activity of superficial muscles compared with those

Study name Statistics for each study
Lower Upper
Correlation  limit limit
LauHM C etal. 2010 -0.700 -0.847 -0.454
LauK Tetal. 2010 -0.360 -0.638 0.000
Arun V e al. 2017 -0.536 -0.673 -0.363
-0.545 -0.687 -0.362

-1.958
-5.387
-5.168

without neck pain [50, 51]. A systematic review by Andias and
Silva [44e¢] also reported a significant difference in muscle func-
tion between adolescents with and without neck pain, but the
magnitude of changes tends to be lower than that found in adults.

Also, FHP is related to decreased cervical range of mo-
tion (ROM) [13, 14]. Adults showed progressively de-
creased cervical ROM through aging especially in the third
and fourth decades [52]. Differences in ROM between sub-
jects with and without neck pain are different in adults and
in adolescent. Adults with neck pain have significantly
decreased ROM for all cervical movements when com-
pared with asymptomatic participants [53¢]. In contrast,
in adolescents, neck pain is associated with decreased
ROM for some neck movements but no for others [44ee].

Among Adults aged 50 years or older, there was no differ-
ence for FHP between asymptomatic and neck pain subjects.
This result is based on one study only, which performed sub-
group analysis according to participants’ age [27]. This result
may be explained by the progressive deterioration of the
cervicothoracic posture with age in both subjects with and
without neck pain. This deterioration peaks during the fourth
decade in subjects with neck pain and no further deterioration
in the fifth decade [54].

Different surrogate measures of FHP may also influence
the results. The study of Dunleavy et al. [37] showed contra-
dictory results for the same sample when using different pos-
ture assessment methods. In this study, individuals with pain
exhibited a significantly more extended UCA (CROM) than
age-matched asymptomatic individuals without pain, while
there were no differences in CROM FHP distances between
the groups. The results from this study do not support the use
of CROM FHP measurements in naturally assumed seated
postures based on moderate criterion validity and reliability
and minimal detectable change values.

Correlation and 95% CI

Z-Value p-Value
-4.507

0.000
0.050
0.000
0.000
-1.00 -0.50 0.00

0.50 1.00

Fig. 6 Meta-analysis of the correlation between neck pain intensity and CVA in adults and old age
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Study name Statistics for each study
Lower Upper
Correlation  limit limit
LauH M C etal. 2010 -0.670 -0.830 -0.408
LauK T etal. 2010 -0.370 -0.644 -0.011
Kim and Kim, 2016 -0.348 -0.493 -0.184
Arun 'V et al. 2017 -0.389 -0.557 -0.190
-0.420 -0.543 -0.279

-2.018
-4.028
-3.696
-5.438

Correlation and 95% ClI

Z-Value p-Value
-4.213

0.000
0.044
0.000
0.000
0.000

——

-1.00 -0.50 0.00 0.50 1.00

Fig. 7 Meta-analysis of correlation between neck pain disability and CVA in adults and older adults

Correlation Between FHP and Neck Pain Measures

A total of 8 articles presented correlation data between pain
measures and FHP. In adolescents, three studies showed no
significant correlation between FHP and pain measures (pres-
ence, intensity, duration, frequency, 1-month prevalence).
Even though each study reported different combinations of
neck pain measures, there was consistency among the reported
results. The quality of these studies was moderate and based
on a large sample size (n=2339). Only lifetime prevalence
and doctor visits due to neck pain were significant predictors
for FHP, and these two measures were sex dependent.

Despite the high prevalence of neck pain in adolescents,
which was reported in the previous epidemiological studies
[2], our data suggested that most of neck pain measures in
adolescent are not associated with static posture. That may be
because natural head posture reproducibility is still high in this
age group and decreases with increasing age [55] or the neck
pain related to psychological distress or decreased fitness [5].

But in adults and older adults, we found a significant cor-
relation between FHP and neck pain intensity (»=—0.545;
P =38.74) as well as disability (»=—0.42; > =33.9), indicat-
ing that increased neck pain is associated with increased FHP.
The magnitude of this correlation seems to increase for older
participants (»=—0.7 for intensity and »=—0.67 for disabili-
ty) [39], suggesting that age affects the strength of the corre-
lation between FHP and neck pain, but more studies are need-
ed to confirm these findings.

Since all the eligible studies were cross-sectional, the causal
relationship is not possible to establish. Future longitudinal stud-
ies are needed to answer the temporality question; which come
first, neck pain or FHP. To our knowledge, this is the first sys-
tematic review and meta-analysis aiming to quantify the strength
of the relationship between FHP and neck pain measures.

It has been clear that age impacts the association between
neck pain and FHP. Several authors considered age an impor-
tant confounding factor affecting this relation [17, 54, 56-58].
However, age was not controlled in many of the included stud-
ies either by matching age between groups or statistically [31,
35, 36, 38-42]. It was considered a source of bias and may
affect results. Raine and Twomey [56] reported that 19% of
the measurement variation of FHP could be accounted for by
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the effect of increasing age in asymptomatic subjects. Further
studies are needed to clarify the changes of CVA and other FHP
measures through the life span measuring specific age ranges.

Most studies in this review (thirteen out of fifteen articles)
measured the craniocervical posture by CVA or its comple-
mentary. A decrease in this angle indicates a more FHP, and it
is considered an accurate measure to discriminate FHP sever-
ity [59]. However, it does not provide an indication of the
exact shape of the cervical spine (i.e., lordotic or non-lordotic)
[60+]. Future studies are needed to study the relation between
cervical posture subtypes and neck pain.

Concerning upper cervical posture, three of four studies
investigated the upper cervical extension [27, 33, 38], but
the difference was significant only in one of them which in-
cluded only adults [33]. However, the age group (adolescents)
and the unequal sample size between groups might have had
an effect on the results of this study [35]. This finding is
comparable to previous systematic review by Silva et al.
[22] which reported similar contradictory results.

The definitions of subjects with and without neck pain were
not consistent across included studies. The variability in defini-
tion possibly contributed to some heterogeneity between stud-
ies which was observed in the pooled analysis. Some of the
included studies investigated current idiopathic neck pain expe-
rienced in the last 3 months or 6 months while other studies
investigated a history of neck pain over 6 months or even a year
which predisposes the results to recall bias and others identified
presence of neck pain by a single (yes/no) question (Table 2).

Strengths and Limitations

One of the main strengths of this review was that we were able
to provide a meta-analysis of differences of FHP between sub-
jects with and without neck pain for different age groups, which
was not provided in previous systematic reviews. Also, to the
authors’ knowledge, this is the first systematic review estimat-
ing the relationship between neck pain measures and FHP.
The limitations in this review includes the studies in lan-
guages other than English, unpublished studies, and studies
from non-indexed journals which may have been missed.
Also, we contacted some original study authors for clarifications
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but received no response. Studies of low and moderate method-
ological quality were included in the meta-analysis, and sub-
group analysis according to sex, position of assessment, instru-
mentations, and quality of the studies was not feasible because
of the small number of retrieved studies.

Conclusion

Age played an important role as a confounding factor in the
relation between FHP and neck pain. Also, the results showed
that adults with neck pain show increased FHP when compared

to asymptomatic adults, and that FHP is significantly correlated
with neck pain measures in adults and older adults. No associ-
ation was found between FHP and neck pain in adolescents
except for lifetime prevalence and number of doctor visits.

Future Research

Despite the results that showed a significant difference of FHP
between adults with and without pain and a significant asso-
ciation between FHP and neck pain in adults, it remains un-
known if FHP could be the cause or a consequence of idio-
pathic neck pain in adults. So, we need high-quality longitu-
dinal studies to investigate this causality and temporality.

We recommend using a clear definition for the neck pain
severity (mild or moderate), duration (acute or chronic), fre-
quency, as well as using valid instruments to determine sever-
ity and functional impairment due to neck pain in the future
studies, because these simple differences can affect the rela-
tion between neck pain and FHP.

Authors should control the possible confounders that may
affect neck pain or FHP such as age, sex, general anthropom-
etry (height, weight, BMI), as well as other diseases and dis-
orders. Also, authors should be clear how they controlled
these confounders.
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Appendix 1

Table 4  Search strategy and number of founded papers in each database

Database No. of Keywords
papers
PubMed 786 (((C((((((((((cervical posture) OR cervical postures) OR forward head posture) OR forward head postures) OR forward posture)

OR forward postures) OR head posture) OR head postures) OR neck posture) OR neck postures) OR neck posturing) OR
forward head tilt) AND (“2009/01/01”[PDat]: “2018/09/19”’[PDat]) AND English[lang])) AND ((((((((((((((neck pain) OR
cervical pain) OR neck ach) OR neck disability) OR Bournemouth Neck Questionnaire) OR Cervical Spine Outcomes
Questionnaire) OR Copenhagen Neck Functional Disability Scale) OR (Neck Pain and Disability Scale)) OR Northwick
Park Neck Pain Questionnaire) OR Neck disability index) OR acute neck pain) OR chronic neck pain) OR “Neck
Pain”’[Mesh]) AND (“2009/01/01”[PDat]: “2018/09/19”[PDat]) AND English[lang])

Neck pain or cervical pain or neck ach or neck disability or “Bournemouth Neck Questionnaire” or “Cervical Spine Outcomes
Questionnaire” or “Copenhagen Neck Functional Disability Scale” or “Neck Pain and Disability Scale” or “Northwick Park
Neck Pain Questionnaire” or “Neck disability index” or MeSH descriptor: [Neck Pain] explode all trees AND cervical
posture or forward head posture or forward posture or head posture or neck posture or forward head tilt AND Publication
Year from 2009 to 2018, in Trials and Methods Studies (Word variations have been searched)

Key words (head posture* AND neck pain) advanced search, Publication Year from 2009, clinical trials, Subdiscipline:
musculoskeletal, topic: chronic pain, body parts: head or neck

(‘neck’:ab,ti AND ‘pain’:ab,ti OR ‘cervical pain’:ab,ti OR ‘neck ach’:ab,ti OR ‘neck disability’:ab,ti OR ‘bournemouth neck
questionnaire”:ab,ti OR ‘cervical spine outcomes questionnaire’:ab,ti OR ‘copenhagen neck functional disability scale’:ab,ti
OR (‘neck pain’:ab,ti AND ‘disability scale’:ab,ti) OR ‘northwick park neck pain questionnaire’:ab,ti OR ‘neck disability
index’:ab,ti) AND (‘head and posture’:ab,ti OR ‘cervical posture’:ab,ti OR ‘forward head posture’:ab,ti OR ‘forward
posture’:ab,ti OR ‘neck posture’:ab,ti OR ‘forward head tilt’:ab,ti OR ‘head position’:ab,ti) AND [English]/lim AND
[2009-2018]/py

((CCCC(((((neck pain) OR cervical pain) OR neck ach) OR neck disability) OR Bournemouth Neck Questionnaire) OR
Cervical Spine Outcomes Questionnaire) OR Copenhagen Neck Functional Disability Scale) OR (Neck Pain and Disability
Scale)) OR Northwick Park Neck Pain Questionnaire) OR Neck disability index) OR acute neck pain) OR chronic neck
pain)) AND (((((((((((((cervical posture) OR cervical postures) OR forward head posture) OR forward head postures) OR
forward posture) OR forward postures) OR head posture) OR head postures) OR neck posture) OR neck postures) OR neck
posturing) OR forward head tilt)); published date: 2009 January 1 to 2018 December 31, language: English

Cochrane 241

PEDro 5

EMBASE 164

CINAHL 95
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