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Abstract

Introduction. Forward head posture (FHP) is commonly seen in subjects with chronic neck pain (CNP) and is associated with
respiratory function limitations. Therefore, the main aim of this study was to assess the effect of FHP compared with normal
head posture (NHP) on diaphragmatic excursion in subjects with non-specific CNP.

Methods. Overall, 30 subjects with CNP aged 35-45 years were recruited for this study and divided into 2 equal groups: the
FHP group and the NHP group. The inclusion criteria were non-specific CNP duration of = 3 months, presence or absence of
FHP, FHP confirmed with a craniovertebral angle of < 50°, and male or female sex. The exclusion criteria involved cervical disc
problems, cervical spondylosis, traumatic neck pain, chest disease or heart failure, neurological disorders affecting the diaphragm,
obesity, and smoking. First, the craniovertebral angle was assessed for subject selection; then, the diaphragmatic excursion
and the neck disability index (NDI) were established as the main clinical outcomes of the study. Unpaired t-test was used for
statistical analysis.

Results. The diaphragmatic excursion was lower in the FHP group than in the NHP group (57.00 + 15.63 vs. 67.60 + 15.18;
p = 0.070), with no significant difference between the 2 groups. NDI did not differ significantly between the groups.
Conclusions. We suggest that FHP may be related to reduced diaphragmatic excursion in subjects with non-specific CNP.
The multimodal approaches to physiotherapy management of non-specific CNP with FHP may consider our suggestion.
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Introduction

Forward head posture (FHP) is a postural misalignment
in which the head remains in an anterior position in relation to
the vertical line passing between the ears and the shoulders
[1].- The condition can be more frequently seen in subjects with
chronic neck pain [2]. FHP has a negative impact on the respi-
ratory functions in young adults [3-8]. This could be caused
by morphological changes in the thorax in the form of expan-
sion of the upper chest and narrowing of the lower chest, which
restricts lower thoracic expansion [8], or a disturbance in the
biomechanics of the thoracic cage with limited respiratory
movements of the lower ribs [9]. Conversely, FHP can occur
as a secondary adaptation to improve compromised lung
airways [10], or as a secondary consequence to a morphologi-
cal change in the thorax (i.e. increased thoracic kyphosis) [11].
Apart from FHP, chronic neck pain can also have a positive
association with respiratory dysfunction [12—16], presumably
owing to several mechanisms such as persistence of pain,
reduced cervical range of motion, disturbed neuromuscular
control, as well as hyperactivity of sternocleidomastoid and
anterior scalene muscles [17]. On this basis, the combined
effect of FHP and chronic neck pain could lead to greater
respiratory dysfunction.

The diaphragmatic excursion has a positive correlation
with respiratory function [18], and up to our knowledge, it
has not been assessed before in subjects with non-specific
chronic neck pain with or without FHP. Ultrasound imaging is
a widely used method for the evaluation of diaphragmatic ex-

cursion, as it has many advantages compared with other
imaging methods, such as the absence of radiation, non-in-
vasiveness, low price, and real-time imaging [19]. To add, the
neck disability index (NDI) is the most commonly applied vali-
dated instrument in both clinical and research settings for
assessing functional disability in patients with chronic neck
pain [20]. Therefore, the aim of this research was to evalu-
ate the effect of FHP on diaphragmatic excursion and NDI
compared with normal head posture (NHP) in subjects with
non-specific chronic neck pain. The results of this study may
offer new insights to the physiotherapy management of non-
specific chronic neck pain.

Subjects and methods
Subjects

This was a case-control study in which 30 subjects with
chronic neck pain were recruited from Kasr El-Ainy Hospital
and the outpatient clinic of the Faculty of Physical Therapy at
Cairo University in Egypt. The inclusion criteria were non-spe-
cific chronic neck pain (sometimes referred to as mechanical
neck pain), defined as neck pain without an identifiable path-
ological cause and attributed to poor posture, mechanical
causes, or occupational activities [21], neck pain with a du-
ration of > 3 months, presence or absence of FHP, FHP con-
firmed with a craniovertebral angle of < 50°, male or female
sex, age of 35-45 years, and body mass index (BMI) of
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20-29.9 kg/m2. First, the subjects were clinically examined
and the medical history was recorded. The exclusion criteria
involved cervical disc bulge or prolapse, cervical spondylosis,
traumatic neck pain, chest disease or heart failure, neurologi-
cal disorders affecting the diaphragm, cancer, and rheumatic
diseases. We also excluded obese subjects and smokers.
The eligible subjects were divided into 2 equal groups: the
FHP group (7 males, 8 females) and the NHP group (6 males,
9 females).

Measurements
Demographic and anthropometric characteristics

The age, body weight, and height of all patients were re-
ported. BMI was calculated as follows: BMI = body weight (kg)/
height (m?) [22].

Craniovertebral angle measurement

The bio-photogrammetry method was used by the physio-
therapist to measure the craniovertebral angle (CVA) and
assess FHP [23, 24]. This method of CVA measurement was
described in detail by Mani et al. [24]. At first, adhesive markers
were placed on the tragus of the right ear and the C7 spinous
process, and the subjects were instructed to stand by side
(lateral view) and to look at a target in front of them with both
arms beside the body. Then, a digital camera (8 megapixels)
was fixed on a tripod at the level of the 7" cervical vertebra
and a distance of 1.5 m from the lateral aspect of the foot on
the right side of the subject. Finally, 3 sagittal plane photo-
graphs for CVA were taken by the camera to ensure the ac-
curacy of the measurement, and the Surgimap Spine soft-
ware was used to analyse the digitalized photographs and
measure CVA [25]. CVA is the angle between 2 imaginary
lines: the horizontal line passing through the spinous pro-
cess of C7 and the line passing from C7 to the tragus of the
ear [24]. NHP was reported for CVA > 50° and FHP was con-
firmed if CVA was < 50° [26].

Diaphragmatic ultrasonography

Ultrasound evaluation of diaphragmatic excursion was
performed by a professional respiratory physician who was
specialized in diaphragmatic ultrasonography and blind to
subject recruitment. To measure diaphragmatic excursion, an
ultrasonography device (Hitachi 7000, Japan) was applied
with a probe frequency of 2-5 MHz. The anterior subcostal
view was used with the patient in the supine position, as dia-
phragmatic excursion is greater in the supine position than
in the sitting position [27]. The right hemi-diaphragmatic ex-
cursion was assessed during deep inspiration; this was easier
to visualize than the left hemi-diaphragm because of the in-
terference of the stomach and the limited left window of the
spleen [28]. The transducer was placed in the anterior aspect
of the subcostal regions between the anterior axillary line and
the mid-clavicular line, and the subject wasinstructed to take
in deep inspiration and to make full expiration. Two sweeps
of the transducer were taken, one in full inspiration and the
other in full expiration, and M-mode ultrasound was used to
measure diaphragmatic excursion [27].

Neck disability index

NDI is determined with a 10-item questionnaire that mea-
sures symptoms and disability related to neck pain by covering

multiple aspects, such as pain intensity, personal care, lifting
activities, reading, the symptom of headache, concentration,
sleeping, work, driving, and recreation activities [29]. The Ara-
bic version of the NDI questionnaire was used in this study,
which was previously proved valid and reliable [30]; the ques-
tionnaires were introduced to the subjects through face-to-
face interviews with the physiotherapist. As indicated by
Vernon and Mior [29], each item has 6 response options,
ranging from no disability (0) to total disability (5). The total
scoring of the index is therefore 50; however, in the case of 1
or 2 items missing, the total scoring would be 45 or 40, respec-
tively [29]. The obtained score can be multiplied by 2 to pro-
duce a percentage score, with higher scores representing
greater disability [29].

Statistical analysis

Shapiro-Wilk test was first applied to check the normality
of data distribution. Then, after confirming the normal distribu-
tion of all data, the unpaired t-test was used to compare the
variables between the 2 groups. Values of p < 0.05 were
considered statistically significant. The GraphPad Prism soft-
ware served to analyse the data.

Ethical approval

The research related to human use has complied with all
the relevant national regulations and institutional policies,
has followed the tenets of the Declaration of Helsinki, and
has been approved by the Ethics Committee of Human Sci-
entific Research of the Faculty of Physical Therapy at Cairo
University.

Informed consent
Informed consent has been obtained from all individuals
included in this study.

Results

As shown in Table 1, the mean age equalled 42.47 + 8.48
and 41.00 + 10.39 years in the FHP group and the NHP
group, respectively. The mean values of neck pain duration
were 2.96 + 2.04 and 2.39 £ 2.60 years, respectively. The
mean BMI was 25.57 + 2.33 and 24.36 + 3.16 kg/m?, re-
spectively. There was no statistically significant difference
between the 2 groups in any of the measured demographic
or physical characteristics except for CVA, which was sig-
nificantly lower in the FHP group. As presented in Table 1 and
Figure 1, the diaphragmatic excursion equalled 57.00 +
15.63 mmand 67.60 + 15.18 mm in the FHP and NHP groups,
respectively, with no significant difference between the
2 groups (p = 0.070). NDI was 41.40 + 13.95% and 35.67 +
11.26% in the FHP and NHP groups, respectively, with no sig-
nificant difference between the 2 groups (p = 0.225).

Discussion

This study was conducted to observe the effect of FHP
on diaphragmatic excursion and NDI in subjects with non-
specific chronic neck pain compared with those with NHP
and non-specific chronic neck pain. To our knowledge, this
is the first study to assess diaphragmatic excursion in indi-
viduals with non-specific chronic neck pain with or without
FHP. The major finding in our study was the observed dif-
ference in diaphragmatic excursion between the FHP and
NHP groups. The values were lower in the FHP group than in
the NHP group (57.00 + 15.63 mm in FHP vs. 67.60 + 15.18 mm
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Table 1. Demographic, physical, and clinical characteristics of the subjects

Variables FI(-InP=g:c;l)Jp NI(-,|7P=g1rg;Jp p
Age (years) 42.47 + 8.48 41.00 + 10.39 0.675
Duration of pain (years) 2.96 +2.04 2.39 +2.60 0.512
Body weight (kg) 71.33+8.95 70.53 £ 9.52 0.814
Height (cm) 167.20 + 5.80 168.07 + 8.00 0.736
BMI (kg/m?) 25.57 +2.33 24.36 + 3.16 0.245
CVA (°) 37.80 £ 5.95 53.17 + 2.60 0.0001*
Diaphragmatic excursion (mm) 57.00 + 15.63 67.60 + 15.18 0.070
Neck disability index (%) 41.40 £ 13.95 35.67 + 11.26 0.225

FHP — forward head posture, NHP — normal head posture, BMI — body mass index, CVA — craniovertebral angle

Data are presented as means + SD values.
* significant p value (< 0.05)

Neck Disability Index (%) H 41,40

Diaphragmatic Excursion (mm)

]

‘ Figure 1. Clinical outcomes
of the study
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in NHP), but the difference between the 2 groups was not
quite statistically significant (p = 0.07). It appears that FHP
may have a negative impact on diaphragmatic excursion in
subjects with non-specific chronic neck pain. This can be
obvious as according to Fayssoil et al. [27], the normal value
of diaphragmatic excursion measured on the right side should
reach 66 mm during deep inspiration, which was not the case
in subjects with FHP in the present study, who presented right
diaphragmatic excursion of 57.00 + 15.63 mm during deep
inspiration. On the other hand, subjects with NHP showed the
right diaphragmatic excursion of 67.60 + 15.18 mm during
deep inspiration, which is considered to be a normal value
by Fayssoil et al. [27].

The reduced diaphragmatic excursion observed in the
FHP group can be explained by the following factors:

(a) Morphological and biomechanical changes involving
the lower region of the thoracic cage [8, 9]. FHP causes
changes in the shape of the thoracic cage by expanding the
upper thorax and constricting the lower thorax, which leads to
changes in the biomechanics of breathing and a reduction
of movements of the lower ribs [8, 9]. This reduced mobility
in the lower thorax caused by FHP can explain the lower
diaphragmatic excursion seen in the FHP group.

(b) FHP was also found to cause abdominal muscle short-
ening, resulting in a reduction of the anteroposterior diameter
of the lower thorax [31]. This, in turn, could restrict diaphrag-
matic excursion.

(c) Moreover, FHP was strongly associated with a reduc-
tion in respiratory muscle strength in subjects with chronic
neck pain [32].

Notably, several studies have reported that pulmonary
functions were lower in subjects with FHP than in those with

T T T T
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normal head posture group

NHP [4-8]. Koseki et al. [8] have recently shown that forced
vital capacity (FVC), forced expiratory volume in the 15t second
(FEV,), expiratory reserve volume (ERV), inspiratory reserve
volume (IRV), and peak expiratory flow (PEF) were significantly
lower in FHP subjects than in NHP controls. Similarly, Han
et al. [4] have previously reported that FHP was associated
with a statistically significant decrease in FVC and FEV, com-
pared with NHP controls. Besides, Kim et al. [5] have found
a significantly positive association between CVA and each
of FVC, FEV,, PEF, vital capacity (VC), and maximum vol-
untary ventilation (MVV) in healthy young adults, conclud-
ing that the reduced CVA or FHP may act to lower the res-
piratory functions. Furthermore, Kang et al. [6], observed
a positive correlation between CVA and the FVC. Moreover,
the sniff nasal inspiratory pressure, a measure of diaphrag-
matic activity, was significantly lowered in induced FHP com-
pared with the upright sitting position [7].

The second finding in this study was that the NDI was
41.40 £ 13.95% in FHP subjects with non-specific chronic
neck pain and 35.67 + 11.26% in NHP controls, with a non-
significant difference between the 2 groups. In accordance
with this observation, Ghamkhar and Kahlaee [33] have re-
cently determined no significant association between FHP
and pain/disability in patients with chronic neck pain. Also,
Tanveer et al. [34] have found no significant influence of
FHP on functional disability measured by NDI in undergrad-
uate students. On the contrary, several studies have reported
associations between FHP and increased neck pain/disa-
bility [26, 35, 36], tension headache [37], and/or reduced func-
tional activities of the upper limbs [38, 39] and shoulder [40].
Yip et al. [26], have observed that the greater the FHP, the
greater the neck disability. Also, Kim et al. [35] have sug-
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gested that FHP was a predictive factor for the occurrence
of neck pain. Furthermore, Ha et al. [36] have shown that
pain is much bigger in subjects with FHP because of scapular
kinematics deformation, which results in transferring the
weight of the head to be excessively loaded on posterior
cervical structures. Moreover, tension headaches can occur
in subjects with FHP owing to the shortening of suboccipital
muscles with the activation of muscle trigger points [37]. Be-
sides, other studies have implied that FHP can be linked with
reduced activity of upper limb muscles [38] or serratus anterior
muscle during lifting activities [39] and even with reduced
shoulder elevation because of the increased thoracic spine
flexion [40].

It is worth noting that patients with non-specific chronic
neck pain have poorer postural control than healthy subjects
[41]. A direct relationship between neck pain intensity and in-
creased postural sway has been described in these patients
[42]. In addition, the human diaphragm plays a role in main-
taining spinal stability or trunk control during upper limb and
thoracic cage motion [43, 44]. Furthermore, the diaphragm is
organized in such a way that it contributes to both posture
and respiration during postural tasks that challenge trunk
stability [44].

Limitations

The limitations of this study include the relatively small
sample size, which could affect the generalizability of the
results. Also, the differentiation in the clinical outcomes be-
tween male and female subjects with non-specific chronic
neck pain has not been established. Nevertheless, our study
is the first one to assess diaphragmatic excursion in individ-
uals with non-specific chronic neck pain with or without FHP,
and our observations can guide future research work.

Conclusions

We can suggest that FHP may be related to lower dia-
phragmatic excursion in subjects with non-specific chronic
neck pain. The NDI is suggested to be similar in subjects with
non-specific chronic neck pain either with or without FHP.
These observations need to be confirmed by additional re-
search work with a larger sample size.
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