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| Abstract |5)
PURPOSE: This study examined the relationship between
the cervical lordosis angle (CLA) and the craniovertebral
angle (CVA) and between CVA and a cross-sectional area
(CSA) of the cervical muscles.
METHODS: In 17 healthy college students, the CLA was
measured using a posterior tangent technique. The CVA was
analyzed using photographic images, and the CSA of the
cervical muscles, including longus colli, longus capitis, and
sternocleidomastoid, was evaluated using computerized
tomography. The Pearson’s correlation coefficient was used
to determine the relationship between these variables and a
neck disability index.
RESULTS: The CVA correlated with the CLA and with a
CSA of longus colli (r = .487, p = .047 and r = .592, p = .012,
respectively). The CLA correlated with a CSA of longus colli
(r = .578, p = .015).
CONCLUSION: This study clarified the relationship
between the postural, structural, and muscular changes in the
cervical regions. A significant correlation was observed
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between the CVA and a CSA of the longus colli with the CLA
and between the CVA and the CSA of the longus colli.
Prescription strengthening exercises for the deep neck flexors
for individuals with a forward head posture and reduced
cervical lordosis are useful.
Key Words: Exercise, Lordosis, Muscles, Neck
Ⅰ. Introduction
Forward head posture (FHP) has been defined as the
forward translation of the cervical vertebrae, inducing
flexion of the lower cervical spine and extension of the
upper cervical spine [1]. These postural changes can affect
the length-tension relationship of cervical musculature and
increase the flexion moment in specific muscles. Therefore,
habitual and prolonged FHP results in muscle imbalance
as the body adapts to find efficient ways of holding the
head up for straight-ahead vision [2]. Muscle imbalance
in FHP shows a tendency wherein deep neck flexor muscles,
such as longus colli, become elongated and weakened. In
contrast, anterior neck muscles (sternocleidomastoid and
scalenus anterior) and capital extensor muscles (semispinalis
capitis) become shortened and tightened [1].
The reduced cervical spine curve is also related to a
muscle imbalance. Yoon et al. [3] reported a positive
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correlation between the ratio of cervical flexor and extensor

can lead to severe neck pain. On the other hand, previous

muscles and cervical lordosis. They suggested that restoring

studies have not substantiated this general agreement and

cervical muscle balance is an effective way to maintain

have reported findings of FHP having little or no

cervical lordotic curvature. In particular, weakness of the

relationship with the cervical curve and cervical muscles

deep neck flexors reduces the ability to maintain the upright

[3,12]. Length measurements, which have been used to

posture of the cervical spine because the deep neck flexors

measure the amount of head protraction, have been

are important in postural support in the cervical region

imprecise when analyzing this relationship because the

[4]. Therefore, strengthening the longus colli muscle

length variable includes information on the amount of head

increases the cervical lordotic curve [3-5].

protraction along with height and neck length. Therefore,

Both FHP and a reduced cervical lordosis are related

this relationship needs to be re-analyzed using angular

to muscle imbalance wherein deep neck flexors tend to

measures, such as the CVA, to have more accurate, targeted

become weak. Therefore, some studies have suggested that

measurements for clinicians and researchers [13]. The CVA

prolonged FHP can induce muscle imbalance that

has been verified for its reliability and validity [14,15].

eventually leads to structural changes (reduced cervical

As length may be a confounding variable, a CVA

lordosis), which, when occurring within the cervical spine,

measurement for FHP would be more likely to provide

result in various clinical symptoms, such as neck pain [6]

an accurate result in terms of this relationship. Therefore,

and myelopathy [7-9]. In this regard, several studies and

this study examined the relationship between the cervical

websites have used the terms ‘FHP’ and ‘reduced cervical

lordosis and a CVA and between the CVA and CSA of

curve’ interchangeably, often placing ‘cervical lordosis’ in

cervical muscles using CT to measure these angles.

parentheses alongside to appear synonymous with FHP
Ⅱ. Methods

[3,10].
Sun et al. (2014) [11] reported only a limited relationship
between the FHP and cervical lordosis (r = .2-.3).

1. Participants

Furthermore, Mayoux-Benhamou et al. [12] reported no

This study was conducted at the Yonsei University Mirae

relationship between the FHP and a cross-sectional area

Campus in South Korea. This study comprised 17

(CSA) of the longus colli using computerized tomography

asymptomatic student participants (age, 20–29 years) with

(CT). These findings concerning either a limited or a

no previous pathological or surgical history to limit the

non-significant relationship can be challenged because they

effects of age-related changes to cervical structures. The

may have been influenced through using inappropriate

participants were excluded for the following reasons: if

variables to evaluate the FHP [11,12]. In previous studies,

they had undergone a previous cervical operation; had

FHP was measured as the length of head protraction [11,

diseases that could affect the cervical spine posture, such

12]. Therefore, as the maximum torque value is usually

as cervical spine fracture, myelopathy, spinal cord tumor,

normalized to the body mass index (BMI) value when

and ossification of the posterior longitudinal ligament;

making comparisons between individuals, length variables

inflammatory rheumatic diseases, such as ankylosing

should be normalized according to the height and neck

spondylitis and rheumatoid arthritis; had insufficient

length to analyze this relationship.

radiological or medical records. All participants volunteered

There is general agreement that prolonged FHP induces
muscle imbalances, changes cervical spine structure, and

for this study and were informed of the study procedures
prior to participation.
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cervical curve. The CLA was reported to be a reliable
measurement method, with good intra- and inter-observer
reliability and small error ranges [18,19].
3. Cross-sectional areas (CSA) of cervical
muscles
The CSA of cervical muscles was measured. Each
participant was requested to lie supine with their head
positioned on a resting splint to prevent head rotation. The
subjects were asked not to swallow or breathe. CT (Philips
MX 16 slice CT scanner, Philips, Netherlands) images were
used to measure the CSA of the longus colli, longus capitis,
and sternocleidomastoid (SCM) muscles. Each muscle was
scanned transversely, at a slice thickness of 5 mm, at seven
different cervical levels (C0–1, C1–2, C2–3, C3–4, C4–5,
Fig. 1. Cervical Lordosis using the harrison posterior
tangent technique.

C5–6, and C6–7). The CSAs of longus colli, longus capitis,
and SCM were assessed at the section plane of the C6–7,
C1–2, and C4–5 vertebrae, respectively, because, at these

2. Measuring the cervical lordosis angle using
lateral X-ray images

levels, the central muscle fibers run from the highest origin
point to the lowest insertion point and provide the clearest

Before X-ray scanning, the participants were requested

visualization of each muscle. The contours of each muscle

to stand and look straight ahead, in a relaxed stance and

were traced manually and measured three times to calculate

in a neutral pelvic position, to prevent the effects of the

the CSA using Image J software (National Institutes of

pelvic tilt on cervical lordosis [16]. The cervical lordosis

Health, Bethesda, MD, USA). The data were averaged in

angle (CLA) was measured to represent the degree of

the analysis (Fig. 2). A professional radiologist measured

cervical lordosis. This angular measurement between two

the CT data, and the CSA of each muscle was analyzed

lines parallel to the posterior surface of C2 and C7 is known

by one of the authors, LOB.

as the Harrison posterior tangent technique [17] (Fig. 1).
A professional radiologist measured x-ray data, and CLA

4. The CVA using lateral photographic images

was analyzed by one of the authors, PJH. A lower CLA

The CVA was recorded using photographic images taken

indicates less cervical lordosis, indicating a straighter

with a participant in their usual standing posture, with a

Fig. 2. Cross-sectional areas (CSA) of cervical muscles on CT. (A) C1-2 level, showing the longus capitis muscle. (B) C6-7
level, showing the longus colli muscle. (C) C4-5 level, showing the sternocleidomastoid muscle.
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Table 1. Participants’ Demographic Characteristics (N = 17)
Characteristics

Value

Age (years)

22.35 ± 1.80

Sex
(male / female)

10 / 7

Craniovertebral angle
(CVA, degrees)

50.27 ± 7.18

Cervical lordosis angle
(CLA, degrees)

9.74 ± 8.07

CLA according to gender
(male / female)

11.68 ± 9.60 / 9.46 ± 5.94

CSA of longus colli

.11 ± .07

neutral pelvic tilt, which was a similar posture to that used

CSA of longus capitis

1.23 ± .38

to obtain plain cervical radiographic images. One

CSA of SCM

4.00 ± 1.41

experienced physical therapist, PJH, located and marked

NDI

11.88 ± 13.00

Fig. 3. Craniovertebral angle (CVA).

the spinous process of the C7 vertebrae and the tragus,
and the CVA was analyzed by one of the authors, LOB.
The CVA comprised the angle between a horizontal line

Values are given as mean ± standard deviation; CLA: cervical
lordosis angle; CSA: cross-sectional area; CVA: craniovertebral
angle; NDI: neck disability index; SCM: sternocleidomastoid

passing through C7 and a line extending from the tragus
to C7, which was quantified using Image J software

7. Statistical analysis

(National Institutes of Health, Bethesda, MD, USA). A

The Pearson’s correlation coefficient was used to

lower CVA represented a greater FHP (Fig. 3).

investigate the relationship between the CVA, the CLA,
CSA of the cervical muscles (longus colli, longus capitis,

5. The neck disability index

and SCM), and the NDI. All analyses were conducted using

The Korean version of the neck disability index (NDI)

SPSS, version 25 (SPSS Inc., Chicago, IL, USA) statistical

(ICC = .927, Cronbach’s alpha = .82) was used to assess

software. The p-value was set to .05, and 95% confidence

the neck disability [20]. The NDI involves using a

intervals were assumed for all analyses.

questionnaire to determine how neck pain influences daily
life and has a total score of 50 points. A high score

Ⅲ. Results

represents severe neck disability.
Table 1 lists the participants’ demographic characteristics.
6. Risk of bias

Seventeen participants (10 males, 7 females) were included

Different assessors conducted each measure, with no

in this study, and the mean age was 22.35 ± 1.80 years.

information provided concerning the participants’ status or

The average CVA was 50.27 ± 7.18 degrees, and the

the experimental purpose of the study, to prevent potential

average CLA was 9.74 ± 8.07 degrees.

exposure of information regarding the study findings. All

Table 2 lists the Pearson’s correlation coefficients

data were blinded during the study, and the researchers

concerning the CVA, CLA, and CSA of longus colli, longus

only provided their results after all the measurements had

capitis, and SCM, as well as the NDI. The CVA correlated

been taken.

with the CLA and the CSA of longus colli (r = .487, p
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Table 2. Pearson’s Correlation Coefficient Results
CLA

CVA

CSA of longus colli CSA of longus capitis

CSA of SCM

CLA

1.000

CVA

.487*
(p = .047)

CSA of longus colli

.578
(p = .015)

.592*
(p = .012)

1.000

CSA of longus capitis

.141
(p = .588)

.124
(p = .634)

.400
(p = .112)

1.000

CSA of SCM

-.053
(p = .839)

.127
(p = .626)

.104
(p = .691)

.658*
(p = .004)

1.000

NDI

-.178
(p = .495)

.337
(p = .185)

.264
(p = .305)

.184
(p = .480)

-.073
(p = .781)

*

NDI

1.000

1.000

*

p < .05; CLA: cervical lordosis angle; CSA: cross sectional area; CVA: craniovertebral angle; NDI: neck disability index; SCM:
sternocleidomastoid

= .047 and r = .592, p = .012, respectively). The CLA

Furthermore, a significant and moderate relationship was

correlated with the CSA of the longus colli (r = .578, p

observed between a CSA of the longus colli and cervical

= .015). On the other hand, the NDI did not show a

lordosis, whereas an early study reported no significant

significant correlation with any other parameter.

relationship [12]. The use of length as a variable may
identify relationships less accurately and on a more limited

Ⅳ. Discussion

scale between the variables compared to using angular
variables. This is because the length variable is more likely

The angular variable is used widely to assess FHP in

to be a confounding factor in any relationship [23].

studies and in clinical settings. Among many angular

The moderate relationship between FHP and longus colli

variables, the craniovertebral angle (CVA) is considered

suggested that a higher FHP indicated a weaker longus

a good indicator to differentiate between the normal head

colli muscle. The longus colli contains a high density of

posture and FHP. Therefore, it is necessary to re-analyze

muscle spindles and proprioception receptors. Therefore,

this relationship using angular measures, such as the CVA,

longus colli weakness reduces the stability of the head and

to provide more accurate, targeted measurements for

neck and limits neck motion [24,25]. Furthermore, longus

clinicians and researchers.

colli plays an important role in holding spinal lordosis

These findings suggest that there was a statistically

against the forces of gravity and the weight of the head.

significant but fair relationship between the FHP and

A weak longus colli muscle cannot support the head

cervical lordosis (r ≤ .25, little or no relationship; .25

effectively, thereby placing stress on structures located in

< r < .5, low to fair relationship; .5 < r .75, moderate

the cervical spine, which can interfere with the upright

to good, and; r ≥ .75, a strong relationship) [23]. The

stability. A previous study reported that craniocervical flexion

results showed a stronger relationship than those studies

exercise targeted at retraining longus colli improves the

reporting a limited or non-significant relationship between

cervical lordosis and FHP and even reduces neck pain [4].

the length of head protraction and cervical lordosis [3,12].

This finding supports the results of previous meta-analyses
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studies, in which longus colli strengthening exercise was

reported that only four subjects (11%) showed reduced

found to improve the overall neck problems [26].

cervical lordosis [12]. Future studies will need to compare

Other cervical muscles, such as SCM and longus capitis,
did not correlate with any other parameters, including FHP.

the correlation of the cervical muscle with the reduced
cervical lordosis.

Consistent with these study findings, Yoon et al. (2018)

A previous meta-analysis showed found that the cervical

[3] reported that the SCM and longus capitis did not

lordosis was higher in males than in females, but there

correlate with cervical lordosis. Neck disability did not

was no relationship with symptoms [29]. This study found

correlate with any other parameters. This study hypothesized

a difference in the lordotic curve according to gender. On

that neck disability increased together with increasing FHP

the other hand, there was no correlation between CLA and

and decreasing cervical lordosis. The study participants

CSA of each muscle according to gender. Nevertheless,

were relatively young, and greater head protraction or

the number of subjects of this study was insufficient (10

cervical hypolordosis did not result in severe disability.

males and 7 females). Therefore, a future study needs to

Approximately 50% of healthy asymptomatic college

analyze the relationship according to gender.

students have postural and structural changes to the cervical
Ⅴ. Conclusion

spine [21,22,27]. The average CVA and CLA of the 17
participants were 50.27 ± 7.18 degrees and 9.74 ± 8.07
degrees, respectively. These CVA and CLA results

A relationship was observed between the neck posture,

appeared to be high, considering that the average CLA

spine structure, and cervical muscles, but research

of 20–29-year-old participants was approximately 20

concerning the precise relationships between these variables

degrees and that a CLA <20 degrees resulted in a two-fold

showed only a limited relationship or no statistical

risk of cervicogenic symptoms [21]. A sedentary lifestyle

significance. On the other hand, using length as a variable

and overuse of smartphones are likely to have influenced

may be a confounding factor influencing the results of

these results. Moreover, maintaining an upright posture and

studies assessing these relationships. Therefore, this study

performing exercises have previously been recommended

used the CVA to measure the FHP to analyze these

for neck health [28].

relationships and reported a fair relationship between

This study found that a weaker longus colli muscle

cervical lordosis and neck posture and a moderate

indicated a greater FHP and reduced cervical lordosis. Thus,

relationship between the CSA of the longus colli and

this study provided supporting evidence in favor of

cervical lordosis. This study provides further evidence to

prescribing strengthening exercises of deep neck flexors

support the effects of strengthening exercises for deep

for people with FHP and reduced cervical lordosis.

cervical flexor muscles to enhance posture and cervical

Mayoux-Benhamou et al. (1994) [12] found a negative

lordosis.

relationship between cervical lordosis and longus colli.
They reported that cervical lordosis is increased markedly
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