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Introduction: In Cervicogenic Headache (CGH), motor control of muscles is impaired and 
deep upper neck muscles (extensor and flexor muscles) become atrophied. In this research, 
thickness measurement of Longus Capitis (LCap), Rectus Capitis Posterior Major (RCPM), 
and Obliquus Capitis Superior (OCS) muscles were conducted and intra-rater reliability of the 
thickness measurement of these muscles was assessed in CGH and healthy subjects.

Materials and Methods: Twenty subjects, including 10 healthy subjects (19-32 years old) and 
10 CGH patients (20-35 years old) participated in this study. LCap thickness was measured at 
the level of C3-C4 in the supine position and posterior muscles (RCPM and OCS) thickness 
at the C1-C2 level in the sitting position. All ultrasound images were captured by a linear 
probe with a 50-mm footprint in B mode option and frequency range of 9-12 Hz. Intraclass 
Correlation Coefficients (ICC), Standard Error Of Measurement (SEM), and the Smallest 
Detectable Difference (SDD) were calculated for data analysis.

Results: The ICC for thickness measurement of LCap was from 0.70 to 0.91 (good to 
excellent), for RCPM thickness was from 0.69 to 0.94 and for OCS muscle thickness was 
from 0.87 to 0.98. SEM values for LCap were between 0.08 and 0.25 and the SDD values 
between 0.22 and 0.71. SEM values for RCPM were between 0.22 and 0.43 and these values 
were reported for OCS muscle between 0.19 and 0.45.

Conclusion: The results indicated that the presented position and the level of ultrasonography 
in this study are appropriate and ultrasound is a reliable tool to measure the deep upper neck 
muscle thickness in CGH and healthy subjects.
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1. Introduction

ervicogenic headache (CGH) is related to 
musculoskeletal dysfunction of the cervi-
cal region and is one type of frequent inter-
mittent headache that affects the commu-
nity [1]. Its prevalence has been estimated 

to be between 14% and 18% of all chronic headaches in 
different studies [2, 3]. 

Impairment in cervical muscles following neck pain 
or CGH causes motor control impairment, including 
changes in the function, structure, and size of the mus-
cles. For example, atrophy of deep extensors [4, 5] and 
deep flexor muscles consisting of Longus Colli (LCo) 
and Longus Capitis (LCap) muscles play a major role in 
cervical segmental stability [6-8].

The size of a muscle may be a good indicator of the 
muscle strength and ability to do its normal function. 
Magnetic Resonance Imaging (MRI) and computed to-
mography scan (CT scan) are expensive tools, needle 
Electromyography (EMG) is an invasive technique, and 
surface EMG recording may be influenced by the electri-
cal activity in adjacent muscles [9].

Compared to the mentioned tools, ultrasound is a very 
cost-effective, noninvasive, and feasible method with ac-
ceptable reliability in the evaluation of deep muscles [10, 
11]. Therefore, it has converted to a clinical tool to help 
therapists to diagnose motor control dysfunction [12].

Ultrasonography has been successfully used to mea-
sure different aspects of muscle morphology, including 
Cross-Sectional Area (CSA) and various dimensions 
of muscle in the cervical region, in healthy subjects, 
in patients suffering from neck pain [9] and CGH [13]. 
Measurement of the muscle size by ultrasound can pro-
vide an objective assessment of muscular atrophy and 
hypertrophy [14] and muscle thickness is highly corre-
lated with CSA and strength in many muscles [15-18]. 
Ultrasound has been used to assess the size and dimen-
sions of different posterior and anterior cervical muscles 
in healthy subjects, patients with neck pain, and frequent 
intermittent headache [8, 10, 13, 19-23].

Deep anterior and posterior upper cervical muscles act 
in synergy in upper cervical rotation motion [24] that is 
being impaired in CGH [4, 7]. However, no study was 
found that investigated the deep upper cervical muscle 
thickness associated with the stability and mobility of 
this region and its measurement reliability, in CGH sub-
jects by ultrasonography.

The purpose of this study was to introduce a suitable 
method and position for LCap, Rectus Capitis Posterior 
Major (RCPM), and Obliquus Capitis Superior (OCS) 
muscle ultrasonography. Also, we want to evaluate the 
within-day and between-days reliability of these muscle 
thickness measurements for diagnostic aims in patients 
suffering from CGH.

2. Materials and Methods

In this methodological (cross-sectional) study, 20 sub-
jects, including 10 healthy individuals (19-32 years old) 
and 10 CGH patients (20-35 years old) participated. 
The method of sampling was a convenience sampling 
method and the maximum sample size was determined 
according to a similar study [23]. The subjects joined the 
research team voluntarily via an advertisement in the 
university. The healthy subjects were selected from stu-
dents with no history of neck pain or headache or other 
structural changes in the cervical region. The CGH pa-
tients were selected from university students and patients 
in physiotherapy clinics in university. 

CGH criteria were according to the Cervicogenic 
Headache International Study Group (CEHISG) criteria, 
including a unilateral headache with a cervical range of 
motion reduction, particularly rotation of the upper cer-
vical part, cervical pain in external pressure/palpation, 
and limitation of the physiological passive movements 
in the upper cervical segments, and at least 3 months du-
ration of headache [25].

Study Subjects

Healthy subjects and CGH patients aged 18-35 years 
with a BMI of 16–32 kg/m2 were included in this re-
search.

CGH subjects would not be included if they had prob-
lems such as torticollis, thoracic scoliosis, uncorrected 
visual or auditory impairment, myopathic disorders, or 
a history of cancer, diabetes, or pulmonary diseases. 
Patients suffering from other types of headaches, cervi-
cal radiculopathy, myelopathy, fibromyalgia, and severe 
cervical osteoarthritis were not included in this study, as 
well [13]. Subjects would be excluded from the study 
if their headache got worse, developed a sensitivity to 
ultrasound gel, or were unwilling to continue the study.

Ultrasonography

The real-time B mode ultrasound device (SonoAce R7-
Samsung Medison 2014, South Korea) was used with a 

C
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bandwidth frequency of 9-12 MHz (resolution frequen-
cy) in the depth of 4 cm for posterior muscles and 4.5 
cm for anterior muscle, by a linear probe with 50 mm 
footprint, perpendicular to the muscle surface. In this 
study, the thickness of the muscles was identified as the 
maximal distance between the fascias surrounding the 
anterior to posterior direction. 

For ultrasound evaluation of the RCPM and OCS, the 
subject sat on the chair with his or her head in the neutral 
position [21]. The first prominence that is touched after 
the occiput is C2, the probe was placed in the distance 
between the occiput and C2 and it was moved laterally 
to determine the lamina of the first and second cervical 
vertebrae that were seen whiter from other structures. 
The probe was moved up and down to specify the edge 
of the RCPM. To determine the edge of the OCS mus-
cle, the examiner moved the probe superiorly and later-
ally. Both muscles were seen as an oval shape (Figures 
1 and 2).

For the LCap muscle imaging, the subjects were po-
sitioned supine on an examination table with both arms 
lying along the sides of the body and head and neck in 
the neutral position. A folded towel was placed under the 
head so that it was elevated from the examination table 
by 3-4 cm [13]. The images were taken at the C3-C4 lev-
el in the anterior cervical part in both sides separately in 
the relaxed position of the muscle and the probe with a 
sufficient amount of gel, to prevent additional compres-
sion of the tissue was placed perpendicular to the long 
axis of the muscle. To make sure the probe was in the 
right position, after training, the subject contracted the 
deep neck flexor muscle (nodding) and then relaxed it. 
The probe was moved from the center outwards and an 
image was taken when the appropriate view was reached 
(Figure 3). The outlines of the LCap were identified by 
the carotid artery on the inside of the muscle, LC muscle 
at the bottom, and sternocleidomastoid (SCM) above the 
LCap muscle (Figure 4). 

Each muscle was scanned three times; two images 
were taken on one day with an interval of 2 hours (for 
within-day reliability) and the third image was taken 2 
days later (for between-days reliability). Additionally, 
each time measurements were repeated three times and 
their average was recorded to avoid possible errors. The 
ultrasonography measurements were performed by an 
expert physiotherapist with 7 years’ experience in mus-
culoskeletal ultrasonography.

Data management and analysis

The independent t test was used to investigate the 
thickness differences between groups. The average mea-
surement of ICC, with a confidence interval of 95% and 
a significance level of 0.05 was used to measure within-
day and between-days reliabilities. 

SEM and SDD (minimum amount of change in a per-
son’s score that ensures the change is not the result of 
measurement error) were used to test the reli ability of 
the measurements of the muscles thick ness using ultra-
sound at rest. The SD used in the SEM formula is the 
average value of SD in two measurements in ICC cal-
culation.

1) SEM=SD×√1-ICC 

2) SDD=1.96×√2×SEM

According to Rosner (2006), the ICC <0.4 indicates 
poor reliability, 0.4-0.75 shows fair to good and >0.75 
depicts excellent reliability [26]. Also, the Bland and 
Altman method by 95% confidence interval (95% CI) of 
the range of differences between the two measurements 
was used as another method for better expressing the re-
liability results, which describes the agreement between 
measurements in different sessions [27]. The obtained 
data were analyzed in SPSS V. 16.

3. Results

Table 1 presents the demographic characteristics of the 
participants. Also, the descriptive analysis of variables 
and the mean thickness of the muscles (RCPM, OCS, 
and LCap) were shown in Table 1. All variables had a 
normal distribution in both groups, so the parametric 
tests were used for analysis. 

All three muscles intra-rater reliability of thickness mea-
surement was good to excellent (ICC=0.69- 0.98) in this 
study. The exact results of ICC with standard deviation, 
SEM, and SDD for within-day and between-days reliabil-
ity of thickness measurement of muscles were presented 
in Tables 2, 3, and 4 for muscles, sides, and groups.

The limits of agreement (Bland and Altman method) 
were defined as the mean difference between the two 
Mean±SD, Which are drawn in two lines. This is better 
that, these two lines were closer together ; this means 
that the mean difference should be zero or there is no 
significant difference between two means. In the ob-
servations that are higher or lower than these lines (are 
outside of these lines), the difference between two ob-
servations is more than the amount that can be attributed 
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Table 1. Demographic characteristic, the thickness of RCPM, OCS, and LCap muscles

Variables 
Mean±SD

Healthy (n=10) CGH (n=10)

Age (y) 24.60±4.76 25.10±4.45

BMI (kg/m2) 21.60±2.54 22.10±3.41

Side 
Mean ±SD

Left Right Left Right

RCPM (cm) 7.38±0.90 7.01±1.01 6.82±0.71 6.70±0.84

OCS (cm) 9.71±1.29 9.46±1.15 9.01±1.20 8.86±0.94

LCap (cm) 4.35±0.47 4.27±0.51 4.07±0.32 4.04±0.26

CGH: cervicogenic headache; RCPM: rectus capitis posterior major; OCS: obliquus capitis superior; LCap: longus capitis.

Table 2. The results of within-day and between-days reliability for the left and right RCPM thickness in the healthy subjects 
and CGH patients

Groups Sessions
ICC3±SD SEM SDD %95 

Left Right Left Right Left Right

Healthy
Within day 0.90±1.01 0.90±1.06 0.33 0.34 0.90 0.93

Between days 0.93±0.96 0.82±1.00 0.25 0.43 0.69 1.19

CGH
Within day 0.92±0.85 0.94±0.88 0.23 0.22 0.65 0.60

Between days 0.69±0.76 0.78±0.93 0.42 0.44 1.17 1.21

RCPM: rectus capitis posterior major; CGH: cervicogenic headache; ICC: intraclass correlation coefficients; SEM: standard er-
ror of measurement; SDD: the smallest detectable difference with 95% confidence interval.

Table 3. The results of within-day and between-days reliability for the left and right OCS thickness in the healthy subjects and 
CGH patients

Groups Sessions
ICC3 ±SD SEM SDD %95 

Left Right Left Right Left Right

Healthy 
Within-day 0.94±1.31 0.87±1.23 0.31 0.45 0.86 1.25

Between-day 0.98±1.30 0.89±1.24 0.19 0.42 0.53 1.17

CGH
Within-day 0.89±1.26 0.96±1.03 0.41 0.22 1.15 0.60

Between-day 0.95±1.16 0.94±0.93 0.27 0.24 0.74 0.66

OCS: obliquus capitis superior; CGH: cervicogenic headache; ICC: intraclass correlation coefficients; SEM: standard error of 
measurement; SDD: the smallest detectable difference with 95% confidence interval.
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to chance and the two observations have a significant dif-
ference [27]. 

Figures 5-10 illustrate an agreement between thickness 
measurements of RCPM, OCS, and LCap for within-day 
and between-days evaluations. According to the Figures, 
examining the results of two evaluations in the patient or 
healthy group in the first, second or third observations, 
showed the mean of measurements is within the two 
lines (Mean±SD) and indicates good reliability.

Discussion

The present study is the first one that specifically in-
vestigates the reliability of ultrasonography in posterior 
and anterior upper cervical muscles as synergy in cervi-
cogenic headache patients that showed good to excellent 
reliability in this regard.

Posterior muscles

Several studies have examined cervical muscle di-
mensions using ultrasonography. Rankin’s study [14] 
reported ICC values of 0.98 and 0.99, respectively for 
within-day and between-days reliability for deep pos-
terior muscles (semispinalis cervicis, multifidus, and 
rotators) and Semispinalis Capitis (SECM) in the prone 
position in five healthy subjects. Larger sample size and 
comparison of two groups (CGH and healthy subjects) 
are the strengths of the present study compared with 
their study that was more similar to the Rezasoltani study 
[5]. He measured the size, anterior-posterior dimension 
(APD), and Lateral Dimension (LD) of the SECM in 
two healthy and neck pain groups in the sitting position, 
and reported the high reliability of LD and thickness 
measurement (0.86<ICC <0.95). To find out which posi-
tion is better, Rezasoltani [21] showed that different sit-
ting and prone position did not affect CSA measurement 

Table 4. The results of within-day and between-days reliability for the left and right LCap thickness in healthy subjects and 
CGH patients

Groups Sessions
ICC ±SD SEM SDD 95%

Left Right Left Right Left Right

Healthy 
Within-day 0.76±0.47 0.91±0.58 0.23 0.17 0.64 0.48

Between-days 0.81±0.58 0.78±0.55 0.25 0.25 0.70 0.71

CGH 
Within-day 0.84±0.29 0.93±0.29 0.11 0.08 0.32 0.22

Between- days 0.86±0.31 0.70±0.31 0.12 0.17 0.32 0.47

LCap: longus capitis; CGH: cervicogenic headache; ICC: Intraclass correlation coefficients; SEM: standard error of measure-
ment; SDD: the smallest detectable difference with 95% confidence interval.

Abaspour O. et al. Deep Cervical Muscles in Cervicogenic Headache and Healthy Subjects. JMR. 2020; 14(2):121-130.

Figure 1. Ultrasonography imaging of 1- obliquus capitis 
superior, 2- rectus capitis posterior major muscles in the left 
side.

Figure 2. The subject’s position for obliquus capitis superior, 
and rectus capitis posterior major muscles imaging.
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Figure 7. The first and fourth lines are the Mean±SD (mm) 
and the second and third lines show the average of the first 
and second measurements of OCS thickness measured on 
the same day in the healthy group.

Figure 8. The first and fourth lines are the Mean±SD (mm) and 
the second and third lines show the average of the first and 
third measurements of OCS thickness measured 2 days later in 
the cervicogenic headache group.

Figure 3. The subject’s position for longus capitis muscle 
imaging

Figure 4. Ultrasonography imaging of longus capitis mus-
cle

Abaspour O. et al. Deep Cervical Muscles in Cervicogenic Headache and Healthy Subjects. JMR. 2020; 14(2):121-130.

Figure 5. The first and fourth lines are the Mean±SD (mm) 
and the second and third lines show the average of the first 
and second measurements of rectus capitis posterior ma-
jor thickness on the same day in the cervicogenic headache 
group.

Figure 6. The first and fourth lines are the Mean±SD (mm) 
and the second and third lines show the average of the first 
and third measurements of rectus capitis posterior major 
thickness measured 2 days later in the healthy group.

April 2020, Volume 14, Number 2
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Figure 9. The first and fourth lines are the Mean±SD (mm) 
and the second and third lines show the average of the first 
and second measurements of LCap thickness measured on 
the same day in the healthy group.

Figure 10. The first and fourth lines are the Mean±SD (mm) 
and the second and third lines show the average of the first and 
third measurements of LCap thickness measured 2 days later in 
the cervicogenic headache group.

and the ultrasonography reliability was excellent in both 
positions. In the present study, the sitting position on the 
chair was used but the muscular layers were deeper than 
the Rankin and Rezasoltani studies. 

In the other reliability study of measuring the thick-
ness of the dorsal upper cervical muscles (RCPM, OCS, 
SECM, and splenius capitis) for upper cervical extension 
in the sitting position, Lin et al. reported that ICC was 
0.89-1 for within-day and 0.66-0.98 for between-days 
reliability [22]. The lower ICC of the OCS thickness 
measurement in Lin’s study was because of the lack of 
bony land marks and between-subjects varia tions. In the 
present study, the ICC of the RCPM muscle was 0.69 in 
the CGH group, while this value was 0.93 in the healthy 
subjects. The reason for this difference could be muscu-
lar atrophy and fatty infiltration in the patients’ muscles, 
which impedes the detection of muscle borders. Besides, 
in this study, the probe was placed on the vertebrae and 
by searching and moving it to the lateral, the first oval 
muscle observed was RCPM, and the next oval muscle 
along the RCPM was OCS. Two muscles looked like 
eyeglasses, hence, the detection of OCS muscle and its 
imaging would be easier and more accurate.

In the Cho study [28] on the reliability of the cross-sec-
tional area (CSA) measurement of the obliquus capitis 
inferior (OCI) muscle, ICC was found 0.73 in 20 healthy 
subjects. The reason for large SD (0.51) and low ICC for 
OCI in this study was the difficulty in distinguishing the 
muscular plane of OCI from the surrounding muscula-
ture in static images [28]. In the present study, OCS mus-
cle was assessed at the C1 level, so its fascial boundary 
was clearer than OCI and ICC value in size measurement 
of this muscle was better than OCI in the Cho study. 

Furthermore, similar to the present study, Overas et al. 
[29] reported good intra-rater and good to poor inter-
rater reliability for the thickness measurement of deep 
cervical (Dce), RCPM and LCo muscles in patients with 
neck pain. Probably the lower reliability for the RCPM 
and Dce maybe because of morphological changes, as 
fat infiltration in these muscles that may make anatomi-
cal landmarks unclear and muscle borders more difficult 
to define [29]. Although only the intra-rater reliability for 
thickness measurement of OCS, RCPM, and LCap was 
examined in the present study, good to excellent values 
of ICC were obtained for all muscles.

Anterior muscle 

Different studies have been conducted on deep cervical 
flexor (DCF) muscles, especially the LCo muscle, but 
due to the findings of the research team, few studies have 
conducted about LCap muscle. This study has focused 
on the LCap muscle and examined the thickness mea-
surement reliability of this muscle, that is innervated by 
upper cervical nerves and impaired in CGH patients [7]. 

However, due to the lack of resources for this muscle, 
the authors have to discuss the DCF muscles in general. 
The results of this study are similar to the results of Je-
sus study [11] that investigated the DCF muscles thick-
ness in healthy individuals and the subjects performed 
the craniocervical flexion test (CCFT), and changes in 
thickness from the resting baseline position to the full 
contraction in five incremental stages of the test were 
seen for DCF and SCM muscles using ultrasonogra-
phy. These changes were expressed in different levels 
of contraction (CCFT) without providing any informa-
tion about the exact thickness and separate assessment 
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of these muscles [11]. However, in the present study, the 
exact value of thickness and reliability of the measure-
ment of LCap was assessed and reported.

In the other similar study, Cagnie showed that ultra-
sound measurements of the LCo muscle size at the C5-
C6 level in healthy people were moderate (ICC=0.68-
0.71) [30]. In this study, measurements were taken in a 
single session, which could increase the measurement 
error and therefore higher reporting of SEM and SDD. 
Hence, repeating the measurements for at least three 
times may reduce the error rate. This procedure has been 
done in the present study. However, the Javanshir [31] 
and Abaspour [13] conducted similar studies. Javanshir 
reported excellent reliability (ICC of 0.82-0.93) for with-
in-day and between-days reliability for measuring LCo 
muscle CSA at the C6 level in the healthy and subjects 
with non-specific chronic neck pain [31]. Abaspour re-
ported that the reliability of the ultrasound measurement 
of LCo was 0.84-0.98 in patients with CGH [13]. 

The higher reliability of ultrasonography measurement 
in these studies persuaded us to use the same method and 
position to measure the thickness of LCap in the present 
study, except for the fact that measurements were done 
at the C4 level in this study, to ensure that the LCap was 
measured separately without mixing with the LCo muscle.

Limitation and recommendation 

As a limitation of this study, we did not compare mus-
cle thickness and its reliability in different contraction 
states with pressure biofeedback. It is recommended that 
these issues be investigated in future studies.

5. Conclusion 

The results of this study suggested that ultrasonogra-
phy is a reliable, cost-effective, and appropriate method 
to diagnose deep cervical muscle dysfunction in CGH. 
Besides, the ultrasonography protocol of the present 
study, the position, and measurement level can be used 
with high confidence in future studies.
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