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Abstract

Background: The multifidus muscle is a deep
muscle and the main stabiliser of the spine. Ab-
normal activity and morphology of this muscle
can provoke cervical spinal pain. One way to as-
sess the morphology of deep stabilising muscles
is ultrasonography. There is limited evidence on
the reliability of measuring the multifidus muscle
in the cervical region of the spine using rehabili-
tative ultrasound imaging (RUSI).

Aims: This study aimed to evaluate the reliabili-
ty of measuring the cross-sectional area, surface
area, and circumference of the multifidus muscle
in the cervical region of the spine

Material and methods: The study involved 10 heal-
thy subjects, including 7 women and 3 men, aged
23-62 years. The cross-sectional area, circumfe-
rence, and surface area of the multifidus musc-
le in the cervical section of the spine were me-
asured in the subjects using RUSI. The intraclass
correlation coefficient (ICC) was used for each
measurement (3.1-3.3) as recommended index for
the intra-rater reliability assessment.

Results: Taking measurements twice, with a
15-minute interval between them, increased the
reliability of measurements of the cross-sectio-

nal area, surface area, and circumference of the
multifidus muscle in the cervical section of the
spine to ICC > 0.9, which indicates excellent relia-
bility. The mean of the three measurements de-
creased the ICC value to 0.8-0.9, showing good
reliability of the measurements. The ICC 3.3 va-
lues for measurements of the area and circum-
ference of the multifidus muscle in the cervical
region of the spine performed after seven days
were lower, in the range of 0.48-0.55, which sug-
gests questionable reliability of measurements.
The value of ICC 3.3 of the cross-sectional area
also decreased, although it remained in the upper
limit (0.85), demonstrating good reliability of the
measurement.

Conclusions: The RUSI is a reliable tool for asses-
sing the morphology of the multifidus muscle in
the cervical spine region.
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Introduction

Pain is defined as an unpleasant experience with
a sensory and emotional character [1]. Spinal pain
is one of the most common musculoskeletal dys-
functions. Approximately 80% of the population
complains of back pain at least once in their lifeti-
me [2]. The lumbar region of the spine is the most
commonly affected [2]. However, statistical data
indicate that the prevalence of cervical spine pain
has been increasing, and as much as 30-50% of
the population may suffer from this condition [2,
3]. This problem is also a serious health, social,
and economic burden.

The most common causes of pain in the cervi-
cal spine include degenerative changes and in-
tervertebral disc dysfunction [3, 4]. These can
occur due to an asymmetry in the morphology
and activity of the deep stability muscles, parti-
cularly the multifidus muscle [5, 6]. Other causes
include trauma and its consequences, osteopo-
rosis, neoplastic lesions, inflammation, and con-
nective tissue defects [7]. A sedentary lifestyle,
lack of physical activity, and excessive stress also
contribute to pain [8, 9]. The prolonged staying
in one position contributes to damage to the in-
tervertebral disc, which accelerates the degene-
rative processes of vertebral bodies [10-12]. The
influence of the emotional state on the entire hu-
man organism, including pain complaints, is also
being increasingly emphasised. Decreased mood
and general fatigue can also lead to the intensifi-
cation of pain symptoms [13-15].

The multifidus muscle is classified as a deep
muscle and is the main stabiliser of the spine.
Studies on the thickness of the multifidus musc-
le in the cervical region in patients with cervical
disc herniation and radiculopathy have revealed
its asymmetry [5, 6]. This confirms that abnormal
activity and morphology of the multifidus muscle
in the cervical spine affect cervical pain occur-
rence [5, 6].

The diagnostic process is an essential component
in the treatment of cervical spine pain. Ultraso-
nography is one way to evaluate the morphology
of deep stabilising muscles [16-18]. It is a reliable
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tool for evaluating the anterolateral abdominal
wall muscles [19], as well as the lumbar multifidus
muscle [16]. Ultrasound also allows the imple-
mentation of visual feedback to provide knowled-
ge and understand a motor task’s performance on
deep muscles, including the transversus abdomi-
nis and multifidus muscles [16, 17].

To date, few studies have reported on the relia-
bility of measuring the multifidus muscle in the
cervical spine using rehabilitative ultrasound
imaging (RUSI). Ultrasound is beginning to be
used in diagnosing the musculoskeletal system,
especially in individuals suffering from non-spe-
cific cervical spine pain syndromes. However,
first of all, it is necessary to determine its relia-
bility.

Aims

This study aimed to evaluate the reliability of the
RUSI method for physiotherapy purposes and
analyse this reliability by a single investigator at
different intervals. The cross-sectional area, sur-
face area, and circumference of the multifidus
muscle in the cervical spine region were measu-
red.

Material and methods

Ethical considerations

Participation in the study was voluntary. The
subjects were provided with information regar-
ding the course of the study and gave their writ-
ten consent to participate in the study. Approval
for the study was obtained from the Bioethics
Committee with the number RNN/69/18 /KE da-
ted February 15, 2018.

Study participants

The study was conducted among the population
of Lodz in Poland. There were 10 participants in
the study, including 3 men and 7 women. The cri-
teria for inclusion in the study group were writ-
ten consent to participate in the study, no cervi-
cal spine pain, and no injuries to the head, neck,



or shoulder girdle. The exclusion criteria were
cervical spine pain, head, neck, and shoulder gir-
dle injuries, and a lack of written informed con-
sent.

Measurements

This study evaluates the intra-rater reliability of
the RUSI method for the multifidus muscle in the
cervical spine using an ultrasound device (Honda
Electronics Co., Ltd. Japan, HS-2200 W, frequ-
ency 8.5 MHz and B-mode). The circumference,
surface area, and cross-sectional area of the mul-
tifidus muscle in the multifidus muscle on the ri-
ght side of the cervical region of the spine.

The head of the ultrasound device was placed
transversely at the level of the C4 vertebra. To de-
termine the examination point, knowledge of pal-
pation anatomy was used, and the level of the C4
vertebra was marked to measure the appropriate
location in all subjects. During the examination,
the patient was in a sitting position, with the feet
resting on the floor at right angles to the lower
limb joints and the upper limbs placed freely
along the trunk to avoid displacement and ensu-
re a stable position for the patient. The patient’s
head was positioned in the maximum possible
flexion to obtain proper access to the multifi-
dus muscle during the examination and provide
a comfortable and stable position for both the
subject and the examiner. The cross-sectional
area of the multifidus muscle was measured at
its widest point by running a perpendicular line
between the upper edge of the lower fascia and
the lower edge of the upper fascia of the multifi-
dus muscle (visible as two hyperechogenic bright
lines) (Fig. 1). The circumference and surface area
measurements were taken at the border between
the muscle tissue and the fascia of the multifidus
muscle. The measurements were taken on the ri-
ght side. The examiner performed three sets of
measurements at 1-minute intervals.

Procedures

The study consisted of three stages. First, the
cross-sectional area, surface area, and circum-
ference of the multifidus muscle were measu-
red. After 15 minutes, these measurements were
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Figure 1. Ultrasonographic imaging of the multifidus
muscle in the cervical spine.
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repeated, which constituted the second stage
of the study. In the third stage of the study, the
above-mentioned measurements were repeated

Researcher 1

3 sets of measurements with
one minute interval between
measurements

15 minutes later

Researcher 1

3 sets of measurements with
one minute interval between
measurements

Figure 2. A diagram of the study developed by the authors.

Statistical analysis

The results are presented as mean values and
standard deviations (+ SD). The intraclass corre-
lation coefficient (ICC) was calculated based on
the first measurement taken by Researcher 1 (ICC
3.1, the mean of the second measurement (ICC
3.2), and the mean of all three measurements (ICC
3.3). Using the ICC, the reliability of the measu-
rements was calculated. ICC is a coefficient ran-
ging from 0.00 to 1.00. Values above 0.9 indicate
excellent reliability, between 0.9 and 0.8 good
reliability, between 0.8 and 0.7 acceptable relia-
bility, and below 0.7 questionable reliability [20,
21]. The smallest detectable difference (SDD) was
also calculated for all tested parameters: 1.96 x
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7 days later

after seven days. In each phase, the measure-
ments were taken three times (Fig. 2).

Researcher 1

3 sets of measurements with
one minute interval between
measurements

p2 x standard error of measurement (SEM). The
SEM was calculated as the standard deviation of
the measurements divided by V1 - ICC. The re-
sults were analysed using Statistica 10 and the
Microsoft Excel 2016 package. The relationship
between the data obtained was determined via
descriptive statistics.

Results

The study included 10 subjects (7 women and 3
men) between 23 and 62 years of age. The deta-
iled characteristics of the study group are pre-
sented in Table 1.



Table 1. The characteristics of the study group (mean + SD).

Characteristics Participants (n=10)
Sex (F/M) 7/3
Age [years] 62.0 + 35.6
Body mass [kg] 73.7
Body height [cm] 169.8
BMI [kg/m?] 25.41

Legend: F - female; M - male; BMI - body mass index; n - number of participants; SD - standard deviation.

Initially, the values of the following indices were
determined: ICC, SEM, and SDD for the first me-
asurement of the multifidus muscle in the cervi-
cal spine in relation to the second measurement
performed after 15 minutes (Table 2).

The ICC 3.1 values for the measurements of the
cross-sectional area and the circumference of
the multifidus muscle in the cervical region of
the spine indicate acceptable reliability. On the
other hand, the surface area was measured with

excellent reliability (ICC = 0.93). Performing the
measurement twice increased its reliability in
relation to the first measurement of the cross-
-sectional area, surface area, and circumference
of the multifidus muscle in the cervical section
of the spine to ICC > 0.9, indicating excellent re-
liability. The mean of the three measurements
decreased the ICC value, which nevertheless re-
mained within the range of 0.8-0.9, representing
good reliability (Table 2).

Table 2. Estimation of intra-rater reliability (measurement 1 vs measurement 2).

Measurement 1

Measurement 2

Parameter ICCt SEM

SDD Bias?

3.1 3.2 3.3 1

Cross-sectional
area [mm)]

0.78 091 | 0.89 | 0.26 | 0.18

0.21 072 | 050 | 058 | 025 | 0.25 | 0.29

Surface area
[mm?]

093 | 094 | 0.89 | 884 | 778

10.9 | 24.5 216 | 30.2 [ 750 | -0.15 | 137

Circumference
[mm]

078 | 091 | 0.85 | 4.02 | 2.30

3.20 1.1 6.67 | 887 | 261 014 | 0.33

Legend: 'ICC - intraclass correlation coefficient; SEM - standard error of measurement; SDD - smallest detecta-
ble difference; *Bland-Altman Test; 1 - for a single measurement; 2 - for the mean value from two measurements;

3 - for the mean value from three measurements.
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In order to assess the reliability of the measure-
ments presented in this study, the ICC, SEM, and
SDD values were determined for the first measu-
rements of the multifidus muscle in the cervical
spine in relation to those performed after seven
days (Table 3).

The ICC 3.3 values for the measurements of the
surface area and circumference of the multifidus

muscle in the cervical region of the spine were
lower, ranging between 0.48 and 0.55, indicating
questionable reliability of the measurements.
While the reliability of the measurement of the
cross-sectional area also decreased, the value of
ICC 3.3 remained within the upper limit of 0.85, a
value suggesting good reliability (Table 3).

Table 3. Estimation of intra-rater reliability (measurement 1 vs measurement 3).

Measurement 1

Measurement 3

Parameter ICCt SEM

SDD Bias?

3.1 3.2 3.3 1

Cross-sectional
area [mm]

0.83 | 0.86 [ 0.85 | 0.23 | 0.22

024 | 063 | 0.62 [ 0.67 | 0.29% | 0.31* | 0.33°

Surface area
[mm?]

051 | 0.63 | 055 | 222 | 179

19.2 616 | 497 | 531 | 250 | 3.25 | 373

Circumference
[mm]

044 | 063 | 048 | 6.68 | 4.93

5.60 | 18.5 13.7 15,5 | 6.82% | 7113 | 6.993

Legend: 'ICC - intraclass correlation coefficient; SEM - standard error of measurement; SDD - smallest detec-
table difference; 2Bland-Altman Test; *systematic error (SE) - the line of equality does not fall within the 95%
confidence interval (CI); 1 - for a single measurement; 2 - for the mean value from two measurements; 3 - for the

mean value from three measurements.

Discussion

This study aimed to evaluate the reliability of the
RUSI method used as a diagnostic and therapeutic
tool in physiotherapy to examine the multifidus
muscle of the cervical spine. The results showed
the importance of the number of measurements
taken. Hence, the authors concluded that at least
two measurements should be conducted (with a
1-minute interval between them) to reduce the
SDD value. This approach is appropriate if the
results obtained demonstrate good or excellent
reliability for all measurements of the multifidus
muscle.
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In the present study, the ICC 3.3 of the first me-
asurement of the cross-sectional area, surface
area, and circumference of the multifidus muscle
in the cervical spine in relation to the measure-
ment made after 15 minutes was 0.80, indicating
good measurement reliability. This result is con-
sistent with those of other studies that evaluated
the reliability of the RUSI [22-25].

The literature on the thickness of the abdomi-
nal muscle showed similar reliability results. One
study yielded an ICC 3.3 coefficient of 0.95 for all
measurements, indicating very good reliability



[26]. Researchers have also focused on assessing
reliability in different age groups, including child-
ren, adolescents, and adults. In adults, the ICC 3.3
remained at or above 0.90. The present study and
reference [26] both indicate very good reliability
of RUSI, and the values of the ICC 3.3 are similar.
Therefore, there is no relationship between the
subjects’ age and measurement reliability [23, 27].

Measurements of the multifidus muscle in the
cervical spine were performed three times, al-
though in the second measurement, the ICC 3.2
was already above 0.90. Other authors have also
pointed out that, with only two measurements,
the reliability of the final result can be esta-
blished [23]. Thus, it seems unnecessary to per-
form triple measurements, as recommended by
some authors [26], which saves time for both the
patient and the examiner. The mean values obta-
ined from the three measurements prove higher
reliability. It is worth noting that the researcher’s
experience in RUSI method is significant for the
obtained results, which in the case of this study
was modest. Despite this fact, the results were
satisfactory.

RUSI is also used to assess real-time movement,
which allows for feedback to both the patient and
therapist. This is of great importance when exa-
mining anatomical structures that are difficult
to examine visually and by palpation (such as the
multifidus muscle in the cervical spine). There is
fair scientific evidence that supports the reliabi-
lity of RUSI in assessing the activity, function, and
morphology of the transversus abdominis and the
lumbar multifidus muscles [19, 21, 26, 29-36]. Ho-
wever, there are few studies concerning the mul-
tifidus muscle in the cervical spine. On the other
hand, its role in pain in this region has been con-
firmed [5, 6]. The increasing prevalence of cervi-
cal pain and the need for appropriate diagnostics
demonstrate the importance of studies on the
multifidus muscle in the cervical spine. Therefo-
re, further research on the multifidus muscle is
necessary to provide reliable results that will in-
crease the diagnostic relevance of RUSI.

The present study assessed the reliability of me-
asurements taken by only one investigator (intra-
-rater); therefore, future research projects should
assess the degree of reliability based on results
obtained by two investigators (inter-rater) at dif-
ferent time intervals and using different ultraso-
und equipment [37, 38].

Study limitations

The limitations of the study were the relatively
small number of subjects, the age range, and the
inexperience of the researcher. Therefore, fur-
ther research on the reliability of the RUSI is ne-
eded to make it a more common method in phy-
siotherapy practice.

Conclusions

The RUSI is a reliable tool to assess the morpho-
logy of the multifidus muscle in the region of the
cervical spine. At least two measurements sho-
uld be conducted including a 1-minute interval to
minimise the measurement error by reducing the
SDD values. This approach is appropriate if the
results obtained demonstrate good or excellent
reliability for all measurements of the multifidus
muscle.
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