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Original Research

Study on Cervical Muscle Volume by Means of

Three-Dimensional Reconstruction

Fan Li, PhD,1,2* Aur�elien Laville, PhD,1 Dominique Bonneau, MD, PhD,1

S�ebastien Laporte, PhD,1 and Wafa Skalli, PhD1

Purpose: To quantify the cervical muscle volume varia-

tion by means of three-dimensional reconstruction from

MRI images.

Materials and Methods: Sixteen subjects were scanned

using a Philips MRI scanner, including 11 men and 5

women, aged from 23 to 33 years, weighting between 49–

80 kg. The deformation of a parametric specific object

method was used to develop three-dimensional muscle

models from contours on a small number of MRI images.

Six subjects were reconstructed by two observers for eval-

uating the reliability by means of intraclass correlation

coefficient (ICC). The results were also compared with in

vivo measurement on a single specimen from a reference

literature. The difference in left and right muscles volumes

was assessed with a paired Wilcoxon signed rank test.

Results: The results showed good reliability by means of

ICC study and were consistent with the in vivo specimen

measurements. The left and right paired muscle volumes

showed no significant difference. Interindividual variance

was large that could reach 364 cm3, but the ratio of a

given muscle volume to the total volume was less vari-

able, always lower than 13%. The maximum cross sec-

tional areas of cervical muscles varied greatly between

individuals and the maximum values were mostly found

at the C6–C7 level.

Conclusion: This study provides initial results which

could be used as reference data for clinical evaluation

and biomechanical model development.
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THE VOLUME OF a muscle determines the maximal
muscle force it can generate, and reductions in cervi-
cal muscle volume may result in neck pain and even
reduction in proprioceptive sensitivity (1–4). Biome-
chanical studies on cervical muscle today have
focused on the cross-sectional area (CSA) and
moment arm characteristics to evaluate the force and
moment generating capacity of the human cervical
muscle system (2,3,5). However, this kind of data
does not represent the entire muscle interindividual
variability. Moreover, in clinical evaluation, muscle
volume evolution cannot be measured directly from
the CSA data and in vivo volume measurement is still
technically challenging. To quantify the ranges and
the proportions of cervical muscles can help clinical
diagnosis on physiological abnormal muscle system
or single muscle problem. On the other hand,
although Finite Element (FE) head-neck models have
been widely applied for biomechanical studies (6,7),
accounting for interindividual variability is still an
issue.

There are two main approaches for assessing

muscle volume, cadaver measurement and recon-

struction from medical imaging (8,9). But due to the

limited availability of cadaveric specimens, tedious

dissection process and qualitative processing, there

is few dissection studies related to cervical muscle

volume study. In contrast the application of the lat-

ter medical imaging approach is more extensive

because of the possibility to obtain measurements

on a range of living subjects. However, up to now

only one study investigated neck muscle volume in

17 subjects from MRI data (8). Normally to recon-

struct three-dimensional geometry of neck muscula-

ture, muscle contours on each slice needed to be

outlined manually, but recently a DPSO (deforma-

tion of a parametric specific object) method pro-

posed by Jolivet et al (10,11) has been developed to

generate three-dimensional (3D) muscle models from

a small number of axial images enabling quantita-

tive analysis of muscle volume in a large number of

subjects.
The aim of the present study is to investigate the

cervical muscle variation by means of 3D recon-
struction from MRI images using the DPSO
method.
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MATERIAL AND METHODS

Subjects

Sixteen healthy volunteers (11 men and 5 women)
without history of neck illness were included in the
present study (age 28 6 4 years; range, 23–33 years;
weight 68.1 6 9.6 kg; range, 49–80 kg). The protocol
was approved by the ethical committee of our institu-
tion (CPP-06036) and all subjects gave their informed
written consent before participation in the examina-
tion according to the protocol.

MRI

A 1.5 Tesla (T) Philips MRI scanner was used to cap-
ture axial and sagittal images with two parts, one
(thorax part) from T5 to C7 and the other (neck part)
from T1 to basis crania. The basic parameters for all
series included sequence ¼ SE, repetition time (TR) ¼
4640 ms, echo tim e(TE) ¼ 40 ms, slice thickness ¼ 2
mm, space ¼ 2.2 mm, matrix size (axial plan) ¼ 1024
� 1024 pixel, matrix size (sagittal plan) ¼ 512 pixel �
512 pixel, field of view of axial plan (neck parts) ¼

0.25 m � 0.25 m, field of view of axial plan (thorax
parts) ¼ 0.44 m � 0.44 m, field of view of sagittal plan
¼ 0.49 m � 0.49 m.

Muscle Volume Reconstruction

The cervical muscles were divided into different
groups (12), including sternocleidomastoid, trapezius,
splenius (capitis and cervicis), longissimus (capitis
and cervicis), semi spinalis capitis, transverse spinalis
(semispinalis cervicis, multifidi and rotatores), ventral
muscles (longus capitis and colli), scalenus (anterior,
medius, and posterior), levator scapulae, rhomboid
minor and hyoid muscles (suprahyoid and infrahyoid),
based on the location and the function of the muscles
(Fig. 1).

The DPSO (deformation of a parametric specific
object) method proposed by Jolivet et al (10,11) was
applied for the reconstruction of three-dimensional
cervical muscles by means of MRI data. The recon-
struction process included three steps. First, contours
of each muscle were outlined manually (Fig. 1) with a
reduced number of slices (every 6 to 10 slices). Within
suddenly shape change of a muscle, additional con-
tours were outlined. Then, the other contours of all the
slices were generated automatically by an interpolation

of the existing contours and the approximate object
obtained were deformed to fit the exact muscle con-
tours on the images. The last step was a quick check
of all the contours, and manual modifications were
implemented when there were interpolation errors.

After the reconstruction, the two series of MRI images
were merged to get the muscle models. Finally, all the
cervical muscle volume geometries were obtained and
muscle volumes were computed. The maximum cross
sectional area of each muscle group in the axial plane
was also calculated from the reconstruction.

Reliability Evaluation

To evaluate the reliability of the reconstruction, six
subjects were reconstructed by two observers with a
gap of one month and the muscle volume results were
assessed with intraclass correlation coefficient (ICC)
on the software SPSS. ICC3.1 (two-way mixed single
measures, absolute agreement) was used for interob-
server reliability evaluation, as defined by Shrout and
Fleiss (13).

ICC reliability was considered slight (0–0.2), fair
(0.21–0.4), moderate (0.41–0.6), substantial (0.61–
0.8), and excellent (0.81–1.0) for clinical application
(13,14). The mean difference and max difference of
each muscle were also studied.

Additionally, the results of the six subjects were
also compared with the in vivo measurement on the
left side of a 50th percentile specimen (171 cm, 75 kg)
by Borst et al (9).

Statistical Analysis

Difference in left and right muscle volumes were
assessed with a paired Wilcoxon signed rank test,
where P > 0.05 means no significant difference (15).
The contribution of each muscle volume to total mus-
cle volume was analyzed and the ratio was defined as:

RatioMi
¼

VMi

Vtotal

where Mi is the ith muscle, VMi is the volume of the ith

muscle and Vtotal is the total volume of cervical
muscles.Figure 1. Definition of cervical muscle groups.

Figure 2. Geometry of cervical muscles.
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RESULTS

The geometry of cervical muscles from the reconstruc-
tion result was shown in Figure 2. The intraclass cor-
relation coefficients (ICC3,1) were all greater than 0.83
for muscle volume (Table 1), indicating very good reli-
ability of the reconstruction method. The mean differ-
ence of the six reconstructions ranged from 0.9% to
6.4% and the maximal difference of each pair was
less than 10% except the Hyoid muscle in one case
where the difference was 11.6%. The results were
consistent with the in vivo specimen measurements
(Fig. 3).

The left and right paired muscle volumes
showed no significant difference under the Wil-
coxon signed rank test, all the P values were
greater than 0.05.

Trapezium occupied approximately 1/3 of the total
cervical muscle volume. Interindividual variance was
large that could reach 364 cm3 (Fig. 4), but the ratio of
a given muscle volume on the total volume was less
variable, always lower than 13%, as shown in Figure 5
and Table 2.

Great differences were found among individuals
when measuring maximum muscle CSA in the axial
plane (Fig. 6). Maximum CSA of trapezium was much
larger than that of others, while the maximum CSAs
of levator scapulae, hyoid, scalenus, sternocleidomas-
toid, transverso spinalis, semispinalis capitis, and
splenius were more consistent. However, the locations
of maximum CSAs were invariable among individuals
in the present study (Table 3), and were found mostly
in the C6 to C7 level while that of semi-spinalis capi-
tis was found in C1 to C2 level. Other muscle groups
including longissimus, ventral muscles and hyoid
were found to be almost constant in CSA, and, there-
fore, the location of maximum CSAs occurred at a
range of different levels.

DISCUSSION

The aim of this study was to quantify the cervical
muscle volume variation by means of three-

dimensional reconstruction from MRI images. The
DSPO method appeared useful to reduce the number
of manual contours; however, it was sometimes diffi-
cult to find the boundary of a given muscle and the
reconstruction of cervical muscles was still challeng-
ing and time-consuming due to the complicated cervi-
cal muscle structure. The mean time for a
reconstruction was one hour. Once fully trained, two
observers performed six cases to evaluate the reliabil-
ity of the reconstruction method, and we also
obtained in vivo specimen measurement data as a ref-
erence to see if the results was consistent with the
MRI reconstructions. Because the reconstruction was
conducted with manual contouring, the accuracy of
the reconstruction depended on the proficiency of the
observer after the learning curve and the quality of
the MR images. This is a limit of the current method,

Figure 3. Result of six cases compared

with the direct in vivo specimen meas-

urements (left side).

Table 1

Results of Inter-observer Volume Reliability Study

Muscle ICC 3.1

Mean

difference

Max

difference (%)

SCM R 0.96 2.5 4.9

SCM L 0.98 2.1 4.4

Trapezius R 0.95 2.3 4.4

Trapezius L 0.89 3.8 7.0

Splenius R 0.98 1.6 3.4

Splenius L 0.99 0.9 2.1

Longissimus R 0.88 3.1 5.4

Longissimus L 0.98 2.1 5.0

Semi-spinalis capitis R 0.96 2.6 5.0

Semi-spinalis capitis L 0.99 1.6 4.2

Transverso spinalis R 0.94 2.0 4.4

Transverso spinalis L 0.91 1.8 5.1

Ventral muscles R 0.88 3.8 7.5

Ventral muscles L 0.84 4.0 6.5

Scalenus R 0.87 3.9 6.8

Scalenus L 0.83 6.4 9.4

Levator scapulae R 0.86 3.9 9.9

Levator scapulae L 0.98 2.3 4.2

Rhomboid R 0.95 1.8 4.0

Rhomboid L 0.85 3.3 6.1

Hyoid 0.94 4.10 11.60

Cervical Muscle Volume Study 1413



Figure 5. The volume proportion of

cervical muscles.

Figure 4. Mean volume and max–

min volume (between bars) of cervi-

cal muscles.

Table 2

Case by Case Data for Volume of Individual Muscles as a Proportion of Total Cervical Muscle Volume (%)

Case no. SCM Trapezius Splenius Longissimus

Semi-

spinalis

capitis

Transverso

spinalis

Ventral

muscles Scalenus

Levator

scapulae Rhomboid Hyoid

1 12.7 32.2 8.2 3.0 7.6 11.7 4.1 6.2 7.6 2.3 4.5

2 9.2 37.7 8.6 2.9 7.8 12.8 3.1 6.1 6.9 1.9 2.9

3 10.1 36.0 9.2 2.1 8.7 11.3 3.7 6.1 9.1 2.2 1.6

4 7.7 43.0 7.5 2.3 6.8 10.6 3.4 5.6 8.9 2.0 2.3

5 12.7 33.2 8.6 2.6 8.8 11.0 3.4 6.7 8.0 2.1 2.9

6 9.7 32.7 10.6 2.7 10.6 11.2 3.4 5.5 8.9 1.7 2.8

7 10.9 39.2 10.3 2.4 8.8 9.6 2.8 5.0 7.3 0.9 2.9

8 7.2 35.0 10.1 3.0 10.3 12.5 3.9 6.3 7.5 1.4 2.8

9 9.0 39.5 8.7 2.8 8.4 11.4 3.4 4.9 7.8 1.9 2.2

10 12.1 35.8 8.7 2.8 9.1 11.1 3.4 3.8 8.0 1.8 3.4

11 12.4 29.9 7.5 3.2 8.2 12.7 3.6 8.4 9.9 1.5 2.7

12 10.2 31.8 10.4 2.9 9.9 14.0 3.7 4.5 8.7 1.8 2.1

13 11.0 32.3 9.1 2.7 7.8 15.1 4.5 5.7 7.6 2.0 2.4

14 10.3 32.8 9.7 2.1 8.5 14.6 3.1 7.0 8.2 1.3 2.4

15 10.1 31.3 9.1 2.4 7.4 14.8 3.2 7.4 8.7 2.4 3.3

16 12.0 31.8 10.2 2.4 9.3 10.2 3.3 6.8 9.1 1.5 3.5

Mean_P* 10.5 34.6 9.1 2.6 8.6 12.2 3.5 6.0 8.3 1.8 2.8

Mean_Z* 15.0 27.9 9.7 2.9 10.7 7.5 3.5 6.3 9.7 non 2.9

Min 7.2 29.9 7.5 2.1 6.8 9.6 2.8 3.8 6.9 0.9 1.6

Max 12.7 43.0 10.6 3.2 10.6 15.1 4.5 8.4 9.9 2.4 4.5

*Mean_P: Mean value in the present study. Mean_Z: Mean value in the study done by Zheng et al (8).
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and further image processing could help in automati-
zation of the process. However, the reliability of the
present study turned out to be good in the present
study according to the ICC test results.

The MRI acquisition protocol was controlled care-
fully, as Zheng (16) reported that the neck muscle vol-
umes varied 1% in 30-degree flexion-extension
rotation, 2.5% in 30-degree axial rotation and 5% in
10 degree lateral bending. However, we visually
checked the MRI images and all rotations were very
limited. Considering the reconstruction differences,
we found that there was no significant difference in
muscle volumes between left and right.

Large variances were found between individuals,
especially for the trapezius muscle volume that varied
from 170 cm3 to 530 cm3. However, it was interesting
that the proportion of each muscle volume to total vol-
ume was of less variable. The similar result was also
found in study by Zheng’s et al (8), and the mean pro-
portion values were comparable with the present
study as showed in Table 2. The muscle volume was
calculated from the base of the skull to T2 level in the
study by Zheng’s et al, while in the present study the
muscle volume was calculated from skull to T4 level
and the rhomboid minor which connected C7 to T1
was included. This was the main cause of the differ-
ences of mean proportion values between the two
studies. The proportion results may be helpful to the
clinical evaluation that could help diagnose an abnor-
mal muscle when its volume proportion could be out
of range. For example, assuming that a deep cervical
muscle is atrophy due to illness, a muscle volume

proportion study performed using MRI could quantify
a muscle ratio under the corridor of normality while
electromyography test cannot be conducted. As FE
head-neck models are widely used in the vehicle
safety area, and researchers are trying to find a way
to scale the standard model to accommodate the large
range of human anatomy, the results of the present
work could provide reference data for FE model
scaling.

Cervical muscle CSA has been previously studied in
clinical and vehicle safety areas for whiplash associ-
ated disorders (WAD) (17,18). In study by Matsumoto
et al (17), based on 60 healthy volunteers, the maxi-
mum CSAs of semispinalis cervicis, semispinalis capi-
tis, splenius capitis, and multifidus (vertebra level
from C3 to C6) were 357.1 6 88.8 (C5–C6), 483.8 6
172.5 (C3–C4), 503.9 6 147.2 (C5–C6), and 261.0 6
75.2 mm2 (C5–C6), respectively (one side). Elliott et al
(5,18) measured 136 subjects for the relative CSA of
cervical extensor musculature from C3 to C7 level.
Because of the different definition of the muscle
groups, the results of these studies were not able to
be compared with present study. However, the verte-
bral level where the maximum CSA was located in
accordance with the anatomical structures of the cer-
vical muscles and the order of magnitude of maxi-
mum CSA was comparable to the total MRI results of
the present study.

The limitation of the present study is the low num-
ber of the subjects. However this study has provided
results which could be used as reference data for clini-
cal evaluation and biomechanical model development.

Table 3

Location and Mean Value of Maximum CSA of Cervical Muscle

Muscle

group SCM Trapezius Splenius Longissimus

Semi-

spinalis

capitis

Transverso

spinalis

Ventral

muscles Scalenus

Levator

scapulae Rhomboid Hyoid

Location C6-C7 C6-C7 C2-C3C6-C7 C2-C7 C1-C2 C6-C7 C1-C2C6-C7 C6-C7 C6-C7 C6-C7 C4-C7

Mean

value

(mm2)

498.7 3601.1 383.5 116.3 446.6 483.3 163.8 564.1 601.5 190.5 567.7

Figure 6. The maximum cross sec-

tional area of cervical muscles.
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