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ABSTRACT

Background: Multifidus muscle stiffness decreases in patients with lumbar intervertebral
disk herniation; however, age-related changes in humans have not been reported.
Objectives: The reliability of ultrasound shear wave elastography in dogs, and changes in
the shear elastic modulus of the thoracolumbar multifidus muscle with aging in dogs, were
investigated.

Methods: Twelve beagle dogs were divided into 2 groups based on the age of onset of
intervertebral disk herniation: young (aged not exceeding 2 years; 1.3 + 0.6 years old,

n=5) and adult (4.9 + 1.2 years old, n = 7). The shear elastic modulus of the multifidus
muscle, from the thirteenth thoracic spine to the fourth lumbar spine, was measured using
ultrasound shear wave elastography. The length, cross-sectional area and muscle to fat ratio
of the multifidus muscle, and the grade of intervertebral disk degeneration, were assessed
using radiographic and magnetic resonance imaging examinations.

Results: The length and cross-sectional area of the multifidus muscle increased caudally.
In the young group, the shear elastic modulus of the multifidus muscle of the thirteenth
thoracic spine was less than that of the third lumbar spine. In the adult group, the shear
elastic modulus of the multifidus muscle of first and third lumbar spine was lower than that
of the same site in the young group.

Conclusions: Ultrasound can be used to measure shear wave elastography of the
thoracolumbar multifidus in dogs. If the multifidus muscle stiffness decreases, we should
consider age-related change.

Keywords: Aging; elasticity; elastic modulus; intervertebral disk degeneration; vertebra

INTRODUCTION

Ultrasound shear wave elastography (SWE) is a reproducible and non-invasive method for
measuring tissue elasticity [1]. An ultrasound system with SWE software installed and a high-
frequency linear array transducer are required to perform measurements. The transducer is
placed on the skin above the target tissue and the region of interest (ROI) in the tissue is set.
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The shot button is pressed to send shear waves to the tissue, and the average of the elastic
modulus (kPa) is calculated by the shear wave velocity (m/s).

The multifidus muscle is a segmental muscle, originating from the mamillary process in

the lumber spines or the transverse process in the thoracic spines of caudal vertebra, while
the insertion is located on the spinous processes of the cranial vertebra [2]. The multifidus
muscles help fix the vertebral column and stabilize the trunk during gait [2,3]. Intervertebral
disks also help stabilize the spine [4,5], and degenerative changes in them can induce
decreased spine stability and change the spine's motion [6].

The multifidus muscle is unisegmentally innervated by the medial branches of the dorsal
branches of the lumbar and thoracic spinal nerve [7]. This characteristic innervation

of the multifidus muscle allows spinal segmental dysfunction to be detected using
electromyography [8]. In humans, muscle atrophy and fat infiltration can be observed in
denervated muscle [9], and in those patients with lower back pain, intervertebral disk
herniation (IVDH) [10,11] or intervertebral disc degeneration (IVDD) [12] may occur. In
veterinary medicine, fat infiltration was observed in the multifidus muscle at lesion site
in Dachshunds with IVDH, compared with that observed in dogs with fibrous cartilage
embolism [13]. Muscle atrophy of the multifidus muscle was reported in dogs with
degenerative lumbosacral stenosis [14]. Changes in muscle structure lead to changes in
muscle stiffness [15] and loss of muscle function [16]. Such changes in muscle structure
have been evaluated using magnetic resonance imaging (MRI) in both humans and dogs, but
muscle stiffness cannot be assessed by MRI.

Measuring muscle stiffness using SWE is a new method for assessing muscle function and
degeneration. Some reports in humans have suggested that multifidus muscle stiffness
decreased in patients with unilateral lumbar IVDH [17] and increased in patients with lower
back pain [18,19]. Therefore, measuring muscle stiffness of the multifidus may help to
evaluate spine stability and pathology, as well as investigate the prognostic and therapeutic
effects of any approaches instituted.

Aging can also cause muscle changes, such as loss of mass and fat infiltration in human
skeletal muscle [20-23]. As a result, muscle stiffness changes [15,24]. However, age-related
changes of the shear elastic modulus in the lumbar multifidus muscle in healthy people have
not been reported [25]. There have been no reports about the utility of ultrasound shear wave
elastography for the assessment of the multifidus muscle in dogs.

The aim of this study was to assess the reliability of measuring the shear elastic modulus

of the thoracolumbar multifidus muscle using ultrasound SWE in dogs. We also wished to
assess age-related changes by comparing the shear elastic modulus in dogs based on the

age of onset of IVDH, which is a common disc disease, i.e. in young dogs, before the onset
of IVDH and in adult dogs, of an age at which IVDH can occur. In addition, we investigated
muscle length, muscle cross-sectional area (CSA) and fat infiltration (the muscle to fat ratio)
of the multifidus muscles, and the grade of IVDD. We hypothesized that the shear elastic
modulus decreases when fat infiltrates the multifidus muscle and that the grade of disc
degeneration progresses with age.
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MATERIALS AND METHODS

Animals

This research was approved by the Institute of Experimental Animal Science of the Tokyo
University of Agriculture and Technology (No. 30-142). Twelve healthy Beagle dogs were
divided into 2 groups. The young group (n = 5) comprised 3 females and 2 spayed females,
aged 1.3 £ 0.6 years (mean * standard deviation), weight 9.6 + 0.8 kg (mean + standard
deviation), and a median body condition score (BCS) of 3 out of 5 (range, 3—4). The adult
group (n =7) comprised 4 castrated males, 2 females and 1 spayed female, aged 4.9 +1.2
years, weight 10.6 + 1.2 kg, and a median BCS of 3 (range, 1-4). The dogs were free from
haematological, musculoskeletal and neurological abnormalities, based on physical,
haematological, orthopaedic, neurological and radiographic examination.

Study protocol

The multifidus muscle between the thirteenth thoracic and fourth lumbar spine (T13-L4)
was assessed for shear elastic modulus, length, CSA and fat infiltration by ultrasound,
radiographic and MRI examination. Five sites of intervertebral disks, between the thoracic
vertebra 11 and 12 (T11-T12) and the lumbar vertebra 3 and 4 (L3-L4) were assessed for IVDD
using MRI.

Radiographic examination was performed without sedation. The ventrodorsal and lateral
projections of the thoracic and lumbar spine were acquired and the number of vertebrae, the
presence of vertebral malformation and any soft tissue abnormalities were confirmed. The
length of the multifidus muscle at 5 sites was measured from the cranial dorsal edge of the
mamillary process of the caudal vertebra to the caudal dorsal edge of the spinous process of
the cranial vertebra in the lateral view (Fig. 1).

MRI was performed under anesthesia. Atropine (50 pg/kg; Atropine sulfate injection; Fuso
Pharmaceutical Industries, Ltd., Japan) was administered subcutaneously as a premedication
for anesthesia, then Propofol (Propofol 1% intravenous injection; Fresenius Kabi Japan,
Japan) was intravenously administered (up to 6 mg/kg) until tracheal intubation was possible.
Anesthesia was maintained with isoflurane (Animal isoflurane; MSD Animal Health K.K.,
Japan) in oxygen for the duration of the imaging procedure. MRI of the thoracolumbar

spine was performed with a 0.3 Tesla system using a knee coil (AIRIS-alfa comfort 0.3T;
HITACHI Medical, Japan). The dogs were positioned in dorsal recumbency with both
hindlimbs caudally extended. Thoracolumbar spine tissue was imaged in the sagittal plane

Fig. 1. Measuring muscle length using radiologic images. The length of the multifidus muscle was measured from
the cranial dorsal edge of the mamillary process of caudal vertebra to the caudal dorsal edge of the spinous
process of cranial vertebra, in lateral view.
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with T2-weighted image sequences for position imaging (fast spin-echo sequence: repetition
time [TR], 3,000 ms; echo time [TE], 120 ms; slice thickness, 2.5 mm; inter-slice gap, 0.5
mm; flip angle, 90°%; field of view, 250 mm; matrix, 288 x 224; acquisition time, 6 min).

Then, Tl-weighted images were taken (spin-echo sequence: TR, 400 ms; TE, 26 ms; slice
thickness, 2.5 mm; inter-slice gap, 0.5 mm; flip angle, 90°; field of view, 250 mm; matrix, 288
x 224; acquisition time, 5 min 58 sec). The transverse images were taken in 3 planes at the
level of each intervertebral space centered at the intravertebral disk using the T2-weighted
images sequence (fast spin-echo sequence: TR, 4,500 ms; TE, 120 ms; slice thickness, 4.0
mm; inter-slice gap, 0.5 mm; flip angle, 90°; field of view, 150 mm; matrix, 256 x 192 mm;
acquisition time, 9 min 36 sec) and the T1l-weighted images sequence (spin-echo sequence:
TR, 740 ms; TE, 20 ms; slice thickness, 4.0 mm; inter-slice gap, 0.5 mm; flip angle, 90°; field
of view, 150 mm; matrix, 256 x 180 mm; acquisition time, 8 min 53 sec). Then, the sagittal
and transverse planes of the contrast-enhanced T1-weighted images sequence at the same
slice lines. The contrast medium was Gadolinium, with bolus intravenous administration of
0.2 mg/kg meglumine gadopentetate (Magnevist; Bayer, USA). From these MRI images, the
configuration and signal intensity of various tissues, such as intraventricular discs, multifidus
muscle and spinal cord, were assessed.

The multifidus muscle CSA was measured bilaterally at five sites (n = 10). This was done by
manually tracing around the muscle from the transverse image of the T1-weighted images
[26] at the level of the center of the intravertebral disk using a DICOM viewer (Osiri X Lite
version 11, Pixmeo, Switzerland). The multifidus muscle was defined by the most superficial
aspect of the vertebral arch from the spinous process to the articular joint at the medial
border. The lateral border was defined by the fascial line of the multifidus muscle from the
articular joint to the subcutaneous tissue and the spinous process (Fig. 2).

The presumptive fat infiltration of the multifidus muscle was calculated bilaterally at five sites
(n=10) using the signal intensity in the same magnetic resonance image at the CSA using a
DICOM viewer. A 5-mm? ROI was set at the whitest part in the visceral fat in the same image
(Fig. 2). The muscle to fat ratio was calculated using the formula [13]:

Muscle mean hyperintensity

Muscle to fat ratio =

Subcutaneous fat mean hyperintensity

Fig. 2. Transverse T1-weighted image at L3-L4 in the adult group. Dotted lines depict where the multifidus
muscle and the muscle CSA are calculated. A ROI, 5 mm?in area, was set at the whitest part of the visceral fat to
calculate the muscle to fat ratio.

CSA, cross-sectional area; ROI, region of interest.
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The grade of IVDD at 5 sites was classified from 1 (normal) to 5 (end-state of IVDD), according to
the Pfirrmann grading system [27], from the sagittal images of the T2-weighted MR images [28].

Ultrasound shear wave elastography

SWE was performed in sedated dogs. Medetomidine (20 pg/kg; DOMITOR; Nippon Zenyaku
Kogyo Co. Ltd., Japan) was intramuscularly administered in the thigh muscle. The dogs were
placed in a prone position using a vinyl-covered V-shaped trough with both thoracic limbs
extended cranially; both hind limbs were flexed during the examination. The dogs' dorsal
region hair was clipped from cranial of the 12th thoracic to caudal of the 4th lumbar of the
spinous process in the craniodorsal direction, and from the spinous process to expand beyond
the articular process on both left and right sides. The shear elastic modulus of the multifidus
muscle was measured using an ultrasound system (Aplio 0450, Canon Medical Systems,
Japan) with SWE software installed and a 10-MHz linear array transducer (PLT-1005 BT; Canon
Medical Systems). The bilateral iliac wing was palpated using the thumb and third finger, and
the 6th lumbar spinous process was palpated using the index finger. The spinous processes
were sequentially counted cranially until the 12th thoracic, and each spinous process was
marked with a pen. Measurement was started at the 13th thoracic multifidus muscle, evenly
on the left and right sides. To measure the 13th thoracic multifidus muscle, for example,

the 12th and 13th thoracic spinous processes were palpated, and the articular process was
identified as being slightly lateral between the 2 spinous processes. The transducer was
placed longitudinally between 2 spinous processes and the articular process. If the spinous
process and articular process could not be palpated, the processes were confirmed by
ultrasound imaging. The articular process was visualized by placing the transducer slightly
laterally between the two spinous processes and orienting it approximately 40° outwards.

The transducer was placed perpendicular to the skin with no compression force, and gel was
generously applied to the skin surface. The multifidus muscle was evaluated longitudinally
using a B-mode ultrasound image. The muscle fibres of the multifidus muscle run parallel to
the long axis. So, the transducer was directed parallel to the muscle fibres [29]. A 10-mm? ROI
was set at the belly of the multifidus muscle, avoiding the bones and fascia, and the elastic
modulus (kPa) was measured (Fig. 3). Ten measurements were recorded at each site.

After the SWE examination, atipamezole (20 pg/kg; ANTISEDAN; Nippon Zenyaku Kogyo
Co. Ltd.) was intramuscularly administered to antagonize sedation.

Two sonographers measured the shear elastic modulus of the multifidus muscle. To confirm
that the shear elastic modulus of multifidus muscle could be measured in dogs using
ultrasound, the researchers performed the same test again, within 1 to 7 days.

Statistical analysis

For the shear elastic modulus of each multifidus muscle, the mean value of 10 measurements
was used. The left- and right-side measurements at each site of muscle CSA, muscle to fat ratio
and shear elastic modulus were summarized by site. The normality of the data was assessed
using the Shapiro-Wilk test. When there was no normal distribution, the data were expressed
as medians with interquartile ranges. All data were statistically analyzed using two-way analysis
of variance (ANOVA) followed by Bonferroni's multiple comparison test between groups and
sites using GraphPad Prism Version 8 (GraphPad Software Inc., USA). Significance was set at

p <0.05. The intra- (intraclass correlation coefficients; ICC 1.2) and inter-observer correlation
coefficients (ICC 2.2) for the shear elastic modulus of the multifidus muscle were statistically
analyzed using IBM SPSS Statistics 20.0 (IBM SPSS Statistics Server; IBM Japan, Ltd., Japan).

https://doi.org/10.4142/jvs.2021.22.e3 5/13
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Fig. 3. Ultrasound shear wave elastography on the sagittal image of the 4th lumbar multifidus muscle. A 10-mm?
ROl was set at the belly of the multifidus muscle. The hardness of the muscle in the ROI is shown in the color-
coded area of the upper image, and the propagation of transient shear waves is shown in the bottom image.

ROI, region of interest.

RESULTS

The radiographic and MRI examinations showed no abnormal findings in the vertebra, soft
tissues around the vertebra or the spinal cord. Muscle length, muscle CSA and muscle to
fat ratio results are summarized in Table 1. The length and CSA of the multifidus muscle

Table 1. Muscle length, CSA and muscle to fat ratio of the multifidus muscle

Site

Young group (n = 5)

Adult group (n =7)

Muscle length (cm)
T13
L1

2.94 (2.89-3.18)
3.93 (3.92-3.56)*

3.12 (3.06-3.25)
3.44 (3.34-3.55)

L2 3.36 (3.09-3.66) 3.81(3.66-3.96)"
L3 3.57 (3.53-3.95)" 3.89 (3.72-4.12)"
L4 3.67 (3.48-4.14) 414 (3.95-4.31)*"

Muscle CSA (mm?)
T3
L1

98.8 (27.7-36.5)
40.0 (37.3-48.3)°

38.6 (24.8-45.7)
33.5 (27.7-44.4)

L2 64.0 (56.6-83.8)*" 57.4 (46.9-75.8)*"

L3 103.5 (89.7-125.2)b< 105.4 (90.0-114.6)b<

L4 140.8 (134.8-150.0)"4 127.2 (107.9-142.9)0-c4
Muscle to fat ratio

T3 0.367 (0.343-0.409) 0.403 (0.323-0.479)

L1 0.378 (0.367-0.431) 0.449 (0.333-0.474)

L2 0.409 (0.379-0.423) 0.387 (0.350-0.470)

L3 0.365 (0.348-0.393) 0.405 (0.304-0.445)

L4 0.364 (0.350-0.402) 0.432 (0.257-0.459)

Data are expressed as medians (interquartile ranges).

CSA, cross-sectional area.

aSignificant difference from T13 in the same group (p < 0.05); ®Significant difference from L1 in the same group (p
< 0.05). Significant difference from L2 in the same group (p < 0.05). “Significant difference from L3 in the same
group (p < 0.05).
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Fig. 4. Stacked bar graph of IVDD grades. (A) In the young group. (B) In the adult group. Data are expressed as medians.
IVDD, intervertebral disk degeneration.

https://vetsci.org

increased more caudally than it did cranially within the same group and in both young and
adult groups. There were no significant differences between the 2 groups. There were no
significant differences in muscle to fat ratio, within or between groups.

IVDD grades are shown in Fig. 4. In the young group, grade 4 IVDD was observed at just one
site (4% of the total). In the adult group, grade 4 IVDD was observed at all sites (20% of the
total). However, there were no significant differences within or between groups.

SWE examinations

The bilateral iliac wing and 6th lumbar spinous process were palpated in all dogs. In 2 dogs
with BCS 4 (one from each of the young and adult groups) it was difficult to palpate the
spinous process and articular joint. Obese dogs had more subcutaneous fat, but this did not
affect visualization of the multifidus muscle. There were no abnormalities of the multifidus
muscle and the transducer could easily be oriented parallel to the muscle fibers. The multifidus
muscles at cranial sites were short and small, therefore practice was needed to visualize the
muscle fibers, and setting the ROI was limited. In contrast, the longer muscle and increased
CSA at caudal multifidus muscle sites made setting the ROI at the muscle belly relatively easy.

The shear elastic modulus results are summarized in Table 2. In the young group, the shear
elastic modulus of the multifidus muscle at T13 was lower than that at L3 (p = 0.042). There
were no differences in the shear elastic modulus within the adult group, but it was lower at
L1 and L3 compared with the values at the same sites in the young group (p=0.048 and p =
0.011, respectively).

The intra- and inter-observer agreement for the shear elastic modulus of the multifidus
muscle at all sites was substantial and almost perfect, respectively [30] (Table 3).

Table 2. Shear elastic modulus in multifidus muscles (kPa)

Site Young group (n = 5) Adult group (n=7)
T3 91.3 (20.2-22.8)? 19.2 (16.0-24.3)
L1 29.0 (20.3-29.7) 16.4 (13.9-19.6)°
L2 929.7 (20.5-25.5) 17.6 (14.9-20.5)
L3 26.8 (23.7-29.6) 16.5 (15.8-20.0)°
L4 24.9 (20.5-30.2) 19.0 (16.0-21.5)

Data are expressed as medians (interquartile ranges).
aSignificant difference from L3 in the same group (p < 0.05). *Significant difference from that of young group at the
same site (p < 0.05).
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Table 3. Inter- and intra-observer agreement for the shear elastic modulus

Site Intra-observer correlation coefficient, ICC (1.2)  Inter-observer correlation coefficient, ICC (2.2)
Total 0.62 0.82
Left
T13 0.67 0.52
L1 0.64 0.86
L2 0.94 0.54
L3 0.39 0.72
L4 0.38 0.92
Right
T13 0.90 0.72
L1 0.73 0.90
L2 0.83 0.91
L3 0.60 0.89
L4 0.44 0.80

ICC, intraclass correlation coefficients.
DISCUSSION

The muscle shear elastic modulus of the lumbar multifidus muscle decreased in adult dogs
(aged 4.9 + 1.2 years) compared with the value seen in young dogs (aged 1.3 + 0.6 years). This
suggests that the shear elastic modulus of the multifidus muscle decreases with age. There
were no significant differences in muscle length, muscle CSA, IVDD grade or muscle to fat
ratio between the 2 groups. In both groups, the length and CSA of the multifidus muscle were
increased at the caudal lumbar region compared with these values at the thoracic region,
indicating the multifidus muscles were longer and thicker in this region. These results were
similar to a previous report in dogs [31].

IVDH typically occurs around the age of 3 to 6 in chondrodystrophic dog breeds [4], although
it has been reported in dogs as young as 2 years [32]. Therefore, in this study the dogs

were divided into a young group aged not exceeding 2 years and an adult group aged more
than 2 years. Assessment of shear elastic moduli was performed by 2 researchers who were
experienced at interpreting SWE. Intra-observer agreement for the shear elastic modulus

of the multifidus muscle at each site was almost perfect, except at L3 and L4, where there
was fair to moderate agreement. In the thoracic region, the multifidus muscles were short
and small, so the setting of the ROI was limited. By contrast, at L3 and L4, the multifidus
muscles were longer and larger compared with their size in the thoracic region. The setting
of the ROI was easy but could lead to incongruent positioning of the ROI The interobserver
agreement for the shear elastic modulus of the muscle was substantial to almost perfect

at each site, except the left side of T13 and L2, which both showed moderate agreement.
When taking measurements, the sonographer's wrist was held without an angle. However,
when measuring the left side of the muscle at T13 and L2, where the muscles were small and
the area for positioning the transducer was limited, differences in wrist angles, estimated

at between 15° and 35°, between the sonographers might have occurred and could have
influenced interobserver agreement. Further studies into setting the ROI at L3 and L4 and
developing methods to obtain reproducible measurements at T13 and L2 are needed.

Muscle stiffness is reduced by muscle oedema, atrophy [33] and fat infiltration [24], and
increased when collagen concentration and cross-linking increases [34,35]. Muscle stiffness
also increases in patients with Duchenne muscular dystrophy [36]. Stretching exercises can
reduce muscle stiffness [37-39].

https://doi.org/10.4142/jvs.2021.22.e3 8/13
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In the young group, the shear elastic modulus of the multifidus muscles at T13 was lower than that
at L3. Although the muscle length and CSA of the multifidus muscle were significantly different
between T13 and L3, studies in humans showed no significant correlations between muscle mass
and muscle stiffness [33,40,41]. In this study, the elastic shear modulus of the multifidus muscle
also showed no change in relation to changes in muscle length or CSA of the multifidus muscle in
the adult group. Therefore, any differences in the length and CSA of the multifidus muscle might
not be caused by differences in its shear elastic modulus. There are regional functional variations
in multifidus muscles along the trunk [3]. During trotting in dogs, the motion of sagittal trunk
movement is seen at the mid-trunk of the epaxial muscle [42]. Therefore, the multifidus muscle
at T13 may be stretched during trotting. Muscle stiffness decreases with stretching [37-39], so we
assumed the stretching effect might be the reason why the shear elastic modulus of the multifidus
muscle at T13 was decreased compared with that of L3.

In the adult group, there was no significant difference in the shear elastic modulus of the
multifidus muscles among the five measurement sites. However, the shear elastic modulus

at L1 and L3 of the multifidus muscle in the adult group was lower compared with that in the
young group. Beagle dogs are a chondrodystrophic breed, in which IVDD develops from 2

to 9 months of age [4]. The grade of IVDD increased with the increasing age of the dog [28].
IVDD was observed in both groups. The percentage was similar to previously reported results

in chondrodystrophic dogs, most of which had no IVDD-related problems [43]. In the present
study, no bulging, protrusion, or extrusion of the disc was observed by MRI in any of the dogs
with grade 4 IVDD, and there were no clinical signs. No associations between the grade of IVDD
and clinical signs in dogs have been reported [43]. Clinical signs such as back pain would not be
observed unless there was compression of the anulus fibrosus, which is capable of nociception
[44], or the discs were herniated [45]. The multifidus muscle at L1 and L3 may be influenced

by the condition of the T13-L1 and L2-L3 intervertebral disks, respectively [14]. However,

there was no difference in IVDD grades between the young and adult groups. Therefore, our
hypothesis was rejected and we considered that the shear elastic modulus of the multifidus
muscle would not change as a result of IVDD alone. As seen at T13 in the young group, the
multifidus muscle at L1 and L3 could be stretched by spinal motion; however, we could not
explain why there were segmental differences or why the shear elastic modulus of the multifidus
muscle decreased in adult dogs. Further study is needed to confirm the reasons for this.

Sex hormones have been shown to influence the structure of skeletal muscle, predisposition
to fat and viscoelastic properties in humans [46-48]. They can also change the shear elastic
modulus of muscle. In asymptomatic human adult volunteers aged between 20 and 40 years,
the fat fraction in the lumbar multifidus muscle in women was higher than that in men [49].
The shear elastic modulus of the lumbar multifidus muscle in females was lower than that in
males [25,50]. There have been few reports showing the relationship between sex hormones
and skeletal muscle in dogs [51]. Hence, we did not compare sex differences in this study.
Although differences in fat infiltration of muscle due to differences in sex hormones have not
been reported, there have been reports that surgically neutered dogs showed an increased
risk of obesity [52] and that subcutaneous fat levels were increased in neutered male dogs
[53]. Additional studies are therefore necessary to evaluate the relationship between sex
hormones and muscle structure and the shear elastic modulus in the multifidus muscle.

Other limitations of the present study include the small number of measurements and the

lack of an older age group. The shear elastic modulus can be changed by stretching, so we
should investigate performing dynamic evaluation of the shear elastic modulus of multifidus
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muscle. Furthermore, the influence of joint function is an important factor in muscle
stiffness. We should also consider a method for measuring the shear elastic modulus of the
multifidus muscle with better reproducibility. Such future studies should help clarify the
mechanism of change in the shear elastic modulus and the segmental difference seen in
older dogs. In future, we plan to collect data about SWE in dogs with neurological disease to
evaluate multifidus muscle function using SWE.

In conclusion, the present research showed that ultrasound SWE can be used to evaluate

the shear elastic modulus of the thoracolumbar multifidus muscle in dogs. The shear elastic
modulus of the multifidus muscles was lower in adult dogs compared with the value in young
dogs. If the stiffness of the multifidus muscle decreases, we should consider age-related changes.
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