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Purpose: To analyze the utility of sonoelastography—a radiation-free procedure to characterize muscle
properties—as an instrument to qualitatively and quantitatively assess the rectus femoris muscle.

Materials and Methods.: Fifty-one consecutive patients who underwent a pelvic computed tomography (CT)
exam were enrolled prospectively. The final analysis was conducted using data from 39 patients after 12 were
removed due to exclusion criteria (muscle strength could not be measured due to poor cognition [n=11]; too
young [n=1]). The potentid correlation between average Hounsfield unit (HFU) at the rectus femoris muscle
(measured by CT) and muscle quality grade (determined by sonoelastography) was assessed along with a
retrospective analysis of the relationship between hand grip strength, knee extensor power, history of intensive
care unit stay, length of hospital day and sonoelastographic grade.

Results There was a significant correlation between sonoelastographic grade and the average HFU (P<0.001).
Furthermore, hand grip strength (P<0.001) and knee extensor power (P<0.001) decreased significantly as the
sonoelastographic grade increased. The likelihood of an intensve care unit stay and prevaence of low skeleta
mass increased significantly with an increase in sonoelastography grade (P=0.037, P<0.001, respectively). The
sengitivity, specificity, and accuracy of sonoelastographic images for predicting low skeletd mass were 77.3%,
100%, and 87.5%, respectively.

Conclusion: Sonodlastography advantages, including the lack of radiation and greater accessibility, may make it

avaluable dternative to quditatively and quantitatively identify sarcopeniaand low skeletal mass.
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INTRODUCTION

Sarcopenia has been of recent interest to various medical
speciaty departments. While originally defined (until as
recently as 1989) as the progressive reduction of muscle
mass in elderly people®, subsequent definitions also
incorporate functiond criteria¢®. Sarcopeniaisincreasingly
recognized as an important independent risk factor for
numerous adverse outcomes*®; a particular focus has been
paid to poorer surgical outcomes (e.g., higher mortality,
longer hospital stays) for patients with sarcopenia compared
with those without sarcopenia’.

Although most skeletal muscle disorders are managed
by the orthopedic surgery department, orthopedic surgeons
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demongrated a reduced interest in sarcopenia®. Furthermore,
there is no consensus about the diagnostic methods for
sarcopenia®. While dual energy x-ray absorptiometry
(DEXA) is extensively used for diagnosing sarcopenia,
it is associated with a radiation hazard?. Ultrasonography
(US) may be an appropriate radiation-free substitute for
asessing low skeletal mass and is generally more accessible
and cheaper than magnetic resonance imaging (MRI).

Measuring muscle thickness or cross-sectional areausing
US can be useful to evaluate muscle quantity**9, however,
assessing muscle quality by echo intensity is not easy®.
Sonoelastography is arecently developed US-based functional
anatomical imaging technique which can be used to evaluate
the elasticity and composition of soft tissues'®*”.

The authors hypothesize that sonoelastographic findings
will correlate to computed tomography (CT) findings in
terms of muscle quantity and muscle quality; if this
hypothesisis supported, sonod astography may be avauable
radiation-free method to identify sarcopenia by assessing
low skeletal mass.

MATERIALS AND METHODS
1. Patient Selection

Following approval by the Institutional Review Board
(IRB) of the Dankook University College of Medicine (IRB
No. 2017-09-016), 51 consecutive patients who underwent
hip surgery for fracture or disease between May 2017 and
December 2017 were prospectively enrolled. Twelve patients
were removed from the analysis due to exclusion criteria
(muscle strength could not be assessed due to poor cognition
such as dementia[n=11] and too young [n=1]); the remaining
39 patients underwent pelvis CT exams and were anadyzed.
The mean age of the 39 included patients (23 females and
16 males) was 72.9 years (range: 60-95 years). Diagnoses
included femora intertrochanteric fractures (n=20), femoral
neck fractures (n=12), and other (i.e., avascular necrosis
of femoral head or hip dysplasia, post-traumatic arthritis;
n=7).

2. Sonoelastography Techniques and Analysis

Sonodastography studies were performed using a Semens
Acuson S2000 US system (Mochida Siemens Medical
System, Tokyo, Japan) with a 12 MHz 5.6 cm linear
transducer array. Sonoelastography was also evaluated
before surgery as in CT studies. Patients were placed in
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a supine position on an examination table with both hips
in the neutra position and relaxed. The rectus femoris muscle
of the uninjured limb was used as the representetive quadricep
muscle to alow for the whole muscle to be captured on a
single image. The cross-sectional area and average
Hounsfield unit (HFU) calculations of the rectus femoris
muscle were measured similarly to de Bruin et a.*®. The
transducer was placed on the superior aspect of the thigh
three-fifths of the interval from the anterior superior iliac
Fpine to the superior patdlar border and placed perpendicularly
to the long axis of the thigh. Thiswas the highest point in
the thigh that the entire rectus femoris muscle cross-section
could be visualized in asingle field in all subjects. Other
muscles of the quadriceps femoris muscle group could not
be encompassed in this manner. Excess contact gel was
covered to minimize underlying soft tissue distortion. Minimd

pressure was applied to provide an adequate view while
minimizing muscle compression. Oblique images were
minimized by placing the transducer perpendicular to the
muscle and ensuring minimal cross-sectional area on the
image. Scanning depth was set to where the femur could be
discerned for orientation. Gentle contraction-relaxation
maneuvers were applied to delineate muscle septa prior to
the image acquisition. The cross-sectional area of the rectus
femoris muscle was cd culated using a planimetric technique
after theinner echogenic line of the rectus femoris muscle
was outlined by amovable cursor on afrozen image and the
average was taken of three consecutive measurements'.
To adjust for the size of the individual, the cross-sectiona

area of the rectus femoris muscle was standardized to height
squared. Tissue dadticity distribution was calculated in real

time (up to 30 frames/sec) and the results were represented
with color images over the conventional B-mode image using
the following standardized settings®. To minimize differences
in applied pressure, aqudity factor indicator on the ultrasonic
apparatus monitor for degree of compression was used; 65
was consdered standard®. Three sonoel astography images
with aqudity factor of 65 were acquired and used to generate
a mean. Sonoelastography images were composed of a
256-degree color map which was configured such that
the soft tissue was shown in red and hard tissue in blue.

Sonod astography was performed by two investigators who
were unaware of the patients’ clinical information and CT
findings during their evauation.

Sonoel astographic images were evaluated according to
the following standards: grade 0 (absolute dominant blue
region with only afew focal red regions), grade 1 (relative
dominant blue region; >1/2 of desired region), and grade
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2 (non-dominant blue region; <1/2 of desired region) by two blinded observers using the picture archiving and
(Fig. 1)*. Sonoelastographic images were also analyzed ~ communication system (PACS) (PACS-ViewRex3; Techheim,
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Fig. 1. Conventional ultrasonographic (US] images of the rectus femoris muscle and sonoelastographic images using frozen
US images. (A) The blue region is dominant and thus classified as grade 0. (B) When The blue region is relatively dominant
(i.e., involved more than half of the muscle), it is classified as grade 1. (C) When the area occupied by the blue region is less
than half, it is classified as grade 2.

RF: rectus femoris, VL: vastus lateralis, VI: vastus intermedius.
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Seoul, Korea) measurement software; the mean value of
these two observers was utilized as the final value.

3. Computed Tomography Techniques and Analysis

CT studies were performed immediately after admission
using an Ingenuity CT system (Philips Hedlthcare, Cleveland,
OH, USA). Patients were examined in the supine position
with both hips in the neutral position and relaxed. Sagittal,
corond, and axia images were obtained with adice thickness
of 2.5 mm with no inter-dice gap, and axia images included
the whole range of femur. The mean HFU and cross-sectiond
area of the rectus femoris were measured in the CT axial
view of the uninjured limb at three-fifths of the interval from
the anterior superior iliac spineto the superior patdlar border
as previoudy described® (Fig. 2). CT images were analyzed
by two blinded observers using the PACS measurement
software and the mean value of two observers was used
asthefinal value.

4. Muscle Function Analysis

Hand grip strength was determined using a handheld
dynamometer (JAMAR,; Patterson Medical, Warrenville,
IL, USA) and the standardized protocol from the American
Society of Hand Therapists. Hand grip power was measured
at 2 weeks postoperatively. Subjects were seated with
shoulder adduction and rotation neutrally, elbow flexion
at 90°, forearm in neutral and wrist between 0 and 30° of

dorsiflexion®. Three consecutive measurements of each
grip and hand after completing one test trial were obtained.
Ingtructions were given to the volunteers asfollows. “ squeeze
the handle as hard as possible.” After a maximal squeeze
for asecond, the peek value was registered. No encouragement
was given during the measurements®. The mean value of
three consecutive measurements was used asthefinal vaue.
Knee extensor power also was measured utilizing a
handheld dynamometer (JAMAR; Patterson Medical) as
previously described®. Knee extensor power was also
measured at 2 weeks postoperatively when surgery site
pain was improved and did not affect the contrdaterd side.
Subjects were seated and their positions stabilized by
holding on to the seat of the chair. Knees were positioned
a aresting angle of 90° and the dynamometer was placed
just above the ankle against the shin. Three consecutive
measurements, after completing one test trid, were obtained.
Ingtructions were given to the volunteers as follows: “extend
the knee as hard as possible.” After amaximal squeeze for
one second, the pesk vaue was registered. No encouragement
was given during the measurements. The mean value of three
consecutive measurements was used as the final value.

5. Definition of Sarcopenia

The Asian Working Group for Sarcopenia (AWGS)
recommendations were used to diagnose sarcopenia®
including the presence of low handgrip strength, low muscle
mass and low physical performance. Other suggestions

Fig. 2. Cross-sectional area of rectus femoris muscle was taken at three-fifths of the interval from the anterior superior iliac
spine to the superior patellar border. By outlining the rectus femoris muscle using computed tomography images, average
Hounsfield unit calculations and cross-sectional area of the rectus femoris was obtained.
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from the AWGS included: (i) definitions for low handgrip
strength of <26 kg and <18 kg for men and women,
respectively and (ii) using height-adjusted skeletal muscle
mass with cutoff values of 7.0 kg/m? and 5.4 kg/m? for men
and women, repectively, defined by the appendicular skeleta
muscle massheight?. Totd skeletd muscle mass waas estimated
using thefollowing formulas: 0.639x sum of upper mid-thigh
muscle thickness x height—2.972 (for men) and 0.532 x sum
of upper mid-thigh muscle thickness x height—2.638 (for
women) according to the approach outlined by Sanada et
a.®. The assumed skeletal mass cal culations were deemed
inadequate by the AWGS recommendations, therefore we
used it only when assessing low skeletal mass.

6. Statistical Analysis

IBM SPSS ver. 24.0 (IBM Corp., Armonk, NY, USA)
software was used for statistical analyses. Spearman’s
correlation coefficient was used to estimate any correlation
between sonoelastography and CT images. Analysis of
variance (ANOVA) was used to assess the relationship
between the grade of sonoelastography and the average
HFU and to compare grip strength, knee extensor strength
and length of hospital stay. Fisher’s exact test was used to
assess the relationship between sonoelastography grade
and intensive care unit stay as well aslow skeletal mass.
Age adjustments were made using the analysis of covariance
(ANCOVA) test. Diagnostic accuracy for low skeletal mass,
including sensitivity and specificity of sonoelastographic
images, was also analyzed. P-values less than 0.05 were

HFU
&

considered statistically significant.

Intraobserver reliabilities in the measured parameters (e.g.,
sonoel astography interpretations) were assessed using
the welghted Kappa coefficients method and the following
scale 0.00 (poor), 0.00-0.20 (dight), 0.21-0.40 (fair), 0.41-
0.60 (moderate), 0.61-0.80 (substantial) and greater than
0.80 (almost perfect agreement).

RESULTS

Asshownin Hg. 3, therewasasignificant negative corrdation
(P<0.001) between mean HFU and sonoelastographic grade:
57.2 (grade 0), 49.8 (grade 1), and 39.4 (grade 2). The mean
cross-sectional area of rectus femoris as determined using
CT and sonodlastogrphy was 572.32 mn? and 540.27 mim?,
respectively; there was a significant positive correlation
between these two modalities (P<0.001) (Fig. 4).

There were fewer sonodastographic grade 0 cases compared
with grades 1 and 2 (grade O [n=5]; grade 1 [n=17]; grade
2 [n=17]). As shown in Fig. 5, the mean grip strengths of
the groups varied significantly (grade 0 [48.26 kgf]; grade
1 [30.63 kgf]; grade 2 [13.11 kgf]; P<0.001). When
adjudting for age as a covariate, these differences were dso
significant (P<0.001). As also shown in Fig. 5, the mean
knee extensor powers of the groups were aso significantly
different (grade 0 [17.93 kgf]; grade 1 [13.04 kdf]; grade 2
[8.22 kgf]; P<0.001); these differences were dso significant
when adjusting for age as a covariate (P<0.001).

There was a significant difference between the grade of
sonoelastography images and occurrence of a postoperative
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Fig. 3. Positive correlation between sonoelastographic grade and average Hounsfield unit (HFU] calculation.
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Fig. 5. Significant differences in grip power and knee extensor power based on sonoelastography grade.
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intensive care unit (ICU) stay (P=0.037)—five patients were
admitted to the ICU stay and all had sonoelastophaphic
grade 2 classfications. When adjusting for age as acovariae,
this difference was a so significant (P=0.028).

No patients with sonoe astographic grade 0 were diagnosed
with low skeletal mass, compared with 5 and 17 in the grade
1 and grade 2 groups, respectively (Fig. 6). These intergroup
differences were significant (P<0.001), and valid when
taking age into account as a covariate (P<0.001).

The sengtivity and specificity of sonoelastography images
for diagnosing low skeletal mass was 77.3% and 100%,
respectively. The positive and negative predictive value of
the sonoelastography images was 100% and 78.3%,
respectively, and their accuracy was 87.5%.

Intraobserver agreement for sonodastography interpretation
demonstrated reproducibility and reliability; interobserver
agreements were 0.74.

DISCUSSION

When evauating for muscle quantity, sonoelastographic
images displayed an excelent corrdation with CT scanswhich
measure the cross-sectional area of the rectus femoris
muscle. Interestingly, muscle quantity as determined
using sonoelastography tended to be under-estimated, an
observation which may be explained by: (i) the level of
compression applied during the examination despite the
control efforts or (i) insufficient relaxation of some patients
and the resultant rectus femoris muscle contraction. In some

18
16

14

Cases

E= (o)] o]

no

Grade 0

M Non-low skeletal mass

12
| I
0 l I

Grade 1

cases, the rectus femoris muscle could not be captured in
asngleimage. Accordingly, multiple images were captured
and then joined together for measuring; this approach,
although supported by the literature, could lead to errors.
Abe et d.? demondtrated that total skeletal muscle estimated
using sonography is strongly correlated with both MRI
and DEXA. Similarly, Noorkoiv et a.? reported that US
was avalid and reliable technique for the cross-sectional
area assessment of the quadriceps femoris muscle at mid-
thigh compared to CT.

Sonoelastographic imaging has aso been shown to be a
good tool for evauaing muscle qudlity; grip srength and knee
extensor power significantly decreased as sonoel astographic
grades increased. Furthermore, the grade of sonod astographic
images was shown to be effective at describing muscle
function, even when excluding the impact of age. Moreover,
the chance of a postoperative ICU stay increased when the
rectus femoris muscle of patients had a sonoelastographic
grade of 2, even when excluding the impact of age.

The European Working Group on Sarcopeniain Older
People (EWGSOP) suggested a definition of sarcopenia
and diagnostic algorithms in 2010; these have become
the most widdly used in the world?. The EWGSOP definition
required measurements of three main categories for the
diagnoss of sarcopenia: (i) muscle mass, (ii) muscle srength,
and (iii) physical performance. These recommendations
are compatible with current perspectives on sarcopenia.
AWGS took similar approaches for the diagnosis of
sarcopenia, but they developed an Asian consensus based

Grade 2

B Low skeletal mass

Fig. 6. Frequency of non-sarcopenia and sarcopenia by sonoelastography grade.

138

www.hipandpelvis.or.kr



Hip & Pelvis

Ki-Choul Kim et al. Assessing Low Skeletal Mass in Patients Undergoing Hip Surgery

on Asian-specific date®. However, the feasibility of applying
these recommended diagnostic dgorithmsis limited because
of their complexity. Hence, Ishii et ad.® developed a screening
test for sarcopeniain older adults. The probability of sarcopenia
was estimated with a score chart calculated by age, grip
srength and calf circumference. They reported that sensitivity
and specificity for diagnosing sarcopenia was 84.9% and
88.2% for men, 75.5% and 92.0% for women, respectively.

Sonodagtography isauseful tool to smultaneoudy evauate
muscle quantity and quality without radiation exposure.
Additionally, sonoelastography is ardatively smple and
rapid (roughly 5 minutes) procedure with broad accessibility.
Although conventional B-mode US also facilitates an
evaluation of muscle quality in accordance with its echo
intensity, it is chalenging to interpret®. Several studies
suggested that manifestations of sarcopeniafirst appear in
the quadriceps femoris muscle before whole body sarcopenia
can be diagnosed®*+*, and they support the strength of
sonoel astography for evaluating sarcopenia.

Peng et d.® reported thet in patients undergoing hepatectomy
or lobectomy for colorectal liver metastasis, those with
sarcopeniawere a an increased risk of: (i) major postoperdive
complications, (ii) longer hospital stays, and (iii) chance
of ICU stay. Kim et a.* suggested that sarcopenia was
associated with poor prognosis, including higher mortality
risk in patients with liver cirrhosis, regardliess of which of
the assessment methods for diagnosing sarcopenia were
used. Moreover Kim et al.* found that Asian populations
had higher sarcopenia-related mortality rates compared
to Western populations. Bokshan et a.* noted that patients
with sarcopenia had increased in-hospital complication
risk, longer hospital stays, and increased mortality following
thoracolumbar pinal surgery. As described above, sarcopenia
is strongly associated with poorer postoperative outcomes.
Here, a relationship between the chance of ICU stay
postoperatively and sonoelastographic images was
identified. Furthermore, since sonoelastographic images
alone could support a diagnosis of sarcopenia, the authors
suggest that they may aso be a valuable prognostic tool.

Sonoelastography techniques have been proven viable
for the diagnosis of cancers in the breast, thyroid, and
prostate®*" and are widely used in the management of
musculoskeletal disorders®, such as tendon disorders (e.g.,
Achilles tendinopathy, lateral epicondylitis, rotator cuff
tendinopathy)***>. Sonoelastography could also be crucia
in detecting subtle changes that occur early in the course
of muscle disorders® considering that earlier detection
may improve functional prognosis. Therefore, if earlier
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diagnogis of sarcopeniacould be supported by sonodastogrgphy
techniques, it may lead to an overall improvement of the
general health of a patient.

This study has the following limitations. First,
sonoelastography relies greatly on operator expertise (e.g.,
application of consistent probe compression, identification
of imaging artifacts). To address this potential limitation:
(i) sonoelastographic images were interpreted by two
blinded observers with the mean of their assessments used
asthefinal value and (ii) a quality monitoring factor was
used to control for a consistent degree of pressure on the
probe when capturing images. Second, the number of
participantsin this study was relatively small and selection
bias might have arisen. Third, our study did not correspond
to definition of the sarcopenia. We could not evauate the
patients' physical performance, which is one of three main
categories to diagnose sarcopenia because they were not
hard to ambulate. Therefore, we suggest that sonod astography
could be a useful tool to identify sarcopenia by capturing
the presence of low skeletal mass. Furthermore, DEXA,
which is most widely used to diagnose sarcopenia was not
used to assess this study. It is also important to note that
there is lack of consensus regarding the definition and
diagnosis of sarcopenia using sonoelastography. Fourth,
the power of knee extension might be underestimated
because of the duration of bed rest. Lagtly, despite literature
suggesting that sarcopenia affects mortality, the mortality
rate could not be estimated here since no patients died.

CONCLUSION

Sonoelastography isasimple, rapid, easily interpreted,
accessible, and radiation-free procedure and may be a
valuable dternative to identification of sarcopenia through
a qualitative and quantitative assessment of low skeletal
mass.
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