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Evaluation and Surveillance of Lateral Elbow Tendinopathy
in Manual Workers: Identifying Elbows at Risk

Chih-Chien Hung', Hsin-Shui Chen?, Chih-Hao Chang?, Ming-Wei Wang*, Kun-Lin Hung®, Hsing-Kuo Wang***

'Department of Orthopedics, National Taiwan University Hospital Yunlin Branch, Douliu, Taiwan, *Department of Physical Medicine and Rehabilitation,
National Taiwan University Hospital Yunlin Branch, Douliu, Taiwan, 3Department of Orthopedics, National Taiwan University Hospital, Taipei, Taiwan,
4School and Graduate Institute of Physical Therapy, College of Medicine, National Taiwan University, Taipei, Taiwan, SCenter of Physical Therapy,
National Taiwan University Hospital, Taipei, Taiwan

Background: Manual workers are at risk of developing lateral elbow tendinopathy (LET). We aimed to validate the hypothesis that asymptomatic
elbows of manual workers with LET are more likely to have positive physical examination results and morpho-mechanical changes on elbow
ultrasonography compared to healthy individuals. Methods: This cross-sectional case—control study included 30 manual workers with unilateral
LET (LET group) and 30 age- and sex-matched healthy volunteers (control group). Demographic data collection and functional evaluation
were performed using the Disabilities of the Arm, Shoulder, and Hand; Patient-Rated Tennis Elbow Evaluation; and European Quality of Life
Five-Dimensions questionnaires. Physical examination of the elbows and evaluation of the common extensor tendon (CET) with B-mode
morphology ultrasonography and Young’s modulus elastography were performed. The LET-unaffected and LET-affected elbows in the LET
group were compared with the elbows in the control group. Results: The LET-unaffected elbows in the LET group had a higher prevalence of
positive chair test results and focal hypoechoic change and microcalcification on ultrasonography than those in the control group (P < 0.05,
0.005, and 0.05, respectively). In addition, LET-affected elbows showed higher focal hypoechoic change, microcalcification, erosive cortex,
and neovascularity than elbows in the control group (P < 0.001, 0.001, 0.005, and 0.001, respectively). The unaffected and affected elbows
showed greater CET thickness than those in the control group (P < 0.05 and 0.005). Conclusion: The unaffected elbows of manual workers
with unilateral LET should be considered at risk of LET. We proposed a risk assessment and surveillance protocol based on chair test results
and abnormal ultrasonographic findings.
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INTRODUCTION Without appropriate rest, tendon healing is impaired,
resulting in altered intratendinous characteristics, including
asymptomatic calcification and scarring, as well as clinical
symptoms and signs of LET.® The functional status and
ultrasonographic findings of the affected and unaffected
elbows of manual workers with unilateral LET are expected
to be different from those of the general population. Hence,
a comprehensive understanding regarding differences

Lateral elbow tendinopathy (LET), a common work-related
musculoskeletal disorder (WRMSD), can lead to significant
impairment, persistent pain, poor prognoses, and reduced
productivity among manual workers.!"! Its prevalence in
manual workers is approximately 21%, much higher than
the 1%-3% observed in the general population.>¥ Manual
workers are particularly at risk of bilateral LET due to
occupational risk factors such as strenuous work, manual
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in (i) tendon characteristics between manual workers’ elbows
and those of the general population and (ii) the affected
and unaffected elbows among manual workers with LET
is important to improve occupational health management
practices, such as screening.

LET is diagnosed based on the clinical presentation of lateral
elbow pain, with confirmation through physical examination,
including palpation of the lateral elbow epicondyle and
Cozen’s and Maudsley’s tests.”) In addition, imaging
modalities are beneficial as adjunct diagnostic tools for LET,
and ultrasonography is the preferred technique according to
the consensus recommendation of the European Society of
Musculoskeletal Radiology.''” Typical findings of LET on
B-mode ultrasonography include focal hypoechoic changes
in the deep layer of the CET, focal cortical irregularities in
the lateral humeral epicondyle, calcified lesions, hyperechoic
changes, and a partial tear within the CET.I'"'?l Shear wave
elastography has recently been used to estimate the mechanical
properties of soft tissues in the region of interest (ROI). In
addition, it provides supporting evidence for LET diagnoses.
The CET in patients with lateral elbow epicondylitis reportedly
showed decreased shear wave speed and Young’s modulus
compared with that of healthy volunteers.['314]

Highly sensitive physical and ultrasonographic examinations
have been used as diagnostic and screening tools in athletes
at risk of shoulder or knee injuries!™>'®! and may also be useful
for developing programs to screen manual workers for LET
risk. We believe that asymptomatic elbows of manual workers
with unilateral LET need to be screened; however, studies on
subclinical alterations of tendon tissues in these elbows are
required to support this argument. Furthermore, ultrasonography
of manual workers with chronic LET often reveals CET
thickening, focal hypoechoic changes, and microcalcification,
suggesting that its biomechanical properties may be altered
compared to the CET in elbows of the general population.

Considering that the LET-unaffected elbows of manual workers
are at risk of LET, we hypothesized that asymptomatic and
LET-affected elbows of manual workers with unilateral
LET both have a higher prevalence of positive physical
examination results and morpho-mechanical changes in
elbow ultrasonography than those of healthy individuals.
In addition, both elbows of manual workers with unilateral
LET demonstrate greater Young’s modulus or thickness than
those of the controls. Therefore, this study aimed to evaluate
the functional status, physical examination, and sonographic
findings of the elbows of manual workers with unilateral LET
and to compare them with those of healthy controls.

MareriAL AND METHODS
Study design and participants

This study utilized a cross-sectional case—control design to
compare manual workers with unilateral LET (LET group) and
age- and sex-matched healthy volunteers (control group) with no
history of lateral elbow pain. The study protocol was approved

by the Research Ethics Committee of the (Blinded for Review,
National Taiwan University Hospital) Hospital (approval no.
201910071RINB, approval date: Dec. 3,2019.) and conducted
following the Declaration of Helsinki guidelines.['”

Participants in the LET group were recruited from the
Department of Orthopaedic Surgery and Occupational Medicine
Outpatient Clinic at the (Blinded for Review) Hospital Yun-Lin
branch between January and November 2020. The inclusion
criteria for the LET group were as follows: (i) intermittent
activity-dependent pain in a single elbow around the lateral
epicondyle for >4 months; (ii) positive findings in at least one
of three physical examinations, including palpation of the
lateral elbow epicondyle and Cozen’s and Maudsley’s tests;!!!
and (iii) physical exposure according to the International
SALTSA criterial®® proposed by a joint program for working
life research in Europe to standardize the reporting of upper
limb work-related musculoskeletal disorders (WRMDs) for
repetitive movements (same action more than twice per minute
for >4 h/workday) and/or forceful movements (manipulating
loads >4 kg). Control group participants were recruited from
volunteers and charity workers at the (Blinded for Review)
Hospital Yun-Lin branch and were age- and sex-matched to
the LET group.

Exclusion criteria for the LET and control groups included
patients having (i) pain in both elbows; (ii) any elbow
with a recent (within 3 months) open wound, infection, or
local injection treatment (steroid, glucose, or platelet-rich
plasma); (iii) any elbow with previous trauma (fracture or
dislocation), operation, or malignancy; (iv) any elbow with
osteoarthritis, theumatic arthritis, or gouty arthritis; (v)
neuromuscular disorders with elbow pain or dysfunction
or fibromyalgia syndrome; and (vi) unwillingness to sign
informed consent or join the study. All participants provided
written informed consent before enrollment.

Physical and functional evaluation

Basic data such as age, sex, affected side, and symptom
duration were collected. This study used the Disabilities of
the Arm, Shoulder, and Hand (DASH), Patient-Rated Tennis
Elbow Evaluation (PRTEE), and European Quality of Life
Five-Dimensions 3 Level Version (EQ5D-3 L) questionnaires
for functional evaluation. Physical examinations were
conducted by a physiotherapist who was blinded to the history
of the participants. Pain provocation tests for LET included
palpation of the lateral elbow epicondyle and Cozen’s,
Maudsley’s,”” and chair tests (lifting a chair with the forearm
in a neutral position and elbow extended).!'”’ Handgrip strength
measurements were performed using a calibrated Jamar
Plus + dynamometer (Sammons Preston, Rolyon, Bolingbrook,
IL, USA) at handle position level II. Participants were seated
with their shoulder adducted and neutrally rotated, elbow
flexed at 90°, and forearm and wrist in a neutral position.
Three attempts were made, and the maximum grip strength was
recorded. The affected and unaffected arms in the LET group
and the matched arms of the control group were evaluated
using the same protocol mentioned above.
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Ultrasonography

For the ultrasonographic examination, the participants
were positioned with the affected elbow bent at 90° and
their forearm pronated on an armrest. An SL15-4 linear
transducer (lateral resolution <0.4 mm) was used with the
Aixplorer ultrasound system (SuperSonic Imagine, Aixplorer®,
Aixen-Provence, France). The gain was adjusted to 44%—-46%
in the preset musculoskeletal mode to stabilize the image
quality. A physician with >5 years of experience in ultrasound
examination, blinded to the medical history of the participants,
conducted the ultrasonography. A gripper stabilized the
transducer on the lateral epicondyle, ensuring minimal contact
with the skin surface and preventing measurement bias related
to soft-tissue compression.

The transducer was then adjusted perpendicular to the skin
surface and parallel to the forearm axis, allowing a standard
longitudinal image of the CET to be obtained [Figure 1a and b].
B-mode images were then recorded to evaluate morphological
features, such as CET thickness (plateau measurement),” partial
tear, focal hypoechoic change, microcalcification (defined
as a hyperechoic area >1 mm, with tiny acoustic shadow),
and cortical erosion at the lateral epicondyle. Doppler
ultrasonography was used to evaluate the CET’s vascularity.
The color-flow imaging mode was employed to overlay the
B-mode image in a rectangular ROI that included the CET,
and the presence or absence of vascularity was documented.

SL15-4 1 MSK / Superficial MSK

Figure 1: Participant position during ultrasonography. The transducer was
stabilized using a gripper to be perpendicular with minimal skin contact
and parallel to the forearm axis (a), which allowed the common extensor
tendon to be longitudinally imaged (b)

Shear wave elastography was used to measure the biomechanical
properties of the tendon in standard mode, and the range of
the color scale was set from 0 to 800 kPa. A round ROI with a
3-mm diameter was selected at the tendon site for the plateau
measurement. The transducer was held in place for 10 s during
the elasticity measurement, and the mean Young’s modulus of
the tendon was recorded [Figure 2a and b].

Statistical analysis

Numerical variables are expressed as means and standard
deviations. Comparisons between the LET group (including
affected and unaffected elbows) and the control group were
performed using the Mann—Whitney U-test. Categorical
variables are expressed as counts and percentages. Fisher’s
exact test was used to analyze differences between the affected
and unaffected elbows of the LET group and the elbows of
the control group. All analyses were performed using SPSS
22.0 for Windows (SPSS Inc., Chicago, IL, USA), with the
significance level set at P < 0.05.

ResuLts

Patient characteristics and functional status

The demographic and functional evaluation data of participants
in the LET and control groups are shown in Table 1. The
LET group had 30 participants (males: 13 and females: 17,
mean age: 51.2 years), and 93% had dominant right hands.
The control group also had 30 participants, with a similar

Figure 2: Shear wave elastography of the eloow common extensor tendon.
Young’s modulus measurement with a 3-mm round region of interest at
the plateau thickness measurement site in elbows from the control (a)
and lateral elbow tendinopathy (b) groups
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distribution of males and females (mean age: 51.2 years);
they all had dominant right hands. The symptom duration in
the LET group was 13.9 + 8.0 months. The LET group had
a significantly higher proportion of manual workers (100%)
than the control group (13%; P <0.001). The LET group also
had significantly higher DASH, PRTEE, and lower EQ5D-3 L
scores (29.1+15.4,35.8+17.7,and 67.4 + 18.9, respectively)
than the control group (4.9 +5.9,3.5+ 5.5, and 85.7 £ 19.1,
respectively; P < 0.001).

Physical examination

Table 2 provides the results of physical examinations
conducted on the unaffected, affected, and control elbows.
The positive tenderness rate and Cozen’s and Maudsley’s
test results varied among the unaffected, affected, and control
elbows. Comparisons between the unaffected and control
elbows did not reveal significant differences. Contrastingly,

Table 1: Demographic data and functional evaluation of
the lateral elbow tendonitis and control groups

LET group  Control group P

Age (years) 51.247.5 51.2+£7.4 1.0007
Sex (male/female) 13 (43)/17 (57) 13 (43)/17 (57) 1.0007
Dominant hand (right/left) 28 (93)/2 (7) 30 (100)/0 0.4915%
Affected elbow (right/left) 18 (60)/12 (40) N/A

Duration of symptoms 13.9+£8.0 N/A

Manual work 30 (100) 4(13) <0.001**
DASH score 29.1+15.4 4.9+59 <0.001*#
PRTEE score 35.8+17.7 3.5+5.5 <0.001*#
EQ5D-3L 67.4+18.9 85.7+19.1 <0.001*#

*Statistically significant, 'Fisher’s exact test, ‘Mann—Whitney U-test. Data
are presented as mean+SD or count with percentages in parentheses. LET:
Lateral elbow tendonitis, N/A: Not available, DASH Score: Disabilities
of the Arm, Shoulder, and Hand Score, PRTEE score: Patient-Rated
Tennis Elbow Evaluation Score, EQSD-3L: European Quality of Life 5
Dimensions 3 Level Version, SD: Standard deviation

significant differences were observed between the affected
and control elbows (P < 0.001). For the chair test, 33%,
53%, and 3% of the unaffected, affected, and control elbows,
respectively, tested positive. The prevalence of positive chair
test results was higher for unaffected and affected elbows than
for control elbows (P < 0.01 and P < 0.001, respectively).
Finally, no significant difference in hand grip strength was
observed between the unaffected and control elbows and the
affected and control elbows.

Ultrasonography

The ultrasonographic findings for the affected, unaffected,
and control elbows are shown in Table 3. Significant
differences in the prevalence of focal hypoechoic change
and microcalcification were observed between the unaffected
and control elbows (P < 0.05 and P < 0.05, respectively).
Differences in the prevalence of focal hypoechoic change,
microcalcification, erosive cortex, and neovascularity were
observed between the affected and control elbows (P < 0.001,
P<0.01, P<0.05, and P <0.001, respectively). In addition,
the CET thickness of the unaffected and affected elbows was
greater than that of the controls (P < 0.05 and P < 0.001,
respectively). Finally, CET Young’s modulus of the affected
elbows was significantly higher than that of the control
elbows (P < 0.05).

Discussion

The present study validated the following hypotheses: (i)
unaffected elbows in manual workers with unilateral LET
have a higher prevalence of positive chair test results and
morphological changes in elbow ultrasonography than those of
the controls and (ii) affected elbows of workers with unilateral
LET showed significant differences on physical examination
and ultrasonography, as well as in the mechanical properties of
the CET, compared to those of the controls. Studies have shown

Table 2: Comparison of physical examination results between the unaffected, affected, and control elbows

Parameters Elbow n Counts (%) Comparisons Pt

Tenderness on Unaffected 30 8(27) Unaffected versus control 0.0797

lateral elbow Affected 30 27 (90) Affected versus control <0.001*
Control 30 2(7)

Cozen test (+) Unaffected 30 4(13) Unaffected versus control 0.1124
Affected 30 23 (77) Affected versus control <0.001*
Control 30 0

Maudsley’s Unaffected 30 3(10) Unaffected versus control 0.2373

test (+) Affected 30 19 (63) Affected versus control <0.001*
Control 30 0

Chair test (+) Unaffected 30 10 (33) Unaffected versus control 0.0056*
Affected 30 16 (53) Affected versus control <0.001*
Control 30 1(3)

Parameters Elbow n Mean=SD Comparisons P:

Hand grip Unaffected 30 32,7123 Unaffected versus control 0.536

strength (kg) Affected 30 28.0+13.6 Affected versus control 0.262
Control 30 30.9+10.0

*Statistically significant, fP-values derived using Fisher’s exact test, *P-values derived using the Mann—Whitney U-test. CET: Common extensor tendon,

SD: Standard deviation

50 Journal of Medical Ultrasound | Volume 33 | Issue | | January-March 2025 -




Hung, et al.: Scrutiny of lateral elbow tendinopathy in workers

Table 3: Ultrasonographic findings of the unaffected, affected, and control elbows with comparisons

Parameters Elbow n Counts (%) Comparisons Pt

Partial tear Unaffected 30 2(7) Unaffected versus control 0.4915
Affected 30 4(13) Affected versus control 0.1124
Control 30 0

Focal hypoechoic change Unaffected 30 17 (57) Unaffected versus control 0.0028*
Affected 30 26 (87) Affected versus control <0.001*
Control 30 5(17)

Microcalcification Unaffected 30 13 (43) Unaffected versus control 0.047*
Affected 30 20 (67) Affected versus control 0.0002*
Control 30 5(17)

Erosive cortex Unaffected 30 5(17) Unaffected versus control 0.7065
Affected 30 11 (37) Affected versus control 0.0303*
Control 30 3(10)

Neovascularity Unaffected 30 5(17) Unaffected versus control 0.1945
Affected 30 14 (47) Affected versus control 0.00021%*
Control 30 1(3)

Parameters Elbow n Mean+SD Comparisons P*

CET thickness (mm) Unaffected 30 4.88+0.83 Unaffected versus control 0.015%*
Affected 30 5.31+0.71 Affected versus control <0.001*
Control 30 4.34+0.50

CET Young’s Unaffected 30 369.6+162.8 Unaffected versus control 0.058

modulus (kPa) Affected 30 445.6+174.5 Affected versus control 0.001*
Control 30 269.6+135.8

*Statistically significant, "P-values derived using Fisher’s exact test, P-values derived using Mann—Whitney U-test. CET: Common extensor tendon, SD:

Standard deviation

that the chair test and ultrasonography can be screening tools to
monitor the risk of LET in unaffected elbows of manual workers.

This study discovered that manual workers with unilateral LET
have a higher prevalence of positive chair test results for their
unaffected elbows compared to those of the control group.
Furthermore, the ultrasonography results for the unaffected
elbows of manual workers showed a higher prevalence of
focal hypoechoic changes and microcalcification compared to
the controls. Based on these findings, further risk assessment
and surveillance protocols for unaffected elbows in manual
workers with LET should be considered. The differences
between the LET-unaffected elbows and controls in this study
may suggest the presence of an asymptomatic preclinical stage
of LET. These abnormal ultrasonographic findings indicate a
degenerative progression, reducing their ability to bear weight
and subsequently leading to additional dysfunction.?!! Based
on the concept that positive physical examination results and
abnormal ultrasonographic findings could be used for predicting
tendinopathy in asymptomatic athletes,?>*! the current findings
suggest that the asymptomatic elbows of manual workers should
be considered at risk of LET instead of healthy elbows. Thus,
the authors propose a protocol for risk assessment [Figure 3] to
identify screening for preclinical LET and consummate present
occupational health management. Asymptomatic manual
workers developing LET can expect decreased tolerance for
work or loss of the ability to work, particularly if both elbows
are affected. Hence, the chair test and ultrasound examination
can be used as screening for the preclinical LET stage to prevent
advancement to the clinical stage.

The present study compared the ultrasonographic findings
of manual workers with LET and those of control groups.
It showed that focal hypoechoic change, microcalcification,
erosive cortex, and neovascularity were more prevalent in the
affected elbows than in the controls. These findings correspond
to the ultrasonographic features for LET diagnosis, including
focal hypoechoic change (sensitivity: 35%—100%, specificity:
38%—-100%), microcalcification (sensitivity: 5%—42%,
specificity: 83%—100%), and erosive cortex (sensitivity: 18%—
63%, specificity: 63%—100%).?*! Notably, microcalcification
was detected in up to 67% of manual workers with chronic
LET in the present study, which has never been reported.
Microcalcification has been proposed as a possible indicator
of the LET degenerative stage. Furthermore, poor prognostic
factors for conservative treatment®” have also been reported in
patients with refractory LET who underwent surgery;?* this may
be why manual workers experience poor outcomes. This finding
of a high prevalence of microcalcification is consistent with
the medical history of participants in this study (i.e. symptoms
persisting for >4 months). It may be responsible for the adverse
outcomes experienced by manual workers. Future studies are
recommended to investigate the effects of early shockwave
therapy on the LET to reduce the incidence of calcification.

The prevalence of positive power Doppler and CET thickness
in the affected elbows was, respectively, higher and greater
than those in the controls. Power Doppler, a strong diagnostic
indicator for LET, is related to neovascularity in degenerative
tendinopathy.?”! CET thickness in the affected elbows was
previously found to be significantly greater than that in the
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Unilateral lateral
elbow pain with
diagnosis of LET*

l

The other elbow
without pain

!

Elbow not at risk

A

No hypoechoic lesion or
micro-calcification

A

Possible

———» Chair test

elbow at risk

Ultrasonography of the CET

v

No pain

v

Presence of
pain

A
Presence of
focal hypoechoic change
and micro-calcification

Figure 3: Risk assessment of the asymptomatic elbow in a manual worker with unilateral lateral elbow tendinopathy. *Diagnosis based on SALTSA

criteria. LET: Lateral elbow tendinopathy, CET. Common extensor tendon

control elbows;?¥ this is thought to be due to an increased
extracellular matrix (containing largely collagen and
proteoglycans) generated in the tendinopathy process.?'2% The
mean CET thickness for the affected elbows was 5.31 mm,
surpassing the proposed cutoff threshold of 5.15 mm for
LET diagnosis.?® This indicates that occupational type may
determine the baseline CET thickness; therefore, diagnostic
cutoff values should be adjusted accordingly.

Young’s modulus of the CET among the manual workers
with unilateral LET was greater than that in healthy controls.
Manual workers in this study may have experienced chronic
degenerative tendinopathy dominated by microcalcifications;
therefore, their CETs were stiffer, and Young’s modulus of their
CETs was higher than those of the control group. In contrast,
previous studies have reported lower shear wave velocity and
Young’s modulus of the CET in patients with LET.!'*'* These
differences may be due to the different populations and stages
in the continuum models investigated.” These previous studies
might have included participants with reactive tendinopathy,
characterized by tendon swelling and softening, leading to
a lower Young’s modulus of the CET. The present study’s
findings indicate that LET stages may also determine the
Young’s modulus of the CET.

Differences in CET characteristics were observed between
the LET-unaffected and LET-affected elbows of the manual
workers and elbows from the control groups. Tendinopathy
theories have been proposed to explain the pathogenic
mechanism of LET.[?) The most widely accepted theory
is the mechanistic theory, which proposes that tendon
degeneration occurs due to excessive mechanical stimulation
and impaired healing after injury. In comparison, the friction
theory proposes that shearing stress develops between the

extensor carpi radialis brevis tendon and the capitellum
during elbow motion, and this is supported by a cadaveric
study.B% These theories imply that manual workers who
perform forceful or repetitive movements in their jobs are
likelier to develop LET.

The present study found that participants in the LET group
were more likely to progress to the degenerative stage,
experiencing pain and dysfunction in the affected elbow.
In contrast, their unaffected elbows did not exhibit pain
or dysfunction. However, regardless of whether the elbow
was affected or unaffected, manual workers demonstrated
pathologic characteristics such as increased tendon thickness
and a higher prevalence of microcalcification compared to
healthy controls.

This study’s strength lies in its relatively strict inclusion
criteria for patients with chronic lateral elbow pain,
which is theoretically associated with tendinopathy. We
also attempted to analyze tendinopathy from multiple
perspectives, including questionnaires, clinical examinations,
and various ultrasound techniques. However, this study had
some limitations, including (i) a small sample size; (ii) the
possibility of operator-dependent bias during ultrasonographic
examinations; (iii) a lack of reliable measurement analysis; (iv)
lack of tissue-proof evidence of tendinopathy; (v) lack of
certain evaluations related to WRMSD, such as the Work
Ability Index, or assessment of physical exposure, such as the
strain index and key indicator methods; and (vi) the history
of the unaffected elbow could not be fully comprehended;
therefore, a controversy arose regarding the difference between
the unaffected elbow and the control. This could indicate a
subclinical stage without symptoms or a recovery stage from
disability.
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To the best of our knowledge, this is the first study focusing
on the physical examinations and ultrasonographic findings
of manual workers with unilateral LET.

Future research should focus on the relationship between
physical exposure and biomechanical properties of the CET.
Furthermore, multidisciplinary research is needed to determine
the practicality of utilizing ultrasonography in the workplace. It
is also required to verify the decision-making process proposed
in the present study for identifying the elbow at risk as part
of preassignment medical examinations or annual health
surveillance for manual workers. The authors believe that only
appropriate risk stratification can aid reasonable provisions
regarding fitness for work and work limitations/restrictions
and improve occupational health management.

CoNncLusIoN

This study demonstrates the ultrasound characteristics of LET
in manual workers and the potential use of ultrasounds for
occupational health management. Further multidisciplinary
research is needed to determine the practicality of performing
ultrasounds in the workplace.
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