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Abstract BN
Objective: Lateral epicondylitis is a common musculoskeletal disorder, and ultrasound therapy is one of the most used treatments |
in the clinic. The effect remains uncertain, and the present paper aims to figure it out with a meta-analysis.

Methods: The Pubmed, Cochrane library, and Embase databases were searched for relevant studies published before Jure 1,
2021. Continuous variables were compared by calculating the standard difference of the means, whereas categorical dichotomous
variables were assessed using relative risks. A random-effects model was used if the heterogeneity statistic was significant;
otherwise, a fixed-effects model was used.

Results: Thirteen studies were included in the quantitative analysis, including 442 participants (287 ultrasonic treated patients and
155 controls). The VAS scale decreased markedly after ultrasound therapy (P=.027). However, no statistically significant difference
could be found between ultrasound therapy and the control groups at all post-treatment time points. Similarly, no benefits could be
found when comparing the pre- and post-treatment grip strength with ultrasonic therapy (P=.324). Moreover, though ultrasound
treatment always continues for a long time, the present study demonstrated there were no additional benefits when comparing short-
and long-term outcomes.

Conclusions: The ultrasound therapy is helpful to relieve pain for LE patients, but no such benefit could be found for grip strength.

However, it has no significant advantage against other conservative treatments like rest and brace.

Abbreviation: LE = lateral epicondylitis.

Keywords: lateral epicondylitis, tennis elbow, ultrasound therapy

1. Introduction

Lateral epicondylitis (LE), also known as tennis elbow, is a
common musculoskeletal disorder worldwide.[""*! It is caused by
the tendinitis of the short radial wrist extensor tendon and results
in significant pain in the elbow’s lateral area.!®! LE is commonly
seen in elbow overuse populations like athletes and manual
workers who perform repetitively, resistance-based, and wrist-
extension activities. It has also been reported to have an incidence
0f 1% to 3% in the general population."! LE was firstly described
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as early as 1873 by Runge, but the aetiology is still not well
understood. The primary pathology of LE is the mechanical
stimulation at the insertion area of the extensor carpi radialis
brevis muscle, which results in the tendinitis status of the insertion
tendon.®! Histologically, the LE tissues display a non-healing
status characterized by hypercellularity, abundant proteoglycan
deposition, and collagen matrix degradation without the
infiltration of inflammatory cells.[!

Multiple therapy methods have been developed to treat tennis
elbow, including rest, brace, therapeutic exercises, pharmacology,
laser, acupuncture, extracorporeal shock wave therapy, ultrasonic,
and surgery.”! Though all the therapy strategies were reported
useful for treating LE patients, some of the patients still suffer from
pain and strength impairment after various treatments. Ultrasound
therapy is a treatment modality commonly used in physical
therapy, which utilizes a hand-held device to make and transport
sound waves to the internal injured site.!® It provides deep heating
to soft tissues in the body, including muscles, tendons, joints, and
ligaments.!®! The use of ultrasonic therapy in treating tennis elbow
has been widely researched and used in the clinic. However, its
effect remains uncertain, and many therapeutists refuse to use
it.”1% The present paper aims to figure out whether ultrasound
therapy is useful for treating tennis elbow.

2. Method
2.1. Search strategy

The present study was conducted based on the Preferred
Reporting Items for Systematic Reviews and Meta-analyses
(PRISMA) 2020 statement. The protocol was registered at
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Figure 1. Search strategy flow diagram.

INPLASY (number: INPLASY202160073, https://inplasy.com/).
The Pubmed, Cochrane, and Medline databases were searched by
DNL and BYL for potential researchers published before June 1,
2021. The following search criteria were used during the
literature search: (tennis elbow or lateral epicondylitis) and
(ultrasound therapy or ultrasonic). Manually search was further
performed for additional potential papers with the related articles
function and reference screening. The language was restricted to
only English.

2.2. Inclusion and exclusion criteria

Any study reporting the outcomes of ultrasound therapy for
tennis elbow was included for further reading. All titles, abstracts,
and full papers of potentially relevant studies were assessed by
DNL and BYL for eligibility. Papers were included if they meet
the following criteria:

1. participants were 18years of age or older;

2. participants were diagnosed with tennis elbow for at least one
month;

3. the outcomes like pain (VAS), grip strength, or functional
assessment were reported;

4. Cohort study design.

The exclusion criteria were as follows:

. Studies nor reporting the outcomes of interest;

. Studies nor reporting the outcomes of matched time points;
. Outcomes not reporting as mean +SD;

. Studies utilized other therapies like PRP injection.

AW N =

When several reports from the same study were published, only
the most recently or informative one was included in this meta-
analysis. Disagreements were resolved through discussion and

consensus, and sometimes by consultation with the correspond-
ing author.

2.3. Data extraction and quality assessment

The data extraction of all baseline characteristics and outcomes
of interest were performed independently by DNL and BYL.
Disagreements were resolved through discussion and consensus,
or by consultation with the corresponding author if needed. The
methodological quality of the included studies was assessed by
the Quality Index, which consisted of 27 items distributed
between five sub-scales.'!! Matched outcomes were checked
throughout the papers. The VAS scale (pre-treatment, short-term
post-treatment, mid-term outcome, and long-term outcome) and
grip strength (pre-treatment, mid-term outcome, and long-term
outcome) were the only matched outcomes. The two outcomes,
together with other basic data like study design, year, country,
and the number of participants were extracted from all the studies
included. If articles reported insufficient data, we contacted
corresponding authors for additional information.

2.4. Statistical analysis

The statistical analysis was performed using the special meta-
analysis software named “Comprehensive Meta-Analysis
(CMA).” Continuous variables were compared by calculating
the standard difference of the means. All the results were
presented as forest plots. A P value of less than .05 was
considered statically significant, and a 95% confidence interval
was given for each effect size. Heterogeneity is calculated with the
I? statistic, ranging from 0% (complete consistency) to 100%
(complete inconsistency). The random-effects model was used if
the heterogeneity was significant; otherwise, a fixed-effects model
was used. To test the stability of the results, we conducted a
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The extracted data of matched outcomes.
Control Case Effect model P
VAS
Pre 5.497 5.204 Random 734
Short-term post 4.378 2.705 Random .07
Mid-term post 3.707 2.558 Random 199
Long-term post 2.435 2741 Random 531
Grip strength
Pre 40.064 32.686 Random 327
Mid-term post 38.042 37.385 Random .86
Long-term post 37.48 38.756 Random .583
Cases VAS
Post vs Pre Pre Post Random .004
2.937 5.209
Cases VAS
Long-term vs Short-term Short-term post Long-term post Random .884
2.552 2.678
Cases Grip strength
Post vs Pre Pre Post Random .324
38.815 33.136
Cases Grip strength
Long-term vs Short-term mid-term post Long-term post Random 376

35.742

38.723

sensitivity analysis by omitting each study. Finally, the risk of
publication bias was assessed using Egger test, with the post-
surgery VAS scale as primary outcome.

3. Results

3.1. Description of literature screening and quality

assessment

The flow diagram of the study selection process is shown in
Figure 1. A total of 436 articles were obtained during the initial

database screening, and additional 16 papers were retrieved
through the manual search. After removing duplicates and
screening the titles, 56 studies were eligible for further abstract or
full-text reading. Additional 43 papers were excluded due to
various reasons like lack of outcomes of interest, outcomes not
presented as mean=+SD, and et al. Finally, a total of 13 studies
were included in our quantitative analysis.

The characteristics of the included studies are presented in
Table 1. All eligible studies were published from 1988 and were
mainly conducted in Europe and North America. A total of 442
participants were included, with 287 patients treated with

limit

1.204
0.200
5.043
4.235
7.794
2.724
4.063
4.483
3.240
7.649
5.470
4.435
6.390
8.474
6.246

Group by Study name Comparison Statistics for each study
Comparison
Standard Lower Upper
Mean  error limit

Post Panoutsopoulos and et al Post 1.100 0.053 0.996
Post Mesci and et al 2 Post 0.000 0.102 -0.200
Post Kubot and et al 2 Post 4370 0.343 3.697
Post LIZIS and et al 2 Post 4.000 0.120 3.765
Post 0" ken and et al 2 Post 6.400 0.711 5.006
Post Rahman and et al 2 Post 2.557 0.085 2.390
Post 2937 0574 1811
Pre Panoutsopoulos and et al Pre 4.320 0.083 4.157
Pre Mesci and et al 1 Pre 3.000 0.122 2.760
Pre Kubot and et al 1 Pre 6.830 0418 6.011
Pre Murtezani and et al 1 Pre 5.000 0240 4.530
Pre LIZIS and et al 1 Pre 4.200 0.120 3.965
Pre Radpasand and et al 1 Pre 5.600 0403 4.810
Pre O"kenandetal 1 Pre 7.800 0344 7.126
Pre 5.209 0.529 4.172
Overall 4.084 1.136 1.858

6.310

Mean and 95% CI

-10.00 -5.00 0.00 5.00 10.00

Favours A Favours B

Figure 2. Difference of the post- vs pre- VAS scale of the ultrasound therapy group: the forest plots present each study’s mean VAS score with a random effect
model. Each square represents the individual study’s mean score with a 95% ClI indicated by the horizontal lines.




Luo et al. Medicine (2022) 101:8

www.md-journal.com

Short-term post surgery

Group by Study name Comparison Statistics for each study Mean and 95% CI
Comparison
Standard Lower Upper
Mean  error limit limit

Control Panoutsopoulos and etal 1 Control 1.840 0.038 1.766 1.914 B

Control O"kenandetal 1 Control 4.800 0.581 3.661 5.939

Control Rahman and et al 1 Control 4.150 0.872 2440 35.860

Control 3499 0.996 1.547 5452

Ultrasound Therapy Panoutsopoulos and et al 2 Ultrasound Therapy 0.550 0.026 0498 0.602 ]

Ultrasound Therapy Mesci and et al Ultrasound Therapy 0.000 0.102 -0.200 0.200 L ]

Ultrasound Therapy Kubot and et al Ultrasound Therapy 4.370 0.343  3.697 5.043

Ultrasound Therapy LIZIS and et al Ultrasound Therapy 4.000 0.120 3.765 4.235

Ultrasound Therapy O"kenandetal 2 Ultrasound Therapy 6.400 0.711 5.006 7.794 ——
Ultrasound Therapy Rahman and et al 2 Ultrasound Therapy 2.557 0.085 2390 2724 n
Ultrasound Therapy 2.876 0.676 1.551 4.200

Overall 3.072 0.559 1976 4.168

. -8.00 -4.00 0.00 4.00 8.00

Mid-term post surgery

Group by Study name Comparison Statistics for each study Mean and 95% CI

Comparison

Standard Lower Upper
Mean  error limit  limit

Control Panoutsopoulos and et al Control 3.960 0.047 3.868 4.052 [ ]

Control O kenand etal 1 Control 6.700 0.201 6306 7.094 [ ]
Control Murtezani and et al 1 Control 2.500 0.163 2.180 2.820 | |

Control 4378 0.725 2958 5.798 -
Ultrasound Therapy  Panoutsopoulos and et al Dltrasound Therapy1.320 0.040 1241 1.399 | |

Ultrasound Therapy Mesci and et al Ultrasound Therapy0.000 0.061 -0.120 0.120 | |

Ultrasound Therapy O~ ken and et al 2 Ultrasound Therapys.700 0.505 4.711 6.689 L o
Ultrasound Therapy Kubot and et al 2 Ultrasound Therapy3.930 0.371 3.204 4.656 -
Ultrasound Therapy Murtezani and et al 2 Ultrasound Therapy3.100 0.220 2.669 3.531 -
Ultrasound Therapy 2.705 0.572 1.584 3.826 -‘-

Overall 3482 0.834 1.847 5.118 i

-10.00 -5.00 0.00 5.00 10.00

Long—term pOSt surgery

Group by Study name Comparison Statistics for each study Mean and 95% CI

Comparison -

Standard Lower Upper
Mean  error limit limit

Control Murtezani andetal 1 Control 2.900 0.184 2540 3.260 =

Control Radpasand and etal 1  Control 2.150 0941 0306 3.994 ——
Control Luncebergandetal 1  Control 2.400 0.095 2214 2.586 [ ]

Control Lunceberg and etal 3  Control 2.100 0.177 1.754 2.446 [ ]

Control 2435 0342 1.765 3.105 i
Ultrasound Therapy Murtezani and et al 2 Ultrasound Therapy 1.800 0.180 1447 2153 [ ]

Ultrasound Therapy LIZIS and et al Ultrasound Therapy 3.700 0.140 3426 3974 ||
Ultrasound Therapy Radpasand and et al 2 Ultrasound Therapy 1.950 1.556 -1.099 4.999

Ultrasound Therapy Lunceberg and etal 2 Ultrasound Therapy 2.800 0.087 2630 2970 [ ]
Ultrasound Therapy 2.741 0.349 2057 3.426 <

Overall 2.585 0.244 2106 3.064 .

-8.00 -4.00 0.00 4.00 8.00

Figure 3. Difference of the VAS scale between ultrasound and control groups at different post-surgery time points: the forest plots present each study’s mean VAS
score with a random effect model. Each square represents the individual study’s mean score with a 95% CI indicated by the horizontal lines.

ultrasound (case group) and another 155 patients treated with
placebo or conservative treatments (control group). All the
patients were diagnosed with tennis elbow for at least one
month, failed with conservative therapy. All the case group
patients were treated with different dosage or course of
ultrasound therapy, as shown in Table 1. The outcomes were
measured at 4 timepoints, pre-treatment, short term post-
treatment, mid-term post-treatment (about 6 weeks), and long-
term post-treatment (about 12 weeks). Only the VAS scale and
grip strength outcomes were matched for at least three studies
among the included studies. On review of the data extraction,
there was 100% agreement between the 2 reviewers. According
to the checklist for measuring study quality, all the studies were
considered high/medium-quality methodology (ranged from 17
to 23). Thus, the methodological bias of this study was
considered low.

3.2. Main analysis

The most significant symptom of tennis elbow is pain, so the most
important outcome for evaluating the effect of ultrasound
therapy is pain relief. The VAS scale comparison was available at
4 time points, pre-treatment, short-term post-treatment, mid-
term post-treatment (about 6 weeks), and long-term post-
treatment (about 12 weeks). There was no significant difference
with the pre-treatment VAS scale between the groups (P=.734,
Table 2). The VAS scale decreased markedly after ultrasound
therapy (P=.004, Table 2, Fig. 2). However, no statistically
significant difference could be found between ultrasound therapy
and the control group at all post-treatment time points (Table 2,
Fig. 3).

However, for the comparison of grip strength, another
important outcome for measuring treatment effectiveness, no
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Group by Study name C rison Statistics for each study Mean and 95% CI
Comparison
Standard Lower Upper
Mean error limit limit
Post Bestand etal 2 Post 31.890 3.513 25.006 38.774 i
Post Murtezani and et al 2 Post 40.600 1.800 37.072 44.128 E o
Post O kenandetal2  Post 43.600 3487 36.765 50.435 —fl—
Post 38.815 4218 30.547 47.083 i~
Pre Murtezani and et al 1 Pre 33.000 1.860 29.354 36.646 -
Pre Radpasand and et al 1 Pre 16.000 11314 -6.174 38.174 £
Pre O kenandetal 1  Pre 45.100 2914 39.389 50.811 —
Pre Bestand etal 1 Pre 26.880 2473 22.034 31.726 =
Pre 33.136 3.914 25465 40.807 i
Overall 35.763 2.869 30.140 41.386 i
-50.00 -25.00 0.00 25.00 50.00
Favours A Favours B

Figure 4. Difference of the post- vs pre- grip strength of the ultrasound therapy group: the forest plots present each study’s mean grip strength with a random
effect model. Each square represents the individual study’s mean score with a 95% Cl indicated by the horizontal lines.

statistical difference improvement could be found when compar-
ing post and pre grip strength in the ultrasound group (P=.324,
Table 2, Fig. 4). Also, there was no statistical difference between
the ultrasonic and the control groups, no matter what time point
was (Table 2, Fig. 5).

Moreover, though ultrasound treatment sometimes continues
for a longtime, the present study demonstrated there was no
additional benefits as no statistical difference could be found
between short- and long-term VAS/Strength (Table 2, Fig. 6).

3.3. Publication bias

No publication bias was found among the studies (P=.101).

4. Discussion

The present study demonstrated the ultrasound therapy is
helpful to relieve pain for tennis elbow patients, but no such
benefit could be found for grip strength. The ultrasonic
treatment group also showed no advantage against other
conservative treatments (like rest, brace, NSAIDs). Moreover,
though ultrasound treatment sometimes continues for a
longtime, the present study demonstrated no additional benefits
when comparing short- and long-term outcomes. Lateral
epicondylitis, which is always treated with conservative treat-
ments including rest and exercise, NSAIDs, and local cortico-
steroid injection, is one of the most common musculoskeletal
system disorders. Recently, ultrasound therapy has become

Mid-term post surgery

Group by Study name Comparison Statistics for each study Mean and 95% CI
Comparison N
Standard Lower Upper
Mean error limit  limit
Control Murtezani and etal 1 Control 40.200 1.980 36319 44.081 -
Control O”ken and et al 1 Control 36.200 1.163 33.921 38479 | |
Control 38.042 2.845 32465 43.619 ’
Ultrasound Therapy ~ Murtezani and et al 2 Ultrasound Therapy 40.600 1.800 37.072 44.128 -
Ultrasound Therapy ~ O” ken and et al 2 Ultrasound Therapy 43.600 3.487 36.765 50.435 L
Ultrasound Therapy ~ Best and et al 1 Ultrasound Therapy 31.890 3.513 25.006 38.774 i
Ultrasound Therapy ~ Best and et al 2 Ultrasound Therapy 31.440 3.663 24.262 38.618 ——
Ultrasound Therapy 37.385 2402 32677 42.093 -
Overall 37.659 1.835 34.061 41.256 >
-55.00 -27.50 0.00 27.50 55.00
Long-term post surgery
Group by Study name Comparison Statistics for each study Mean and 95% CI
Comparison .
Standard Lower Upper
Mean error limit limit

Control Murtezani and etal 1 ~ Control 34.500 1.919 30.739 38.261

Control Radpasand and et al 1  Control 58.000 19.861 19.073 96.927

Control Luncebergandetal 1  Control 40.200 0.980 38279 42121 [

Control Lunceberg and etal 3  Control 36.200 1.520 33.220 39.180

Control 37.480 1.468 34.602 40.358

Ultrasound Therapy Murtezani and et al 2 Ultrasound Therapy 37.800 1.880 34.115 41.485

Ultrasound Therapy Radpasand and etal 2 Ultrasound Therapy 43.500 29.486 -14.292 101.292

Ultrasound Therapy Lunceberg and etal 2 Ultrasound Therapy 39.400 1.097 37.250 41.550 [ ]

Ultrasound Therapy 38.756 1.805 35.219 42.293

Overall 37.988 1.139 35.756 40.220

-70.00 -35.00 0.00 35.00 70.00

Figure 5. Difference of the grip strength between ultrasound and control groups at different post-surgery time points: the forest plots present each study’s mean
grip strength score with a random effect model. Each square represents the individual study’s mean score with a 95% Cl indicated by the horizontal lines.
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VAS

Group by Study name Comparison Statistics for each study Mean and 95% CI
Comparison

Standard Lower Upper

Mean  error limit  limit
long-term LIZIS and et al long-term  3.700 0.140 3426 3974 | |
long-term Murtezani and et al 2 long-term  1.800 0.180 1447 2.153 | |
long-term Radpasand and et al 2 long-term  1.950 1.556 -1.099 4.999 e
long-term Lunceberg and et al 2 long-term  2.800 0.087 2.630 2970 [ ]
long-term 2.678 0.658 1.388 3.967
short-term Panoutsopoulos and et al Zhort-term  0.550 0.026 0.498 0.602 ‘.
short-term Mesci and et al short-term  0.000 0.102 -0.200 0.200
short-term Kubot and et al short-term  4.370 0.343  3.697 5.043 B iy
short-term O ken and etal 2 short-term ~ 6.400 0.711 5.006 7.794 ——
short-term Rahman and et al 2 short-term  2.557 0.085 2390 2.724 ]
short-term 2552 0.557 1461 3.643 B
Overall 2.604 0425 1772 3437 P
-10. -5 X 5. X
Strength 10.00 00 0.00 00 10.00
Group by Study name Comparison Statistics for each study Mean and 95% CI
Comparison N
Standard Lower Upper
Mean error limit limit
long-term Murtezani and et al 2 long-term 37.800 1.880 34.115 41.485 -
long-term Radpasand and et al 2 long-term 43.500 29.486 -14.292 101.292
long-term Lunceberg and et al 2 long-term 39.400 1.097 37.250 41.550 |
long-term 38.723 2171 34467 42978 <
mid-term O ken and et al 2 mid-term 43.600 3.487 36.765 50.435 —ll—>
mid-term Best and et al 1 mid-term 31.890 3,513 25.006 38.774 ——
mid-term Best and et al 2 mid-term 31.440 3.663 24262 38618 ——
mid-term 35.742 2,574 30.697 40.787 <
Overall 37.483 1.660 34231 40.736 &
-50.00 -25.00 0.00 25.00 50.00

Figure 6. Difference of the VAS scale and grip strength in ultrasonic therapy patients at different time point. The forest plots present each study’s mean VAS/grip
strength with a random effect model. Each square represents the individual study’s mean score with a 95% Cl indicated by the horizontal lines.

increasingly utilized in the clinic treatment by many physi-
otherapists considering the good outcomes found in animal
studies.">!31 However, the doubts about the effect in the clinic
have not disappeared at all.'*!*!

Ostor et al demonstrated that low-intensity ultrasound
therapy was no more effective than placebo for recalcitrant
LE in a randomized, double-blind, placebo-controlled trial of 55
subjects.”! Another group also demonstrated that a brace has a
shorter beneficial effect than ultrasound therapy in reducing
pain.'% Similar results were found based on other types of
musculoskeletal conditions like subacromial bursitis and
chronic patellar tendinopathy."'®!”! So, whether ultrasound
therapy is helpful or is just something like a placebo is quite
essential. The present study demonstrated the ultrasonic
treatment helps release pain for tennis elbow, but no better
than conservative treatments, and no benefits could be found
with the grip strength. It means the ultrasonic therapy is better
than the placebo and could be a choice for LELE management.
However, if compared with conservative treatments, the
application of ultrasound therapy seems dispensable when
considering the cost and time spends. There are several
limitations with the present study. First, the heterogeneity
among the studies included. Various ultrasonic devices and
protocols were employed among the studies, and most
importantly, the differences between the treatment periods.
Second, the difference of the outcome measurements among the
studies, most importantly, the grip strength measurement. The
grip is one of the critical functions of LELE patients, and grip
strength is also an important marker for LELE recovery. The

differences in the measurement procedures may result in bias
and make the conclusion uncertain. Finally, as non-RCTs were
also included, the analysis power and evidence level were
weakened. Further well-designed studies should be made to
investigate the effect of ultrasound therapy on grip strength
recovery.

5. Conclusion

The present study demonstrated the ultrasound therapy is helpful
to relieve pain for tennis elbow patients, but no such benefit could
be found for grip strength. However, the ultrasonic treatment
group showed no advantage against other conservative treat-
ments like rest and brace.
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