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Abstract

Obijective: The purpose of this study was to assess the effects of adding electrical dry needling and thrust
manipulation into a multimodal program of exercise, mobilization, and ultrasound in patients with lateral
elbow tendinopathy.

Design: Randomized, single-blinded, multicenter, parallel-group trial.

Setting: Thirteen outpatient physical therapy clinics in nine different US states.

Participants: One hundred and forty-three participants (n = 143) with lateral elbow tendinopathy were
randomized.

Intervention: Cervical spine manipulation, extremity manipulation, and percutaneous tendon electrical
dry needling plus multimodal physical therapy (n=73) or multimodal physical therapy (n=70) alone.
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Main measures: The primary outcome was elbow pain intensity and disability as measured by the
Patient-Rated Tennis Elbow Evaluation at baseline, | week, 4 weeks, and 3 months. Secondary outcomes
included the Numeric Pain Rating Scale, Tennis EIbow Functional Scale, Global Rating of Change, and medi-
cation intake.

Results: The 2 x4 analysis of covariance demonstrated that individuals with lateral elbow tendinopathy
receiving electrical dry needling and thrust manipulation plus multimodal physical therapy experienced sig-
nificantly greater improvements in disability (Patient-Rated Tennis Elbow Evaluation: F=19.675; P<0.001),
elbow pain intensity (Numeric Pain Rating Scale: F=22.769; P<0.001), and function (Tennis Elbow
Function Scale: F=13.269; P<0.001) than those receiving multimodal physical therapy alone at 3 months.
The between-group effect size was large for pain and disability (Patient-Rated Tennis Elbow Evaluation:
standardized mean difference = 1.13; 95% confidence interval: 0.78, 1.48) in favor of the electrical dry
needling and thrust manipulation group.

Conclusions: The inclusion of percutaneous tendon electrical dry needling and thrust manipulation into a
multimodal program of exercise, mobilization and ultrasound was more effective than multimodal physical

therapy alone in individuals with lateral elbow tendinopathy.
Trial Registration: www.clinicaltrials.gov NCT03167710 May 30, 2017.
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Introduction

Lateral elbow tendinopathy, also referred to as lateral
epicondylalgia, lateral epicondylitis, and tennis
elbow, is a common presentation of pain and resultant
disability in the elbow.'” The overall incidence of
lateral elbow tendinopathy is approximately 3%, and
as high as 10% in those between 40 and 50 years of
age in the United States.® Originally thought to be an
inflammatory process of the common extensor
tendon at the lateral epicondyle, lateral elbow tendino-
pathy has recently been identified as a pathology of the
tendon at or close to its enthesis.**> Repeated mechan-
ical loading in this area results in histological changes
within the tendon.** Importantly, other structures
including the radial collateral ligament, annular liga-
ment, radiocapitellar joint, radial nerve, and cervical
spine should be included in the differential diagnosis.

Nonoperative management of lateral elbow tendi-
nopathy includes physical therapy, injection (cortico-
steroid, platelet rich plasma, botulinum toxin),*
extracorporeal shockwave therapy''"'? and high-
power laser therapy.'> Multimodal physical therapy
treatment programs including local manual therapy

and exercise'*'> have shown beneficial effects in
reducing pain and disability, and are supported in
recent clinical practice guidelines.” Multimodal phys-
ical therapy seems to have similar benefits to cortico-
steroid injections in the short term (4—6 weeks),'*'?
superior short-term success rates compared to wait
and see,'* and a much lower recurrence rate (5%)
compared to corticosteroid injection (55%) at 1-year
follow up."> Unfortunately, this type of multimodal
approach seems to result in similar outcomes as
wait and see intervention or corticosteroid injection/
placebo injection at 1-year follow up.'*'3

Other conservative treatments for lateral elbow
tendinopathy including spinal thrust manipulation
and needling therapies (dry needling and acupunc-
ture) have recently gained popularity in the clinical
setting, with some preliminary evidence to support
its use in this patient population.'®* Spinal thrust
manipulation alone has been found to significantly
increase pressure pain thresholds and pain-free grip
strength in patients with lateral elbow tendinopathy
in the short term.'”"'® Dry needling in isolation has
also been found to have equal to, or superior
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outcomes compared to corticosteroid injections,

platelet-rich plasma injections,” and nonsteroidal anti-
inflammatory drugs combined with counterforce
bracing.”® Similarly, acupuncture has been reported
to exhibit a superior effect on pain reduction in patients
with lateral elbow tendinopathy compared to nonsteroi-
dal anti-inflammatory drugs and sham acupuncture.**
The combined effects of thrust manipulation plus elec-
trical dry needling have not been established in patients
with lateral elbow tendinopathy. In a recent rando-
mized trial on subacromial pain syndrome, the addition
of thrust manipulation and electrical dry needling to a
multimodal physical therapy treatment (i.e. local
manual therapy, exercise, and electrothermal modal-
ities) resulted in significantly greater reductions in
pain and disability than multimodal physical therapy
treatment alone.'® Therefore, the purpose of this clin-
ical trial was to investigate the effects of adding
thrust manipulation and electrical dry needling to a
multimodal physical therapy treatment program of
manual therapy, exercise, and ultrasound in patients
with lateral elbow tendinopathy. We hypothesized
that individuals receiving thrust manipulation and elec-
trical dry needling combined with a program of multi-
modal physical therapy would experience greater
reductions in pain and disability than those receiving
multimodal physical therapy alone.

Methods

This randomized, single-blinded, multicenter,
parallel-group clinical trial was conducted following
the Consolidated Standards of Reporting Trials exten-
sion for pragmatic clinical trials.”> The trial was
approved by the ethics committee at Universidad
Rey Juan Carlos, Madrid, Spain (URJC-DPTO 11-
2017) and the trial was prospectively registered
(ClinicalTrials.gov: NCT03167710).

Participants and Procedure

Consecutive individuals with lateral elbow tendinopa-
thy from 13 outpatient physical therapy clinics in 9 dif-
ferent US states (Arizona, Maryland, Massachusetts,
Minnesota, Montana, North Carolina, North Dakota,
Oklahoma, and Wyoming) were screened for

eligibility criteria and recruited over a 45-month
period (from 15 June 2017 to 15 March 2021). To
be eligible, patients had to (1) be between 18 and 60
years old, (2) meet the criteria for a clinical diagnosis
of lateral elbow tendinopathy—{i.e. defined as two or
more of the following: (a) pain on palpation over the
lateral epicondyle and the associated common extensor
unit,”® (b) pain on gripping a hand dynamometer,”® and
(c) pain with stretching or contraction of the wrist
extensor muscles®®], (3) have had lateral elbow and
forearm symptoms for longer than 6 weeks, and (4)
have an intensity of lateral elbow pain of at least 2
on the Numeric Pain Rating Scale (0-10). The exclu-
sion criteria are described in Table 1.

Thirteen physical therapists (mean age, 39.7 years,
standard deviation 8.9) delivered interventions in this
trial. The clinicians had an average of 13.2 (standard
deviation 9.2) years of clinical experience, had com-
pleted a 54-hour postgraduate certification program
that included practical training in electrical dry needling
for lateral elbow tendinopathy, and were current stu-
dents in a 60-hour postgraduate certificate program
that included practical training in nonthrust joint/soft-
tissue mobilization and thrust-manipulation techniques
to the cervical spine, radio-humeral joint, ulno-humeral
joint, radiocarpal joint, and antebrachial region. All
treating therapists were Fellows-in-Training within the
American Physical Therapy Association-accredited,
American Academy of Manipulative Therapy
Fellowship in Orthopaedic Manual Physical Therapy
program, had heterogeneous backgrounds in terms of
prior manual therapy/orthopedic training, and worked
in private outpatient physical therapy practice. All par-
ticipating therapists were required to study a manual of
standard operating procedures and participate in a
6-hour training session with a principal investigator to
ensure the standardization of the protocol and treatment.

Following baseline examination, patients were
randomly assigned to the (1) active comparison
group: conventional physical therapy (exercise,
elbow joint/soft-tissue mobilization, and ultrasound)
or (2) experimental group: conventional physical
therapy plus cervical spine/extremity thrust manipula-
tion and electrical dry needling. Randomization was
conducted using a computer-generated randomized
table of numbers created by a statistician, not other-
wise involved in the trial. Individual and sequentially
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Table I. Exclusion criteria.

. History of surgery to the affected upper extremity
. Prior surgery related to the cervical spine

. History of whiplash injury in the previous 6 weeks
. History of fibromyalgia diagnosis

VOO NONUL AN WDN —

. History of elbow dislocation, elbow fracture/tendon rupture
. History of cervical spinal stenosis (with bilateral upper extremity symptoms)

. History of systemic disease such as rheumatoid arthritis, lupus, or psoriatic arthritis
. Had received physical therapy, acupuncture, or chiropractic in the previous 3 months
. Evidence of nerve root compression (muscle weakness involving a major muscle group of the upper extremity,

diminished upper extremity deep tendon reflex, or diminished or absent sensation to pinprick in any upper extremity

dermatome)

10. Evidence of central nervous system involvement (hyperreflexia, sensory disturbances in the hand, intrinsic muscle
wasting of the hands, unsteadiness during walking, nystagmus, loss of visual acuity, impaired sensation of the face,

altered taste, or the presence of pathological reflexes)

I'1. History of psychiatric disorder or cognitive impairment

12. Pregnancy

13. Presented with one or more contraindications to dry needling
14. Presented with one or more contraindications to manual therapy

numbered index cards with the random assignment
were prepared, folded, and placed in sealed opaque
envelopes for each of the 13 data collection sites.
Each therapist was trained specifically in the study
protocols and treated patients in both allocation
groups; however, the clinicians administering the self-
report outcome questionnaires were blinded to the
patient’s treatment group assignment. It was not pos-
sible to blind patients or treating therapists.

Interventions

All participants received up to eight treatment sessions
at a frequency of twice per week over a 4-week period.
The interventions were designed to treat lateral elbow
tendinopathy. In either group, fewer treatment sessions
could be completed, if symptom resolution occurred
sooner. Both groups received a program of multimodal
physical therapy which consisted of an impairment-
based therapeutic eccentric exercise®® >’ and stretching
program,® impairment-based manual therapy®® using
Mulligan’s mobilization with movement,®' deep trans-
verse friction massage,”***>* and therapeutic ultra-
sound*** (Sonicator, Mettler Electronics, Anaheim,
California; 3 MHz, 1.5 W/em?, 20% duty cycle) for
5 minutes over the elbow (Supplemental material—
File 1). Although the 2022 clinical practice guidelines
“do not recommend ultrasound as a stand-alone

treatment” for lateral elbow tendinopathy,” there is
limited evidence that continuous and/or pulsed ultra-
sound improves pain-free function (compared with
chiropractic care and exercise) in the short term (6
weeks),”® is more effective at reducing pain than
placebo treatment (13 weeks),”” and is superior to
sham ultrasound for improvements in pain and func-
tion (6 weeks).*® Exercises and stretching were initially
taught, supervised, and gradually progressed by the
treating therapist over the course of the treatment ses-
sions. No further instructions on exercise were given
after the last treatment visit. In addition to manual
therapy, exercise, and ultrasound, patients allocated
to the treatment group also received up to eight ses-
sions of electrical dry needling at a frequency of 1-2
sessions per week for 20 minutes using an 8-point stan-
dardized protocol targeting intramuscular trigger
points, musculotendinous junctions, teno-osseous
attachments and/or periarticular tissue over the lateral
elbow (Figure 1) and thrust manipulation to the
elbow targeting the proximal radial head (Mill’s tech-
nique)**** and/or humeroulnar joint, to the wrist target-
ing the scaphoid*! and to the C5-C6 facet joints.'®
Descriptions of all interventions, including details
regarding needle size, insertion site, angulation,
depth, anatomical target,** manipulation, " and elec-
trical stimulation parameters*’™ are summarized in
Supplemental material—File 1.
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Figure |. Standardized protocol for percutaneous tendon dry needling for lateral elbow tendinopathy.

Materials
The primary outcome was the Patient-Rated Tennis
Elbow Evaluation*>>* assessed at baseline, 1 week,

4 weeks, and 3 months (the primary endpoint).

Secondary outcomes included the Numeric Pain
Rating Scale®>® and Tennis Elbow Function
Scale®” assessed at 1 week, 4 weeks, and 3
months. Medication intake was assessed at baseline
and 3 months and the Global Rating of Change’®
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was assessed 3 months after the first treatment
session.

The Patient-Rated Tennis Elbow Evaluation has
been found to be both reliable and valid for captur-
ing change in individuals with lateral elbow tendi-
nopathy.**>*%!  The questionnaire includes a
section for pain and another section for function.
The first section consists of 5 questions scored
from 0 (no pain) to 10 (most severe pain). The
scores for the 5 pain questions are summed, and a
total score out of 50 is reported. The function part
of the questionnaire comprises 10 questions, the
scores of which are summed and divided by 2,
for a total score out of 50. Scores on the pain and
function subscales are summed for a total score
out of 100.>* Lower scores indicate improved func-
tion. In patients with lateral elbow tendinopathy,
the minimum clinically important difference for
the Patient-Rated Tennis Elbow Evaluation has
been reported to be 11 points.®?

The Numeric Pain-Rating Scale is an 11-point
(0, no pain; 10, worst imaginable pain) used to
assess the intensity of pain.’® The Numeric Pain
Rating Scale is a reliable and valid instrument to
assess pain intensity.’>*>** The minimum clinic-
ally important difference for the Numeric Pain
Rating Scale has been shown to be 1.74 in patients
with a variety of chronic pain conditions®’; thus, a
change of 2 points or a 30% decrease in pain from
baseline can be considered as the minimum clinic-
ally important difference in individuals with
chronic musculoskeletal pain.®>%°

The Tennis Elbow Function Scale is a 10-item,
S-point response self-report scale designed to
measure elbow discomfort during the performance of
personal care, household, work, and recreational activ-
ities.””” The Tennis Elbow Function Scale is a reli-
able, valid and responsive measure suitable for
evaluating patients with lateral elbow tendinopathy.>’
The minimum clinically important difference for the
Tennis Elbow Function Scale has not been established.

The Global Rating of Change is a 15-point ques-
tionnaire assessing the patients perceived recovery.
This scale ranges from —7 (a very great deal worse)
to 0 (about the same) to +7 (a very great deal better).
Intermittent descriptors of worsening or improving
are assigned values from —1 to —6 and +1 to +6,

respectively. Scores of +4 and +5 have typically
been indicative of moderate changes in patient status.’®

Patients were asked to report any adverse events.
We defined adverse events as a sequelae of 1-week
duration with any symptom perceived as distres-
sing and unacceptable to the patient requiring
further treatment.®>’® The treating therapists and
patients in the treatment group were instructed to
pay particular attention to the presence of ecchym-
osis and postneedling soreness.

Our sample size calculations were based on detect-
ing a between-group moderate effect size'®*>"1""? of
0.57 in elbow-related disability (Patient-Rated Tennis
Elbow Evaluation) at 3 months, using a 2-tailed test,
an alpha level (o) of 0.05 and a desired power (B) of
90%. The estimated desired sample size was at least
65 participants per group. We anticipated a dropout
rate of 10%. Therefore, 70 participants were required
for each group.

Statistical Analysis

Statistical analysis was performed using Statistical
Package for the Social Sciences software, version
28.0 (Chicago, IL), according to the intention-to-treat
principle. Little’s Missing Completely at Random
test’' was used to determine whether missing data
points associated with dropouts were missing at
random or missing for systematic reasons.
Intention-to-treat analysis was performed by using
expectation-maximization whereby missing data were
computed using regression equations. Means, standard
deviations and/or 95% confidence intervals were calcu-
lated for each variable. The Kolmogorov-Smirnov test
revealed a normal distribution of the variables (P>
0.05). Baseline demographic and clinical variables
were compared between groups using independent
Student t-tests for continuous data and y? tests of inde-
pendence for categorical data.

The effects of treatment on the Patient-Rated
Tennis Elbow Evaluation, Numeric Pain Rating
Scale, and Tennis Elbow Function Scale were each
examined with a 2-by-4 mixed model analysis of
covariance with treatment group as the between-
subjects factor and time (baseline, 1 week, 4 weeks,
and 3 months) as the within-subjects factor. Age
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and duration of symptoms were entered as covariates.
For each analysis of covariance, the main hypothesis
of interest was the 2-way interaction (group by time)
with a Bonferroni-corrected alpha of 0.0125 (4 time
points). We used > tests to compare self-perceived
improvement on the Global Rating of Change and
changes in medication intake. To enable comparison
of between-group effect sizes, Standardised Mean
Differences in score were calculated by dividing mean
score differences between groups by the pooled stand-
ard deviation. Number Needed to Treat was calculated
using each definition for a successful outcome (a Global
Rating of Change score of 5 or greater™® at 3 months and
a 50% improvement from baseline to 3 months on the
Patient-Rated Tennis Elbow Evaluation).”

Results

Participants

Between June 2017 and March 2021, 248 consecu-
tive patients with lateral elbow tendinopathy were
screened for eligibility (Figure 2). One hundred
and forty-three (57.7%) satisfied all the inclusion
criteria, agreed to participate, and were randomly
allocated into the multimodal physical therapy (n
=70) group or the electrical dry needling and
thrust manipulation plus multimodal physical
therapy (n=73) group. Randomization resulted in
similar baseline characteristics for all variables
(Table 2). The reasons for ineligibility are found

248 consecutive patients with lateral

elbow pain screened for eligibility J

~

Not eligible (n=91

- Did not meet all inclusion criteria (n=34)

e - History of elbow dislocation, fracture, and/or
Eligible Declined to participate telndon TUPWC (n=3)
n=157 n=14 - History of surgery to the affected upper
extremity (n=13)

Agreed to participate & signed
informed consent, n = 143

|

Random assignment (n = 143)

Dry Needling, Thrust
Manipulation, Multimodal
Physical Therapy group, n =73

Multimodal Physical Therapy
group, n =70

\ | J - |
R o
Available for 1-week follow-up Available for 1-week follow-up
n=73 n=70
\ J \

Available for 4-week follow-up Available for 4-week follow-up
n="71 n=69

N 4

Available for 3-month follow-up
n=71

Available for 3-month follow-up
n=69

- History of cervical spine surgery (n=4)

- History of cervical spinal stenosis (n=5)

- History of whiplash injury in the previous 6
weeks (n=2)

- History of fibromyalgia diagnosis (n=4)

- History of systemic disease such as rheumatoid
arthritis, lupus, or psoriatic arthritis (n=1)

- Had received physical therapy, acupuncture
or chiropractic in the previous 3 months
(n=12)

- Evidence of nerve root compression: muscle
weakness involving a major muscle group of
the upper extremity, diminished upper
extremity deep tendon reflex, or diminished or
absent sensation to pinprick in any upper
extremity dermatome (n=3)

- Evidence of central nervous system
involvement: hyperreflexia, sensory
disturbances in the hand, intrinsic muscle
wasting of the hands, unsteadiness during
walking, nystagmus, loss of visual acuity,
impaired sensation of the face, altered taste, or
the presence of pathological reflexes (n=2)

- History of psychiatric disorder or cognitive
impairment (n=1)

- Pregnancy (n=2)

- Presented with 1 or more contraindications to
dry needling (n=3)

- Presented with 1 or more contraindications to
manual therapy (n=2)

o

/

Figure 2. CONSORT flow diagram of patient recruitment and retention.
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Table 2. Baseline characteristics by treatment assignment.

Multimodal physical
therapy (n=70)

Baseline variable

Dry needling + thrust manipulation +
multimodal physical therapy (n=73)

Gender (male/female) 32/38

Age (years) 434+11.0

Weight (kg) 81.5+152

Height (cm) 1724 +9.5

Months with elbow pain 9.6+175

Medication intake n (%)
Not at all 8 (11%)
Once a week 17 (24%)
Once every couple of days 27 (39%)
Once or twice a day 15 (21%)
Three or more times a day 3 (4%)

Number of treatment sessions 7.1+1.7

Patient-Rated Tennis Elbow 42.7+15.6
Evaluation (0-100)

Elbow pain intensity (Numeric Pain 49+1.8
Rating Scale, 0-10)

Tennis Elbow Function Scale (0-40) 20.1 +7.2

39/34
420+99
822+13.8
173.8+87
89+135

7 (10%)
16 (22%)
28 (38%)
21 (29%)

I (1%)
69+18
420+115

50+ 1.4

19.2+6.0

in Figure 2, which provides a flow diagram of patient
recruitment and retention. There was no significant dif-
ference (P = 0.473) between the mean number of com-
pleted treatment sessions for the dry needling and
thrust manipulation group (mean: 6.90+ 1.83) and
the multimodal physical therapy group (mean: 7.11
+1.66). In total, 140 of the 143 patients completed
all outcome measures through 3 months (98% follow
up). Of the 3 patients that dropped out or failed to com-
plete outcome measures, 2 were from the electrical dry
needling and thrust manipulation group and 1 was
from the multimodal physical therapy group. None
of the participants in any group reported receiving
other interventions during the study.

Thirty-two patients assigned to the electrical dry
needling and thrust manipulation group (43.8%)
experienced postneedling muscle soreness and 13
(17.8%) experienced mild bruising (ecchymosis)
which most commonly resolved spontaneously
within 48 hours and 24 days, respectively. Seven
patients (9.6%) in the dry needling and thrust manipu-
lation group experienced bruising that lasted 5-7 days
before spontaneously resolving. Two patients (2.7%)
in the electrical dry needling and thrust manipulation
group experienced drowsiness, headache, or nausea,
which spontaneously resolved within several hours.

No major adverse events were reported in the dry need-
ling and thrust manipulation group.

Primary Outcome

Adjusting for baseline outcomes, the mixed model ana-
lysis of covariance revealed a significant group-by-time
interaction for the primary outcome of elbow pain and
disability (Patient-Rated Tennis Elbow Evaluation: F
=19.675; P<0.001, Table 3). Patients in the electrical
dry needling and thrust manipulation group experienced
greater reductions in pain and disability at 1 week (A
—6.1; 95% confidence interval: —9.6, —2.7; P<
0.001), 4 weeks (A —7.2; 95% confidence interval:
—11.3, =3.2; P<0.001), and 3 months (A —15.0;
95% confidence interval: —19.4, —10.6; P<0.001)
than those receiving multimodal physical therapy
alone (Figure 3). For the Patient-Rated Tennis Elbow
Evaluation, between-group effect sizes were medium
at 1 week (standardized mean difference: 0.58; 95%
confidence interval: 0.25, 0.92), medium at 4 weeks
(standardized mean difference: 0.60; 95% confidence
interval: 0.26, 0.93), and large at 3 months (standardized
mean difference: 1.13; 95% confidence interval: 0.78,
1.48) after the first treatment session in favor of the elec-
trical dry needling and thrust manipulation group.
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Table 3. Within-group and between-group mean scores by randomized treatment assignment.

Timeline scores: mean + standard deviation (95% confidence interval)

Within-group change scores: mean (95% confidence interval)

Between-group
differences:

Multimodal physical therapy Dry needling + thrust manipulation +

Outcomes (n=70)

mean (95% confidence

multimodal physical therapy (n=73) interval)

Patient-Rated Tennis Elbow Evaluation (0-100)

Baseline 42.7 +£15.6 (39.0, 46.4) 42.0+11.5(39.3, 44.7)

I week 37.0+17.4 (32.8, 41.1) 30.1 +13.5 (26.9, 33.2)

Change baseline » —5.8 (-8.2, —3.4) —11.9 (-14.5, -9.3) —6.1 (-9.6, =2.7);
| week P<0.001

4 weeks 24.7 +15.9 (20.9, 28.5) 16.7 £ 11.8 (14.0, 19.5)

Change baseline - —18.0 (—20.7, —15.3) —25.3 (283, -22.2) -7.2 (-11.3, =3.2);
4 weeks P<0.001

3 months 244+ 16.8 (204, 28.4)
Change baseline > —18.4 (-21.3, —15.4)
3 months

8.6+89 (6.5, 10.7)
—33.4 (-36.7, -30.1)

Average elbow pain intensity over the last 7 days (0-10)

—15.0 (—19.4, —10.6);
P<0.001

Baseline 49+ 1.8 (4.6, 5.4) 50+ 1.4 (4.7,5.3)

I week 42+1.8(3.7,4.6) 38+1.6(35,4.2)

Change baseline » —0.8 (—I.1, —0.5) —1.2 (-1.5, -0.8) —0.4 (0.8, —0.1);
| week P=0.166

4 weeks 28+1.5(24,3.2) 1.9+ 1.4 (1.6,2.2)

Change baseline » —2.2 (-2.5, —1.8) -3.1 (-3.5, -2.6) —0.9 (-1.5, -0.3);
4 weeks P=0.002

3 months 29+1.9 (25, 34) 1.0+1.2 (0.7, 1.3)

Change baseline » —1.9 (2.3, —1.6) —4.0 (—4.4, —3.6) —2.0 (-2.6, —1.5);
3 months P<0.001

Tennis Elbow Function Scale (0-40)

Baseline 20.1 £7.2 (184, 21.8) 19.2+6.0 (17.8, 20.6)

I week 17.6+7.7 (157, 19.4) 14.1 +6.5 (12.5, 15.6)

Change baseline > —2.6 (-3.9, —1.2) —5.1 (6.6, —=3.7) —2.6 (—4.5, —0.6);
| week P =0.005

4 weeks 11.4+68 (9.7, 12.9) 75+4.9 (64,87)

Change baseline - —8.8 (—10.2, -7.3) —11.6 (—=13.1, -10.2) -2.9 (—4.9, —0.8);
4 weeks P=0.003

3 months 1.1 +£7.5 (9.3, 12.8) 3.7+43(2.6,4.7)

Change baseline > —9.0 (—10.5, —7.5) —15.5 (=17.1, =13.9) —6.5 (-8.7, —4.3);
3 months P<0.001

Patient-Rated Tennis EIbow Evaluation, 0—100, higher scores indicate more pain and functional disability; Numeric Pain Rating Scale, 0—

10, lower scores indicate less pain; Tennis Elbow Function Scale, 0—40, lower scores indicate greater function.

Secondary Outcomes

The intention-to-treat analysis also revealed a signifi-
cant group-by-time interaction for average elbow
pain intensity over the last 7 days (Numeric Pain
Rating Scale: F=22.769; P<0.001, Figure 4) in
favor of the electrical dry needling and thrust manipu-
lation group (Table 3). For average elbow pain intensity
over the last 7 days (Numeric Pain Rating Scale),

between-group effect sizes were small at 1 week (stan-
dardized mean difference: 0.23; 95% confidence inter-

val: —0.10, 0.56), medium at 4 weeks (standardized
mean difference: 0.54; 95% confidence interval: 0.21,
0.87), and large at 3 months (standardised mean differ-
ence: 1.19; 95% confidence interval: 0.84, 1.55) after
the first treatment session in favor of the electrical dry
needling and thrust manipulation group.
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Figure 3. Evolution of elbow pain related disability (Patient-Rated Tennis Elbow Evaluation) throughout the course of
the study, stratified by randomized treatment assignment. Values are mean and standard error.
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Figure 4. Evolution of elbow pain intensity (Numeric Pain Rating Scale) throughout the course of the study, stratified
by randomized treatment assignment. Values are mean and standard error.
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Figure 5. Evolution of elbow function (Tennis Elbow Function Scale) throughout the course of the study, stratified by
randomized treatment assignment. Values are mean and standard error.

Table 4. Self-perceived improvement measured with the Global Rating of Change in both groups [n (%)].

Global rating of change
(=7 to +7)

Multimodal physical
therapy (n=70)

Dry needling + thrust manipulation + multimodal
physical therapy (n=73)

3 months after the first treatment session

Small changes (+2 /+ 3)
Moderate changes (+4 /+5)

Large changes (+6 / +7) 5(7.1%) 1 7 (10.0%)

9 (12.9%) / 17 (24.3%)
10 (14.3%) / 13 (18.6%)

2 (2.7%) 1 3 (4.1%)
5 (6.8%) / 15 (20.5%)
18 (24.7%) | 24 (32.9%)

There was a significant group-by-time interaction
for elbow function (Tennis Elbow Function Scale: F
=13.269; P<0.001, Figure 5) in favor of the electrical
dry needling and thrust manipulation group (Table 3).
Between-group effect sizes for elbow function
(Tennis Elbow Function Scale) were small at 1 week
(standardised mean difference: 0.43; 95% confidence
interval: 0.10, 0.76), medium at 4 weeks (standardised
mean difference: 0.47; 95% confidence interval: 0.13,
0.79), and large at 3 months (standardised mean differ-
ence: 0.98; 95% confidence interval: 0.63, 1.33) after
the first treatment session in favor of the electrical dry
needling and thrust manipulation group.

Significantly (X° = 16.791; P <0.001) more patients
in the thrust manipulation and electrical dry needling
group (n=53, 72.6%) completely stopped taking
medication for their pain compared to the multimodal
physical therapy group (n=27, 38.6%) at 3 months.
In addition, based on the cutoff score of >+5 on the
Global Rating of Change,™® significantly (X°=
26.223; P<0.001) more patients (n=57, 78%)
within the electrical dry needling and thrust manipula-
tion group achieved a successful outcome compared to
the multimodal physical therapy group (n = 25, 36%) at
3 months follow up (Table 4). Therefore, based on the
cutoff score of >+5 on the Global Rating of Change,
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the Number Needed to Treat was 2.4 (95% confidence
interval: 1.8, 3.6) in favor of the dry needling and thrust
manipulation group at 3-month follow up. Likewise,
based on a 50% improvement from baseline to 3
months in pain and disability on the Patient-Rated
Tennis Elbow Evaluation, the Number Needed to
Treat was 1.9 (95% confidence interval: 1.5, 2.5) in
favor of the dry needling and thrust manipulation
group at 3-month follow up.

Discussion

The inclusion of dry needling and thrust manipulation
into a program of exercise, mobilization, and ultra-
sound was more effective for improving pain, disabil-
ity, and function than the application of exercise,
mobilization, and ultrasound alone in individuals
with lateral elbow tendinopathy. For the primary
outcome of elbow pain and disability (Patient-Rated
Tennis Elbow Evaluation), effect sizes were moderate
and large at 4 weeks and 3 months, respectively, in
favor of the electrical dry needling and thrust manipu-
lation group. The between-group difference for change
in elbow pain and disability at 3 months, as measured
by the Patient-Rated Tennis Elbow Evaluation, was
also large (—15.0 points; 95% confidence interval:
—19.4, —10.6) and exceeded the minimum clinically
important difference for that instrument (11 points).®

The current study has similar outcomes to previous
trials that have utilized dry needling in comparison with
other nonsurgical interventions in patients with lateral
elbow tendinopathy. Uygur et al.*® reported dry need-
ling to the lateral epicondyle (targeting the bone) was
significantly more effective at improving pain and
function than nonsteroidal anti-inflammatory drugs
and proximal forearm bracing. Notably, two rando-
mized clinical trials that directly compared dry need-
ling (multiple needles to bone depth) to
corticosteroid injections (single injection with®*' and
without'® periosteal pecking) found significantly
greater improvements in pain and function in the dry
needling group at the short-term'*?' and long-term*'
follow up. In addition, direct comparison of dry need-
ling (single needle with periosteal pecking) to cortico-
steroid injection (single injection) and platelet-rich
plasma (single injection), demonstrated that dry need-
ling was safe and equally effective in pain reduction as

corticosteroid injection and platelet-rich plasma at the
3-week and 3-month follow up.*® Although the afore-
mentioned clinical trials and systematic reviews’*’>
appear to support the use of dry needling in the man-
agement of lateral elbow tendinopathy, a recent guide-
line’® from the British Elbow and Shoulder Society
does not recommend dry needling. More specifically,
the analysis of patient-focused outcomes in § identified
randomized clinical trials “demonstrated a large posi-
tive effect size (SMD) for improvement in pain and
function from dry needling over the short (weeks)
and medium term (6 months)”’®; however, Singh
and Watts concluded that “there is no evidence of
benefit compared to placebo” due to the differential
application of the dry needling techniques and the sig-
nificant heterogeneity in the outcome measure choice,
outcome interval, and comparator groups.’®

There are several prior clinical trials that support the
use of the manual therapy and exercise interventions
used in the current study. Soft tissue mobilization,>””"®
joint mobilization,”” and exercise***' have been
found to improve clinical outcomes in patients with
lateral elbow tendinopathy, either individually, or as
a part of a multimodal treatment program. Notably,
in patients with lateral elbow tendinopathy, local
thrust manipulation targeting the radial head (Mill’s
manipulation)*>® has been found to improve pain
and function in the short term.>’””’ Additionally,
regional thrust manipulation and/or mobilization of
the scaphoid®*®*> and cervical spine'®*** have been
reported to improve pain, function, and grip strength
in patients with lateral elbow tendinopathy.*’*

The dry needling protocol of the current trial utilized
bilateral and/or unilateral rotation manipulation®**’ of
multiple needles™ left in situ, combined with electrical
stimulation®*”'™ to intramuscular, musculotendi-
nous, teno-osseous, periosteal, and peri-articular
tissues of the elbow complex.'®***%° Although the
terminology, theoretical constructs, and philosophies
of “dry needling” and “acupuncture” differ, they are
often considered to be in the same category of interven-
tion,”** as both use thin monofilament needles
without injectate to treat neuromusculoskeletal condi-
tions.*%% We chose to include “electrical dry
needling” as part of the experimental group, as
opposed to “dry needling” alone, because there may
be superior analgesia obtained when treating pain
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with electroacupuncture compared to manual acupunc-
ture alone.””"**1% Neurophysiological mechanisms
that may explain the superior analgesic effects of elec-
troacupuncture include greater activation of the anterior
middle cingulate cortex,’* blocking the local release of
inflammatory cytokines in the synovia of joints,'®" and
blocking the systemic release of inflammatory factors
in the periaqueductal gray of the brain stem.'**

The addition of cervical spine thrust manipula-
tion has been used in prior trials on patients with
subacromial pain syndrome'®'**'** and lateral
elbow tendinopathy.'”'® Thrust manipulation to
the cervical spine seems to produce an analgesic
effect on the lateral elbow, resulting in increased
pressure pain thresholds,'”'®!%° an excitatory
effect in resting electromyographic activity of seg-
mentally associated muscles of the upper limb,'%°
and an increase in pain-free grip strength in patients
with lateral elbow tendinopathy.'”'® Plausible
neurophysiological mechanisms may include
stimulation of larger-diameter low-threshold
mechanoreceptors at the spinal cord,'®”~'%
decrease in joint afferent activity,''® and produc-
tion of an adequate stimulus to activate descending
inhibitory pain systems.'''™'!3

There are important limitations to our trial. First,
we only assessed short-term follow up (i.e. 3
months). Second, we did not use a placebo-
needling or control group; however, trials
measure relative efficacy of a treatment compared
to a control, placebo, or usual care."'* Third,
there is a risk of treatment bias secondary to all
treating therapists being associated with the same
postgraduate fellowship program in orthopedic
manual physical therapy.

Clinical messages

e The inclusion dry needling and thrust
manipulation into a multimodal program of
exercise, mobilization, and ultrasound were
more effective for improving pain, disability,
and function than the application of exercise,
mobilization, and ultrasound alone in indivi-
duals with lateral elbow tendinopathy.

Acknowledgements
The authors thank all the participants of the study.

Author Contributions

JD, FMo, and CF participated in the conception, design,
data acquisition, statistical analyses, data interpretation,
drafting, and revision of the manuscript. PB, IY, BL,
and PG were involved in data acquisition, data interpret-
ation, drafting, and revision of the manuscript. NZ, CC,
and FMa were involved in data interpretation and revi-
sion of the manuscript. All authors read and approved
the final version of the manuscript.

Declaration of Conflicting Interests

J.D. is the Director of the American Academy of
Manipulative Therapy Fellowship in Orthopaedic
Manual Physical Therapy. The American Academy of
Manipulative Therapy provides postgraduate training
programs in musculoskeletal sonography, vestibular
rehabilitation, spinal manipulation, spinal mobilization,
dry needling, extremity manipulation, extremity mobil-
ization, instrument-assisted soft-tissue mobilization,
therapeutic exercise, and differential diagnosis to
licensed physical therapists, dentists, osteopaths, and
medical doctors. I.D., 1.Y., P.B., P.G., and N.Z. are
senior faculty of the American Academy of
Manipulative Therapy Fellowship. None of the authors
were directly involved with subject recruitment, treat-
ment sessions, or data collection. None of the treating
therapists were reimbursed in any way for subject recruit-
ment, treatment sessions, or data collection. The other
authors declare that they have no competing interests.

Funding
None of the authors received any funding for this study.

ORCID iDs

James Dunning
0108

Firas Mourad (2 https:/orcid.org/0000-0002-8981-2085
Brus Layson (2 https:/orcid.org/0009-0001-8339-9031
César Fernandez-de-las-Pefias () https:/orcid.org/0000-
0003-3772-9690

https://orcid.org/0000-0002-1194-

Supplemental Material

Supplemental material for this article is available online.


https://orcid.org/0000-0002-1194-0108
https://orcid.org/0000-0002-1194-0108
https://orcid.org/0000-0002-1194-0108
https://orcid.org/0000-0002-8981-2085
https://orcid.org/0000-0002-8981-2085
https://orcid.org/0009-0001-8339-9031
https://orcid.org/0009-0001-8339-9031
https://orcid.org/0000-0003-3772-9690
https://orcid.org/0000-0003-3772-9690
https://orcid.org/0000-0003-3772-9690

14

Clinical Rehabilitation 0(0)

References

1.

12.

13.

Di Filippo L, Vincenzi S, Pennella D, et al. Treatment,
diagnostic criteria and variability of terminology for
lateral elbow pain. Findings from an overview of system-
atic reviews. Healthcare (Basel) 2022; 10: 1-24.

. Lucado AM, Day JM, Vincent JI, et al. Lateral elbow pain

and muscle function impairments. J Orthop Sports Phys
Ther 2022; 52: Cpgl-Cpgl11.

. Sanders TL, Maradit Kremers H, Bryan AJ, et al. The epi-

demiology and health care burden of tennis elbow: a
population-based study. 4m J Sports Med 2015; 43:
1066-1071.

. Kraushaar BS and Nirschl RP. Current concepts review—

tendinosis of the elbow (tennis elbow). Clinical features
and findings of histological, immunohistochemical, and
electron microscopy studies®. JBJS 1999; 81: 259-278.

. Scott A, Backman LJ and Speed C. Tendinopathy: update

on pathophysiology. J Orthop Sports Phys Ther 2015; 45:
833-841.

. Jomaa G, Kwan CK, Fu SC, et al. A systematic review of

inflammatory cells and markers in human tendinopathy.
BMC Musculoskelet Disord 2020; 21: 78.

. Schneeberger AG and Masquelet AC. Arterial vasculariza-

tion of the proximal extensor carpi radialis brevis tendon.
Clin Orthop Relat Res 2002; 398: 239-244.

. Kemp JA, Olson MA, Tao MA, et al. Platelet-rich plasma

versus corticosteroid injection for the treatment of lateral
epicondylitis: a systematic review of systematic reviews.
Int J Sports Phys Ther 2021; 16: 597-605.

. Lin YC, Wu WT, Hsu YC, et al. Comparative effective-

ness of botulinum toxin versus non-surgical treatments
for treating lateral epicondylitis: a systematic review and
meta-analysis. Clin Rehabil 2018; 32: 131-145.

. Lapner P, Alfonso A, Hebert-Davies J, et al. Nonoperative

treatment of lateral epicondylitis: a systematic review and
meta-analysis. JSES Int 2022; 6: 321-330.

. Karanasios S, Tsamasiotis GK, Michopoulos K, et al.

Clinical effectiveness of shockwave therapy in lateral
elbow tendinopathy: systematic review and meta-analysis.
Clin Rehabil 2021; 35: 1383-1398.

Defoort S, De Smet L, Brys P, et al. Lateral elbow tendino-
pathy: surgery versus extracorporeal shock wave therapy.
Hand Surg Rehabil 2021; 40: 263-267.

ElMeligie MM, Gbreel MI, Yehia RM, et al. Clinical effi-
cacy of high-intensity laser therapy on lateral epicondylitis
patients: a systematic review and meta-analysis. 4m J Phys
Med Rehabil 2023; 102: 64-70.

. Bisset L, Beller E, Jull G, et al. Mobilisation with movement

and exercise, corticosteroid injection, or wait and see for
tennis elbow: randomised trial. Br Med J 2006; 333: 939.

. Coombes BK, Bisset L, Brooks P, et al. Effect of cortico-

steroid injection, physiotherapy, or both on clinical out-
comes in patients with unilateral lateral epicondylalgia: a
randomized controlled trial. JAMA 2013; 309: 461-469.

. Dunning J, Butts R, Fernandez-de-Las-Penas C, et al. Spinal

manipulation and electrical dry needling in patients with

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

subacromial pain syndrome: a multicenter randomized clinical
trial. J Orthop Sports Phys Ther 2021; 51: 72-81.
Fernandez-Carnero J, Cleland JA and Arbizu RL.
Examination of motor and hypoalgesic effects of cervical
vs thoracic spine manipulation in patients with lateral epi-
condylalgia: a clinical trial. J Manipulative Physiol Ther
2011; 34: 432-440.

Fernandez-Carnero J, Fernandez-de-las-Penas C and
Cleland JA. Immediate hypoalgesic and motor effects
after a single cervical spine manipulation in subjects with
lateral epicondylalgia. J Manipulative Physiol Ther 2008;
31: 675-681.

Nagarajan V, Ethiraj P, Prasad PA, et al. Local corticoster-
oid injection versus dry needling in the treatment of lateral
epicondylitis. Cureus 2022; 14: e31286.

Uygur E, Aktas B, Ozkut A, et al. Dry needling in lateral
epicondylitis: a prospective controlled study. /nt Orthop
2017; 41: 2321-2325.

Uygur E, Aktas B and Yilmazoglu EG. The use of dry
needling vs. corticosteroid injection to treat lateral epicon-
dylitis: a prospective, randomized, controlled study. J
Shoulder Elbow Surg 2021; 30: 134-139.

Dunning J, Butts R, Zacharko N, et al. Spinal manipulation
and perineural electrical dry needling in patients with cer-
vicogenic headache: a multicenter randomized clinical
trial. Spine J 2021; 21: 284-295.

Gungor E and Karakuzu Gungor Z. Comparison of the effi-
cacy of corticosteroid, dry needling, and PRP application
in lateral epicondylitis. Eur J Orthop Surg Traumatol
2022; 32: 1569-1575.

Zhou Y, Guo Y, Zhou R, et al. Effectiveness of acupunc-
ture for lateral epicondylitis: a systematic review and
meta-analysis of randomized controlled trials. Pain Res
Manag 2020; 2020: 1-10.

Zwarenstein M, Treweek S, Gagnier JJ, et al. Improving
the reporting of pragmatic trials: an extension of the
CONSORT statement. Br Med J 2008; 337: a2390.
Lucado AM, Day JM, Vincent JI, et al. Lateral elbow pain
and muscle function impairments: clinical practice guide-
lines linked to the International classification of function-
ing, disability and health from the academy of hand and
upper extremity physical therapy and the academy of
orthopaedic physical therapy of the American physical
therapy association. J Orthop Sports Phys Ther 2022;
52: CPG1-CPGl11.

Martinez-Silvestrini JA, Newcomer KL, Gay RE,
et al. Chronic lateral epicondylitis: comparative effect-
iveness of a home exercise program including stretching
alone versus stretching supplemented with eccentric
or concentric strengthening. J Hand Ther 2005; 18:
411-419.

Cullinane FL, Boocock MG and Trevelyan FC. Is eccentric
exercise an effective treatment for lateral epicondylitis? A
systematic review. Clin Rehabil 2014; 28: 3-19.

Peterson M, Butler S, Eriksson M, et al. A randomized
controlled trial of eccentric vs. concentric graded exercise



Dunning et al.

15

30.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

in chronic tennis elbow (lateral elbow tendinopathy). Clin
Rehabil 2014; 28: 862-872.

Stasinopoulos D, Stasinopoulos I, Pantelis M, et al.
Comparison of effects of a home exercise programme
and a supervised exercise programme for the management
of lateral elbow tendinopathy. Br J Sports Med 2010; 44:
579-583.

. Reyhan AC, Sindel D and Dereli EE. The effects of

Mulligan’s mobilization with movement technique in
patients with lateral epicondylitis. J Back Musculoskelet
Rehabil 2020; 33: 99-107.

Loew LM, Brosseau L, Tugwell P, et al. Deep transverse
friction massage for treating lateral elbow or lateral knee
tendinitis. Cochrane Database Syst Rev 2014; 2014:
Cd003528.

Landesa-Pifieiro L and Leirds-Rodriguez R. Physiotherapy
treatment of lateral epicondylitis: a systematic review. J
Back Musculoskelet Rehabil 2022; 35: 463-477.

Viswas R, Ramachandran R and Korde Anantkumar P.
Comparison of effectiveness of supervised exercise
program and Cyriax physiotherapy in patients with tennis
elbow (lateral epicondylitis): a randomized clinical trial.
Scientific World J 2012; 2012: 1-8.

Luo D, Liu B, Gao L, et al. The effect of ultrasound therapy
on lateral epicondylitis: a meta-analysis. Medicine
(Baltimore) 2022; 101: e28822.

Hoogvliet P, Randsdorp MS, Dingemanse R, et al. Does
effectiveness of exercise therapy and mobilisation techni-
ques offer guidance for the treatment of lateral and
medial epicondylitis? A systematic review. Br J Sports
Med 2013; 47: 1112-1119.

Dingemanse R, Randsdorp M, Koes BW, et al. Evidence
for the effectiveness of electrophysical modalities for treat-
ment of medial and lateral epicondylitis: a systematic
review. Br J Sports Med 2014; 48: 957-965.

Huseyin Unver H, Bakilan F, Berkan Tascioglu F, et al.
Comparing the efficacy of continuous and pulsed ultra-
sound therapies in patients with lateral epicondylitis: a
double-blind, randomized, placebo-controlled study. Turk
J Phys Med Rehabil 2021; 67: 99-106.

Shaik J. The relative effectiveness of cross friction and Mill’s
manipulation as compared to cross friction alone in the treat-
ment of lateral epicondylitis (tennis elbow). 2000 (Doctoral
dissertation, Durban University of Technology).

Olaussen M, Holmedal @, Mdala I, et al. Corticosteroid or
placebo injection combined with deep transverse friction
massage, Mills manipulation, stretching and eccentric
exercise for acute lateral epicondylitis: a randomised, con-
trolled trial. BMC Muisculoskelet Disord 2015; 16: 1-13.
Vicenzino B, Cleland JA and Bisset L. Joint manipulation
in the management of lateral epicondylalgia: a clinical
commentary. J Man Manip Ther 2007; 15: 50-56.
Shafiee E, MacDermid JC, Walton D, et al. Psychometric
properties and cross-cultural adaptation of the patient-rated
tennis elbow evaluation (PRTEE); a systematic review and
meta-analysis. Disabil Rehabil 2022; 44: 5402-5417.

43.

44,

45.

46.

47.

48.

49.

50.

S1.

52.

53.

54.

55.

56.

57.

58.

Zhou W and Benharash P. Significance of “Deqi” response
in acupuncture treatment: myth or reality. J Acupunct
Meridian Stud 2014; 7: 186-189.

Kong J, Gollub R, Huang T, et al. Acupuncture de qi, from
qualitative history to quantitative measurement. J Altern
Complement Med 2007; 13: 1059-1070.

Dunning J, Butts R, Mourad F, et al. Dry needling: a litera-
ture review with implications for clinical practice guide-
lines. Phys Ther Rev 2014; 19: 252-265.

Johansson K, Bergstrom A, Schroder K, et al. Subacromial
corticosteroid injection or acupuncture with home exer-
cises when treating patients with subacromial impingement
in primary care—a randomized clinical trial. Fam Pract
2011; 28: 355-365.

Molsberger AF, Schneider T, Gotthardt H, et al. German
randomized acupuncture trial for chronic shoulder pain
(GRASP)—a pragmatic, controlled, patient-blinded, multi-
centre trial in an outpatient care environment. Pain 2010;
151: 146-154.

Green S, Buchbinder R and Hetrick S. Acupuncture for
shoulder pain. Cochrane Database Syst Rev 2005; 2:
CD005319.

Kleinhenz J, Streitberger K, Windeler J, et al. Randomised
clinical trial comparing the effects of acupuncture and a
newly designed placebo needle in rotator cuff tendinitis.
Pain 1999; 83: 235-241.

Guerra de Hoyos JA, Andres Martin Mdel C, Bassas y
Baena de Leon E, et al. Randomised trial of long term effect
of acupuncture for shoulder pain. Pain 2004; 112: 289-298.
Lewis J, Sim J and Barlas P. Acupuncture and electro-
acupuncture for people diagnosed with subacromial pain
syndrome: a multicentre randomized trial. Eur J Pain
2017; 21: 1007-1019.

Napadow V, Makris N, Liu J, et al. Effects of electroacu-
puncture versus manual acupuncture on the human brain as
measured by fMRI. Hum Brain Mapp 2005; 24: 193-205.
Langevin HM, Schnyer R, MacPherson H, et al. Manual
and electrical needle stimulation in acupuncture research:
pitfalls and challenges of heterogeneity. J Altern
Complement Med 2015; 21: 113-128.

Vincent J and MacDermid JC. Patient-rated tennis elbow
evaluation questionnaire. J Physiother 2014; 4: 240.
Mintken PE, Glynn P and Cleland JA. Psychometric prop-
erties of the shortened disabilities of the Arm, Shoulder,
and Hand Questionnaire (QuickDASH) and Numeric
Pain Rating Scale in patients with shoulder pain. J
Shoulder Elbow Surg 2009; 18: 920-926.

Jensen MP, Karoly P and Braver S. The measurement of
clinical pain intensity: a comparison of six methods.
Pain 1986; 27: 117-126.

Lowe KA. The test retest reliability, construct validity, and
responsiveness of the tennis elbow function scale. 1999
(Master’s thesis, University of Alberta).

Jaeschke R, Singer J and Guyatt GH. Measurement of
health status. Ascertaining the minimal clinically important
difference. Control Clin Trials 1989; 10: 407-415.



16

Clinical Rehabilitation 0(0)

59.

60.

6l.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Macdermid J. Update: the patient-rated forearm evaluation
questionnaire is now the patient-rated tennis elbow evalu-
ation. J Hand Ther 2005; 18: 407-410.

Rompe JD, Overend TJ and MacDermid JC. Validation of
the patient-rated tennis elbow evaluation questionnaire. J
Hand Ther 2007; 20: 3—-10.

Newcomer KL, Martinez-Silvestrini JA, Schaefer MP, et al.
Sensitivity of the patient-rated forearm evaluation question-
naire in lateral epicondylitis. J Hand Ther 2005; 18: 400-406.
Poltawski L and Watson T. Measuring clinically important
change with the patient-rated tennis elbow evaluation.
Hand Therapy 2011; 16: 52-57.

Young IA, Dunning J, Butts R, et al. Psychometric proper-
ties of the Numeric Pain Rating Scale and Neck Disability
Index in patients with cervicogenic headache. Cephalalgia
2019; 39: 44-51.

Young IA, Dunning J, Butts R, et al. Reliability, construct
validity, and responsiveness of the neck disability index
and numeric pain rating scale in patients with mechanical
neck pain without upper extremity symptoms. Physiother
Theory Pract 2019; 35: 1328-1335.

Farrar JT, Young JP, LaMoreaux L, et al. Clinical importance
of changes in chronic pain intensity measured on an 11-point
numerical pain rating scale. Pain 2001; 94: 149-158.

Salaffi F, Stancati A, Silvestri CA, et al. Minimal clinically
important changes in chronic musculoskeletal pain inten-
sity measured on a numerical rating scale. Eur J Pain
2004; 8: 283-291.

Evans JP, Porter I, Gangannagaripalli JB, et al. Assessing
patient-centred outcomes in lateral elbow tendinopathy: a
systematic review and standardised comparison of
English language clinical rating systems. Sports Med
Open 2019; 5: 10.

Jaeschke R, Singer J and Guyatt GH. Measurement of
health status. Ascertaining the minimal clinically important
difference. Control Clin Trials 1989; 10: 407-415.

Page MJ, Green S, McBain B, et al. Manual therapy and
exercise for rotator cuff disease. Cochrane Database Syst
Rev 2016; 6: CD012224.

Carlesso LC, Macdermid JC and Santaguida LP.
Standardization of adverse event terminology and report-
ing in orthopaedic physical therapy: application to the cer-
vical spine. J Orthop Sports Phys Ther 2010; 40: 455-463.
Dunning J, Butts R, Bliton P, et al. Dry needling and upper
cervical spinal manipulation in patients with temporoman-
dibular disorder: a multi-center randomized clinical trial.
Cranio 2022; Apr 12: 1-14.

Young I, Dunning J, Butts R, et al. Spinal manipulation
and electrical dry needling as an adjunct to conventional
physical therapy in patients with lumbar spinal stenosis:
a multi-center randomized clinical trial. Spine J 2024;
24: 590-600.

MacDermid JC, Solomon P and Prkachin K. The Shoulder
Pain and Disability Index demonstrates factor, construct
and longitudinal validity. BMC Musculoskelet Disord
2006; 7: 12.

74.

75.

76.

71.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

Sousa Filho LF, Barbosa Santos MM, dos Santos GHF, et al.
Corticosteroid injection or dry needling for musculoskeletal
pain and disability? A systematic review and GRADE evi-
dence synthesis. Chiropr Man Therap 2021; 29: 49.
Navarro-Santana MJ, Sanchez-Infante J, Gémez-Chiguano
GF, et al. Effects of trigger point dry needling on lateral epi-
condylalgia of musculoskeletal origin: a systematic review
and meta-analysis. Clin Rehabil 2020; 34: 1327-1340.
Singh HP and Watts AC. BESS Patient care pathway:
tennis elbow. Shoulder Elbow 2023; 15: 348-359.
Nambi G, Alghadier M, Verma A, et al. Clinical and radio-
logical effects of corticosteroid injection combined with
deep transverse friction massage and Mill’s manipulation
in lateral epicondylalgia—a prospective, randomized,
single-blinded, sham controlled trial. PLoS ONE 2023;
18: €0281206.

Olaussen M, Holmedal @, Mdala I, et al. Corticosteroid or
placebo injection combined with deep transverse friction
massage, Mills manipulation, stretching and eccentric
exercise for acute lateral epicondylitis: a randomised, con-
trolled trial. BMC Musculoskelet Disord 2015; 16: 122.
Lucado AM, Dale RB, Vincent J, et al. Do joint mobilizations
assist in the recovery of lateral elbow tendinopathy? A systematic
review and meta-analysis. J Hand Ther 2019; 32: 262-276.el.
Yoon SY, Kim YW, Shin IS, et al. The beneficial effects of
eccentric exercise in the management of lateral elbow ten-
dinopathy: a systematic review and meta-analysis. J Clin
Med 2021; 10: 3968.

Kinney WR and Anderson BR. Nonoperative management
of lateral epicondyle tendinopathy: an umbrella review. J
Chiropr Med 2023; 22: 204-211.

Nagrale AV, Herd CR, Ganvir S, et al. Cyriax physiother-
apy versus phonophoresis with supervised exercise in sub-
jects with lateral epicondylalgia: a randomized clinical
trial. J Man Manip Ther 2009; 17: 171-178.

Viswas R, Ramachandran R and Korde Anantkumar P.
Comparison of effectiveness of supervised exercise
program and Cyriax physiotherapy in patients with tennis
elbow (lateral epicondylitis): a randomized clinical trial.
Sci World J 2012; 2012: 1-8.

Joshi S, Metgud S and Ebnezer C. Comparing the effects
of manipulation of wrist and ultrasound, friction massage
and exercises on lateral epicondylitis: a randomized clin-
ical study. Indian Journal of Physiotherapy and
Occupational Therapy 2013; 7: 205.

Struijs PA, Damen P-J, Bakker EW, et al. Manipulation of
the wrist for management of lateral epicondylitis: a rando-
mized pilot study. Phys Ther 2003; 83: 608—616.
Fernandez-Carnero J, Cleland JA and Arbizu RLT. Examination
of motor and hypoalgesic effects of cervical vs thoracic spine
manipulation in patients with lateral epicondylalgia: a clinical
trial. J Manipulative Physiol Ther 2011; 34: 432-440.

Cleland JA, Whitman JM and Fritz JM. Effectiveness of manual
physical therapy to the cervical spine in the management of
lateral epicondylalgia: a retrospective analysis. J Orthop
Sports Phys Ther 2004; 34: 713-722. discussion 22-24.



Dunning et al.

17

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

Benham A and Johnson MI. Could acupuncture needle
sensation be a predictor of analgesic response? Acupunct
Med 2009; 27: 65-67.

Choi YJ, Lee JE, Moon WK, et al. Does the effect of acu-
puncture depend on needling sensation and manipulation?
Complement Ther Med 2013; 21: 207-214.

MacPherson H, Maschino AC, Lewith G, et al.
Characteristics of acupuncture treatment associated with
outcome: an individual patient meta-analysis of 17,922
patients with chronic pain in randomised controlled
trials. PLoS ONE 2013; 8: €77438.

Chen N, Wang J, Mucelli A, et al. Electro-acupuncture is
beneficial for knee osteoarthritis: the evidence from
meta-analysis of randomized controlled trials. Am J Chin
Med 2017; 45: 965-985.

Hao XA, Xue CC, Dong L, et al. Factors associated with
conflicting findings on acupuncture for tension-type head-
ache: qualitative and quantitative analyses. J Altern
Complement Med 2013; 19: 285-297.

Marinko LN, Chacko JM, Dalton D, et al. The effective-
ness of therapeutic exercise for painful shoulder condi-
tions: a meta-analysis. J Shoulder Elbow Surg 2011; 20:
1351-1359.

Krey D, Borchers J and McCamey K. Tendon needling for
treatment of tendinopathy: a systematic review. Phys
Sportsmed 2015; 43: 80-86.

Stoychev V, Finestone AS and Kalichman L. Dry need-
ling as a treatment modality for tendinopathy: a narra-
tive review. Curr Rev Musculoskelet Med 2020; 13:
133-140.

Furlan AD, van Tulder M, Cherkin D, et al. Acupuncture
and dry-needling for low back pain: an updated systematic
review within the framework of the Cochrane collabor-
ation. Spine 2005; 30: 944-963.

Rathnayake T. Back pain (low): acupuncture and dry need-
ling. Evidence summaries. Joanna Briggs Institute, 2009.
Adelaide, South Australia, Australia.

Tough EA and White A. Effectiveness of acupuncture/dry
needling for myofascial trigger point pain—a systematic
review. Phys Ther Rev 2011; 16: 147-154.

Tough EA, White AR, Cummings TM, et al. Acupuncture
and dry needling in the management of myofascial trigger
point pain: a systematic review and meta-analysis of rando-
mised controlled trials. Eur J Pain 2009; 13: 3-10.
Manheimer E, Cheng K, Linde K, et al. Acupuncture for
peripheral joint osteoarthritis. Cochrane Database Syst
Rev 2010; 1: CD001977.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

Huang J, Zhuo LS, Wang YY, et al. Effects of electroacu-
puncture on synovia IL-1beta and TNF-alpha contents in
the rabbit with knee osteoarthritis. Zhen Ci Yan Jiu
2007; 32: 115-118.

Zhang R, Lao L, Ren K, et al. Mechanisms of acupuncture-
electroacupuncture on persistent pain. Anesthesiology
2014; 120: 482-503.

Rhon DI, Boyles RB and Cleland JA. One-year outcome of
subacromial corticosteroid injection compared with
manual physical therapy for the management of the unilat-
eral shoulder impingement syndrome: a pragmatic rando-
mized trial. Ann Intern Med 2014; 161: 161-169.

Rhon DI, Boyles RE, Cleland JA, et al. A manual physical
therapy approach versus subacromial corticosteroid injection
for treatment of shoulder impingement syndrome: a protocol
for a randomised clinical trial. BMJ Open 2011; 1: ¢000137.
Voogt L, de Vries J, Meeus M, et al. Analgesic effects of
manual therapy in patients with musculoskeletal pain: a
systematic review. Man Ther 2015; 20: 250-256.
Dunning J and Rushton A. The effects of cervical high-
velocity low-amplitude thrust manipulation on resting
electromyographic activity of the biceps brachii muscle.
Man Ther 2009; 14: 508-513.

Katavich L. Differential effects of spinal manipulative
therapy on acute and chronic muscle spasm: a proposal
for mechanisms and efficacy. Man Ther 1998; 3: 132-139.
Melzack R and Wall PD. Pain mechanisms: a new theory.
Science 1965; 150: 971-979.

Sterling M, Jull G and Wright A. Cervical mobilisation:
concurrent effects on pain, sympathetic nervous system
activity and motor activity. Man Ther 2001; 6: 72-81.
Zusman M. Spinal manipulative therapy: review of some
proposed mechanisms, and a new hypothesis. Aust J
Physiother 1986; 32: 89-99.

Vigotsky AD and Bruhns RP. The role of descending
modulation in manual therapy and its analgesic implica-
tions: a narrative review. Pain Res Treat 2015;2015: 1-11.
Gevers-Montoro C, Provencher B, Descarreaux M, et al.
Neurophysiological mechanisms of chiropractic spinal
manipulation for spine pain. Eur J Pain 2021; 25:
1429-1448.

Vicenzino B, Collins D and Wright A. The initial effects of
a cervical spine manipulative physiotherapy treatment on
the pain and dysfunction of lateral epicondylalgia. Pain
1996; 68: 69-74.

Kamper SJ. Control groups: linking evidence to practice. J
Orthop Sports Phys Ther 2018; 48: 905-906.



	 Introduction
	 Methods
	 Participants and Procedure
	 Interventions
	 Materials
	 Statistical Analysis

	 Results
	 Participants
	 Primary Outcome
	 Secondary Outcomes

	 Discussion
	 Acknowledgements
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


