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Abstract

Background: Several rehabilitative treatments have been proposed for Lateral Elbow Tendinopathy (LET). Therapeutic exercise showed the
greatest beneficial effects together with patient education, and multimodal treatment subject specific. In recent years, osteopathic manipulative
treatment (OMT) has been proposed as treatment for LET. The aim of the study was to focus on this emerging approach by comparing it to more
traditional physiotherapy.

Methods: Thirty-two patients with a diagnosis of LET were enrolled and randomly assigned to two groups: the OMT group and the physiotherapy
group. In the former, patients underwent OMT according to the common techniques. In the latter, patients underwent a physiotherapy protocol
consisting in stretching and strengthening exercises, and laser therapy. Outcome measures included the Patient-Rated Tennis Elbow Evaluation
(PRTEE), the Mayo Elbow Performance, and VAS for pain. Assessment was carried out at baseline (T0), after 1 (T1) and 3 (T2) months. In addition,
an ultrasound assessment of the elbow common extensor tendon was performed at TO and T2.

Results: Both the OMT and the Physiotherapy group showed a statistically significant improvement along the follow-up for VAS for pain and
PRTEE score. No significant difference was found for the Mayo Score in the Physiotherapy group. Ultrasound assessment confirmed the presence
of abnormalities of vascularization, echogenicity, and thickness of the tendon at TO, partially reduced at T2.

Conclusion: OMT and physiotherapy resulted both effective in the treatment of LET, offering a significant clinical improvement which helped
patients recovering their functional activities in the short-term follow-up.

Keywords: Lateral elbow tendinopathy; Osteopathic manipulative treatment; Exercise

Abbreviations: LET: Lateral Elbow Tendinopathy; OMT: osteopathic manipulative treatment; PRTEE: Patient-Rated Tennis Elbow Evaluation;
SST: Soft Tissue Technique; MR: Myofascial Release Techniques; MET: Muscle Energy Techniques; HVLA: High-Velocity and Low-Amplitude
Techniques

Introduction

population its prevalence is 1-3% with a peak incidence over 40-
50 years of age [4]. It can lead to functional limitations during
the activities of daily life, and disability [5]. Generally, the muscle
involved is the short radial extensor of the carpus, but in some
cases the pronator muscles of the forearm also appear to be
affected [6]. The average duration of a typical episode is between

Lateral Elbow Tendinopathy (LET), also known as “tennis
elbow”, is an “overuse” syndrome [1,2]. It is characterized by
weakness and pain on palpation over the lateral epicondyle
often radiating distally to the forearm and associated with pain
on resisted dorsiflexion of the wrist and/or middle finger, with
the symptoms being aggravated by prehension [3]. In the overall
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6-24 months, but symptom duration does not seem to be related
to its severity, and 89% of patients recover within one year [7].

The main risk factors recognized are the handling of loads
>20kg at least 10 times/day, repetitive movements >2h/day [8],
and some minor but not negligible factors should be added such
as: subjects with rotator cuff problems [9], sports activities such
as tennis, age between 45-54 years, use of oral steroids, other
tendinopathies, Caucasians, and smoking patients. Numerous
studies have shown the absence of inflammatory cells in
individuals with LET, while changes in tendon function have
been found to be neurogenic (presence of chemical mediators of
pain such as substance P and calcitonin due to altered afferent
inputs), vascular (neovascularization), and structural (presence of
necrotic fibers and high percentage of rapidly contracting fibers).
The term LET or lateral tendinopathy is therefore correct while
epicondylitis should be abandoned [10].

Regardless of the etiopathogenetic mechanisms, treatments
are often only partially successful, and there are controversial
results on the benefits of one approach over the others [11,12]. In
this scenario, more comparative trials are needed. Since in recent
years the osteopathic manipulative treatment (OMT) has spread
as a solution to address epicondylitis, the aim of this study was to
focus on this emerging treatment approach by comparing it to a
more traditional physiotherapy approach.

Materials and Methods
Study Design and Ethics

The clinical trial is a randomized controlled trial open to two
groups. The study, approved by the Ethical Committee (N.0006310),
was conducted at the outpatient’s clinic of the hospital. Patients
enrolled for the study signed an informed consent.

Patients

Patients with diagnosis of chronic LET were consecutively
enrolled, according to the inclusion and exclusion criteria. The
inclusion criteria were age 25-60 years, diagnosis of LET (clinical
tests, ultrasound assessment), pain for at least 3 months. The
exclusion criteria were arthritis, autoimmune diseases, presence
of calcifications, cervical radiculopathies, dis-metabolic diseases,
major elbow instability, previous trauma-fractures-surgery at
the upper limb, neurological pathologies, injective therapy at
the elbow in the previous 3 months, pathological deformities,
psychiatric diseases.

Patients were assigned to one of the two arms according to
a block randomization list of 6, encrypted and managed by the
data manager. In the study group, patients underwent OMT (OMT
group), in the control group (Physiotherapy group) the patients
underwent the physiotherapy protocol in the outpatient clinic of
the physical therapy and rehabilitation unit of the hospital. In each
group treatments were always performed by the same operator.

Treatment

Osteopathic Manipulative Treatment (OMT): Six sessions
of treatment were carried out at: the first three at a distance of 7
days, the fourth after 15 days, the fifth after 20 days and the sixth
and last after 30 days. Each treatment had a duration of about 45
minutes and the functional rebalancing occurred mainly through
soft tissue techniques (Soft Tissue Technique, SST), myofascial
release techniques (MR), muscle energy techniques (MET), and
high-velocity and low-amplitude techniques (HVLA). The applied
techniques were chosen based on the manual evaluation criteria
by the operator of the patient and they were tissue-specific and
patient-specific.

Physiotherapy Protocol: The rehabilitation protocol, as
per usual care in our center based on previous studies [12-14]
provided sessions of a duration of 30 minutes, carried out daily, for
a total of 10 sessions. The session was thus organized: 20 minutes
of manual therapy composed of stretching exercises of flexor
muscles and wrist extensors, muscular strengthening exercises
for the muscles of the forearm, wrist, and fingers, ND-YAG laser
therapy session in scan mode (peak fluence: 970-1350 mj / cm2;
Frequency 10-30 Hz: Total energy: 3000 ]). The stretching and
strengthening exercises protocol is illustrated in Table 1.

Outcome Measures: Patients enrolled for the study were
assessed by means of the administration of clinical-functional
scores at baseline (T0). Assessment was repeated at 1 (T1) and
3 (T2) months of follow-up. The Patient-Rated Tennis Elbow
Evaluation (PRTEE), a 15-item questionnaire specifically designed
for patients with LET [15] was used for self-assessment of forearm
pain and disability as primary endpoint. The items investigate
pain (5 items) and the degree of difficulty in performing various
activities (6 specific and 4 usual activity items) due to the elbow
problem over the preceding week. Each item has 1 response option
(0 no difficulty, 10 unable to perform). The scores for the various
items are used to calculate an overall scale score ranging from
0(best score) to 100 (worst score). The Mayo Elbow Performance
Score, measures elbow function across four domains: pain (45
points), stability (10 points), range of motion (20 points), and
daily functional tasks (25 points). Scores are categorized as 90-
100 = excellent, 75-89 = good, 60-74 = fair, 0-59 = poor [16].

Furthermore, to confirm the LET diagnosis, an ultrasound
assessment was carried out at TO with a linear US probe with
musculoskeletal settings, considering the following parameters:
vascularization, echogenicity, and the thickness in mm of the
affected tendon (elbow common extensor tendon). Calcifications
or other abnormalities were also reported. The vascularization
and echogenicity parameters were defined on a visual scale, always
evaluated by the same operator (P.S. with 10 years of experience in
musculoskeletal imaging). Both echogenicity and vascularization
expressed the inflammations of the tendon. Indeed, inflammatory
changes in tendons result in a hypervascularization detectable at
power-color-Doppler, as well as a reduction of echogenicity of the
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tendon’s fibers. These parameters have been semi-quantitatively  of the abnormalities. The ultrasound assessment was repeated
graded as follows: 0 normal findings, 1 mild alteration, 2 moderate  also at T2.
alteration, 3 severe alteration, based on the extension and severity

Table 1: Stretching and strengthening exercises program.

Stretching exercises were carried out by the operator with the patient lying in the supine position, for three times. The position is main-
tained for 30 seconds, followed by 30 seconds of relaxation.

1) Stretching of the wrist and fingers flexors: the operator extends the patient’s wrist
until the maximum achievable tension is reached.

2) Stretching of the wrist and fingers extensors: the operator flexes the patient’s wrist
until the maximum achievable tension is reached.

Strengthening exercises were carried out with the patient sitting with the arm resting on the leg, elbow flexed at 90°, with the hand that protrudes
from the knee. In the event that this position was uncomfortable, it was allowed to flex the elbow even more by tilting the trunk forward. The
forearm was well positioned on the thigh. Initially all the exercises were done without weight, which was added only without increasing symptoms.
Twelve repetitions for 3 series were required for each exercise. Each position is kept for 2 seconds followed by return to the starting position.

1) Wrist flexion with supinated forearm: starting with the wrist in extension flex the
wrist as much as possible.

2) Wrist extension with pronated forearm starting with the wrist flexed, extend the
wrist as much as possible.

3) Forearm pronation: starting with the wrist in neutral position and the forearm in
the support position, bring the forearm in pronation as much as possible.

4) Adduction / abduction of the wrist: starting with the forearm in neutral position
and the wrist in adduction (radial deviation), move the wrist as much as possible in
abduction (ulnar deviation).

5) Finger extension: starting with the forearm in supination and the wrist in neutral
position, place a rubber band around the fingers and thumb and open the fingers as
much as possible.

6) Fingers flexion: starting with the forearm in supination and the wrist in neutral
position, place a sponge ball in the hand, and tighten the fingers as much as possible.
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Statistical Analysis

The sample estimate was carried out through a Power
Analysis. The primary endpoint was considered (PRTEE), with a
minimum significant difference of 5 points. Based on the standard
deviation of this score (4.1) derived from the literature [17],
considering a significance of 0.05 and a power of 0.9, the number
of patients was settled to 16 per group, for a total of 32 patients.
By expecting the possibility of having dropouts in the study
design 36 patients were scheduled in total (18 per group). All
continuous data were summarized in terms of mean * standard
deviation, while categorical variables were summarized in terms
of frequency and percentage. The Shapiro-Wilk test was used to
assess the normal distribution. The Levene test was used to assess
the homoscedasticity. The Student T- Test for unpaired data was
used to compare age, basal VAS pain, PRTEE, Mayo scores between
the two groups. The categorical variables (side, sex) were analyzed
through the Fisher Chi Squared for the study of the frequencies.

Repeated measures ANOVA with Sidak post-hoc test was
used to assess the difference along the follow ups in each group
of continuous variables. Friedman test with Wilcoxon post-hoc
test was used to assess the difference along the follow ups in
each group of ordinal variables. One Way ANOVA was used to

Table 2: General data on patients.

compare the groups showing continuous, normally distributed,
and homoscedastic data; the Mann-Whitney non-parametric test
was used otherwise. To compare the groups, the Delta percentage
of change with respect to the basal value during follow up was also
used. The statistical analysis was performed using the statistical
package for social sciences (IBM SPSS Statistics for Windows,
Version 19.0. Armonk, NY: IBM Corp) by an expert statistical
consultant from our institute.

Results

Thirty-six patients were recruited for the study. Two patients
dropped out for further diagnostic assessment that led to another
diagnosis (screening failures), and 2 patients did not complete the
follow-up assessment. Thirty-two patients were included in the
study, 15 in the OMT group and 17 in the physiotherapy group.
Individual general data are reported in Table 2. No statistical
difference was found for general data between the two groups.
Statistical analysis did not show any difference between groups at
any follow-up (Table 3), except for a significant difference for VAS
Pain at TO. For this reason, delta values were calculated and no
difference was found between T0-T1 and TO-T2 for both groups
(Figure 1).

Mean and 95% C.I.
N° Mean SD Min. Max. P
Low lim Upp lim
OMT group 15 50.1 5.3 47.1 53 41 61
AGE 0.794
Physiotherapy group 17 51.8 10.1 46.6 57 36 74
OMT group 15 24.7 4.4 22.2 271 19 36
BMI 0.114
Physiotherapy group 17 26.6 4.1 24.5 28.8 20 37
OMT group 15 6 males 9 females
GENDER (M/F) 0.479
Physiotherapy group 17 10 males 7 females
OMT group 15 12 right 3 left
SIDE (R/L) 0.998
Physiotherapy group 17 13 right 4 left
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Table 3: Differences among groups and along the follow up in outcome variables.

. Post Hoc pairwise comparison
To T1 T2 Difference along the follow up with Sidak test
Repeated measures ANOVA (p)
TOvs T1 ‘ TO-T2 ‘ T1-T2
VAS Pain
OMT group Mean (SD) 6.3 (2.3) 4.6 (2.7) 3(2.7) 0.002 0.107 0.002 0.018
Physiotherapy group
Mean (SD) 5.2 (1.6) 3.4 (1.6) 3.2(1.8) 0.02 0.025 0.015 0.961
Difference between 0.044 0.132 0.71
groups (p)* ’ ) '
PRTEE
OMT group Mean (SD) | 55.2(20.7) 37.7 (24.9) 29.4 (24.2) 0.001 0.025 0.001 0.057
Physiotherapy group
Mean (SD) 48.2 (17) 30.5 (14.9) 27.5 (14.6) 0.021 0.048 0.016 0.573
Difference between 0.23 0.576 1
groups (p)* ' '
MAYO
OMT group Mean (SD) | 73.7 (11.7) 80.7 (11.9) 87.7 (8.6) 0.02 0.137 0.001 0.04
Physiotherapy group
Mean (SD) 71.8 (14.1) 80.9 (11.6) 81.5 (11.3) 0.186
Difference between 0.911 0.882 0.142
groups (p)* ) ’ '
*One Way ANOVA
P
VAS pain
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Figure 1: Graphical trend for VAS pain, PRRT and Mayo scores along the follow-ups in the two groups.
VAS pain: Delta TO-T1= p=0.894, TO-T2 p=0.176; PRTEE: Delta TO-T1 p=0.970, TO-T2 p=0.411; MAYO: Delta TO-T1 p=0.852, TO-T2
\__P=0.370 (non parametric Mann-Whitney test)
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Both the OMT and the Physiotherapy groups showed a
statistically significant improvement along the follow-up for the
VAS for pain and the total PRTEE score. No significant difference
was found for the Mayo Score in the Physiotherapy group. Data are
reported in Table 3. Post hoc pairwise analysis evidenced that VAS
improved in the Physiotherapy group between T0-T1 and T0-T2,
without difference between T1-T2. No improvement was found in
the OMT group between TO-T1, while pain decreased between TO-
T2 and T1-T2.

The PRTEE score increased along all the follow up in both

the OMT and the Physiotherapy group with a significant decrease
between TO-T1 and TO-T2, without significant changes between
T1-T2. The Mayo score in the OMT did not change significantly
between TO0-T1, while an improvement was present both
between TO0-T2 and T1-T2. Tendon ultrasound evaluation was
taken respectively in 14 patients in the OMT group and in 16 in
the Physiotherapy group at TO, and in 8 patients and 10 patients
at T2. Although an improving trend in the parameters assessed
was present, no significant difference between groups both at TO
and T2 was found except for the reduction of the parameter hypo
intensity at T2 in the Physiotherapy group (Table 4).

Table 4: Differences between groups and along the follow up for tendon ultrasound assessment.

‘ TO ‘ T2 ‘ Difference along the follow up Wilcoxon nonparametric test (p)
Vascularization
OMT group Mean (SD) 1.7 (1.2) 1.0 (0.8) 0.188
Physiotherapy group Mean (SD) 1.8 (1.1) 1.4 (1.1) 0.313
Difference between groups (p)* 0.984 0.408
Hypo intensity
OMT group Mean (SD) 1.6 (0.8) 0.9 (0.6) 0.5
Physiotherapy group Mean (SD) 1.8 (0.7) 1.2 (0.4) 0.031
Difference between groups (p)* 0.63 0.36
Thickness
OMT group Mean (SD) 5.4 (0.9) 5.4 (0.9) 1
Physiotherapy group Mean (SD) 5.8(0.1) 5.5(1.2) 0.5
Difference between groups (p)* 0.275 0.895

*Mann-Whitney non-parametric test

Discussion

The main findings of this randomized controlled trial are
that both OMT and a more classical physiotherapy approach
are effective interventions for the treatment of chronic LET,
offering a significant clinical improvement which helped patients
recovering their functional activities in the short-term follow-
up, without requiring more invasive treatments. These data
add to a controversial literature where several approaches have
been previously documented with heterogeneous reports and
conflicting evidence. Among the rehabilitation treatments of LET,
although they are well recognized as effective [17], there is no
agreement about which one may be more beneficial [11,12,18].

Current evidence seems to be in favor of therapeutic exercise
through eccentric, concentric and isometric exercises, and exercise

has been shown to be more effective than ultrasound and massage
[19,20]. Isometric exercise seems to be more effective to address
pain and disability but not in terms of grip strength and perception
of the subject [1,12,21]. Finally, ultrasound has not shown to
be more effective than placebo in terms of decrease in pain and
general improvement perceived by the patient. Similarly, shock
waves were no more effective than placebo or other therapies
[22,23]. Orthosis does not seem to be effective while dry needling
is more effective than placebo and short-term ultrasounds [11,24].

The manipulations of wrist, elbow, and cervico-thoracic
region can be useful in the short term in the reduction of pain, but
they are difficult to evaluate due to their little specificity and there
is insufficient evidence [10,25,26]. Stretching and strengthening
exercises seem to have a better short-term effect than ultrasound
or massage and there seems to be no difference between isotonic
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or isometric exercise compared with stretching exercises [13,27].
Another commonly used approach is the laser treatment. Laser
has proved effective in reducing pain [14,28,29]. The Kinesio
Taping could have positive effects on high and medium intensity
work resistance [30]. Finally, orthobiologic injective treatments
are emerging, although with still controversial findings [31,32].

Among all these options, the osteopathic Manipulative
Treatment (OMT) is emerging as one of the suitable noninvasive
approaches to address LET [33,34]. The osteopathic approach is
based on the tissue self-healing capacity in a proper homeostatic
condition [35]. To this purpose, the evaluation of the patient and
the osteopathic treatment should consider also structures that
are distant from the area affected by the symptom/pathology,
according to a functional, mechanical/anatomical, neurological,
and metabolic approach [36].

This allows the identification of what in osteopathy takes the
name of “primary somatic dysfunction”, understood as myofascial
alteration, and functional compensation that can be related to
the symptom [37]. From an osteopathic point of view, the lateral
tendinopathy of the elbow can be interpreted as the result of a
functional overload of the elbow, which is often associated with
myofascial restrictions at shoulder, cervical and thoracic spine,
with consequent functional overload of the distal part of the upper
limb during daily movements. These restrictions also represent
an obstacle to the lymphatic flow resulting in difficulties in
eliminating catabolites and inflammation mediators.

As with any manual technique, the effect of the OMT can
also be attributed to pain modulation through the activation of
descending pain inhibition systems. Osteopathic treatment could
uniquely influence cellular function, direct muscle contraction
and critical processes such as healing from a wound by cellular
mechanisms. The OMT treatment is not easily repeatable since it
is operator dependent in its evaluation part and because it is not
possible to objectify pressure, tissue features, application times,
etc., although the osteopathic rationale is based on concepts of
well-known and documented physiology. This is the reason for
which in the present study a single operator carried out all OMT
treatments.

In this study a similar outcome was documented for both
treatments, suggesting the potential of the osteopathic approach
to offer similar results than the more classic physiotherapic
approach. The base of this results could be related to the
correlation between osteopathic treatment and self-healing
mechanisms [38], restoring the proper functional conditions
of the limb, even though specific mechanisms are difficult to be
documented. Understanding the molecular mechanisms through
which the MR and other osteopathic techniques work would help
to define the foundations of their clinical efficacy [38]. Also, the
data show that the OMT treatment can be alternative to standard
physiotherapy treatment with fewer sessions, with a saving of time

007

and resources, and the treatments are well tolerated by patients.

This study presents some limitations. The osteopathic
assessment is very operator dependent. This implies that
findings in the present study could not be reproducible, and other
studies confirming the results of this work would be desirable.
A further limit is the sample size, since the statistical analysis of
the ultrasound evaluation was conditioned by the low number of
evaluations carried out. However, the most important outcome
in these patients is the clinical improvement, rather than tissue
related changes which have not been clearly correlated with
neither pain nor functionality. Finally, the Mayo score, compared
to other scores, seems to be the one less able to describe the trend
over time of the groups taken into consideration with respect to
the studied pathology, but it was not the only assessment tool
considered to this purpose. Beside these limitations, this study
still offered important data, and represent one of the few RCTs
in this challenging field where osteopathic treatments are rarely
documented with a proper study design.

Conclusion

This study demonstrated the effectiveness of the osteopathic
treatment which produced results overlapping with those
of standard physiotherapy treatment at a short-term follow-
up. Accordingly, this study poses the foundations for further
trials to evaluate the inclusion of osteopathic treatment among
possible intervention for LET. OMT and traditional rehabilitative
intervention intervene on perfectly complementary aspects: the
first is oriented to restore the general homeostatic conditions in
order to enhance intrinsic self-healing capabilities, the second acts
directly on the tendon impairment and therefore on the pathology
itself. Future studies should explore the possibility of integrating
both approaches to optimize the results and more effectively
address patients affected by LET.
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