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Prospective Evaluation of the Effectiveness of
a Home-Based Program of Isometric Strengthening
Exercises: 12-Month Follow-up
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Baclground: The aim of this prospective randomized clinical trial was to investigate the efficacy of a home-based program of
isometric strengthening exercises for the treatment of the lateral epicondylitis (LE) of the distal humerus. We hypothesized that 1)
use of isometric strengthening exercises would result in clinical benefits similar to those provided by medication and pain relief
and 2) functional improvements after exercise would be time-dependent.

Methods: Patients were assigned to one of two groups: 1) an immediate physical therapy group (group ), or 2) a delayed physical
therapy group (group D). Group | patients (n = 16) were instructed how to do the exercises at their first clinic visit and immediately
carried out the exercise program. Group D patients (n = 15) learned and did the exercises after being on medications for 4 weeks.
Results: Outcomes at the 1-month clinic visit indicated that pain (measured using a visual analogue scale [VAS]) had been
significantly reduced in group | compared to group D (o < 0.01). However, significant differences between groups were not found
at 3-, 6-, and 12-month follow-up for either VAS scores or Mayo elbow performance scores. For modified Nirschl/Pettrone scores,
a significant difference between groups was found only at the 1-month follow-up visit. By then, the number of participants who
returned to all activities with no pain or occasional mild pain was six (37%) in Group | and two (13%) in Group D (p = 0.031). At the
final follow-up visit, 88% of all participants performed physical activities without pain.

Conclusions: Isometric strengthening exercises done early in the course of LE (within 4 weeks) provides a clinically significant
improvement.
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Lateral epicondylitis (LE), or tennis elbow, is a degenerative
or failed-healing tendon disease characterized by im-
mature reparative tissue that resembles angiofibroblastic
hyperplasia in the origin of the extensor carpi radialis
brevis (ECRB).” Although a diagnosis of LE can be easily
arrived at by clinical examination, treatment has been a
challenging problem.” Based on the natural history of LE,
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some investigators have advocated a wait and watch policy
without any intervention for relief of symptoms. Smidt
et al.” reported that 80 percent of persons with LE of
longer than 4 weeks’ duration had recovered after 1 year of
waiting. However, there is a consensus among experts that
a year is too long a time for the patient to wait, not only
in terms of pain and disability, but also in terms of loss of
economic productivity.‘” To date, more than 40 different
therapeutic interventions including physiotherapy have
been described in the literature.” Among these treatment
modalities, exercise programs, home-based or super-
vised, are one of the most commonly suggested physio-
therapies. However, as stated by Stasinopoulos et al.,”
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one disadvantage of a home exercise program is a lack of
compliance with the regimen. Furthermore, compliance
is often decreased when patients exercise with pain.”
Since most studies regarding exercise programs have
dealt with the efficacy of concentric or eccentric exercises,
these disadvantages may not be as relevant to isometric
strengthening exercise programs.

Isometric strengthening exercise programs have not
been investigated well. To the authors’ knowledge, only one
study has mentioned its possibility as a treatment modality
for the LE.” Accordingly, we developed a simple isometric
strengthening exercise program, which can be easily per-
formed without any equipment or strict supervision of a
physiotherapist. The aim of our prospective randomized
clinical trial was to investigate the efficacy of home-
based isometric strengthening exercise by comparing
two different treatment regimens: 1) participants start
exercising immediately vs. 2) participants begin exercise
after receiving medications for the initial 4 weeks. We
hypothesized that 1) the participants doing an isometric
strengthening exercise program would experience clinical
outcomes similar to those with medication and pain relief
and 2) functional improvements after exercise would be
time-dependent.

METHODS

Design

We conducted a prospective randomized study. Physical
examination was done by the senior author. Assignment
to one of the two groups was done using a random
number generating program by the two clinical fellows:
1) an immediate physical therapy group (group I), 2) a
delayed physical therapy group (group D). The exercise
protocol was the same in both groups. Patients who were
assigned to group I were instructed as to how to perform
the exercises at the very first visit and then immediately
carried out the exercise program. Group D patients did
the exercises after 4 weeks of oral non-steroidal anti-
inflammatory drug medications. Participants who did
not exhibit reduced symptoms after 4 weeks of doing the
exercise program were withdrawn from the study and
received other treatments such as extracorporal shock
wave therapy (ESWT), or surgery after confirming the
pathologic lesions of the elbow using ultrasonography.

Participants

Patients in our study were selected using the following
criteria: 1) clinical diagnosis of LE - tenderness on or
near the extensor carpi radialis brevis (ECRB) origin site,

which is located 5 mm distal and anterior from the lateral
epicondyle of the humerus, and aggravation of symptoms
with resisted middle finger extension with the elbow in an
extended position; 2) persistent symptoms for at least 6
weeks despite non-strengthening conservative treatments
including medication, brace application, and physical
therapy; 3) ability to complete questionnaires. Exclusion
criteria were as follows: 1) steroid injections at the lateral
epicondyle within the last 3 months; 2) combined diseases
such as rheumatoid arthritis, neurologic or muscular
disorders; 3) a history of previous injury of the elbow; 4)
arthritic changes or calcifications around the elbow joint
on radiographs. Between August 2005 and June 2006, 31
consecutive patients who had LE diagnosed by the senior
author and met criteria were invited to participate. There
were no participants who received workers’ compensation
for their treatments. All patients were informed that they
were going to be in a study.

Intervention

We adapted isometric muscle strengthening exercises
(Figs. 1 and 2). The strengthening exercise program was
composed of four sets of 50 repetitions daily. Instructions
on performing strengthening exercises were given by
the senior author. The participants were instructed to do
exercises gently, without pain so as to increase compliance
rate and to reduce the potential of further injury to the
affected tissues.” Each of the patients was given a calendar
and asked to keep a record of the days when he did the
exercises. Then compliance was measured as the ratio of
the number of days when they did the exercises to the
total number of days that they were supposed to do the
exercises.

Outcome Measures
To evaluate the effectiveness of the treatment protocols,
we used three self-report outcome measures: a pain visual
analogue scale (VAS), the modified Nirschl/Pettrone
score,” and the Mayo elbow performance score (MEPS).”
The pain VAS is a horizontal line, 100 mm in length, an-
chored by word descriptors “no pain” at the left side and
“very severe pain” at the right side. Participants were asked
about elbow pain and function with the Modified Nirschl/
Pettrone scoring system. For each item, there were five
possible responses.
A. Full activity, no pain
B. No pain during normal daily activities, mild pain
during sports/ occupational activity
C. Occasional pain during normal daily activities,
moderate pain during sports/occupational activity



175

Park et al. Isometric Strengthening Exercises for Lateral Epicondylitis

Clinics in Orthopedic Surgery * Vol. 2, No. 3, 2010 * www.ecios.org

Fig. 1. Picture showing the location of the lateral epicondyle (asterisk)
and the direction of the extensor carpi radialis brevis (ECRB; arrowhead).
Before providing instruction regarding the isometric strengthening
exercise program, the anatomical location of the ECRB and the efficacy of
isometric contraction of the ECRB were explained. By doing so, patients
could understand the goal of the exercise treatment more easily.

D. Mild to moderate pain during normal daily
activities, severe pain during sports/occupational
activities

E. Pain at rest

The MEPS scale consisted of four categories: pain,

range of motion, stability, and function, and total score
was divided by 100, with higher scores indicating normal
levels of elbow function. Clinical assessments were done
at 1, 3, and 6 months. At 12 months, phone calls were
made to participants to evaluate clinical outcomes and
compliance with the home exercise program.

Statistical Analysis

Results for groups I and D were compared using the
Mann-Whitney test for MEPS, a two-tailed unpaired
Student’s ¢-test for VAS, and a chi-square test for the mod-
ified Nirschl/Pettrone score. Statistical analysis was done
using SPSS ver. 13.0 (SPSS Inc., Chicago, IL, USA). All
tests were done using a 95% confidence level. The level of
significance was set at p < 0.05.

RESULTS

Participant Demographics

A total of 31 participants were enrolled in this study.
Sixteen patients were in group I and fifteen in group D.
The ratio of male to female was seven to nine in group I
and five to ten in group D. The demographic data of the
participants are listed in Table 1. No significant baseline
differences were found between the groups regarding age,
ratio of male to female, or duration of symptoms.

Compliance with the Exercise Program
Inspection of participant diaries showed that at 3 months
follow-up the compliance rate was 0.56 in group I and

Fig. 2. The isometric strengthening exercise program was composed of
four sets of 50 repetitions daily. Each static motion is performed for 10
seconds.

Table 1. Epidemiologic Data

Group | Group D p-value
Age (yr) 50.3(range, 34 t0 63) 50.0 (range, 41t058)  0.927
Gender _ _
(male : female) 7:9 5:10 0411
Sm%mm duration g 4 (ange, 210 15)  62(range, 2t017) 0229

0.75 in group D (p = 0.02) (Table 2). At 6 months, the
compliance rate had decreased to 0.43 and 0.38 in groups
I and D, respectively (p = 0.629) At 12 months, 52% of
participants did not perform the exercises.

Effect of the Intervention

At the 1-month visit the average VAS score for group I
was lower than for group D (p < 0.01) (Table 2). However,
significant differences in VAS or MEPS were not found at
3- and 6-month follow-up. According to the evaluations
through 12-month follow-up phone call, significant
differences were not found in VAS and MEPS between the
groups.

A significant difference between groups in Modified
Nirschl/Pettrone scores was only found at 1-month follow-
up. By then, the number of participants participants who
returned to all activities with no pain or occasional mild
pain was six (37%) in Group I and two (13%) in Group
D (p = 0.031). At final follow-up, 88% of all participants
performed activities without pain.

Withdrawn Participants
Five participants dropped out. Of these, two received
ESWT in our hospital at the 1-month follow-up visit be-
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Table 2. Results at Follow-up

Initial visit 1mo
VAS
Group | 53.1(SD 8.6) 29.7(SD 11.8)
Group D 52.1(SD 14.8) 49.4(SD13.9)
MEPS
Group | 56.9(SD 11.9) 67.8(SD8.2)
Group D 57.0(SD 13.8) 60.7 (SD 15.8)

Modified Nirschl/Pettrone score®

Group | - 6(37%)

Group D - 2(11%)
Compliance rate

Group | - 0.88

Group D - -

3mo 6 mo 12 mo
10.6(SD 9.9) 85(SD 11.5) 7.8(SD 11.7)
14.9(SD 9.8) 7.9(SD 10.6) 7.0(SD 11.1)
86.1(SD7.8) 86.8(SD 9.5) 89.0(SD 11.4)
84.9(SD7.6) 88.9(SD7.2) 90.9(SD 8.0)
12 (75%) 14 (83%) 14(88%)
10 (67%) 13(87%) 13(87%)
056 043 0.44(7/16)"
0.75 045 0.40(6/15)

VAS: Visual analogue scale, MEPS: Mayo elbow performance score, SD: Standard deviation.
*In Modified Nirschl/Pettrone score, we present the number of participants who answered A or B. "The compliance rate at 12 month is presented in the ratio of
the number of participant who performed the exercise out of the total number of participants.

cause they had not experienced reduced pain or improved
function. The remaining three did not revisit our clinic
after receiving instructions regarding how to do the
strengthening exercises. A follow-up phone call revealed
that the isometric strengthening exercise program had not
led to substantial improvement in any of these three.

DISCUSSION

The present study was conducted to evaluate the effective-
ness of a home-based isometric exercise strengthening
program. In a clinical setting at a tertiary grade hospital,
getting control data is not easy, which makes it difficult
to determine the exact efficacy of the treatment indepen-
dently of the natural course of improvement. Therefore,
we only included patients who had more than 6 weeks of
symptoms without improvement. In addition, by com-
paring groups with different exercise program starting
points, we could observe the effectiveness of the isometric
exercise program during the initial period. The findings
of our study indicate that isometric exercise reduces pain
and improves elbow function within a short period. After
three-months of follow-up, except for a difference in
compliance at three months, there were no differences in
the other variables. One interesting finding was that none
of the participants who dropped out showed improvement

at the second visit. We assumed that this may be due to
the limited efficacy of the isometric exercise in patients
for whom the disease had progressed more. Actually, the
mechanism by which a strengthening exercise program
causes pain relief remains uncertain. Most studies
regarding the efficacy of exercise investigated eccentric
strengthening exercises in Achilles tendinopathy. Based
on experimental studies, eccentric strengthening exercise
causes tendon strengthening by stimulating mechano-
receptors in tenocytes to produce collagen, which is the
key cellular mechanism that determines recovery from
tendon injuries."™""” Another reason for the positive effects
of eccentric strengthening may be due to increased tensile
strength in the muscle or decreased muscular strain
during joint motion because of muscular lengthening.'*"”
On the contrary, several authors have called into question
the idea that the mechanism that produces positive effects
in Achilles tendinopathy may not be applicable to LE.
Martinez-Silvestrini et al.” stated that, unlike Achilles
tendinopathy, LE is often related to forceful grip activities
requiring isometric contraction, which would be more
beneficial than eccentric contraction in LE. In addition,
following a supervised eccentric exercise protocol may not
be convenient because patients should visit the hospital
each time for exercise training and because this type of
exercise often causes increased pain, which could result in
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abandonment of the exercises. In contrast, a home-based
eccentric exercise program is convenient for the patients
to perform without consideration of time, place, and
supervision. However, patient compliance still remains a
matter of concern. Judging from our clinical experience,
compliance decreases when patients do exercise with
pain or when the exercise protocol is not easy to follow.
In this study, a simple isometric strengthening exercise
program was used, which was easy to carry out without
any equipment. In the early phase of the program (1 to 3
months), the compliance rate was over 70%. Because, most
studies of home exercise programs have not mentioned
participant compliance rates, we could not conclude
whether our rate is appropriate or not. One interesting
finding was that 48% patients continued doing the
exercises at one-year follow-up regardless of symptoms,
which reflects the acceptance of our treatment protocol.
Our study has several limitations that warrant
review before drawing a definite conclusion. First, we
could not find any theoretical evidence for the effective-
ness of isometric exercise. Several authors only described
the possibility of it conferring a benefit.” Recently, ec-
centric strengthening exercise has gained attention for
the treatment of LE.*"> However, eccentric exercise often
causes increase pain and some authors have emphasized
that eccentric exercise should be performed without
pain.M) Furthermore, to perform eccentric exercise, equip-
ment such as a resistance band is necessary. In a review
of the literature, we could not find compliance rates for
home eccentric exercise programs. Considering that

doing exercise with pain decreases compliance, enhancing
compliance with eccentric exercises may be difficult.
Second, although, the isometric strengthening exercises
contributed to the reduction in symptoms, we do not know
how much improvement the exercise caused because
we did not compare the patient group with exercise to
one without exercise. Third, to evaluate participants’
compliance, at the beginning, we gave the subjects
exercise calendars. However, in the intermediate to late
period, some participants kept records that were only
partially completed. Therefore, the compliance rate was
not accurately measured in all participants. Fourth, we do
not have enough clinical data to support this treatment
protocol. Therefore, a future study will be required to
investigate the most effective regimen. Fifth, the follow-up
intervals in the initial period were not uniform between
the groups due to the limitations of the outpatient clinical
setting.

In conclusion, an isometric strengthening exercise
program early in the course of LE (within 4 weeks) pro-
vides clinically significant improvement. A large-scale
study will be required to determine whether an early
response to the strengthening exercise program can be
used as a prognostic factor.
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