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Abstract

The objective of this study was to determine the acute effect following one corrective exercise treatment and the
short-term effect of a home-based two-week corrective exercise program on chronic knee and hip pain. Forty
participants with chronic knee and/or hip pain (defined as pain on most days of the week for at least the past 12
weeks) were recruited as a convenience sample and randomly assigned to either an exercise treatment group and a
control group. All participants were instructed to maintain their current lifestyle for the duration of the study; however,
the exercise treatment group also completed an Egoscue Method corrective exercise routine at least five days per
week for two weeks. All participants kept a daily log of their average pain levels at rest and during movement using a
visual analog scale (VAS). Additionally, subjects completed the Western Ontario and McMaster Universities Arthritis
Index (WOMAC) and scores were recorded at baseline, week 1, and week 2. The exercise treatment group
experienced a trend of reduced daily pain during movement (p=0.019) as reported in VAS logs. After controlling for
age, BMI, past surgeries, arthritis status, and location of pain, there was a significant group x time interaction in
WOMAC scores (p=0.015). At week 2, total WOMAC scores were significantly lower in the exercise treatment group
(p=0.001) but not the control group (p>0.05). In conclusion, two weeks of corrective exercises significantly reduced
knee and hip pain and improved function in the exercise treatment group.
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Introduction
Chronic musculoskeletal pain is a major cause of reduced quality of

life [1-3]. It is estimated that each year 25% of people over 55 y have a
persistent episode of knee pain [4]. Approximately 9.5% of men and
11.2% of women have hip osteoarthritis [5], while about 9.3% of the
U.S. population is diagnosed with symptomatic knee osteoarthritis by
age 60 [6].

It has been suggested that posture plays a major role in the
development of chronic pain [7]. The misalignment of body segments
as a result of improper posture leads to compensatory effort by other
segments, resulting in excess muscular strain [8] and wear on the joints
[9]. Postural abnormalities are deviations from the ideal posture as
defined by the Kendall and McCreary method [10]. Research has
shown that more severe postural abnormalities result in significantly
greater incidence of pain in the thoraco-cervical-shoulder region [11].
Other research has shown that ideal posture results in less lumbar back
pain compared to postural misalignments [12].

Corrective exercise has been used to improve posture by bringing
body segments closer to an ideal alignment [13-17]. When combined
with traditional treatments the effectiveness of postural corrective
exercise, ultrasound, and infrared radiation compared to ultrasound
and radiation alone revealed significant reduction in neck pain and
forward head angle [18].

A meta-analysis of eight randomized controlled studies
investigating the effect of strengthening and/or aerobic exercise on

chronic hip pain in participants with hip osteoarthritis found a pooled
effect size of exercise on hip pain was 0.46 compared to a control group
[19]. Similarly, another large meta-analysis of 32 studies, which
included data on 3616 patients with knee osteoarthritis found a
beneficial treatment effect for exercise with an effect size of 0.40 for
knee pain [20].

While there are many types of corrective exercise used in
chiropractic, physiotherapy, and personal fitness training, the Egoscue
Method (EM) of corrective exercise is the focus of this study. The EM
uses corrective exercises designed to improve whole-body postural
alignment and reduce musculoskeletal pain by improving joint
mobility and stability [7]. This involves evaluating a patient’s posture,
and prescribing a personalized corrective exercise program (e.g., E-cise
menu) based on their unique postural deviations. The E-cise menu
consists of 10-20 E-cises, which may take 45-75 min to complete,
preferably on a daily basis. Although the EM is reported to be effective
from an observational perspective in a clinical setting [21], it has not
been objectively studied in a research setting.

Strengthening and aerobic exercise can be beneficial for people
suffering from chronic hip [19,22,23] or knee pain [20,24,25].
Nevertheless, most exercise prescriptions are not based on whole-body
posture assessment. To date, there are no published studies
investigating the relationship between whole-body posture assessment
and chronic hip and/or knee pain. Furthermore, to the best of our
knowledge, it has not been established that that a corrective exercise
prescription based on improving whole-body posture can reduce
chronic hip and/or knee pain. The EM, which employs corrective
exercise, seeks improve posture and reduce chronic pain. Because the
EM E-cises is designed to be performed at home and do not require
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the use of expensive equipment, this type of therapy may be a cost-
effective approach for people suffering from chronic knee and/or hip
pain.

This study sought to determine the acute effect following one
corrective exercise treatment and the short-term effect of a home-
based two-week corrective exercise program on chronic knee and hip
pain. We hypothesized that: 1) knee and hip pain would not
significantly decrease pain rating scores following one corrective
exercise treatment, and 2) knee and hip pain would be significantly
lower following a two-week corrective exercise program.

Materials and Methods
This study was a simple randomization design. Participants were a

convenience sample who were randomly assigned to either the exercise
treatment group, which performed corrective exercises for two weeks,
or the control group, which did not perform any exercise treatment for
two weeks. Group assignment was determined by each participant
drawing a group assignment out of an envelope and accordingly being
assigned by either the intervention or control groups. Group
assignment/randomization was conducted by the same person who
was a trained research assistant. Aside from the added exercise
treatment, all participants were instructed to maintain their current
habitual lifestyle for the duration of the study.

The relatively short study duration was chosen because the EM
suggests that significant reductions in pain can be made after a single
exercise session [7]. At the beginning of the study, pain and posture
were assessed before and after a single bout of corrective exercises in
the exercise group, while the control group was assessed before and
after 45 minutes of rest. All participants recorded their level of pain
daily, and their function and posture were assessed at one- and two-
week intervals. All study methods and procedures were approved by
University Institutional Review Board for the use of Human Subjects
prior to any data collection. Subject recruitment and data collection
continued for a total of 4 months. All participants provided written
informed consent prior to participation in this study.

Participants
Participants for this study were recruited from the university

community via email announcements and flyers. Participants were
adults (18-71 y, mean 47.4 ± 15.5 y) with chronic knee and/or hip pain.
An age-diverse sample was selected to evaluate the pain-reducing
effects of an individualized corrective exercise protocol across a variety
of ages. Chronic pain was defined as pain on most days of the week for
at least 12 weeks [24]. Individuals were excluded from the study if they
(a) had undergone a knee or hip surgery or had sustained a knee or hip
injury in the past 12 months, (b) were currently receiving any form of

pain treatment such as physiotherapy, chiropractic, intra-articular
injections, or prescription pain medications, (c) exhibited a severe lack
of mobility, (d) reported an initial pain level <3 cm on the Visual
Analog Scale (VAS) scale, (e) were pregnant, or (f) were unable to
understand English. Individuals were allowed to take non-prescription
medications, such as non-steroidal anti-inflammatory medications,
during the study; however, they were required to refrain from taking
any non-prescription pain medication during the 12 hours preceding
the first and second assessments. A power analysis using a power level
of 80% and alpha set at 0.05 indicated a sample size of 40 participants
(20 in the control group and 20 in the exercise group). A large effect
size (0.80) was assumed because this has been reported in the literature
[26] for differences in Western Ontario and McMaster Universities
Arthritis Index (WOMAC) scores following an at-home exercise
program. Forty-two eligible participants were originally recruited.

Intervention
All participants completed a pre-participation questionnaire that

included questions about age, gender, injuries, previous joint-related
surgery, the likelihood of a future joint-related surgery, and current
non-prescription pain medication use. Participants completed two
versions of the VAS for knee and/or hip pain: one for pain at rest and
one for pain during movement. If participants had pain in multiple
joints, they were told to record their overall level of pain. Participants
were told to indicate their “usual pain” over the past seven days.
Participants needed to have a VAS pain score of at least 3 cm (either at
rest or during movement) in order to participate in the study [27]. The
VAS method [28,29] exhibits a high test-retest reliability (r=0.94,
P<0.001). Participants also completed the WOMAC questionnaire
[30,31] which has been shown to be a valid and reliable arthritis index
in patients with knee and hip osteoarthritis. Participants’ body mass
was also measured to the nearest 0.1 kg and height to the nearest 0.5
cm using a digital scale and a stadiometer, respectively.

An EM corrective exercise protocol was followed and a postural
alignment specialist trained in postural evaluation conducted all
assessments. To reduce possible inter-rater error, the same researcher
conducted all postural evaluations. An individualized exercise program
(E-cise menu) was generated using the ePeteTM software (version
4.4.3) based on the noted postural deviations. To ensure that all
exercise treatment participants were prescribed the same volume of
exercise, the E-cise menus were adjusted by adding or removing
exercises so the time required completing the exercises was
approximately 45 minutes. Typical corrective exercises employed as
part of the E-cise menu are listed on Table 1, along with an internet
web link that can be accessed to view each corrective exercise protocol,
and common exercise requirements (sets, repetitions, and hold times).

Exercise name Internet web link to exercise protocol Common exercise
requirement*

Standing windmill http://www.egoscue.com/WebMenus/ECiseHTML/30000.html 10 repetitions x 4 sets

Standing arm circles http://www.egoscue.com/WebMenus/ECiseHTML/13.html 20 repetitions x 6 sets

Static back http://www.egoscue.com/WebMenus/QTVideo/30.html 5-minute hold

Hip crossover stretch http://www.egoscue.com/WebMenus/ECiseHTML/383.html 1-minute hold (each side)

Cats and dogs http://www.egoscue.com/WebMenus/ECiseHTML/19.html 10 repetitions (both directions)
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Sitting femur rotations http://www.egoscue.com/WebMenus/QTVideo/18.html 10 repetitions x 4 sets

Static back abdominal
contractions

http://www.egoscue.com/WebMenus/QTVideo/349.html 20 repetitions x 3 sets

Hooklying gluteal
contractions

http://www.egoscue.com/WebMenus/ECiseHTML/28.html 20 repetitions x 3 sets

Hooklying knee
squeezes

http://www.egoscue.com/WebMenus/QTVideo/26.html 20 repetitions x 3 sets

Airbench http://www.egoscue.com/WebMenus/ECiseHTML/27.html 1-minute hold

Supine groin stretch
(modified)

http://www.egoscue.com/WebMenus/ECiseHTML/31.html 5-minute hold

Supine foot circles-
point/flexes

http://www.egoscue.com/WebMenus/ECiseHTML/3.html 10 repetitions x 8 sets

*Total time of E-cise routine=about 45 minutes; with minimal rest between sets (0-30 seconds)

Table 1: Examples of typical egoscue corrective exercises.

Participants in the exercise treatment group were led through their
complete E-cise menu by the researcher to ensure competency on the
exercises. Participants in the control group did not perform any
exercises for 45 minutes. Immediately following the exercise session or
45 minutes of rest, participants completed the VAS again for their
current knee and/or hip pain at rest and with movement.

All participants were given logs (one for each day of the week),
which they were to fill out every evening before retiring to bed. These
logs contained questions about their compliance to the E-cise menu
(for those in the exercise group) and a VAS for pain at rest and during
movement. All participants were instructed to maintain their current
lifestyle for the duration of the study; however, the exercise treatment
group also completed an EM corrective exercise routine at least five
days per week for two weeks. In addition, participants in the exercise
treatment group were scheduled for a return visit the following day so
that E-cises could be observed for competency and any adjustments
could be made to the E-cise menu if participants were experiencing
pain during an E-cise. Participants in the exercise treatment group
were instructed to complete their E-cise menu at home on at least five
days of the week, but preferably every day, for the next two weeks.
Forty-two participants were originally recruited for this study. Contact
was lost with one participant from the exercise treatment group and a
participant from the control group was excluded for receiving
additional pain therapy during the study, leaving 40 participants for
analysis (20 in exercise group, 20 in control group). All participants in
the exercise treatment group reported performing their E-cise menu at
least five days per week for the duration of the study.

ePeteTM software
The ePeteTM software is a computer program designed by the

Egoscue clinic for creating personalized corrective exercise programs.
Postural deviations (as noted in the posture assessment) are entered
into the program, from which an EM corrective exercise menu can be
derived. This menu is specific to the unique postural deviations of the
participant and is designed to improve misalignments. The E-cise
menu is fully customizable. The software has a database of
approximately 600 corrective exercises, of which 60-70 are drawn from
to create E-cise menus.

Data analysis
Statistical Analysis Software (SAS), version 9.3 (Cary, North

Carolina) was used for data analysis. VAS and WOMAC scores were
analyzed using analysis of covariance. Age, gender, BMI, location of
pain, non-prescription pain medication use, history of joint surgery,
arthritis, likelihood of future surgery, and pain at baseline were all
covariates used in analysis. The daily VAS pain data were analyzed
using residual maximum likelihood.
Participant demographics were analyzed to determine frequencies,
means, and standard deviations in order to describe the sample.
Statistical significance was set at p<0.05.

Results
At baseline, participants’ age, BMI, likelihood of joint replacement

surgery, VAS pain, and WOMAC scores were not significantly different
between groups (Table 2).

Variable Treatment

(n=20)

Control

(n=20)

p value

Age (y) 43.2 ± 3.7 51.6 ± 3.2 0.09

BMI (kg/m2) 29.0 ± 1.5 27.4 ± 1.4 0.45

Surgery likelihood (Likert 1-7) 3.7 ± 0.5 3.2 ± 0.4 0.44

VAS pain during movement (cm) 5.5 ± 1.8 5.9 ± 1.6 0.56

VAS pain at rest (cm) 2.4 ± 1.9 2.7 ± 1.7 0.74

Total WOMAC score 26.8 ± 3.6 24.2 ± 3.8 0.52

WOMAC function score 15.5 ± 2.4 13.9 ± 2.5 0.59

WOMAC pain score 6.6 ± 0.8 6.4 ± 0.8 0.84

Results are described as mean ± standard error

Table 2: Participant characteristics at baseline.

Unexpectedly, at baseline, non-prescription pain medication use
was greater in the control group compared to the exercise group
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(p=0.04). However, non-prescription pain medication use was not a
significant covariate in any of the statistical analyses. Additionally,
there were no significant changes in non-prescription pain medication
use from baseline and after weeks 1 and 2 in either group (p=0.29).
VAS pain scores in the exercise treatment group did not significantly
change after a single corrective exercise routine, after controlling for
location of pain, past surgery, and age, at rest (p=0.49; for group x time
interaction) or pain during movement (p=0.69; for group x time
interaction).

Resting VAS pain scores decreased by 1.40 ± 0.34 cm in the exercise
group and 0.48 ± 0.32 cm in the control group, although the difference
between groups did not reach statistical significance (p=0.06). After
controlling for initial pain level, location of pain, past surgery, and
arthritis, there was no significant decrease over time for pain at rest as
measured by daily resting VAS pain scores (p=0.52).

On the other hand, movement VAS pain scores (Figure 1) decreased
on average by 0.11 ± 0.03 cm/d in the exercise group (p=0.002), while
there was a non-significant decrease of 0.02 ± 0.03 cm/d in VAS pain
scores in the control group (p=0.47). The difference between the
groups was statistically significant (p=0.02) after controlling for
significant covariates (initial pain level, location of pain, past surgery,
arthritis). Compared to baseline, pain during movement at the end of
the second week decreased by 3.77 ± 0.49 cm in the exercise group and
1.34 ± 0.46 cm in the control group (p=0.001 for group x time
interaction).

Figure 1: VAS pain (cm) during movement, by group. Data are
presented as means ± standard error bars (y-axis = VAS pain rating
scores from 0-7). *Statistically significant difference from baseline
(p=0.001) after controlling for age, past surgery, and location of
pain. **Statistically significant difference between groups (p=0.02)
after controlling for age, gender, BMI, past surgery, arthritis, and
location of pain.

Total WOMAC scores decreased significantly in the exercise
treatment group over time, while total WOMAC scores in the control
group did not change significantly (Table 3, Figure 2). Although, there
were non-significant decreases in total WOMAC (p=0.11), function
(p=0.09), and pain subscores (p=0.54) in the exercise treatment group
after the first week; by the end of week 2, decreases in total WOMAC
(p=0.001), function (p=0.002), and pain (p=0.008) subscores were
statistically significant (Table 3). Total WOMAC, function, and pain
subscores were significantly lower (p=0.02, p=0.03, p=0.01,
respectively) in the exercise treatment group compared to the control
group at the end of week 2. Compared to baseline, the exercise group

showed a 60%, 67%, and 51% relative decrease in total WOMAC,
function, and pain subscores, respectively at the end of week 2.

Week 1 Week 2

WOMAC total Treatment
Group

-10.19 ± 3.92

(p=0.11)

-16.15 ± 3.92*

(p=0.001)

Control Group -0.83 ± 3.92

(p=1.00)

0.11 ± 3.92

(p=1.00)

WOMAC function Treatment
Group

-7.10 ± 2.65

(p=0.09)

-10.35 ± 2.65*

(p=0.002)

Control Group 0.10 ± 2.65

(p=1.00)

-0.10 ± 2.65

(p=1.00)

WOMAC pain Treatment
Group

-1.65 ± 0.95

(p=0.54)

-3.35 ± 0.95*

(p=0.01)

Control Group 0.50 ± 0.95

(p=1.00)

0.20 ± 0.95

(p=1.00)

Results are described as mean ± standard error. *Significant at the 0.05 level
after controlling for age, gender, BMI, past surgery, arthritis, and location of pain.

Table 3: Changes in WOMAC scores from baseline.

Figure 2: Total WOMAC scores over time, by group. Note: Total
WOMAC scores are standardized to range from 0-100 with higher
scores indicating greater functional impairment. Data are presented
as means ± standard error bars (y-axis=WOMAC arthritis index
scores from 0-35). *Statistically significant difference from baseline
(p=0.001) after controlling for age, BMI, past surgery, arthritis, and
location of pain. **Statistically significant difference between
groups (p=0.02) after controlling for age, gender, BMI, past surgery,
arthritis, and location of pain.

Thus, the results of this study support our initial hypotheses and
demonstrated that: 1) knee and hip pain did not significantly decrease
pain rating scores following one corrective exercise treatment, and 2)
knee and hip pain was significantly lower following a two-week
corrective exercise program.
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Discussion
This study evaluated the effect of a corrective exercise program on

pain and function in participants with chronic knee and/or hip pain
after one treatment, at one week and after two weeks of performing
exercises. The resulting data showed a significant decrease in pain over
the two weeks, as well as a significant improvement in functional
capacity in the exercise group compared to the control group. To date,
this appears to be the first study to investigate the effectiveness of EM
corrective exercises in a research setting.

Research on the effect of corrective exercise on pain and posture is
limited. The studies that have examined corrective exercise have
focused primarily on isolated locations of the spine or shoulders. Two
studies [17,18] found that corrective exercises can significantly reduce
neck pain. Corrective exercises have also been shown to reduce
forward head angle [13] and forward shoulder angle [14]. One study
[15] suggested that Pilates exercises may improve both standing and
sitting sagittal plane posture. No studies were found which evaluated a
corrective exercise approach based on a whole-body postural
assessment.

The EM is based on the premise that in most instances
musculoskeletal pain can be attributed to improper posture [7]. The
EM shares the belief with others [10,32] that misaligned posture is a
result of underuse or overuse of skeletal muscles, which results in
inadequate muscular control or imbalances. These imbalances can alter
the alignment of the skeletal system, which puts excess stress on joints
and leads to chronic pain. Several cross-sectional studies support this
hypothesis. Griegel-Morris et al. [11] found that participants with
more severe postural abnormalities had significantly increased
incidence of pain in the thoraco-cervical-shoulder region. They also
noted that postural abnormalities were quite common, with 66% of
participants exhibiting forward head posture, 38% having kyphosis,
and 73% and 66% of the participants showing right and left rounded
shoulders, respectively. Guimond and Messrieh [12] also discovered
that those with ideal posture had significantly less cervical, thoracic,
and lumbar spine pain. Another study found a positive correlation
between neck pain and forward head and rounded shoulders [33].

The purpose of the EM is to use corrective exercises to bring the
whole body closer to “ideal” posture and thus reduce pain. A key
characteristic of the EM is the premise that postural misalignments of
a given joint can lead to pain at the same or another joint, which is why
the whole-body postural alignment should be considered when
treating pain [34]. Others have suggested that misaligned posture can
have negative effects on various locations in the body [35]. The E-cises
are designed to influence all the major joints of the body. Data from
our study show that EM corrective exercises can significantly reduce
knee and hip pain, as well as improve perceived physical function.

Our data show a significant decrease in pain in the exercise
treatment group, as reported in participants’ daily logs, over the course
of this two-week study. This suggests that these corrective exercises
have a relatively quick effect on decreasing knee and hip pain.
Although it has been suggested that the EM corrective exercises can
provide immediate pain relief, [21] we did not note a significant
reduction in pain at rest or pain during movement after the first
exercise session. There was large variation in reported pain using the
VAS which, combined with the relatively small sample size, may have
been the reason a statistically significant change was not detected. It is
also possible that the corrective exercise prescription may not have
been ideal for every participant in the study. For example, in a clinical

setting, it is customary for an EM exercise therapist to add or remove
exercises from a patient’s E-cise menu based on effectiveness and
feedback from the patient. In our study, participants were given an
unmodified E-cise menu that was generated by the ePeteTM software.

The results of this study agree with the majority of research on the
effect of therapeutic exercise on chronic knee and hip pain. A meta-
analysis of eight randomized control studies showed favorable results
on hip pain for the exercise group over the control group (effect
size=0.46; 95% CI=0.64-0.28) [19]. Similarly, a meta-analysis of 32
studies on exercise and knee pain produced an effect size of 0.40 (95%
CI=0.30-0.50) for pain and 0.37 (95% CI=0.25-0.49) for function [20].
In our study, the exercise group showed reduced WOMAC scores with
effect sizes of 0.93 (95% CI=1.58-0.28) for pain and 0.80 (95%
CI=1.48-0.19) for function. These changes were statistically significant
after controlling for potential confounding variables such as age,
gender, BMI, past joint surgery, arthritis, and location of pain.

There are several important differences between this study and
previous studies. The average follow-up time in the studies included in
the meta-analyses [19,20] was 8 weeks, while our study lasted 2 weeks.
We employed a two-week study to specifically evaluate the immediate
and short-term effects of EM corrective exercises. The type of exercise
therapy employed in previous studies was also different than the EM
used in this study. All the studies included in the meta-analyses [19,20]
used strengthening exercises on the muscles surrounding the painful
joint and some included range of motion, aquatic, and aerobic
exercises as well. There are currently no published studies, which use
corrective exercises (e.g., E-cises) that address whole-body postural
alignment as it relates to knee and/or hip pain.

There were notable strengths to this study, including the study
design. This was a randomized trial, which allows for the possibility of
a causal relationship. The results of this study may be inferred to a
similar population of that used in the study. Several potential
covariates (e.g., age, gender, BMI, past surgery, arthritis, and location
of pain) were controlled for in the analysis of the data. A single test
administrator performed all of the posture evaluations, which
eliminated potential inter-rater measurement error.

There were also three potential limitations of this study. First, the
short duration of this study, while sufficient to assess the short-term
effect of EM corrective exercises on pain and perceived physical
function, may not have been long enough to observe actual changes in
postural alignment. Indeed, changes in postural alignment were not
assessed but should be considered in future studies. Second,
participants were instructed to maintain their current habitual lifestyle,
but since they were free-living and not supervised, it is not possible to
know if some outside activity in their daily lifestyle may have
inadvertently increased or decreased their musculoskeletal pain levels.
Third, participants completed most of the corrective exercise sessions
unsupervised under free-living conditions; therefore, the researchers
could not verify that all exercise sessions were actually completed as
reported.

In summary, this study found that a two-week program of corrective
exercises significantly reduced knee and hip pain and improved
perceived functional ability. These improvements were observed after
adjusting for age, BMI, location of pain, history of joint surgery, and
the presence of arthritis. The EM appears to be a safe and effective
treatment for chronic knee and hip pain. Future research is warranted
to investigate the effects of the EM corrective exercises on posture and
pain in other locations of the body (e.g., back, neck, and shoulders).
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Future studies that involve long-term follow-up should be employed to
determine whether or not beneficial effects are sustained over time. In
addition, it is important that future EM corrective exercise research
measure changes in postural alignment, more effectively document
and statistically control various lifestyle variables, and directly
supervise EM corrective exercise routines to confirm participation.
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