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Study participants composed the exposed group. Initi-
ated by The Arthritis Research Institute of America
Inc, the Clearwater Exercise Study is an ongoing, com-
munity-based study evaluating regular exercise and
osteoarthritis in a group of volunteer participants. The
study included men and women, 40 years and older,
with radiologic evidence of osteoarthritis (grade 2 and
higher, per Kellgren and Lawrence?) at the hands, feet,
knees, shoulders, or cervical spine (n = 60). Partici-
pants provided written approval from their health-
care provider and signed an informed consent form.
Overseen by a certified fitness trainer, this group fol-
lowed an exercise routine at The Arthritis Research
Institute of America Inc three times per week. Flexi-
bility, endurance, and strength were the program
aims. The 20- to 25-min routine had three compo-
nents. An aerobic warm-up period started the ses-
sion, with participants selecting either the treadmill
or the stationary bicycle (5-7 min). This was fol-
lowed by a weight-training routine designed for each
participant, personalizing the level of volume, inten-
sity, and progression.* The Clearwater Exercise Study
participants used equipment such as a universal gym,
a hip extension and flexion machine, a leg press, and
a freestanding handgrip. The session concluded with
a 3-min aerobic cool-down period on either the tread-
mill or the stationary bicycle.

The control group, those not exposed to regular
exercise, was made up of a subset of individuals par-
ticipating in the Clearwater Osteoarthritis Study.
Also initiated by The Arthritis Research Institute of
America Inc, the Clearwater Osteoarthritis Study is a
prospective cohort study examining major risk fac-
tors for the development and progression of osteoar-
thritis. This 25-year longitudinal study collects radio-
logic, demographic, clinical, and historical data.
Since 1988, more than 3,600 community-based partic-
ipants, with and without radiologically confirmed os-
teoarthritis, have enrolled. Participants are 40 years
and older, are predominantly white (96%), and in-
clude men and women. All study participants signed
informed consent forms. A modified module of exer-
cise questions is added to the Clearwater Osteoarthri-
tis Study questionnaire starting at the participants’
fourth visit. Therefore, only Clearwater Osteoarthri-
tis Study participants who have been examined four
or more times were eligible for inclusion in our study
saraple. Of the participants completing four or more
histories (n = 1,704), 215 were classified as “no” exer-
cise status during their entire follow-up. In an effort
to select participants similar to the exposed group,
only those who had radiographic evidence of osteo-
arthritis (at any site) were included (n = 161).

The study outcome was foot osteoarthritis pro-

gression (yes versus no). The first metatarsophalan-
geal and medial cuneiform-first tarsometatarsal
joints were evaluated using four measures of foot os-
teoarthritis progression assessment. Using a scale
from 0 to 3, the left and right first metatarsophalan-
geal and medial cuneiform-first tarsometatarsal
Jjoints were individually scored. Specifically, the first
of the eight study outcomes was defined as the radio-
graphic osteoarthritis progression status of the com-
bined left and right first metatarsophalangeal joints
as assessed by joint space narrowing (possible
scores, 0-6). The second and third study outcomes,
osteophytes and sclerosis, were evaluated in the
same manner. The fourth study outcome was an ag-
gregate composite score of joint space narrowing,
osteophytes, and sclerosis (possible scores, (0-18).
The remaining four study outcomes identified the pro-
gression status of the medial cuneiform-first tarso-
metatarsal joint in the same manner as described for
the first metatarsophalangeal joint. Each partici-
pant’s outcome was determined by the change in os-
teoarthritis progression score between baseline and
follow-up radiography. Progression status was dichot-
omized as yes versus no. No radiographic change, as
well as radiographic regression, was categorized as
“no” for progression status. At the beginning of fol-
low-up, the exposed and control groups included in-
dividuals who were assigned osteoarthritis scores of
0 or higher based on the grading scale from 0 to 3.
The current literature has not delineated a suggested
assessment method for the progression of the metatar-
sophalangeal or medial cuneiform—first tarsometa-
tarsal joints. We adopted the 1987 method of Altman
and colleagues® set forth for assessing radiographic
progression of osteoarthritis in the knee, another
weightbearing joint. Using standard exposure tech-
niques, radiographs were taken by a licensed radiog-
raphy technician. Weightbearing anteroposterior
views were taken of the feet. All of the radiographs
were interpreted by a board-certified orthopedic sur-
geon with an extensive background in osteoarthritis
who was blinded to the study group status.

The intraobserver variability of the radiographic
readings (15% random sample) was calculated using
the x coefficient.® Potential confounders for foot os-
teoarthritis progression and exercise were identified
and considered in the adjusted analyses. Study par-
ticipants were observed for differing lengths of time,
and some observations were censored. Accordingly,
Cox proportional hazards regression” ® was used to
summarize the relationship between exercise and foot
osteoarthritis progression. Statistical analysis soft-
ware (SAS, version 8.02; SAS Institute Inc, Cary, North
Carolina)? was used to analyze these data. All risk es-
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Effect of Regular Exercise on the
Radiographic Progression of Foot

Osteoarthritis
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Among the elderly, osteoarthritis often causes chronic pain and disabil-
ity. Although research has addressed the association between exercise
and osteoarthritis, few studies have examined the effect of exercise on
the radiographic progression of osteoarthritis. We investigated the rela-
tionship between ongoing exercise and radiographic progression of foot
osteoarthritis. The first metatarsophalangeal and medial cuneiform—first
tarsometatarsal joints were assessed. Joint-specific osteoarthritis radio-
graphic progression scores were determined using four assessments:
joint space narrowing, osteophytes, sclerosis, and a composite score.
This cohort study included a subset of 221 men and women aged 40 to
91 years participating in a community-based osteoarthritis study. Ad-
justed risk estimates (95% confidence intervals) summarizing the rela-
tionship between ongoing exercise and radiographic progression in the
first metatarsophalangeal joint ranged from 0.34 (0.11-0.99) for osteo-
phytes to 0.66 (0.23-1.92) for sclerosis; because only eight individuals
experienced medial cuneiform—first tarsometatarsal joint progression,
these estimates were less stable, ranging from 2.41 (0.49-11.83) for
composite to 4.29 (0.11-166.52) for osteophytes. Overall, our findings
do not suggest that regular exercise is a risk factor for foot osteoarthritis
progression. Future replication studies are warranted to confirm these
findings. (J Am Podiatr Med Assoc 95(4): 342-346, 2005)

Although many advances have been made in the field
of podiatric medicine, osteoarthritis of the foot joints
continues to have a substantial negative impact on
the quality of life in the elderly population. Questions
remain unanswered regarding the recommendation
of exercise for individuals with osteoarthritis. In light
of the prevailing studies suggesting that physical ac-
tivity can be beneficial in those with osteoarthritis,!
we believe that clinicians should have adequate in-
formation summarizing this relationship. We hypoth-
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esized that individuals who exercise regularly experi-

-ence a similar rate of foot osteoarthritis progression

as do their counterparts who do not exercise regular-
ly. Information on the prevalence and extent of de-
generative morphologic changes in the joints of the
lower extremity, including foot joints, is sparse.? To
our knowledge, this is the first study to evaluate ex-
ercise and the radiographic progression of foot os-
teoarthritis.

Methods

We examined two groups that differed by exercise
status, with physical activity (strength training and
aerobics) as the study exposure. Clearwater Exercise
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timates reported here are hazard ratios. Power cal-
culations indicated that this study had more than
80% power to detect a 15% or greater difference in
radiographic foot osteoarthritis progression, by ac-
tivity level, if indeed a difference existed (two-tailed;
¢ =.05).10

Results

The intraobserver variability test indicated a high
percentage of agreement between the first and sec-
ond radiographic readings ranging from 90% to 92%.
The ¥ coefficients ranged from 0.65 to 0.75. Table 1
displays the characteristics of the study groups. Al-
though the groups had similar baseline attributes,
statistically significant differences were noted for
age and body mass index (weight in kilograms divid-
ed by the square of the height in meters). Adjusted
risk ratios reported here considered these factors
and the participant’s baseline osteoarthritis score.
Mean follow-up for the exercise group was 42 months
(range, 19-53 months). Mean follow-up for the nonex-
ercise group was 36 months (range, 23-55 months).
Because proportional hazards regression was used,
this difference in follow-up was accounted for in the
adjusted analyses. At the beginning of follow-up, of
the 60 exercisers and 161 nonexercisers, 44% and
39%, respectively, had a baseline osteoarthritis score
of 1 or higher for the first metatarsophalangeal joint
(Table 2). Analogously, 5% and 8% of individuals had
a baseline score of 1 or higher for the medial cunei-
form-first tarsometatarsal joint.
Metatarsophalangeal joint space narrowing was
noted in 16% of the exercisers versus 22% of the non-
exercisers (Table 3). Compared with joint space nar-
rowing, the assessment methods of osteophyte for-
mation and sclerosis demonstrated far lower rates of
osteoarthritis progression in exercisers and nonexer-
cisers. For both groups, the first metatarsophalan-

Table 1. Characteristics of the Exercise and Nonexercise
Study Groups

Exercisers Nonexercisers

Variable (n=60) (n=161)

Females (No. [%]) 46 (77) 105 (65)

212 years of education (No. [%]) 54 (90) 146 (91)

Insulin-dependent diabetes 2(3) 2(1)
mellitus (No. [%])

Mean baseline age (years)” 711 67.5

Mean baseline body mass 27.3 27.9

index (kg/m2)2

4P < .05 for the difference between the two groups.

geal joint demonstrated a higher rate of progression
during the study than the medial cuneiform—first
tarsometatarsal joint. Final results display risk esti-
mates that adjust for the influence of follow-up time,
baseline body mass index, baseline age, and baseline
osteoarthritis score (Table 3). For the first metatar-
sophalangeal joint, risk estimates ranged from 0.34
(95% confidence interval [CI], 0.11-0.99) for progres-
sion as measured by osteophytes to 0.66 (95% CI,
0.23-1.92) as measured by sclerosis. Risk estimates
from the analyses of the medial cuneiform—first
tarsometatarsal joint, ranging from 2.41 to 4.29, were
all statistically nonsignificant.

Discussion

This study, using a population of men and women
aged 40 to 91 years, evaluated regular exercise as a
potential risk factor for osteoarthritis progression of
the first metatarsophalangeal and medial cunei-
form-first tarsometatarsal joints. Four methods of
determining foot osteoarthritis progression were
used: joint space narrowing, osteophytes, sclerosis,
and a composite score. The number of individuals
who experienced medial cuneiform-first tarsometa-
tarsal progression was small (n = 8) compared with
the number who progressed at the first metatarsopha-
langeal joint (n = 51). Consequently, meaningful anal-
yses for the medial cuneiform—first tarsometatarsal
joint were difficult to perform. Findings reported for
this joint are to be interpreted with caution. Overall,
our findings do not suggest that regular exercise is a
risk factor for the progression of established foot os-
teoarthritis. However, these results demonstrate that
individuals who exercised regularly were 66% less
likely to demonstrate progression of osteoarthritis at
the first metatarsophalangeal joint, as measured by
osteophytes, than were those who did not exercise
(risk ratio, 0.34; 95% CI, 0.11-0.99). It should be noted
that these findings, although significant at the con-
ventional level of .05, just approach statistical signifi-
cance because the CI is close to including the null
value of 1.0.

As with any longitudinal study, participant reten-
tion is an important issue to address. Eighty percent
of the exercise group was retained for 6 months or
longer. At 12 and 24 months, the retention percent-
ages were 66% and 54%, respectively. Figure 1 de-
picts the cumulative retention curve at the 24-month
point in the study. The reason for study dropout was
recorded. Of participants with foot osteoarthritis at
study entry who subsequently dropped out, 7% died,
3% moved, and 90% withdrew. Of individuals without
foot osteoarthritis at study entry who subsequently
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