
808.55ml) measurements for the treadmill
(weight bearing) protocol. When considering
each sex separately, males produced signifi-
cant increases in foot volume following tread-
mill walking (pre mean = 871.00ml, 95% CI:
793.95ml – 948.05ml; post mean = 886.20ml,
95% CI: 811.28ml – 961.13ml), while females
displayed no significant changes. 

Discussion and Conclusion. This study
demonstrated a 1.4% increase in foot volume
after 10 minutes of treadmill walking.  Based
on these results, it may be advisable to pre-
scribe non-weight bearing exercise to active
older individuals with pre-existing conditions
for edema. 

Key words: edema, volumetrics, unloaded and
loaded activities
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ABSTRACT

Background. Health care practitioners, includ-
ing sports physical therapists, commonly pre-
scribe and recommend aerobic exercise for
those patients seeking to improve their cardio-
vascular fitness across all ages. Current litera-
ture demonstrates that weight bearing activi-
ties such as walking or running may lead to
foot and ankle edema.

Objectives. The purpose of this study is to
determine if a significant difference exists
between foot volumes (edema) in pre versus
post-exercise measurements during a loaded
activity (treadmill walking) or an unloaded
activity (upright exercise bike) in 31 healthy
subjects 50 years of age and older.  

Methods. After a rest period, a pre-exercise
volumetric measurement of the right leg was
obtained by the use of a foot volumeter.  The
first condition (walking or cycling) was ran-
domly chosen.  Each subject completed two
10-minute exercise sessions.  Immediately fol-
lowing both exercise sessions, a post-exercise
volumetric measurement was completed.  

Results. A statistically significant difference in
foot volume was found between pre (mean =
742.39ml, 95% CI: 685.23 – 799.55) and post
(mean = 753.03ml, 95% CI: 697.51ml –
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INTRODUCTION
Health care practitioners (including sports physical
therapists) commonly prescribe and recommend aerobic
exercise for those individuals of all ages seeking to
improve their cardiovascular fitness. These aerobic activ-
ities often include walking, running, and cycling
programs. Current literature demonstrates, however, that
weight-bearing activities, such as walking or running,
may lead to foot and ankle swelling.1-4 This acute swelling,
which is a common complication resulting from weight
bearing activities, can lead to more serious conditions
such as fibrosis, joint stiffness, pain, and dysfunction.1,5-13

One of the problems that results from aerobic exercise is
edema formation in the lower extremities which can lead
to peripheral vascular disease or other circulatory insuffi-
ciencies.1,3,13 Other research has shown an opposite effect,
with aerobic activity resulting in a decrease in lower
extremity volume.1,2,14 This decrease in lower extremity
volume may be the result of the muscle-pumping effect
of the gastroc-soleus complex.1,2,15,16 In addition to aerobic
activities resulting in an increase in swelling, static activ-
ities have also been shown to produce edema in the lower
leg.14,15,17,18

Other research has examined the discrepancies involving
the effects of loaded dynamic activity on lower extremity
volume. Cloughley and Mawdsley3 found a greater
increase in foot volume during running as compared to
walking.  These findings are supported by McWhorter et
al13 who found significant increases in foot swelling dur-
ing walking and running. Other researchers found
increases in foot volume during running, but a decrease
during walking.1 Evidence also exists demonstrating
increases in interstitial and intracellular volume during
and after exercise which are directly related to exercise
workload.19

During quiet static standing, subjects have been shown to
increase lower extremity edema formation as a result of
pooling of fluid in the lower extremity.17 Specifically, foot
volume during standing has been shown to increase com-
pared to a supine position, possibly the result of a
decrease in perfusion of the veins that return to normal
when the supine position is resumed.18

Stationary bicycle ergometry is an example of an
unloaded dynamic activity. Research by Stick et al14 found
that stationary bicycling demonstrated a gradual decrease
in foot volume.  They also discovered a more significant

decrease in foot volume occurred when subjects pedaled
against a stronger resistance. 

Other studies have examined the effects of differing
postures on changes in foot volumes. Seated positioning
has been shown to cause an increase in foot volume.14

Another posture, supine lying with or without leg eleva-
tion, has demonstrated a significant decrease in foot
volume.20,21 All of these studies demonstrate that foot vol-
ume can be affected by its gravitational position. 

In the young or recreational athlete, the small changes
that occur as a result of running or walking may not be a
problem. However, in older or geriatric adults, these small
increases in foot volume when coupled with chronic rest-
ing edema could prove to be harmful.22,23 Peripheral
edema is a common finding in the elderly, however, actu-
al figures for prevalence are not known. A survey
conducted on peripheral edema in elderly patients admit-
ted to a geriatric ward found that 48% of patients had an
overall presence of edema during their admission.24

Compounding the effects of existing edema with co-mor-
bidities will make exercise prescription increasingly more
difficult.

The increasing incidence of morbidities involving resting
edema, such as coronary heart disease (CHD) and dia-
betes, showcases the need for further research in this
area.8,10,24-26 Arnold et al25 reported the incidence of CHD to
be 39.6 per 1,000 persons in men and 22.3 per 1,000
persons in women. Moreover, the incidence of CHD
increases 9% with each year of age past 65. Bertoni et al26

reported a high incidence of mortality among older adults
with diabetes and heart failure; 32.7 per 100 persons-years
compared with 3.7 per 100 person-years among those
with diabetes who did not suffer from congestive heart
failure (CHF). 

The purpose of this study is to determine if a significant
difference exists between foot volumes (edema) in pre
versus post-exercise measurements during a loaded activ-
ity (treadmill walking) or an unloaded activity (upright
exercise bike) in the active healthy older population.
Based on the findings of McWhorter et al,13 the hypothe-
sis tested was that loaded activities will result in greater
edema in the foot and ankle than unloaded activities.
Additionally, it is hypothesized that the unloaded position
of the bike coupled with the active and passive movement
of the ankle may result in a reduction in foot volume sec-
ondary to a muscle pumping action moving fluid out of
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the area.26 Results of this study may help health care prac-
titioners prescribe a more appropriate exercise mode
when addressing the cardiovascular health of the active
geriatric individuals.

METHODS
Subjects
The subjects consisted of 21 female and 10 male
volunteers between the ages of 50 to 67 years without a
history of musculoskeletal injuries, health problems, or
surgery to the lower extremities, and who had no difficul-
ty or discomfort during walking on a treadmill of riding a
bicycle ergometer. The mean age of all 31 participants
was 56.26 (SD = 4.89) years.  For the 21 females, the
mean age was 56.1 (SD = 3.97) years and for the males
was 56.6 (SD = 6.33) years.  All subjects were recruited by
using emails sent throughout the university. All partici-
pants completed the Physical Activity Readiness
Questionnaire (PAR-Q)27 and signed an informed consent
to participate. This research study was approved by the
Institutional Review Board at the University of Nevada,
Las Vegas. Participants were excluded if they met any of
the following conditions: injury to the right lower extrem-
ity within the past year, abnormal swelling in the ankles
or feet, history of bone or joint disorders that is aggravat-
ed by exercise, or any other physical reason provided by
a physician that they should not exercise.

Instrumentation
All lower extremity measurements were obtained using a
Lucite (Foot Volumeter, P.O. Box 146, Idyllwild, CA,
92349) foot volumeter set (Figure 1) which included the
volumeter container, an obturator which was used to cal-
ibrate the water levels prior to each measurement, a
receiver to catch the water overflow, and a 1000-ml gra-
dated cylinder with 10-ml gradations.  All measurements
were taken following the manufac-
turer’s guidelines.  Several studies
have been performed establishing
the   reliability and validity of obtain-
ing foot/ankle volume measure-
ments using this equipment.1-3,5,6,13,28

The displaced water was captured in
a plastic container and subsequently
measured in a gradated cylinder.  All
data was immediately recorded on a
personalized data sheet.  As water
has a tendency to creep up the sides

of the plastic cylinder, measurements were taken from
the lowest level at the water line.  Each volume measure-
ment was taken by the same observer to ensure proper
consistency.

A pilot test was performed previously in order to allow
the testers to practice taking foot volumetric measure-
ments. At this time, the researchers performed the       vol-
umetric measurements on 10 volunteers. The three
researchers involved in data collection were asked to take
the measurements from the participants. The data were
recorded by an independent observer. Two days later, the
researchers, who were blinded to the previous results,
took the measurements from the same participants. All
measurements were compared for reliability and demon-
strated a reliability intra-class correlation coefficient of
0.99 (95% limits of agreement +/- 7.54 ml).29

Procedure
The subjects were given an individual instructional ses-
sion at which time all aspects of the research study were
explained and possible complications as a result of partic-
ipation were discussed. All subjects were tested at the
same time of day. They were informed to not exercise or
consume alcoholic beverages on the days prior to being
tested and to maintain their present eating habits. Each
subject was required to sit in a straight back chair and
slowly lower their right leg into the foot volumeter until
the foot rested flat against the bottom. They remained in
this position until all of the displaced water was collected.
All subjects were tested during walking and cycling, thus
serving as their own controls.

Prior to each exercise session, all subjects were instructed
to bring their athletic footwear.  All subjects were required
to rest in a supine position for at least 10 minutes prior to
testing.  The subjects were seated in a chair immediately

following their 10-minute rest period.
At this time, a pre-exercise volumetric
measurement of the right leg was
obtained by having the subject slowly
lower the right foot into the volume-
ter.   

The activity for the first condition
(walking or cycling) was randomly
chosen by a flip of a coin.  The tread-
mill (Star Trac Unisen, Inc., 4500
Treadmill, Star Trac, 14410 Myford Rd.,
Irvine, CA. 92606) speed and cycling
(Fitron Cycle, First Fitness
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Figure 1: Lucite foot volumeter.

NORTH AMERICAN JOURNAL OF SPORTS PHYSICAL THERAPY   |   FEBRUARY 2008   |    VOLUME 3, NUMBER 1

            



Equipment International, 4750 Bryant Irvine Rd., Ste 808,
PMB 229, Ft. Worth, TX 76132-3631) cadence were set at a
self-selected comfortable pace for each individual partici-
pant.  The speed of the treadmill and cadence of the cycle
ergometer were recorded on the data sheet. These values
were then used for the post-test measure. Due to the fact
that walking and cycling speeds vary greatly among indi-
viduals, each individual was allowed to determine their
own comfortable speed to more closely mimic a real life
scenario.30,31

As the exercise session began, each subject performed a
2-minute warm-up session on the treadmill or cycle
ergometer at which time they gradually increased their
speed until they felt comfortable for the remaining 8 min-
utes.  Subjects were not allowed to grip the handrails on the
treadmill during the exercise sessions. The treadmill was
kept at a level (zero degrees) elevation for all exercise ses-
sions. During cycling, the seat was adjusted for each
participant individually and used for all subsequent ses-
sions. In addition, all cycling sessions used toe straps to
minimize foot extraneous movements. The cycle tension
was chosen by the participant and used for all subsequent

sessions. At least 48 hours of rest was allowed between the
two exercise sessions.  All procedures were performed in a
consistent manner for both sessions.

Data Analysis
Means and standard errors for the fluid volume data were
calculated.  Given the repeated measures in each exercise
protocol, a 2 (exercise) x 2 (time) within factorial ANOVA
was utilized to determine if statistical interaction existed in
the data. The alpha level was set at 0.05. If statistical inter-
action was found, simple main effects were calculated
using paired t-tests to determine if statistical significance
was present.

RESULTS
Factorial results of the 2 x 2 ANOVA revealed a statistical
interaction (Figure 2). Because statistical interaction was
observed {F(1,30)=5.705, p=.023}, simple main effects
were analyzed. Two paired samples t-tests using a
Bonferroni correction (p =.025) were used to determine
the effect of weight-bearing vs. non-weight bearing exer-
cise on foot volume (Table 1). A statistically significant dif-
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Figure 2: 2 x 2 within factorial ANOVA

Table 1: Comparison of Fluid Volume Changes During Treadmill Walking (Weight
Bearing) and Cycle Ergometry (Non-weight Bearing)
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ference in foot volume was found between pre
(mean=742.39, 95% Confidence Interval: 685.229 –
799.546) and post (mean=753.03, 95% Confidence
Interval: 697.511 – 808.553) measurements for the tread-
mill protocol (weight-bearing), t=-2.952, p=.006 (Figure
3). There was no statistically significant difference
between the pre (mean = 743.03, SD = 162.68) and post
(mean = 741.23, SD = 155.83), cycle ergometry meas-
urements (non-weight bearing), t = .376, p = .710.

A 2 (exercise) by 2 (time) within factorial ANOVA was also
utilized to determine if statistical interaction was present
in data sorted by sex. Because statistical interaction was
observed for males (F(1,9)=10.545, p=.010), simple main
effects were analyzed. Paired samples t-testing using a
Bonferroni correction (p=.0125) found a statistically sig-
nificant difference in male foot volumes (Figure 4)
between pre (mean=871.00, SD=107.706) and post

(mean=886.20, SD=104.739) measurements for the
treadmill protocol, t=-5.429, p<.0005. Statistical interac-
tion was not observed for females (F(1,20)=.990, p=.332)
and no further statistical analysis was performed. 

DISCUSSION
Numerous methods have been used to measure
extremity volume. Previous research has demonstrated
the water displacement method of volumetry to be valid
and reliable, and thus is known to be the gold standard.32-

34 Many variables need to be considered when taking vol-
umetric measurements. These include time of day, water
temperature, positioning of subject, the temperature of
the room, and recent musculoskeletal injuries. However,
Moholkar and Fenelon28 showed that time of day does not
significantly effect volume measurements of the extrem-
ities.  Tepid water temperatures between 20 and 35º C did
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Figure 3: Pre and Post Foot Volume Measurements

Figure 4: Pre and Post Foot Volume Measurements for Males

NORTH AMERICAN JOURNAL OF SPORTS PHYSICAL THERAPY   |   FEBRUARY 2008   |    VOLUME 3, NUMBER 1

            



not significantly increase or decrease volume measure-
ments, however, extreme hot or cold temperatures have
been shown to affect volume.21,35,36 The temperature of the
room was not shown to have an effect on the measure-
ments of foot volumes following quiet standing.16 It also
has been shown that individuals with a recent history of
musculoskeletal injuries in the lower extremity will have
an increase in edema formation.37 Therefore, it can be
safely assumed that the performance of an activity rather
than the previously mentioned variables affects foot vol-
umes, except for the conditions of extreme water or room
temperatures and recent injuries.

The data from this study showed that, in healthy older
subjects, treadmill walking resulted in significant increas-
es in foot and ankle fluid volumes compared to resting
measurements. This finding was in agreement with the
original hypothesis that weight-bearing exercise will
increase foot volume. Additionally, when considering
each sex separately, males produced significant increases
in foot volume following treadmill walking, while females
displayed no significant changes. However, when com-
paring pre and post-test measurements for biking, no
significant changes were observed in the present sample.
This lack of change also held true when considering each
sex separately. The results did not support the hypothe-
sis that the biking protocol would cause a significant
decrease in foot volume.

The edema in the foot and ankle during walking can be
attributed to the increase in blood flow to the exercising
muscles. The increase in edema following weight-bearing
activity has been shown to increase foot volume by as
much as 8%.26

Stegall38 has demonstrated an 80 mmHg drop in venous
pressure at the saphenous vein in the ankle during run-
ning as compared to quiet standing. As a result, the
author suggests that there is an inability of the lower
extremities to maintain a steady rate of venous return fol-
lowing vigorous weight-bearing activities.

Prior to this study, the hypothesis was made that the bike
protocol would cause a significant decrease in foot vol-
ume secondary to a muscle pumping action. However, as
previously mentioned, no significant difference was
found. After analyzing the data, one possible explanation
for these results was that riding an upright exercise bike
does not require enough active foot and ankle muscular
activity to cause a muscle pumping effect away from the
distal lower extremities. Although movement does occur

in the foot and ankle during this activity, much of the
movement may be passive, thus not adequately activating
the muscle pumping mechanism. 

Sochart et al39 examined the relationship between passive
and active movement of the foot and ankle related to
venous return in the lower extremity. They found that an
active “combined” movement (plantarflexion/dorsiflex-
ion and inversion/eversion) produced a significantly larg-
er increase in mean blood velocity than any of the three
passive movement patterns. The results found by Sochart
et al39 could help explain why a significant decrease in
foot volume for the bike protocol was not observed in this
present study. 

A difference in fluid volumes after treadmill walking was
also found to be significant between sex. In the present
study, the participants demonstrated a mean increase in
foot volume after a 10 minute walk on the treadmill, but
significance between genders was only found in males.
The females’ 1.2% increase in foot volume failed to
produce significance. A review of the literature failed to
identify any studies of post-exercise foot and ankle vol-
ume changes based on sex. Chalk et al26 demonstrated a
slight non-significant decrease in foot volume in female
inter-collegiate volleyball players after a 2-hour rigorous
exercise session.  In addition, the benefits of reducing foot
volume in females during weight-bearing activities may
be offset by the greater benefit of osteoporosis preven-
tion.40-42 It should be noted that the sample size for this
study is not large enough to draw firm conclusions with
regard to sex and foot swelling.

The results of this study provide important clinical
implications for physical therapists. This study demon-
strated a 1.4% increase in foot volume after 10 minutes of
treadmill walking. It is important to note that this statisti-
cally significant increase in foot volume occurred only
after 10 minutes. Ambulating patients in the acute or
rehab settings often takes longer than 10 minutes second-
ary to their age, medical condition, and other physical
limitations. This information is also important for the
older recreational athlete who may walk for an extended
period of time.  Keeping these patients on their feet for
longer periods of time could cause further increases in
foot volume, resulting in potential further constriction of
venous return with possible negative consequences in
those with already compromised circulation.3,43 Even in
cases with mild edema, instability may result due to poor-
ly fitting foot wear as well as the increased weight of the
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edematous limb.24 Patients may experience a decline in
walking confidence and become immobile, further aggra-
vating the problem. It may be safer and more effective to
prescribe non-weight bearing exercise as a warm-up or
treatment alternative to patients with pre-existing periph-
eral edema or conditions that place them at risk for
impaired venous return. Based on the small sample size,
no concrete clinical suggestions can be made with regard
to sex at this time.

This study had several limitations. For example, the
statistical results would be more convincing if the sample
had more subjects, particularly when considering statis-
tics sorted by sex. The total sample of 31 provides a fairly
strong field to draw conclusions, but when considering
each sex separately, the sample size was reduced signifi-
cantly. Another limitation in this study is the inability to
control each subject’s activity level prior to testing. A
subject that was active versus sedentary could have a dif-
ferent circulation status upon arrival for exercise testing
which could affect foot volume pre and post exercise test-
ing. The non-weight bearing exercise protocol in this
study utilized an upright exercise bike. The upright exer-
cise bike caused a considerable flexion angle in the hip
that could potentially impair venous return to the heart.
A better alternative would be to use a recumbent bike,
thus reducing the hip flexion angle.

Future studies should focus on patients with real
pre-existing co-morbidities that cause foot edema to deter-
mine if these results hold true in such populations.
Studies utilizing more subjects with these conditions
could help draw firm conclusions regarding sex and foot
edema. Although an upright stationary bike was utilized
in this study, other forms of non-weight bearing exercise
equipment are available. Future studies involving these
different exercise modes could help determine the opti-
mal piece of exercise equipment to help minimize foot
swelling.

CONCLUSION
The results from this study suggest that treadmill walking
(loaded exercise) results in an increase in foot edema
when compared to riding an upright stationary exercise
bike (unloaded exercise). Although it is difficult to con-
clude that riding an exercise bike is an effective way to
decrease foot edema, these results suggest that stationary
biking is a safer mode of exercise than treadmill walking
in controlling foot edema, especially in older men.
Therefore, unloaded activities may be the most

appropriate exercise to prescribe when an increase in foot
volume is unwanted. Further investigations into the
injured (ankle sprains) and chronically ill (congestive
heart failure, peripheral vascular disease, diabetes)
patients are necessary to ascertain whether similar find-
ings would result. This knowledge would be very applica-
ble for clinical use of the cycle ergometer as a modality to
positively influence venous stasis and decrease the prob-
lems associated with ankle and foot edema. 
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