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R

unning is o n e of the
most popular recreational activities and
sporting events in this
country, with a reported 10 million ~ h e r i c a n runs
ning regularly (5, 10). However, it
has been estimated that 36% of these
runners suffer musculoskeletal injuries associated with running (5. 10).
T h e high incidence of injury in runners is of great concern t o researchers. Epidemiological studies associate
running injuries with weekly running distance. Results demonstrate a
clear, positive relationship between
mileage and injury rate ( 1 0 , 12, 14).
Roy and Irvin (18) have suggested
that the more the athlete runs, the
greater the likelihood of developing
muscle tightness. In addition, James
e t al (9) report that runners have a
tendency t o be tight in the hamstring and calf muscles.
Running frequently hypertrophies the gastrocnemius and hamstring muscle groups, with concomitant inflexibility of these nuscles (5,
18). Clinically, muscle tightness is believed t o be an important cause of
injury. Davis (3) reviewed medical
records in his physical therapy clinic
and demonstrated that 92% of injured runners exhibited one o r two
muscle imbalances that may have
contributed t o running injury.
Flexibility has been operational!?
defined as "the range of motion
(ROM) available in joints o r group

Muscle tightness is often considered to be a predisposingfactor in muscle injuries. The
purpose of this study was to assess the muscle flexibility of the hamstrings, rectus femoris, iliopsoas,
gastrocnemius, and soleus muscles in long distance runners. Range of motion measurements of five
movements, includinghip flexion with knee extended, hip extension with knee flexed, hip extension
with knee extended, ankle dorsiflexion with knee extended, and ankle dorsiflexion with knee flexed,
were evaluated to determine muscle tightness. Twenty runners and 20 nonrunners volunteered for
the study. Each group consisted of 10 males and 10 females. The observed means were compared
between runners and nonrunners, males and females, plus the dominant and nondominant leg using
a three-way analysis of variance. The runners were found to have tighter hamstrings (p < .05), and
soleus (p < .05) muscles than nonrunners. There was no significant difference in rectus femoris and
iliopsoas muscle tightness in runners compared with nonrunners. In addition, the males had tighter
hamstringmuscles than the females in both runners and nonrunners (p < .05). The hamstring
muscles of the dominant leg were tighter than the hamstrings of the nondominant leg in all subjects
(p < .05). In conclusion, long distance runners appear to have posterior muscle tightnesc in the
lower extremity.
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of joints" (2). A number of factors
have been identified that contribute
t o flexibility, including gender, age,
muscle size, and warm-up. Females
are more flexible than males, with
the differences in flexibility being accounted for by anatomic factors,
such as the difference in pelvic anatomy that can result in females having a larger valgus angulation a t the
knee (2). Flexibility also tends t o decrease with age and changes in muscle size (2). Additionally, strength
training is believed t o cause muscle

hypertrophy and limit the develop
ment of flexibility (2, 5). Finally,
proper warm-up may also affect muscle flexibility. Harris (7) suggests that
exercise immediately proceeding
measurement will increase ROM.
Limited information is available
in the literature related t o muscle
flexibility in runners. Ekstrand et al
(4) studied lower extremity muscle
tightness in soccer players and reported muscle tightness of the hip
flexors, extensors, and abductors in
their subjects. Bach et al (I) con?
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ducted a study t o compare muscle
tightness a t the hip between runners
and nonrunners and found that runners had significantly limited hip
flexion with the knee extended compared t o the nonrunning group.
T h e purpose of this study was t o
determine the muscle flexibility of
the hamstrings, rectus femoris, iliopsoas, gastrocnemius, and soleus
muscles in male and female long distance runners and compare them t o
a nonrunning group. T h e difference
in muscle flexibility between males
and females, as well as the difference
between the dominant vs. nondominant leg in both long distance runners and nonrunners, were compared.

urement of the lower extremity
range of motion. Both runners and
nonrunners answered questions related t o their activities, past injury
history, and stretching programs.
Long distance runners were required t o respond t o the questions
regarding running, such as miles run
per week, years involved in running,
and whether they were a recreational o r competitive runner. Recreational runners were defined as athletes who ran for enjoyment o r exercise, and competitive runners
practiced regularly for road races.
Prior t o data collection, subjects
were also asked t o kick a ball, hop on
one leg, and step u p on a stool with
o n e leg. T h e dominant leg was de-

METHODS
Subjects
Forty subjects with a mean age
of 25.6 f 5.5 (range 18-37 years)
volunteered t o participate in this
study. Twenty were runners, and 20
were nonrunners. Each group of
runners and nonrunners included 10
males and 10 females. T h e nonrunners were not participating in any
long distance running. Runners were
recruited from local running clubs.
T h e running group ran a t least
1,500 m o r greater in races, ran 1 8
o r more miles per week, and had
been training for a t least one year
(1). Subjects were excluded from
both the running and nonrunning
groups if they had a history of experience in gymnastics, dance, cheerleading, yoga, o r the martial arts.
Subjects who had a history of ankle,
knee, o r hip surgery and recurrent
ankle sprains were also excluded. All
subjects voluntarily signed the informed consent form approved by
the Biomedical Review Board prior
to participating in the study.

Procedures
Each subject was asked t o complete a questionnaire before measJOSPT \'olume 17 Number 2 Februa~1993

A number of factors
have been identified
that contribute to
flexibility, including
gender, age, muscle
size, and warm-up.
termined t o be the leg used t o perform two out of three of the above
tests.
Prior t o data collection, each
subject was asked t o perform a general warm-up program, including
stretching of the hamstrings, quadriceps, and posterior calf muscles.
Each muscle group was stretched for
3 0 seconds prior t o ROM measurements. Range of motion was measured by a standard goniometer because of reports of high intratester
reliability from previous research
(1 5- 17). A board, as shown in Figure 1, was used t o stabilize the hip.
T h e scales of the goniometer were
covered t o blind the physical therapist ( P T 1) performing the measurement. A second physical therapist

FIGURE 1. Position for the measurement of
hamstrings ROM.

( P T 2) was responsible for reading
and recording the data. All measurements of ROM were performed by
the same two investigators, and each
investigator performed the same task
(6, 8, 17).
Hamstring muscle tightness was
determined by passive hip flexion
with the knee extended (a modified
straight leg raising test) (Figure 1).
Subjects were positioned supine on
the designed board, and their opposite thigh was stabilized by a Velcrom
belt. T h e knee t o be measured was
maintained in extension with a Bledsoe knee brace (Medical Technology,
Inc., Grand Prairie, TX). T h e goniometer was placed with the stationary arm parallel t o the midline of the
trunk, the moving arm along the lateral midline of the thigh, and the
axis over the superior half of the
greater trochanter (8, 13). T h e leg
to be measured was raised t o the
point in the range where a small
amount of pelvic rocking movement
was palpated by the investigator.
Measurement was recorded a t the
point where the onset of posterior
pelvic tilt was detected ( I , 8). T h e
subject was instructed t o relax the
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hamstring muscles during the procedure.
Rectus femoris muscle tightness
was measured by hip extension with
the knee flexed to 90" (a modified
Thomas test) (Figure 2). Subjects
were positioned supine on the table
with the leg to be measured hanging
over the table. T h e knee of the leg
to be measured was stabilized in 90"
of flexion with the Bledsoe knee
brace (1, 6). T h e opposite hip and
knee were flexed to the point where
the evaluator palpated that the subject's back was flat on the table. T h e
subjects were instructed to maintain
this hip and knee flexion position
with the fingers of both hands interlocked over the anterior tibia to assist in the maintenance of the posterior pelvic tilt. T h e goniometer was
placed with the stationary arm parallel to the midline of the trunk, the
moving arm along the lateral midline
of the thigh, and the axis over the
superior half of the greater trochanter (8, 13). T h e subject was instructed to maintain a flat back during the measurement.
Iliopsoas muscle tightness was
measured with the hip extended and

full knee extension (a modified
Thomas test) (Figure 3). T h e procedure was the. same as the measurement of the rectus femoris, except
that the knee was stabilized in extension with the Bledsoe brace.
Gastrocnemius muscle tightness
was measured by ankle dorsiflexion
with the knee in full extension (Figure 4). Subjects were positioned
prone on the table with their foot
and ankles hanging over the edge of
the table. An attempt was made to
keep the subtalar joint in the neutral
position during the measurement.
T h e goniometer was placed with the
stationary arm parallel to the lateral
midline of the fibula, the moving
arm along the lateral midline of fifth
metatarsal bone, and the axis shifted
superiorly and inferiorly until the
two arms of the goniometer were
parallel to the reference landmark
given (13). Passive ankle ROM was
performed by the investigator dorsiflexing the ankle to the end of the
range, and then the measurement
was recorded. Soleus muscle tight-

ness was measured by ankle dorsiflexion with the knee flexed to 90"
(Figure 5). T h e procedure was the
same as for the gastrocnemius muscle, except that the knee was maintained in 90" of knee flexion.
Prior to testing the subjects in
the study, a pilot study was conducted to determine the intratester
reliability of the investigators in
measuring and in recording ROM.
Using the procedures described in
the methods section, 10 subjects'
joint ROM was measured twice, by
the same investigator, with 1-2 days
between measurements. T h e reliability coefficients (ICC formula 2, 1)
for the lower extremity muscles are
reported in Table 1 (1 1).

Data Analysis
A separate, repeated measure,
three-way analysis of variance (ANOVA) was used to analyze the data
for each muscle. T h e Scheffe test
was used if the F ratios were statistically significant at the p < .05 level.
For the significant variables, practical significance was calculated as the
percentage of the variance that was

FIGURE 3. Position for the measurement of iliopsoas
ROM.

FIGURE 2. Position for the measurement of rectus
femoris ROM.

FIGURE 4. Position for the measurement of
gastrocnemius ROM.

FIGURE 5. Position for the measurement of soleus
ROM.
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Muscle
Dominant
Hamstring
Rectus femoris
lliopsoas
Gastrocnemius
Soleus
Nondominant Hamstring
Rectus femoris
lliopsoas
Gastrocnemius
Soleus
Extremitv

ICC
.90
.97
.97
.98
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TABLE 1. lntratester statistical comparisons of
repeated measures of RUM of the lower extremity
muscle groups (N = 10).

accounted for. Mean square values
from the ANOVA were used to calculate the intraclass correlatior coefficients (ICC formula 2, 1). For intratester reliability, ICCs were calculated between trials using the mean
of the testers' scores. A post hoc
analysis (the Sheffe) was also performed to examine the interaction of
group by gender.

RESULTS
T h e mean age of the nonrunners in the study was 27.65 f 4.88
years and 26.80 f 5.51 years for
males and females, respectfully. T h e
mean age of the male runners was
23.50 2 4.67 years; for the female
runners, mean age was 24.40 f 6.45
years. Table 2 presents information
from the questionnaire given to the
running group, including running
miles per week and years participating in running. A t-test determined
male runners ran significantly more
mileage (60.25 f 20.56) (p < .05)
than the female runners.
Most of the runners performed a
stretching program daily, while nonrunners did not. Sixteen of 20 runners, but only six of 20 nonrunners,
reported that they had a regular
stretching program. T h e nonrunning group did participate in other
sport activities; 30% regularly participated in weight lifting; 5% participated in swimming; 5% played basketball; 10% rode a bicycle; 5%
JOSPT Volume 17 Number 2 February 1993

Female

Male
subject

NO.

of years
Run

Miles Run per
Week

Miles Run

No. of Years
Run

wr Week

Mean
- -

TABLE 2. Descriptive summary of long distance runners.

played soccer; 5% participated in
snow skiing; 10% played table tennis;
5% played racquetball; and 5%
played tennis as seasonal athletes.
Seven of 20 nonrunners did not participate in any sport activity. T h e
running group consisted of 10 recreational runners and 10 competitive
runners. Nine of 20 runners did not
participate in other sport activity. In
addition to running, 15% of runners
played volleyball; 10% participated
in weight lifting; 5% played basketball; 10% rode a bicycle; 5% played
softball; 5% played racquetball; and
15% played tennis.

Parameters

Hamstring Muscles
T h e observed means for each
group of hip ROM in the modified
straight leg-raising test are summarized in Table 3, and the hamstrings
ANOVA table is presented in Table
4. T h e results indicated a significant
difference in the effects of running
(runners vs. nonrunners) (p < .05).
T h e runners had tighter hamstrings
than the nonrunners. The practical
significance was calculated and
equaled .4. Therefore, the running
variable accounted for 40% of the
variation in the subjects' hamstring

Nonrnnnm
Male

Female

R n ~ m
Male

Female

Dominant leg
Nondominant leg
Rectus femorist
Dominant leg
Nondominant leg
Iliopas*
Dominant leg
Nondominant leg
Gastrocnemius
Dominant leg
Nondominant leg
Soleus
Dominant leg
Nondominant leg
* Results xiven in degrees.

t Thigh position below the horizonal was recorded '-'
TABLE 3. Range of motion measurements on the dominant and nondominant leg of male and female

nonrunners and runners (means

+ standard deviation?
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-

Source

(;roup (GI
(;ender (S)
(;*S

E:rror
I --..
..J . A . . .
-..rn\
k e r~ -e-a-r -e a
MeasurPs
I
- - - - - - I,K ,

F!'G
FI'S
F!GS

-- -

-

- ..-

df

SS
MS
F
1 1883.35 1883.35 27.97'
1 477.75 477.75 7.01'
1 68.15 68.15 1.01
36 2424.01 67.33
-n-

-r

-n-

-r

.n

I L -I I I .-~- L
- -I J .I-. -~ ly.111- .1 89.33 89.33 8.22'
1
2.74
2.74 0.25
1 57.56 57.56 5.29'
36 391.45 10.87

-'Indicates significant at p < .05.
E rror
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TABLE 4. Three-way ANOVA with repeated
measures of the hamstrings by group, gender, and
leg dominance.

length. A significant difference ( p <
.05) between hamstring length in
males vs. females was seen and accounted for 10% of the variation.
Analysis of the data also showed a
significant difference between the
dominant leg and nondominant leg
in all subjects (p < .05). Leg dominance accounted for 27% of the variation. In total, 77% of the variation
in hamstring length could be accounted for by three factors: 1) running, 2) gender, and 3) leg dominance.
Results also indicated a statistically significant difference for the
two-way interaction of group by leg
dominance ( p < .05). T h e difference
between dominant leg and nondominant leg ROM was greater in runners than in nonrunners.

Gastrocnemius Muscle
T h e observed means for each
group's ankle ROM a r e listed in Table 3. T h e results indicated a significant difference in the running effect
[F (1, 36) = 4.12, p < .05]. T h e running effect accounted for 26% of the
variation. N o other significant differences between means were found.

Soleus Muscle
T h e observed means a r e summarized in Table 3. T h e results showed
a significant difference between runners and nonrunners in soleus ROM
[F (1, 31) = 4.12, p < .05]. This

.

effect accounted for 42% of the variation. No other significant differences were found in the soleus. In
addition, n o significant differences
were found in the rectus femoris o r
the iliopsoas.

DISCUSSION
Significant differences were
found between runners and nonrunners in hamstrings, gastrocnemius,
and soleus muscle tightness. Tightness of these muscles could be the
result of their long-term use in long
distance running. No significant differences were found in the rectus

Significant differences
were found between
runners and
nonrunners in
hamstrings,
gastrocnemius, and
soleus muscle
tightness.
femoris and iliopsoas when comparing the runners with nonrunners.
T h e sitting position places the hip
flexors in a shortened range, and
this factor may influence the hip
flexors more than the running effect
(1). Many of the subjects tested in
both the running and nonrunning
groups were students who spent a
large proportion of their day in the
sitting position.
T h e results of this study generally agree with other studies. For hip
movements, the obtained results
were similar t o those of Bach e t al
(1). who found significant muscle
tightness of the hamstrings, but not
the hip flexors, in runners. Ekstrand
e t al (4) found tightness for all hip

muscles in soccer players. T h e differences in their results may be the result of the different activity and playing surface of soccer players.
When comparing different muscle groups of the males and females,
males had tighter hamstring muscles
than females, regardless of whether
they were runners o r nonrunners.
T h e difference between males and
females might be multifactorial, such
as anatomic variation, muscle
strength, o r less activity in the female group (1, 2). Bach e t al (1)
found that all male subjects were
more limited in hip abduction, extension, and flexion than females.
T h e effect of mileage may also
have contributed t o lack of flexibility
in the hamstring muscle group. In an
attempt t o answer this question, the
10 male runners were split further
into two groups. T h e first group
consisted of five runners who ran
high weekly miles (mean = 78 miles,
range 65-80 mileslweek); the second group consisted of five runners
who ran fewer miles per week (mean
= 4 3 miles, range 30-55 miles/
week). T h e observed hip ROM for
the hamstring muscles was 65.50 f
5.27" for the first group and 76.77
f 4.65" for the second group. T h e
observed ankle ROM for the gastrocnemius muscle was 6.60 f 2.14"
for the group that ran greater
weekly miles and 9.13 f 3.48" for
the group that ran fewer miles per
week; for the soleus muscle, the observed ROM for the group that ran
more miles per week was 16.35 f
6.97". and for the group that ran
fewer miles, it was 19.16 f 2.35".
No statistical tests were performed.
From these observed means, it might
imply that the more the runners run,
the less flexibility they may have in
the posterior muscles of the lower
extremities. Future research studies
could attempt t o identify if there is a
relationship between mileage and
ROM in long distance runners.
Comparisons of the dominant
leg and nondominant leg showed
that the dominant leg had less hamVolunie 17 Number 2 Februay 1993 *JOSPT
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strings ROM in both males a n d females. T h i s difference may be d u e t o
a n increased demand o f this muscle
by the preferred leg. For t h e hamstring muscles, a n interaction of
group (runners vs. nonrunners) by
dominant/nondominant leg was statistically significant. T h e difference
was greater between t h e dominant
a n d nondominant leg in runners
compared t o nonrunners. T h e dominant leg was tighter in runners. T h e
nonrunners were generally inactive,
and their muscle flexibility for both
legs was very similar.
In runners, running demands increased activity a n d repetitive muscle
contractions. If runners have a preferred leg, this preferred leg may
contract with greater power in t h e
propulsion phase o f running. An interaction of group by gender was
also statistically significant by post
hoc test. T h e difference between
male runners a n d nonrunners was
greater than t h e difference between
female runners a n d female nonrunners. Male runners have less hamstring ROM than female runners.
Most of t h e male runners ran m o r e
miles per week than female runners.
Male runners ran a n average o f 60
miles per week, a n d t h e female runners ran a n average of 32 miles per
week. T h e running mileage difference might explain t h e interaction.

cles when compared with t h e nonrunners a s measured by the modified
T h o m a s test.
In addition, males had tighter
hamstring muscles than females. T h e
hamstring muscles o n t h e dominant
leg were tighter than hamstrings o n
t h e nondominant leg. N o other significant differences d u e t o gender
a n d dominant/nondominant leg factors were found. It is suggested that
stretching programs designed for
runners include these key muscles.

CONCLUSIONS

lecting data for this project. T h e y
also thank t h e runners in t h e Pittsburgh area, t h e University o f Pittsburgh track team, a n d the physical
therapy students a t t h e University of
Pittsburgh.

Range of motion was determined by measuring t h e hip a n d ankle in both runners a n d nonrunners.
Compared with a nonrunning population, the long distance runners
tested had less hamstring, gastrocnemius, a n d soleus muscle ROM as
measured by t h e hip flexion with t h e
knee extended, ankle dorsiflexion
with t h e knee extended, a n d ankle
dorsiflexion with t h e knee flexed
90" methods. In contrast, runners in
t h e present study did not have tighter rectus femoris a n d iliopsoas mus-
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