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ABSTRACT
Background and Purpose: While there has been consider-

able research on stretching, a paucity of research has focused 
on stretching of the calf muscle-tendon unit (MTU) in older 
women.  Because limited ankle dorsiflexion range of motion 
(ROM) is associated with gait abnormalities and increases the 
risk of falls in the elderly, we investigated the effect of static 
stretching on flexibility of the calf MTU of healthy elderly adults. 
Methods: Twenty healthy female volunteers, 76 to 91 years 
of age, were recruited from Linda Valley Villa, an independent 
living center. Subjects performed a static stretching program 
5 days a week for 6 weeks. Passive ankle dorsiflexion ROM was 
taken prior to beginning the stretching program and 3 days after 
the last stretching day. Results: Mean increase in passive ankle 
dorsiflexion ROM was 12.3° (SD= 4.4°) (p < .001). Conclusion: A 
6-week stretching program is capable of provoking a significant 
increase in ankle dorsiflexion ROM for elderly women. 
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INTRODUCTION
According to the Guide to Physical Therapist Practice, stretch-

ing is an important component of the preferred practice patterns 
in the treatment of musculoskeletal, neuromuscular, cardiovas-
cular, pulmonary, and integumentary diagnoses.1 While there 
has been considerable research on stretching, a paucity of 
research has focused on stretching of the calf muscle-tendon 
unit (MTU) in older women.2-4  Because reduced ankle dorsiflex-
ion range of motion (ROM) can impact gait and is associated 
with falls in the elderly population, identifying successful physi-
cal therapy interventions to improve ankle ROM is warranted. 

The purpose of this study was to investigate the effects of a 
static calf MTU stretching program on ankle dorsiflexion ROM 
in healthy adult women 65 years of age and older.

Methods
Subjects

Twenty healthy female volunteers, 76 to 91 years of age, 
were recruited for the study. Subjects were included if they 
had no evidence of lower extremity dysfunction as assessed 
by a visual observation of gait, had less than 10° of passive 
ankle dorsiflexion ROM, and were functionally independent. 
All subjects voluntarily signed an informed consent docu-
ment approved by the Loma Linda University Institutional 
Review Board prior to participation in the study. Subjects 
were dismissed from the study if they missed 2 or more 
stretching sessions in a single week, or missed a total of 6 or 
more sessions during the course of the study. 

Procedures and Measurements
All pre- and postintervention goniometric measurements 

were taken from the right lower extremity by the same 
researcher. Prior to data collection, goniometric intra-tester 
reliability for passive ankle dorsiflexion ROM was established 
(intraclass correlation coefficient = 0.95). Measurement of pas-
sive ankle dorsiflexion ROM has been described by Norkin and 
White.5 We modified the procedure by having subjects sit in a 
long sit position on a treatment table with knees fully extend-
ed. The researcher stabilized the tibia and fibula of the right 
lower extremity to prevent knee motion. The researcher then 
passively dorsiflexed the subject’s ankle with enough force to 
encounter notable tension in the calf MTU, as described by 
Bohannon et al.6 The ankle was maintained in subtalar joint 
neutral during the measurements and subjects were instruct-
ed to not provide any active assistance. The goniometer was 
placed with the center of the fulcrum over the lateral aspect of 
the lateral malleolus, the proximal arm with the lateral midline 
of the fibula using the head of the fibula for reference, and the 
distal arm parallel to the lateral aspect of the fifth metatarsal. 
Measurements of all subjects were taken prior to beginning 
the stretching protocol and 3 days after the last stretching day 
by the same researcher. All postintervention measurements 
were taken with the researcher blind to the preintervention 
measurements.  
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Subjects were instructed how to perform the stretch-
ing program on the first day of the study and researchers 
were present on all subsequent stretching days to ensure 
proper implementation of the stretching protocol. Subjects 
performed a static stretch to both left and right calf MTUs 
while standing and wearing shoes. Subjects placed 1 foot in 
front of the other, at a comfortable and stable stepping stance, 
with hands resting on the back of a chair for stability. Subjects 
then leaned forward toward the chair until a stretch was felt, 
keeping their back lower limb straight, and bending their front 
lower limb. The stretch was held for 60 seconds and repeated 
4 times on each lower limb. Subjects performed the stretching 
protocol with supervision once per day, 5 days per week for 6 
weeks (Figure 1).

The SPSS (Version 12.0) statistical package was used for 
data analysis. Descriptive statistics included means and stan-
dard deviations of pre- and postintervention ROM measure-
ments. A paired t-test was used to compare the means.

Results  
	 Data were analyzed from 13 subjects, ages of 76 to 91 

years (mean=83.8, SD=4.7). One subject was excluded from 
the study secondary to an acute medical problem, 3 subjects 
missed 2 or more stretching sessions in a single week, and 3 
subjects did not return after the first week. Mean preinterven-

tion dorsiflexion ROM was -11.1° (SD=4.6°). Mean postinter-
vention dorsiflexion ROM was 1.2° (SD=3.0°). A statistically 
significant increase of 12.3° ankle dorsiflexion ROM (SD=4.4°) 
was demonstrated postintervention (p < 0.001). 

DISCUSSIon
As a person advances through life, the structure and com-

position of skeletal muscle changes and the cross sectional 
area of a muscle belly decreases, mainly because it is infiltrated 
with fat and other connective tissue.7-9 Gajdosik et al10 inves-
tigated the influence of age on length and passive elastic 
stiffness characteristics of the calf MTU of women grouped by 
age (young, middle-aged, and elderly). They used an isokinetic 
dynamometer to passively stretch the right calf MTU to mea-
sure the maximal angle of available dorsiflexion and found that 
ROM was significantly decreased in older women. 

Improving connective tissue compliancy and increasing 
the number of serial sarcomeres are both major contributing 
factors in musculoskeletal flexibility and are influenced by 
slow, low-intensity, and long-duration stretches.11,12  Taylor et 
al13 studied the viscoelastic behavior of the MTUs in an animal 
model and found that “after 4 stretches there was little altera-
tion of the MTU, implying that a minimum number of stretches 
will lead to most of the elongation in repetitive stretching.” The 
stretching protocol used in the current study was based on the 
work of Feland et al12 who investigated the effect of duration 
of stretching of the hamstring muscle group for increasing 
ROM in people aged 65 years or older. They determined that 4 
repetitions with a 60 second hold at the terminal position once 
per day, 5 times per week, for 6 weeks produced the greatest 
increases in hamstring flexibility and knee extension ROM. The 
results of the current study suggest that the stretching proto-
col described by Feland et al12 for the hamstring muscles can be 
effectively applied to the calf MTU in elderly females. 

	 Gajdosik et al14 reported a mean increase of 5.1° of ankle 
dorsiflexion ROM after an 8-week home stretching program. 
In their study, 10 subjects with a mean age of 73.1 years per-
formed 10 repetitions with a 15-second hold at the terminal 
position one time per day, 3 times per week, for 8 weeks. 
Subjects in the current study made considerably more ankle 
dorsiflexion ROM gains, 12.3° versus 5.1°, respectively. This is 
likely because the mean preintervention ankle dorsiflexion 
ROM was markedly less (-11.1° versus 0.2°, respectively). Also, 
the stretching protocol between the 2 studies was quite differ-
ent. Subjects in the current study performed a 6-week super-
vised stretching program consisting of 4 repetitions with a 60 
second hold at the terminal position once per day, 5 times per 
week, for 6 weeks. Additionally, the total number of stretching 
seconds per subjects was approximately 50% greater in the 
current study. Despite the differences in protocols, results from 
both studies strongly suggest that static stretching of the calf 
MTU increases ankle dorsiflexion ROM in the elderly. 

Pratt and Bohannon15 examined the effect of a 3-minute 
passive stretch on ankle dorsiflexion in 24 healthy adults with 
a mean age of 24.7 years. Subjects stood on a platform and 
stretched their calf MTUs by lowering their heels for 3 minutes Figure 1. Stretching position for calf MTU.
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on 3 consecutive days. The results of their study revealed that 
significant improvements in passive ROM were made each day 
(p < .0005), however, no lasting changes in passive ROM were 
sustained over the 3 days. In the current study, all postinter-
vention measurements were taken 3 days after the last stretch-
ing day and we were able to demonstrate a lasting, or plastic 
change in calf MTU passive ROM. 

Bandy et al16 found that 1 repetition of static stretching 
sustained for 30 seconds at the terminal position once per day, 
5 times per week, for 6 weeks was optimal in making plastic 
changes in hamstring flexibility in young adults. As discussed 
previously, Feland et al12 found that 4 repetitions with a 60 
second hold at the terminal position once per day, 5 times per 
week, for 6 weeks produced the greatest increases in ham-
string flexibility and knee extension ROM in adults 65 years 
of age and older. Rehabilitation specialists should consider 
the results of these studies as well as the results of the current 
study when prescribing home stretching programs to their 
patients. 

Research has shown that a reduction in muscle flexibility, 
reduced gait speed, and unsteady gait contribute to increased 
risk of falling in the elderly.17-21  Mecagni et al22 determined that 
correlations exist between ankle ROM and balance in 34 com-
munity dwelling elderly women with a mean age of 74.7 years. 
They concluded that improving ankle ROM “may increase the 
effectiveness of clinical and community interventions designed 
for improving balance and reducing falls in elderly women.”

Since ankle dorsiflexion ROM is an important component 
for normal gait, an argument can be made that reducing ankle 
dorsiflexion ROM impairments in elderly people will decrease 
their risk for falling. Because the foot clears the ground by 
just 1 centimeter during the mid-swing phase of swing limb 
advancement, dorsiflexion of at least neutral is desireable.23 
Another important consideration in gait is that 5° to 10° of 
ankle dorsiflexion are required in order to progress from mid-
stance to terminal stance.23  It stands to reason that inability to 
progress from midstance to terminal stance shortens the stride 
length and contributes to reduced gait speed and unsteadi-
ness. 

There were several limitations of this study including the 
fact that we did not include a control group. Nevertheless, 
the marked improvement in postintervention ankle dorsiflex-
ion ROM strongly suggests that the ankle dorsiflexion ROM 
improvements were the result of the calf MTU stretching pro-
tocol. There was also potential for examiner bias because of 
the lack of examiner blinding. Additionally, the small sample 
size does not allow us to generalize the results of this study to 
the population at large. A single blind randomized study with a 
larger sample size is necessary at this point in order to confirm 
the results of this pilot study. Also, the effect of improved ankle 
dorsiflexion ROM postintervention on gait and balance in the 
elderly is recommended for further research.

Conclusion
The results of this pilot study demonstrated that a stretch-

ing protocol consisting of 4 static stretches with a 60-second 

hold, once per day, 5 times per week for 6 weeks significantly 
improved ankle dorsiflexion ROM in elderly females. The ROM 
improvements were maintained 3 days after the last stretching 
day.
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