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ABSTRACT

Stretching exercises are commonly prescribed in training and rehabilitation programmes. The purpose of this study was to determine 
the frequency of on-going hamstring stretching required to maintain knee extension range of motion (ROM) following an initial 
stretching programme. A test-retest randomised control trial was undertaken. Sixty-three healthy male participants were randomly 
assigned to two stretch groups and a control group. Active knee extension (AKE) stretches were performed five days a week for an 
initial six weeks. Stretch group 1 then reduced the frequency of stretching to three days per week, and stretch group 2, to one day 
per week, for a further six weeks. The control group did not stretch. Active knee extension ROM was measured at baseline, weeks 
six and 12. A significant improvement in AKE ROM was observed in stretch group 1 (17.5° SD 11.8°) and 2 (18.8° SD 7.1°) after 
the initial six weeks of stretching (p < 0.05). After six-weeks of on-going stretching group 1 maintained their improvement in ROM, 
whereas stretch group 2 lost ROM. The difference between stretching groups was significant (p < 0.05) and no change in ROM was 
observed in the control group. These results indicate that an on-going hamstring stretching programme with a frequency of three 
times a week is required to maintain the initial improvement in ROM. 
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INTRODUCTION

Stretching exercises are commonly prescribed during warm-
up and cool-down protocols, and training and rehabilitation 
programmes, with the aim of improving muscle extensibility 
and joint range of motion (ROM) (Chan et al 2001, Reid and 
McNair 2004, Small et al 2008, Smith 1994, Willy et al 2001). 
Research has demonstrated that a stretching programme to 
the hamstring muscle group consisting of 15-60 seconds, one 
to three repetitions per day, five days a week, for six weeks is 
sufficient to elicit significant changes in knee extension ROM 
(Bandy and Irion 1994, Bandy et al 1997, Davis et al 2005, 
Decoster et al 2005, Reid and McNair 2004, Russell et al 
2010, Willy et al 2001).  While research supports the effect of 
stretching, it has been suggested that improvements gained 
from stretching programmes are short-lived and start to diminish 
following the cessation of stretching (Rubley et al 2001, Willy et 
al 2001). However, it is unclear how often a stretch needs to be 
performed each week to maintain the initial improvements in 
ROM.

Two studies have investigated the effect of on-going stretching 
following an initial stretching programme (Rancour et al 2009, 
Wallin et al 1985). Wallin et al (1985) investigated the effect of 
30 days of proprioceptive neuromuscular facilitation (PNF) and 
ballistic stretching, and 30 days of on-going PNF stretching with 
different stretching frequencies from one to five times a week. 
The authors suggested that on-going stretching, once per week 
was sufficient to maintain the initial improvement. In a similar 
study, Rancour et al (2009) examined the effect of an on-going 
stretching programme of two to three times a week, following 

a four-week static hamstring muscle stretching programme. 
The results indicated that this continuing dosage was sufficient 
to maintain the initial increases in ROM. However, neither of 
these studies used a control group who did not undertake a 
stretching programme. In addition, research has demonstrated 
that the compliance rates with home exercise programmes are 
low and too many repetitions of the prescribed exercises can 
reduce compliance (Haynes 1979 Schneiders et al 1998, Sluijs et 
al 1993).

The hamstring muscle group is commonly acutely injured (Verrall 
et al 2001) and stretching is often used in the management of 
such injuries (Malliaropoulos et al 2004). Ensuring compliance 
and adherence to prescribed exercises has been shown to 
be a critical factor in outcomes of the exercise programmes 
and the frequency and number of the exercises prescribed 
also influences this compliance (Bassett 2003). Therefore, the 
purpose of the current study was to undertake a randomised 
control trial to determine the frequency of hamstring stretches 
required to maintain knee extension ROM following a six-week 
initial hamstring stretching programme. This study would also 
help determine the minimum number of stretches required to 
maintain ROM as this may improve compliance with on-going 
stretching programmes.

METHODS

Experimental Procedures
This was a 12-week study, using a test-retest randomised control 
trial design with repeated measures. Participants were randomly 
assigned using a computer-generated random number table 
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to one of three groups: two intervention (stretch) groups and 
a control group. During an initial six-week programme, the 
frequency of stretches was the same for both stretch groups. For 
the six-week on-going stretching programme, stretch group 1 
reduced the frequency of stretching to three times a week and 
stretch group 2 reduced to once a week. The control group did 
not perform any stretching exercises over the 12 week study 
period. Figure 1 outlines the flow of participants through the 
study.

This study was approved by the Auckland University of 
Technology (AUT) ethics committee.

Figure 1: Flow diagram of randomisation, intervention 
and assessment process 

Participants
Participants were recruited from the student population 
of the Auckland University of Technology (AUT). Prior to 
data collection, written and verbal explanations of the 
experimental procedures were provided, and written consent 
was gained. Participants were included in the study if they 
were male, between the ages of 18-40 years of age and had 
tight hamstring muscles defined as having greater than 20° 
loss of passive knee extension ROM using the passive knee 
extension test (Nelson and Bandy 2004). Only male participants 
were recruited as there are sex differences that affect ROM 
measures (Cornbleet and Woolsey 1996, Shephard et al 1990). 
Participants were excluded if they had any current lower 
limb injuries or low-back pain or had been participating in a 
stretching regime over the past three months. 

Based on previous research by Reid and McNair (2004), to detect 
an initial 10° change in knee extension ROM with 80% power 
and p < 0.05, a sample size of approximately 48 participants 
was determined appropriate, with 16 in each group (www.
biomath.info/power).

Procedures
The AKE test, which has been shown to be highly reliable 
for measuring hamstring muscle tightness (r=0.99, Gajdosik 
and Lusin 1983), was used as the dependent variable. The 

participants were positioned in supine with the right hip and the 
knee flexed at 90°. This position was secured with a seat belt 
over the anterior pelvis and left thigh to reduce the potential 
movement of the pelvis during the test procedures, while the 
right thigh was in contact with a crossbar placed above the iliac 
crest. This was determined as the start position (Figure 2 ). Prior 
to assuming this position an electronic goniometer (Penny and 
Giles Blackwood Ltd., Gwent, UK); accurate to 0.5° (SD 0.41) 
(Piriyaprasarth et al 2008) was placed along a line between the 
greater trochanter of femur and the lateral femoral epicondyle, 
and a line between the lateral femoral epicondyle and lateral 
malleolus (Figure 3). Each participant was asked to actively 
extend the knee to the point at which he perceived significant 
stretching discomfort in the hamstring muscle group. This was 
determined as the end position (Figure 4). At this position, 
the knee extension ROM measurement was taken. Any lateral 
deviation or rotation at the hip or pelvic joints was closely 
monitored by the assessor. The measurement was repeated 
three times with a 10 second rest in between, taken only on the 
right lower limb as participants were instructed to stretch only 
their right hamstring muscles. 

Figure 2: Start position of the active knee extension (AKE) 
test. 

Prior to data collection, a pilot study assessing the intra-rater 
reliability of the AKE test was undertaken. Ten participants 
(mean age, 24.8 (SD 4.3) years; height, 172.9 (SD 6.1) cm; 
weight, 68.0 (SD 16.7) kg) from a sample of convenience took 
part in the reliability study. Using the data-collection procedures 
outlined earlier, two sets of measurements of active knee 
extension were completed on two separate occasions with 10 
minutes intervals (Depino et al 2000, Spernoga et al 2001). The 
intra-class correlation coefficient (ICC, 2,1) for the paired data 
was 0.99, establishing excellent test-retest reliability (Bandy and 
Irion 1994, Bandy et al 1998, Ford et al 2005).

Knee extension ROM was measured at baseline, and then at 
weeks 6 and 12. The measurement was performed following a 
standardised warm-up on a stationary bike for five minutes on 
the same load (50 Watts).

The stretching intervention was undertaken in two stages. 
Participants in the stretch groups performed an active static 
stretch of the right hamstring muscle group, for 30 seconds, 
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three repetitions, once per day, five days a week, for six weeks. 
This programme was performed in the same manner as the AKE 
test described above.

Following this initial stretching period, participants in stretch 
group 1 reduced the frequency of stretching to three times per 
week and those in stretch group 2 stretched once a week for a 
further six weeks. All participants in the two intervention groups 
were educated in the stretching technique by a single researcher 
(JK) at baseline. To measure compliance with the stretching 
protocol, participants kept a diary of the stretching frequency 
and other physical activity, and the researcher contacted 
participants through email or text messages every three weeks 
to improve compliance. Participants were asked to record their 
compliance with the stretching intervention after each session 
and, for other physical activities on a weekly basis.

The control group did not stretch throughout the intervention 
period but their knee extension ROM was measured at the start 
and end of the trial. All participants were instructed not to alter 

their activity of daily living regimes throughout the duration of 
the study.

Statistical Analyses
Descriptive statistics were analysed to determine the 
appropriateness of utilising parametric analysis. A two-factor 
(time and group) repeated ANOVA was utilised to determine 
any significant changes in knee extension ROM over time and 
to compare ROM differences between the three groups over 
time. The participant diaries were assessed for compliance via 
descriptive statistics. Statistical analysis was performed using 
SPSS statistical analysis software version 18 (SPSS Inc. Chicago, 
IL). The alpha level was set at 0.05.

RESULTS

Participants
A total of 63 participants were recruited (see Table 1). Nine 
participants withdrew from the study; four in stretch group 1, 
three in stretch group 2 and two in the control group. The main 
reason stated for the withdrawals were a lack of time to commit 
to the programme. The data from these participants were dealt 
with via an intention-to-treat analysis.

Knee extension range of motion
The two-factor repeated ANOVA found a significant effect for 
time (p < 0.05) and group, and a significant interaction between 
time and group (p < 0.05). Figure 5 displays the mean knee 
extension ROM for the stretch groups and the control group. 
The start angle for the test movement was 90° knee flexion 
and 0° was determined as full knee extension. Participants in 
stretch group 1 recorded a mean 36.6° (SD 9.8°) short of full 
knee extension at baseline, and participants in stretch group 
2, a mean of 32.3° (SD 9.9°) short of full extension. These 
differences in ROM were not significant (p>0.05).

Following the initial six-week stretching intervention participants 
in stretch group 1 improved significantly to a mean of 17.5° (SD 
11.8°) (p < 0.05). This corresponded to 19.1° increase in ROM. 
At week 12 these participants had maintained their increased 
ROM at 17.7° (SD 11.7 °). This difference was not significant (p > 
0.05). In stretch group 2, ROM improved significantly to a mean 
18.9° (SD 7.2 °) after the initial six week stretching intervention 
(p < 0.05). This corresponded to a 13.3° improvement in ROM. 
At week 12, ROM for group 2 participants had reduced to 
23.5 (SD 10.3 °), a 4.6 ° reduction in ROM. This difference 
was significant (p < 0.05). Participants in the control group 

Table 1: Participant’s age, height, mass and baseline knee 
extension range of motion. Independent t-tests indicated 
no significant differences at baseline (p>0.05). Data are 
means and standard deviations

Groups (n)
Age 

(years)
Height 
(cm)

Mass 
(kg)

Baseline 
ROM 

(degrees)

Control (21) 23.0 (5.4) 179.0 (6.7) 77.7 (13.3) 31.9 (8.5)

Stretch 1 (21) 23.2 (5.7) 177.1 (8.0) 76.4 (13.2) 36.6 (9.8)

Stretch 2 (21) 22.5 (4.3) 179.6 (7.7) 74.8 (10.1) 32.3 (9.9)

Group mean (63) 22.9 (5.1) 178.6 ( 7.5) 76.3 (12.1)

Figure 3: Placement of electronic goniometer. The 
proximal arm was positioned over the lateral aspect of 
femur and the distal arm on the lateral aspect of the 
fibula.

Figure 4: Finish position of the active knee extension 
(AKE) test.
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had a mean 31.9° (SD 8.5°) short of full knee extension at 
the baseline, 31.5° (SD 7.8°) at week six and 29.9° (SD 8.5°) 
at week 12. These differences were not significant (p > 0.05).
Overall compliance of the intervention groups to the hamstring 
stretching programme was 93%. There were no significant 
differences in compliance rates between groups (p>0.05). A 
qualitative examination of the participants’ diaries indicated 
that none had undertaken additional activities that may have 
affected the results. 

Effect size
The effect sizes of the initial hamstring stretching intervention 
were calculated by taking the mean difference of the 
experimental and control group changes in knee extension ROM 
and dividing this figure by the pooled standard deviation of the 
experimental and control groups (Cohen, 1988). Stretch groups 
1 and 2 both demonstrated a large effect size, 1.75 and 1.56 
respectively, during the initial stretching intervention. 

DISCUSSION

The main findings of this study were that a six-week static 
hamstring stretching programme significantly improves knee 
extension ROM, and that an on-going stretching programme 
of three times per week is required in order to maintain the 
improvement in ROM following an initial stretching programme.

The initial changes in ROM over the first six weeks are consistent 
with previous stretching studies (Bandy et al 1997, Reid and 
McNair  2004, Roberts and Wilson 1999, Russell et al 2010). 
Following a further six weeks of stretching, stretch group 1 
successfully maintained this initial improvement with an on-going 
stretching frequency of three times a week, while stretch group 2 
lost ROM with an on-going stretching frequency of once a week. 
In comparison, the control group did not demonstrate significant 
change in ROM over the course of the study. 

A number of studies have suggested that improvements in ROM 
following a stretching programme are short lived (a maximum 
of four weeks) and start to diminish following the stretching 
intervention (Depino et al 2000, Ford and McChesney 2007, 
Rubley et al 2001, Willy et al 2001). Willy et al (2001) examined 
the effect of cessation and resumption of static hamstring 
muscle stretching on knee ROM. The study demonstrated 
that any initial improvements in ROM were lost four weeks 
after stopping the stretching intervention. Once the stretching 
programme was re-introduced the initial gains in ROM were 

restored. These findings indicate a need to continue a stretching 
programme once the initial gains in ROM have been achieved, 
and the results of the current study are consistent with this. 

Only two other studies have investigated the frequency of 
on-going stretching (Rancour et al 2009, Wallin et al 1985). 
Wallin et al. (1985) investigated the effect of 30 days of PNF 
and ballistic stretching, followed by 30 days of on-going PNF 
stretching alone. Passive plantar-flexion and hip adduction and 
extension angles were measured at baseline, and after 14, 30 
and 60 days. In the initial stretching programme, three groups 
performed PNF stretching and one group performed ballistic 
stretching, three times a week for 30 days. After the initial 
stretching period, the three groups performed the same PNF 
stretching protocol once, three or five times a week, respectively, 
for another 30 days. The results showed that following 30 
days of on-going PNF stretching all groups demonstrated a 
significant increase in ROM. The authors concluded that on-
going stretching of once a week was sufficient to maintain the 
initial improvement in ROM. Their results are in contrast to the 
current study that demonstrated on-going stretching of once a 
week was not sufficient to maintain ROM following the initial 
improvement. These differences may be due to the different 
types of stretching techniques used (PNF and ballistic versus 
static stretching), and the differences in durations of on-going 
stretching programmes (30 days versus 42 days).

Rancour et al ( 2009) examined the effect of on-going stretching 
following a four-week static hamstring stretching programme. 
Participants were randomly assigned to one of two groups and 
both groups performed passive static hamstring stretching two 
repetitions of 30 seconds, twice a day, seven days per week, 
for four weeks. After the initial stretching programme, one 
group reduced the frequency of hamstring stretching to two to 
three times a week for four weeks, while another group ceased 
stretching. The results demonstrated that both groups had a 
significant improvement in hip flexion ROM after the initial four 
weeks of stretching. In the current study, the magnitude of the 
initial changes in ROM of the stretch groups over the first six 
weeks was 19.1° and 13.5°, respectively. Rancour et al (2009) 
demonstrated improvements of 19.2° and 20.5°, respectively 
over the same period; however, the group performing the 
on-going stretching regime maintained the improvement while 
the group that ceased stretching over the next four weeks, lost 
an average 6.7° in ROM. The authors concluded that on-going 
stretching with a frequency of two or three times a week was 
sufficient to maintain the initial improvement in ROM.

The results of the study by Rancour et al (2009) are similar in 
magnitude to the current study but also greater than other 
studies using a similar frequency of stretching.  Reid and 
McNair (2004) demonstrated an average 10.1° increase in 
knee extension ROM after six weeks of hamstring stretching 
in school-aged individuals. This may indicate that the optimal 
frequency of initial stretching has yet to be determined or that 
increases in ROM may vary in different population groups. 
However, Rancour et al (2009) did not provide a set frequency 
of on-going stretching but instead allowed participants to 
decide whether to stretch two or three times a week. For this 
reason, it is difficult to conclude whether the optimal frequency 
of on-going stretching is two or three times a week. With 
respect to the optimal frequency of on-going stretching, the 

Figure 5: The knee extension range of movement for the 
intervention groups and the control group at baseline, 
week 6 and week 12. Data are means and standard 
deviations; *p<0.05.
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results of this study are consistent with the current study that 
to maintain an initial improvement in ROM three times a week 
of on-going stretching is required. Finally, in comparison to the 
current study, Rancour et al (2009) and Wallin et al (1985) did 
not have a true control group. 

From a clinical and practical perspective, an on-going stretching 
programme with reduced frequency allows maintenance of 
the benefits of stretching exercises with minimal effort and 
potentially improves participants’ compliance with on-going 
stretching exercises. Although stretching is commonly prescribed 
in clinical practice, research has shown that once a client is 
discharged from therapy, compliance rate with the home 
exercise programmes are low and too many exercises can reduce 
compliance (Haynes 1979, Henry et al 1999, Schneiders et al 
1998, Sluijs et al 1993). In the current study, both stretching 
groups maintained a high level of compliance, averaging 93%, 
throughout the study. Possible reasons for this high compliance 
may include the reduced frequency of stretching required, clear 
written and verbal instruction, and continuous reminders and 
regular follow-up by the research team (Eakin et al 2007, Jacobs 
et al 2004, Schneiders et al 1998). 

A number of limitations were associated with this study. 
Recruitment of participants for this study was primarily carried 
out within a university setting and only healthy and university-
aged individuals were included in the study. The findings, 
therefore, may not be directly applicable to injured or older 
populations. Despite regular reminders and follow-up, nine of 
the 63 participants withdrew from the study. An intention-to-
treat analysis was used to compensate for this. Finally, other 
variables such as force or muscle stiffness (Gajdosik 1991, 
Magnusson 1998, Reid and McNair 2004) associated with 
stretching interventions were not measured this study. 

Future research examining structural changes associated with 
static stretching and whether these changes are maintained 
through on-going stretching is required. Future studies may 
also need to look at that whether different types of stretching 
(e.g. PNF versus static stretching) or stretching of different 
muscle groups have different effects on maintenance. Finally, as 
the results of this study are limited to a healthy university-age 
population, the effect of on-going stretching protocol of this 
study needs to be confirmed in different clinical populations 
such as elderly and females, and those with diseases that affect 
joint ROM such as osteoarthritis, and muscle injury.

CONCLUSION

The results of the current study demonstrated that on-going 
hamstring stretching programmes of three times a week 
was required to maintain the increased ROM following an 
initial six week stretching intervention. Reducing the number 
and frequency of stretching exercises required from five to 
three times a week  may enhance compliance, particularly, in 
populations where maintaining an appropriate range of motion 
is helpful to enhance performance and reduce the risk of injury 
and re-injury.

KEY POINTS

• Stretching exercises are commonly prescribed to improve 
muscle extensibility and joint ROM, but on-going 
stretching exercises may be required to maintain any initial 
improvements in ROM.

• An initial stretching regime of 3×30 seconds, once per day, 
five days a week for six weeks to the hamstring muscles, 
significantly increases knee extension ROM.

• A frequency of three times a week is required with an 
on-going stretching programme for a further six weeks to 
maintain the initial improvement in knee extension ROM.
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