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ABSTRACT
Background: Hamstring length assessment has an important value in Physiotherapy assessment and better outcome 
of patients. Purpose of the study was 1) To compare Active SLR and Active knee extension test values as per Kendall’s 
muscle-range assessment, 2) To compare Passive SLR and Passive knee extension test values as per Kendall’s muscle 
range assessment
Method: Total 100 healthy individuals (age 20.83±1.17, 14 males, 86 females) participated in study.  Goniometric assess-
ment of hip flexion-extension and knee flexion was assessed followed by active and passive straight leg raising (ASLR 
and PSLR) and knee extension tests (AKE and PKE). Kendall’s formula was used to find hamstring muscle-range. ASLR 
and AKE results were compared for means and correlation was assessed. PSLR and PKE results were compared for 
means and correlation was assessed.
Result: The average hamstring-range is about 79.34% (ASLR), 83.67% (PSLR), 77.92% (AKE), and 81.43% (PKE) of 
total joint range of hamstrings. There is significant difference between ASLR and AKE values and between PSLR and 
PKE values.
Conclusion: Total hamstring excursion in all methods confirms Kendall’s statement. However difference between SLR 
and knee extension tests suggest that SLR values of hamstrings length and knee extension values of hamstrings length 
cannot be used interchangeably. Other mechanical factors may play role for the difference between these values. 
Implications: Sequence of Hip flexion and Knee extension for hamstring length assessment has a significant effect on 
results and it should be considered by therapist before clinical decision making.
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INTRODUCTION
The length of hamstring muscle is considered to play an 
important role in both the effectiveness and the efficiency 
of basic movements, such as walking and running [1,2]. 
Clinical observations have suggested that short hamstrings 
are associated with various problems, including specific 
disorders of the lumbar spine [3-9], general dysfunction 
syndromes of the low back [10,11,12], contractures result-
ing from deficits of the central nervous system [13-16], and 
sports-related injuries [17]. Due to these reasons, the as-
sessment of length of hamstrings to find their tightness has 
an important role in physical assessment of normal people 
as well as patients.
Various clinical methods for assessment of hamstring 
tightness have been described [18, 19, 20, 21] and com-
pared [21]. Kendall [22] described the method to measure 
the hamstring muscle length and correlate it to total joint 
range. However as per different sources described above 
common tests used to measure hamstring length are active 
or passive straight leg raising (SLR) and Active or Passive 
Knee extension test (KE) with hip into 90 degree flexion 
position. Both method lengthen the hamstrings, however 
sequence of joint movement is different. As Kendall has 
not specified joint sequence, rather has given formula for 
total sum of joint angle, the selection of joint remains un-
clear and it can be assumed that both methods give similar 
results. However, although studies have measured muscle 
length as separate muscle tests [18-20] only one study has 
compared these methods [21]. A muscle lengthening ma-
neuver involves lengthening of muscles across all joints 
crossed by that muscle. For hamstrings this would mean 
that maximum possible hip flexion and knee extension is 
the required combination. A straight leg raising maneuver 
first lengthens hamstrings at knee joint followed by length-
ening of muscles at knee joint. The knee extension test first 
lengthens hamstrings at hip joint first up to 90 degree hip 
flexionfollowed by lengthening of muscles at knee joints. 
Kendall explains that muscle length can be measured in the 
form of muscle length. As per Kendall when the hamstrings 
are in their shortest range, the minimum range would be 
when the hip joints are into full extension and knee joints 
are in full flexion. From this maximum allowable excursion 
of hip flexion and knee extension (regardless of sequence 
of joint movement, hip flexion first or knee extension first 
as in knee extension test or SLR test respectively) can be 
measured and that sum of angles at hip flexion and knee 
extension can be representation of hamstrings length. Ac-
cording to Kendall the muscle length adopted as a standard 
is approximately 80% of the total range of joint motion of 
the two joints over which the muscles pass [22]. Current 
study has hypothesized that both SLR test and knee exten-
sion test (whether active or passive) give similar results and 
show no difference and joint sequence does not affect ham-
string lengthening. So current study aimed to measure ac-
tive and passive SLR and active and passive knee extension 
tests and use Kendall’s formula to find out the similarities 
between these values.
MATERIALS AND METHODS
Sample size: 100 (The demographic data of the particpants 
is present in Table 1)

Table 1: Demographic data

Mean Std. Deviation
AGE 20.83 1.170

HEIGHT (CM) 161.20 7.246

Study Design: Observational Study
Inclusion Criteria: Healthy Individuals without any history 
of trauma/pathology affecting Hamstring length
Exclusion Criteria: Individuals with any positive history of 
trauma/pathology affecting hamstring length.
Procedure: 360 degrees goniometer was used to measure the 
range across the joints.Standard goniometry methods were 
used to measure hip flexion, knee flexion and hip extension 
as described by Cynthia Norkin [23]. Immediately prior to 
testing, each subject performed five active toe touches to 
lessen the effects of muscle lengthening from repeated trials 
during data collection. 
Active SLR method (H-ASLR)
For ASLR method the following ranges were measured. 
The sequence of joint measurement was random but in-
cluded all of the following
•	 Maximum active hip flexion angle in supine lying 

while the knee was in full extension
•	 Maximum active knee flexion angle in prone lying
•	 Maximum active hip extension angle while knee in full 

extensionin prone lying
ASLR hamstring range was calculated as sum of all the 
above three angles.
Passive SLR method (H-PSLR)
For PSLR method the following ranges were measured. The 
sequence of joint measurement was random but included 
all of the following
•	 Maximum passive hip flexion angle in supine lying 

while the knee was in full extension
•	 Maximum passive knee flexion angle in prone lying
•	 Maximum passive hip extension angle while knee in 

full extensionin prone lying
PSLR hamstring range was calculated as sum of all the 
above three angles.
Active knee extension method (H-AKE)
For AKE method the following ranges were measured. The 
sequence of joint measurement was random but included 
all of the following
•	 Maximum active knee extension in supine lying while 

the hip was maintained in 90 degrees flexion
•	 Maximum active knee flexion angle in prone lying
•	 Maximum active hip extension angle while knee in full 

extension in prone lying
AKE hamstring range was calculated as sum of 90 degrees 
hip flexion, maximum active hip extension and the differ-
ence between maximum active knee flexion and extension 
angles in above two measurements.
Passive knee extension method (H-PKE)
For PKE method the following ranges were measured. The 
sequence of joint measurement was random but included 
all of the following
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•	 Maximum passive knee extension in supine lying while 
the hip was maintained in 90 degrees flexion

•	 Maximum passive knee flexion angle in prone lying
•	 Maximum passive hip extension angle while knee in 

full extension in prone lying
PKE hamstring range was calculated as sum of 90 degrees 
hip flexion, maximum passive hip extension and the differ-
ence between maximum passive knee flexion and exten-
sion angles in above two measurements.
Maximum Hamstring range was calculated as sum of max-
imum hip flexion angle with knee fully flexed, maximum 
knee flexion angle and maximum hip extension angle 
(both actively and passively).
Percentage of hamstring range was calculated as

measured hamstring range ×100
maximum hamstring range

Data were collected from both right and left side of all the 
participants.
Data analysis
IBM SPSS 20 Statistics was used for data analysis.Student’s 
t test was used for comparison. Level of significance was 
kept at 0.05%.
RESULTS
Mean values of H-ASLR, H-PSLR, H-AKE and H-PKE are 
given in Table.

Table 2: Percentage hamstring length out of maximum 
range in percentage of total joint excursion.

H-ASLR H-PSLR H-AKE H-PKE

Mean (SD) 79.34 
(5.43)

83.67 
(4.79)

77.92 
(4.51)

81.43 
(4.21)

Table 3 shows t test results comparing the H-ASLR and 
H-PSLR values.

Table 3: Paired t test between hamstring range values 
between ASLR and AKE

Mean Std. De-
viation

Std. Error 
Mean T df Sig. 

(2-tailed)

H-ASLR - 
H-AKE 4.050 11.855 .838 4.831 199 .000

The mean H-ASLR values were significantly higher than 
mean AKE values.

Table 4 shows t test results comparing the H-AKE and 
H-PKE values.

Table 4: Paired t test between hamstring range values 
between PSLR and PKE

Mean Std. De-
viation

Std. Error 
Mean T df Sig. 

(2-tailed)

H-PSLR - 
H-PKE 6.225 9.829 .695 8.957 199 .000

The mean H-ASLR values were significantly higher than 
mean AKE values.

Table 5 shows correlation between H-ASLR, H-PSLR, 
H-AKE and H-PKE.

Table 5: Correlation betwee H-ASLR, H-PSLR, H-AKE, 
H-PKE

H-ASLR H-PSLR H-AKE H-PKE

H-ASLR 1 .941** .814** .815**
H-PSLR .941** 1 .824** .843**
H-AKE .814** .824** 1 .954**
H-PKE .815** .843** .954** 1
** Correlation is significant at the 0.01 level (2-tailed).

It can be seen from Table 5 that the values of different 
methods show positive correlation.
DISCUSSION
Total 100 subjects participated in subjects and considering 
the either side data as individual data, total 200 data were 
collected. The mean age of the subjects was 20.83 years and 
mean height was 161.20 cm. Using Kendall’s formula mean 
percentage of hamstring length out of maximum range in 
percentage of total joint excursion was found to be 79.34, 
83.67, 77.92, 81.43 for H-ASLR, H-PSLR, H-AKE, H-PKE 
respectively (Table 2). These values are around 80 % as sug-
gested by Kendall[22]. So the data from current study sup-
ports Kendall’s statement.
When these tests were correlated, there was significant 
correlation between these techniques suggesting their re-
liability.
The Current study has hypothesized that both SLR test and 
knee extension test (whether active or passive) give simi-
lar results and show no difference and joint sequence does 
not affect hamstring lengthening. So H-ASLR and H-AKE 
were compared (Table 3) and H-PSLR and H-PKE were 
compared (Table 4). There is significant difference between 
H-ASLR and H-AKE values, which confirm that the se-
quence of joint recruitment during hamstring muscle 
length test affects their lengthening process.When H-ASLR 
is used, the muscles are already lengthened at knee joint 
and with hip flexion movement they are later lengthened 
at hip joint actively. Same applies for H-PSLR where the 
lengthening process is passive. When H-AKE or H-PKE is 
used, the muscles are lengthened at hip joint first, followed 
by knee extension when they are lengthened at knee joint 
actively or passively for respective methods. Current data 
suggests that hamstring excursion is about average of 4 de-
grees less with knee extension method. This suggest that 
other mechanical factors may be affecting measurement 
procedure and should be considered during assessment. 
According to Cynthia (2010) [24], pain perception during 
hamstring lengthening process may also affect their length 
along with their extensibility. Cynthia also suggested that 
torque required to produce end range hamstring length 
should also be measured during hamstring lengthening 
process. In our study torque was not assessed during both 
SLR and KE tests and it was participants’ subjective feeling 
which limited ASLR and AKE tests and evaluators’ subjec-
tive end feel perception which limited PSLR and PKE tests. 
Although torque was not assessed, authors of the present 
study propose that difference in pain perception in both 
methods can result in observed difference of these tests. 
Assuming that during SLR technique the hamstrings are 
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primary lengthened from their superior portion, whereas 
during KE technique, the hamstrings are primarily length-
ened from their middle and lower portion, a difference in 
pain receptor concentration or their threshold can contrib-
ute to the result of these tests. Additionally if superior por-
tion of hamstrings and inferior portion of hamstrings have 
different level of extensibility, it may also be reflected by 
these tests. As these factors were not analyzed by current 
study, further research is suggested. 
CONCLUSION
Total hamstring excursion in all methods confirm Kendall’s 
statement. However difference between SLR and knee ex-
tension tests suggest that SLR values of hamstrings length 
and knee extension values of hamstrings length cannot be 
used interchangeably. Other mechanical factors may play 
a role for the present difference between these two values.
REFERENCES 
[1] Gajdosik RL. Effects of static stretching on the max-

imal length and resistance to passive stretch of short 
hamstring muscles. Journal of Orthopaedic & Sports 
Physical Therapy. 1991;14(6):250-255.

[2] Kachanathu , Nuhmani , Chand. Efficacy of Ret-
rowalking Versus Passive Static Stretching on Ham-
string Tightness And Balance in Young Colle-
giate Students. Indian Journal of Applied Research. 
2013;III(IX):466-468.

[3] Barash hl, Galante jo, Lambert cn, Ray rd. Spondylolis-
thesis and tight hamstrings. The Journal of Bone & Joint 
Surgery. 1970;52(7):1319-1328.

[4] Falconer MA, McGeorge M, Begg AC. Observations 
on the cause and mechanism of symptom-production 
in sciatica and low-back pain. Journal of neurology, 
neurosurgery, and psychiatry. 1948;11(1):13.

[5] Fisc JW. The straight leg raising test: its relevance to 
possible disc pathology. The New Zealand Medical 
Journal. 1975;81(542):557-560

[6] Fisc JW, Baigent ML. HAMSTRING TIGHTNESS 
AND SCHEUERMANN’S DISEASE: A PILOT 
STUDY. American Journal of Physical Medicine & Re-
habilitation. 1981;60(3):122-125.

[7] Somhegyi A, Ratko I. HAMSTRING TIGHTNESS 
AND SCHEUEMANN’S DISEASE. American Journal 
of Physical Medicine & Rehabilitation. 1993;721:44.

[8] Nachum H, Copeliovitch L, Schachner E. Radiating 
leg pain and positive straight leg raising in spondy-
lolysis in children. Journal of Pediatric Orthopaedics. 
1983;3(4):486-490.

[9] Mooney V, Robertson J. The facet syndrome. Clinical 
Orthopaedics and related research. 1976;115:149-157.

[10] Alston W, Carlson KE, Feldman DJ, Grimm Z, Geron-
tinos. A quantitative study of muscle factors in the 
chronic low back syndrome. Journal of the American 
Geriatrics Society. 1966;14(10):1041-1047.

[11] Biering-sørensen, F. I. N. Physical measurements as 
risk indicators for low-back trouble over a one-year 
period. Spine. 1984;9(2):106-119.

[12] Hoehler fk, Tobis js. Low back pain and its treatment 
by spinal manipulation: measures of flexibility and 
asymmetry. Rheumatology. 1982;21(1).

[13] Reimers J. CONTRACTURE OF THE HAMSTRINGS 
IN SPASTIC CEREBRAL PALSY A Study of Three 
Methods of Operative Correction. Journal of Bone & 
Joint Surgery. 1974;56(1):102-109.

[14] Seymour N, Sharrard WJW. Bilateral proximal release 
of the hamstrings in cerebral palsy. Journal of Bone & 
Joint Surgery. 1968;50(2):274-277.

[15] Thometz J, S S, R R. The effect on gait of lengthening of 
the medial hamstrings in cerebral palsy. The Journal of 
Bone & Joint Surgery. 1989;71(3):345-353.

[16] Hoffinger SA, Rab GT, Abou-Ghaida H. Hamstrings in 
cerebral palsy crouch gait. Journal of Pediatric Ortho-
paedics. 1993;13(6):722-726.

[17] Glick JM. Muscle strains: prevention and treatment. 
Physician Sportsmed. 1980;8(11):73-77.

[18] Cornbleet SL, Woolsey NB. Assessment of hamstring 
muscle length in school-aged children using the sit-
and-reach test and the inclinometer measure of hip 
joint angle. Physical Therapy. 1996;76(8):850-855.

[19] Gajdosik R, Lusin G. Hamstring muscle tightness Reli-
ability of an active-knee-extension test. Physical Thera-
py. 1983;63(7):1085-1088.

[20] Fredriksen H, Dagfinrud H, Jacobsen V, Maehlum S. 
Passive knee extension test to measure hamstring mus-
cle tightness. Scandinavian journal of medicine & sci-
ence in sports. 1997;7(5):279-282.

[21] Davis DS, Quinn RO, Whiteman CT, Williams JD, 
Young CR. Concurrent validity of four clinical tests 
used to measure hamstring flexibility. The Journal of 
Strength & Conditioning Research. 2008;22(2):583-588.

[22] Kendall FP, McCreary EK, Provance P, Rodgers MM, 
Romani WA. Muscles: testing and function with posture 
and pain. 5th edi;2005.

[23] Norkin C, White DJ. Measurement of Joint Motion. 4th 
edi; 2009.

[24] Weppler CH, Magnusson SP. Increasing Muscle Exten-
sibility: A Matter of Increasing Length or Modifying 
Sensation? Physical Therapy. 2010;90(3):438-449.

Citation
Dinesh Sorani, & Sheshna Rathod. (2016). INFLUENCE OF SEQUENCE OF JOINT MOVEMENT ON HAMSTRING 
LENGTH TEST RESULTS.  International Journal of Physiotherapy, 3(2), 166-169.


