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ABSTRACT

Background: The sit-and-reach test (SRT) is used to measure the flexibility of the lumbar spine and hamstring muscles and is
better when the hip joint angle (HJA) is measured concomitantly. Objective: To assess the intra and interobserver reliability of
the SRT for measuring hamstring muscle length through angular kinematic analysis. Method: Fifty university students
(X= 21.5 years; SD= 1.5) without musculoskeletal abnormalities took part. A standard SRT bench with a door (to assess the action
of the gastrocnemius muscles) and a digital photographic camera positioned on a tripod were used. Skin markers were placed
on the anterosuperior iliac spine and greater trochanter. Two images were recorded: one with the door closed (CD) and another
with the door open (OD). To test the intra and interobserver reliability, the intraclass correlation coefficient (ICC) (random effect
with one factor) and the Bland and Altman concordance test (÷ = mean difference between measurements) were used, with the
respective 95% confidence intervals (95% CI). Results: The intraobserver reliability of the HJA test was: ICCdc= 0.97 (95% CI
[0.95;0.99]) and Bland and Altman ÷ = -0.02 (95% CI [-0.11;0.07]); ICCdo = 0.98 (95% CI [0.96;0.99]), ÷ = -0.01 (95% CI [-0.11;0.08]).
For the interobserver reliability: ICCdc= 0.96 (95% CI [0.94;0.98]) and ÷ = -0.07 (95% CI [-0.19;0.03]); ICCdo= 0.96 (95% CI
[0.93;0.98] and ÷ = -0.06 (95% CI [-0.19;0.52]. Conclusion: The intra and interobserver reliability tests (CD and OD) for HJA
assessment using kinematic analysis showed high reliability. The technique is easy to apply (only requiring a standard SRT bench
and a photographic camera) and provides a reliable method for measuring hamstring muscles using kinematic analysis in clinical
practice.
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INTRODUCTION

The sit-and-reach test (SRT), proposed initially by Wells
and Dillon on the 50s, is commonly used for measuring the
flexibility of the lumbar spine and hamstring muscles1. The
interest in researching the hamstring muscles, and the
measurement of its length is due to the possible dysfunctions
and lesions caused by alteration in its flexibility. Not only are
there injuries caused by the muscle itself, there are also
biomechanical alterations that may lead to femoro-patellar
dysfunction, pubic and lumbar pain, tendonitis and postural
deviations2-8.

It is believed that some factors may alter the results of
the SRT: differences of proportions between the length of
superior and inferior limbs, vertebral spine mobility and scapular
abduction1,9-12. Different SRTs and their modifications were
studied with the objective of eliminating theses factors12-19.

They all take in account finger reaching of the most distant
point, and not the angle formed by the hip joint angle (HJA),
which may, supposedly, predict the hamstring muscles length.
This length may be measured by sacrum and pelvic inclination
angle in relation to the ground. This represents an indirect
measuring of the HJA9. The same test may be used for
measuring the flexibility of lumbar spine, but some studies
demonstrate low correlation for both, which suggests ceasing
of its realization with this objective11,15.

For measuring HJA, kinemetry is used. This technique
utilizes a set of methods that seeks to measure kinematic
parameters of the movement; that is, position, orientation,
velocity and acceleration. One of the possible systems to obtain
kinematic measures is based on photographic or video
cameras, that register the movement image and, then, using
specific programs, variables of interest are calculated20. By
kinemetry, it is possible to obtain photographs that provide
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a record and, subsequently, may be compared to other pictures
to facilitate interpretation of the findings related to the
intervention process21. Therefore, the HJA analysis, by use
of kinemetry, allows the evaluator to verify the hamstrings
muscles length and, thus, to prevent and to treat the
dysfunctions that muscle shortening may cause.

In clinical practice it is indispensable the use of reliable
methods, since the utilization of visual and observational
assessment methods are subjective and may compromise
results of the programs that involve intervention. All instrument
or method of assessment must be evaluated in terms of its
reliability, that is, the capacity of the instrument in assessing,
at different moments, the same measure, whether involving
or not the examiner22. Thus, a reliable instrument assesses
phenomena in a trustful, sequenced, accurate and predictable
manner, without alterations. If a functional assessment, or
any test is not reliable, the initial state of the patient, or the
effect of the treatment may be modified. Reliability studies
at the rehabilitation area are necessary to ensure that the error
involved on the measurement may be reduced and to detect
changes on what is being measured23.

Some studies about SRT and its variations (modified
assessments) have used the reliability test. These have
demonstrated high reliability results, although they all have
used only the intra-class correlation coefficient for statistical
analysis14,15,17. Because there are problems such as the influence
of the magnitude of inter-subjects variability, non-presentation
of the obtained value, measuring error, and non-possibility
of being clinically interpreted, this test should be used
together with the Bland and Altman test24, in which data are
interpreted and visualized in objective manner together with
the variation differences (average differences of the
measurements and its reliability intervals of 95%)23. In this
sense, the present study had as aim to evaluate intra- and
inter-observers reliability of measurement of the hips joint
angle during SRT by angular kinematic analysis.

METHODS

The convenience sample was composed of 50 individuals
(18 men and 32 women), sedentary or not, all university
students. As inclusion criteria, all should be healthy and aged
between 19 and 25 years. As exclusion criteria, no volunteer
should present pain, evident postural alteration and
musculoskeletal disorders on the spine or upper and lower
limbs. The project and the Free and Clarified Consent Term
were submitted to the Ethics Committee in Research with
Human Beings of the State University of Londrina (CEP 058/
04) and approved by it.

For assessment, it was used the standard Box of the
sit-and-reach test (Wells Box)1, that consists in a wood box
measuring 30.5 cm x 30.5 cm x 30.5 cm, with an extension
of 23 cm for the support of the upper limbs of the subjects.
Over the superior aspect of the box and the extension, there

is a metric scale of 50 cm that allows determining how far
the individual can reach. On the standard Box, during the test,
participants’ feet soles are at the 23º (twenty-third) cm of
the metric tape. At the local for feet support, on the box, it
was constructed an opening (door) of 27 cm high x 27 cm
large. This door, when open, allows elimination of the
influence of gastrocnemius muscle during the test, a fact that
could underestimate the maximum reach of the volunteers
when these muscles are found shortened. The anatomical
references used, major throcanter of the femur, and anterior-
superior iliac spine (ASIS), were located and demarcated with
opaque skin markers to guide measuring on the images.

A digital photographic camera, with 5.1 megapixels
resolution was placed and calibrated over a 72 cm high fixed
tripod, distanced 202 cm from the background. The
participants were photographed during the realization of the
test under two conditions: (a) with the door closed (CD) and
(b) with the door open (OD). A sequence of image recording
regarding the type of test was randomized. The photographs
were registered at the same local and time of day.

The registered tests counted with the placement of the
subjects on the Box with adequately positioned markers over
the surface. After this procedure, with flexed hips, knees
extended and feet soles touching or not the box, at the mark
of the 23º centimeter of the scale, it was asked the participant
to take a deep breath, and during exhaling, to flex his trunk
forward with the intention to reach the maximum distance
possible. For a control over any possible lateral dislocation
of the individuals during the test, the superior limbs were
aligned with the metric tape of the Box, with a hand over the
other (it was standardized the middle finger of the right hand
over the middle one of the left hand). The photograph was
recorded at this position with both the door open and closed,
according to the randomization result. Maximum reach of
the middle fingers were determined as SRT score, and the
HJA was calculated using the software Suite CorelDRAW®,
version 11. Hamstring muscles lengths were measured by
analysis of the inclination angle of sacrum and pelvic bones
in relation to the horizontal plane at the final position of SRT9.
For that to be done, two straight lines that formed an angle
were obtained: one between the ASIS markers and the major
throcanter of the femur, and the other a horizontal line that
passes through the major throcanter (Figures 1 and 2).

The two evaluators appraised the same 100 photos (two
by participant – one with the CD and another with OD),
simultaneously, on two independent computers (inter-
observer). For the intra-observer assessment, the same
pictures were evaluated with an interval of five days.

The variables (anthropometric and the HJA value – with
closed and open door) were tested regarding normality
distribution and are presented in a descriptive way (X= mean
and SD= standard deviation) because they satisfy the
necessary assumption. For the intra- and inter-observers
reliability test were utilized: Intra-class Correlation Coefficient
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 ICC (1-way random) Bland and Altman 

 ICC  -  CI 95% ÷ SE of ÷ 95%CI for ÷ SD diff 95% LA 
Intra-rater 0.97 – 0.95; 0.99 -0.02 0.89 -0.11; 0.07 -0.68 -0.84; 0.80 

HJA closed door       

Inter-rater 0.96 – 0.94; 0.98 -0.07 0.40 -0.19; 0.03 -0.88 -1.08; 0.92 

HJA closed door       

Intra-rater 0.98 – 0.96; 0.99 -0.01 0.33 -0.11; 0.08 -0.67 -0.84; 0.81 

HJA opened door       

Inter-rater 0.96 – 0.93; 0.98 -0.06 0.43 -0.19; 0.52 -0.91 -1.12; 0.99 

HJA opened door       

 

 
 X (SD) Min - Max 

HJA - CD 94.7º (17.2º) 60.6º-144.8º 

HJA - OD 99.1º (16,7º) 70.6º-145.4º 

SRT - CD 28.2 cm (10) 6 – 49.5 cm 

SRT - OD 32.5 cm (9.1) 10 - 51 cm 

 

 

RESULTS

Anthropometric data from the sample (n=50) were: age
between 19 and 25 years (X = 21.5 years; SD = 1.5), corporal
mass between 41.5 and 92 kg (X = 60.8 kg; SD = 11.3),
height between 1.48 and 1.99 (X = 1.67 m; SD = 0.10) and
body mass index (CMI) between 13.1 and 26.9 (X = 21.3;
SD = 2.9). Regarding physical activities, 18 (36%) participants
practiced it regularly (at least three times a week). Among
these, 11 (61.1 %) are male and seven (38.9%) are female.

Table 1 present the values for angle (HJA) and for reach
(SRT) with closed and open door for all the sampling.

Figure 1. The sit-and-reach test with closed door.

Figure 2. The sit-and-reach test with open door.

– ICC (random effect – one factor) and the agreement test
of Bland and Altman24. An ICC of 1 indicates high reliability
(i.e. errors are considered to be absent), while ICC = 0
indicates no reproducibility. The 95% confidence interval for
each ICC value was calculated21. The Bland and Altman
concordance test was also utilized24: the mean difference
between the measures (÷) and its respective reliability intervals
of 95% (IC 95% for ÷), the standard deviation of the
difference of the average (SD of ÷) and the agreements limits.
The closest to zero is the distribution of the values of the Bland
and Altman test, the higher is the agreement23. The statistical
programs SPSS® (version 11.5) and MedCalc® (version
8.1.0.0) were used in the study.

Table 1. HJA and SRT values with closed and opened door (n= 50).

HJA= Hip joint angle; SRT= sit-and-reach test
values; CD= closed door; OD= opened door;
X= mean; SD= standard deviation; Min= minimum
value; Max= maximum value.

÷ = mean difference; SE of ÷ = standard error of the mean difference; 95%CI for ÷ = 95% confidence
interval for the mean difference;  SD diff = standard deviation of the differences; 95% LA = 95% limits
of agreement.

Table 2. The reliability test: ICC and Bland and Altman (n= 50).

At Table 2, are presented the values of the intra- and
inter-observer reliability test of the analysis of the hip joint
with the door open and closed. All the analyzed values showed
high reliability (ICC between 0.96 – 0.98) and (Bland and
Altman24 between -0.01 and 0.07) both intra- and inter-
observers.

DISCUSSION

At the present study it was made a door on the Well1

so that, when open, the gastrocnemius muscle could be free.
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The disposition of the same on a stretching position, while
making the standard test (feet fixed against the closed door
– trunk-flexed at 90º), could take to a false positive of
shortened hamstring, since by flexing the trunk forward, the
participant may refer tension to a posterior region of the leg,
interfering with the final result of the test. Keeping the ankles
free, the gastrocnemius muscle will be isolated, not interfering
on the result due to a possible shortening. This confirms the
assertion by Kendal et al.10 about the bi-articulated muscles
in which the same should be free over an articulation in a
way to obtain the best possible range of movement over other
articulation.

The intra-observer reliability test presented high reliability
(5 days intervals), both on the tests with closed door
(ICC= 0.97) and with the open door (ICC= 0.98). The same
has occurred in the inter-observer reliability test, made in
different environments by two trained evaluators
(ICC= 0.96% and ICC= 0.96 respectively). The obtained
results have proven good applicability of the technique and
ease on the calculations of the values of the HJA by the
evaluators. Skin markers of easy visualization and angle
measurement made in simple way contribute significantly
to the kinematic technique.

In a study that has used the Chair Sit-and-Reach Test
(a SRT variation), it was proposed an analysis of the inter-
observer reliability. Seventy-six volunteers participated in
the study (34 men and 42 women), with mean age of 70.5
years, which were evaluated at different moments, with
intervals from two to five days. The result found has showed
high reliability (r= 0.92 for males and r = 0.96 for females)17.
In another inter-observer reliability study, 46 girls and
42 boys were evaluated, aged between 11 and 15 years, with
Back Saver Sit-and-Reach Test (on this test, each leg is
evaluated separately)15. The results were: ICC= 0.97 for boys
(both sides) and ICC= 0.97 for the right leg , and ICC= 0.96
for the left leg among the girls, which indicate high reliability.
However, the authors did not mention if there was an interval
between tests15. Hui & Yuen’s14 study, with the Modified Back-
Saver Sit and Reach Test, has also showed a high inter-
observer reliability, with a sample of 96 women and 62 men
aged between 17 and 41 years. The result was: ICC = 0.96
for the left leg and ICC= 0.97 for the right leg. These studies
have analyzed only inter-observer reliability and used only
the intraclass correlation coefficient (ICC) or Pearson’s
correlation coefficient (r) for these analyses. At the present
study, it was assessed intra- and inter-observer reliability of
the angular kinematics analyses (using photography) and not
from the repetition of the test, as in the studies above.

Cornbleet et al.9 evaluated 410 children (211 girls and
199 boys) aged between five and twelve years. From the
analyzed studies, this was the only one to consider the
interference of the anthropometric factors, spine mobility
and scapular abduction on the SRT results. The authors have
discussed the idea that the final position of the SRT may be
used for measuring the HJA and that reflects a real length

of the hamstring muscles. For that to be done, they have used
an inclinometer placed vertically in relation to the sacrum,
aligned at the height of the posterior-superior iliac spines.
Mean value found for the angle was 75º (SD= 10º) for boys,
and 85º (SD= 10º) for the girls. This corroborates with the
results found at the present study, in which the female gender
presented higher flexibility, however, angle means were
inferior. For the whole sample, it was found an mean of 81º
(SD= 11º), which corresponds to a normal hamstring length
according to Kendall et al.10 (80º). The authors have analyzed
inter-observer reliability with the first twenty volunteers and,
as well as other authors, have used only the intra-class
correlation coefficient (ICC), having as result a high reliability
(ICC= 0.98).

In another study25, with a different SRT application,
it was also made intra- and inter-observer reliability of the
analyses of a same picture. Three different techniques of
measuring anterior trunk flexion (modified Chaffin,
Whistance, and the perpendicular Marker) were evaluated
in 20 volunteers, with mean age of 21.5 years (SD = 2.2).
In this study it was demonstrated high intra-observer reliability
for the three techniques (between 0.94 and 0.95). For the
inter-observer reliability the modified Chaffin technique
presented moderate reliability (ICC = 0.54), while the other
techniques presented high reliability (ICC = between 0.97
and 0.99). Moderate reliability of the modified Chaffin
technique is justified by the high mobility of one of the
anatomical references (internal rotation of the shoulder
covering the marker) and of the segments during realization
of the technique.

Many studies that found high inter-observer reliability
do not realize the importance of the intra-observer reliability
analyses. However, it is important to register how much a
technique is reliable for a same evaluator at another moment.
Reliability analyses itself needs two statistical tests (ICC and
Bland and Altman24 on this study, for example), because only
the ICC does not provide enough information about the
measures reliability due to: influence of the magnitude of the
between-individuals variation; non demonstration of
presentation of the measured value or its variation;
measurement error and impossibility of being clinically
interpreted. On the other hand, the Bland and Altman24 test
provide a graphic in which the size and amplitude of the
measurement differences may be easily interpreted, identifying
mistakes or outliers. Furthermore, this method presents the
reliability interval values for the difference of the mean and
the agreement limits. These data, respectively, will indicate
measuring error and may relate to the clinical acceptability23.

The limitation found on the test was the skin marker
movement, from its demarcation until final position of the
SRT. Some participants, while moving during the test, allow
that the marker migrate from the exact local of the anatomical
reference, which obliges the making of a new test with the
exact remarking. Another limitation consists on the anatomical
differences of the participants, such as ASIS height and the
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depth of the major throcanter, besides the anthropometric
factors. This demands from the evaluators a good palpatory
anatomy knowledge. Another difficulty for the making of the
photographic record was the necessity of the volunteer to
stay with the two anatomic reference points at a visible location,
being, therefore, necessary the use of clothes with two pieces
for women, for example.

The SRT with measurement of the HJA, by means of
kinemetry, may be done at any place where it can be set a
small evaluation studio. For that, it should be used a standard
Wells1 Box and a photographic camera for picture recording.
This technique provides a reliable and simple hamstring length
measurement when the evaluator uses the final SRT position
(maximum trunk flexion) with the ankles free and registers
the HJA.

CONCLUSION

The high intra- and inter-observer reliability found at
this study, was due to the easy application of the technique
and results analyses. Thus, the HJA assessment, by means
of the angular kinematics analyses, demonstrate to be a reliable
and reproducible modality of assessing the hamstring muscles,
which permits, for the clinical practice, prevention and the
establishment of an early and adequate treatment.
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