
RESEARCH ARTICLE Open Access

Universal goniometer and electro-
goniometer intra-examiner reliability in
measuring the knee range of motion
during active knee extension test in
patients with chronic low back pain with
short hamstring muscle
MohammadBagher Shamsi1, Maryam Mirzaei1* and Seyyed Saeed Khabiri2

Abstract

Background: Both universal goniometer and electro-goniometer are used for measuring joint range of motion in
physiotherapy. Active knee extension test is a way to assess hamstring shortness in patients with chronic low back
pain. The aim of this study was to assess universal goniometer and electro-goniometer reliability in measuring knee
angle during active knee extension test.

Methods: This was an intra-examiner reliability study between three measurements of knee extension angle that
conducted on 45 patients with chronic low back pain having short hamstring muscle that referring to Kermanshah
University of Medical Sciences clinic from 2016 to 2017. Knee extension angle was measured three times during
active knee extension test with both universal goniometer and electro-goniometer.
The measurement of knee extension angle was done at the beginning, middle and the end of one single session
by one experienced physiotherapist.
The intra-class correlation coefficient (ICC) and standard error of measurements (SEM) were used to quantify intra-
examiner reliability.

Results: For both methods, the reliability test values were found to be greater than 0.7 in the range of 0.92 to 0.99
(CI 95% ranged over = 0.94 to 0.99), which are classified as good reliability. The SEMs ranged from 1.04° to 2.16° for
both scales.

Conclusion: Universal goniometer in clinical evaluations of patients (as they are easy to be employed) and electro-
goniometer in laboratory studies (as they are more accurate) are reliable.

Keywords: Universal goniometer, Electro-goniometer, Intra-examiner repeatability, Active knee extension test,
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Background
All over the world, back pain imposes a large amount
of direct and indirect costs to health care and treat-
ment systems and is one of the main reasons for the
absence of people from the workplace [1–3]. Over
80% of people have experienced at least one back
pain during their life [4, 5]. Several studies have re-
ported various general factors such as obesity, smok-
ing, and long-term sedation as risk factors for back
pain [6, 7]. Also, hamstring shortness is known as a
risk factor for back pain [4, 5]. So that having a short
hamstring muscle is usually reported in patients with
back pain. In fact, it is assumed that a short ham-
string can disrupt the biomechanics of the pelvis and
the lumbar and lead to back pain [8, 9].
Different techniques are used for the shortened

muscle stretching and increase flexibility, such as pos-
itional stretching, dynamic stretching, static stretch-
ing, and ballistic stretching which can include static
stretching exercises. Although it will be possible to
fix the shortened muscle with continuous and static
stretch and with this technique, the structure of the
soft tissues can be altered and it can cause the colla-
gen fibers and their length increase. But these
changes are not lasting [10–12].
On the other hand, evidence has shown that using

long-term strengthening exercises results in a lasting
and durable change in muscle [13].
Clinically, hamstring length can be measured indirectly

which is carried out by measuring hip’s range of motion
(ROM) during the passive straight leg raise (SLR) or active
knee extension (AKE) tests. According to Lusin and Gaj-
dosik, to measure the length of the hamstring, the AKE
test is recommended which is a better choice than the
passive SLR. AKE test has very high reliability [14, 15].
This test is remarked safe, as the participant dictates his/
her end of range [16].
Given that the standard (universal) goniometer is

affordable and available if used appropriately, it is a
useful measurement tool that can be used to do the
AKE test. On the other hand, using the electro- goni-
ometer, the AKE test can be performed with high
precision, but the electro- goniometer, unlike the
standard goniometer, is not easily accessible and it is
costly [17].
Considering the mentioned cases and the import-

ance of hamstring and the tests for checking the
length of it, the aim of this study was set out to de-
termine the within-session reliability of universal
goniometer and electro-goniometer for measuring
knee extension during AKE test in a single session.
Comparing these two different instruments in meas-
uring knee angle may be useful in choosing a proper
method in clinical practice and/or research projects.

Methods
Study design and participants
This intra-examiner reliability study of two methods was
part of another parallel, double-blinded, randomized,
controlled clinical trial. The above study was in accord-
ance with the guidelines laid down in the Declaration of
Helsinki, (registration no.IRCT201507258035n2 in the
Iranian Registry of Clinical Trials) and undertaken in the
Kermanshah University of Medical Science (with the
identification No. kums.rec.1395.169 in the Research
committee of Ethics at Kermanshah University of Med-
ical Science).
Because the present work was part of another clinical

trial with variables related to EMG activity of shortened
hamstring muscles, the sample size was calculated based
on a study conducted by Meroni et al. [9]; so, by consid-
ering a confidence interval of 95% and power of 80%,
the sample size was determined to be 45 patients.
Forty-five Participants with chronic low back pain

(LBP) with short hamstring muscle were selected from
patients referring to Kermanshah University of Medical
Sciences clinic by an experienced physiotherapist from
2016 to 2017 (by implementing the convenience sam-
pling method). The criteria for entering the study in-
cluded having LBP for more than 3 months and the
informed consent of the individual and tangible short-
ness of hamstring muscle in the clinical examination
and in conducting the SLR test. Study exclusion criteria
included orthopedic and neurological disorders, history
of lower extremity hamstring damage in the past year,
diseases such as arthritis, ligament and meniscus dam-
age, and history of spinal surgery. For example, if the
participant had a disc herniation, he/she would be ex-
cluded from the study.

Procedure and measuring tools
The amount of extension was measured using a
universal-goniometer and both electro-goniometer. Each
test was repeated three times at one single session. The
measurement of knee extension angle was done at the
beginning, middle and the end of the session by one ex-
perienced physiotherapist.
Measurement of knee joint extension in active AKE

test using standard goniometer:
In this test, each subject was in supine position, while a

small pillow was placed beneath his head and neck [18].
Then the legs and thighs of the other lower extremity

were fixed to the bed with straps. The knee flexion axis
was being marked by a pen and from this point, a line
was being drawn to the greater trochanter of the femur
and one other line to the external malleolus of the ankle.
These lines were used to measure knee joint angles. The
goniometer axis was placed on the knee axis and its arm
was placed along the line drawn on the thigh and the
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other arm was placed along the line drawn on the leg.
Using two wooden legs on the sides of the thigh and a
horizontal bar on which they were placed, the intended
hip joint in 900 and the vertical position of the thigh was
being maintained. The subject was asked to do the active
knee extension slowly within 3 s as far as he/she could
while the ankle was in a neutral position [19].
Then, when the active knee extension movement was

completed and the subject was attempting to keep this
situation for a second, the angle indicated by the goni-
ometer was the extension angle of the knee joint [18]
(Fig. 1).
Measurement of knee joint extension in AKE test

using electro-goniometer:
Two electro-goniometer sensor arms were stuck on

the lines which had been drawn on the legs and thighs
in the previous test, by using the tape. The patient was
placed in a test condition that was mentioned in the pre-
vious test and was asked to actively extend the knee as
much as he/she could. The angle between the two arms
was recorded by the device software and it was deter-
mined as the test result.

Data analyses
Data were analyzed using SPSS software (version 21).
Data were reported in terms of mean ± SD and fre-
quency (percentages).
Kolmogorov-Smirnov test was used to examine the

normal distribution of data. The intra-class correlation
coefficient (ICC) with 95% confidence interval was used
to show the intra-examiner (within-session) reliability of
the measurements. Also, standard error of measure-
ments (SEM) was used to express the absolute repeat-
ability by the same rater. The ICC values higher than
0.90, between 0.80–0.70 and lower than 0.70 were con-
sidered as excellent, good/ moderate and poor reliability,
respectively [20].

Results
Based on the results, 31(68%) of the patients were male
and 14(32%) were female. The age range was 19–59 years
(Table 1). The Smirnov-Kolmogorov test showed that the
research data had a normal distribution (p > 0.05).
The mean values ± SD of the angles obtained by uni-

versal goniometer after three times of testing were
155.38° ± 7.39°. While this value was obtained in
electro-goniometric method 144.74° ± 21.71°.
The absolute and relative repeatability of the angles

measured by both instruments is shown in Table 2.
As shown in Table 2, in the present study, for both in-

struments, the relative reliability coefficients (ICC) for the
three measurements using the same rater were found to
be greater than 0.7 in the range of 0.92 to 0.99, which are
classified as excellent repeatability. Additionally, the abso-
lute reliability values (SEM) of the 2 instruments were es-
timated to be 1.04° for universal goniometer and 2.16° for
electro-goniometer, respectively.

Discussion
The purpose of this study was to investigate the
intra-examiner repeatability of two methods of universal
goniometer and electro-goniometer in measuring the ex-
tension angle of the knee joint during the active
extension test in chronic back pain patients with ham-
string muscle shortness. The reliability values obtained
from the ICC test and the SEM indicated a good
intra-examiner for both instruments, but this reliability
was higher in electro-goniometer method.
In a similar study like many other ones the intra-tester

reliability of goniometric measurements for the universal
goniometer during active knee flexion measurement was
high (0.997) which is in line with our results [6]. In another
recent study that compared the results for the measure-
ment of knee joint flexion angle using electro-goniometer
and universal goniometer, the ICC for electro-goniometer
was 0.87–0.88 and for universal goniometer was 0.78–
0.82, which are somehow lower than ours but with the
same order (electro-goniometer reliability more than uni-
versal goniometer) [21].
In physiotherapy, measuring the range of the joint mo-

tion is used as a tool for evaluating the patient’s physical
condition [20]. To measure the range of motion of
joints, the use of universal goniometers is common in

Fig. 1 Active straight leg raise test and hip flexion angle

Table 1 Baseline characteristics of the LBP patients (n = 45)

Variables Mean ± SD Min Max

Age(year) 38.80 ± 11.14 19 59

Height (cm) 172.29 ± 11.12 151 191

Weight (kg) 79.32 ± 14.39 56 102

BMI (kg/m2) 26.69 ± 3.55 18 26.69

BMI body mass index, LBP low back pain
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physiotherapy clinics and research centers. The
electro-goniometer evaluates the mechanical condition
of the joint by electronic components and is used today
in research centers. Although radiography is considered
as the gold standard of measuring the range of joint mo-
tion, however, it is limited due to its radioactive radi-
ation and the failure to repeat the use of it [22].
Compared to radiography, the assessment of the angle
with the goniometer shows a high level of accuracy [23].
According to Norkin and White’s study [20], measur-

ing a joint angle with a universal goniometer has moder-
ate to excellent reliability. It can therefore, be used as a
repeatable device for measuring the range of motion of
the joint. Simatti [24], compared two methods of meas-
uring the wrist pronation and supination by using a
goniometer and described the inter-rater reliability of
these methods as excellent. He did not evaluate the
intra-rater reliability in this study. Repeatability or
reliability is a measurement method, carried out by re-
peated measurements of a single variable on a single
person or object in the same conditions [25]. Rowe in
his study found that measuring the angle with an
electro-goniometer is not affected by environmental fac-
tors such as heat, electrical interactions, convection
flows, and sound [26]. Therefore, it is possible to use it
in different conditions. Armstrong showed that in meas-
uring the angle of flexion and extension of the elbow,
the intra-rater reliability of the electro-goniometry is
greater than universal goniometer (ICC 0.95 for flexion
and ICC 0.89 for extension) [27]. In Singh study, he
stated that in measuring the wrist rotating movements
by using an electro-goniometer, the reliability of the
inter-rater and the intra-rater were satisfactory (Inter-ra-
ter ICC was 0.92 and the first tester ICC was 0.92 and
0.93 for the second tester) [28]. Results of other studies
showed higher reliability of intra-rater and inter-rater in
the electro-goniometer (except for the reliability of the
inter-rater in assessing the flexion of the wrist joint).
This can be due to the fact that the electro-goniometer
is fixed on the skin surface in the other joints more than
the wrist [25]. In the Camassuti’s study, an excellent
intra-rater and inter-rater reliability were obtained for the
electro-goniometer and it was introduced as a reliable
method for clinical measurements [25]. According to Nor-
kin and White, reliability levels show higher scores when-
ever the same examiner performs the successive
measurements [20]. In another study, Singh referred to a

bit less intra-rater reliability than inter-rater reliability on
all of the measurements with an electro-goniometer [28].
Despite the many electro-goniometer advantages, the

use of this tool is subject to cross-talk error. Fultran re-
ports that errors that occur by this device are in conjunc-
tion with the distortion degree that occurs in the springs
of the axis of this device, especially when it is located at
the end of the range of motion. Meanwhile, even if the de-
vice is fixed on the skin, the patient’s body specification
such as skin flexibility, bone structure, fat, and muscle,
may be effective in altering the result of the measurement
[25]. Overall, the results of this study are in line with the
results of similar studies and show the high reliability of
universal goniometer and electro-goniometer in measur-
ing the joint angles, but this reliability is higher in
electro-goniometer. The convenience of using the
universal goniometer and its availability makes it more
general to use and only the higher accuracy of the
electro-goniometer in measuring the joint angles makes it
more justifiable in laboratory studies.
Electro-goniometer is considered as a potentially ef-

ficient method for quantifying joint angle compared
against observational analysis like universal goniom-
eter [29].
Due to the limitations and prolongation of the pa-

tient’s treatment, tests were performed three times all in
1 day and if this repetition was performed on different
days it could increase the accuracy of the work (test-ret-
est reliability). We did not evaluate the inter-rater reli-
ability in this study. Measurements were done by only
one assessor and if there was more than assessor,
inter-rater reliability could be assessed.
In future studies, test-retest reliability assessment of

universal goniometer and electro-goniometer with more
participants and more assessors in different days is
suggested.

Conclusion
Based on the results of this study, both universal goni-
ometer and electro-goniometer methods had good
reliability, but this reliability was higher in the
electro-goniometer method. It can be concluded that as
the universal goniometer is easy to be employed, it can
be used in clinical evaluations of patients and as the
electro-goniometer is more accurate, it can be used in
laboratory studies.

Table 2 Mean ± SD, reliability coefficient and SEM of knee extentison degree mesured by electro goniometer and universal
goniametr (n = 45)

Scale First assessment Mean ± SD Second assessment Mean ± SD Third assessment Mean ± SD ICC (95% CI) SEM°

Electro-goniometer 143.81 ± 22.69 146.67 ± 19.45 147.29 ± 18.94 0.99 (0.98–0.99) 2.16°

Universal goniometer 154.14 ± 7.01 155.76 ± 7.69 157.48 ± 6.83 0.96 (0.94–0.96) 1.04°

ICC (95% Confidence Interval) was reported/ ICC: Intra-class correlation coefficient/ SEM: Standard error of measurements
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