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ABSTRACT

[T9TETE This study evaluates the intra- and inter-rater reliability of modified versions of the widely used
clinical tests for assessing knee flexor and knee extensor muscle length. These tests are fundamental
components of postural assessments in children and adolescents, helping to identify postural
abnormalities and inform appropriate treatment or preventative strategies. The findings can determine
the feasibility of using these modified versions in scientific research.

A total of 76 children (37 girls) with a mean age of 13.24 years were included. The
two evaluators took the measurements on the same day, as well as with breaks lasting two and five
days. The following indices of reliability were calculated: Intraclass correlation coefficients (ICC), standard
errors of measurement, and smallest detectable differences.

ST The outcomes of both muscle length tests demonstrated good to excellent reliability, regardless
of whether the measurements were conducted by the same evaluator after 2 or 5 days, or by different
evaluators on the same day and after similar intervals. The lowest calculated ICC of 0.79 was for the knee
flexors length test on the left side of the body. In all remaining cases, ICCs>0.80 were obtained.
[@TEIER After specific modifications, there is a possibility of obtaining a high level of reliability of the
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Introduction

ver the past half-century, physiotherapy

has undergone dynamic development

in both scientific and clinical domains.

Beyond clinical advancements, physio-

therapy is gaining recognition in scien-
tific research, as evidenced by the growing number of
high-impact professional journals and influential studies
worldwide.

Despite this progress, scientifically oriented physio-
therapists face certain challenges, particularly regarding
diagnostic and measurement tools. One issue is the lack
of precise instruments that can be seamlessly integrated
into research. This has led to the adoption of technolo-
gies from the field of medicine. Physiotherapists have
successfully incorporated ultrasound for muscle mor-
phology and activity assessment [1-7], electromyogra-
phy in various applications [8, 9], functional magnetic
resonance imaging for motor tasks [10, 11], motion
analysis for spinal mobility, pelvic configuration [12-
16], as well as myotonometry [17, 18] and elastography
[19, 20] to evaluate tissue biomechanics and therapeutic
effects [21].

Nevertheless, an equally significant issue arises when
advanced technology proves insufficient. While sophis-
ticated tools provide highly precise data, they may fail to
capture broader functional aspects of human movement,
an essential focus in physiotherapy. In some cases, sim-
pler, more practical clinical assessments are needed to
provide a holistic view. To make these widely used tests
suitable for scientific research, they must first be refined
to meet rigorous methodological standards. This raises a
key question about the reliability of refined assessment
techniques.

Assessing the reliability of clinical tests is crucial to
ensure their accuracy, consistency, and applicability in
both research and practice. Reliable tests allow clinicians
to track changes in muscle flexibility and function over
time, ensuring that observed differences are due to ac-
tual physiological changes rather than measurement er-
rors. In a clinical setting, this enhances decision-making
regarding diagnosis, treatment planning, and rehabilita-
tion progress. In research, high reliability is essential for
producing reproducible and comparable findings, which
strengthens the validity of scientific conclusions and
supports evidence-based practice. Without proper reli-
ability testing, even widely used assessments may yield

inconsistent results, leading to potential misinterpreta-
tions and ineffective interventions.

This research focuses on the adaptation of two widely
utilized clinical muscle length assessment techniques,
one for the knee flexors (hamstrings) and another for
the knee extensors (quadriceps femoris). These muscle
groups play a crucial role in postural compensation
mechanisms and are often affected by sedentary life-
styles in children and adolescents [22]. Shortened mus-
cles and strength imbalances are frequently observed in
inactive youth and young athletes [23-25]. As a result,
these tests are integral to postural assessments during
development.

Various versions of knee flexor and extensor length
tests exist in the literature. The knee flexors test, in
particular, has been widely studied, with researchers
implementing different measurement techniques, yield-
ing varying degrees of reliability [22, 26-35]. However,
there remains a need for simplified, time-efficient, and
user-friendly versions that still meet scientific research
standards. Additionally, certain reliability aspects, par-
ticularly longer intervals between test-retest measure-
ments, have been insufficiently explored in previous
studies.

Accordingly, this study assesses the intra- and inter-rat-
er reliability of modified knee flexor and knee extensor
length tests, examining their reliability within the same
day as well as at 2-day and 5-day intervals in children
aged 10-15 years. The findings determine whether mod-
ified versions of tests can be effectively implemented in
scientific research settings.

Materials and Methods
Study participants

A total of 82 children from three local primary schools
volunteered, including 42 boys and 40 girls from class-
es 4-8 (10-15 years). The participants were generally
healthy children presenting various levels of day-to-day
physical activity (rather than sitting, recreational activ-
ity, and sport activity). The inclusion criteria were as fol-
lows: age between 10 and 15 years (to cover the whole
puberty spurt period); typical neurologic and motor
development (no medical diagnoses of any illnesses or
dysfunctions, between 25-75 centiles of the normative
body mass and height according to age); and ability to
comply with verbal commands. The participants were
excluded if they had a history or current diagnosis of any
significant orthopedic or neurological disorders (such as
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fractures, congenital abnormalities, cerebral palsy, or
musculoskeletal pain and or dysfunction lasting more
than two weeks). Additional exclusion criteria were
having a history of surgical procedures, recent episodes
of minor musculoskeletal issues within one month be-
fore the study, or experiencing minor health complaints
(e.g. cold, headache) on the day of assessment. Two girls
were excluded due to a history of surgical interventions
within the abdominal area, one girl and three boys, due
to a history of fractures within the lower limb.

The chosen age range was selected for several rea-
sons. Firstly, it encompasses the entire puberty growth
spurt, a period during which clinicians routinely con-
duct postural assessments in children, including the
two muscle length tests under investigation, and when
numerous postural abnormalities are commonly identi-
fied. The variability in participants’ postural character-
istics contributed to diversity and posed a challenge for
measurements, while also enhancing the potential for
generalizing the results. For this reason, the participants
with varying levels of daily physical activity were also
included.

Finally, 76 children (37 girls) who qualified for the
study (mean age=13.24 years [age range=10-15 years],
average body mass=51.27 kg [body mass range=30-72
kg], and average body height=1.534 m [body height
range=1.35-1.745 m]) together with their parents re-
ceived detailed information on the objectives and proce-
dures. The parents granted their informed consent. The
measurements took place in one of the local academic
centers, in the Motion Analysis Laboratory. During the
procedure, no cases of resignation were recorded.

The minimal sample size was estimated using the
sample size calculator [36]. The highest number of par-
ticipants (n=53) was required for calculations concern-
ing the knee extensors length test based on one repeated
measurement with an assumed minimal intra-class cor-
relation coefficient (ICC) of 0.70 and an assumed ex-
pected ICC of 0.85.

Study design

This was a technical study with repeated measurements
of the variables of interest performed by the two asses-
sors on the three measurement days separated by one-
day pauses (Figure 1). To capture all considered compar-
isons, the narrow linear arrows (representing inter-rater
reliability) connecting the blocks of rater A and rater B
should be mirrored to the opposite side. Likewise, the
solid block arrows (depicting intra-rater reliability) link-
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ing successive blocks for rater B should also be mirrored
accordingly. To avoid redundancy during data analysis,
all comparisons indicated by the same type of arrows in
Figure 1 were pulled together. The intra-rater reliability
2/5 refers to reliability across measurements taken by
this same rater with 2 and 5-day intervals; the inter-rater
reliability 0/2/5 denotes the reliability for measurements
conducted by the different raters on the same day as well
as after 2 and 5 days, respectively.

Raters

To establish a more demanding testing environment,
the study involved two raters with relatively limited
professional experience. Both were licensed physio-
therapists, each with 2.5 to 3.5 years of clinical prac-
tice. The raters completed a two-week intensive training
program (3 hx3 times per week) to develop sufficient
proficiency in performing the two-muscle length test.
The training was supervised by an experienced special-
ist who was not otherwise involved in the study. Upon
completion, the specialist evaluated and confirmed that
the raters had acquired the necessary skills to compe-
tently perform their roles in the research. Raters’ skills
were also tested in the minor pilot study conducted on
15 adult volunteers, during which the lowest recorded
ICC (3,3) equaled 0.91 (inter-rater ICC for knee exten-
sor length test). For blinding reasons, an assistant was
also employed whose task was to read and record mea-
surement devices’ readouts, which were hidden from the
rates themselves.

Knee flexors length test

The subject lay supine on the couch (Figure 2), with
the hip and knee of the tested leg flexed to 90 degrees
and supported by a small stool held in place by the sub-
ject’s hands for stability. Two reference points were
marked on the anterior lower leg, 5 cm and 15 cm below
the patella (measured with the knee extended). Flat neo-
dymium magnets (1.5 cm diameter) were attached with
adhesive tape, aligning their proximal edges with these
marks to streamline measurement setup and minimize
manual error. A Baseline 12-1057 digital inclinometer
(Baseline Products, USA) was calibrated vertically and
positioned so its proximal edge aligned with the upper
magnet. The readout was kept out of the rater’s view.
A horizontal line was also drawn on the skin between
the malleoli. Passive knee extension force was applied
using a Steinberg SBS-KW-300A force gauge, placed
on the posterior lower leg at the marked line. The rater
held the gauge perpendicular to the leg, ensuring con-
sistent force application. The verbal instructions were
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Figure 1. A restructured overview of the measurement procedure and the calculation of ICC

as follows: “Inhale, exhale, let your leg rise smoothly.
Say “Stop’ when you feel a strong but tolerable stretch
in the back of your thigh.” An initial trial determined the
force required to reach the “Stop” point. This force was
replicated in three test repetitions. Control for the weight
of the lower leg was neglected following the findings
of Guex et al. [30]. At the following “Now” command,
the assistant recorded the inclinometer reading, ensuring
blinding of the rater. The procedure was repeated for the
opposite leg.

Knee extensors length test

The subject lay prone, positioned diagonally on the
couch (Figure 3). The untested leg hung freely off the
edge of the table, while the knee (flexed to approximate-
ly 90 deg.) was supported on a stool. The couch height
was adjusted for comfort. The inclinometer was set up in
the same manner as described previously. Similarly, the
force gauge was used as before but was applied to the
anterior aspect of the lower leg to induce passive knee
flexion. The rater gave the following instructions: “In-
hale, exhale, and let your leg move smoothly upwards.
At the end, say ‘Stop’ when you feel a strong but tol-
erable stretch, not pain, in the front of your thigh.” As
in the flexors test, an initial trial determined the force
required to reach the ‘Stop’ point, ensuring consistency
in subsequent repetitions. The actual muscle length test
consisted of three repetitions, during which the rater
replicated the previously recorded force level. At the
following “Now” command, the assistant recorded the
inclinometer reading, which was, again, obscured from
the rater. After testing one leg, the procedure was repeat-
ed on the opposite side.
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Study procedure

After the introductory interview and verification of the
selection criteria were completed, the convenient week
for measurements was chosen by the parents and chil-
dren. They showed up in the laboratory in the afternoon
after at least 3-h post-school rest and at least 2-h after
the last meal. The children were asked to wear non-re-
strictive clothes and perform 10-min low-load warm-up
using the stationary bike. Then, subjects received infor-
mation on how to cooperate during the test performance,
and 2-3 attempts of each test were introduced; however,
they were fulfilled without exploring the full range of
the subjects’ motion. The order of the tests for the given
participant was randomly established on the first mea-
surement day (Monday) and stayed unchanged on the
consecutive measurement days (Wednesday, Friday of
the same week). The order of body sides was always
right-left. Letters A and B were randomly assigned to
the raters. After this, the raters’ order always remained
A-B. On Monday, after the subjects’ proper preparation,
the two muscle length tests were repeated by Rater A,
three times each. Then, all markings on subjects’ skin,
attached magnets, etc., were removed, and subjects rest-
ed in a relaxed half-seated position in an armchair for 15
min. Subsequently, Rater B prepared subjects again for
their measurements, and two tests were repeated once
more, three times each. The whole procedure was identi-
cally repeated on Wednesday and Friday (Figure 1).

The participants were instructed to maintain their usual
level of physical activity throughout the entire measure-
ment week and avoid introducing any sudden changes to
their routine activity.

Gnat R, et al.Investigating the Reliability of the Knee Joint Flexors and Extensors Muscles Length Tests Modified. RJ. 2025; 26(2):230-253.
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Figure 2. The modified knee flexors length test: Initial position (left) and final position (right)
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Note: To preserve clarity, the assistant is not present in the figure. The right-side measurement is presented. Subsequently, the proce-

dure was repeated on the opposite side of the body. On the right, an arc representing the outcome measure is marked in transparent grey.

Data processing

Data recorded by the two raters was gathered in the
Statistica 13 (Statistica, Tulsa, USA) spreadsheet. To
calculate reliability indices for different types of reliabil-
ity (Figure 1) and to avoid redundancy of results, this
database was specifically restructured. Planned com-
parisons were pooled together following the following
scheme:

Intra-rater reliability, 2-day break between con-
secutive measurements: rater A on Monday vs rater
A on Wednesday+rater A on Wednesday vs rat-
er A on Friday+rater B on Monday vs rater B on
Wednesday-trater B on Wednesday vs rater B on Friday
(304 records in total); Intra-rater reliability, 5S-day break
between consecutive measurements: Rater A on Mon-
day vs rater A on Friday+rater B on Monday vs rater
B on Friday (152 records in total); Inter-rater reliabil-
ity, measurements taken on the same day: Rater A on
Monday vs rater B on Monday-+rater A on Wednesday
vs rater B on Wednesday+rater A on Friday vs rater B on
Friday (228 records in total); Inter-rater reliability, 2-day
break between consecutive measurements: Rater A on
Monday vs rater B on Wednesday-+rater A on Wednes-
day vs rater B on Friday+rater B on Monday vs rater
A on Wednesday+rater B on Wednesday vs rater A on

Friday (304 records in total); Inter-rater reliability, 5-day
break between consecutive measurements: Rater A on
Monday vs rater B on Friday+rater B on Monday vs
rater A on Friday (152 records in total).

Statistical analysis

A factorial analysis of variance model was employed
to compare the mean values of the muscle length tests
obtained by the two raters across the successive mea-
surement days, with measurement day, rater, and body
side treated as independent factors.

For the calculation of ICC, a mixed-model analysis of
variance was used, where the repeated factor was the
consecutive measurements and the independent factor
was the subjects. The reliability of the same-day mea-
surements conducted by a single rater is not reported
separately, as it is inherently encompassed within other
forms of intra-rater reliability (Figure 1). In Model 2, k
of the ICC was applied to allow for generalization into
the whole population of similar raters. The ICCs were
separately calculated for the results of a single repetition
of the given muscle length test, two repetitions (mean
value), and three repetitions (mean value). Addition-
ally, standard errors of measurement (SEM) were cal-
culated using the Equation 1, along with the smallest
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Figure 3. The modified knee extensors length test: Initial position (left) and final position (right)
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Note: To preserve clarity, the assistant is not present in the figure. The right-side measurement is presented. Subsequently, the proce-

dure was repeated on the opposite side of the body. On the right, an arc representing the outcome measure is marked in transparent grey.

detectable differences (Equation 2). Interpretation of the
reliability of ICCs values was as follows: Poor=0.00-
0.50; moderate=0.50-0.75; good=0.75-0.90; and excel-
lent=0.90-1.00 [37].

1. (SEM=SDx(1-ICC)%)
2. (SDD=1.96x2Y4)
Results

In Table 1, presented are descriptive statistics for the
results of the two muscle length tests of interest, as re-
corded by both raters across consecutive measurement
days. For all main effects of analysis of variance (mea-
surement day, rater, side of the body), as well as their
interactions, no significant differences were revealed
(all P<0.05).

The two muscle length tests of interest demonstrated
good to excellent reliability, regardless of whether mea-
surements were performed by the same rater with a 2-
or 5-day interval (Table 2) or by different raters on the
same day as well as with a 2- or 5-day interval (Table
3). The lowest calculated ICC of 0.79 was the one for
the knee flexors length test on the left side of the body
(SEM=5.47, SDD=15.17 degrees; inter-rater reliability
based on one repeated measurement taken with a 5-day

break). In all remaining cases, ICCs higher than 0.80
were obtained.

In case of intra-rater reliability (Table 2), even one
repeated measurement proved enough to obtain ICCs
higher than 0.87. An increasing number of repeated
measurements caused a further rise in the ICC values.
Across the three repeated trials, ICC values reached or
exceeded 0.94. In parallel, a gradual decrease in SEMs
and SDDs values was recorded.

For inter-rater reliability (Table 3), lower ICC values
were obtained, especially with the longer time break be-
tween the measurements. It was frequently the case that
one repeated measurement returned ICCs lower than
0.90 (lower than 0.80 in one case mentioned earlier in
this section). An increasing number of repeated mea-
surements caused the noticeable rise of the ICC values.
With three repeated measurements, all ICCs, even those
calculated for measurements taken with the 5-day break,
proved higher than 0.90. Again, all SEMs and SDDs
gradually decreased.

For each reliability type under investigation, the in-
creasing number of repeated measurements caused the
gradual narrowing of the ICCs’ confidence intervals,
even when the ICC value was no longer increasing
markedly.
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Table 1. Mean+SD values (minimum-maximum) recorded in the knee flexors and knee extensors length tests based on three re-
peated assessments performed by each rater across three consecutive measurement days

Mean+SD (Min-max)

Rater Knee Flexors (Degree) Knee Extensors (Degree)
Left Right Left Right
_§ A 28.18+12.48 (9.00-53.67) 27.83+10.40 (8.00-49.33)  117.80+4.66 (110.00-130.67) 118.0745.48 (110.00-135.33)
oy
§ B 29.05+12.83 (7.00-54.33) 27.1249.65 (9.33-47.67) 115.9745.12 (108.33-132.33) 117.3545.69 (108.00-137.33)
""" § A 27001353(6005333)  284851248(0005367) 117901545 (106713433 118195545 (1106713533
g B 27.15+13.89 (5.33-54.67) 29.21+13.05 (7.67-54.67) 116.98%5.78 (108.67-135.00) 119.0145.81 (108.33-136.67)
...... %A 28.56+12.58 (8.33-54.67) 28.13’;;6.81 (9.33;0.67) 118.12+4.95 (109.33-131.33) 11735i578(10900—13500)
i)
&

B 28.06%13.26 (5.67-53.67) 28.34+12.33 (8.00-53.33)  117.3246.05 (109.33-134.67) 118.59+5.11 (109.67-135.33)

Note: Differences between measurement days, raters, and body sides were all non-significant (P<0.05).

Discussion

The results of our study indicate that the two modi-
fied muscle length tests, for the knee flexors and knee
extensors tests, demonstrate a very satisfying level of
reliability (for 3 repeated measurements, all calculated
ICCs proved higher than 0.90). This finding supports the
use of these modifications in scientific research settings,
providing a reliable alternative to highly sophisticated
technological tools. These tools may sometimes fail to
capture the broader functional aspects of human move-
ment that clinical tests can address. The findings are par-
ticularly beneficial for researchers aiming to implement
clinically-oriented measurements in their studies, where
simpler, more accessible methods are preferable.

In terms of absolute reliability, our SDD for three re-
peated measurements was a maximum of 9.93 degrees
for the knee flexors and 4.48 degrees for the knee exten-
sors. While the clinical or scientific implications of these
values depend on the context, we observed that the dif-
ferences between raters or on different days were small-
er than the SDDs, suggesting that the measurements re-
mained stable and consistent over time. This highlights
the robustness of our modified procedures and supports
their use for reliable clinical and scientific assessments.

This study was conducted under challenging condi-
tions that might negatively affect reliability. The sub-
jects were in the middle of puberty, a period marked by
rapid and unpredictable changes in both morphology
and function. Additionally, we incorporated long inter-
vals between tests (up to 5 days) and used two relatively
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inexperienced raters who underwent a thorough train-
ing procedure. Despite these potential challenges, our
findings showed excellent reliability, encouraging the
use of these modified tests in both clinical practice and
research applications.

The knee flexor length test is frequently of interest to
researchers worldwide. Our results align with those of
previous studies; however, we could address aspects of
test reliability that have not been explored before. While
many studies focus on intra-rater reliability and mea-
surements taken on the same day, there is a lack of data
on inter-rater reliability and longer test-retest intervals.
To our knowledge, Hamid et al. [38] are the only au-
thors who have reported inter-rater reliability for this test
with a one-week interval. They recorded an ICC (2, 1)
of 0.81-0.87, which is comparable to our results (inter-
rater at 5 days), although their confidence intervals were
much broader, ranging from 0.32 to 0.92. This discrep-
ancy is likely due to their small sample size (n=14) and
the lack of repeated measurements (they only performed
single measurements). As a result, we can assert that our
approach provides more precise estimations of the true
ICCs for this measurement, which is particularly im-
portant in scientific research settings. Furthermore, our
team has previously reported the inter-rater reliability
of the knee flexor test [29], though those measurements
were conducted by two raters on the same day. Since
then, we have refined our methodology by introducing a
more “user-friendly” strain gauge and force application
technique, as well as a different method for determin-
ing the motion endpoint. Additionally, we employed a
simple tool to support the subjects’ lower legs, which
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Table 2. Estimates of intra-rater reliability

Left Right
Reliability Measurements SEM SDD
+059, +059
1CC (x95% Cl) SEM (Degree)  SDD (Degree) 1CC (95% Cl) (Degree)  (Degree)

1 0.89 (0.85-0.94) 4.09 11.35 0.87(0.82-0.93) 4.45 12.33

:;:?_2 2 (mean) 0.94 (0.91-0.97) 3.02 8.38 0.91 (0.88-0.94) 3.70 10.26
(%]

% 3 (mean) 0.96 (0.94-0.98) 2.47 6.84 0.95 (0.92-0.98) 2.76 7.65
(=

§ 1 0.87(0.83-0.91) 433 12.01 0.89 (0.85-0.93) 3.99 11.05
3

rlarlt;; 2 (mean) 0.93 (0.91-0.96) 3.18 8.82 0.92 (0.90-0.95) 3.40 9.42

3 (mean) 0.95 (0.93-0.97) 2.69 7.45 0.95 (0.93-0.96) 2.68 7.42

1 0.89 (0.85-0.94) 1.73 4.80 0.90 (0.87-0.94) 1.79 4.95

Intra-
2 (mean) 0.95 (0.92-0.98) 1.09 3.03 0.96 (0.93-0.98) 1.14 3.16
o rater 2

o

é 3 (mean) 0.96 (0.95-0.97) 1.18 3.28 0.96 (0.95-0.98) 1.04 2.88
b=
(V]

9 1 0.88 (0.84-0.93) 1.80 5.00 0.87(0.84-0.92) 1.83 5.09
C
3

:a:]t:?:f) 2 (mean) 0.92 (0.89-0.96) 1.47 4.08 0.92 (0.90-0.95) 1.44 3.99

3 (mean) 0.95 (0.93-0.97) 1.16 3.23 0.94 (0.92-0.96) 1.24 3.46
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Note: The reported data are ICC+95% CI, calculated using models 2,1 for single measurements, 2,2 for two repetitions, and 2,3
for three repeated measurements. Additionally, SEM and the SDD are presented. Intra-rater reliability 2 refers to the consistency of
measurements taken by a single rater with a 2-day interval (e.g. Monday—Wednesday, Wednesday—Friday), while intra-rater reli-
ability 5 corresponds to measurements taken with a 5-day interval (e.g. Monday—Friday) (Figure 1).

Abbreviations: ICC: Intraclass correlation coefficient; SEM: Standard error of the mean; SDD: Smallest detectable difference.

appears even more straightforward compared to the de-
vices used in other studies [33, 38]. Moreover, the avail-
able literature data are frequently gathered from small
samples [26, 27, 29, 30, 38]. Authors use inconvenient
ways of motion endpoint determination [33] or imple-
ment complicated instrumentation for pelvic motion
control [26, 31]. Such measures do not seem to be nec-
essary to obtain a reliable angular measurement in the
knee flexors length test.

The available data on the knee extensor length test is
somewhat limited. Gajdosik [28] demonstrated excellent
reliability using goniometric measurements; however,
his study involved a single rater taking measurements
on the same day with only 15 subjects. Our team [29]
previously provided data on both intra- and inter-rater
reliability for this test, but again, all measurements were
taken on a single day with a small sample size of 14
subjects. In this study, we addressed these limitations by
using a different strain gauge and, again, a refined meth-

od for determining the motion endpoint. We also opted
not to use external pelvic stabilization, as we found that
stabilization provided by the counter-rotation of the two
pelvic bones was sufficient (Figure 3). All other data re-
garding the knee extensor length test presented in this
study are novel.

To provide recommendations for the use of the two
muscle length tests, we suggest that in scientific settings,
it would be beneficial to perform three repeated mea-
surements of the test, particularly when there is a longer
time separation between tests and retests (up to 5 days in
this study) or when the tests and retests are conducted by
different raters. In situations where the time separation
is shorter and or a single rater is involved, two repeated
measurements may be sufficient. We do not recommend
reducing the number of repeated measurements to fewer
than two. While this approach might be acceptable in
a clinical setting (assuming the clinician has received
proper training and adheres strictly to the procedure),
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Table 3. Estimates of inter-rater reliability

Summer 2025. Vol 26. Num 2

Left Right
Reliabilit Measurements
' ccusswa) M O ccposuay (M SO
1 0.88 (0.84-0.93) 414 11.48 0.89 (0.83-0.95) 4.10 11.35
Inter-rater O 2 (mean) 0.93 (0.90-0.96) 3.16 8.76 0.92 (0.89-0.95) 3.49 9.68
3 (mean) 0.96 (0.93-0.99) 2.39 6.62 0.96 (0.92-0.99) 2.47 6.85
g 1 0.85 (0.79-0.90) 4.69 12.98 0.88 (0.83-0.93) 4.17 11.54
% Inter-rater 2 2 (mean) 0.91 (0.87-0.96) 3.63 10.05 0.93 (0.89-0.96) 3.18 8.81
[}
£ 3 (mean) 0.94 (0.91-0.96) 2.96 8.21 0.95 (0.92-0.98) 2.69 7.45
1 0.79 (0.74-0.84) 5.47 15.17 0.82(0.77-0.86) 5.04 13.97
Inter-rater 5 2 (mean) 0.88(0.84-0.92) 414 11.47 0.89 (0.86-0.92) 3.94 10.92
3 (mean) 0.91(0.88-0.93) 3.58 9.93 0.93(0.91-0.95) 3.15 8.71
1 0.87(0.83-0.91) 1.96 5.44 0.90 (0.86-0.94) 1.69 4.69
Inter-rater 0 2 (mean) 0.92 (0.89-0.95) 1.54 427 0.93 (0.90-0.95) 1.42 3.93
3 (mean) 0.95 (0.93-0.98) 1.22 3.38 0.94 (0.92-0.96) 131 3.64
§ 1 0.86 (0.82-0.90) 1.96 5.42 0.85 (0.81-0.89) 2.04 5.66
<
‘% Inter-rater 2 2 (mean) 0.91 (0.88-0.95) 1.59 4.42 0.91 (0.89-0.94) 1.58 439
é 3 (mean) 0.93 (0.91-0.95) 138 3.83 0.94 (0.91-0.96) 1.29 3.58
1 0.81(0.77-0.85) 2.23 6.17 0.84 (0.81-0.88) 2.06 5.72
Inter-rater 5 2 (mean) 0.85 (0.82-0.88) 1.98 5.48 0.89 (0.86-0.91) 171 4.74
3 (mean) 0.90 (0.88-0.93) 1.62 4.48 0.92 (0.90-0.95) 1.46 4.04
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Note: The following values are presented: ICC+95% confidence intervals, based on model 2,1 for single measurements, 2,2 for two

repeated measurements, and 2,3 for three repeated measurements; SEM; and SDD. Inter-rater reliability O refers to measurements

taken by different raters on the same day, while inter-rater reliability 2 represents measurements performed with a 2-day interval (e.g.

Monday—Wednesday, Wednesday—Friday), and inter-rater reliability 5 pertains to a 5-day interval (e.g. Monday—Friday) (Figure 1).

Abbreviations: ICC: Intraclass correlation coefficient; SEM: Standard error of the mean; SDD: Smallest detectable difference.

where reliability requirements are slightly more flex-
ible, we note that for a single repeated measurement, the
lowest ICC we recorded was 0.79 (for the knee flexors
length test, inter-rater reliability with a 5-day interval),
which is still a satisfactory result for clinical use. Mean-
while, beyond a certain point, increasing the number
of repeated measurements does not result in a further
increase in the ICC value but does help narrow the con-
fidence interval of the ICC. This phenomenon is advan-

tageous from a scientific perspective, as it enhances the
precision of the reliability estimates.

Conclusion

After appropriate specific modifications, there is a pos-
sibility of obtaining a very good and excellent level of
reliability of the knee flexors and knee extensors length
tests. Using the three repeated measurements, all re-
corded ICCs proved higher than 0.90. Such a high reli-
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ability level justifies the utilization of the modified ver-
sions of the tests in scientific settings. No sophisticated
equipment or high time, personal, or economic costs are
needed to achieve this goal.

Study limitations

One limitation of our study is its restricted external va-
lidity, as the sample only included teenagers. The knee
flexors and knee extensors tests are often used in pos-
tural assessments during this developmental stage, but
caution is needed when attempting to generalize these
findings to other age groups. Nonetheless, the modifi-
cations we employed offer advantages, including low
cost, minimal equipment (digital goniometer and force
gauge), and reduced personnel requirements, which
make them accessible for use in various settings. Fur-
thermore, our results suggest that the modified tests
can be implemented without the need for complex or
expensive tools like X-rays or motion analysis systems.
Finally, we chose to present ICCs for model 2, k, which
allows for broader generalization across different raters,
though model 3, k would likely show higher reliability.
We did not provide intra-rater reliability for same-day
measurements, as it is inherently captured in the higher-
order reliabilities, where we observe higher ICC values
due to reduced variance.

The promising results of this study open up several av-
enues for future research on the reliability and applica-
tion of modified clinical muscle length tests, particularly
for use in both clinical practice and scientific research.
The key areas of the future research may include: broad-
er age range of participants and different populations
(e.g. young athletes), diverse clinical conditions (e.g. ce-
rebral palsy, muscular dystrophies, etc.), longer follow-
up periods, investigations on validity of the tests, and
finally incorporating them into experiments in the role
of measurement tools.
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