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Abstract: The modified goniometric platform (MGP) is a novel instrument used to measure trunk
rotation while sitting. A lack of reliable and valid evidence has been reported to measure trunk rota-
tion using MGP. Therefore, this study was aimed to investigate the intra- and inter-rater reliabilities
and validity of the MGP for measuring trunk rotation while sitting. Methods: Seventeen participants
performed right trunk rotation followed by left trunk rotation (three repetitions for each trial) and two
random measurements at 40-minute intervals. Inter-rater and intra-rater reliabilities were calculated
using intraclass correlation coefficients (ICCs). Validity was assessed using the Pearson correlation
coefficient (r). Results: The test and re-test inter-rater reliabilities for right trunk rotation were 0.990
and 0.986, respectively, and those for left trunk rotation were 0.989 and 0.978, respectively. The
intra-rater reliabilities for right trunk rotation were 0.949 and 0.954, respectively, and those for left
trunk rotation were 0.944 and 0.946, respectively. The right and left trunk rotation validities were
0.986 and 0.981, respectively. Conclusion: MGP is reliable and valid for measuring right and left
trunk rotations while sitting.

Keywords: modified goniometric platform 2D video analysis; trunk rotation

1. Introduction

Trunk rotation occurs frequently and plays a vital role in people’s daily activities. The
restriction of trunk rotation is one of lower back pain’s symptoms [1–3]. A lower back pain
patient is prescribed various trunk rotation exercises for pain release. Trunk rotation is
also clinically used to evaluate and monitor the progression of trunk function recovered
from malfunction, injury or surgery [4]. Inadequate trunk rotation may result in movement
compensation while performing sport-specific techniques such as overhead throws during
pitching in baseball [5,6]. Restricted trunk rotation forces external shoulder rotation to a
greater-than-usual extent. The overloaded shoulder joint is then exposed to higher injury
risks. In addition, restricted trunk rotation is also associated with lower limb injuries.
Deficits in trunk rotation increase the internal knee varus moment and excessive force
loading on the knee joints, and they may increase the risk of anterior cruciate ligament
injury [7]. Based on the presented knowledge, trunk rotation is an important parameter
associated with movement function and injuries. Therefore, there is an emerging interest in
establishing the right instrument for trunk rotation measurements.

Though trunk rotation is a complex movement that involves thoracic and lumbar
vertebrae in the transverse plane, the trunk rotation angle has been inconsistently defined
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in the literature. A commonly accepted definition is the cross angle between the line of both
anterior superior iliac crests and the line of both shoulders’ acromion joints [8]. Another
common definition is that the trunk rotation angle is measured by the angle changes of
the line from the first thoracic vertebrae (T1) to the upper edge of the sacrum [4]. Three-
dimensional (3D) motion analysis systems, three-dimensional magnetic resonance imaging
(3D-MRI), two-dimensional video analysis, inclinometers, and goniometers have been
developed to measure trunk rotation in different positions based on different definitions of
trunk rotation. As a result, various protocols have been used to measure trunk rotation in
different positions, such as upright standing, trunk flexion, sitting, and prone lying [5,9–11].
However, due to its structural complexity, there is no standard method for measuring
trunk rotation.

3D motion analysis and 3D-MRI are costly instruments that require specific space
and professional skill requirements [9,12]. Although these two devices are accurate, they
are not the first considerations for measuring trunk rotation due to their complexity and
price. Two-dimensional (2D) video analysis is a reliable and valid tool for measuring trunk
rotation in the transverse plane. However, this device is relatively expensive, and moderate
skill is required due to the additional matched software needed to analyse its data [13].
In contrast, goniometers and inclinometers are the least expensive instruments [14]. In a
previous study, double inclinometers were separately placed onto the spinous process of
the seventh cervical vertebra and sacral vertebra to measure trunk rotation in the standing
position with a 90-degree trunk flexion. This position is challenging for a person with poor
balance control [15]. A goniometer is a convenient portable device, but there are challenges
associated with positioning and controlling the dynamic and fixed arms and identifying
bony landmarks for users [16]. Thus, a more straightforward, portable, and inexpensive
device for measuring trunk rotation is needed.

The goniometric platform, as a novel tool, is easy-to-use and low-cost equipment used
to assess trunk rotation in the sitting position, and it was initially used by Sarioglu et al. [17].
Although the goniometric platform has good-to-excellent reliability for measuring right
(α = 0.80) and left (α = 0.96) trunk rotations, its validity has not been confirmed [17]. In
addition, the previous goniometric platform did not sufficiently consider ergonomic effects.
Participants reported that the goniometric platform restricted their ability to perform
maximum trunk rotation because of the distance between the table and the seat, indicating
the need for further improvements to the platform [17]. Thus, the reliability and validity
of the modified goniometric platform to measure trunk rotation in the sitting position
required further investigation.

2. Materials and Methods
2.1. Participants

Seventeen healthy volunteer participants were recruited from the National Sports In-
stitute of Malaysia (ISN) via convenient sampling (8 males: height of 171.67 ± 3.92 cm
and weight of 78.93 ± 9.23 kg; 9 females: height of 157.12 ± 5.9 cm and weight of
54.48 ± 8.67 kg; age, from 20 to 47 years (27.71 ± 7.78)). The participants were excluded if
they had (1) a history of fracture or traumatic injuries of the spine and upper limbs, (2) a
history of orthopaedic surgery in the upper body, (3) any other orthopaedic or neurological
problems in the upper body, or (4) complaints of pain around upper body. Each participant
was randomly tested in two identical sessions that were at least 40 min apart. All partici-
pants voluntarily signed an informed consent form before formal enrolment in this study.
Participants’ daily activities were not restricted during the interval test.

2.2. Sample Size

The sample size was calculated based on the fixed n = 3 (number of measurements),
ρ0 = 0.7 (above 0.7 would be considered acceptable), ρ1 = 0.80 (above 0.8 would be consid-
ered good), α = 0.05, and β = 0.8 in this study. The sample size range was set from 12.8 (13)
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to 79.7 (80), following a previous study [18]. Therefore, the current study met the minimum
sample size requirement.

2.3. Instruments
2.3.1. The Modified Goniometric Platform

The modified goniometric platform (MGP) with a size of 100 × 70 cm (length × width),
comprising a plastic board with a dug-out semicircle with a 23 cm radius from the centre of
the MGP, was placed on a rectangular table. Angles of 0◦ and 180◦ on the MGP were parallel
to the table’s edge and the ground. The MGP was fixed on a table to avoid movement
during the testing. The minimum unit of the MGP interval was 2◦.

2.3.2. Two-Dimension Video Analyses

A video camera (Panasonic HDC-HS 900, Osaka, Japan) was set perpendicular to
the ground on top of the squat rack (PR4000, height of 201 cm, and width of 112 cm) at a
recording speed of 50 fps. The camera’s aperture covered the entire test scene, including
each participant’s maximum left and right trunk rotation, the extension of both arms and
hands at different angles, and the table and goniometric platform. The footage of the trunk
rotation trials was further coded and analysed by an experienced video analyst (r = 0.94)
using 2D video analyses and video tracking software (Dartfish, version:10 classic, Fribourg,
Switzerland). The minimum unit of the 2D video analysis interval was 0.1◦.

2.4. Data Collection
2.4.1. Initial Position

Participants were instructed to sit upright on a 50 cm tall wooden box with their head
in a neutral position, chin tucked in, a hip–knee flexion angle of approximately 90◦ with
a foam roller between the knees and feet flat on the ground and shoulder-width apart,
and arms positioned straight ahead with fingers crossed together. Participants held an
L-shaped tube perpendicular to the MGP, which served as a reading indicator. Participants
sat in the middle of the fixed MGP with their frontal axis near a line that indicated angles
of 0◦ and 180◦ and the sagittal axis close to the 90◦ angle of the MGP. The midline of both
extended arms while holding the tube was at a 90◦ angle to the MGP in respect to the initial
position (Figure 1).
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2.4.2. Familiarisation and Testing

Each participant practised three left and right trunk rotation trials before formally
testing. Each participant started at the initial position and maximally rotated their trunk
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to the right, followed by maximum left trunk rotation. Verbal cues of “keep the trunk
upright”, “no elevation of the shoulder”, “straight arms”, “hold L-shape tube vertically”,
“head to follow the hand rotation”, and “no lifting the pelvis” were given during the
trunk rotation tests. Each participant was asked to maintained approximately 3 s of right
and left maximum trunk rotation, with three repetitions, and a physiotherapist (rater 1)
and a sports science undergraduate student (rater 2) simultaneously recorded the MGP
value. Meanwhile, the researcher (rater 1) pressed the light-voice synchronised sensor
button to indicate scale reading for further 2D video analysis. In the 2D video analysis,
the goniometer axis was located between the horizontal line (0◦ and 180◦) and the 90◦

perpendicular line. The fixed arm of the goniometer was placed at the 90◦ mark of the
MGP, and the dynamic arm was placed at the end-stop point of the L-shaped tube. The
movement of the dynamic arm of the goniometer relative to its fixed arm was measured as
the right or left trunk rotation angle (Figure 2). All participants were present for the test
and re-test sessions, which were randomly performed.
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Figure 2. Two-dimensional video analysis for the measurement of trunk rotation.

2.5. Statistical Analysis

All quantitative data in this study were analysed using version 22 of SPSS statisti-
cal software (IBM, Chicago, IL, USA). Demographic data are presented as the mean and
standard deviation (mean ± SD). Intraclass correlation coefficients (ICCs) and 95% con-
fidence intervals (CIs) were computed to determine inter-rater and intra-rater reliability
measurements. Inter-rater reliability was based on ratings (k = 2), absolute agreement, and
a 2-way mixed-effects model. The intra-rater reliability was based on mean ratings (k = 1),
absolute agreement, and a 2-way mixed-effects model [19]. The reliability of an instrument
is poor if its value is less than 0.5, moderate if the value is from 0.5 to 0.75, good if the value
is from 0.75 to 0.9, and excellent if the value is greater than 0.90 [19]. The validity of the
two instruments was based on the rater rating (k = 1), absolute agreement, and a 2-way
mixed-effects model. The Pearson correlation coefficient (r) was calculated from the MGP
and 2D video analysis data to establish the validity of the ICC values. In validity evaluation,
a value of less than 0.1 is considered negligible, a value from 0.10 to 0.39 is considered
weak, a value from 0.40 to 0.69 indicates a moderate correlation, a value from 0.70 to
0.89 indicate correlation, and a value from 0.90 to 1.00 indicates a very strong correla-
tion [20]. The standard error of measurement (SEM) and minimal detectable changes
(MDC) were calculated by referring to the work of Ries et al. [21]. A Bland–Altman plot
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analysis was used to describe the mean differences and 95% limits of agreement between
the MGP and 2D video analyses [22].

3. Results
3.1. Inter-Rater Reliability

In the test session, the inter-rater reliabilities, as indicated by the ICCs, were 0.990
(95% CI, 0.982–0.993; p < 0.001) and 0.989 (95% CI, 0.980–0.993; p < 0.001) for right and left
trunk rotations, respectively. For the retest session, which was 40 min after the first test,
the inter-rater reliabilities for right and left trunk rotations were 0.986 (95% CI, 0.982–0.998;
p < 0.001) and 0.978 (95% CI, 0.960–0.998, p < 0.001), respectively. The inter-rater reliability
between the two raters was considered to have excellent strength because the ICC values
were greater than 0.90 for all sessions (Table 1).

Table 1. Inter-rater reliability of the MGP for left and right trunk rotations.

Action
Rater 1

SEM (◦) MDC (◦)
Rater 2

SEM (◦) MDC (◦)
ICC

Mean ± SD Mean ± SD [95% CI]

Right trunk rotation
(test session)

45.412 ± 8.181 0.818 2.267 45.255 ± 8.447 0.845 2.342 0.990
[0.982 0.994]

Left trunk rotation
(test session)

43.843 ± 9.085 0.953 2.642 44.157 ± 8.889 0.932 2.583 0.989
[0.980 0.993]

Right trunk rotation
(re-test session)

47.569 ± 8.346 0.988 2.739 47.490 ± 8.606 1.078 2.988 0.986
[0.982 0.998]

Left trunk rotation
(re-test session)

46.235 ± 8.116 1.200 3.326 46.784 ± 8.333 1.236 3.426 0.978
[0.960 0.988]

ICC, intra-class correlation coefficient; SEM, standard error of measurement; MDC, minimum detectable change.

3.2. Intra-Rater Reliability

The intra-rater reliabilities of the right and left trunk rotations, as indicated by the
ICCs for rater 1, were 0.949 (95% CI, 0.852–0.982; p < 0.001) and 0.944 (95% CI, 0.839–0.980;
p < 0.001), respectively. The intra-rater reliabilities of the right and left trunk rotations, as
indicated by the ICCs for rater 2, were 0.954 (95% CI, 0.858–0.984; p < 0.001) and 0.946 (95%
CI, 0.840–0.981, p < 0.001), respectively. The intra-rater reliability was considered to have
good-to-excellent strength (Table 2).

Table 2. Intra-rater reliability of the two measurements performed by raters.

Action
Measurement1

(Test) SEM (◦) MDC
(◦)

Measurement2
(Re-Test) SEM (◦) MDC

(◦)
ICC

Mean ± SD Mean ± SD [95% CI]

Rater 1
Right trunk
rotation

45.706 ± 8.060 1.820 5.045 47.294 ± 8.608 1.944 5.388 0.949
[0.852 0.982]

Left trunk
rotation

44.294 ± 9.224 2.183 6.051 46.000 ± 8.624 2.041 5.657 0.944
[0.839 0.980]

Rater 2
Right trunk
rotation

45.529 ± 8.420 1.806 5.006 47.235 ± 8.884 1.905 5.280 0.954
[0.858 0.984]

left trunk
rotation

44.412 ± 8.832 2.052 5.688 46.059 ± 8.035 1.867 5.175 0.946
[0.840 0.981]

ICC, intra-class correlation coefficient; SEM, standard error of measurement; MDC, minimum detectable change.

3.3. Validity

The correlation between the MGP and 2D video analysis for measuring right trunk
rotation (r = 0.986) and left trunk rotation (r = 0.981) was significant (p < 0.001), with
explained variances of 97.2% and 96.2%, respectively (Table 3). Therefore, there was
a strong relationship between the two instruments for measuring trunk rotation. The
Bland–Altman plot showed the level of agreement between the two instruments for right
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trunk rotation measurements, with M = −0.706 ± 1.418 degrees (95% CI: −3.485–2.073)
(Figure 3), and left trunk rotation, with M = −1.171 ± 1.814 degrees (95% CI: −4.723–2.384)
(Figure 4).The majority of data points were close to the mean difference and within the 95%
limits of agreement.

Table 3. Validity of the MGP and video analysis.

Action
MGP 2D Video Analysis ICC

[95% CI]
r R2 p Value

Mean ± SD Mean ± SD

Right trunk
rotation

45.412 ± 8.181 46.118 ± 8.518 0.991
[0.980 0.996]

0.986 0.972 p < 0.001

Left trunk
rotation

43.843 ± 9.085 45.014 ± 8.533 0.985
[0.953 0.994]

0.981 0.962 p < 0.001
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4. Discussion

This study has demonstrated excellent strength in the inter-rater reliability of the
MGP for measuring left and right trunk rotation, with an intra-rater reliability of good-
to-excellent strength. The results also showed no significant difference between the MGP
and 2D video analyses in measuring the left and right trunk rotations occurring in the



Appl. Sci. 2022, 12, 8891 7 of 9

transverse plane. Therefore, MGP has strong validity and reliability as an instrument for
evaluating trunk rotation in the seated position.

Trunk rotation was reported to have a good-to-excellent inter-rater reliability. The
inter-rater coefficients of reliability of a standard 8-inch (20-centimetre) transparent plastic
goniometer for measuring right and left trunk rotations in the sitting position were 0.870
(95% CI: 0.770–0.930) and 0.870 (95% CI: 0.760–0.930), respectively, indicating a good
inter-rater reliability [23]. The right trunk rotation values measured by two previous
raters were 54.4◦ ± 10.5◦ and 53.4◦ ± 11.0◦, and those of the left trunk rotation were
53.7◦ ± 9.0◦ and 55.3◦ ± 11.1◦ [23]. In contrast, the right trunk rotations of the two raters
in our study were 45.4◦ ± 8.2◦ and 45.3◦ ± 8.5◦, and those of the left trunk rotations were
43.8◦ ± 9.1◦ and 46.0◦ ± 8.6◦, which were smaller than previously reported values [23].
The difference between the two sets of findings may be due to two main reasons: age and
the test protocol [10]. Healthy swimming athletes who are from 10 to 18 years of age (mean
age: 13.52 ± 1.57 years) have excellent trunk rotation, which might be explained by the
flexible shoulder joint caused by swimming, which is an open kinetic chain exercise, and
their mean right trunk rotation angle range was found to be from 63.5◦ to 68.4◦, which
was bigger than our findings [2]. Sung et al. [24] also reported that age could affect the
coordination pattern of the trunk and pelvis in the transverse plane, which could explain the
smaller trunk rotation angles recorded in our study. In addition, the angle differences may
have been caused by the fact that Johnson et al.’s study did not restrict pelvic movement
during trunk rotation, as supported by Park et al.’s study [10], who study reported that
trunk rotation movement patterns would differ due to age differences and shoulder–pelvic
patterns. In our study, the inter-rater reliability of the MGP for trunk rotation (0.989–0.990)
was higher than that reported by using other types of goniometers (0.736–0.853), such as
bubble inclinometers, dual inclinometers, and smartphone clinometers [25]. Thus, the MGP
could be a more reliable instrument for use by trained or even unskilled practitioners.

A good-to-excellent within-day intra-rater reliability of the MGP in measuring trunk
rotation at the sitting position was observed in this study. Our results were consistent with
those of Furness et al. [26], who showed that the intra-rater reliabilities for the right and left
sides were 0.970 and 0.980, respectively. Therefore, the MGP has excellent reproducibility
compared to previously reported goniometer measurements. Furthermore, two within-day
measurements using the MGP showed a very strong correlation (r > 0.90); this finding is
supported by the work of Brouwer et al. [6]. Feijen et al. [2] reported that the intra-rater
reliabilities of goniometric measurements for right and left trunk rotations in the lumbar
lock rotation position were 0.910 (95% CI, 0.780–0.960) and 0.960 (0.890–0.980), respectively,
which were similar to our findings. In conclusion, the seated trunk range of motion was
shown to be relatively consistent within a day when measured using the MGP.

This is the first time the MGP was compared against a more precise measurement
instrument, 2D video analysis, in quantifying transverse trunk rotation. In a previ-
ous study, 2D video analysis was shown strongly correlate with 3D motion capture,
which was considered to be the relative standard instrument for measuring trunk rotation
(r = 0.810–0.993) [27,28]. Therefore, 2D video analysis is a valid tool for measuring left and
right trunk rotations in the transverse plane. The MGP showed a strong correlation with
2D video analysis for evaluating trunk rotations in the transverse plane (0.981–0.986) and
is considered a valid instrument. The mean difference between the MGP and 2D video
analysis on the right side was 0.706◦ (95% CI: −3.485◦, 2.073◦), and that on the left side
was 1.171◦ (95% CI: 4.726◦, 2.384◦). The right trunk rotation angle was smaller than the
left trunk rotation angle, indicating that some of the participants in this cohort may have
trunk tightness. Previous studies have reported that trunk tightness reduces the trunk
rotation range of motion [29,30]. In addition, the findings of this study were similar to
those reported by Bucke et al. [31], who compared a digital goniometer and iPhone Cli-
nometer apps, although they reported a greater variance (12◦ versus 8◦, respectively). The
MGP is valid, and it also shows a smaller variance than that observed using other digital
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goniometers. Therefore, the MGP may have more possibility to be applied in assessing
trunk rotation.

The advantage of the MGP is that it is a cost-effective, instantly readable, and portable
tool. It is a relatively straightforward tool that can be used by trained individuals with
or without in-depth anatomical knowledge. Furthermore, it requires a minimum num-
ber of operators to implement the test. With all result in mind, some limitations of this
study should be considered. First, the convenient sampling of this study limited its gen-
eralizability. Thus, the results are not meant for generalization. Second, the test was
repeated randomly within an hour on the same day to control for the thermal effect of
physical activity and environmental heat on the range of motion. Thus, the interpretation
of these findings should be limited to two observations tested on the same day. In future
research, the repeatability of the MGP for measuring trunk rotation between days should
be examined.

5. Conclusions

This study demonstrated that the modified goniometric platform is a reliable and
valid instrument for measuring trunk rotation in the sitting position. In addition, it could
be a quick, easy, and cost-effective instrument used by trained individuals or researchers.
Therefore, the modified goniometric platform may have potential for future applications in
measuring trunk rotation.
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