Assessing a Novel Method of Calculation of

L)

Check for
updates

the Cobb Angle for Scoliosis: Interexaminer
Reliability and Student Satisfaction

Marcello L. Caso, DC, and John M. Clements, PhD

ABSTRACT

Objective: The objectives of this pilot study were to compare the interexaminer reliability of 2 different methods of
Cobb angle measurement and to determine whether the participants considered 1 of the 2 methods easier to learn,
understand, and apply.

Methods: Entry-level anatomy students who have familiarity with vertebral column anatomy but have not had
previous radiology training were instructed on how to measure a Cobb angle. Each student measured 2 curves
(thoracic and lumbar) on a single radiograph, first with the traditional method of Cobb angle measurement and second
with a novel method of Cobb angle measurement using a digital level.

Results: The variance of measurements decreased by using the novel method from thoracic to lumbar measurements
and for the moderate and severe scoliosis films. All decreases in variance were statistically significant except for the
lumbar measurement variance for the severe scoliosis film. The novel method of Cobb angle measurement with these
same participants showed interexaminer reliability. More than 78% of naive participants considered the proposed
method easier to learn, understand, and apply when compared with the traditional method.

Conclusion: In this group of naive students, there was improved interrater reliability, greater satisfaction, and
reduced measurement variances in some cases, with a novel method using a digital level to measure the Cobb angle

Key Indexing Terms: Scoliosis; Spinal Curvatures

INTRODUCTION

A scoliosis is a lateral deviation of the spine that can be
quantified by the Cobb angle, defined as “‘an angle measuring
scoliosis as seen on a radiograph: for a given group of
vertebrae, lines are drawn across the vertebral column on the
upper surface of the upper vertebra and the lower surface of
the lower vertebra. The angle measured may be either that
between these two lines or that between lines drawn
perpendicular to them.”' The Cobb method is most
commonly used for curve magnitude.” A Cobb angle greater
than 10° is generally considered clinically significant.”

Measuring the Cobb angle requires the examiner to
decide which vertebrae constitute the upper and lower limits
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compared with the traditional method of measurement. (J Manipulative Physiol Ther 2019;42:430-438)

of the deformity, so the vertebrae whose endplates are
“most tilted” toward each other must be identified. The lines
are then drawn along the chosen endplates, and the angle
created by these 2 lines is then measured (Fig 1).° However,
whether working on a hard-copy film or a computer
monitor, the workspace often does not permit an extension
of the lines far enough laterally; thus, 2 additional lines are
drawn at 90°, or perpendicular, to the first 2 lines. The angle
created by these additional lines is then measured as the
Cobb angle (Fig 2).’

When assessing a patient, the physician should consider
the age of the patient, pulmonary function testing, the Risser
classification, the Cobb angle, and other factors to determine
the appropriateness of the intervention.* The Cobb angle is
an important measurement; therefore, accuracy and repro-
ducibility are paramount. Yet, the Cobb Angle presents
limitations, particularly in terms of interexaminer (interrater)
reliability. >

Therefore, the purpose of this study is to test the
interexaminer reliability and student satisfaction of learning
a novel method of measuring the Cobb angle by using a
digital level to assess the vertebrae whose endplates are
“most tilted.” This is a pilot test of a novel method of
determining the Cobb Angle. Our intent is to show the
potential of the method.
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Fig. |. Representation of a Cobb angle. Note how the lines extend
beyond the work surface (hard film or computer monitor). This figure

was retrieved from the Open-i service of the National Library of

Medicine at https://openi.nlm.nih.gov/detailedresult.php?
img=PMC2527554 1748-7161-3-11-1&query=scoliosis+x-
ray&req=4&npos=706 (last accessed July 14, 2017). License type
Attribution 2.0.

MATERIALS AND METHODS

Study Participants

Participants in this study were 32 college-aged students
studying entry-level anatomy. These students were chosen
because they were familiar with the anatomy of the
vertebral column, but not with radiology or the Cobb
angle. As such, they had no preconceived notion about
the efficacy of the traditional method or how it might
compare with a novel method. If seasoned physicians had
been the participants, a bias in favor of ingrained practices
may have been introduced. The use of a naive participant
group was essential because we asked, at the end of the
experiment, “Which method did you find easier to learn,
understand, and apply: method A or method B?”

The Institutional Review Board of Central Michigan
University, which is affiliated with the authors, classified this
study as exempt from review; the Institutional Review Board
of California State University Sacramento, from which the
students were chosen, accepted this determination. Partici-
pants provided written consent to take part in the study and
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Fig. 2. Alternate representation of the Cobb angle. Because the
lines often extend beyond the work surface, 2 additional lines are
drawn at 90° from the first 2, and the subsequent intersecting
angle is measured. This figure was retrieved from the Open-i
service of the National Library of Medicine at https://openi.nim.
nih.gov/detailedresult.php?img=PMC2527554_1748-7161-3-11-
1&query=scoliosis+x-ray&req=4&npos=706 (last accessed July
14, 2017). License type Attribution 2.0.

were offered a token amount of course extra credit for their
participation (less than 1% of their final grade).

Procedure

Participants in this study were given a brief introduction
to the Cobb angle and informed simply that it was a way of
quantifying a scoliosis angle. They were then shown how to
measure it on a deidentified radiograph in the traditional
way (method A) and then shown how to measure it on the
same deidentified radiograph in the novel way (method B).

Multiple classification systems for scoliosis exist, " but
in the interest of being straightforward, neither complex
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Fig. 3. Radiograph of a deidentified individual with a comparatively
moderate scoliosis. This figure was retrieved from the Open-i service
of the National Library of Medicine at https://openi.nlm.nih.gov/
detailedresult.php?img=PMC2527554 _1748-7161-3-11-
1&query=scoliosis+x-ray&req=4&npos=706 (last accessed July 14,
2017). License type Attribution 2.0.

classification nor descriptors such as “major” or “minor”
were used. Participants were told only that it was an “S-
shaped curve”; one curve was simply referred to as the
“thoracic curve” and the other as the “lumbar curve.”
Because of potential overlap at the thoracolumbar junction,
they were informed that for a curve confined mostly to the
thoracic spine, it was acceptable to choose a lumbar
vertebra as the inferior-most vertebra of the deformity.
Similarly, if a curve was confined mostly to the lumbar
spine, it was acceptable to choose a thoracic vertebra as the
superior-most vertebra of the deformity.

An open access anteroposterior (AP) radiograph of a
deidentified individual with a comparatively moderate
scoliosis (Fig 3) was shown to 16 of 32 participants, and
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Fig. 4. Radiograph of a deidentified individual with a compara-
tively severe scoliosis. This figure was retrieved from the Open-i
service of the National Library of Medicine at https://openi.nlm.nih.
gov/detailedresult.php?img=PMC2527554 1748-7161-3-11-
1&query=scoliosistx-ray&req=4&npos=706 (last accessed July
14, 2017). License type Attribution 2.0.

the remaining 16 participants were shown an open access AP
radiograph of a deidentified individual with a comparatively
severe scoliosis (Fig 4). It should be noted that, although
variations might exist among different classifications, a
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Current Method

This is the
Cobb angle (c)
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Proposed Method

\\

As the digital level is placed over
the endplate of the vertebra, it
will determine how many
degrees it deviates from the
horizon. Cobb=c=x+y

Fig. 5. Schematic of current method of Cobb angle measurement and proposed method of Cobb angle measurement. As the digital level
is placed over the endplate of the vertebra, it will determine how many degrees it deviates from the horizon. Cobb = ¢ = x + y (vertebrae

are not shown for simplicity and ease of interpretation).
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Some of the lines have been extended. Because one of the

lines now intersects two parallel lines, basic geometry tells

us that the angles must be the same, or 90 +v.

s Because the three angles of the triangle must total to 180
degrees — and we have only one unknown angle (z) — then:

c+z+90=180

wand (90 +y) +x+z=180

* \We can set them equal:

c+2+90=(90+y)+x+2z

C+2+90=90+y+x+2

..and demonstrate thatx +y=c¢

Fig. 6. When the 2 are merged together, we see the geometric explanation of how the current and proposed methods yield the same value.

“mild” scoliosis can be considered as one with a Cobb angle
less than 30°, a “moderate” scoliosis can be considered as one
with a Cobb angle of 30 to 45°, and a “severe” scoliosis can be
considered as one with a Cobb angle of greater than 45°.°

For all 32 participants, instruction was provided on how to
draw the lines (endplate lines and perpendicular lines)
necessary to determine a traditional Cobb Angle (method
A). One sample measurement was performed in front of them,
but on a deidentified radiograph unrelated to the one they
were to analyze (a different radiograph was used so that
participants did not operate under the belief that their findings
had to coincide with the demonstration). They measured the
Cobb angles for both the thoracic and lumbar curves. In
addition, they were not coached on which vertebrae would be
the “best choice” for the upper and lower limits of the
deformity, only to identify the “most tilted” vertebrae.
Furthermore, if they were confused about subsequent steps,
only minimal assistance was offered (essentially repeating
what they were already told in the demonstration).

This experiment was not performed on a computer.
Deidentified open access AP radiographs were enlarged and
printed on 18 x 24—in poster-size paper and then leveled
and taped up to a wall. This would approximate a full-spine,

Fig. 1. The solid lines represent those used to determine c, the
Cobb Angle (previously described in Fig 1). The dashed lines
represent 2 rectangles level with the horizon. Using the digital
level at the upper and lower vertebrae yields angles x and y,
respectively. These angles can be summed as x + y = c.

hard-copy radiograph. It is our assertion that performing
this on a computer screen could have introduced another
variable, specifically a radiologic software tools with which
the participants were unfamiliar and could find daunting.
Thus, we made it our aim to simply demonstrate the
mathematical application of the process and compare the
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Table 1. Cobb Angle Measurements for Moderate Scoliosis
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Method St S2 S3 sS4 S5 S6 S7 S8 S9 S10 SII S12 S13 S14 S15 Sl16
Method A: Traditional Cobb Method (Participants 1-16)
Thoracic curve
Superior vertebra identified as most tilted T6 T5 T4 T5 T6 T5 T5 Te6 T3 T5 T3 T4 T4 To T4 T6
Inferior vertebra identified as most tilted T11 L1 T11 T12 TI2 T9 TI12 L1 T8 L2 TI0 T9 T7 TIO T9 TI11
Measured Cobb angle 50 23 40 50 30 45 30 28 30 35 35 37 20 35 30 36
Lumbar curve
Superior vertebra identified as most tilted T12 12 TI1 T11 T12 LI T12 L1 T9 L3 TIi1 TI0 T9 TI11 TI0 L1
Inferior vertebra identified as most tilted L3 14 L3 L3 LS L5 L5 LS L3 L5 L5 L3 12 14 L4 14
Measured Cobb angle 42 20 40 49 25 13 22 35 29 39 40 40 23 47 35 51
Method B: Proposed Cobb Method (Participants 1-16)
Thoracic curve
Superior vertebra identified as most tilted TS T4 TS5 T5 T5 T5 T5 T5 T5 T4 TS TS5 TS5 TS5 T4 TS5
Inferior vertebra identified as most tilted T11 TI1 T10 TI11 TI10 T10 T10 TI10 TI11 LI TIl TI10 TI11 TIO TI11 TI0
Measured Cobb angle 48 48 42 48 45 50 42 40 41 35 43 45 43 39 32 40
Lumbar curve
Superior vertebra identified as most tilted T12 T12 TI1 T10 T10 TI1 T11 TI2 TI11 L2 T10 T10 TI11 TI11 TIO0 TI11
Inferior vertebra identified as most tited L3 L3 L[4 L3 14 14 L3 L5 14 LS L5 L[4 14 L3 14 14
Measured Cobb angle 36 47 45 48 45 47 39 30 44 38 50 42 41 39 31 41

ease of learning the 2 methods side by side. Participants
drew the lines on the poster with markers and measured the
resultant lines with a protractor. All participants used the
same brand of writing utensil with the same size writing tip,
thereby reducing any variation between line width and
subsequent error in angle measurement.

Participants were then introduced to the proposed
technique, identified only as method B. Again, 1 sample
measurement was performed in front of them on a different
radiograph. Before coming for data collection, participants
were asked to download a free digital level of their choice
on their cellular phones. (Many apps exist, and the
researchers are working under the assumption that they
are of comparable quality; we are not aware of any evidence
that would suggest otherwise.)

Digital levels provide an enhanced level of accuracy
by indicating exactly how many degrees one is deviating
from the horizon compared with an air bubble in a typical
level from a hardware store. The “most tilted” vertebra is

generally a judgment call by the examiner. In our research,
we examined whether objectively identifying the most tilted
vertebrae with a digital level, rather than making this a
judgment call, would improve interexaminer reliability for
the vertebrae chosen and the calculated angle. Furthermore,
once the most tilted vertebrae are determined, one can sum
the 2 absolute values and report the angle. Whether on a
printed film or on a computer monitor, this method
effectively eliminates the need to draw intersecting lines,
which could potentially be another confounding variable.
This method is depicted in Figure 5. In using the proposed
method, not only is the need for perpendicular lines
eliminated, but there is no subjective guesswork in
determining the most tilted vertebra. The examiner simply
moves the digital level from one vertebra to the next and
uses the highest absolute value—this is, by definition, the
most tilted vertebra. The geometry of the current method
and the proposed method are the same, as can be seen when
the two schematics are merged in Figure 6.
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Table 2. Cobb Angle Measurements for Severe Scoliosis
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Method S17 S18 S19 S20 S21 S22 S23 S24 S25 S26 S27 S28 S29 S30 S31 S32
Method A: Traditional Cobb Method (Participants 17-32)
Thoracic curve
Superior vertebra identified as most tilted TS T5 T3 T3 T4 TS5 T5 T2 T3 T4 T3 T3 T4 T5 T3 T5
Inferior vertebra identified as most tilted T11 T9 T11 T10 TI2 TI11 T10 T7 T12 TI12 TI2 TI12 TI2 TI1 TI12 TI11
Measured Cobb angle 70 60 68 65 60 70 74 28 40 60 45 44 50 50 70 70
Lumbar curve
Superior vertebra identified as most tilted L1 ~ T11 TI2 T11 T12 TI2 T12 T8 TIi2 L1 L1 TI2 TI10 TIil TIO TI11
Inferior vertebra identified as most tilted 14 14 14 L[4 14 L3 L[4 L5 14 14 14 14 14 14 14 L4
Measured Cobb angle 67 40 79 8 78 60 82 42 65 50 60 78 80 80 84 87
Method B: Proposed Cobb Method (Participants 17-32)
Thoracic curve
Superior vertebra identified as most tilted T4 T4 T4 T3 T4 T5 T5 T4 T5 T4 T4 T4 T4 T5 T4 T4
Inferior vertebra identified as most tilted T10 TI10 T11 T10 TI10 T11 T10 TI10 T10 TI10 TI10 TI10 TII TI11 TI12 TI0
Measured Cobb angle 64 70 67 51 73 62 76 63 68 64 70 72 68 69 75 I3
Lumbar curve
Superior vertebra identified as most tilted T11 T11 TI2 T12 T1l1 LI T12 Til1 TIi1 L1 Ti2 TI1 T12 TIil TI1 TI11
Inferior vertebra identified as most tilted L3 14 14 L[4 14 LS L[4 14 L3 L[4 14 14 L4 14 14 L4
Measured Cobb angle 8 88 77 60 8 71 79 8 8 66 S8 87 84 67 85 88

Geometrically speaking, another way of looking at it is
perhaps even more direct. As explained earlier, two
perpendicular lines are usually drawn, and their intersecting
angle is measured, but we must recall that this is only
because of workspace limitation. In other words, the Cobb
angle can be measured without perpendicular lines (Fig 1).
If we simply bisect the Cobb angle, we see clearly that
summing the absolute degree of tilt from the horizon of the
2 vertebrae in question yields the same value (Fig 7). Note
that, with some digital levels, tilting to one side (usually the
left) results in a negative value. Participants were advised to
use the largest absolute value—in other words, to ignore the
negative sign that could appear when tilting.

Participants were told to find the uppermost vertebra of
the deformity by moving the digital level from the superior
endplate of one vertebra to the next, noting the highest
absolute value. They then found the lowermost vertebra by
moving the digital level from the inferior endplate of one
vertebra to the next, noting again the highest absolute value.

These 2 highest absolute values were summed and recorded
as the Cobb angle for method B. Again, both thoracic and
lumbar curves were analyzed.

Statistical Analyses

One of the goals of the proposed method is to reduce the
variance of the angle measurements using the new
technique. A pilot study of these techniques yielded a
mean variance of the traditional and proposed methods of
52.8 and 10.7, respectively, with standard deviations of
28.1 and 5.3, respectively. A priori power analysis
assuming a 2-tailed F test to determine differences in
variance between each set of images was conducted to
determine sample size for this experiment. To determine the
superiority of the proposed method in reducing variance
over the traditional method by a margin size of 20, with
80% power and 5% a, a sample size of 12 was calculated to
assess each film by the traditional and proposed methods. In
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Table 3. Two-Sample F-Test for Equality of Variances
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Table 4. Two-Sample t-test for Mean Differences

Film Number Mean Variance P Value
Film 1 (moderate scoliosis)
Traditional thoracic variance 73.05 .04
Proposed thoracic variance 23.60 -
Traditional lumbar variance 125.85 .01
Proposed lumbar variance 33.60 -
Film 2 (severe scoliosis)
Traditional thoracic variance 180.60 .005
Proposed thoracic variance 38.03 -
Traditional lumbar variance 230.13 .14
Proposed lumbar variance 104.60 -

addition to testing for differences in variance with the F'
test, we also used paired ¢ test to test for difference in mean
angle between the 2 methods. We also calculated simple
percent agreement among the raters for each method.
Finally, we used a y? test, using actual frequency counts
and ensuring that no cell contained fewer than 5
observations, to determine whether there were differences
in satisfaction between the 2 methods.

Our sample was nonrandom because it included
everyone in the class. The Central Limit Theorem holds
that for nonrandom samples, once you obtain a large
enough sample size, you can assume a Gaussian distribu-
tion and use parametric, inferential statistics. In general, the
rule of thumb to delineate non-Gaussian from Gaussian
distributions is approximately 30. Although some re-
searchers and statisticians might disagree with this, we
decided to use this as our arbitrary cutoff. We had 32
participants each making 8 observations of tilted vertebrae
(256 measurements with 128 in each group) and 4 angle
measurements (64 measurements with 32 in each group).

RESULTS

Cobb angle measurements for moderate scoliosis (Table 1)
included all measurements from participants who rated the
first radiograph, which depicted a moderate scoliosis. Using
method A, raters agreed to within 3 vertebral levels (T3 to T6
with a maximum of 31.3% of participants agreeing on TS or
T6) on the most tilted thoracic superior vertebra and to within
6 levels (T7 to L2 with a maximum of 18.8% of participants
agreeing on T9, T11, and T12) on the most tilted thoracic
inferior vertebra. Regarding the lumbar curve, raters agreed to
within 5 levels (T9 to L2 with 25.0% agreement on T11) on
the superior vertebra and 3 levels (L2 to L5 with 37.5%
agreement on L5) on the inferior vertebra.

Mean
Film Number (95% Confidence Interval) P Value
Film 1 (moderate scoliosis)
Traditional thoracic mean  34.63 (30.07-39.18) .004
Proposed thoracic mean 42.56 (39.97-45.15) -
Traditional lumbar mean 34.38 (28.40-40.35) .04
Proposed lumbar mean 41.44 (38.35-44.53) -
Film 2 (severe scoliosis)
Traditional thoracic mean  57.75 (50.59-64.91) .01
Proposed thoracic mean 67.81 (64.53-71.10) -
Traditional lumbar mean 69.50 (61.42-77.58) .07

Proposed lumbar mean 77.94 (72.49-83.39) -

On the first film (Table 1), raters using method B agreed
to within 1 vertebral level (T4 to TS with 81.3% agreement
on T5) on the most tilted thoracic superior vertebra and to
within 3 levels (T10 to L1 with 50.0% agreement on T10)
on the most tilted thoracic inferior vertebra. Regarding the
lumbar curve, raters agreed to within 4 levels (T10 to L2
with 43.8% agreement on T11) on the superior vertebra and
2 levels (L3 to LS with 50.0% agreement on L4) on the
inferior vertebra. Although the percent of raters agreeing on
most tilted vertebra for the moderate scoliosis film
increased from method A to method B, percent agreement
did not significantly differ for either method, with the
exception of the difference between the rating of thoracic
superior vertebrae for the methods A and B (31.3 % vs
81.3%, respectively; P < .05).

On the second film (Table 2), raters using method A
agreed to within 3 vertebral levels (T2 to TS5 with 37.5%
agreement on T3 and T5) on the most tilted thoracic
superior vertebra and to within 4 levels (T7 to T12 with
43.8% agreement on T12) on the most tilted thoracic
inferior vertebra. Regarding the lumbar curve, raters agreed
to within 5 levels (T8 to L1 with 37.5% agreement on T12)
on the superior vertebra and 2 levels (L3 to L5 with 87.5%
agreement on L4) on the inferior vertebra.

On the second film (Table 2), raters using method B
agreed to within 2 vertebral levels (T3 to TS with 68.8%
agreement on T4) on the most tilted thoracic superior
vertebra and to within 2 levels (T10 to T12 with 68.8%
agreement on T10) on the most tilted thoracic inferior
vertebra. Regarding the lumbar curve, raters agreed to
within 2 levels (T11 to L1 with 56.3% agreement on T11)
on the superior vertebra and 2 levels (L3 to L5 with 81.3%
agreement on L4) on the inferior vertebra. Again, although
the percent agreement of most tilted vertebra increased
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between methods (except for the inferior lumbar vertebra),
there was no difference in percent agreement on most tilted
vertebra using either method for the severe scoliosis film.

To test the hypothesis that there would be a significant
difference in variance between the 2 methods, we ran a 2
-tailed F test for equality of variances (Table 3). The
variance of measurements decreased when using method B
from thoracic to lumbar measurements and for the moderate
and severe scoliosis films. All decreases were statistically
significant, except for the lumbar measurement variance for
the severe scoliosis film (film 2). Similar results were
evident for changes in mean angle between the 2 methods
(Table 4). That is, mean angles were different for each
pair of measurements apart from the lumbar measurement
mean angle for the severe scoliosis film (film 2).

After completing all measurements, each participant was
asked, “If both methods yield the same results, which do you
find easier to learn, understand, and apply?” Of the 32
participants, seven (21.9%) chose method A, whereas 25
(78.1%) chose method B (X2 =20.25; P<.001), a statistically
significant difference, suggesting greater satisfaction with the
proposed novel method.

DIscuUsSION

The findings of this study demonstrate statistical differ-
ences in means and variances between method A (traditional)
and method B (proposed). Percent agreement for the most
tilted vertebrae increased for every category, except one, from
the traditional method to the proposed method. In other words,
the data seem to suggest improved percent agreement on
which vertebrae represent the superior and inferior delinea-
tions of the spinal deformity and less variance in the reported
Cobb angle. Thus, the method proposed in this study appears
to offer potential improvements for interexaminer reliability in
the determination of the Cobb angle.

A majority of participants (78.1%) found the proposed
method easier to learn, understand, and apply. Although
additional study might be needed, the authors contend that this
aspect of the method could prove extremely valuable. First, a
method that could be grasped more readily by physicians-in-
training might streamline the teaching process and lessen the
learning curve. Second, in determining appropriate care for a
patient, a physician would typically have the radiographs read
by a radiologist or ideally, in the case of juvenile scoliosis, a
pediatric radiologist. Yet, a subspecialist might not always be
readily available, particularly to physicians in rural and
underserved settings. A method that is easier to learn,
understand, and apply could offer promise for general
practitioners, pediatricians, and other health care personnel
who wish to assess patients and monitor them with greater
confidence, especially in uncomplicated cases.

Although we cannot generalize these results outside this
class of students, this study suggests that the method is feasible
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and that additional study may be warranted with physicians-
in-training, residents, practicing physicians, and allied health
care professionals who care for patients with scoliosis.

Limitations

This study does not reflect realistic conditions of
radiograph interpretation because paper-to-paper comparison
was used. In future studies, experienced practitioners with
digital conditions would better reflect a clinical environment.
Our sample was nonrandom, but because it included
everyone in the class, it was clearly representative of that
class. In this case, our parametric, inferential tests and results
can be applied to this setting. We are careful not to draw any
conclusions that state that our results can be generalized to all
learners in all settings. Generalization to samples and
populations outside this classroom would take other studies
with larger random samples.

Future Studies

Future studies with more experienced participants or
other possible variations should be considered. Given the
numerous digital level apps that exist, we are operating
under the assumption that adding an application tailored to
radiographic use would not pose any technical challenges.
If such a digital level could be integrated, this novel method
of Cobb angle evaluation appears to offer a viable
alternative to the current method. Although additional
study will be needed, such a preliminary conclusion might
be justified because the data suggest improved interexami-
ner reliability and relative ease of learning and application.

CONCLUSION

In this group of naive students, there was improved
interrater reliability and greater satisfaction with a method
using a digital level to measure the Cobb angle. The results
also suggest that variance between measurements methods
is also reduced in some cases.
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