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Inter-rater and Intrarater Reliabilities of the Identification
of a “Gothic Arch” in the Acetabulum of Children
With Cerebral Palsy
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Background: Progressive hip displacement in children with cer-
ebral palsy (CP) is monitored by measuring migration percentage
(MP) on anteroposterior (AP) pelvis radiographs. Accurate
measurement of MP requires the lateral margin of the ossified
acetabulum to be identified for the placement of Perkin’s line. It
has been suggested that when there is an erosion of the ace-
tabular rim, described as a gothic arch, the midpoint of the arch
be used for the placement of Perkin’s line. However, this requires
that there be agreement on what constitutes a gothic arch. The
purpose of this study was to evaluate the inter-rater and intra-
rater reliabilities of identifying a gothic arch on pelvis radio-
graphs.

Methods: An online survey with 100 AP pelvis images (200 hips)
of children with CP was sent to international experts. Partici-
pants were asked to identify which hip(s) had a gothic arch (left,
right, both, and neither). The Fleiss k statistic for inter-rater
reliability was calculated. Eight weeks later, the images were
shuffled and redistributed to calculate intrarater reliability.
Results: The initial survey was completed by 10 participants with 9
participants completing the second survey. The average inter-rater k
value was 0.18 [95% confidence interval (CI), 0.14-0.23] and 0.19
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(95% CI, 0.14-0.24) for the 2 surveys, respectively. Among the
pediatric orthopaedic surgeons subgroup, the x values were 0.06
(95% CI, 0.02-0.1) and 0.08 (95% CI, 0.03-0.13). The average
intrarater reliability x value was 0.61 (95% CI, 0.2-1), ranging from
0.32 to 0.86.

Conclusions: There were poor inter-rater and moderate intrarater
reliabilities in identifying a gothic arch on AP pelvis radiographs
in children with CP. Further characterization and clarification of
what constitutes a gothic arch are required. The lack of agree-
ment on the identification of a gothic arch may negatively impact
the measurement of MP and referrals to a pediatric orthopaedic
surgeon.

Key Words: cerebral palsy, hip migration, inter-rater reliability,
intrarater reliability, Reimer’s migration percentage
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O ne in 3 children with cerebral palsy (CP) will have hip
displacement.! 3 Left untreated, the hip can dislocate
causing pain and decreased quality of life.*® Evidence
supports the use of systematic hip surveillance to identify
children with hip displacement and allow for timely or-
thopaedic management.”® Guidelines for hip surveillance,
which provide recommendations for frequency of sur-
veillance and define the criteria for referral to a ]pediatric
orthopaedic surgeon, are readily available.”?"!! As hip
displacement cannot be detected on clinical examination
of the hip, supine anteroposterior (AP) pelvis radiographs,
using standardized positioning, are recommended.

Migration percentage (MP) is accepted as the most valid
and reliable method of measuring hip displacement from an
AP pelvis radiograph.!> MP is defined as the percentage of the
ossified femoral head lateral to Perkin’s line (Fig. 1).!> Perkin’s
line is drawn at the lateral margin of the ossified acetabulum,
perpendicular to Hilgenreiner’s line, a horizontal line drawn
between the right and left triradiate cartilages. A referral to a
pediatric orthopaedic surgeon is frequently recommended once
the MP is >30%, whereas surgical interventions are often
recommended once the MP is >40%.> 111415 Accurate and
reliable measurement of MP is therefore important for
informed decision making,
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FIGURE 1. Measurement of Reimer’s migration percentage
(MP). MP=A/B x 100%.

Identification of the lateral margin of the acetabular
rim is critical for the placement of Perkin’s line and, thus,
for accurate calculation of MP. In a typically developing
hip, the radiologic roof of the acetabulum, the sourcil,
extends horizontally to a clearly defined, everted lateral
margin.'® The term gothic arch has been used to describe
the erosion of the superior articular margin of the ace-
tabular rim.!7 Tt is suggested that eccentric pressure from a
displaced femoral head results in inhibition of ossification
of the superolateral aspect of the cartilaginous acetabulum
that produces a shape similar to a gothic arch.!”!8 The
true acetabular rim is described as being just below the tip
of the arch.!” The gothic arch phenomenon is otherwise
poorly characterized in the literature.

When measuring MP in the presence of a gothic
arch, it has been recommended that Perkin’s line be placed
at the midpoint of the arch as this may be a more valid
representation of the coverage of the femoral head.>!1:18
However, this requires that there be consensus on what
constitutes a gothic arch. To the best of our knowledge, no
studies have evaluated the inter- or intrarater reliability of
identifying the presence of a gothic arch. The objective of
this study was to evaluate the inter-rater and intrarater
reliabilities of identifying a gothic arch on AP pelvis ra-
diographs of children with CP.

METHODS

A retrospective chart review was conducted on
patients aged 0 to 19 years with a diagnosis of CP at a
Canadian and an American pediatric tertiary care center
between January 2007 and December 2017. Children were
identified through a database of children with CP treated
in orthopaedic clinics at these centers. Authors from both
centers selected AP pelvis radiographs they felt may have
a gothic arch and images with normal acetabular devel-
opment to act as controls. One author made the final se-
lection of images from those identified at the 2 centers and
did not complete the survey. Additional data collected
included patient diagnosis, Gross Motor Function Clas-
sification System (GMFCS) level, age at radiograph, sex,

Copyright © 2020 The Author(s). Published by Wolters Kluwer Health, Inc.

and the date of imaging. In total, 120 deidentified AP
pelvis radiographs of children with CP were obtained. An
online survey with 100 of these images (200 hips), from
children across GMFCS levels II to V (II: 1; III: 9; IV: 34;
V: 56), between the ages of 2.1 and 14.6 years (mean, 7.6
y) was developed. Of these, 65 images were identified as
possibly having >1 hips with a gothic arch by the study
authors. The study was reviewed and approved by the
Research Ethics Board at the University of British Co-
lumbia (H17-02976).

An invitation to complete an online survey was sent
to 19 participants, including members of the American
Academy of Cerebral Palsy and Developmental Medicine
(AACPDM) Hip Surveillance Care Pathway Committee
and other experts known to the authors. Participants were
asked to identify their clinical role and answer questions
related to their practice and experience. They were then
asked to identify which hip(s) had a gothic arch: left, right,
both, or neither (survey 1). Issues with image resolution
and size were reported for 5 radiographs. These radio-
graphs were removed from the data analysis and the
subsequent intrarater reliability survey. To assess intra-
rater reliability, the order of the remaining 95 images was
shuffled and the survey was redistributed 8 weeks later to
the same respondents (survey 2). An additional 2 images
were removed from this survey on the basis of participant
feedback. At the conclusion of the follow-up survey,
participants were asked to describe what radiographic
features constitute a gothic arch.

Results were analyzed to determine consistency be-
tween raters when assessing images for the presence of a
gothic arch. For both surveys, the overall agreement for
each image (both left and right hips) and the Fleiss'® «
statistic for inter-rater reliability were calculated. The k
values were interpreted using the Landis and Koch?
guidelines outlined as follows: values <0.00 indicate poor
agreement, 0.00 to 0.20 indicate slight agreement, 0.21 to
0.40 indicate fair agreement, 0.41 to 0.60 indicate mod-
erate agreement, 0.61 to 0.80 indicate substantial agree-
ment, and 0.81 to 1.00 indicate almost perfect agreement.
Given the difficulty in providing parametric standard er-
rors for the Fleiss k statistics, confidence intervals (CIs)
were on the basis of 1000 bootstrap resamples. All anal-
yses were repeated restricting the images rated to the first
30 to assess whether potential burnout affected the overall
estimates. Intrarater reliability was assessed through Co-
hen « for each rater and 95% CIs were calculated.?! All
analyses were done using R version 3.5.3.%

RESULTS

Participant Demographics

Ten participants completed the initial survey: 6 pe-
diatric orthopaedic surgeons, 1 pediatric radiologist, and 3
physical therapists. The participants had between 8§ and
35 years (median, 18.5y) of experience reviewing radio-
graphs of children with CP. Participants reported seeing
an average of 328 patients annually, ranging from 100 to
800 children per year. When assessing the self-reported
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TABLE 1. Inter-rater Reliability Results for Survey 1 and Survey 2 for all Images

Survey 1 (10 Participants)

Survey 2 (9 Participants)

Fleiss x 95% Bootstrap CI Fleiss k 95% Bootstrap CI
All participants, all images 0.18 0.14-0.23 0.19 0.14-0.24
All participants, first 30 images 0.16 0.09-0.23 0.11 0.04-0.17
Orthopaedic surgeons only, all images 0.06 0.02-0.1 0.08 0.03-0.13
Orthopaedic surgeons only, first 30 images 0.04 —0.02 to 0.10 —-0.01 —0.08 to 0.06

CI indicates confidence interval.

level of comfort assessing radiographs in children with CP,
9 participants reported “very comfortable” and 1 partic-
ipant (physical therapist) reported being “comfortable.”
Responses from 1 additional orthopaedic surgeon were
eliminated after the participant reported to the authors
that the survey was completed in reference to a gothic arch
as described by Bombelli.>} One physical therapist did not
complete the follow-up survey (survey 2).

Interobserver Level of Agreement

The average inter-rater x value was 0.18 (95% CI,
0.14-0.23) across all participants for the initial survey
and 0.19 (95% CI, 0.14-0.24) for the follow-up survey,
indicating slight agreement (Table 1). Among only the
pediatric orthopaedic surgeons, the k values were 0.06
(95% CI, 0.02-0.1) and 0.08 (95% CI, 0.03-0.13),
respectively, also indicating slight agreement. To assess a
potential burnout effect, k values were calculated for the
first 30 images in each survey. Agreement remained only
slight with k values of 0.16 (95% CI, 0.09-0.23) and 0.11
(95% CI, 0.04-0.17). In reviewing individual images, there
was > 80% agreement on both surveys 1 and 2 that a
gothic arch was present in 3 hips. These 3 hips were from
children at GMFCS level IV at a mean age of 6.64 years
(SD, 4.38). There was > 80% agreement on both surveys 1
and 2 that a gothic arch was absent in 33 hips. These
radiographs were from children at GMFCS levels 11T (3),
IV (10), and V (20) at a mean age of 6.99 years (SD, 3.91).

Intraobserver Level of Agreement

The average intrarater reliability k value was 0.61
(95% CI, 0.2-1) indicating moderate agreement, ranging
from 0.32 (fair) to 0.86 (almost perfect; Table 2). Three

TABLE 2. Intrarater Reliability for Each Rater (and Overall)
Between Survey 1 and Survey 2

Rater K 95% CI
1 0.56 0.44-0.68
2 0.5 0.35-0.65
3 0.52 0.37-0.66
4 0.83 0.75-0.91
5 0.32 0.16-0.47
6 0.55 0.43-0.67
7 0.42 0.32-0.52
8 0.82 0.74-0.91
9 0.86 0.78-0.94
Overall 0.61 0.2-1

participants (2 surgeons and a physical therapist) had x
values over 0.81, or almost perfect agreement. Inter-
reliability analysis of these 3 raters showed substantial
agreement (Table 3).

DISCUSSION

Inter-rater reliability of the identification of a gothic
arch in hip radiographs of children with CP was found to
be poor even among international experts. Overall, in-
trarater reliability was moderate. These findings suggest
that further characterization and clarification on what
constitutes a gothic arch is required.

Before the survey distribution, no instructions were
provided regarding what constitutes a gothic arch. In
previous studies of MP reliability that reported using the
midpoint of the gothic arch, it was noted that the raters
developed consensus on what constitutes a gothic arch
before measuring.!3* However, there are no established
guidelines available in the literature that distinguish when
acetabular changes are clearly a gothic arch, thus no
guidelines were provided to participants. Establishing
consensus regarding the definition of what constitutes a
gothic arch may improve our findings.

Inter-rater agreement was > 80% that a gothic arch was
present for 8 hips in survey 1 and 8 hips in survey 2. When
results were combined, there were 3 hips in both surveys where
the agreement was > 80% for the presence of a gothic arch.
These radiographs (Fig. 2) were in children between the ages of
3.1 and 11.6 years, indicating that a gothic arch may be present
from a young age. Not surprising, there was greater agreement
among participants on the absence of a gothic arch.

Although overall intrarater reliability was moderate, 3
participants (2 orthopaedic surgeons and 1 physical therapist)
had excellent intrarater reliability. Their inter-rater reliability
had a moderate to substantial agreement, well above that of the
entire group. Further review of their results may offer some
insight into common characteristics of a gothic arch. When
asked what radiographic features constitute a gothic arch, these
3 respondents described “a double line” or “an indent” on the

TABLE 3. Subgroup Inter-rater Reliability Analysis of 3 Raters
With Almost Perfect Intrarater Agreement

Fleiss x 95% Bootstrap CI
Survey 1 0.64 0.55-0.73
Survey 2 0.60 0.5-0.67

CI indicates confidence interval.

CI indicates confidence interval.
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FIGURE 2. Radiographs of 3 hips with >80% agreement by all participants that a gothic arch is present on both surveys.

lateral aspect of the acetabulum or an “accentuated and me-
dialized” acetabular roof.

The clinical implications of this study remain un-
clear. The impact of poor inter-rater reliability of identi-
fying a gothic arch on the measurement of MP was not
evaluated in this study and, therefore, our findings should not
be interpreted as a lack of reliability of measuring MP. Pre-
vious reports have described the inter-rater and intrarater re-
liabilities of measuring MP in children with CP as good to
excellent.!”> Most recently, Shore et al®® reported high reli-
ability in measuring MP among 15 international experts.
However, they noted that MP exceeded a SD of 10% in § of
50 hips and the only factor that was associated with this
variability was the presence of a gothic arch (6/8 hips). Par-
ticipants in this study were instructed to use the midpoint of
the gothic arch. These findings suggest that the identification
of a gothic arch and subsequent placement of Perkin’s line can
be challenging even for experts and can impact the meas-
urement of MP. Further study on the impact of poor inter-
reliability in identifying a gothic arch on the reliability of MP
is required. The AACPDM Hip Surveillance Care Pathway
recommends that a child be referred to a pediatric ortho-
paedic surgeon when a gothic arch is observed on imaging.!!
The authors of the pathway noted that the observation of a
gothic arch on a radiograph indicates significant acetabular
dysplasia is present, thus hip migration is likely significant.
The inability to accurately identify a gothic arch may impact
referrals. Overestimating what constitutes a gothic arch may
result in children being unnecessarily referred to a pediatric
orthopaedic surgeon. Screening programs aim to identify all
cases and false-positives can be expected. However, given the
degree of uncertainty found here, the presence of a gothic arch

Copyright © 2020 The Author(s). Published by Wolters Kluwer Health, Inc.

cannot be used to initiate referrals. Assuming the midpoint of
the gothic arch should be used to measure MP, failure to
identify a gothic arch may result in a low MP. If MP is under-
reported, then there may be a delay in referral to an ortho-
paedic surgeon. Our results suggest that individual clinicians
cannot be expected to accurately identify a gothic arch as part
of screening for hip surveillance and that perhaps the
AACPDM guidelines should be modified accordingly.

This study had limitations. After the original survey,
5 images had to be eliminated from analysis because of
difficulties viewing and an additional 2 images were
eliminated from the follow-up survey. There was no ability
to study participants to manipulate the image size or
contrast. This may have impacted the ability of raters to
make a clinical decision as these features are typically
available in clinical practice settings. It was also noted that
decisions about a gothic arch may not be made on the
basis of a single radiograph and that, if there was doubt,
repeat imaging may be completed. For this reason, 1
participant wished to state “unable to determine” when
evaluating the images. The importance of patient posi-
tioning should not be underestimated. In Figure 3, 2
images that are taken 6 months apart illustrate how the
position of the pelvis can result in the lateral edge of the
acetabulum being well defined or suggestive of a gothic
arch. Further characterization regarding how AP pelvic
tilt can affect the appearance of the gothic arch needs to be
explored. There may have been selection bias when
choosing the images. Although images were selected by
2 authors at different institutions, they may have been a
poor representation of what is felt to represent a gothic
arch by the study participants. Finally, by not asking
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FIGURE 3. Anteroposterior pelvis radiographs of the same child taken 6 months apart suggesting the presence of a gothic arch on

the left hip in image (A) that disappears in image (B).

participants to measure MP, the clinical significance of
poor inter-reliability of identifying a gothic arch remains
unclear.

Acetabular morphology varies widely in children
with CP. This study indicates that experts in the care of
hip displacement in children with CP do not agree on what
constitutes a gothic arch. Future work should include
consensus building on the defining criteria of a gothic arch
and determining whether the child’s age, GMFCS level,
acetabular index, or MP are factors that influence or
predict the presence of a gothic arch. The use of computed
tomography scans may be a helpful tool in future efforts
to describe a gothic arch and to validate the optimal
placement of Perkin’s line.
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