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Abstract

Objectives: A grading system deployed for continuous at-home monitoring of pin sites would potentially increase the
chances of early detection of pin-site infections and the commencement of early treatment. The first five grades of the
Modified Gordon Pin Site Classification Scheme (MGS) meet the criteria for a visual-only, digital assessment-based grading
system. The aim of this study was to assess the inter- and intra-rater reliability of the first five grades of the MGS from digital
images.

Methods: We graded 1082 pin sites from 572 digital photographs of patients who underwent external fixator treatment for
various conditions using the first five grades of the MGS classification scheme. Percent agreement and kappa values were
calculated to determine the inter- and intra-rater agreement. Results were also grouped into two categories: “good” con-
sisting of MGS grades 0-2 and “bad” made up of grades 3 and & for sensitivity analysis. We also analyzed reliability based on
color only using MGS grades 0 and 2.

Results: A total of 843 of the 1082 pin sites were scored by all raters. There was moderate reliability between raters with a
Fleiss kappa value of 0.48 [Cl 0.45, 0.51]. The reliability remained moderate based on grouping into “good’ versus “bad” and
based on color with Fleiss kappa values of 0.48 [Cl 0.45, 0.52] and 0.45 [Cl 0.42, 0.49], respectively. Intra-rater reliability
demonstrated substantial agreement with kappa values of 0.63.

Conclusion: Scoring pin sites from digital images with the MGS demonstrated only moderate inter-rater reliability. Modifying
the use of digital photos is needed for at-home monitoring of pin sites.
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Introduction

Pin site infections (PSIs) following the application of exter-
nal fixators for fracture care or limb reconstruction proce-
dures continue to be an important source of morbidity.'?

While desirable, a universally accepted consensus in the
classification or grading of PSIs remains elusive, probably
because there is also no consensus on the definition of a
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PSL** This also explains the wide incidence of PSI
reported in the literature.” This lack of agreement relates
to the varied criteria used to diagnose PSIs, including clin-
ical, radiological, and microbiological parameters.

Many authors have emphasized the need for a universal
classification system for PSI to standardize reporting and
for research purposes. This has driven research to refine
the classification and grading of PSI. Several classification
systems have been reported in the literature.®"'> These clas-
sification schemes grade PSIs, for the most part, in order of
increasing severity, using a combination of clinical symp-
toms and signs, radiological images, and microbiological
assessments, including response to treatment. Besides
being diagnostic, some of them also inform the choice of
treatment.” The subjective nature of symptoms such as
pain, swelling, and erythema, as well as the need for radio-
graphic assessment, adds another layer of complexity to the
application of many of these classification systems.

A classification scheme that relies solely on the visual
appearance of the pin site would be an ideal resource for
rapid screening to detect signs of infection. With the wide
availability of smartphones that have a digital camera and
the increasing use of telemedicine as a tool for patient
review, the development of a classification system that is
quick and easy to use without the need for radiological or
microbiological assessment will be a welcome adaptation
of the use of this technology. One of the advantages of
this will be the potential for continuous, home-based self-
monitoring and early diagnosis of PSI, as well as the
prompt institution of treatment, which reduces the risk of
more severe complications such as osteomyelitis."* Tt will
also reduce the need for unnecessary in-person clinic
visits for pin site assessment.

The Gordon score is a six-grade classification system for
PSI that relies on the presence of pain, findings on plain
radiographs, and the appearance of erythema, serous or
purulent discharge.'® Rahbek et al.'> modified this classifi-
cation system by eliminating the subjective symptom of
pain and including a separate grade for the presence of
serous drainage only. We aim to develop an image-only rec-
ognition algorithm that does not rely on subjective reporting
of pain, plain radiographs, or microbiology results to facili-
tate home surveillance and early detection of PSI. We have
thus further modified the classification system of Rahbek
et al.' to rely only on the first five grades of the scoring
system (the visible clinical signs). Since the appearance of
radiolysis, sequestrum, and osteomyelitis are late events
in the progression of PSI, eliminating these findings from
the classification system will not invalidate our plan for a
clinical image-only algorithm for the early detection of
PSI. The rating of these visible clinical signs is based on
subjective judgment and the reliability of judging digital
images is unknown. Therefore, this study’s goal was to
evaluate the intra- and inter-rater reliability of the first
five grades (the visible clinical signs) of the modified

Gordon pin site classification system or “modified
Gordon score (MGS)” in the grading of PSIs using a
dataset of high-quality digital images of pin sites.

Methods

This was a retrospective multicenter study approved by the
institutional review board (IRB) of Nationwide Children’s
Hospital, Columbus, Ohio. A waiver of consent for this
study was sought and obtained from our IRB. We selected
1500 de-identified digital images of pin sites consecutively
obtained using a fifth-generation Apple iPad (Version
16.7.5) with an 8-megapixel camera dedicated for this
purpose as part of the routine standard of care from patients
who had undergone application of an external fixator for
various reasons between the 1% of January and the 31%
of December 2021 for inclusion in this study.

The images were evaluated by a single author and divided
into two groups based on quality: high and low. Only images
of pin sites assessed as “high quality,” showing clearly
visible skin around the pin or wire, with the view not
obstructed by the fixator, of acceptable quality, and not
blurred, were included in this study. Five hundred and
seventy-two (572) images were deemed high quality. We
sequentially numbered the images for easy identification.
Each pin site was annotated and numbered systematically
(Figure 1). The identification number for each pin site
included the image number, the number of pin sites in the
image, and the specific pin site number. Thus, for example,
a pin site would be identified as “IMG_0090_3_2" where
“IMG_0090” was the image number, “3” was the total
number of pin sites located in the image, and “2” referred
to the pin site labeled as “2” in image number
“IMG_0090.” A total of 1082 pin sites from 572 images
which included different types of skin color across the spec-
trum of skin colors were finally available for this study.

The MGS classification system (Table 1) was used to
grade pin sites.'® Because this study did not rely on findings
on plain radiography for grading, we scored the pin sites
from O to 4 as per the first five grades of the modified
Gordon pin infection classification (the visual grades).

Two orthopedic surgeons (MF and AB) and an experi-
enced orthopedic nurse (TJ) with a mean of 12.3 years of
clinical experience and blinded to each other’s evaluation
graded all 1082 pin sites using the MGS. The raters had a
pre-assessment meeting to review and agree on modalities
for grading to create some standardization of the assessment
method. Each rater received a Microsoft Excel spreadsheet
containing details of all images and annotated pin sites to
record their classification of the pin sites and access to a
Dropbox folder containing all the selected images. For
pin sites that could not be graded for some reason, raters
were instructed to enter “not applicable” (NA) into the
spreadsheet. All other pin sites received a MGS based on
the classification system.
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Figure 1. Sample image showing annotated pin sites.

Table 1. The modified Gordon pin site infection classification.”

0 Clean

1 Serous drainage, no erythema

2 Erythema, no drainage

3 Erythema and serous drainage

4 Erythema and purulent drainage

5 Erythema, purulent drainage, radiographic osteolysis
6 Ring sequestrum or osteomyelitis

For sensitivity analysis, we divided the visual MGS into
two groups. The first three grades (0, 1, and 2) were classi-
fied as “good,” and the last two grades (3 and 4) were clas-
sified as “bad.” For a “color analysis,” we also determined

the inter-rater reliability of all pin sites graded as either O or
2, with O representing normal-looking skin around the pin
site and 2 representing erythematous skin.

Four months later, a statistician, independent of the
raters, randomly selected 100 pin-site images from the
pool of 1082 pin sites. The two orthopedic surgeons inde-
pendently assessed these images using the modified
Gordon pin infection classification to evaluate intra-rater
reliability.

Statistical analysis

Data were analyzed using R statistical software version
4.2.2. Percent agreement as well as kappa values were
used to estimate intra- and inter-rater reliability.
Confidence intervals for the agreement were calculated
using the Clopper—Pearson method for binomial propor-
tions. Fleiss kappa was chosen to calculate inter-rater reli-
ability between the three raters because the Fleiss kappa
statistic considers the possibility of chance in the reliability
of this classification system. Cohen’s kappa values with
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95% confidence intervals for categorical data were calcu-
lated to estimate the pairwise intra-rater reliability. The
prevalence and bias-adjusted kappa (PABAK) values
were also calculated for sensitivity analysis of the data
set. PABAK values are useful in the reliability assessment
of skewed distribution of data where the prevalence rates
in one or more groups are high.'®'” The interpretation of
results was based on the recommendations of Landis and
Koch.'® Thus, for kappa values of <0, the interpretation
was that there was no agreement; for 0 to 0.20, slight agree-
ment; 0.21 to 0.40, fair agreement; 0.41 to 0.60, moderate
agreement; 0.61 to 0.80, substantial agreement, and 0.81
to 1.0 was considered perfect agreement.

Results

Of the 1082 pin sites, 843 were scored by all three raters,
and only these were included in the analysis for reliability.
A total of 239 pin sites were not assessed by all three raters
for reasons ranging from poor light reflection to uncertainty
about the nature of fluids noticed around the pin sites (see
Figure 2 for a flowchart).

There was moderate inter-rater reliability between the
three raters with a Fleiss kappa value of 0.48 [CI 0.45,
0.51]. The results were similar when we grouped pin sites
into “good” (MGS scores 0-2) and “bad” (MGS scores 3
and 4) categories with a Fleiss kappa value of 0.48 [CI
0.45, 0.52]. For color analysis, where only pins graded as
0 or 2 were isolated and rated, we found slightly lower
but still, moderate inter-rater reliability with a Fleiss
kappa value of 0.45 [CI 0.42, 0.49]. Pairwise inter-rater reli-
abilities are reported in Table 2. Compared to these find-
ings, sensitivity analyses for the “good” versus “bad” and
the “O versus 2” color analysis groups, respectively,
showed PABAK values ranging from 0.80 to 0.92 and
from 0.41 to 0.57, respectively. For the MGS scores, the
PABAK values ranged from 0.38 to 0.56. The percentage
agreement was 63.1% among all three raters and rose to
88.7% when pin sites were grouped as “good” versus
“bad.” Results are shown in Table 2.

On the assessment of the individual classifications, the
inter-rater reliability was best for pin sites classified as
MGS 0, showing moderate reliability with a Fleiss kappa
of 0.57. When pin sites were grouped as either “good”

De-identified digital clinical

available for classification
(n =572)

Pin-sites scored by all 3 raters
(n =843)

images of pin-sites (n = 1500) — > quality (n = 928)
Images adjudged to be high e -
quality containing 1082 pin-sites p——» Pin-sites not assessed (n = 239)

Images adjudged to be low

Reasons:
1. Poor light reflection
2. Uncertainty about the
nature of fluids noticed
around the pin-site

Figure 2. Schematic diagram showing selection criteria for images graded using the modified Gordon pin-site classification scheme.
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Table 2. Inter-rater reliability of pin-site infection assessment using the modified Gordon pin-site classification system (MGS).

All raters 0.8 [0.45, 0.51] 63.1% 0.48 [0.45, 0.52] 88.7% 0.45 [0.42, 0.49] 64%

1 versus 2 0.52 [0.46, 0.57] 77.1% 0.39 [0.29, 0.49] 89.8% 0.49 [0.43, 0.55] 77.8%
3 versus 2 0.40 [0.35, 0.45] 68.9% 0.54 [0.44, 0.63] 91.6% 0.36 [0.30, 0.42] 70.4%
3 versus 1 0.53 [0.48, 0.59] 78.2% 0.58 [0.45, 0.71] 96.1% 0.50 [0.4, 0.56] 78.3%

MGS: modified Gordon score.

MGS 0, 1, or 2) or “bad” (MGS 3 or 4), the inter-rater reli-
ability was moderate, with a Fleiss kappa of 0.48 for both
groups. The individual reliability assessment when pin
sites were grouped based on color alone (MGS 0 or 2)
was moderate for both groups, with a Fleiss kappa of
0.56 and 0.44 for MGS 0 and 2, respectively.

Intra-rater reliability testing on 100 randomly and inde-
pendently selected pin site images demonstrated substantial
intra-rater agreement, with both raters demonstrating kappa
values of 0.63 [CI 0.47, 0.80] for rater 1 and 0.63 [CI 0.48,
0.79] for rater 2.

Discussion

The intermittent nature of in-person assessments following
the application of external fixators creates delays in the diag-
nosis and treatment of pin-site infections which can poten-
tially have serious consequences. The prospect of
continuous at-home monitoring, especially with the increas-
ing use of virtual consultations and telemedicine, creates a
promising opportunity for the early detection of PSIs. This
is even more relevant with the growing trend toward the
use of machine learning and artificial intelligence (AI) algo-
rithms in modern-day medicine to aid the diagnosis of
disease conditions and the early detection of complications.
Continuous at-home monitoring is best achieved using a
screening tool that offers rapid assessment of the visual
appearance of the pin site since some of the early clinical
signs of infection, such as erythema, are diagnosed visually.
Utilizing the first five grades of the MGS meets the criteria
for a visual-only scheme to screen pin sites for infection.
Indeed, the original classification by Gordon et al.'® did
not report findings of osteolysis (grade 4) or osteomyelitis
(grade 5) in 4473 pin site evaluations in their series,
further justifying our choice of excluding these variables
in our modified classification scheme. The MGS has not
been previously validated by reliability studies, which
makes the findings of our study important. We assessed
the reliability of the visual-only clinical component of the

modified Gordon pin-site classification system, including
several modifications to simplify the classification system
further. Our results demonstrated moderate inter-rater and
substantial intra-rater reliability of the classification system.
Several pin site grading systems have been tested for
inter- and intra-rater reliability with varying results.
The Checkett’s grading system demonstrated good
intra-rater and poor to moderate inter-rater reliability in
the grading of pin sites.'” In that study, participants high-
lighted the difficulty in assessing a pin site based solely
on a photograph. They highlighted the importance of clin-
ically elicited symptoms and signs to improve diagnostic
accuracy and confidence in grading. In contrast, Clint
et al.'’ reported excellent inter- and intra-rater agreement
between two raters when using a clinical grading system
that included pain as a variable in a relatively small
cohort of 15 patients, with a total of 218 pin sites. These
contrasting findings highlight the differences in assessing
pin sites in person versus assessment from photographs.
Fridberg et al.> reported a 98% observed agreement
using the MGS in a clinical setting, compared to our
finding of 63.1% agreement when the assessment was
carried out on digital photographs. Even with the exclusion
of pain as a variable in the classification system, the MGS
performed better when applied clinically compared to an
assessment from digital photographs. The likely reason is
the possibility of a three-dimensional visualization of a
pin site during an in-person visit. This provides a better
chance of assessing the pin site compared to the two-
dimensional nature of digital photographs. The pin site
can be viewed from multiple angles, and the effect of
ambient lighting is also considered; thus, any doubts
regarding image visualization or perception are easily dis-
pelled. The fact that 239 pin sites in this study were not
assessed by all three raters further supports this notion.
The inter-rater agreement is also affected by the subject-
ive perception of the signs of inflammation around a pin site
and the determination of the cause (response to the pin or
infection). Iliadis et al.® highlighted this subjectivity in a
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systematic review of current classification schemes for
PSIs. Pin site pain was not an included variable in our clas-
sification scheme as we sought to assess a scale that relied
solely on the visual appearance of the pin site. Pain is,
however, one of the cardinal symptoms of inflammation,
and its inclusion may improve the diagnostic accuracy of
any reliable classification scheme. It is also possible that
the absence of pain as a variable in the MGS score contrib-
uted to the finding of only substantial intra-rater and mod-
erate inter-rater reliability.

Out of 1500 digital images initially selected in the
current study, only 572 images were found to have suffi-
cient quality for pin-site classification. On these 572
images, a total of 1082 pin sites were available for classifi-
cation, but 239 pin sites were not assessed by all raters due
to reasons ranging from poor light reflection to uncertainty
about the nature of fluids (serous or purulent) noticed
around the pin sites. This highlights one of the limitations
of this study inherent in its retrospective design. Even in
the remaining optimized pin-site images, which were clas-
sified by the raters, only moderate inter-rater and intra-rater
agreements were found, highlighting the limitation of a
visual-only system based on digital images for assessing
PSIs. One option to address this problem might be to
incorporate the use of multiple images of the same pin
site taken in at least two different planes as is done with
plain X-rays. This provides multiple views of the same
pin site, which in turn offers enhanced visual feedback
and thus addresses situations where doubt exists. In add-
ition, the lack of verbal patient feedback relating to vari-
ables such as pain diminishes the possibility of
diagnosing pin-site infections. However, since one of our
long-term goals is to develop a screening tool to determine
which patients and pin sites require further evaluation,
including pain either as an independent variable or as in
the original classification by Gordon et al,'” might
improve the reliability and utility of this classification
system as a screening tool for PSI. The subjectivity of
pain is one of the limitations of its reliability, but this
may be mitigated by qualifying characteristics such as the
recent onset of pain or the presence of increasing intensity
of pain at a localized site. There have also been promising
results with thermography as an adjunct to assessing
PSL'>2! Including thermography might further increase
the diagnostic accuracy and reliability of pin site classifica-
tion schemes.

Another limitation of this study is that most pin sites
assessed were either MGS grade O or 2. The kappa statistic
is based on marginal distributions of categorical or ordinal
data, which account for the measure of chance agreement
between raters. The skewed nature of the dataset creates
an imbalance, which unveils one of the weaknesses of the
kappa statistic.'” This accounts for the wide variation
between the kappa value and the percentage agreement
when comparing the same level of reliability testing. It

can also cause unexpectedly low kappa values. This weak-
ness was most pronounced for the grouped MGS score.
The PABAK values which are designed to address this limi-
tation did not vary much from the kappa values for the MGS
score in this study, however, we did notice a remarkable
change in the PABAK values when scores were grouped
into “good” versus “bad.” This is important to the extent
that the PABAK values indicate the effect of prevalence
and bias on the true kappa values and should thus be
considered when interpreting the results of reliability
testing.'® A further limitation is the difficulty in differenti-
ating the initial signs of a PSI from physiologic reactions
to a pin or wire, which may arise from a foreign body
skin reaction represented by local irritation and normal
physiologic scarring. This problem is also related to the
lack of a consensus on defining a PSI. This creates problems
in deciding on the most appropriate form of treatment
required. More importantly, it may also lead to the inappro-
priate use of antibiotics in these patients. While it might
remain inevitable that early PSI may be indistinguishable
from local physiological irritation, continuous monitoring
provides the opportunity for early detection and the
institution of prompt and appropriate treatment.

Conclusion

Our study revealed an inter-rater reliability of 0.48 (Fleiss
kappa) and an intra-rater reliability of 0.63 using the
MGS to grade pin sites. Grouping pin sites into simplified
grades or based on the presence or absence of erythema
did not change the reliability of the classification scheme
much. These findings represent suboptimal results of reli-
ability testing of a grading system intended to be the
basis for an Al algorithm. Digital images alone are thus
not enough to diagnose and grade PSI.
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