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Ab s t r ac t
�The Checketts’ grading system (CGS) is the only classification that provides both a description of how to visually grade the infection and the 
appropriate course of treatment. There are no studies on the reliability of this system nor on whether skin colour can influence applicability. This 
study aims to determine the inter-rater and intra-rater reliability of the CGS to assess whether this scale could be used as a universal grading 
system across all skin colours. 
�A survey consisting of 134 anonymised photographs of pin-site infections was sent out to orthopaedic surgeons specialising in limb lengthening 
and reconstruction and to patients or carers of individuals who had external fixators. For each photograph, the participants were asked to grade 
the infection using the CGS, rate their confidence in their chosen grade on a Likert scale and assign a treatment option. The participants were 
supplied with the CGS at the beginning of the survey, after the 45th and 90th photographs. 
�The inter-rater reliability of the CGS between the surgeons, expressed as an intraclass correlation coefficient (ICC), was poor-to-moderate at both 
time points (ICC = 0.56 for baseline survey and ICC = 0.48 for follow-up). This was similar for the patient or caretaker group. There was a lower 
inter-rater reliability for grading of dark skin as opposed to light skin by surgeons but not for patients or caretakers. The inter-rater reliability 
of treatment decisions between the surgeons was poor at both time points (kappa = 0.30 and 0.22) with similar inter-rater reliability for dark 
(kappa = 0.26 and 0.23) compared with light skin (kappa = 0.29 and 2.6). This was similar for the patient or caretaker group. The surgeons’ 
confidence (Table 4) in grading was low (median = 1). The patient or caretaker group’s confidence in their grading was modest (median = 2).
�The reliability of the CGS as assessed here demonstrates poor-to-moderate inter-rater reliability which makes interpretation of published pin 
site infection rates using this scale difficult. The design of new grading systems will need to consider skin colour to reduce inequities in medical 
decision-making.
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In t r o d u c t i o n
Pin site infections are the most common complication resulting from 
external fixation devices (EFDs). There is no accepted definition for 
a pin site infection nor an accepted grading criteria to diagnose the 
severity of an infection1 universally. Pin site infections can lead to 
severe consequences: there can be a failure of the bone-pin interface 
leading to pin loosening, non-union of fractures and chronic 
osteomyelitis, as well as rare reports of life- and limb-threatening 
conditions of toxic shock syndrome or necrotising fasciitis.2 The 
reported incidence of pin track infection associated with EFD usage 
ranges from 11 to 89%.3–6 This wide range suggests a disparity in the 
grading and reporting of these infections.7 Much research exists on 
treatment and prevention of pin site infections but a comparison 
is difficult without a common terminology. Future studies on pin 
site infections need prior establishment of a universally accepted 
definition for pin site infection and grading system for both severity 
and the counting of pin site infections. 

A grading of pin site infections is needed to evaluate the severity 
of infection and subsequent treatment. A review of literature found 
eight existing classifications for pin site infection. Four are based 
on the degree of infection.8–11 The Saleh and Scott classification12 
is based on the response to treatment. Simpler systems also exist, 
such as good, bad and ugly;13 calm, irritated and infected14 and a 
major or a minor system.15 

Checketts’ grading system (CGS; Table 1) is the only classification 
that provides both a description of how to visually grade the 
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infection and the appropriate course of treatment. Therefore, this 
system may have the greatest utility and potential for a universal 
grading of pin site infections. The ability to grade a pin site 
infection visually has important implications in an era adjacent to 
the recent COVID-19 pandemic which has brought about keeping 
non-emergency hospital visits to a minimum. The need for remote 
reporting of pin site infections has increased. In CGS, Grades 0, 1 
and 2 can be determined based on visual assessment. Higher grades 
require knowledge of previous treatment, clinical assessment of pins 
and radiographic findings. 

There are no studies that have evaluated the reliability of the 
CGS. Dermatological conditions often have a different presentation 
on dark skin tones, such as decreased redness or increased 
hyperpigmentation.16 As the CGS partly relies on redness of the pin 
site as a descriptive factor, the difference between the grades may 
be less observable in darker skin tones. The criteria for many skin 
conditions were created with a focus on light skin tones, individuals 
with darker skin are routinely under-diagnosed and experience 
higher rates of morbidity and mortality in many dermatologic 
conditions.17 The CGS does not provide any clarification on how to 
assess different skin colours, nor did the original study distinguish 
the findings of pin site infections based on skin colour, thereby 
providing no evidence that the visual grading system is applicable 
to all skin colours.

This study aims to determine the inter-rater and intra-rater 
reliability of the CGS to assess whether this scale could be used as 
a universal grading system across all skin colours. 

Mat e r ia  l s a n d Me t h o d s
A survey consisting of 134 anonymised photographs of pin site 
infections was sent out to orthopaedic surgeons specialising 
in limb lengthening and reconstruction as well as to a group of 
patients who have had EFDs in the past or are currently undergoing 
treatment with EFDs. For patients under the age of 14 years, only 
parents or caretakers were asked to grade the infections. Patients 
of ages 14–18 years with EFD experience were asked to complete 
their own surveys.

For each photograph, the participants were asked to grade 
the infection using the CGS (Table 1), rate their confidence in their 
chosen grade on a Likert scale (0—Not at all confident, 1—Slightly 
confident, 2—Somewhat confident, 3—Mostly confident, 4—Very 
confident), and assign a treatment option (0—no treatment, 
1—increased cleaning, 2—oral antibiotics, 3—intravenous [IV] 
antibiotics, 4—pin removal). The participants were supplied with 
the CGS at the beginning of the survey, after the 45th photograph 
and after the 90th photograph. 

For the two groups of raters (surgeons and caretakers or 
patients), reliability was calculated using the intraclass correlation 
coefficient (ICC) for CGS, Fleiss’ kappa coefficients for inter-reliability 
for treatment, and Cohen’s kappa coefficients for intra-reliability 
for treatment. A sub-group analysis was also performed for the 
reliability of using this grading system in pin site infections in dark 
skin compared with light skin. All statistics are provided with 95% 
confidence intervals and were calculated using R statistical software 
version 4.0.3.18,19

Skin colour was assessed using the Fitzpatrick Phototype Scale 
Type, which is a common numerical scale used to visually classify 
skin colours and has shown good reliability for digital images of 
skin.18 Types I–III were assigned to the ‘light skin’ category and types 
IV–VI were assigned to the ‘dark skin’ category for analysis. The 
survey consisted of 97 ‘light skin’ pin sites and 37 ‘dark skin’ pin sites. 
Photographs were chosen to ensure at least 25 photographs of each 
minor infection grade—Grades 0, 1 and 2 infections (as graded by 
the research team)—with at least 10 photographs of each infection 
grade in dark skin. Assuming a kappa statistic of good agreement 
(i.e., 0.63) with at least 6 raters, 22 photographs per grade were 
required to ensure the lower boundary of the confidence interval 
for the kappa statistic is at least 0.5. 

At the end of the survey, participants were asked to provide a 
short answer to the question ‘when assessing a pin site, what do 
you think are the most important aspects for deciding the infection 
grade and which treatment is needed?’ This was to help understand 
the thought-process for grading decisions in pin site infections. 
An open coding thematic analysis of the responses determined 
common themes within both groups. A qualitative frequency 
distribution was determined of the common themes to compare 
the responses from the two groups.

After a four-week period, the same survey was sent to the same 
participants again for grading. Reminders for survey completion 
were sent out every week. 

Re s u lts
The survey was sent to 14 surgeons, with a 65% response rate (n = 9), 
and 13 patients and caretakers, with a 62% response rate (n = 8). 

The inter-rater reliability of the CGS between the surgeons, 
expressed as an ICC, was poor-to-moderate at both time points (ICC =  
0.56 [0.50–0.62] for baseline survey and ICC = 0.48 [0.38–0.57] for 
follow-up) though slightly lower in the follow-up survey (Table 2). 
The sub-analysis for skin colour showed a reduction in inter-rater 
reliability at both time points between surgeons when grading dark 
skin (ICC = 0.46 [0.34-0.61], ICC = 0.4 [0.27-0.56]) compared with light 
skin (ICC = 0.56 [0.5–0.63], ICC = 0.48 [0.38-0.58]). The CGS showed 

Table 1: Checketts’ pin site infection grading system
Grade Characteristics Treatment
Minor infection
1 Slight redness, little drainage Improved pin site care
2 Redness of the skin, discharge, pain and tenderness of the soft tissue Improved pin site care, oral antibiotics
3 Grade 2 but no improvement with oral antibiotics Affected pins re-sited and external fixation can be continues
Major infection
4 Severe soft tissue infection involving several pins, sometimes  

associated with loosening of the pin 
External fixation must be abandoned

5 Grade 4 but with radiographic changes External fixation must be abandoned
6 Infection after fixator removal. Pin track heals initially but will  

subsequently breakdown and discharge in intervals 
Curettage of the pin track
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good intra-rater reliability (Table 3) for surgeons (ICC = 0.85), with 
a slight increase in reliability for dark skin (ICC = 0.91) compared 
with light skin (0.85). 

The patient or caretaker group showed poor-to-moderate inter-
rater reliability at both time points (ICC = 0.51 [0.43–0.58] for baseline 
survey and ICC = 0.41 [0.28–0.53] for follow-up) and, similar to the 
surgeon group, showed lower coefficients in the follow-up survey 
(Table 2). The patient or caretaker group had no modification for 
skin colour at either time point. This group also had a high intra-rater 
reliability (ICC = 0.90) using the CGS (Table 3), with a slight increase 
in reliability for dark skin (ICC = 0.97) compared with light skin (0.92). 

The inter-rater reliability of treatment decisions (Table 2) between 
the surgeons was poor at both time points (kappa = 0.30 and 0.22) 
with similar inter-rater reliability for dark (kappa = 0.26 and 0.23) 
compared with light skin (kappa = 0.29 and 2.6).  The intra-rater 
reliability for treatment decisions was poor or moderate (kappa = 
0.45), with no discrepancy based on skin colour. The results from the 
patient or caretaker group were similar; there was poor inter-reliability 
at both time points (kappa = 0.19 and 0.13) with no modification based 
on skin colour, and poor intra-reliability (kappa = 0.36).

Overall, the surgeons’ confidence (Table 4) in grading was low 
(median = 1). The patient or caretaker group’s confidence in their 
grading was modest (median = 2). For both groups, there was no 
change in confidence based on skin colour. The study participants 
felt more confident in the follow-up survey (median = 2), compared 
to the baseline survey (median = 1).

Qualitative analysis of the short answer question at the end 
of survey showed several themes in the thought-processes of 
participants (Table 5). In the surgeon group, four themes emerged, 

which corresponded directly to the Checketts’ scale: ‘redness’, ‘pain 
and tenderness’, ‘discharge or drainage’ and ‘response to previous 
treatment’. Other important clinical signs that were mentioned 
were ‘swelling’ and ‘loosening of the pin sites’. The surgeons also 
expressed frustration with grading just based on photographs as 
clinical symptoms and history could not be elicited. 

In the caretaker or patient group, ‘redness’ and ‘discharge 
or drainage’ were the most common themes. Interestingly, 
‘pain’ was not a common theme in this group. This group also 
mentioned ‘warmth’ around the pin site as an important factor for 
distinguishing the infection grade which was not a theme brought 
up by the surgeon group. 

Di s c u s s i o n
The CGS demonstrated good intra-rater reliability and poor-to-
moderate inter-rater reliability for surgeons, and this was reduced 
further when evaluating darker skin. The patient or caretaker group 
had similar results; good intra-rater reliability and poor-to-moderate 
inter-rater reliability but without any reduction for skin colour. Both 
groups had poor inter-rater and intra-rater reliability for treatment 
decisions. Overall, surgeons and patient or caretakers did not feel 
confident in using the scale to grade the photographs.

There are several limitations to the interpretation of the 
results. The study has shown suboptimal inter- and intra-reliability 
for treatment decisions by the surgeons. However, the lower 

Table 2: Inter-rater reliability: ICC for grading and Fleiss kappa for treatment

Time point
Surgeons (N = 9) 5 Parents and 3 patients (N = 8)

Measure Overall Light Dark Overall Light Dark
Baseline CGS grading 0.56 (0.50, 0.62) 0.56 (0.50, 0.63) 0.46 (0.34, 0.61) 0.51 (0.43, 0.58) 0.51 (0.42, 0.59) 0.49 (0.37, 0.64)

Treatment 0.30 0.29 0.26 0.19 0.20 0.12
One month  
follow-up

CGS grading 0.48 (0.38, 0.57) 0.48 (0.38, 0.58) 0.40 (0.27, 0.56) 0.41 (0.28, 0.53) 0.41 (0.27, 0.53) 0.41 (0.26, 0.57)
Treatment 0.22 0.26 0.23 0.16 0.15 0.13

CGS, Checketts’ grading system

Table 3: Intra-rater reliability: ICC for grading and Cohen’s kappa for treatment
Surgeons (N = 7) 4 Parents and 2 patients (N = 6)

Overall Light skin Dark skin Overall Light skin Dark skin
CGS grading (ICC) 0.85 0.85 0.91 0.90 0.92 0.97
Treatment (Cohen’s kappa) 0.45 0.46 0.43 0.36 0.37 0.32
CGS, Checketts’ grading system; ICC, intraclass correlation coefficient

Table 4: Summary of confidence by group
N Median (min–max)

Baseline 2,295 1 (0–4)
1 month 2,025 2 (0–4)
Parent and patients 1,890 2 (0–4)
Surgeons 2,430 1 (0–4)
Surgeons: dark skin 486 1 (0–4)
Surgeons: light skin 1,944 1 (0–4)
Parent and patients: dark skin 378 2 (0–4)
Parent and patients: light skin 1,512 2 (0–4)

Table 5: Qualitative analysis of short answer question: ’When assessing a 
pin site, what do you think are the most important aspects for deciding 
the infection grade and which treatment is needed?’

Surgeons 
(n = 8)

Parents/patients 
(n = 7)

Redness 6 (75%) 7 (100%)
Pain/tenderness 6 (75%) 2 (29%)
Discharge/drainage 6 (65%) 7 (100%)
Swelling 1 (13%) 0
Warmth 0 2 (29%)
Response to previous treatment 4 (50%) 0
Evidence of loosening 1 (13%) 0
Frustration/dissatisfaction with 
grading solely on pictures

4 (50%) 2 (29%)
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coefficients for treatment decisions compared with grading may be 
explained by a limitation mentioned by one surgeon in the short 
answer question: the survey forced participants to choose one 
treatment decision, even though the CGS suggests a multi-modal 
approach to treatment. The survey did not provide guidance on this 
decision and therefore participants may have alternated between 
choosing the ‘bare minimum’ treatment option (such as improved 
pin site care for a grade 2) or the most efficacious treatment (such 
as oral antibiotics for a grade 2) for each pin site. 

Other limitations of the study include analysing patients and 
caretakers as one group due to the low survey response numbers 
and the arbitrary division of ‘light’ and ‘dark’ skin groups. Patients 
and caretakers have different experiences; grouping them together 
may have obscured separate and important findings from both 
groups. The creation of just two skin colour groups fails to consider 
that redness is progressively less evident as skin colour gets darker. 
Therefore, the GSC may perform poorer in Fitzpatrick type VI skin 
(Black skin) than Fitzpatrick Type IV and Type V skin (medium and 
dark brown), but this cannot be confirmed by our study. 

The results of this study suggest the need for a revision to the 
CGS to reduce subjectivity and increase confidence and consistency 
with grading. The current system does not incorporate all clinical 
symptoms and signs used by clinicians, patients and their families 
for diagnosing infection. One possibility for a revision could include 
all four classic symptoms of infection as described by first century AD 
Roman scholar Celsus: ‘calor (heat), dolor (pain), tumour (swelling), 
rubor (redness)’20 as all four qualities were mentioned in the short 
answer portion of the survey. Alternatively, inspiration from the 
recently validated scale for assessing the need for IV antibiotics in 
paediatric patients with cellulitis, the Melbourne ASSET score,21 
may be timely. The ASSET score uses five features—area, systemic 
features of sepsis, severity of swelling, eye involvement and severity 
of tenderness—to determine the need for IV antibiotics. Redness 
and previous oral antibiotic treatment were originally considered for 
the ASSET scale but did not improve performance of the scale and 
were thus eliminated. A similar direction may be taken for the CGS 
by eliminating redness and previous treatment, and to focus on the 
severity of pain, swelling and discharge to delineate minor infections.

The lack of standardisation of grading in pin site infections1 
has been lamented. Future studies on pin site infections need 
prior establishment of a universally accepted definition for pin site 
infection and grading system for both severity and the counting 
of pin site infections. 

An accurate and reproducible scale for grading pin site infections 
has many relevant applications.  The expected increase in the 
accuracy of diagnosing the severity of pin site infections should 
lead to a decrease in the need for in-person visits as well as reduce 
the inappropriate use of antibiotics used to treat ‘infections’ that are 
simply inflamed pin sites. Furthermore, a revision to the Checketts’ 
criteria that increases the utility of the scale for all skin colours will 
aid in proper diagnosis and treatment and potentially reduce an area 
of racial inequity within the medical system. A reliable scale is also 
essential for future research on pin site infections, such as comparing 
the effects of different coating of the pins and wires used in EFDs or 
investigating alternative pin site care measures. Pre-existing research 
is difficult to summarise without a consistent definition. 

The COVID-19 pandemic has led to more virtual patient 
visits, with the use of photographs and video becoming more 
commonplace for patient follow-ups with EFDs.22 A grading system 
which is less subjective and easier for a patient to utilise would 
benefit from reducing the need for hospital visits and inappropriate 

antibiotic prescriptions. This study shows the inadequate reliability 
of grading pin site infections and making treatment decisions 
using photographs solely. Therefore, the incorporating of clinical 
symptoms during telehealth visits that can be assessed by a patient 
and their families, such as pain or warmth, is needed for adequate 
grading and assessment. 

Clinical Significance 
This is the first study to assess the reliability of the CGS. The results 
demonstrate poor-to-moderate inter-rater reliability of the CGS which 
makes interpretation of published pin site infection rates using this 
scale challenging. Furthermore, treatment decisions showed poor 
inter-rater and intra-rater reliability, indicating that photographs 
alone are not sufficient for determining optimal treatment for a 
patient. When designing new grading systems, considering skin 
colour is essential to reduce racial inequity in medical treatment. 
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