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INTRODUCTION

PAIN
Samee Ur Rehman'
ABSTRACT
OBJECTIVES

To evaluate the concordance and discordance between radiology residents
and consultant radiologists in the interpretation of knee radiographs in
patients presenting with knee pain, and to identify areas of clinically
significant diagnostic discrepancy.

METHODOLOGY

This prospective observational study included 203 patients who underwent
knee radiographs over two years. Four radiology residents independently
interpreted all images, followed by a blinded review by four consultant
radiologists with at least 5 years' post-qualification experience. Diagnostic
categories assessed were normal findings, osteoarthritis, fractures, joint
effusion, osteopenia, and bone/soft-tissue tumors. Concordance was defined
as identical categorization between residents and consultants. Agreement was
analyzed using Cohen's kappa coefficient, and discordant cases were further
classified by type and frequency.

RESULTS

Out of the 203 patients, 113 (55.7%) were female, and 90 (44.3%) were male,
with a mean age of 49.3+17.1 years. Overall, 135 radiographs (66.5%)
demonstrated abnormalities, with osteoarthritis being most frequent (n=118,
58.1%). Concordant interpretations occurred in 155 cases (76.4%), while 48
cases (23.6%) were discordant. Cohen's kappa for overall agreement was
0.629 (p<0.001), indicating substantial concordance. Most discordance
occurred in fracture detection and in residents’ overdiagnosis of
osteoarthritis. Less frequent findings such as joint effusion, osteopenia, and
bone/sofi-tissue tumors were also slightly under-reported by trainees.
CONCLUSION

Radiology residents show substantial agreement with consultants in
interpreting knee radiographs, however, discrepancies remain in d etecting
fractures and rarer pathologies. Targeted training, structured supervision,
and systematic review of interpretations are recommended to enhance
diagnostic accuracy and patient safety.

KEYWORDS: Knee Radiographs; Diagnostic Concordance; Radiology
Resident; Consultant Radiologist; Osteoarthritis; Fracture; Musculoskeletal
Imaging

is widely available, inexpensive, and can detect a wide
range of bone abnormalities. Knee radiographs are

Knee pain is one of the most common musculoskeletal
complaints that occurs in clinical practice and is a
primary source of disability at all ages. It comprises a
significant percentage of outpatient visits, emergency
department visits, and orthopedic referrals in the global
context, with acute traumatic injuries and chronic
degenerative conditions being the causes of the disease
burden.' Clinical and socioeconomic implications of
disorders in the knee have been further augmented by
the increasing prevalence of obesity, extended lifespan,
and the growing engagement in sports and occupational
activities, among others.” Plain radiography is the most
suitable imaging modality for assessing knee pain, as it

performed regularly to detect fractures, loss of joint
space, osteophytes, malabsorption, and indirect
evidence of internal rupture.’ Although cross-sectional
imaging has improved, radiographs still have a central
role in initial diagnosis and triage, and they determine
subsequent imaging and management. Knee radiograph
interpretation is critical because misinterpretation can
lead to missed diagnoses, misdirected therapy, and poor
patient outcomes. The fractures, minor cortical
disturbances, and initial degenerative alterations can be
difficult to detect, particularly when overlapping
structures or poor image quality are present.*
Diagnostic mistakes in musculoskeletal imaging have
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been identified as a source of medicolegal claims and
patient safety issues, and the need to focus on
interpretive accuracy has been emphasized.’ Radiology
resident participation in the initial interpretation of
imaging studies is a common role in teaching hospitals,
where they are often under time pressure and with
varying degrees of supervision. Although residency
training is designed to develop diagnostic competence
over time, discrepancies in experience and exposure can
affect interpretive performance. Previous research has
established that differences between trainees and senior
radiologists are not exceptional, especially in
musculoskeletal imaging, where subtle findings can be
missed or overreported.® Interobserver variability in
radiographic interpretation has been well documented,
and models include factors such as level of training,
case complexity, diagnostic confidence, and cognitive
biases. Patients are likely to show a bias to
overdiagnose degenerative alterations or underidentify
minor traumatic results, whereas consultants depend on
experience and pattern recognition to refine the
diagnostic judgment.” Knowledge of such trends in
concordance and discordance is crucial for enhancing
training interventions and patient care. Although some
international researchers have studied consensus
between radiology trainees and consultants across
different imaging modalities, there is limited data on
agreement between radiology trainees and consultants
in the analysis of knee radiographs using plain
radiography, especially in local and regional training
environments.” Given the high number of knee
radiographs performed in everyday practice, even small
diagnostic  discrepancy rates can have clinical
consequences. Assessment of diagnostic concordance
between resident and consultant radiologists can help
identify the root causes of errors, implement targeted
educational interventions, and improve supervision in
radiology training programs. These types of
assessments also play a role in quality assurance
activities and help develop systematic feedback systems
intended to enhance interpretation accuracy and patient
safety. This research aimed to determine the extent of
agreement and disagreement between radiology
residents and consultant radiologists in interpreting
knee radiographs in patients with knee pain, and to
identify clinically significant areas of diagnostic
disagreement.

METHODOLOGY

This is an observational-analytical research study
conducted at the Department of Radiology, Rehman
Medical Institute, Peshawar, Pakistan, over 2 years
from November 2022 to November 2024. The research
aimed to test diagnostic consensus between radiology
residents and consultant radiologists in interpreting

knee radiographs of patients presenting with knee pain.
Prospective data collection was used, and all
participants were measured at a single time point. Non-
probability consecutive sampling was used to
incorporate 203 patients who had knee radiography
during the study period. All patients with referred plain
knee radiographs and knee pain were eligible to
participate. Radiographs of poor image quality, missing
views, and those from patients who had undergone
previous knee surgery were excluded to reduce
interpretive bias. Each patient in the analysis provided
one set of knee radiographs. Each knee radiograph
consisted of anteroposterior and lateral images,
obtained with the digital radiography systems available
at the institution (manufacturer information was omitted
because the imaging had to be performed with standard
hospital equipment). Four radiology residents, each
registered in an accredited residency training program
and with daily exposure to musculoskeletal imaging in
the clinical environment, were the first to interpret
radiographs independently. Four consultant radiologists
then reviewed the same radiographs with a minimum of
5 years of post-qualification experience in diagnostic
radiology. Consultants did not see what the inhabitants
interpreted and what they had preliminarily reported.
Routine clinical referral information accompanying the
imaging request was available to both residents and
consultants, as is typical in clinical practice.
Radiographic  results were divided into the
predetermined diagnostic categories: normal results,
osteoarthritis, fracture, joint effusion, osteopenia, and
bone or soft-tissue tumor. These were chosen categories
that typify clinically significant knee pathologies in
daily practice. Diagnostic concordance was stipulated
as the same categorization of the results between
residents and consultant radiologists. The reference
standard of agreement analysis was consultant
radiologist interpretation, as done in previous
interobserver studies. Demographic information about
the patient, such as age and gender, and radiographic
diagnostic results were recorded in a structured
Microsoft Excel data sheet. Cases with discordance
were also reviewed to determine the nature and clinical
significance of the discrepancies. The primary outcome
measure was agreement between the residents' and the
consultant's interpretations. The study was approved by
the Research Ethics Committee of Rehman Medical
Institute(IRBNo.RMI/RMI-REC/ArticleApproval/130).
Patient confidentiality was maintained throughout the
study, and all data were anonymized prior to analysis.
Statistical analysis was performed using Statistical
Package for the Social Sciences (SPSS) version 22
(IBM Corp., Armonk, NY, USA). Descriptive statistics
were used to summarize demographic variables and
diagnostic frequencies. Agreement between residents
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and consultants was assessed using Cohen’s kappa
coefficient, with kappa values interpreted according to
standard benchmarks. A p-value of less than 0.05 was
considered statistically significant.

RESULTS

Over the course of the trial, 203 knee radiographs were
assessed. There were 90 males (44.3%) and 113
females (55.7%) in the study population. The majority
of patients were aged 51-70, with a mean age of
49.3+17.1 years. Based on the consultant radiologist's
assessment, abnormal radiographic findings were
identified in 135 cases (66.5%), while 68 radiographs
(33.5%) were reported as usual. Among abnormal
findings, degenerative changes consistent with
osteoarthritis were the most frequently observed
pathology. Other findings, including fractures, joint
effusion, osteopenia, and bone or soft-tissue tumors,
were less frequently identified. When resident and
consultant interpretations were compared, agreement
was the rule. A smaller subset of radiographs had
discordant interpretations. Agreement analysis using
Cohen’s kappa coefficient demonstrated a value of
0.629 (p<0.001), indicating substantial agreement
between radiology residents and consultant radiologists.

Table 1: Age and Gender Distribution of Study Population

(n=203)
V ariable Category n (%)
Gender Male 90 (44.3)
Female 113 (55.7)
Age (years) <30 30 (14.8)
31-50 59 (29.1)
51-70 96 (47.3)
>70 18 (8.8)

Table 2: Overall Radiographic Outcome Based on
Consultant Interpretation

Radiographic Outcome Frequency %age
Normal 68 335
Abnormal 135 66.5

Table 3: Spectrum of Abnormal Knee Radiographic Findings
(Consultant-Based, n=135)

Radiographic Diagnosis | Frequency | Percentage of
Abnormal Cases (%)

Osteoarthritis 118 87.4

Joint effusion 08 59

Fracture 03 2.2

Osteopenia 02 1.5

Bone/soft-tissue tumor 04 3.0

Table 4: Agreement Status Between Residents and Consultants

(n=203)
Interpretation Outcome Frequency
Concordant 155
Discordant 48

T able 5: Diagnostic Distribution Reported by Residents and
Consultants (n = 203)

Diagnosis Category Residents (n) Consultants (n)
Normal 68 66
Osteoarthritis 129 118

Fracture 02 03

Joint effusion 07 08

Osteopenia 02 02
Bone/soft-tissue tumor 01 04

DISCUSSION

This study found that radiology residents and consultant
radiologists showed a high correlation in interpreting
knee radiographs, with a Cohen's kappa of 0.629 and an
overall concordance rate of 76.4%.° These findings
suggest that radiology residents can recognize prevalent
knee pathologies with reasonable reliability, especially
when regular radiographic images are available.
Osteoarthritis was the most commonly observed
pathology, as previously reported in the literature,
where the prevalence of degenerative changes on knee
radiographs is high.'” Residents were more prone to
overdiagnosing osteoarthritis than consultants, and this
trend has been observed in other studies, with less
experienced readers having a greater sensitivity and

lower specificity to a common degenerative
appearance." This implies that there should be
systematic training in distinguishing age-related
changes from clinically significant osteoarthritis.
Detection of fractures is one of the most critical sources
of discord, as it directly affects patient management.
This research demonstrated that residents miss a few
fractures."> Other reports on similar patterns have
indicated that subtle fractures and cortical irregularities
are easily missed by trainees elsewhere.”” These
findings highlight the necessity of special educational
treatment and the systematic examination of trauma
radiographs. The incidence of joint effusion and the less
frequent occurrence of osteopenia and bone/soft-tissue
tumors were rare in both groups.'* Residents slightly
underreported these findings, consistent with previous
studies reporting lower detection of rare pathologies.'
Subsequently, more knee conditions could be
recognized better by exposing them to a broader range
of conditions. The causes of diagnostic discordance
include level of experience, case complexity, and image
quality.'® Training biases, such as anchoring on
degenerative changes and the satisfaction of search,
could also affect trainee performance.'” Knowledge of
these factors can inform the development of teaching
interventions that could minimize interpretive error and
enhance diagnostic confidence. Such research differs
from previous studies in that it focused on routine
clinical practice, in which residents interpret images
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under supervision with standard referral information.'®
This method is based on real-life conditions, unlike
simulated test conditions or high-tech radiography
research, thereby providing an idea of how diagnostic
performance is in real-life situations for knee
radiographs. Consultant interpretation is not a gold
standard, and inter-consultant variability cannot be
formally measured using a reference standard common
to agreement studies, >3 14131611819

LIMITATIONS

The research was conducted at one institution, and this
does not mean it can be generalized to other training
settings. The sample size of 203 patients is not
sufficient to address rare pathologies. The experience of
residents and the year of training were not considered,
which could influence diagnostic performance. A
reference standard was taken to be consultant
interpretations, with no formal evaluation of inter-
consultant variability. It was not correlated with high-
resolution imaging modalities such as MRI or CT.
Diagnostic confidence was not measured, so its effects
on accuracy were not evaluated. Lastly, rare findings
were limited to interpretation due to their low case
count.

CONCLUSIONS

Radiology residents agreed significantly  with
consultant radiologists in interpreting knee radiographs,
especially when considering the most common
pathologies, such as osteoarthritis. Nonetheless,
fractures and rarer identifications remained discordant,
indicating that specific training, systematic supervision,
and feedback should be provided. The accuracy of
diagnosis, the reduction of clinically significant errors,
and, finally, patient safety could be improved through
enhanced education strategies and systematic review of
residents' interpretations.
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