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Inter- and intra-observer reliability of injury 
diagnosis for peri-knee fractures: A comparison 
between two- and three-dimensional CT imaging

ORIGINAL RESEARCH

Abstract
Objective 
This study aimed to assess whether three-dimensional (3D) CT imaging improves the inter- and intra-observer reliability of  peri-knee 
fracture classifications, compared to two-dimensional (2D) CT imaging.
Methods 
A retrospective analysis was conducted on 23 patients with peri-knee fractures, using both 2D and 3D-CT scans. Three radiologists 
classified distal femur, patella, and tibial plateau fractures according to Arbeitsgemeinschaft für Osteosynthesefragen/Orthopaedic 
Trauma Association (AO/OTA) and Schatzker systems. Reliability was measured using Cohen’s kappa, with evaluations conducted at 
two separate intervals to assess intra- and inter-observer consistency.
Results
The intra-observer reliability for 2D-CT was substantial for distal femur (κ = 0.737, IQR 0.615–0.788) and tibial plateau (κ = 0.732, 
IQR 0.615–0.819) fractures, improving slightly with 3D-CT (κ = 0.775, IQR 0.658–0.869; κ = 0.768, IQR 0.628–0.882 respectively). 
Patella fracture classification showed almost perfect reliability (κ = 0.823, IQR 0.707–0.882) with 2D-CT, further improving with 
3D-CT (κ = 0.865, IQR 0.764–0.951). However, inter-observer reliability showed no significant improvement with the addition of  
3D-CT across all fracture types.
Conclusion 
While 3D-CT marginally enhances intra-observer reliability for peri-knee fractures, the difference in inter-observer reliability compared 
to 2D-CT was not statistically significant.
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Introduction
Peri-knee fractures, including fractures of  the distal femur, 
tibial plateau, and patella, have become common injuries 
resulting from road traffic accidents in Malawi in recent 
years1. These injuries are often complex, involving articular 
surfaces, and place a significant economic burden on both 
patients and the healthcare system in Malawi2-5. Preoperative 
planning for peri-knee fractures is critical, as the choice 
of  surgical incision must be carefully determined based 
on the fracture type. Therefore, radiologists must provide 
orthopedic surgeons with detailed descriptions of  peri-knee 
fractures, particularly those involving the distal femur, tibial 
plateau, and patella, as each type of  fracture requires specific 
management considerations1.
A knee trauma series of  X-rays remains the most appropriate 
primary imaging modality for screening patients with knee 
pain, swelling, or deformity6,7. Radiographic features such as 
lipohemarthrosis, widening of  the joint space, asymmetry, 
or incongruity may suggest intra-articular injuries6. However, 
certain fracture patterns may be easily missed on standard 
X-rays. A dedicated non-contrast CT scan of  the knee is 
recommended for assessing intra-articular extension; CT 
should also be performed in patients with lipohemarthrosis 

identified on lateral decubitus X-rays, as well as in those who 
are unable to bear weight and are clinically suspected of  
having fractures that are not visible on X-rays6.
Several studies have evaluated the inter-observer and intra-
observer reliability of  tibial plateau fracture classifications 
using two-dimensional (2D) CT and three-dimensional (3D) 
CT8-10. However, tibial plateau fractures are not isolated 
injuries within the context of  peri-knee fractures and are 
often accompanied by fractures of  the distal femur and 
patella. Currently, no studies have assessed the impact of  
2D and 3D CT imaging on the inter-observer and intra-
observer reliability of  classification systems for peri-knee 
fractures. Therefore, this study aimed to explore whether 3D 
reconstructed CT images improve the inter-observer and 
intra-observer reliability.

Materials and methods
Study Methodology and Radiology 
In this retrospective study, we selected 23 consecutive 
patients with peri-knee fractures who were treated at 
Mzuzu Central Hospital (MCH) following traffic accidents 
between November 2023 and August 2024. This study was 
approved by Mzuzu University Research Ethics Committee 
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(MZUNIREC) (Approval Number: MZUNIREC/
DOR/24/153), and consent in written form was waived.
All patients underwent non-contrast knee CT scans using 
a Neusoft 16-slice spiral CT scanner. The CT scan settings 
included an appropriate field of  view (FOV), a tube voltage of  
120 kV, a tube current of  225 mA, and a rotation time of  0.6 
s/r. The original data were acquired with a slice thickness of  
16 mm × 0.625 mm. Continuous scans were performed with 
a slice thickness of  5 mm, with no gaps, at a pitch of  0.9. The 
raw data were transferred to the AVW workstation for post-
processing, where both bone algorithm reconstruction and 
moderately smoothed soft tissue algorithm reconstruction 
were performed, with a reconstruction slice thickness of  1 
mm and an interslice spacing of  0.625 mm. Bone window 
settings included a window level of  300 - 700 HU and a 
window width of  1500 - 3000 HU, while soft tissue window 
settings used a window level of  35 - 45 HU and a window 
width of  300 - 400 HU. Three-dimensional (3D) images were 
reconstructed at arbitrary rotation angles as needed. 
Three radiologists with varying levels of  experience served 
as observers. They were tasked with classifying distal 
femur and patella fractures according to the AO/OTA 
(Arbeitsgemeinschaft für Osteosynthesefragen/Orthopaedic 
Trauma Association) comprehensive classification system, 
and tibial plateau fractures according to the Schatzker 
classification system11,12. During each evaluation session, 
charts of  the classification systems and relevant descriptions 
from the original publications were provided. The images 
were assessed in a blinded and randomized manner, with 
all identifying labels on the images obscured to minimize 
observer bias. Two rounds of  evaluations were conducted: 
first, the 2D-CT images were assessed, followed by a second 
evaluation two weeks later in which both 2D and 3D images 
were assessed in combination. 

The use of  3D images alone was not analyzed, as they are 
typically not used without the availability of  2D images. 
After a two-week interval, the evaluations were repeated in 
a new random sequence to assess intra-observer reliability.

Statistical analysis
Cohen’s kappa values were calculated to determine the 
reliability of  an observer in classifying fractures on two 
separate occasions (intra-observer reliability) or by different 
observers on the same occasion (inter-observer reliability)13,14. 
The kappa value is a chance-corrected measure of  agreement, 
comparing the observed level of  agreement with the level 
expected by chance alone. Levels of  agreement between and 
within observers were categorized according to the criteria 
for clinical diagnosis agreement described by Landis and 
Koch: κ < 0, poor; 0.0 to 0.2, slight; 0.21 to 0.4, fair; 0.41 to 
0.6, moderate; 0.61 to 0.8, substantial; and 0.81 to 1.0, almost 
perfect15. We used the method described by Doornberg et 
al. to determine the reliability between the upper and lower 
boundaries of  the interquartile ranges (IQR) for intra-
observer reliability and the 95% confidence interval for 
inter-observer reliability16. The smaller the gap between these 
boundaries, the more significant the statistical argument.
For the analyses, SPSS 22 (IBM, Armonk, New York) and 
Microsoft Excel 2016 (Microsoft Corporation, Redmond, 
Washington) were used.

Results
Classification Systems (Tables 1 and 2)
Distal Femur: AO/OTA Classification
When observers used 2D-CT, the intra-observer reliability 
for classification based on the AO/OTA subtypes (A.1-3, 
B.1-3, or C.1-3) was substantial (average κ2D = 0.737, IQR 
0.615–0.788). After the addition of  3D reconstruction, the 
reliability slightly improved, reaching κ3D = 0.775 (IQR 
0.658–0.869). 
However, the addition of  3D-CT did not enhance the inter-
observer reliability of  the AO/OTA classification system for 
distal femur fractures. For classification by subtype (A.1-3, 
B.1-3, or C.1-3), the inter-observer reliability using 2D-CT 
was substantial (κ2D = 0.637, 95% CI: 0.581–0.691, P < 
0.0001), and there was no change after the addition of  3D 
reconstruction, as rated by the Landis and Koch classification 
(κ3D = 0.646, 95% CI: 0.578–0.712, P < 0.0001).

Patella: AO/OTA Classification
When observers used 2D-CT for classification based on 
the AO/OTA subtypes (A, B, or C.1-3), the average intra-
observer reliability was almost perfect (mean κ2D = 0.823, 
IQR 0.707–0.882). After the addition of  3D reconstructions, 
the reliability slightly improved to κ3D = 0.865 (IQR 0.764–
0.951). 
However, the addition of  3D-CT did not improve the inter-
observer reliability of  the AO/OTA classification system for 
patellar fractures. For classification based on subtypes (A, 
B, or C.1-3), the inter-observer reliability using 2D-CT was 
also almost perfect (κ2D = 0.836, 95% CI: 0.781–0.991, P 
< 0.0001), and there was no change following the addition 
of  3D reconstructions according to the Landis and Koch 
classification rating (κ3D = 0.845, 95% CI: 0.778–0.912, P 
< 0.0001).

Tibial Plateau: Schatzker Classification
When using 2D-CT, the intra-observer reliability based on 

Figure 1 The axial CT image (A) shows a right 
intracondylar distal femur fracture (Arbeitsgemeinschaft für 
Osteosynthesefragen–Orthopedic Trauma Association [AO/
OTA] type B1) in a 23-year-old woman who was involved in 
a motor vehicle collision. The three-dimensional CT image 
of the right knee (B) shows a severely comminuted stellate 
fracture of the patella (AO/OTA type C3)

Figure 2 Left bicondylar fractures (Schatzker type V) in a 47-year-
old man who was struck as a pedestrian by a moving vehicle. 
Coronal (A) and 3D (B) CT images show tibial spine involvement; 
the 3D-CT image (C) also shows a comminuted fracture of the 
fibular head
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the Schatzker classification was substantial, with an average 
kappa coefficient of  0.732 (IQR 0.615–0.819). After the 
addition of  3D reconstruction, the intra-observer reliability 
remained substantial (κ3D = 0.768, IQR 0.628–0.882). 
For inter-observer reliability across all six Schatzker 
classification types (I-VI) assessed with 2D-CT, it was 
moderate (κ2D = 0.645, 95% CI: 0.594–0.696, P < 0.0001). 
With the addition of  3D images, the inter-observer reliability 
improved to κ3D = 0.696 (95% CI: 0.638–0.754, P < 0.0001). 
However, as the 95% confidence intervals overlapped, the 
difference was not considered statistically significant.

Discussion
The knee joint is a complex structure primarily involving 
internal and external rotation, anterior-posterior sliding, and 
flexion-extension movements. It serves crucial functions 
related to motion and weight-bearing. The upper and 
lower ends of  the bones in the knee joint are composed of  

Table 1 Intra-observer reliability of 2D and 3D computed tomography for peri-knee fractures classification

2D imaging round 1 (kappa) Category 3D imaging round 2 (kappa) Category

Distal femur: AO/OTA classification
1 0.875 Almost perfect 0.835 Almost perfect
2 0.657 Substantial 0.771 Substantial
3 0.679 Substantial 0.719 Substantial
Average 0.737 Substantial 0.775 Substantial
Patella: AO/OTA classification
1 0.936 Almost perfect 0.955 Almost perfect
2 0.728 Substantial 0.783 Substantial
3 0.805 Almost perfect 0.857 Almost perfect
Average 0.823 Almost perfect 0.865 Almost perfect
Tibial plateau: Schatzker classification
1 0.794 Substantial 0.823 Almost perfect
2 0.538 Moderate 0.622 Substantial
3 0.864 Almost perfect 0.859 Almost perfect
Average 0.732 Substantial 0.768 Substantial
Peri-knee fractures classification
Average 0.764 Substantial 0.803 Almost perfect

Table 2 Inter-observer reliability of 2D and 3D computed tomography for peri-knee fractures classification

Classification 2D imaging 
round 1 
(kappa)

95% Confidence 
interval

Category 3D imaging 
round 2 
(kappa)

95% Confidence 
interval

Category Significance of 
change in kappa 
value

Distal femur (AO/
OTA) 

0.637 0.581-0.691 Substantial 0.646 0.578-0.712 Substantial NS

Patella (AO/
OTA) 

0.836 0.781-0.991 Almost 
perfect

0.845 0.778-0.912 Almost perfect NS

Tibial 

plateau 
(Schatzker) 

0.645 0.594-0.696 Substantial 0.696 0.638-0.754 Substantial NS

Peri-knee fractures 

Average 0.706 Substantial 0.729 Substantial

cancellous bone, and the surrounding soft tissue is limited17. 
These anatomical features make the joint susceptible to both 
direct and indirect trauma. With the increasing incidence 
of  traffic accidents and a broader range of  activities, high-
energy injuries have become more frequent, leading to 
significant changes in trauma mechanisms. Therefore, 
for trauma patients, appropriate and scientifically sound 
auxiliary examinations upon hospital admission are essential 
to prevent misdiagnosis and missed diagnoses, ultimately 
improving the detection rate of  fractures around the knee 
joint18.
Currently, the imaging evaluation of  fractures around the 
knee joint is primarily conducted using three commonly 
applied methods: plain X-rays, CT, and MRI. Plain X-rays 
are the first choice for assessing fractures around the knee 
joint. MSCT offers high-density resolution and can reveal 
soft tissue abnormalities that may not be detected on plain 
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is because, on 2D images, it is difficult to track individual 
fragments from one image to another, and no single 2D 
scan can effectively depict the entire articular surface due 
to its division across different slices. In our clinical practice, 
we have found that interpreting 2D images can sometimes 
be confusing for orthopedic surgeons. 3D-CT images may 
be easier to interpret, as they provide a clearer view of  
the articular surface, fracture complexity, and the spatial 
relationship of  the fragments24,25.

Conclusion
In conclusion, the routine use of  3D-CT in addition to 2D-
CT does improve the classification of  peri-knee fractures 
based on absolute improvements in kappa values, but the 
difference between 2D-CT and 3D-CT imaging in classifying 
peri-knee fractures was not statistically significant.
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