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INTRODUCTION 

Adjacent segment disease is a common long-term 

complication of spinal surgery. After cervical spine 

procedures, its incidence reaches 25% over 10 years of 

follow-up; after lumbar spine surgery, it is reported in up 

to 14% of patients.1,2 CT of the spine is among the most 

practical modalities for detecting these changes.  

The large number of acquired sections and the ability to 

generate multiplanar reconstructions enable sufficiently 

accurate assessment of the severity of degenerative 

changes involving FJs. 

ABSTRACT 

 

Background: Computed tomography (CT) is widely used to assess facet joint (FJ) degeneration. However, previous 

studies have reported inconsistent interobserver agreement for the Pathria classification, while the reproducibility of 

quantitative FJ measurements remains insufficiently investigated. The REFACT study aims to evaluate the 

interobserver and intraobserver reliability of CT-based FJ assessment in patients with AO spine type A2, A3, and A4 

thoracolumbar fractures. 

Methods: REFACT is a single center, multiobserver reliability study using retrospectively collected, anonymized CT 

datasets. Six independent raters (three neurosurgeons and three radiologists) will assess at least 142 evaluable FJs 

using a standardized protocol. Assessments will include Pathria grading, mean FJ-space width, and FJ angle 

measurements. Each rater will perform two assessment rounds with randomized case order and a one-month washout 

interval. Interobserver and intraobserver reliability will be evaluated using intraclass correlation coefficients (ICC) for 

continuous measurements and Fleiss’ kappa or weighted kappa coefficients for ordinal grading, with 95% confidence 

intervals. Exploratory analyses will assess agreement by specialty, vertebral level, and side. Patient-level clustered 

bootstrap analyses will account for within-patient correlation. 

Conclusions: The REFACT study will establish the reproducibility of CT-based FJ grading and morphometric 

measurements, identify potential limitations of the standardized assessment protocol, and provide a methodological 

basis for subsequent longitudinal studies of FJ degeneration following thoracolumbar fractures. 

Trial Registration: ClinicalTrials.gov, NCT07670039. 
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The Pathria grading system is the most widely used 

classification for degenerative changes of the FJs.3 Later 

grading systems generally reproduce this scale, 

introducing only minor modifications in interpretation. In 

addition, quantitative assessment of specific parameters 

may also be important when evaluating the FJs. Studies 

in small patient cohorts have demonstrated an association 

between the development of degenerative changes and 

the FJ angle.4 The study by Tiwari et al further 

highlighted the need for careful assessment of joint-space 

width when grading the severity of degenerative 

changes.5 

To date, interobserver agreement for the Pathria 

classification based on CT data has been assessed in only 

four studies, the most recent of which was published 7 

years ago.3,6-8 These studies reported highly inconsistent 

findings, with interobserver agreement ranging from poor 

to slight (κ=-0.01 to 0.12) to moderate (weighted 

κ=0.60). This variability precludes an objective 

assessment of how consistently the scale is interpreted 

across multiple specialists. Furthermore, we found no 

studies in the available literature evaluating interobserver 

or intraobserver agreement in the measurement of FJ-

space width. 

The Reliability Evaluation of FJ Assessment by CT in 

thoracolumbar fractures (REFACT) study represents the 

first methodological stage of a broader research program 

aimed at evaluating the longitudinal dynamics of 

degenerative changes in the FJs of patients with 

thoracolumbar junction fractures treated surgically or 

conservatively. Before longitudinal changes in FJ 

morphology can be interpreted, the reproducibility of CT-

based grading and morphometric measurements must be 

established in the same target population. Therefore, 

patients with thoracolumbar junction fractures were 

selected as the study cohort. 

Objectives 

Objectives were to determine the degree of interobserver 

and intraobserver agreement in grading FJs according to 

the Pathria classification on CT images, as well as in 

measuring the FJ angle and mean joint-space width in 

patients with AOSpine type A2, A3 and A4 

thoracolumbar junction fractures. 

METHODS 

Study design 

The REFACT study is a multirater interobserver and 

intraobserver agreement study evaluating CT-based FJ 

measurements and Pathria grading. 

Study setting 

The study will be conducted at a level I trauma center. 

CT examinations of patients with thoracolumbar junction 

fractures will be selected according to predefined 

eligibility criteria. All datasets will be anonymized before 

assessment. Six independent raters will participate in the 

evaluation: three neurosurgeons and three radiology 

specialists. The raters will assess the same DICOM 

datasets using a standardized measurement protocol and 

VIDAR DICOM Viewer. 

The assessment will be performed in two rounds. During 

the first round, all raters will evaluate the randomized CT 

datasets within a four-week period. After a one-month 

washout interval, the same datasets will be re-randomized 

and reassessed by the same raters during a second four-

week period. The setting is therefore an institutional 

imaging-based reliability study without direct patient 

contact or prospective treatment allocation. 

Pre-study training procedure 

Before the start of the formal assessment rounds, all 

raters will participate in a pre-study session. During this 

session, one representative anonymized CT DICOM 

dataset will be assessed jointly using the standardized 

measurement protocol and VIDAR DICOM Viewer. This 

case will be used to demonstrate the measurement 

procedure, clarify the interpretation of the Pathria 

classification, discuss potential sources of measurement 

error, and resolve possible ambiguities in the assessment 

of FJ parameters. 

The results of the assessment will be discussed among the 

raters and study coordinator to identify common 

discrepancies, technical difficulties, and 

misunderstandings related to image orientation, vertebral 

level identification, joint-space measurement, FJ angle 

measurement, and Pathria grading. If necessary, the 

measurement instructions will be clarified before the start 

of the formal assessment rounds. 

The calibration CT dataset will not be included in the 

main study sample and will not be used for inter-rater or 

intra-rater reliability analyses. After completion, raters 

will perform all formal assessments independently and 

will not discuss individual study cases, measurements, or 

grading decisions with each other until completion of 

both assessment rounds. 

Patient selection 

Anonymized CT DICOM datasets will be selected from 

the institutional imaging archive. No direct patient 

recruitment, study-specific imaging, or treatment 

allocation will be performed at this study.  

Inclusion and exclusion criteria are presented in Table 1. 

Selection procedure 

Eligible CT datasets will be anonymized before 

distribution to the raters. The order of patients will be 
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individually randomized for each rater during the first 

assessment round. After a one-month interval, the same 

CT datasets will be redistributed in a changed order for 

the second assessment round. This procedure is intended 

to minimize recall bias and allow evaluation of both 

inter-rater and intra-rater reliability. 

Interventions 

No patient-level intervention will be performed. The 

study is based on retrospective analysis of anonymized 

CT DICOM datasets. The only study-related procedure is 

standardized image assessment by six independent raters. 

Inclusion criteria 

Patient age from 18 to 50 years; thoracolumbar fracture 

classified as AO Spine type A2, A3, or A4, availability of 

CT images covering vertebral levels from Th9 to L3 and 

absence of imaging artifacts at the levels planned for 

assessment were included in study. 

Exclusion criteria 

Bone density of the thoracolumbar junction vertebrae 

below 100 HU, systemic bone or joint disorders 

associated with changes in the FJs or intervertebral discs, 

including diffuse idiopathic skeletal hyperostosis, 

ankylosing spondylitis, rheumatoid arthritis, or other 

comparable conditions, previous spinal surgery, including 

procedures performed without implants and fractures 

with distraction or translational injury of the posterior 

supporting column were excluded from study. 

Primary outcome 

The primary outcome will be the inter-rater reliability of 

standardized CT-based FJ assessment performed by six 

independent raters. Reliability will be evaluated 

separately for categorical grading of FJ degeneration 

according to the Pathria classification and for quantitative 

morphometric measurements of the FJs, including mean 

joint space width and FJ angle. 

Secondary outcomes 

Secondary outcomes will include the intra-rater reliability 

of repeated CT-based assessments and exploratory 

subgroup analyses of agreement between different groups 

of raters.  

Intra-rater reliability will be assessed by comparing the 

first and second assessment rounds for each rater after the 

one-month interval.  

This analysis will be performed for both categorical 

assessment of FJ degeneration according to the Pathria 

classification and continuous morphometric 

measurements, including mean joint space width, and FJ 

angle. 

Additional secondary analyses will evaluate inter-rater 

reliability separately within neurosurgeons and 

CT/radiology specialists, as well as agreement between 

these professional groups. Reliability may also be 

analyzed separately by vertebral level and side to assess 

whether measurement reproducibility differs across 

anatomical locations. 

Subgroup analyses are exploratory and hypothesis-

generating, without formal inferential claims 

Sample size calculation 

The sample size was calculated separately for continuous 

measurements and categorical Pathria grading. For 

continuous CT-based measurements, the calculation was 

performed in R using the ICC. Sample size package and 

the calculate ICC sample size function. With a minimally 

acceptable ICC of 0.60, an expected ICC of 0.75, α=0.05, 

80% power, and six raters, the minimum required sample 

size was 47 FJs. After adding 20% for potentially non-

evaluable data, the required sample size was 58 FJs. 

For the four-grade Pathria classification, the sample size 

was calculated in R using the kappa size package and the 

Power4Cats function. With six raters, a minimally 

acceptable kappa of 0.50, an expected kappa of 0.60, 

α=0.05, 80% power, and an assumed equal distribution 

across four categories, the minimum required sample size 

was 118 FJs. After adding 20% for potentially non-

evaluable data, the required sample size was 142 FJs. 

Because multiple FJs may be assessed within the same 

patient, FJs are not fully independent observations. The 

primary unit of analysis will be the FJ; however, the 

clustered structure of the data at the patient level will be 

acknowledged. The target sample size refers to the 

number of evaluable FJs. To ensure this target is reached, 

CT datasets will be selected until at least 142 evaluable 

FJs are available. 

Randomization procedure  

All anonymized CT DICOM datasets will be assigned 

unique study identification codes. For the first assessment 

round, the order of datasets will be randomized 

individually for each rater using a computer-generated 

random sequence. Thus, all raters will assess the same 

datasets, but in different orders. 

After a one-month washout interval, the same datasets 

will be re-randomized and redistributed to the raters in a 

changed order for the second assessment round. Raters 

will remain blinded to patient identifiers, previous 

measurements, and the assessments of other raters. 

Blinding 

Raters will be blinded to patient identifiers, clinical 

information, previous measurements, and the results of 
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other raters. All CT datasets will be anonymized and 

coded before assessment. During the second assessment 

round, datasets will be re-randomized and evaluated after 

a one-month washout interval to minimize recall bias. 

Data collection 

The study coordinator will be responsible for data 

collection and data administration during both assessment 

rounds. All study data will be entered into a standardized 

data collection form and stored at the data center of the 

participating institution. Access to the study database will 

be restricted to authorized study personnel until 

completion of the final analysis. 

Statistical methods 

The primary reliability analyses will be performed using 

AgreeStat 2015.6.2. Patient-level clustered bootstrap 

analyses will be performed in R. 

Descriptive statistics will be used to summarize all 

collected variables. Continuous CT-based measurements 

will be presented as mean±standard deviation or median 

with interquartile range, depending on data distribution. 

Categorical variables, including the Pathria grade of FJ 

degeneration, will be presented as absolute numbers and 

percentages. 

Inter-rater and intra-rater reliability for continuous 

variables will be assessed using the ICC with 95% 

confidence intervals. The ICC will be calculated using a 

two-way random-effects model with absolute agreement. 

Single-measure ICC (model ICC 2.1) will reflect the 

reliability of an individual rater, whereas average-

measure ICC (ICC 2.k) will reflect the reliability of the 

mean rating across raters. 

Interrater agreement for the categorical ordinal Pathria 

classification will be assessed using Fleiss’ kappa with 

95% confidence intervals. Because the Pathria 

classification is an ordinal four-grade scale, weighted 

Fleiss’ kappa with quadratic weights will also be 

calculated. Unweighted Fleiss’ kappa will be used to 

estimate overall categorical agreement without 

accounting for the magnitude of disagreement, whereas 

weighted Fleiss’ kappa will account for the ordered 

nature of the Pathria grades. Intra-rater agreement for 

Pathria grading will be assessed separately for each rater 

using weighted Cohen’s kappa with quadratic weights. 

For descriptive interpretation, kappa coefficients will be 

categorized according to the Landis et al criteria: <0.00, 

poor agreement; 0.00-0.20, slight agreement; 0.21-0.40, 

fair agreement; 0.41-0.60, moderate agreement; 0.61-

0.80, substantial agreement; and 0.81-1.00, almost perfect 

agreement.9 ICC values will be interpreted according to 

the criteria proposed by Koo et al: <0.50, poor reliability; 

0.50-0.75, moderate reliability; 0.75-0.90, good 

reliability; and >0.90, excellent reliability.10  

Additional analyses may be performed separately by 

vertebral level, side, and rater specialty, including 

neurosurgeons and radiology specialists. 

To account for clustering of FJs within patients, 

additional patient-level clustered bootstrap analyses will 

be performed for the confidence intervals of the main 

reliability estimates. In each bootstrap iteration, patients 

rather than individual FJs will be resampled with 

replacement, and all evaluable FJs belonging to the 

selected patients will be retained. 

Missing, technically inadequate, or non-evaluable 

measurements will not be imputed and will be excluded 

from the corresponding analysis. The number and 

proportion of missing or non-evaluable values will be 

reported descriptively. 

Interim analysis and stopping rules 

No interim analysis is planned. Statistical analysis will be 

performed only after completion of both assessment 

rounds and finalization of the study database. 

Formal stopping rules are not applicable. No therapeutic 

or diagnostic intervention will be administered to 

patients, and no patient-level safety monitoring or 

efficacy assessment is required. 

The study may be suspended or terminated prematurely 

only in case of major protocol violations, inability to 

complete data collection, loss or corruption of study data, 

or other administrative or ethical reasons that prevent 

valid completion of the reliability analysis. 

Ethics and dissemination 

The study will be performed according to Helsinki 

declaration of the World Medical Association. The 

protocol for this study was approved by the local ethical 

committee. 

The study has been registered at ClinicalTrials.gov under 

registration number NCT07670039. The results of the 

study will be reported in accordance with the Guidelines 

for Reporting Reliability and Agreement Studies 

(GRRAS).11 Study findings are planned to be 

disseminated through publication in peer-reviewed 

journals in neurosurgery, spine surgery, radiology, or 

related fields, and through presentation at relevant 

scientific conferences. 

DISCUSSION 

This study has several strengths. It uses a multirater 

design with six independent raters from two relevant 

clinical specialties, repeated assessment rounds separated 

by a one-month washout interval, randomized dataset 

order, blinded assessment, and a standardized CT-based 

measurement protocol. The study will evaluate both inter-
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rater and intra-rater reliability and will include categorical 

Pathria grading as well as quantitative morphometric 

measurements of the FJs. A pre-study session will be 

performed to ensure consistent understanding of the 

measurement procedure before the formal assessment 

rounds.11 

Several limitations should also be acknowledged. First, 

this is a single-center retrospective imaging-based study, 

which may limit generalizability. Second, the study 

population consists of patients with thoracolumbar 

junction fractures and may not fully represent the broader 

population of patients. However, this cohort was selected 

because the present reliability study represents the first 

methodological stage of a planned longitudinal project 

evaluating FJ degenerative changes after surgical and 

conservative treatment of thoracolumbar fractures. Third, 

the distribution of Pathria grades in this relatively young 

trauma cohort may be imbalanced, which may affect 

kappa estimates and the precision of categorical 

agreement analyses.3,6-8 Fourth, multiple FJs will be 

assessed within the same patient, creating a clustered data 

structure. This will be addressed in the interpretation of 

the results and, where applicable, by patient-level 

clustered bootstrap analyses. Finally, subgroup analyses 

by vertebral level, side, and rater specialty will be 

considered exploratory. 

CONCLUSION 

The REFACT study is designed to determine whether 

CT-based Pathria grading and quantitative FJ 

measurements can be applied reproducibly by specialists 

from different clinical backgrounds. By evaluating both 

interobserver and intraobserver reliability, the study will 

identify the strengths and potential limitations of the 

proposed assessment protocol. The findings will help 

determine whether mean FJ-space width and FJ angle are 

sufficiently reliable for use in subsequent longitudinal 

analyses. They may also support the standardization of 

CT-based FJ assessment in patients with thoracolumbar 

fractures and inform the design of future multicenter 

studies. 
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