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Abstract
AIM
To investigate the inter- and intra-rater reliability of the vertebral fracture classifications used in the Swedish fracture register.

METHODS
Radiological images of consecutive patients with cervical spine fractures (n = 50) were classified by 5 raters with different experience levels at two occasions. An identical process was performed with thoracolumbar fractures (n = 50). Cohen’s kappa was used to calculate the inter- and intra-rater reliability.

RESULTS
The mean kappa coefficient for inter-rater reliability ranged between 0.54 and 0.79 for the cervical fracture classifications, between 0.51 and 0.72 for the thoracolumbar classifications (overall and for different sub classifications), and between 0.65 and 0.77 for the presence or absence of signs of ankylosing disorder in the fracture area. The mean kappa coefficient for intra-rater reliability ranged between 0.58 and 0.80 for the cervical fracture classifications, between 0.46 and 0.68 for the thoracolumbar fracture classifications (overall and for different sub classifications) and between 0.79 and 0.81 for the presence or absence of signs of ankylosing disorder in the fracture area.

CONCLUSION
The classifications used in the Swedish fracture register for vertebral fractures have an acceptable inter- and intra-rater reliability with a moderate strength of agreement.
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Core tip: The Swedish Fracture register gathers national data on fractures. We adapted commonly used classifications for spine fractures and studied inter and intra-rater reliability as a basis for future usage of the register, including research on outcome after spine fractures. 
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INTRODUCTION
One in six women and one in twelve men will at some point in their lifetime sustain a vertebral fracture[1]. The current knowledge of the epidemiology of vertebral fractures in Sweden is based on the national patient register, which only classifies fractures based on large anatomical areas[2,3]. Classification of vertebral fractures is important to describe epidemiology and allow treatment comparisons. By using large quality registers, we have the possibility to improve knowledge, increase our understanding of vertebral fracture epidemiology and possibly have an impact on future fracture treatment. The recently introduced Swedish Fracture Register offers such an opportunity[4].
[bookmark: _Toc469367099]Most of the previous studies on inter-rater and/or intra-rater classification reliability have been performed in expert settings[5-10], while fewer studies have been performed in more clinical settings with physicians of different experience levels[11,12]. Registration of vertebral fractures was recently introduced in the Swedish Fracture Register. The reliability of the classification system has not been tested. Our aim was therefore to test the classification before large scale epidemiologic or observational studies in this register are attempted. Our hypotheses were that inter- and intra- rater reliability in this register are acceptable and similar to previously published studies.

MATERIALS AND METHODS
Fracture classification
Vertebral fractures have been possible to enter in the Swedish Fracture Register since 2015[13]. The fracture classification is performed with the help of drawings that provide information about typical fracture patterns. Since classifications were to be performed not only by experts in spinal trauma care, but also by interns, residents and emergency physicians, the aim was to use classifications that was easy to comprehend without previous experience in the subject. Earlier published classifications were used as a foundation, but some of them were modified compared to their original descriptions. Appendix I show the fracture classifications used in the Register.
Atlas (C1) fractures are classified according to Jackson[14]. Axis (C2) fractures are classified according to Anderson-D’Alonzo[15] for odontoid fractures and according to Effendi[16] and Levine-Edwards[17] for traumatic spondylolisthesis of the axis (hangman’s fracture). Subaxial (C3-Th1) fractures are classified with a slightly modified version of the sub-axial cervical spine injury classification (SLIC)[18]. Thoracic and lumbar (Th2-L5) fractures are classified with a modified version of the 2013 version of the “Arbeitsgemeinschaft für Osteosynthesefragen” (AO) spine injury classification system[19].
In addition, the classifying physician is also asked to determine whether there are signs of ankylosing spinal disorders in the fracture area, such as diffuse idiopathic skeletal hyperostosis (DISH) or ankylosing spondylitis (AS).

[bookmark: _Toc469367102]Study population
We identified consecutive patients with vertebral fractures, 50 with cervical spine fractures and 50 with thoracolumbar spine fractures, from the medical records at the Karolinska University Hospital Huddinge. It is the primary hospital for the southern part of Stockholm, but also contains one of two referral centers for surgical treatment of vertebral fractures in the Stockholm County, which has a total population of 2.3 million inhabitants. The radiological images (plane x-ray, computed tomography, and/or magnetic resonance imaging; MRI) were collected from the radiological archive. The mean age at the time of the radiological examination was 60 years (range 15-93) for patients with cervical fractures and 55 years (range 9-96) for patients with thoracolumbar fractures. Low-energy trauma (defined as a fall from standing height or less) was the cause for 23 (46%) of the cervical fractures and 20 (40%) of the thoracolumbar fractures. Non-surgical treatment was provided to 40 (80%) of the patients with cervical fractures and to 35 (70%) of the patients with thoracolumbar fractures.

Reliability tests
In all, six physicians of different experience level and one medical student were involved in the classifications; five of which were involved in each of the cervical and the thoracolumbar classifications with two of the physicians and the medical student involved in both classifications (Table 1). The raters only had information on patient’s age and date of the investigation. No other clinical information or information about the fractures, such as radiological image evaluations, was provided to the raters. The raters classified the fractures independently without knowledge of the results of the others. The classifications were made with a document containing the Swedish Fracture Register fracture classification and subheadings for each fracture type (Appendix I).

Gold standard
After the classifications were completed, the results from the first test of the two most experienced raters, (Rater 1 and 2) were compared. In case a classification was not identical, Rater 1 and 2 reviewed the available radiological images (plain radiographs, computed tomography and/or magnetic resonance images) until consensus was achieved.

[bookmark: _Toc469367109]Statistics
The classifications made by the raters were analyzed using Cohen’s kappa[20] and are shown as kappa value (asymptotic standard error, standard deviation or range). Besides analyzing the result of all cervical and all thoracolumbar classifications, the classifications made by the raters were divided into subgroups analyzing only C1, C2 or C3-Th1 injuries in the cervical spine and A-, B- or C-types of injuries in the thoracolumbar spine (Th2-L5). All statistical analyzes were made in IBM SPSS Statistics for Windows, Version 24.0.

RESULTS
Gold standard
Rater 1 and 2 reached independent consensus in 21 patients with cervical fractures and 20 patients with thoracolumbar fractures. For presence or no presence of ankylosing spinal disorders, independent consensus was reached in 45 patients with cervical fractures and 46 patients with thoracolumbar fractures. After discussion, final consensus was reached for all fracture classifications and signs of ankylosing spinal disorder. The final distribution of fracture classifications is presented in Table 2. Not all classifications were represented.

[bookmark: _Toc469367111]Inter-rater reliability for vertebral fracture classifications
Inter-rater reliability mean kappa was 0.54 (0.26-0.70) for the cervical fracture classifications (C1-Th1) and 0.51 (0.18-0.69) for the thoracolumbar fracture classification (Th2-L5). Inter-rater reliability for individual raters is presented in Table 3.
For the cervical subgroups the inter-rater reliability was 0.79 (0.61-1.00) for C1 fractures, 0.76 (0.56-0.89) for C2 fractures and 0.68 (0.45-0.80) for C3-Th1 fractures. Inter-rater reliability for the thoracolumbar classifications was 0.72 (0.34-0.88) for A-type of injuries, 0.60 (0.41-0.76) for B-type injuries and 0.70 (0.51-0.89) for C-type of injuries.

Signs of ankylosing spinal disorder inter-rater reliability
For presence or absence of signs of ankylosing spinal disorder the inter-rater mean kappa coefficient was 0.65 (0.20-0.91) for cervical fractures and 0.77 (0.31-1.00) for thoracolumbar fractures. Inter-rater reliability for individual raters is presented in Table 3.

Intra-rater reliability for vertebral fracture classifications
Intra-rater reliability mean kappa was 0.58 (0.40-0.72) for cervical fracture classifications (C1-Th1) and 0.46 (0.16-0.62) for the thoracolumbar fracture classification (Th2-L5). Intra-rater reliability for individual raters is presented in Table 4.
For the cervical subgroups the intra-rater reliability was 0.80 (0.67-0.93) for C1 fractures, 0.78 (0.63-0.93) for C2 fractures and 0.69 (0.53-0.82) for C3-Th1 fractures. Intra-rater reliability mean kappa for the simplified thoracolumbar classifications was 0.63 (0.31-0.83) for only A-type of injuries, 0.56 (0.32-0.78) for only B-type injuries and 0.68 (0.47-0.90) for only C-type of injuries.

Signs of ankylosing spinal disorder intra-rater reliability
[bookmark: _Toc469367113]For presence or absence of signs of ankylosing spinal disorder the intra-rater mean kappa was 0.79 (0.66-1.00) for the cervical spine and 0.81 (0.60-1.00) for the thoracolumbar spine. Intra-rater reliability for individual raters is presented in Table 4.

DISCUSSION
According to Landis and Koch[21], the overall inter- and intra-rater reliability had a moderate strength of agreement for both cervical and thoracolumbar fracture classifications. When dividing the classifications into subgroups, both inter- and intra-rater reliability mean kappa coefficients increased. Inter- and intra-rater kappa coefficients were also generally higher for the more experienced physicians and the medical student who received training, which was most evident in the thoracolumbar classification resulting in the largest variability in inter-rater and intra-rater Kappa values. Similarly, our overall results for signs of ankylosing spinal disorder inter-rater reliability had a substantial strength of agreement while the intra-rater reliability have a substantial to almost perfect strength of agreement for vertebral fractures[21].
Previous studies on fracture classifications used in the Swedish Fracture Register include humerus and tibia fracture classifications that have produced results similar to or better than our overall inter- and intra-rater reliability for the cervical and thoracolumbar classifications[5,9]. Both studies used only one classification system and had a different study design. The humerus classifications had 12 possible alternatives while the tibia classifications had 27 possible alternatives for the raters to choose from[5,9]. This can be compared to our study using 5 different classification systems with 3-14 possible alternatives in each separate classification system (in total 33 alternatives).
One study on C2 odontoid classifications and another study on the AO Spine subaxial cervical injury system (C3-7) have produced slightly poorer inter-rater reliability when compared to our subgroups (C2 and C3-Th1)[7,8]. Previous studies on the AO Spine thoracolumbar spine injury classification system and Thoracolumbar Injury Classification and Severity Score (TLICS) have produced results that are generally better than our results for the Th2-L5 fracture classification[6,11,19]. However, two more recently published studies concerning the AO Spine thoracolumbar spine injury classification system had poorer or similar inter-rater reliability compared to our study[10,12]. The differences in results between studies are most likely due to differences in methods, study populations and the limitations in using Kappa, but we interpret our inter-rater results for vertebral fracture classifications used in the Swedish Fracture Register to be within what others have previously considered acceptable for a classification system[5,7-10,12].
Our results for intra-rater reliability was at best similar to that of some previous studies[5-10], while similar to or better than the results from a study with raters of different experience levels[12]. The extended time (up to a year) in between the two reliability tests in our study needs to be taken into consideration, as well as lack of specific training and lack of detailed data on injury and patient history. Most other studies have about 4-6 wk between tests[5,7,9,10,12], with the longer times being 6-8 mo[6,8]. Some studies have also provided more information about the patients to the raters such as; clinical information (patient history, injury mechanism, associated injuries, clinical examination and neurological status), operation notes, follow up information, fracture level or radiological image evaluations[6,7,9-11,19]. Therefore, our study could be said to represent the minimum level, which could have affected both our inter- and intra-rater reliability results negatively compared to other studies that provide more information.
In the discussions to decide a gold standard some of the common problems that came up were disagreement whether the example image, description text or the assumed injury mechanism should take priority. Classifications that involve injury to ligaments also created uncertainty among the raters in cases in which no MRI were provided. Still MRI is generally not necessary for thoracolumbar fractures[22] and is not always available for cervical fractures. From the results it is apparent that thoracolumbar B-type injuries may be the most difficult to classify (Table 2). This is not surprising since this corresponds to our clinical experience; to determine whether there is a rupture of the posterior ligament complex is not always easy.
It has also previously been suggested that descriptions of the mechanisms of injury and ligamentous injury should not be included in a spinal injury classification[23]. Yet it must also be taken into the consideration that the classifications need to be clinically relevant and must be associated with relevant patient outcomes in context with specific fracture management plans[23,24].
The subgroups and simplified classification with fewer alternatives have a higher mean kappa coefficient for both inter- and intra-rater reliability, the most obvious reason for this increase is the limitations in using Cohen’s kappa as it does not take in consideration if the difference between two classifications is small or large. Another possible reason for the increase is that more choices make it harder to choose the right classification, especially if they are similar to each other. Improved descriptions could possibly improve the classifications. Reduced number of classifications could result in greater agreement between observers, but will decrease details of fracture data. Implementing web based training/example videos could possibly increase the agreement between physicians.

Strength and limitations
There are currently no methodological standard[25] and we chose to use Cohen’s kappa in our study as it is commonly used in other similar studies[5,8,9,12,25]. A clinical setting with raters of different experience levels classifying vertebral fractures is similar to how data collection of vertebral fractures to the Swedish Fracture Register works and thus, this study provides us with an insight on the reliability of the data in the Swedish Fracture Register. Unfortunately this also make comparisons to other studies harder as different methods, study populations, classification systems and/or comparisons for the classification system is used[6,7,11,19]. From this, we can assess that our results are not necessarily applicable to other registers or studies using one or more of the five individual classification systems used in the Swedish Fracture Register. The study population in this study cannot be generalized for the entire population or every type of hospital. It can also be argued that the study population in this study is too small for the cervical spine and that 50 patients should be selected for each classification system within the cervical spine in order to get a better understanding of the inter- and intra-rater reliability for these individual classification systems. Nevertheless, it would be hard to find large numbers of cervical fractures for a similar study, especially C1 fractures, which only represents 2% of all vertebral fractures[4] but could be the focus for future studies.

[bookmark: _Toc469367114]Conclusions
The classifications used in the Swedish Fracture Register for vertebral fractures have an acceptable inter- and intra-rater reliability with a moderate strength of agreement. With specific training or many years of experience, a higher consistency in inter-rater reliability could be achieved. The results indicate that the Swedish Fracture Register data may be used for studies on epidemiology. Studies comparing treatment outcome should consider reclassifying images to ensure correct classification.

ARTICLE HIGHLIGHTS
Research background
The Swedish Fracture register gives the possibility to attain nationwide data on fractures.

Research motivation
Classification of vertebral fractures have recently been introduced in the register. 

Research objectives
We tested the inter- and intra-rater reliability of the vertebral fracture classifications in the Swedish Fracture register.

Research methods
Radiological images of consecutive patients with vertebral fractures were classified by 5 raters with different experience levels at two occasions. 

Research results
The mean kappa coefficient for inter-rater reliability ranged between 0.51 and 0.79 for the different classifications (overall and for different sub classifications). The mean kappa coefficient for intra-rater reliability ranged between 0.46 and 0.81. 

Research conclusions
The classifications have an acceptable inter- and intra-rater reliability with a moderate strength of agreement.

Research perspectives
The results indicate that the Swedish Fracture register is ready for use in epidemiological studies. Studies comparing treatment outcome should consider reclassifying images to ensure correct classification.
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Table 1 Rater experience level and time between the test occasions
	
	Experience level
	Time between first and second test for cervical fractures
	Time between first and second test for thoracolumbar fractures

	Rater 1
	Senior consultant in orthopaedics and spine surgery as well as responsible for the vertebral fracture classification in the Swedish Fracture Register.
	1 mo
	7 mo

	Rater 2
	Senior consultant in orthopaedics and spine surgery.
	1 mo
	7 mo

	Rater 3
	Specialist in orthopaedics.
	7 mo
	

	Rater 4
	Resident in orthopaedics.
	7 mo
	

	Rater 5
	Medical student, trained by Rater 1 to be knowledgeable on the topic.
	1 mo
	1 mo

	Rater 6
	Resident in orthopaedics.
	
	1 yr

	Rater 7
	Resident in emergency medicine.
	
	1 yr


Raters 1, 2 and 5 were actively working with classifications and vertebral fractures in the time between the tests while Raters 3, 4, 6 and 7 were not.


Table 2 Distribution of fractures according to the gold standard
	
	Number of patients
	Number of patients with signs of ankylosing spinal disorder

	Cervical spine
	C1-Th1
	
	50
	6

	
	C1
	Posterior arch
	2
	0

	
	
	Burst
	5
	1

	
	
	Lateral mass
	1
	0

	
	C2
	Odontoid
	11
	1

	
	
	Hangman’s
	2
	0

	
	
	Unclassifiable
	4
	0

	
	C3-Th1
	Compression
	13
	3

	
	
	Burst
	0
	0

	
	
	Translation/rotation
	7
	2

	
	
	Other
	11
	0

	
	
	Unclassifiable
	2
	0

	Thoracolumbar spine
	Th2-L5
	Axial compression
	40
	6

	
	
	Injury through anterior and posterior structures leading to dislocation
	10
	10

	
	Th2-L5
A-type injuries*
	Wedge shaped compressions
	17
	2

	
	
	Fracture through the middle part of the vertebral body
	2
	0

	
	
	Burst fracture
	21
	4

	
	Th2-L5
B-type injuries
	No injury of posterior structures
	24
	1

	
	
	Rupture of the posterior tension band structures through bone
	9
	4

	
	
	Rupture of the posterior ligament
	5
	0

	
	
	Unable to assess
	2
	1

	
	Th2-L5
C-type injuries
	Hyperextension injury without translation
	9
	9

	
	
	Translation injury/dislocation through bone or disc/ligament
	1
	1

	*Classification of B-type injuries are only assessed in patients with A-type injuries. C: Cervical vertebra; L: Lumbar vertebra; Th: Thoracic vertebra.




Table 3 Inter-rater reliability compared to the gold standard shown as kappa value (asymptotic standard error) for vertebral fracture classifications 
	
	Kappa

	
	Cervical spine
	Thoracolumbar spine

	
	C1-Th1
	C1
	C2
	C3-Th1
	Signs of ankylosing spinal disorder*
	Th2-L5
	Th2-L5 A-type injuries
	Th2-L5 B-type injuries
	Th2-L5 C-type injuries
	Signs of ankylosing spinal disorder*

	Test 1, Rater
	1
	0.59 (0.07)
	0.61 (0.10)
	0.81 (0.07)
	0.78 (0.06)
	0.81 (0.13)
	0.64 (0.08)
	0.88 (0.06)
	0.70 (0.08)
	0.72 (0.10)
	0.91 (0.07)

	
	2
	0.59 (0.07)
	0.72 (0.10)
	0.89 (0.06)
	0.71 (0.07)
	0.91 (0.09)
	0.67 (0.07)
	0.86 (0.06)
	0.64 (0.08)
	0.89 (0.08)
	1.00 (0.00)

	
	3
	0.51 (0.07)
	0.79 (0.10)
	0.66 (0.08)
	0.66 (0.07)
	0.67 (0.15)
	
	
	
	
	

	
	4
	0.47 (0.07)
	0.86 (0.09)
	0.74 (0.07)
	0.61 (0.07)
	0.32 (0.11)
	
	
	
	
	

	
	5
	0.59 (0.07)
	0.93 (0.07)
	0.74 (0.07)
	0.73 (0.07)
	0.77 (0.13)
	0.44 (0.08)
	0.67 (0.08)
	0.63 (0.09)
	0.57 (0.11)
	0.91 (0.07)

	
	6
	
	
	
	
	
	0.46 (0.08)
	0.76 (0.08)
	0.49 (0.09)
	0.81 (0.09)
	0.75 (0.10)

	
	7
	
	
	
	
	
	0.45 (0.08)
	0.67 (0.08)
	0.48 (0.09)
	0.61 (0.13)
	0.31 (0.13)

	Test 1 Mean
	0.55 (0.06)
	0.78 (0.12)
	0.77 (0.08)
	0.70 (0.07)
	0.70 (0.23)
	0.53 (0.11)
	0.77 (0.10)
	0.59 (0.10)
	0.72 (0.13)
	0.77 (0.27)

	Test 2, Rater
	1
	0.70 (0.07)
	0.93 (0.07)
	0.81 (0.07)
	0.80 (0.06)
	0.81 (0.13)
	0.58 (0.08)
	0.82 (0.07)
	0.76 (0.07)
	0.77 (0.09)
	0.91 (0.07)

	
	2
	0.65 (0.07)
	0.65 (0.10)
	0.89 (0.06)
	0.78 (0.06)
	0.77 (0.13)
	0.60 (0.08)
	0.82 (0.07)
	0.62 (0.08)
	0.78 (0.10)
	0.86 (0.08)

	
	3
	0.26 (0.06)
	0.66 (0.09)
	0.56 (0.07)
	0.45 (0.07)
	0.52 (0.14)
	
	
	
	
	

	
	4
	0.44 (0.07)
	0.72 (0.10)
	0.65 (0.08)
	0.63 (0.07)
	0.20 (0.08)
	
	
	
	
	

	
	5
	0.63 (0.07)
	1.00 (0.00)
	0.85 (0.07)
	0.70 (0.07)
	0.74 (0.15)
	0.69 (0.07)
	0.82 (0.07)
	0.76 (0.07)
	0.82 (0.10)
	0.95 (0.05)

	
	6
	
	
	
	
	
	0.35 (0.08)
	0.58 (0.09)
	0.46 (0.09)
	0.51 (0.13)
	0.70 (0.11)

	
	7
	
	
	
	
	
	0.18 (0.07)
	0.34 (0.09)
	0.41 (0.10)
	0.52 (0.14)
	0.38 (0.13)

	Test 2 Mean
	0.54 (0.18)
	0.79 (0.16)
	0.75 (0.14)
	0.67 (0.14)
	0.61 (0.25)
	0.48 (0.21)
	0.62 (0.21)
	0.60 (0.17)
	0.68 (0.15)
	0.76 (0.23)

	For test 1 and 2 mean kappa (standard deviation) is shown. *Ankylosing spondylitis or diffuse idiopathic skeletal hyperostosis. C: Cervical vertebra; L: Lumbar vertebra; Th: Thoracic vertebra.




Table 4 Intra-rater reliability for vertebral fracture classifications shown as kappa value (asymptotic standard error) for all raters. Raters are compared to themselves.
	
	Kappa

	
	Cervical spine
	Thoracolumbar spine

	
	C1-Th1
	C1
	C2
	C3-Th1
	Signs of ankylosing spinal disorder*
	Th2-L5
	Th2-L5 A-type injuries
	Th2-L5 B-type injuries
	Th2-L5 C-type injuries
	Signs of ankylosing spinal disorder*

	Rater
	1
	0.72 (0.07)
	0.67 (0.10)
	0.93 (0.05)
	0.80 (0.06)
	1.00 (0.00)
	0.59 (0.08)
	0.76 (0.08)
	0.69 (0.08)
	0.84 (0.09)
	1.00 (0.00)

	
	2
	0.62 (0.07)
	0.72 (0.10)
	0.93 (0.05)
	0.75 (0.07)
	0.70 (0.14)
	0.62 (0.07)
	0.83 (0.07)
	0.64 (0.08)
	0.90 (0.07)
	0.86 (0.08)

	
	3
	0.40 (0.07)
	0.86 (0.09)
	0.63 (0.07)
	0.55 (0.07)
	0.66 (0.12)
	
	
	
	
	

	
	4
	0.44 (0.07)
	0.79 (0.10)
	0.64 (0.08)
	0.53 (0.07)
	0.72 (0.10)
	
	
	
	
	

	
	5
	0.72 (0.07)
	0.93 (0.07)
	0.78 (0.07)
	0.82 (0.06)
	0.85 (0.10)
	0.60 (0.08)
	0.75 (0.07)
	0.78 (0.08)
	0.69 (0.10)
	0.95 (0.05)

	
	6
	
	
	
	
	
	0.32 (0.07)
	0.52 (0.09)
	0.37 (0.10)
	0.49 (0.14)
	0.60 (0.13)

	
	7
	
	
	
	
	
	0.16 (0.07)
	0.31 (0.09)
	0.32 (0.10)
	0.47 (0.17)
	0.63 (0.19)

	*Ankylosing spondylitis or diffuse idiopathic skeletal hyperostosis. C: Cervical vertebra; L: Lumbar vertebra; Th: Thoracic vertebra.
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