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Abstract

Study Design: A multicenter observational survey.

Objective: To quantify and compare inter- and intraobserver reliability of the subaxial cervical spine injury classification (SLIC)
and the cervical spine injury severity score (CSISS) in a multicentric survey of neurosurgeons with different experience levels.

Methods: Data concerning 64 consecutive patients who had undergone cervical spine surgery between 2013 and 2017 was
evaluated, and we surveyed 37 neurosurgeons from 7 different clinics. All raters were divided into 3 groups depending on their
level of experience. Two assessment procedures were performed.

Results: For the SLIC, we observed excellent agreement regarding management among experienced surgeons, whereas
agreement among less experienced neurosurgeons was moderate and almost twice as unlikely. The sensitivity of SLIC relating to
treatment tactics reached as high as 92.2%. For the CSISS, agreement regarding management ranged from medium to substantial,
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depending on a neurosurgeon’s experience. For less experienced neurosurgeons, the level of agreement concerning surgical
management was the same as for the SLIC in not exceeding a moderate level. However, this scale had insufficient sensitivity
(slightly exceeding 50%). The reproducibility of both scales was excellent among all raters regardless of their experience level.

Conclusions: Our study demonstrated better management reliability, sensitivity, and reproducibility for the SLIC, which pro-
vided moderate interrater agreement with moderate to excellent intraclass correlation coefficient indicators for all raters. The
CSISS demonstrated high reproducibility; however, large variability in answers prevented raters from reaching a moderate level of
agreement. Magnetic resonance imaging integration may increase sensitivity of CSISS in relation to fracture management.
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Introduction

Point scales for measuring cervical stability after injury were

first developed by White and Panjabi in 1990.1 Based on the

x-ray data and clinical assessment, the degree of damage to the

anterior and posterior elements, level of dislocation and rota-

tion, neurological deficit, disc injury, and results of stretch test

were measured in points. This scale was not widely used

because of the broad application of computed tomography

(CT) and magnetic resonance imaging (MRI) in routine prac-

tice. A retrospective study was also inconvenient because of the

occasional use of the stretch test in patients with mild or con-

troversial spine injuries. Moreover, this procedure is incompa-

tible with current standards of medical care in patients with

acute cervical injuries.2 After 2006, the Subaxial Cervical

Spine Injury Classification (SLIC) and Cervical Spine Injury

Severity Score (CSISS) scales were developed for point mea-

suring of cervical stability after injury.3,4 Although these scales

were developed more than 10 years ago, they have never been

used widely despite the fact that the effectiveness of the SLIC

has been proven in clinical work.5,6 According to Chhabra

et al,7 only 35% of experts use the SLIC scale, and 5% use the

CSISS scale daily.

Only 5 published articles have estimated the reliability of

the SLIC and CSISS scales,3,4,8-10 and only 3 of those were

external studies.8-10 The CSISS scale has been examined by

surgeons with different levels of experience; however, all stud-

ies had a single-centre design (Table 1). The SLIC scale has

been examined by only experienced surgeons. The reliability

and reproducibility of this scale have never been estimated for

residents and young surgeons.

Therefore, our study aimed to measure and compare the

inter- and intraobserver reliabilities of the SLIC and CSISS

scales among neurosurgeons who have different levels of expe-

rience and work in different clinics.

Materials and Methods

Patient Cohort

We used data of 64 consecutive patients who underwent sur-

gery between January 2013 and December 2017. All patients

underwent surgery in the study initiator’s institute. This study

was approved by an institutional review board.

We used anonymized CT (all cases) and MRI (58%) data in

our study. In 22 patients, operated on in 2013 and 2014, cervical

spine CT was performed with a slice thickness of 2 mm. In the

remaining 42 cases, CT was performed with a slice thickness of

0.5 mm. Personalized information was removed from the Digital

Imaging and Communications in Medicine (DICOM) files, and

each case was assigned a unique number. Each case also had a

description of the patient’s neurological status. Each rater’s

folder included all 64 cases in a random order—this ruled out

the risk of raters copying each other’s answers.

Raters

Thirty-seven surgeons from 7 different clinics were included in

the study. Five clinics were level 1 trauma centers, and 2 were

university clinics. All raters were divided into 3 groups depend-

ing on their level of experience. The group of beginners (20

surgeons) included residents, nonspinal neurosurgeons, and

junior spinal surgeons with less than 5 years of experience. This

division was due to the peculiarities of the residency program in

our country, which only lasts 2 years. In relation to Europe and

the United States, our beginners group correspond to final-year

residents or surgeons with 1 to 2 years of experience, that is,

surgeons who perform some operations under the periodic super-

vision of a more experienced surgeon. The intermediate group

comprised 10 neurosurgeons with between 5 and 10 years of

experience in spinal surgery and who were able to independently

perform all types of anterior surgery of the cervical spine, and

who had participated in multiple surgeries. The experienced

group comprised 7 surgeons with >10 years of experience in

spinal surgery, and who were able to perform all types of anterior

and posterior surgery for cervical spine trauma.

Each rater received a unique package that included the fol-

lowing: (1) a USB flash drive with the blinded DICOM archive

and information concerning patients’ neurological status, (2) a

reference material booklet containing a detailed description of

each studied classification, and (3) an application form to fill in

the answers.

Assessment Process

Two assessment procedures were performed. The initial assess-

ment included 36 raters from all clinics. Then the order and
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serial numbers of cases were randomly changed. The second

assessment was conducted in each clinic separately within 1.5

months after the first assessment. Twenty-four raters were

included in the second assessment.

Description of the Scales

The SLIC scale4 is a simultaneous assessment of the morphol-

ogy of damage, integrity of the discoligamentous complex, and

degree of damage to neural structures. If the total score is 5 or

more, then surgical treatment is indicated. With a score of 3 or

less, conservative therapy is indicated. With a score of 4, the

choice of treatment is based on the surgeon’s experience and

consideration of the patient’s condition and individual

characteristics.

The main purpose of the CSISS is to determine the surgical

tactic at the stage of CT. The authors identified 4 anatomical

zones.3 Bone damage was evaluated according to the amount of

displacement of the fragments. Ligament damage was based on

the degree of divergence of the corresponding bone landmarks:

0 points, no damage; 1 point, damage without displacement;

and 5 points, the maximum possible damage at this level. Inter-

mediate points of damage to the ligamentous apparatus were

set in accordance with the surgeon’s opinion.

Statistical Analysis

We used the Fleiss kappa and intraclass correlation coefficient

(ICC) indicators to estimate the interrater reliability. For the

kappa statistic (K) calculation, we used Microsoft Excel 2011

for Mac (Microsoft Corp) with the VBA program AgreeStat

2015.6 (Advanced Analytics, LLC).

The interrater ICC was calculated using SPSS Statistics 23.0

for Mac (IBM Corp) and 2 formulas.11,12 For major

comparisons, we used a 2-way random model for ICC (ICC

2.1) assessment since the raters were assumed to be represen-

tative of other raters and that those other raters would produce a

similar kind of consistency regardless of the participants. We

used absolute agreement, as this was the only way to demon-

strate the identity of cases to each other. The ICC form was a

single measure, that is, the single reading of 1 rater was com-

pared to a single reading of another rater. In order to compare

our data with those in the literature, we analyzed the ICC using

the 2-way random model, average measures, and absolute

agreement (ICC 2, k). Since each rater performed only 1

assessment in each stage of assessments, we averaged all the

results in the first and second assessments.

Intrarater reliability was estimated for each rater using

Cohen’s kappa and ICC (3, 1; 2-way mixed model, single

measures, and absolute agreement). The kappa statistic was

interpreted using Landis and Koch’s system13; if the kappa was

less than 0.2, the degree of agreement was estimated as slight;

if between 0.2 and 0.4, the degree of agreement was fair; if

between 0.4 and 0.6, the degree of agreement was moderate; if

between 0.6 and 0.8, the degree of agreement was substantial;

if more than 0.8, the degree of agreement was excellent. During

assessment of the ICC, the correlation was poor if the ICC was

less than 0.50, moderate if between 0.50 and 0.75, good if

between 0.75 and 0.90, and excellent if more than 0.90.

Results

The overall number of processed application forms was 60 (36

forms during the first assessment, and 24 forms during the

second assessment). The included raters performed 3840 eva-

luations, and we received 7616 answers. In 21 cases, raters

were unable to diagnose the injury, and in 11 cases, raters were

unable to visualize the files because of flash drive failure.

Table 1. Current Studies of the SLIC and CSISS Scales.

Study Scale
Number
of Cases Patient Cohort

Number
of Raters Types of Raters

Number of
Participating Centers

Anderson et al,3 2007 CSISS 34 Selected from database 15 Residents
Fellows
Attending surgeons
Radiologist

Single center

Zehnder et al,10 2009 CSISS 50 Selected from database 15 6 junior residents
6 senior residents
3 spine attendings

Single center

Middendorp et al,8 2013 SLIC 51 Selected from database 12 5 spine surgeons
7 orthopedic/trauma surgeons

Multiple centers

Stone et al,9 2010 SLIC
CSISS

50 Consecutive patients 5 Unknown Single center

Vaccaro et al,4 2007 SLIC 11 Selected from database 20 5 neurosurgeons
15 orthopedic surgeons

Multiple centers

Present study SLIC
CSISS

64 Consecutive patients 37 20 beginners and nonspinal
neurosurgeons

10 intermediate spine surgeons
7 experienced spine surgeons

Multiple centers

Abbreviations: SLIC, Subaxial Cervical Spine Injury Classification; CSISS, Cervical Spine Injury Severity Score.
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SLIC Scale

Interobserver Agreement. The raters’ primary assessments were

highly variable (Figure 1a), and the estimated values ranged

between 3 and 8 points. However, we observed a moderate

correlation among all raters (ICC 2.1 ¼ 0.57; 95% confidence

interval [CI], 0.49-0.67) and good correlation among experi-

enced surgeons (ICC 2.1 ¼ 0.75; 95% CI, 0.67-0.82; Table 2).

The variability of answers was much lower during the second

assessment (Figure 1b) and this affected the ICC indicator.

However, ICC 2.1 was almost the same in the groups of begin-

ners and intermediates (ICC 2.1¼ 0.64; 95% CI, 0.54-0.73 and

ICC 2.1 ¼ 0.62; 95% CI, 0.51-0.72, respectively). At the same

time, ICC 2.1 was almost excellent in the group of experienced

surgeons (ICC ¼ 0.85; 95% CI, 0.79-0.90).

During the first assessment, the interobserver kappa of all

raters reached 0.15 (95% CI, 0.13-0.17) with the best values in

the group of experienced surgeons (K ¼ 0.38; 95% CI, 0.34-

0.42). The second assessment demonstrated the increase of the

overall K indicator up to 0.22 (95% CI, 0.19-0.25) and up to

moderate in the group of experienced surgeons (K¼ 0.46; 95%
CI, 0.38-0.55). Agreement for the beginners’ group was slight

and did not exceed 0.19 for both assessments (Table 2). In the

group of intermediate surgeons, agreement was fair for the

first and second assessments (K ¼ 0.22; 95% CI, 0.18-0.26 and

K ¼ 0.25; 95% CI, 0.21-0.29, respectively).

Figure 1. Variability of Subaxial Cervical Spine Injury Classification values during the first (a) and second (b) stages of the study.

Table 2. Interrater and Intrarater Agreement in the Beginners and Experienced Surgeon’s Groups for SLIC Scale.

First Assessment Second Assessment

Beginners Group Experienced Group Beginners Group Experienced Group

Interrater agreement
ICC 2.1 0.66 0.75 0.64 0.85
ICC 2.k n/a n/a 0.95 0.96
Overall Fleiss kappa 0.14 0.38 0.19 0.46
Fleiss kappa, CT only 0.14 0.36 0.21 0.43
Fleiss kappa, CT þ MRI 0.13 0.36 0.11 0.47
Management, kappa 0.43 0.66 0.46 0.85

Intrarater agreement
Cohen’s kappa n/a 0.77 0.68
ICC 3.1 n/a 0.84 0.90

Abbreviations: SLIC, Subaxial Cervical Spine Injury Classification; CT, computed tomography; ICC, intraclass correlation; ICC 2.1, intraclass correlation, 2-way
random, single measures, absolute agreement; ICC 2.k, intraclass correlation, 2-way random, average measures, absolute agreement; ICC 3.1, intraclass
correlation, 2-way mixed model, single measures, absolute agreement; MRI, magnetic resonance imaging; n/a, not available.
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The use of MRI did not significantly affect the interpretation

of the injury; however, in the group of patients where both CT

and MRI were used, there was a clear tendency for the agree-

ment coefficient to decrease, with a difference in values from

0.03 to 0.05 depending on the raters’ level of experience

(Table 2).

Reproducibility. The intraobserver agreement and correlation

were excellent for the SLIC scale among all raters (K ¼ 0.80

[range 0.49-0.98] and ICC ¼ 0.90 [range 0.65-0.98]).

Average Values. We averaged the values for each studied patient

during the first and second assessments. ICC 2, k was excellent

for all surgeons (0.98; 95% CI, 0.96-0.99).

Management Based on the SLIC. The level of agreement among

all raters in management based on the SLIC during both assess-

ments was moderate (K ¼ 0.42; 95% CI, 0.30-0.54 and

K ¼ 0.49; 95% CI, 0.34-0.64, respectively). However, it was

substantial and excellent in the group of experienced surgeons

(K ¼ 0.66; 95% CI, 0.52-0.80 and K ¼ 0.85; 95% CI,

0.72-0.98, respectively; Table 2). Agreement for the begin-

ners and intermediate groups was moderate and did not

reach K ¼ 0.55 during both assessments.

SLIC Sensitivity in Relation to Surgical Tactics. Of all the studied

cases, only 5 cases (02, 09, 12, 20, and 44) had a median value

of 3 points or less during one of the assessments (Figure 1).

This observation was associated with compression fractures of

the vertebral bodies of type A2 or A4 according to the AOSpine

classification,14 without neurological deficit. Thus, the sensi-

tivity of the SLIC scale was 92.2%. Of the features, it should be

noted that MRI was performed in 3 cases (02, 09, and 20), and

CT imaging was of poor quality in 2 cases (09 and 12). Exam-

ples of such cases are presented in Figure 2.

CSISS Scale

Interobserver Agreement. Both assessments demonstrated a com-

paratively high level of variability in the CSISS estimation, and

in some cases, the difference between assessments reached 10

points (Figure 3). During the first assessment, we observed

moderate correlation between the answers of all raters (ICC

2.1 ¼ 0.56; 95% CI, 0.48-0.66) and a slight agreement for each

separate assessment (K¼ 0.10; 95% CI, 0.08-0.12). During the

second assessment, we observed no significant differences in

the results: slight agreement (K¼ 0.11; 95% CI, 0.09-0.13) and

moderate correlation (ICC 2.1 ¼ 0.50; 95% CI, 0.41-0.60).

In the group of experienced surgeons (Table 3), moderate

correlation (ICC 2.1 ¼ 0.65; 95% CI, 0.54-0.76) was accom-

panied by fair agreement (K ¼ 0.34; 95% CI, 0.30-0.38). For

the beginner surgeons group, agreement was slight with mod-

erate correlation during the first (K ¼ 0.14; 95% CI, 0.11-0.18

and ICC 2.1¼ 0.62; 95% CI, 0.57-0.67) and second (K¼ 0.12;

95% CI, 0.09-0.15 and ICC 2.1 ¼ 0.53; 95% CI, 0.49-0.56)

assessments. Agreement for the intermediate group was also

slight during the first and second assessments (K ¼ 0.13; 95%
CI, 0.10-0.16 and K ¼ 0.12; 95% CI, 0.09-0.15, respectively)

with the lowest values of intraclass correlation (ICC 2.1 ¼
0.50; 95% CI, 0.45-0.55 and ICC 2.1 ¼ 0.41; 95% CI, 0.37-

0.45, respectively).

The use of MRI did not significantly affect the interpretation

of the injury (Table 3). In the group of patients where both CT

and MRI were used, there was a clear tendency for the agree-

ment coefficient to decrease for beginners and intermediates.

For experienced surgeons, the use of MRI increased the inter-

rater kappa to 0.1 and 0.03 during the first and second assess-

ments, respectively.

Reproducibility. The overall intraobserver agreement level was

substantial (K ¼ 0.76; range 0.39-0.98) accompanied by excel-

lent correlation (ICC ¼ 0.97; range 0.92-0.99). The analysis of

Figure 2. Case 20. Computed tomography scans (a, b) reveal a fracture of the C6 vertebral body in the frontal plane with expansion of the
C6-C7 facet joint on the right side (indicated by an arrow). Magnetic resonance imaging in the short TI inversion recovery sequence reveals
damage to the upper wall of the fibrous ring of the C6-C7 disc in the fracture area (c) and fluid accumulation in the cavity of the right C6-C7 joint
(d), which is indicated by an arrow. Median values for the Subaxial Cervical Spine Injury Classification are 3 points during both assessments.
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surgeon groups depending on the level of experience also

demonstrated excellent reproducibility (Table 3).

Average Values. Values averaged (ICC 2, k) for the first and

second assessments demonstrated excellent correlation both

in the overall and group analyses. ICC 2, k reached 0.96

(95% CI, 0.94-0.97) among all raters.

Management Based on the CSISS. The agreement in management

based on the scale was moderate among all raters (K ¼ 0.41;

95% CI, 0.33-0.48) and substantial among experienced sur-

geons (K ¼ 0.62; 95% CI, 0.52-0.73) during the first

assessment. This indicator was lower almost in all surgeon

groups during the second assessment (Table 3).

CSISS Sensitivity in Relation to Surgical Tactics. Of 64 cases,

according to the CSISS scale, 29 cases had a median value of

6 points or less during both assessments. Most often, a value of

less than 7 points was found in cases of compression fractures

with the compression-extension mechanism of trauma, distrac-

tion injuries of the ligamentous complex without displacement

(type B3 according to the AOSpine classification, Figure 4),

traumatic disc herniation, and isolated unilateral unstable

facet fracture (types F2 or F4 according to the AOSpine

Table 3. Interrater and Intrarater Agreement in the Beginners and Experienced Surgeon’s Groups for CSISS Scale.

First Assessment Second Assessment

Beginners Group Experienced Group Beginners Group Experienced Group

Interrater agreement
ICC 2.1 0.62 0.65 0.53 0.72
ICC 2.k n/a n/a 0.93 0.91
Overall Fleiss kappa 0.14 0.34 0.12 0.32
Fleiss kappa, CT only 0.13 0.27 0.11 0.28
Fleiss kappa, CT þ MRI 0.15 0.37 0.10 0.31
Management, kappa 0.50 0.62 0.41 0.57

Intrarater agreement
Cohen’s kappa n/a 0.70 0.72
ICC 3.1 n/a 0.97 0.97

Abbreviations: CSISS, Cervical Spine Injury Severity Score; CT, computed tomography; ICC, intraclass correlation; ICC 2.1, intraclass correlation, 2-way random,
single measures, absolute agreement; ICC 2.k, intraclass correlation, 2-way random, average measures, absolute agreement; ICC 3.1, intraclass correlation, 2-way
mixed model, single measures, absolute agreement; MRI, magnetic resonance imaging; n/a, not available.

Figure 3. Variability of Cervical Spine Injury Severity Score values during the first (a) and second (b) stages of the study.
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classification). Thus, the sensitivity of the CSISS scale was

54.7%. Of 29 cases with a value of 6 or less, 20 cases (69%)

had MRI of the cervical spine. This cohort also included 11

patients with CT data with a slice thickness of 2 mm.

Discussion

The major disadvantage of most morphological scales is the

absence of a clear protocol for patients’ management including

the necessity for surgery. These scales clearly demonstrate the

type of injury and dislocation in the segment but do not suggest

any further management of the injury. Further tactics depend

on only the knowledge of modern standards and surgeons’

experience. In cases of insufficient experience in spinal surgery

or in complex cases, point scales may simplify patient manage-

ment determination. Therefore, in our study, we analyzed the

agreement evaluation among less experienced neurosurgeons

who are usually the first to see patients on admission.

The SLIC and CSISS scales were developed almost simul-

taneously.3,4 The main difference between them is that the

SLIC scale estimates the injury structure in light of morphol-

ogy and clinical manifestation, whereas the CSISS scale con-

siders the CT data of the injury. The SLIC value might reach 10

points, but the CSISS value can reach 20 points. This allows for

a large spread of answers under certain conditions.

Indeed, we performed the agreement assessment using not

only the ICC indicator but also the kappa statistic. We believe

that kappa can demonstrate the chance-corrected agreement of

the specific values between all provided answers.15 Since every

classification must be minimally controversial for each injury

subtype characteristic, an ideal point scale suggests that all

answers must be significantly similar to each other.16

In the assessment of interrater agreement in the SLIC scale,

we observed a rather high level of variability in the answers

during both assessments of the study (Figure 2). This resulted

in low rater agreement among all specific values. We observed

a moderate level of interrater agreement only in the group of

experts. The same agreement level was demonstrated in an

internal study by Vaccaro et al.4 During assessment of the SLIC

scale, most raters described the assessment of intervertebral

disc injury without MRI data as well as differential diagnostics

of some distraction and translational injuries as complicating.

The same problems were observed by the authors of 2 afore-

mentioned studies.4,8 Analysis of ICC demonstrated a moder-

ate agreement level among all raters and good/excellent level

among experts. The same results were reported in all existing

articles dedicated to assessment of the SLIC scale4,8,9 that

included experienced surgeons.

Finally, we observed moderate to excellent agreement in

respect of the defined management among experienced sur-

geons. At the same time, agreement among less experienced

neurosurgeons was found to be almost 2 times less than that of

experienced surgeons, which could complicate the decision-

making regarding the correct surgical strategy to adopt. Many

difficulties in determining the appropriate surgical approach

occurred for patients with type A2 and A4 fractures according

to the AOSpine classification. In the absence of a neurological

deficit in some surgically treated cases, most surgeons gave a

rating of 3 points, which indicates conservative treatment based

on the SLIC scale. Despite this, the sensitivity of SLIC in

relation to the treatment tactic was high and reached 92.2%.

In conjunction with high sensitivity, regular use of this scale in

routine practice may increase the level of surgeons’ agreement

for a reliable and appropriate surgical strategy.

We also compared agreement coefficients in patient groups

with and without MRI data. We found no significant difference,

which indicated a possibility of determining which treatment to

apply on the basis of CT data only. Moreover, the quality of CT

images also had no effect on determining the need for further

treatment, which indicated the versatility of the scale and its pos-

sible use in almost any hospital, regardless of imaging equipment.

Figure 4. Case 32. Computed tomography scans demonstrate minimal retrolisthesis of C6 (a), which could be degenerative in nature, minimal
diastasis for 1 to 1.5 mm of the left C6-C7 facet joint (b). Median values for the Cervical Spine Injury Severity Score are 5 points during both
assessments. Magnetic resonance imaging in the short TI inversion recovery sequence (c) reveals intervertebral disc disruption with spinal cord
compression.
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During 2 assessments, variability of answers in analysis of

the CSISS scale was also high (Figure 3a and b). Interrater

agreement between specific values was slight even among

experienced surgeons and never exceeded fair. Additionally,

we observed a rather low ICC near the poor correlation level

among all raters. Agreement of the raters regarding manage-

ment ranged from medium to substantial, depending on the

surgeon’s experience. For less experienced neurosurgeons,

the level of agreement concerning surgical management was

the same as for the SLIC scale and did not exceed a moderate

level. However, this scale had insufficient sensitivity that only

slightly exceeded 50%. In 29 operated patients, most surgeons

gave a rating of 6 points or less, which suggested conservative

treatment. Most raters in our study suggested that this happens

because of imprecise interpretation of ligament injuries. In

cases of compressive fractures or translational injuries, varia-

bility of answers was low. Additionally, variability was much

higher if any evidence of ligament injury was revealed (reduc-

tion of the facet joint contact area, widening of the interspinous

distance, and irregular widening of the interbody space). In

most patients with a low CSISS score, MRI was performed

so additional damage to the ligamentous complex and spinal

cord was visualized, and this was the reason for the surgical

intervention. This aspect indicated a possible need to expand

the CSISS scale to include an MRI-based interpretation of

damage to the discoligamentous complex. Furthermore, in 11

patients with an inappropriate interpretation of damage

according to the CSISS scale, CT was performed with a slice

thickness of 2 mm, which resulted in 2- and 3-dimensional low-

quality reformations during the assessment. This fact indicates

a high sensitivity of this scale to the quality of CT images and a

high probability of erroneous interpretation of damage in cases

with CT images of poor quality.

However, we found that the use of MRI did not signifi-

cantly affect the agreement coefficients for the CSISS. In

most groups, the agreement coefficient did not change or

there was a slight downward trend. One exception concerned

assessment of the CSISS by the experienced surgeons where,

during both stages, kappa growth values were noted as 0.1 and

0.03, which also indicated a potential use of MRI along with

the CSISS scale.

Despite a relatively low level of interobserver agreement,

the reproducibility of both scales was excellent among all raters

regardless of their experience.

Thus, on the basis of our study’s results, we think that the

SLIC scale is the optimal numeric scale. A high level of agree-

ment observed among the experienced surgeons indicated that

greater surgical experience was likely to result in an increase in

the SLIC agreement level. Our result also corresponds with the

data of the Chhabra et al7 study. Unfortunately, the application

of any scale in clinical practice is very limited now in most

clinics. The use of classifications greatly simplifies communi-

cation between specialists, and we believe that their use at the

level of the emergency department is mandatory for all patients

with spinal injury. The SLIC scheme is used much more often

than the CSISS because of its simplicity and convenience.7

However, we presume that the CSISS has high clinical poten-

tial. We expect that MRI integration and unification of differ-

ent assessments of bone and ligament injuries should increase

the interrater kappa value in the CSISS scale and increase

sensitivity for further surgical management. Perhaps assess-

ment of the injury type using the CSISS scale performed by

radiologists during primary visualization might reduce the time

of decision making in debatable cases for surgeons.

Study Limitations

The limitations of this study need to be acknowledged. First,

we described only the features of calculating the sensitivity of

scales in relation to surgical tactics. All the patients in our study

had been treated surgically. Our study would have benefited

from consideration of a group of patients who have been con-

servatively treated for stable fractures, along with obtaining

more precise responses from each rater without requiring med-

ian values. This strategy would make it possible to not only

obtain a more accurate sensitivity value but also calculate the

specificity of these scales in relation to further surgical tactics.

Nevertheless, even in such indicative conditions, the advantage

of the SLIC scale was clearly demonstrated.

Second, the study participants had to independently exam-

ine the CT and MRI images in the DICOM archives and build

the reformations and 3-dimensional reconstruction. This may

have affected the results of our study, especially the results

obtained from the less experienced neurosurgeons because of

considerably varying visualizations of the injury. Nevertheless,

we consider that our results reflected challenges facing sur-

geons in real-world working situations.

The study participants did not separately mark scores for

injury morphology, the disc-ligament complex, or the neurolo-

gical status when using the SLIC scale. A more fine-tuned form

of assessment could assist in evaluating the need for MRI in the

SLIC scale in greater detail.

Another limitation is represented by the difficulties of com-

paring our data with ICC indicators in other studies. Among

present studies that assessed the ICC,3,4,8-10 the model and/or

form of the ICC are provided in only 2 articles. In one study,

authors reported the application of a 2-way random model of

the ICC9; however, no data concerning form or the agreement

type were provided. In another study, the authors used aver-

aging during the interobserver agreement assessment,3 but the

model and agreement type were also not provided. Therefore,

no adequate comparison can be performed between the men-

tioned studies as well as between these studies and our study.

Conclusions

Our study demonstrated better management reliability, sensi-

tivity, and reproducibility of the SLIC scale. This scale pro-

vided moderate interrater agreement with moderate to excellent

ICC. The CSISS scale demonstrated high reproducibility; how-

ever, the large variability in the responses using a visual assess-

ment of ligament injuries prevented raters from reaching a

106 Global Spine Journal 11(1)



moderate level of agreement. Nevertheless, MRI integration

may increase the sensitivity of the CSISS scale for fracture

management. In future studies, a model of the applied ICC

parameters should be provided to perform an adequate com-

parison. More studies concerning the clinical application of the

SLIC and CSISS scales should be conducted to define the most

convenient scale for use in clinical practice.
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