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Abstract

Introduction

Magnetic resonance imaging (MRI) is gold-standard for investigating Degenerative Cervical

Myelopathy (DCM), a disabling disease triggered by compression of the spinal cord follow-

ing degenerative changes of adjacent structures. Quantifiable compression correlates

poorly with disease and language describing compression in radiological reports is un-

standardised.

Study design

Retrospective chart review.

Objectives

1) Identify terminology in radiological reporting of cord compression and elucidate relation-

ships between language and quantitative measures 2) Evaluate language’s ability to distin-

guish myelopathic from asymptomatic compression 3) Explore correlations between

quantitative or qualitative features and symptom severity 4) Investigate the influence of

quantitative and qualitative measures on surgical referrals.

Methods

From all cervical spine MRIs conducted during one year at a tertiary centre (N = 1123), 166

patients had reported cord compression. For each spinal level deemed compressed by
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radiologists (N = 218), four quantitative measurements were calculated: ‘Maximum Canal

Compromise (MCC); ‘Maximum Spinal Cord Compression’ (MSCC); ‘Spinal Canal Occupa-

tion Ratio’ (SCOR) and ‘Compression Ratio’ (CR). These were compared to associated

radiological reporting terminology.

Results

1) Terminology in radiological reports was varied. Objective measures of compromise corre-

lated poorly with language. “Compressed” was used for more severe cord compromise as

measured by MCC (p<0.001), MSCC (p<0.001), and CR (p = 0.002).

2) Greater compromise was seen in cords with a myelopathy diagnosis across MCC

(p<0.001); MSCC (p = 0.002) and CR (p<0.001). “Compress” (p<0.001) and “Flatten”

(p<0.001) were used more commonly for myelopathy-diagnosis levels.

3) Measurements of cord compromise (MCC: p = 0.304; MSCC: p = 0.217; SCOR: p =

0.503; CR: p = 0.256) and descriptive terms (p = 0.591) did not correlate with i-mJOA score.

4) The only variables affecting spinal surgery referral were increased MSCC (p = 0.001)

and use of ‘Compressed’ (p = 0.045).

Conclusions

Radiological reporting in DCM is variable and language is not fully predictive of the degree

of quantitative cord compression. Additionally, terminology may influence surgical referrals.

Introduction

‘Degenerative Cervical Myelopathy’(DCM) refers to spinal cord disease triggered by degenera-

tion of the cervical spine, including cervical spondylotic myelopathy, degenerative disc disease,

ossification of the posterior longitudinal ligament and ossification of the ligamentum flavum

[1]. DCM is the most common form of spinal cord dysfunction [2,3] with treatment limited to

surgical decompression. Surgery can prevent further injury and improve neurological function

and general health [4]. However, many patients retain life-long disabilities and reduced quality

of life [4,5]. Prompt diagnosis and treatment are key to preserving function and ensuring good

recovery [6], however diagnosis is frequently delayed [1,7]. As treatment is limited to surgical

decompression, new international guidelines recommend that all patients with DCM are

reviewed by specialists who can offer surgery [8]. Initial assessment and diagnosis, however, is

typically carried out by other specialities.

Diagnosis of DCM requires clinical signs and symptoms, confirmed with MRI (magnetic

resonance imagining) examination. MRI [9] is the best imaging modality for assessing extent

of cord compromise or injury [10] and typical features include visible cord compression,

altered cord signal intensity, canal stenosis, altered sagittal spinal alignment and ligamentous

changes [11].

Despite investigation, no standard MRI features consistently representing disease severity

in DCM have been found [12], and whilst cord compression is considered a hallmark, its

extent correlates poorly with severity. This may be due to dynamic injury mechanisms unde-

tected by standard MRI protocols [13] or biological differences in responses to mechanical

stress. Significant cord compression can be present in asymptomatic individuals [14,15].

Currently, various quantitative measurements of cord compromise have been described,

including ‘Transverse Area’, ‘Compression Ratio’, ‘Maximum Canal Compromise’, ‘Maximum

Radiological descriptions of cord compression
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Spinal Cord Compression’ and ‘Spinal Cord Occupation Ratio’. However, their chief usage is

in research. Whilst such measurements provide objective and quantitative measures of cord

compromise, in daily practice, non-specialist clinicians are primarily informed by the qualita-

tive reports provided with MRIs. Whilst standardised nomenclature for MRI features such as

disc pathology is well-established, no such guidance exists for radiologists reporting cervical

spine imaging. Semi-quantitative and qualitative scales for cervical stenosis exist [16] but are

not widely used. We hypothesised that language used by radiologists reporting cord compro-

mise influences clinical management.

This study aimed to 1) identify terminology used in radiological reporting of spinal cord

compromise 2) compare this with objective, quantitative measures of cord compromise 3)

evaluate its ability to distinguish myelopathic from asymptomatic cord compromise and 4)

investigate whether language influences referral to spinal surgeons.

Methods

This was a retrospective study examining data from all patients receiving a cervical MRI in one

year at a tertiary NHS centre (N = 1123).

Author BH assessed radiological reports for each MRI for reference to spinal cord involve-

ment. For each patient in whom compromise was identified (N = 166), the main descriptive

term used to describe the cord at the affected level (e.g. flattened), as well as any qualifiers (e.g.

mild) were recorded. In patients with multiple levels of cord involvement suggested, details for

each were recorded and analysed separately, giving 218 unique cord levels.

Radiological reports were primarily authored by consultant neuroradiologists, but a minor-

ity (N = 9) were written by radiology trainees and endorsed by supervising consultants. In the

single case where the consultant used a different term to the trainee, this was recorded in

preference.

For each spinal level, four ratio measurements were calculated using raw measurements

gathered from computer-based MRI records: ‘Maximum Canal Compromise (MCC) [17];

‘Maximum Spinal Cord Compression’ (MSCC) [17]; ‘Spinal Cord Occupation Ratio ‘(SCOR)

[11, 18] and ‘Compression Ratio’ (CR) [19–21] (Table 1). Drawn from previous literature,

these represent the selection felt to best reflect visible compromise and offer clinical

Table 1. A summary of the key features of the four quantitative measures of compression calculated.

Measurement Description Formula Reliability

MCC Ratio of the midsagittal diameter of the spinal canal at the

compression site divided by the average diameter of the

spinal canal at the closest non-compressed regions above

& below

Midsagital AP canal diameter
ðMidsagital AP diameter first normal level aoveþfirst normal level belowÞ=2

Intra- and inter- observer ICCs reported

previously as 0.88 ± 0.1and 0.75 ± 0.04

for T1 images [23]

MSCC Ratio of the midsagittal diameter of the spinal cord at the

compression site divided by the average diameter of the

spinal cord at the closest non-compressed regions above

& below

Midsagital AP cord diameter
ðMidsagital AP diameter first normal level aoveþfirst normal level belowÞ=2

Intra- and inter- observer ICCs reported

previously as 0.76 ± 0.08 and 0.79 ± 0.09

for T2 images [23]

SCOR Ratio of the sum of the cord width above and below, and

the sum of the canal width above and below the point of

compression

AP Cord diameter above compressionþCord diameter below compression
AP Canal diameter above compressionþCanal diameter below compression

Unknown

CR The ratio of the sagittal diameter divided

by the transverse diameter of the spinal cord observed on

axial T1WI

Sagittal cord diameter at level of compression
Transvere cord diameter at level of compression

Intra- and inter- observer ICCs reported

previously as 0.82 ± 0.13 and 0.80 ± 0.05

on axial T2 images [23]

MCC = Maximum Canal Compromise, MSCC = Maximum Spinal Cord Compression, SCOR = Spinal Cord Occupation Ratio, CR = Compression Ratio, T1WI = T1
Weighted Imaging, AP = Anteroposterior, ICC = Intraclass correlation

https://doi.org/10.1371/journal.pone.0219380.t001
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significance [11]. Greater cord compromise is indicated by a larger MCC, MSCC or SCOR, or

smaller CR. Reflecting work by Nouri et al. [22] we defined an SCOR value of�70% as diag-

nostic of congenital stenosis (or cord-canal mismatch). Ratio measurements were chosen to

allow for better standardisation and comparison between patients than raw measurements of

cord diameter. The accuracy of raw measurements (used to calculate ratio values) was verified

by second researcher BD. Bland-Altman analysis showed acceptable agreement (SD = 0.24).

Data summarising the treatment pathway of this cohort were extracted from the hospital

database of patient records. Here, patients presenting acutely, with non-degenerative condi-

tions (e.g. malignancy), or for whom insufficient documentation existed, were excluded, leav-

ing 113 unique patients, and 148 spinal levels overall (Fig 1).

The mJOA is the most common assessment of DCM [24], however it relies upon clinicians

completing specific assessments. Symptom severity was therefore assessed using clinical notes,

and quantified with the i-mJOA, a modified form of the mJOA [25] developed and validated

by our team [26].

Statistical methods

Statistical analysis was carried out using SPSS (v24, UK), with statistical significance at the

level of p<0.05. Descriptive statistics were generated for all data sets and each was assessed for

normal distribution as required, using Shapiro-Wilk and visual inspection.

To assess whether a relationship existed between the quantitative degree of cord compro-

mise at each spinal level and the phrase describing that level in the associated radiological

report, one-way ANOVA (and post-hoc Tukey’s range test)—or in cases of unequal variances,

Welch’s test (and post-hoc Games-Howell analysis)—was used to compare the main descrip-

tive terms against MCC, MSCC and CR. Only descriptive terms used ten or more times were

included in analysis.

To compare characteristics of cords associated with a myelopathy diagnosis to those with

no such diagnosis, it was assumed the diagnosis was applicable to all levels with compromise.

Comparison of quantitative measures of compromise between myelopathy-diagnosis and

non-myelopathic spinal cords was carried out using one-way ANOVA for MCC, MSCC and

CR and chi-squared testing to compare myelopathy rates in levels with a SCOR of more or less

than 70%. Use of main descriptive terms and qualifiers in myelopathic and non-myelopathic

cords was evaluated using Chi-Squared testing, and post-hoc analysis with adjusted p-values.

Binary logistic regression models were used to consider the significance of quantitative

measures of cord compromise and descriptive phrase on predicting whether spinal levels were

referred to spinal surgeons.

Results

Subject characteristics

Data from 113 patients was analysed. 46% of subjects were male, with a mean age of 55.1 years

and 32% (N = 36) were at any time diagnosed with myelopathy. Patient characteristics are pre-

sented in Table 2.

What is the relationship of qualitative terms with quantitative measures?

A range of vocabulary was used to describe spinal cord levels. Within the cohort, 11 distinct

descriptive terms and 11 qualifier terms were identified in radiological reports, though 52% of

reports used no qualifiers. Details are summarised in Tables 3 and 4. Only descriptive terms

Radiological descriptions of cord compression
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used ten or more times (‘Compress’, ‘Indent’, ‘Abut’, ‘Flatten’ and ‘Touch’) were included in

statistical analysis.>

Fig 1. A diagram outlining the stages of exclusion criteria for subjects. Key: MRI = Magnetic Resonance Imaging, RTA = Road Traffic Accident,
VP = Ventriculoperitoneal.

https://doi.org/10.1371/journal.pone.0219380.g001
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Maximum canal compromise (MCC). Comparing main descriptive term to the ratio

measurements showed a significant difference in MCC between groups (Welch’s test,

(p<0.001)). MCC was higher in the group of MRIs where cords were described as ‘Com-

pressed’ compared to ‘Abutted’ (19.9 ± 7.6, p<0.001), ‘Indented’ (22.3 ± 7.1, p<0.001) or

‘Touched’ (20. 0± 10.9 p<0.001). There were no other significant differences between groups

(Fig 2).

Maximum spinal cord compression (MSCC). MSCC differed significantly between

groups (Welch’s test (p<0.001)) and was higher in the group of cords described as ‘Com-

pressed’ compared to ‘Abutted’ (16.2±8.0, p<0.001), ‘Indented’ (10.2±8.9, p = 0.017) or

‘Touched’ (15.1±9.3, p<0.001). (Fig 2).

Compression ratio (CR). Comparing main descriptive term and CR, showed a significant

difference between groups (Welch’s test, (p = 0.002)), with CR lower in the group of cords

described as ‘Compressed’ compared to ‘Abutted’ (-0.11±0.06, p<0.001), indicating greater

compromise in the former. There were no other significant differences between groups

(Fig 2).

Overall, objective measures of cord compromise correlated poorly with radiological

descriptions. The term “Compressed” seemed to be used in more severe cord compromise as

measured by MCC, MSCC, and CR.

A wide combination of qualifier terms was used to modify descriptive terminology

(Table 4), however the sample size was insufficient to allow analysis of the relationship between

qualifiers and degree of cord compromise.

Do qualitative or quantitative features identify myelopathic spinal cord

levels?

Within the sample, 48 spinal levels (32.3%) identified by radiologist were associated with a

diagnosis of DCM. Within this sample, patients showing compression at more than one site

were excluded from analysis, as it is not possible to pinpoint which level was responsible for

their symptoms. This left 27 unique spinal levels associated with a diagnosis of DCM.

Table 2. A table summarising the characteristics of subjects included in the study.

General Characteristics
Age ± SD, (Range) 55.1 ± 14.0 (21–91)

Male, n (%) 52 (46)

MRI Features
Mean MCC ± SD (Range) 25.7 ± 14.6 (0.8–62.8)

Mean MSCC ± SD (Range) 17.4 ± 13.8 (0.0–63.1)

Mean SCOR ± SD (Range) 61.3 ± 8.7 (40.8–109.2)

Mean CR ± SD (Range) 0.42 ± 0.11 (0.16–0.71)

Clinical Pathway
Patients diagnosed with myelopathy, n (%) 36 (32)

Patients ultimately reviewed by a spinal surgeon, n (%) 81 (72)

Mean mJOA on assessment by spinal surgeon ± SD, (Range) 15.4 ± 1.8 (9–18)

Patients offered surgical treatment, n (%) 34 (30)

Mean time to surgery from assessment (months) ± SD (Range) 3.6 ± 3.7 (0–18)

SD = Standard Deviation, MRI = Magnetic Resonance Imaging, MCC = Maximum Canal Compromise,

MSCC = Maximum Spinal Cord Compression, SCOR = Spinal Cord Occupation Ratio, CR = Compression Ratio,

mJOA = Modified Japanese Orthopaedic Association Scale

https://doi.org/10.1371/journal.pone.0219380.t002
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Table 3. Mean values of each of the four measures of compression for each of the main descriptive terms used in radiological reports.

Descriptive Phrase N Mean MCC ± S.D Mean MSCC ± S.D Mean SCOR ± S.D Mean CR ± S.D

‘Compress’ 42 39.8±15.6 26.2±8.7 63.9±8.7 0.37±0.12

‘Indent’ 40 17.6±13.2 16.0±11.2 59.4±11.2 0.43±-0.10

‘Abut’ 28 20.0±9.0 9.9±6.7 58.8±6.7 0.48±0.07

‘Flatten’ 11 25.8±16.4 20.5±6.2 65.2±6.2 0.40±0.14

‘Touch’ 10 19.8±6.9 11.1±8.2 60.1±8.2 0.46±0.10

‘Mould’ 6 18.3±7.6 10.3±3.8 62.9±3.8 0.48±0.04

‘Encroach’ 5 23.6±4.5 10.4±5.1 59.9±5.1 0.43±0.11

‘Distort’ 3 32.2±9.0 19.8±9.4 61.1±9.4 0.36±0.12

‘Compromise’ 1 13.4 11.9 63.1 0.40

‘Contact’ 1 20.0 19.4 63.2 0.43

‘Displace’ 1 23.6 13.8 64.4 0.38

SD = Standard Deviation, MCC = Maximum Canal Compromise, MSCC = Maximum Spinal Cord Compression, SCOR = Spinal Cord Occupation Ratio,

CR = Compression Ratio

https://doi.org/10.1371/journal.pone.0219380.t003

Table 4. Mean values of each of the four measures of compression for each of the combinations of qualifier term and description used in radiological reports.

Qualifier Term Main Descriptive Term N Mean MCC Mean MSCC Mean SCOR Mean CR

Greater Compromise 1 13.37 11.86 63.10 0.40

Just Abut 8 16.05 5.61 57.58 0.51

Encroach 4 17.12 9.85 60.46 0.47

Lesser Degree Compression 2 36.95 21.71 57.98 0.28

Mild Compression 20 38.30 24.44 62.53 0.40

Distortion 1 40.78 29.77 63.59 0.49

Flatten 2 19.17 24.01 66.16 0.42

Indent 22 18.47 15.94 59.64 0.44

Mild-Moderate Compression 1 57.73 28.70 59.28 0.25

Minimal Indent 2 17.07 13.72 64.79 0.39

Minor Mould 2 21.29 3.78 59.74 0.51

Moderate Compression 2 46.02 40.64 67.88 0.40

Moderate-Marked Compression 1 43.68 25.76 75.86 0.39

None Abut 20 21.54 11.68 59.26 0.47

Compression 14 41.07 26.81 66.57 0.32

Contact 1 20.00 19.42 63.18 0.43

Displace 1 23.56 13.82 64.40 0.38

Distortion 1 47.91 17.43 50.70 0.27

Encroach 1 49.51 12.61 57.77 0.26

Flatten 9 23.98 18.54 64.81 0.41

Indent 16 16.40 16.47 58.43 0.42

Mould 4 16.85 13.56 64.49 0.46

Touch 10 19.78 11.13 60.12 0.46

Slight Compression 2 32.00 28.34 57.32 0.55

Distortion 1 7.88 12.28 69.09 0.33

MCC = Maximum Canal Compromise, MSCC = Maximum Spinal Cord Compression, SCOR = Spinal Cord Occupation Ratio, CR = Compression Ratio

https://doi.org/10.1371/journal.pone.0219380.t004
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Fig 2. Box and whisker diagrams showing the range, IQR, and median values of quantitative cord compression for the five most common terms used in

radiological reports to describe spinal cord involvement. Four different measures of compression are shown: MCC, MSCC, SCOR and CR. A greater MCC, MSCC

and SCOR or lower CR indicates greater compression (N = 131). Key: IQR = Interquartile range, MCC = Maximum Canal Compromise, MSCC = Maximum Spinal Cord
Compression, SCOR = Spinal Cord Occupation Ratio, CR = Compression Ratio.

https://doi.org/10.1371/journal.pone.0219380.g002
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Comparing cord levels in patients considered myelopathic to those without the diagnosis

found significantly greater compromise in myelopathy-diagnosis cords across three quantita-

tive measurements (MCC: p<0.001; MSCC: p = 0.002 and CR: p<0.001) (Fig 3). Rates of mye-

lopathy diagnosis also differed between cords with an SCOR greater than 70% and an SCOR

less than 70% (χ2 = 4.211, p = 0.040).

Considering the term used to describe myelopathic and non-myelopathic cord levels

(Table 5), analysis of the four most popular terms (‘Abut’, ‘Indent’, ‘Compress’ and ‘Flatten’)

showed a significant difference in the pattern of descriptive terms between the two groups (χ
(2) = 31.242, p =<0.001). Post-hoc analysis revealed that ‘Compress’ (p<0.001) and ‘Flatten’

(p<0.001) were used more often to describe myelopathy-diagnosis cord levels, whilst ‘Indent’

(p = 0.002) more often described levels without the disease (Fig 4).

Fig 3. A graph showing the mean value of four measures of compression in myelopathic and non-myelopathic spinal cord levels. Error bars show standard

deviation of compression (N = 127). Key: MCC = Maximum Canal Compromise, MSCC = Maximum Spinal Cord Compression, SCOR = Spinal Cord Occupation Ratio,

CR = Compression Ratio.

https://doi.org/10.1371/journal.pone.0219380.g003

Table 5. Number of spinal levels described with each main descriptive term for the cords of patients with and without myelopathy.

Compress Indent Abut Flatten Touch Mould Encroach Distortion Contact Displace Compromise

Myelopathy Diagnosis 25 5 2 8 3 0 2 2 0 0 1

No Diagnosis 17 35 26 3 7 6 3 1 1 1 0

https://doi.org/10.1371/journal.pone.0219380.t005
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Do qualitative or qualitative features correlate with symptom severity?

Data was available from all 81 patients receiving a surgical consultation to calculate an i-mJOA

score [26], an 18 point, semi-quantitative assessment scale of disease severity, based on the

mJOA score [27]. Individuals with cord compromise but no evidence of myelopathy receive

an i-mJOA score of 18.

Pearson product-moment-correlation analysis showed no correlation between the four

ratio measurements (MCC (r = -0.116, p = 0.304), MSCC (r = -0.139, p = 0.217), SCOR (r =

-0.076, p = 0.503), CR (r = 0.128, p = 0.256)) and i-MJOA at the time of first appointment with

a spinal surgeon.

Similarly, one-way ANOVA showed no relationship between descriptive term used and i-

mJOA at the time of first appointment with a spinal surgeon (p = 0.591).

Restricting analysis to the 27 spinal levels associated with a myelopathy diagnosis also

showed no relationship between i-mJOA and descriptive term (p = 0.254), MCC (r = -0.215,

p = 0.324), MSCC (r = -0.064, p = 0.771), SCOR (r = -0.383, p = 0.071) or CR (r = -0.248,

p = 0.254).

Overall, objective measurements of cord compromise do not appear to correlate with sever-

ity of DCM symptoms.

Fig 4. A graph showing the percentage of spinal cord levels with and without a diagnosis of myelopathy described with each of the four most common descriptive

terms. Error bars represent 95% confidence interval (N = 104).

https://doi.org/10.1371/journal.pone.0219380.g004
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Do quantitative or qualitative features of DCM predict surgical

consultation?

Within the cohort, 81 patients (72%) with 107 spinal levels (73%) were assessed by spinal sur-

geons. Of these patients, 44 (54%) received a diagnosis of myelopathy.

The percentage of cord levels reviewed by spinal surgeons differed across the four most

common descriptive terms (‘Abut’, ‘Compress’, ‘Flatten’, ‘Indent’ and ‘Touch’) used in radio-

logical reports (N = 131, Χ2 = 16.7, p = 0.002) with more cords described as ‘Compressed’

(p<0.001), and fewer described as ‘Abutted’ (p<0.001) referred to spinal surgeons (Fig 5).

Supporting this, a binary logistic regression model considering choice of descriptive phrase

(χ2 = 16.72, p = 0.005) found a model correctly classifying 73.6% of cases, where use of ‘Com-

pressed’ was the only significant variable predicting referral (p = 0.045).

Two of the four quantitative measures of cord compromise were significantly different in

those spinal levels referred to surgeons compared to those which were not. MCC (p = 0.009)

and MSCC (p<0.001) showed greater compromise in patients referred for surgical review,

however neither SCOR (p = 0.220) nor CR (p = 0.063) varied. A binary logistic regression

model considering MCC, MSCC, CR and SCOR of greater than 70% found a model

(χ2 = 18.46, p = 0.001) correctly classifying 76.4% of cases, in which the only variable signifi-

cantly affecting referral was increased MSCC (p = 0.001).

Fig 5. A graph showing the percentage of patient spinal cord levels seen by a surgeon for each main descriptive term. Error bars represent 95% confidence interval.

https://doi.org/10.1371/journal.pone.0219380.g005
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Discussion

Our study showed that many different terms are used in radiological reporting of spinal cord

involvement, however their quantitative features overlap greatly. Whilst some relationships

were identified- for example, the qualitative term ’Compressed’ was associated with greater

quantifiable compromise- this was inconsistent. Moreover, neither qualitative or quantitative

measures of cord involvement correlated with clinical symptoms, despite compression acting

as a determinant of referral to spinal surgeons.

These preliminary results raise several key issues: firstly, that little relationship was seen

between quantitative and qualitative features of spinal MRIs; secondly, the apparent ability of

radiological reporting to influence clinicians, and finally, the requirement for MRI to diagnose

DCM despite its inability to specify or stage disease.

Debate over the value of qualitative versus quantitative descriptors in radiology is long-

standing and has been considered across various conditions [28–30]. Typically, such work

compares the relative benefit of quantitative measurements to qualitative grading systems with

set descriptive criteria and a proven inter/intra-rater reliability. In DCM, however, description

of cord compromise uses terms chosen at a radiologist’s discretion, with no clear guidance as

to their individual meaning. This is particularly important when we know radiological reports

are influential in clinical decision-making. Surveys suggests that the majority of clinicians rely

on radiological reports to guide their practice, and believe that radiologists are equally or better

able to interpret imaging than themselves [31]. Additionally, evidence suggests that radiolo-

gists’ choice of language may be confusing to other clinicians and affect clinical practice. For

example, work has suggested that use of the word ‘infiltrate’ in reports produces a range of

non-overlapping interpretations by clinicians regarding possible underlying pathology and

diagnoses [32]. Equally, reporting of chest radiographs has been shown to affect both diagnosis

and management in childhood respiratory disease [32–34]. We also know that there is mis-

match between how radiologists and requesting clinicians would like reports to be made [31].

Collectively, this literature suggests that radiologists’ choice of language may have unintended

effects on patient care. This is consistent with our findings suggesting that language choice

may influence non-expert clinician’s decision whether to refer patients with DCM.

This becomes particularly significant given the delays patients face in diagnosis: typically

over 2 years [7], delaying treatment. The chance of full recovery is greatest if surgery is offered

within 6 months of symptom onset [35] and cervical MRIs are key in the diagnostic pathway

[36]. Additionally, even patients with demonstrable cord compression (but no myelopathy)

risk developing DCM, and may sometimes opt to undergo surgery [37]. Therefore, it is recom-

mended that all patients with MRI features and symptoms of DCM are assessed by spinal sur-

geons [38].

The route to a diagnosis of myelopathy involves multiple different specialities [39] with a

shared key diagnostic stage in MR imaging. MRI is therefore an attractive target for strategies

to improve patient care. The question remains however, how to improve interpretation by

non-specialist clinicians.

Quantitative measurements are attractive in their objectivity, however, as demonstrated,

their relationship to myelopathy is inconsistent: some quantitative MRI measures of compro-

mise may relate to clinical symptoms of DCM [40] but, overall, degree of radiological compro-

mise correlates poorly with disease severity. Patients with cord compression may not suffer

from myelopathy [41] and some patients suffer myelopathy without visualised compression

due to dynamic injury [13].

There are of course extensive advancements in MR imaging [42] and techniques such as

fractional anisotropy have the potential to detect microstructural changes [43] which better
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correlate with severity [44], and may also detect subclinical spinal cord injury [45]. However,

these techniques are far removed from current practice.

Consequently, isolated MR imaging cannot currently replace clinical assessment and it is

notable that interpretation of MRI reports by non-expert clinicians may contribute to false

reassurances and variable care. To prevent confusion for non-expert clinicians, descriptive ter-

minology could be removed from reporting and replaced by statements of consistency (or

non-consistency) with DCM but further investigation is needed to confirm the value of such

an approach. There are, of course, limitations to the conclusions of this study- data was drawn

retrospectively from a single centre, and patterns of language likely differ across individuals,

centres and countries. Furthermore, we focussed on the quantifiable degree of cord compro-

mise visible on MRI without considering other features which could influence radiologists’

choice of language (for example signal hyperintensity [46]) or other clinical factors contribut-

ing to seeking a spinal surgery consult. However, while choices of wording may differ, the sub-

jectivity implicit with the use of qualitative descriptions identified here is likely to be present

elsewhere. Moreover, the relationship with myelopathy diagnosis and severity is in-keeping

with the wider medical literature [1].

Conclusions

This is the first study considering radiological reporting and routine patient care in DCM.

Many different terms are used to describe spinal cord involvement and choice of word does

not consistently represent quantitative compromise. Moreover, objective assessments of spinal

cord compromise do not correlate with severity of myelopathy symptoms. However, choice of

qualitative description may influence decisions regarding referral to spinal surgery and as all

symptomatic patients are now recommended to receive assessment by a spinal surgeon [8] it is

possible that ambiguities in language are affecting patients’ treatment and quality of life. Any

evidence of spinal cord compression with myelopathy symptoms should therefore be consid-

ered significant.
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6. Tetreault LA, Côté P, Kopjar B, Arnold P, Fehlings MG, AOSpine North America and International Clini-

cal Trial Research Network. A clinical prediction model to assess surgical outcome in patients with cervi-

cal spondylotic myelopathy: internal and external validations using the prospective multicenter

AOSpine North American and international datasets of 743 patients. Spine J. 2015 Mar 1; 15(3):388–

97. https://doi.org/10.1016/j.spinee.2014.12.145 PMID: 25549860

7. Behrbalk E, Salame K, Regev GJ, Keynan O, Boszczyk B, Lidar Z. Delayed diagnosis of cervical spon-

dylotic myelopathy by primary care physicians. Neurosurg Focus. 2013 Jul; 35(1):E1. https://doi.org/10.

3171/2013.3.FOCUS1374 PMID: 23815245

8. Tetreault L, Aarabi B, Arnold PM, Brodke DS, Burns A, Carette S, et al. Guidelines for the Management

of Patients with Degenerative Cervical Myelopathy. Spine J. 2016 Oct; 16(10):S113.

9. Suleiman LI, Bhatt SA, Parrish TB, Patel AA. Imaging modalities and tests for cervical myelopathy.

Semin Spine Surg. 2014 Jun; 26(2):68–72.

10. Batzdorf U, Flannigan BD. Surgical decompressive procedures for cervical spondylotic myelopathy. A

study using magnetic resonance imaging. Spine (Phila Pa 1976). 1991 Feb; 16(2):123–7.

11. Nouri A, Martin AR, Mikulis D, Fehlings MG. Magnetic resonance imaging assessment of degenerative

cervical myelopathy: a review of structural changes and measurement techniques. Neurosurg Focus.

2016 Jun 1; 40(6):E5. https://doi.org/10.3171/2016.3.FOCUS1667 PMID: 27246488

12. Wilson JR, Tetreault LA, Kim J, Shamji MF, Harrop JS, Mroz T, et al. State of the Art in Degenerative

Cervical Myelopathy: An Update on Current Clinical Evidence. Neurosurgery. 2017 Mar 1; 80(3S):S33–

45. https://doi.org/10.1093/neuros/nyw083 PMID: 28350949

13. Xu N, Wang S, Yuan H, Liu X, Liu Z. Does Dynamic Supine Magnetic Resonance Imaging Improve the

Diagnostic Accuracy of Cervical Spondylotic Myelopathy? A Review of the Current Evidence. World

Neurosurg. 2017 Apr; 100:474–9. https://doi.org/10.1016/j.wneu.2017.01.047 PMID: 28130164

14. Kovalova I, Kerkovsky M, Kadanka Z, Kadanka Z, Nemec M, Jurova B, et al. Prevalence and Imaging

Characteristics of Nonmyelopathic and Myelopathic Spondylotic Cervical Cord Compression. Spine

(Phila Pa 1976). 2016 Dec 15; 41(24):1908–16.

15. Nakashima H, Yukawa Y, Suda K, Yamagata M, Ueta T, Kato F. Abnormal Findings on Magnetic Reso-

nance Images of the Cervical Spines in 1211 Asymptomatic Subjects. Spine (Phila Pa 1976). 2015 Mar

15; 40(6):392–8.

16. Kang Y, Lee JW, Koh YH, Hur S, Kim SJ, Chai JW, et al. New MRI Grading System for the Cervical

Canal Stenosis. Am J Roentgenol. 2011 Jul; 197(1):W134–40.

17. Fehlings MG, Rao SC, Tator CH, Skaf G, Arnold P, Benzel E, et al. The optimal radiologic method for

assessing spinal canal compromise and cord compression in patients with cervical spinal cord injury.

Part II: Results of a multicenter study. Spine (Phila Pa 1976). 1999 Mar 15; 24(6):605–13.

18. Nouri Aria; Tetreault Lindsay, PhD; Martin Allan, MD; Nater Anick, MD; Nori Satoshi, MD; Shamji

Mohammed, MD, PhD; Fehlings Michael, MD, PhD, FRCSC (Richmond Hill C. Congenital Cervical

Spine Stenosis in a Global Cohort of Patients with Degenerative Cervical Myelopathy: A Report Based

on a MRI Diagnostic Criterion. AANS. 2016;1–22.

19. Chen C-J, Lyu R-K, Lee S-T, Wong Y-C, Wang L-J. Intramedullary High Signal Intensity on T2-

Weighted MR Images in Cervical Spondylotic Myelopathy: Prediction of Prognosis with Type of Inten-

sity. Radiology. 2001 Dec; 221(3):789–94. https://doi.org/10.1148/radiol.2213010365 PMID: 11719680

20. Okada Y, Ikata T, Yamada H, Sakamoto R, Katoh S. Magnetic resonance imaging study on the results

of surgery for cervical compression myelopathy. Spine (Phila Pa 1976). 1993 Oct 15; 18(14):2024–9.

21. Shin JJ, Jin BH, Kim KS, Cho YE, Cho WH. Intramedullary high signal intensity and neurological status

as prognostic factors in cervical spondylotic myelopathy. Acta Neurochir (Wien). 2010 Oct 29; 152

(10):1687–94.

Radiological descriptions of cord compression

PLOS ONE | https://doi.org/10.1371/journal.pone.0219380 July 22, 2019 14 / 16

https://doi.org/10.1136/bmj.k186
http://www.ncbi.nlm.nih.gov/pubmed/29472200
http://www.ncbi.nlm.nih.gov/pubmed/9194258
https://doi.org/10.1007/s00586-013-2965-4
https://doi.org/10.1007/s00586-013-2965-4
http://www.ncbi.nlm.nih.gov/pubmed/23989746
https://doi.org/10.1016/j.spinee.2014.12.145
http://www.ncbi.nlm.nih.gov/pubmed/25549860
https://doi.org/10.3171/2013.3.FOCUS1374
https://doi.org/10.3171/2013.3.FOCUS1374
http://www.ncbi.nlm.nih.gov/pubmed/23815245
https://doi.org/10.3171/2016.3.FOCUS1667
http://www.ncbi.nlm.nih.gov/pubmed/27246488
https://doi.org/10.1093/neuros/nyw083
http://www.ncbi.nlm.nih.gov/pubmed/28350949
https://doi.org/10.1016/j.wneu.2017.01.047
http://www.ncbi.nlm.nih.gov/pubmed/28130164
https://doi.org/10.1148/radiol.2213010365
http://www.ncbi.nlm.nih.gov/pubmed/11719680
https://doi.org/10.1371/journal.pone.0219380


22. Nouri A, Tetreault L, Nori S, Martin AR, Nater A, Fehlings MG. Congenital Cervical Spine Stenosis in a

Global Cohort of Patients with Degenerative Cervical Myelopathy: A Report Based on a MRI Diagnostic

Criterion. Spine J. 2017 Oct 1; 17(10):S134.

23. Karpova A, Arun R, Davis AM, Kulkarni A V., Mikulis DJ, Sooyong C, et al. Reliability of Quantitative

Magnetic Resonance Imaging Methods in the Assessment of Spinal Canal Stenosis and Cord Com-

pression in Cervical Myelopathy. Spine (Phila Pa 1976). 2013 Feb 1; 38(3):245–52.

24. Davies BM, McHugh M, Elgheriani A, Kolias AG, Tetreault LA, Hutchinson PJA, et al. Reported Out-

come Measures in Degenerative Cervical Myelopathy: A Systematic Review. Ahmad F, editor. PLoS

One. 2016 Aug 2; 11(8):e0157263. https://doi.org/10.1371/journal.pone.0157263 PMID: 27482710

25. Chiles BW, Leonard MA, Choudhri HF, Cooper PR. Cervical spondylotic myelopathy: patterns of neuro-

logical deficit and recovery after anterior cervical decompression. Neurosurgery. 1999 Apr; 44(4):762–

9; discussion 769–70. https://doi.org/10.1097/00006123-199904000-00041 PMID: 10201301

26. Hilton B, Tempest-Mitchell J, Davies B, Kotter M. Assessment of degenerative cervical myelopathy dif-

fers between specialists and may influence time to diagnosis and clinical outcomes. Hawryluk GWJ,

editor. PLoS One. 2018 Dec 17; 13(12):e0207709. https://doi.org/10.1371/journal.pone.0207709

PMID: 30557368

27. Benzel EC, Lancon J, Kesterson L, Hadden T. Cervical laminectomy and dentate ligament section for

cervical spondylotic myelopathy. J Spinal Disord. 1991 Sep; 4(3):286–95. PMID: 1802159

28. Davies BM, Carr E, Soh C, Gnanalingham KK. Assessing size of pituitary adenomas: a comparison of

qualitative and quantitative methods on MR. Acta Neurochir (Wien). 2016 Apr; 158(4):677–83.

29. Klijn S, De Visschere PJ, De Meerleer GO, Villeirs GM. Comparison of qualitative and quantitative

approach to prostate MR spectroscopy in peripheral zone cancer detection. Eur J Radiol. 2012 Mar; 81

(3):411–6. https://doi.org/10.1016/j.ejrad.2010.12.017 PMID: 21215541

30. Borhani AA, Hosseinzadeh K. Quantitative Versus Qualitative Methods in Evaluation of T2 Signal Inten-

sity to Improve Accuracy in Diagnosis of Pheochromocytoma. Am J Roentgenol. 2015 Aug; 205

(2):302–10.

31. Bosmans JML, Weyler JJ, De Schepper AM, Parizel PM. The Radiology Report as Seen by Radiolo-

gists and Referring Clinicians: Results of the COVER and ROVER Surveys. Radiology. 2011 Apr 1; 259

(1):184–95. https://doi.org/10.1148/radiol.10101045 PMID: 21224423

32. Patterson HS, Sponaugle DN. Is Infiltrate a Useful Term in the Interpretation of Chest Radiographs?

Physician Survey Results. Radiology. 2005 Apr 1; 235(1):5–8. https://doi.org/10.1148/radiol.

2351020759 PMID: 15798161

33. Summers BN, Singh JP, Manns RA. The radiological reporting of lumbar Scheuermann’s disease: an

unnecessary source of confusion amongst clinicians and patients. Br J Radiol. 2008 May 28; 81

(965):383–5. https://doi.org/10.1259/bjr/69495299 PMID: 18440942

34. Spottswood SE, Liaw K, Hernanz-Schulman M, Hilmes MA, Moore PE, Patterson B, et al. The clinical

impact of the radiology report in wheezing and nonwheezing febrile children: a survey of clinicians.

Pediatr Radiol. 2009 Apr 25; 39(4):348–53. https://doi.org/10.1007/s00247-009-1154-4 PMID:

19241075

35. Cheung WY, Arvinte D, Wong YW, Luk KDK, Cheung KMC. Neurological recovery after surgical

decompression in patients with cervical spondylotic myelopathy—a prospective study. Int Orthop. 2008

Apr; 32(2):273–8. https://doi.org/10.1007/s00264-006-0315-4 PMID: 17235616

36. Davies BM, McHugh M, Elgheriani A, Kolias AG, Tetreault L, Hutchinson PJA, et al. The reporting of

study and population characteristics in degenerative cervical myelopathy: A systematic review. Grasso

G, editor. PLoS One. 2017 Mar 1; 12(3):e0172564. https://doi.org/10.1371/journal.pone.0172564

PMID: 28249017

37. Boody BS, Schroeder GD, Segar AH, Kepler CK. Should Asymptomatic Patients With Cervical Spinal

Cord Compression and Spinal Cord Signal Change Undergo Surgical Intervention? Clin Spine Surg.

2018 Jun 22; 1.

38. Fehlings MG, Tetreault LA, Riew KD, Middleton JW, Aarabi B, Arnold PM, et al. A Clinical Practice

Guideline for the Management of Patients With Degenerative Cervical Myelopathy: Recommendations

for Patients With Mild, Moderate, and Severe Disease and Nonmyelopathic Patients With Evidence of

Cord Compression. Glob spine J. 2017 Sep; 7(3 Suppl):70S–83S.

39. Hilton B, Tempest-Mitchell J.T, Davies B.M KMRN. Route to Diagnosis of Degenerative Cervical Mye-

lopathy in a UK healthcare system: a retrospective cohort study. BMJ Open.

40. Nouri A, Tetreault L, Zamorano JJ, Dalzell K, Davis AM, Mikulis D, et al. Role of Magnetic Resonance

Imaging in Predicting Surgical Outcome in Patients With Cervical Spondylotic Myelopathy. Spine (Phila

Pa 1976). 2015 Feb 1; 40(3):171–8.

41. Witiw CD, Mathieu F, Nouri A, Fehlings MG. Clinico-Radiographic Discordance: An Evidence-Based

Commentary on the Management of Degenerative Cervical Spinal Cord Compression in the Absence

Radiological descriptions of cord compression

PLOS ONE | https://doi.org/10.1371/journal.pone.0219380 July 22, 2019 15 / 16

https://doi.org/10.1371/journal.pone.0157263
http://www.ncbi.nlm.nih.gov/pubmed/27482710
https://doi.org/10.1097/00006123-199904000-00041
http://www.ncbi.nlm.nih.gov/pubmed/10201301
https://doi.org/10.1371/journal.pone.0207709
http://www.ncbi.nlm.nih.gov/pubmed/30557368
http://www.ncbi.nlm.nih.gov/pubmed/1802159
https://doi.org/10.1016/j.ejrad.2010.12.017
http://www.ncbi.nlm.nih.gov/pubmed/21215541
https://doi.org/10.1148/radiol.10101045
http://www.ncbi.nlm.nih.gov/pubmed/21224423
https://doi.org/10.1148/radiol.2351020759
https://doi.org/10.1148/radiol.2351020759
http://www.ncbi.nlm.nih.gov/pubmed/15798161
https://doi.org/10.1259/bjr/69495299
http://www.ncbi.nlm.nih.gov/pubmed/18440942
https://doi.org/10.1007/s00247-009-1154-4
http://www.ncbi.nlm.nih.gov/pubmed/19241075
https://doi.org/10.1007/s00264-006-0315-4
http://www.ncbi.nlm.nih.gov/pubmed/17235616
https://doi.org/10.1371/journal.pone.0172564
http://www.ncbi.nlm.nih.gov/pubmed/28249017
https://doi.org/10.1371/journal.pone.0219380


of Symptoms or With Only Mild Symptoms of Myelopathy. Glob Spine J. 2017 Dec

18;219256821774551.

42. Martin AR, Aleksanderek I, Cohen-Adad J, Tarmohamed Z, Tetreault L, Smith N, et al. Translating

state-of-the-art spinal cord MRI techniques to clinical use: A systematic review of clinical studies utilizing

DTI, MT, MWF, MRS, and fMRI. NeuroImage Clin. 2016; 10:192–238. https://doi.org/10.1016/j.nicl.

2015.11.019 PMID: 26862478

43. Martin AR, De Leener B, Cohen-Adad J, Cadotte DW, Kalsi-Ryan S, Lange SF, et al. Clinically Feasible

Microstructural MRI to Quantify Cervical Spinal Cord Tissue Injury Using DTI, MT, and T2*-Weighted

Imaging: Assessment of Normative Data and Reliability. Am J Neuroradiol. 2017 Jun; 38(6):1257–65.

https://doi.org/10.3174/ajnr.A5163 PMID: 28428213

44. Rao A, Soliman H, Kaushal M, Motovylak O, Vedantam A, Budde MD, et al. Diffusion Tensor Imaging in

a Large Longitudinal Series of Patients With Cervical Spondylotic Myelopathy Correlated With Long-

Term Functional Outcome. Neurosurgery. 2018 Oct 1; 83(4):753–60. https://doi.org/10.1093/neuros/

nyx558 PMID: 29529304

45. Martin AR, De Leener B, Cohen-Adad J, Cadotte DW, Nouri A, Wilson JR, et al. Can microstructural

MRI detect subclinical tissue injury in subjects with asymptomatic cervical spinal cord compression? A

prospective cohort study. BMJ Open. 2018 Apr 13; 8(4):e019809. https://doi.org/10.1136/bmjopen-

2017-019809 PMID: 29654015

46. Nouri A, Martin AR, Kato S, Reihani-Kermani H, Riehm LE, Fehlings MG. The Relationship Between

MRI Signal Intensity Changes, Clinical Presentation, and Surgical Outcome in Degenerative Cervical

Myelopathy. Spine (Phila Pa 1976). 2017 May 11; 1.

Radiological descriptions of cord compression

PLOS ONE | https://doi.org/10.1371/journal.pone.0219380 July 22, 2019 16 / 16

https://doi.org/10.1016/j.nicl.2015.11.019
https://doi.org/10.1016/j.nicl.2015.11.019
http://www.ncbi.nlm.nih.gov/pubmed/26862478
https://doi.org/10.3174/ajnr.A5163
http://www.ncbi.nlm.nih.gov/pubmed/28428213
https://doi.org/10.1093/neuros/nyx558
https://doi.org/10.1093/neuros/nyx558
http://www.ncbi.nlm.nih.gov/pubmed/29529304
https://doi.org/10.1136/bmjopen-2017-019809
https://doi.org/10.1136/bmjopen-2017-019809
http://www.ncbi.nlm.nih.gov/pubmed/29654015
https://doi.org/10.1371/journal.pone.0219380

