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Background: The American Society of Spine Radiology (ASSR), American Society of Neuroradiology 
(ASNR), and North American Spine Society (NASS) published a consensus paper with recommendations 
for lumbar disc nomenclature reports in 2014. We aimed to evaluate the degree of adoption in our radiology 
department of the ASSR, ASNR, and NASS 2.0 lumbar spine consensus paper using natural language 
processing (NLP).
Methods: In March 2015 we gave in our radiology department, at HT Medica in Jaén (Spain) a lecture 
detailing the changes proposed in the ASSR, ASNR, and NASS consensus about lumbar disc nomenclature, 
version 2.0. We analyzed 34,064 lumbar spine magnetic resonance imaging (MRI) reports from three 
different expert radiologists (A, B, and C) performed from May 2010 to February 2015 (15,813 studies) and 
from March 2015 to February 2022 (18,251 studies). Using an NLP algorithm, we evaluated 29 old and new 
terms related to 4 different categories: disc with fissures of the annulus, degenerated disc, herniated disc, and 
location of the disc.
Results: A relevant decrease in the percentage of use of old terms was found for degenerated disc category 
(44.63% for radiologist B and 18.95% for radiologist C) and disc localization (18.86% for radiologist A and 
27.73% for radiologist C). Relevant increments in the percentage of use of new lexicon were depicted for 
terms related to degenerated disc (32.48% for radiologist C), herniated disc (7.27% for radiologist A) and 
disc localization (36.53% for radiologist C). 
Conclusions: NLP algorithms may help to manage large radiological report datasets to evaluate the 
impact and degree of adherence of radiologists to recommendations for the use of ASSR, ASNR and NASS 
lumbar disc nomenclature version 2.0.
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Introduction

In 2014, the combined task forces of the American 
Society of Spine Radiology (ASSR), American Society 
of Neuroradiology (ASNR), and North American Spine 
Society (NASS) published a consensus paper summarizing 
the i r  current  recommendat ions  for  lumbar  d i sc 
nomenclature reports (1). This statement is an update of a 
previous one, published by the same task force in 2001, for 
promoting consistent, robust, and precise terminology for 
lumbar disc nomenclature (2).

However, the adoption of this suggested terminology 
and incorporation of this new lexicon into radiology reports 
requires an active commitment from both radiologists and 
radiology departments. In this scenario, there are some ways 
to evaluate the grade of adoption of this new terminology by 
radiologists and radiology departments (3,4). Questioning or 
screening radiologists about their commitment grade with 
the new lexicon may be insufficient and inaccurate, attached 
to different biases (forgetfulness, lack of objectivity…) (5). 
Word-based search engines may help in this task; however, 
these kinds of close-word approaches are limited since they 
do not consider the context of sentences, such as negation 
or data outside the core of radiology reports, such as clinical 
information (6). Besides, the large number of radiological 
reports, the massive amount of information available in 
radiology reports, the type of applied format (structured vs. 
unstructured) or the variability between the way radiology 
reports are performed by the same or different radiologists 
make this task almost impossible for human beings (7).

Artificial intelligence (AI) algorithms can help in 
the challenging task of reviewing radiology reports and 
detecting changes in the way magnetic resonance imaging 
(MRI) lumbar spine reports are performed. Natural 
language processing (NLP), has widely demonstrated its 
analyzing and evaluating radiological reports, helping to 
extract additional information from them, tasks otherwise 
not possible by conventional word-based search engine 
approaches (8-10). 

The purpose of this study is to assess the degree of 
adherence in our radiology department to the NASS, 
ASSR and ASNR version 2.0 recommendations on lumbar 
disc nomenclature by using an NLP approach after the 
publication of the consensus paper by the ASSR, ASNR 
and NASS. We hypothesized that NLP may help to 
find relevant differences between the terminology used 
before and after the consensus paper publication for each 
radiologist evaluated. We present this article in accordance 

with the TRIPOD reporting checklist (available at https://
qims.amegroups.com/article/view/10.21037/qims-23-
1294/rc).

Methods

Study design

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study was 
approved by our local Ethics Committee and individual 
consent for this retrospective analysis was waived by the 
local Ethics Committee in view of the retrospective nature 
based on anonymized radiology reports. A retrospective 
analysis of lumbar spine MRI radiological reports was 
carried out. These reports were performed and analyzed in 
the Spanish language. However, for better comprehension 
and readability of this paper, all the Spanish terms used 
are followed by their translation to English between 
parentheses. 

As the consensus paper was published in November 2014 
and an internal clinical lecture in our radiology department 
at HT Medica in Jaén (Spain) explaining this paper was 
conducted in March 2015 in our radiology department. For 
this reason, we analyzed the reports retrospectively in two 
groups: reports between May 2010 and February 2015 and 
reports from March 2015 to February 2022.

Reports were selected from three different radiologists: 
two experts in neuroradiology and one in musculoskeletal 
radiology (in our radiology department, both groups report 
spine imaging), that have been continuously reporting 
spine MRI studies in our radiology department since May 
2010 to date, also referred to as radiologist A (20 years 
of experience), radiologist B (12 years of experience) and 
radiologist C (12 years of experience) for the present study. 
For the NLP analysis, the non-structured findings and 
conclusion sections of each radiology report were selected.

Se lec ted  t e rms  re l a t ed  to  MRI  lumbar  sp ine 
nomenclature were divided into four main categories: disc 
with fissures of the annulus, degenerated disc, herniated 
disc and disc location following the ASSR, ASNR and 
NASS consensus paper structure. Old terms are defined by 
the non-recommendable or non-specific lexicon detailed in 
the consensus paper. New terms are defined by the lexicon 
recommended by the consensus papers. Table 1 summarizes 
the selected terms to be analyzed in both groups of reports. 
Given the large number of MRI lumbar spine reports 
selected (more than 34,000) and the number of terms to 

https://qims.amegroups.com/article/view/10.21037/qims-23-1294/rc
https://qims.amegroups.com/article/view/10.21037/qims-23-1294/rc
https://qims.amegroups.com/article/view/10.21037/qims-23-1294/rc
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search for (29 terms) within these reports, we opted for 
NLP extraction approach and rule-based methodology for 
evaluating the degree of adherence of radiologists to ASSR, 
ASNR and NASS recommendations instead of using other 
NLP techniques. 

Data pre-processing and algorithm development

A processing pipeline, which uses the terminology as 
a knowledge source for automatic annotation terms in 
radiology reports, was applied (Figure 1). Since radiology 
reports were highly unstructured and contained much noise 
data, NLP techniques were utilized to clean the text (e.g., 
for misspelling correction). Each step of this NLP pipeline 
is detailed below:

Remove punctuation
Our first step in the NLP pipeline has been to remove all 
punctuation marks to standardize terms such as “central-
derecha” (right-central) to “central derecha” (right central).

Tokenization
Tokenization is the process of breaking a stream of textual 
data into words, terms, sentences, symbols, or some other 
meaningful elements called tokens (11). A tokenizer breaks 
unstructured data and natural language text into chunks of 
information that can be considered discrete elements. For 
this purpose, we use the FreeLing library that incorporates 
analysis functionalities for various languages, including 
Spanish (12). Tokens selection was decided based on the 
old and new terms detailed at the ASSR, ASNR and NASS 
consensus paper and summarized in Table 1.

Lemmatization & stemming
NLP uses lemmatization and stemming to transform 
inflected forms of a single word back to their root form. 
For instance, “discos protruidos” (protruded discs), will be 
reduced to “disco protruido” (protruded disc) and the root 
form of “protrusion” is protrusion. As in the previous step, 
we use the NLP Freeling tool that provides the root words 
for Spanish (13).

Lower case
Lowering the text is one of the most common pre-
processing steps where the text is converted into the same 
case, preferably lowercase.

Stop word removal
Removing stop words is an essential step in NLP text 
processing. It involves filtering out high-frequency words 
that add little or no semantic value to a sentence, for 
example, a (an), con (with), de (of/from), el (the)... For 
example, sometimes, instead of finding “pérdida de altura” 

Table 1 Selected terms for being analyzed on both periods

Category Terms Descriptions

1. Disc with 
fissures of the 
annulus

Old Annular tear

New Annular fissure

2. Degenerated 
disc

Old Spondylosis deformans

Intervertebral osteochondrosis

Dehydration

Loss of height

New Degenerated disc

Degenerative disc changes

3. Herniated disc Old Herniated nucleous pulposus (HNP)

Ruptured disc

Protruded disc

Prolapsed disc

Bulging disc

New Protrusion

Extrusion

Bulging

4. Disc location Old Right paracentral

Right posterolateral 

Left paracentral

Left posterolateral

New Central

Subarticular

Foraminal

Right central

Right subarticular

Right foraminal

Left central

Left subarticular

Left foraminal
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(loss of height), the term “pérdida altura” (height loss) is 
found without “de” (of) and this process eliminates this 
terminology variability. The list of Spanish stop-word was 
extracted from the NLTK package and can be found at 
https://github.com/nltk/nltk_data/blob/gh-pages/packages/
corpora/stopwords.zip (14).

Normalization
The last step in pre-processing and text cleaning is text 
normalization. This requires actions such as removing 
accents that can be found in Spanish, removing line breaks, 
and converting several blank spaces into one.

Match terms
A rule-based term extraction algorithm was implemented to 
identify terms through the pre-processing steps described 
above. The proposed algorithm is based on a comparison 
between terminology and pre-processed texts of radiological 
reports. The terminology contains, including old and 
new ones, 29 terms. In NLP, matching techniques aim to 
compare two sentences to determine whether they have a 
similar meaning. 

Standard reference

A separate group of reports was included as a validation 
set to generate a gold standard to evaluate the NLP tool. 
Six hundred lumbar spine MRI reports from the three 
radiologists evaluated (200 from each one), were reviewed 
by a radiologist with 14 years of experience. Table S1 shows 

the distribution of labels in the validation set. 

Statistical analysis

Standard metrics were used to evaluate the performance 
of the NLP algorithm for terminology extraction such as 
recall, precision and F1-measure considering the number of 
true positives (TPs), false positives (FPs) and false negatives 
(FNs). All analyses were performed in Python 3.8.

In the labeled corpus of 600 reports, to assess the 
evolution in the use of both, the old and the new terms, for 
the four categories by each radiologist between the periods 
considered, a statistical analysis was performed using SciPy 
version 1.5.4. Since the number of occurrences of the terms 
in the report does not follow a normal distribution, the 
Mann-Whitney U test was used. The level of significance 
was set at 0.05.

Results

NLP analysis

In total, 34,064 lumbar spine MRI reports were included 
(no report was excluded from the analysis) in the study from 
the radiologists selected from May 2010 to February 2022, 
separated into two main groups. The first group of lumbar 
spine MRI reports from May 2010 to February 2015 (15,813 
studies), and the second group of lumbar spine MRI reports 
from March 2015 to February 2022 (18,251 studies).  
Table S2 shows percentages and number of reports for each 

Pre-processing

Tokenization

Lowercase

Stopword removal Evaluation

Match terms

Rule-based NLP

Terms

Normalization

Remove punctuation

Lemmatization & 
Stemming

Figure 1 The processing pipeline for the rule-based NLP system for extracting lumbar spine terms from radiology reports. NLP, natural 
language processing.

https://github.com/nltk/nltk_data/blob/gh-pages/packages/corpora/stopwords.zip
https://github.com/nltk/nltk_data/blob/gh-pages/packages/corpora/stopwords.zip
https://cdn.amegroups.cn/static/public/QIMS-23-1294-Supplementary.pdf
https://cdn.amegroups.cn/static/public/QIMS-23-1294-Supplementary.pdf
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radiologist from each period. Each radiological report had a 
mean number of 176 words with a standard deviation of 88 
words. In a brief analysis, we found that 2% of the reports 
did not contain pathologies, as the conclusion of the study 
was “study without findings of interest”, “no significant 
alterations”, “study within normality”, and so on.

Validation set

Regarding the 600 MRI lumbar spine radiology reports 
labeled by a radiology expert, a total of 4,606 terms (both 
old and new) were included in the set. The minimum 
number of lexical terms found in the reports is 1, the 
maximum is 21, the mean is 7 terms, and the standard 
deviation is 4. This dataset of 600 reports constituted the 
gold standard for our evaluation of the algorithm.

NLP algorithm performance

The evaluation step counts the number of terms annealed 
by the NLP algorithm against the gold standard validation 
set. 4094 TP, 243 FP and 269 FN were reported, resulting 
in a precision of 94.4%, recall of 93.8% and finally an  
F1-score of 94.1%.

Te r m s  s u c h  a s  “ d e g e n e r a t i v e  p h e n o m e n a ” , 
“spondylarthrosis”, “left foraminal” and “right foraminal” 
are the most problematic for recognition by the NLP (FN) 
algorithm. After analyzing these FNs, we have concluded 
that the system is vulnerable to radiologists’ misspellings 
and often forgets to label bigrams. For example, “left 
foraminal” is labeled as “foraminal”, forgetting to include 
laterality.

Regarding the FPs, the algorithm erroneously recognized 
terms such as “central” and “height loss”. Often the system 
fails in the detection of “central” because it frequently 
recognizes “central canal” in radiology reports which is 
related to spinal canal stenosis, a category not evaluated 
for the purpose of this study. Regarding the term “height 
loss” it usually appears in the reports referring to vertebrae 
fracture or collapse instead of disc degeneration.

NLP results for MRI lumbar spine reports evaluated

Results were obtained for two different periods (May 2010–
February 2015 and March 2015–February 2022) and for 
both old and new terminology proposed by the ASSR, 
ASNR and NASS v2.0 consensus statement. The percentage 
and distribution of each term related to each main category 

(disc with fissures of the annulus /fissure, degenerated disc, 
herniated disc and disc location) are available in Table S3.

The percentage of decrement and increment of old 
and new terms used ranges from a decrement of 44.63% 
(old terms related to degenerated disc category for 
radiologist B) to an increment of 40.64% (old term related 
to degenerated disc category for radiologist A (Table 2). 
The most relevant increments in the percentage of use 
of new terms proposed by the ASSR, ASNR and NASS 
(Table 3) for radiologist A were terms related to herniated 
disc (7.27%), and degenerated disc (32.48%), and disc 
localization (36.53%) for radiologist C. The most relevant 
decreases in the percentage of use of old terms were for 
degenerated disc category (44.63% for radiologist B) and 
disc location (18.86% for radiologist A) and disc location 
and degenerated disc (27.73% and 18.95% respectively for 
radiologist C) (Figure 2). 

Regarding the herniated disc category, the use of the 
term “bulging disc” increased from 0.81% to 55.56% for 
radiologist B and from 3.24% to 24.35% for radiologist C, 
and the term “extrusion” increased for radiologist B in its 
use from 3.43% to 33.17%.

Discussion

In this study, we propose the use of NLP tools for 
the assessment of the level of adherence to the new 
recommendations (v 2.0) performed in 2014 by the ASSR, 
ASNR and NASS consensus paper for lumbar spine disc 
nomenclature in our radiology department (1). The use 
of a standardized and unified lexicon for reporting lumbar 
spine MRI is required to minimize variability, improve 
communication with spine surgeons and reduce potential 
mistakes.

Our results indicate a positive global impact over 
the terminology used for reporting MRI lumbar spine 
exams after the publication of the ASSR, ASNR and 
NASS consensus paper and its divulgation through an 
internal formative lecture in March 2015. This impact was 
more evident related to categories such as disc location, 
disc herniation or degenerated disc, especially for less 
experienced radiologists (B and C) which would probably 
be more permeative to the adoption of new lexicon related 
to lumbar disc nomenclature as well as to reduce or remove 
the use of old non-specific terms. However, regarding the 
paradoxical increase in the use of old terms related to disc 
degeneration found for the highest experienced radiologist 
A would probably be related to a misunderstanding of what 

https://cdn.amegroups.cn/static/public/QIMS-23-1294-Supplementary.pdf
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Table 3 Percentage of use of new terms according to category and radiologist

Radiologist Category†

May 2010–Feb 2015 Mar 2015–Feb 2022 Increase/
decrease in 

use‡
No. of 
reports

No. of reports 
with terms

Frequency of 
terms in reports

% of 
use

No. of 
reports

No. of reports 
with terms

Frequency of 
terms in reports

%  
of use

A 1 8,519 1 1 0.01 5,381 0 0 0.00 −0.01

2 764 835 8.97 25 27 0.46 −8.51

3 7,636 19,461 89.63 5,214 17,794 96.9 7.27

4 7,569 22,886 88.85 4,824 23,981 89.65 0.8

B 1 2,948 0 0 0.00 10,342 2 2 0.02 0.02

2 68 86 2.31 44 55 0.43 −1.88

3 2,339 6,110 79.34 10,272 44,851 67.65 −11.69

4 816 3,202 27.68 6,996 27,072 14.21 −13.47

C 1 4,229 175 195 4.14 2,398 205 221 8.55 4.41

2 196 222 4.63 890 1,093 37.11 32.48

3 4,044 11,550 95.63 2,308 7,209 96.25 0.62

4 1,665 3,935 39.37 1,820 6,197 75.9 36.53
†, 1: disc with fissures of the annulus; 2: degenerated disc; 3: herniated disc; 4: location of the disc. ‡, negative values mean the 
percentage decreased in the use of old terms; positive values mean percentage increased in the use of new terms.

Table 2 Percentage of use of old terms according to category and radiologist

Radiologist Category†

May 2010–Feb 2015 Mar 2015–Feb 2022 Increase/
decrease in 

use, %‡
No. of 
reports

No. of reports 
with terms

Frequency of 
terms in reports

% of 
use

No. of 
reports

No. of reports 
with terms

Frequency of 
terms in reports

% of 
use

A 1 8,519 0 0 0 5,381 0 0 0 0

2 1,306 1,404 15.33 3,012 3,375 55.97 40.64

3 20 20 0.23 6 6 0.11 −0.12

4 1,656 3,389 19.44 31 52 0.58 −18.86

B 1 2,948 0 0 0 10,342 0 0 0 0

2 1,677 4,118 56.89 1,266 2,118 12.26 −44.63

3 88 120 2.99 22 31 0.21 −2.78

4 500 998 16.96 619 1,016 5.99 −10.97

C 1 4,229 1 1 0.02 2,398 0 0 0 −0.02

2 3,119 4,512 73.75 1,312 1,832 54.8 −18.95

3 7 8 0.17 6 6 0.25 −0.08

4 1,201 1,704 28.4 16 19 0.67 −27.73
†, 1: disc with fissures of the annulus; 2: degenerated disc; 3: herniated disc; 4: location of the disc. ‡, negative values mean the 
percentage decreased in the use of old terms; positive values mean percentage increased in the use of new terms.
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Figure 2 Frequency of increase (green bars) and decrease (red bars) of using new and old terms for each category and radiologist after the 
publication of the AJNR consensus paper and the lecture given in our department in 2015. Category 1: disc with fissures of the annulus; 
category 2: degenerated disc; category 3: herniated disc; category 4: location of the disc. AJNR, American Journal of Neuroradiology.

old terms should no longer be used in the degenerated 
disc category. This outlier demonstrates how NLP tools 
can help to identify and explain an incorrect use of the 
new lexicon proposed helping to resolve the situation (that 
would otherwise remain unnoticed) (15,16) (Figure 3).

The main contribution of this study is to apply a rule-
based NLP method to assess the adoption of the ASSR, 
ASNR and NASS white paper recommendations using 
NLP for the first time in the scientific literature. In the 
literature published, scarce studies have evaluated the 
potential impact of NLP algorithms for evaluating the level 
of adherence to internal or external recommendations, 
even less in the field of MRI lumbar spine reporting 
whereas no prior benchmarks have been established, so it 
is hard to establish a direct comparison with our results. 
Travis Caton et al. used NLP tools to determine patterns 
of degenerative spinal stenosis on lumbar MRI based on 
free-text descriptors and establish potential relationships 
with lumbar spine level, age, and sex (17). They found 
that spinal canal and neuroforaminal stenosis increase 
caudally from T12 to L5 being more prevalent in men and 
finding a higher prevalence in younger patients (under  
50 years) and at lower spine levels (L5–S1) compared with 
older patients. The same group evaluated the effect on 
reporting time to account for the global severity of lumbar 

degenerative disease using NLP tools using a composite 
severity score (18). They extracted information about the 
severity of lumbar spine and neuroforaminal stenosis from 
raw radiological report text and created this score, which 
resulted in a significant and independent predictor of 
radiologist reporting time. One of the main applications of 
this score is to weigh qualitative metrics, such as relative 
value units depending on the study’s complexity. In the 
same line (evaluation of clinical and financial impact), 
NLP tools were used by Duszak et al. to assess deficiencies 
in abdominal ultrasound reports (19). They used as a 
standard the Current Procedural Terminology (CPT®) 
that establishes eight elements required for performing 
abdominal ultrasound reports (liver, pancreas, gallbladder, 
inferior vein cava, pancreas, kidneys, aorta and bile ducts). 
They found that deficiencies in abdominal ultrasound 
reports (i.e., spleen was neglected in up to 40% of the 
cases) are common and contribute to substantial losses in 
legitimate professional revenues. They proposed the use of 
the structured report and to improve physician training to 
alleviate the rate of these deficiencies. Regarding lumbar 
spine reports, Huhdanpaa et al. evaluated the potential 
of NLP tools applied to free-text radiological reports for 
identifying type 1 Modic endplate changes (20). They 
selected this type of endplate changes as it may be an 
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Figure 3 Graphs illustrating some of the most evident decreases in the use of old terms such as (A) intervertebral osteochondrosis or (B) 
paracentral and increase in new recommended terms like (C) central or (D) subarticular for radiologists since the period 2010–2021. Note 
the positive impact of the publication of the AJNR consensus paper and the lecture given in our department in 2015. AJNR, American 
Journal of Neuroradiology.

important target for potential intervention. They obtain 
high specificity (99%) but low sensitivity (70%) with a high 
negative predictive value (0.96%) for this task.

NLP has recently shown its capability for capture, 
extract and standardize information from free radiology 
reports and electronic health records in different clinical 
scenarios (21-23). There is a growing interest in the use 
of rule-based NLP approaches for extracting relevant 
information from radiology reports, as we have used for 
our study. Recently, Laurent et al evaluated the capability 
of rule-based NLP for automatic classification of tumor 
response from radiology reports and how to integrate it 
into clinical oncology workflow with an overall accuracy 
of 0.82 (24). An algorithm for extraction of information 
from abdominal aortic aneurysms from radiology reports 
has lately been developed by Gaviria-Valencia et al. using a 
ruled-based algorithm with an accuracy of 0.97 (25). They 
suggest that this kind of approach would support automatic 
input for patient care. Although we show the ability of 

NLP to evaluate the degree of adherence of radiologists to 
the ASSR, ASNR and NASS recommendations for lumbar 
disc nomenclature, we also acknowledge several limitations 
of our work. One major limitation in this study is that all 
the MRI reports are from the same radiology site which 
potentially introduces bias in the results. Evaluation of 
our NLP algorithms at other radiology institutions would 
provide a better insight about changes in the way MRI 
lumbar spine studies are reported. Regarding methodology, 
we have used MRI lumbar spine reports with and without 
pathological findings. However, since the goal of the 
manuscript is mainly to evaluate changes in terms related 
to lumbar disc pathology, the existence of reports without 
relevant findings does not influence the way radiologists use 
new terms describing pathology. Since the system matches 
terms with radiological reports to extract the information 
from the text, it cannot interpret lexical ambiguities such 
as homonymy and polysemy. In future work, the use of 
machine learning (ML) models should be a challenge to be 
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met (26). We are aware that some less frequent categories, 
such as those related to containment, continuity, migration, 
volume, or composition of displaced material as well as 
spinal canal stenosis, have not been considered for analysis 
in this work. These categories could be included in further 
analysis.

Application of our NLP research tool with a larger 
number of radiology reports and other institutions may 
help to approach a global degree of adherence to the 
ASSR, ASNR and NASS recommendations for lumbar 
disc nomenclature. Most importantly, it could also help to 
identify strengths or potential weaknesses of the actual 2.0 
version to elaborate a newer and updated version. Besides, 
our approach can be used to assess the degree of adherence 
to other recommendations and guidelines for reporting, 
for example, the Reporting and Data System (RADS) scales 
promoted by American College of Radiology (ACR) (27,28). 
Regarding radiological department workflow, these kinds 
of NLP applications may help to identify radiologists with 
scarce adherence to lexicon recommendations encouraging 
them to use these guidelines or promoting specific 
radiological lectures for teaching and learning purposes.

Conclusions

The results from this study suggest that the use of NLP 
tools may play a valuable role in the evaluation of the 
degree of adoption of radiology departments to the 
recommendations performed by the ASSR, ASNR and 
NASS regarding the MRI lumbar spine nomenclature. Our 
NLP approach helps to evaluate the degree of adherence to 
new preferred terms by radiologists, detects non-preferred 
terms in lumbar spine radiology reports, and encourages 
radiologists to adapt the proposed lexicon. This approach 
could potentially be used to assess other recommendations 
in radiology reports.
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Table S1 Distribution of terminology labels in the validation set.

Old Terms # of occurrences Prevalence New terms # of occurrences Prevalence

Annular tear 16 0.35% Annular fissure 77 1.67%

Spondylosis deformans 58 1.26% Degenerated disc 181 3.93%

Intervertebral osteochondrosis 96 2.08% Degenerative disc changes 129 2.80%

Dehydration 333 7.23% Protrusion 1,697 36.84%

Loss of height 216 4.69% Extrusion 258 5.60%

Herniated nucleous pulposus (HNP) 71 1.54% Bulging 94 2.04%

Ruptured disc 15 0.33% Central 276 5.99%

Protruded disc 68 1.48% Subarticular 68 1.48%

Prolapsed disc 16 0.35% Foraminal 92 2.00%

Bulging disc 19 0.41% Right central 32 0.69%

Right paracentral 57 1.24% Right subarticular 76 1.65%

Right posterolateral  59 1.28% Right foraminal 109 2.37%

Left paracentral 69 1.50% Left central 46 1.00%

Left posterolateral 74 1.61% Left subarticular 107 2.32%

Left foraminal 197 4.28%

Table S2 Percentage and number of lumbar spine reports 

Period May 2010–Feb 2015 Mar 2015–Feb 2022 

Radiologist No. of reports Percentage No. of reports Percentage

A 8,594 54.3% 5,424 29.7%

B 2,953 18.7% 10,383 56.9%

C 4,266 27.0% 2,444 13.4%

Supplementary
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Table S3 Percentage and distribution of each term related to each main category

Cat. Terms

Radiologist A Radiologist B Radiologist C

May 2010– 
Feb 2015 

Mar 2015– 
Feb 2022 

May 2010– 
Feb 2015 

Mar 2015– 
Feb 2022 

May 2010–
Feb 2015 

Mar 2015– 
Feb 2022 

N % N % N % N % N % N %

1 Old Annular tear 0 0 0 0 0 0 0 0 1 0.02 0 0

New Annular fissure 1 0.01 0 0 0 0 2 0.02 195 4.14 221 8.55

2 Old Spondylosis deformans 0 0 0 0 0 0 0 0 0 0 0 0

Intervertebral 
osteochondrosis

0 0 0 0 1532 31.28 1 0.01 0 0 0 0

Dehydration 1291 14.41 2980 53.09 1682 53.43 1021 9.33 2296 44.41 936 30.73

Loss of height 113 1.07 395 5.82 904 30.09 1096 9.39 2216 43.13 896 29.4

New Degenerated disc 834 8.96 27 0.46 80 2.1 24 0.15 2 0.05 9 0.38

Degenerative disc 
changes

1 0.01 0 0 6 0.2 31 0.28 220 4.59 1084 36.78

3 Old Herniated nucleus 
pulposus (HNP)

20 0.23 6 0.11 8 0.27 5 0.05 7 0.14 5 0.21

Ruptured disc 0 0 0 0 0 0 0 0 0 0 0 0

Protruded disc 0 0 0 0 112 2.75 26 0.17 1 0.02 1 0.04

Prolapsed disc 0 0 0 0 0 0 0 0 0 0 0 0

Bulging disc 0 0 0 0 0 0 0 0 0 0 0 0

New Protrusion 18813 89.31 17114 96.3 5964 78.6 32261 96.84 11140 94.21 6528 92.04

Extrusion 31 0.2 82 0.87 45 0.81 9159 55.56 273 3.9 97 3.29

Bulging 617 7.24 598 11.11 101 3.43 3431 33.17 137 3.24 584 24.35

4 Old Right paracentral 1610 9.61 24 0.24 1 0.03 475 2.84 341 6.81 0 0

Right posterolateral 3 0.04 8 0.11 450 8.11 3 0.02 457 8.25 9 0.29

Left paracentral 1767 10.83 12 0.13 1 0.03 533 3.21 434 8.42 0 0

Left posterolateral 9 0.06 8 0.11 546 9.91 5 0.04 472 8.16 10 0.38

New Central 12192 81.03 9546 80.86 201 3.09 6832 36.61 40 0.85 1597 50.33

Subarticular 0 0 2090 18.42 33 0.54 2782 15.31 4 0.09 1155 36.45

Foraminal 8511 58.3 6782 59.3 1604 25.17 7407 38.64 2291 38.9 1524 43.16

Right central 10 0.07 513 4.87 41 0.68 380 1.98 2 0.05 2 0.04

Right subarticular 0 0 692 6.63 8 0.14 1008 5.67 0 0 281 10.09

Right foraminal 961 5.58 1347 10.89 645 11.67 3650 23.17 862 17.45 662 23.69

Left central 11 0.08 584 5.65 42 0.68 367 1.9 2 0.05 2 0.08

Left subarticular 0 0 745 7.08 21 0.41 1217 6.76 1 0.02 359 12.43

Left foraminal 1201 6.8 1682 13.68 605 10.72 3429 21.97 733 15.25 615 21.73


