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Abstract

Study Design: Topic modeling of literature.

Objectives: Our study has 2 goals: (i) to clarify key themes in degenerative cervical myelopathy (DCM) research, and (ii) to
evaluate the current trends in the popularity or decline of these topics. Additionally, we aim to highlight the potential of natural
language processing (NLP) in facilitating research syntheses.

Methods:Documents were retrieved from Scopus, preprocessed, and modeled using BERTopic, an NLP-based topic modeling
method. We specified a minimum topic size of 25 documents and 50 words per topic. After the models were trained, they
generated a list of topics and corresponding representative documents. We utilized linear regression models to examine trends
within the identified topics. In this context, topics exhibiting increasing linear slopes were categorized as “hot topics,” while
those with decreasing slopes were categorized as “cold topics”.

Results:Our analysis retrieved 3510 documents that were classified into 21 different topics. The 3 most frequently occurring
topics were “OPLL” (ossification of the posterior longitudinal ligament), “Anterior Fusion,” and “Surgical Outcomes.” Trend
analysis revealed the hottest topics of the decade to be “Animal Models,” “DCM in the Elderly,” and “Posterior Decompression”
while “Morphometric Analyses,” “Questionnaires,” and “MEP and SSEP” were identified as being the coldest topics.

Conclusions: Our NLP methodology conducted a thorough and detailed analysis of DCM research, uncovering valuable
insights into research trends that were otherwise difficult to discern using traditional techniques. The results provide valuable
guidance for future research directions, policy considerations, and identification of emerging trends.
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Introduction

Degenerative cervical myelopathy (DCM) is a condition
characterized by neurological impairment stemming from the
degeneration of cervical spinal structures.1,2 The gradual
narrowing of the cervical spinal canal results from degener-
ative processes, including cervical spondylosis, ossification of
the posterior longitudinal ligament (OPLL), and hypertrophy
of the ligamentum flavum (OLF).3 The progressive narrowing
of the spinal canal causes chronic, non-traumatic compression
of the spinal cord over time, which may ultimately result in
gait impairment, tetraparesis, sensory symptoms, and bladder
or bowel dysfunction. Typically, initial symptoms present in
the hands, including non-dermatomal numbness in the fin-
gertips and reduced manual dexterity.4,5 Patients may also
experience poor coordination while walking and, as the dis-
ease advances, may display objective weakness on clinical
examination, usually more pronounced in the distal upper
extremities.6 In severe DCM cases, patients may develop
bowel and bladder dysfunction and become wheelchair-
bound.

In the United States, projections show the proportion of
adults aged ≥65 years will increase substantially from 13% in
2010 to 22% in 2050.7,8 Similar growth in the elderly pop-
ulation is occurring in other developed and developing
countries, including the United Kingdom, Japan, China,
Brazil, and India.8,9 With the aging global population, the
prevalence of DCM has risen and is expected to continue to
rise worldwide. Degenerative cervical myelopathy represents
the most common cause of spinal cord impairment and injury
among adults, resulting in significantly decreased quality of
life and increased economic burden from medical expendi-
tures and loss of productivity.3,6,10-13 Clinically, approxi-
mately 10% of patients ≥55 years of age exhibit symptoms of
DCM, while magnetic resonance imaging (MRI) reveals ra-
diographic cervical spondylosis in up to 50% of this age
group.6 In the United States alone, up to 20 000 patients are
hospitalized annually for DCM treatment, accruing costs of
several hundred million dollars.14,15 Consequently, deter-
mining optimal treatment for DCM has become a key public
health priority.8

The growing concern regarding DCM has motivated ex-
tensive research initiatives to improve the time to diagnosis,
the understanding of disease pathophysiology and treatment
strategies.16 The vast amount of scientific literature on DCM
poses a major challenge for clinicians, whomust parse through
and synthesize large bodies of information. While systematic
and scoping reviews can streamline this process,8,15,17,18 these
approaches often require months to years to complete.19,20 The
slow pace of traditional reviews may impede the application of
new research findings and the discovery of overarching pat-
terns within the literature. Therefore, more efficient ap-
proaches are needed to analyze the expansive DCM literature.
Advanced text mining techniques could enable more rapid
analysis of these large volumes of data.

This study utilizes natural language processing (NLP) and
topic modeling to synthesize existing DCM literature and
examine associated themes and trends. The study has 2 pri-
mary aims: (i) to elucidate key topics in DCM research; and
(ii) to assess current patterns related to the rising or declining
prominence of these topics. Additionally, this work has a
methodological goal of highlighting the utility and potential of
NLP in augmenting research synthesis. This provides a more
efficient approach to dissecting and comprehending the in-
tricate academic literature landscape within DCM research.

Methods

Ethical Approval

Ethical Approval was not required for this study as it did not
involve human subjects or personal data, but rather focused on
analyzing existing literature.

Data Source

On July 27, 2023, the Scopus database was searched using a
modified search strategy based on “search filters” previously
developed for EMBASE andMEDLINE databases.21-23 These
search filters were designed to gather all articles related to
DCM. To further refine our search, we used filters found in
Scopus, limiting the “Document Type” to “Article” and
“Review” categories, selecting “Journal” as the “Source type,”
and setting “English” as the language. We included articles
only after the year 2000, to prioritize contemporary research
within the DCM field. The downloaded documents included
essential metadata elements, such as document title, abstract,
author name(s), year of publication, and citation count.

Preprocessing

As an initial step, we preprocessed the downloaded data to
prepare for subsequent analyses. Articles lacking abstracts
were excluded. A new column combining article titles and
abstracts was generated to enable analysis of these elements.
Citation counts were divided into quartiles (Q1, Q2, Q3, Q4)
to better comprehend citation impact across topics. The 10
most prevalent journals were identified, while the remaining
journals were categorized as “Other” to simplify analysis. First
and senior authors were extracted from the author lists to allow
analysis of author contributions. The 10 most frequently
occurring senior authors were identified, while the remaining
were grouped as “Other.”

Topic Modeling

To uncover hidden patterns and identify primary topics in our
dataset, we utilized NLP and a technique called topic mod-
eling. Specifically, we used BERTopic,24 a topic modeling
approach that generates interpretable, dense topic clusters
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using BERT (Bidirectional Encoder Representations from
Transformers) embeddings25 and c-TF-IDF (Class-based
Term Frequency - Inverse Document Frequency). BER-
Topic builds on BERT, a pre-trained language model that has
profoundly advanced NLP by enabling context-aware un-
derstanding and improved performance. We obtained sentence
embeddings using the S-PubMedBert-MS-MARCO model, a
Hugging Face sentence-transformers model fine-tuned for
medical text information retrieval tasks.26 The text was further
refined by removing common, non-informative words (stop
words) using the NLTK library after embedding.27 To ensure
topic specificity, custom DCM-related stop words were also
included.

Fundamentally, BERTopic utilizes a probability-based
approach during its operation. When faced with potential
topic overlaps or ambiguities, BERTopic assigns a probability
score to each topic based on the specific content and context
within the document. It then categorizes the document into the
topic with the highest probability assigned. This probabilistic
methodology enables nuanced, optimized topic assignments,
even for closely related topics. Exploratory efforts were made
to identify optimal parameter settings of “min_topic_size =
25” and “top_n_words = 50”. The min_topic_size parameter
sets a minimum threshold for the number of documents as-
signed for each topic. The top_n_words parameter specifies
the number of words per topic to extract. Additionally, we
used a probability threshold to identify outliers, and docu-
ments with less than 5% probability of belonging to any
discovered topic were marked as outliers.

After model training, a list of topics with corresponding
representative documents was generated. Topic labels were
determined by author consensus based on keywords and
representative documents. These representative documents
demonstrated the significance of each topic. Additionally,
word clouds offered visual depictions of key terms for each
topic. The top 10 most frequently occurring topics, as iden-
tified by the BERTopic model, were chosen for in-depth
analysis based on their relevance and significance. We then
examined the distribution of these 10 topics across citation
quartiles, journals, first authors, and senior authors. These
analyses provided insights into the popularity and impact of
each topic.

Trend Analysis

Following the methodology of Bittermann and Fischer,28 we
utilized linear regression models to analyze trends among the
identified topics. Topics displaying positive linear slopes were
classified as “hot topics,” while those with negative slopes
were deemed “cold topics.” We opted not to use non-linear
approaches and multilayer perceptrons (MLPs) in our analysis
in order to simplify the process, reduce the risk of overfitting,
and enhance the interpretability of results.

Publication years, topic names, and topic probabilities were
extracted from the dataset. Topic probabilities indicate the

likelihood that a document’s content influenced its assignment
to a particular topic. High probabilities denote documents with
substantial relevance and represenation of a topic, while low
probabilities indicate minimal relevance or representation.
Individual probabilities were compiled to derive an annual
mean topic probability for each topic. Mean topic probability
was utilized as the dependent variable, with publication year
as the independent variable to train linear regression models
per topic. The slope direction of the regression lines differ-
entiated hot and cold topics, with positive slopes signaling hot
topics and negative slopes indicating cold topics.

The trend analysis was conducted in 2 phases. First, overall
trends were examined from 2000 until the date of the Scopus
search, providing a longitudinal topic analysis. Second, the
analysis was narrowed to the current decade (2020s) to
identify emerging topics.

Computational Tools and Libraries for Data Analysis

The computational analyses were performed using Python 3.1
in Google Colab. Libraries such as pandas and numpy were
used for data manipulation and analysis, nltk for stop words,
sentence-transformers and BERTopic for topic modeling
analysis, sklearn for trend analysis, and wordcloud for gen-
erating word clouds.

Results

A total of 5533 documents were initially obtained. After re-
finement of “Document type” to “Article” and “Review,”
“Source type” to “Journal,” “Language” to “English” and
earliest publication year to 2000, 1199 documents were ex-
cluded. Two hundred and sixty-three additional documents
were excluded due to their lack of abstracts. A total of 4071
documents remained, of which 3510 were classified into 21
distinct topics. The remaining 561 documents (13.8%) were
considered outliers, as their probability of belonging to any
one topic was below 5%.

Our BERTopic model revealed the following as the ten
most frequently occurring topics: “OPLL”, “Anterior Fusion,”
“Surgical Outcomes,” “Diagnosis,” “Animal Models,”
“Posterior Decompression,” “Alignment,” “Minimally Inva-
sive Surgery,” “MEP and SEP” (motor evoked potentials and
somatosensory evoked potentials), and “Cervical Disc Ar-
throplasty.” Table 1 displays the keywords and number of
documents associated with all 21 distinct topics. Figure 1
depicts the top 10 topics using word clouds. Supplemental
Figure 1 adds to this with a visual representation of remaining
topics. These word clouds provide a concise visual depiction
of main themes associated with each topic, with the size of
each keyword corresponding to its frequency.

Figure 2 provides a visual representation of citation
quartiles for the top 10 topics, offering insights into the
recognition of these topics within the research communities.
Figure 3 further shows the number of papers for the top ten
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Table 1. Summary of the 21 Distinct Topics With Associated Keywords and Document Counts.

Topic Key Words
Number of
Documents

OPLL OPLL, ossification, ligament, longitudinal, posterior, kline, anterior, decompression, surgical,
laminoplasty, surgery, adf, fusion, joa, score, rate, ossified, progression, significantly,
complications, association, Japanese, recovery, postoperative, factors, type, neurological,
ratio, mean, outcomes, groups, higher, followup, canal, using, acaf, due, occupying, significant,
showed, underwent, analysis, ct, preoperative, lamp, onl, approach, compared, outcome,
compression

505

Anterior fusion Fusion, acdf, anterior, discectomy, complications, surgery, outcomes, accf, corpectomy,
followup, multilevel, surgical, rate, rates, groups, graft, significantly, posterior, underwent,
postoperative, subsidence, bone, compared, cage, significant, plate, adjacent, risk, neck, vs,
lordosis, mean, using, hospital, analysis, higher, levels, pain, score, undergoing, time, included,
increased, performed, hybrid, level, total, decompression, vas, index

445

Surgical outcomes Surgery, score, mjoa, improvement, outcome, pain, surgical, scores, outcomes, preoperative,
symptoms, neck, postoperative, scale, significant, analysis, age, recovery, baseline, functional,
factors, neurological, disability, duration, sf36, association, ndi, mild, followup, measures,
status, nurick, mcid, ci, health, prospective, mean, using, Japanese, quality, severe, predictors,
decompression, moderate, function, used, regression, physical, included, important

304

Diagnosis Diagnosis, symptoms, syndrome, compression, pain, disease, may, surgical, management, due,
stenosis, rare, herniation, progressive, history, imaging, neurological, upper, presented,
neurologic, decompression, weakness, literature, caused, surgery, condition, disc, present,
cause, resonance, magnetic, neck, radiculopathy, bilateral, gait, presentation, signs, common,
examination, severe, anterior, revealed, nerve, natural, instability, sarcoidosis, reported,
presenting, lower, articles

285

Animal models Dogs, compression, vertebral, spondylomyelopathy, horses, intervertebral, mri, signs, chronic,
imaging, surgical, research, diagnosis, normal, canal, veterinary, doberman, pinschers,
findings, articular, caudal, using, great, disease, csmaffected, dog, clinically, common,
compressive, model, animals, neurologic, danes, neurological, changes, may, magnetic,
surgery, expression, resonance, dacsm, used, affected, control, management, sites, stenotic,
stenosis, outcome, ct

279

Cervical laminoplasty Laminoplasty, opendoor, postoperative, rom, axial, spinous, expansive, followup, range, mean,
canal, joa, score, pain, technique, modified, motion, neck, significant, Japanese, surgery,
doubledoor, complications, association, symptoms, underwent, groups, outcomes, fixation,
posterior, significantly, rate, loss, recovery, spacers, frenchdoor, process, using, average,
lamina, multilevel, miniplate, preoperative, procedure, orthopaedic, muscle, postoperatively,
open, improvement, scores

213

Posterior
decompression

Laminectomy, laminoplasty, posterior, multilevel, anterior, fusion, lf, surgical, groups,
postoperative, approach, outcomes, rate, decompression, surgery, mean, time,
complications, followup, compared, score, underwent, screw, loss, joa, lp, significant, blood,
significantly, preoperative, approaches, vs, outcome, scores, fixation, recovery, pain, mass,
Japanese, association, procedure, skip, difference, lateral, scale, improvement, rates, neck,
included, performed

195

Alignment Sagittal, alignment, preoperative, kyphosis, slope, angle, laminoplasty, lordosis, t1, sva, c27,
postoperative, c2c7, kyphotic, parameters, deformity, cobb, change, vertical, outcomes, axis,
t1s, surgical, correction, lordotic, significantly, cl, correlation, radiographic, groups, c7,
followup, sca, surgery, csva, 0001, neck, analysis, factors, posterior, outcome, significant,
scores, loss, underwent, fusion, association, radiographs, balance, risk

160

Minimally invasive
surgery

Technique, decompression, posterior, endoscopic, laminectomy, invasive, laminoplasty,
approach, anterior, minimally, techniques, surgical, procedure, stenosis, fusion, surgery,
multilevel, complications, radiculopathy, cmel, pedicle, foraminotomy, canal, postoperative,
using, pain, disc, unilateral, lateral, followup, indications, technical, screw, procedures,
approaches, without, safe, cps, effective, surgeons, instability, used, bilateral, neck,
performed, neurological, alternative, outcomes, microendoscopic, levels

140

(continued)
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Table 1. (continued)

Topic Key Words
Number of
Documents

MEP and SSEP Evoked, potentials, stimulation, motor, cmct, conduction, somatosensory, seps, monitoring,
mep, meps, sep, latency, nerve, transcranial, potential, ionm, amplitude, central,
intraoperative, median, magnetic, abnormal, compression, muscles, surgery, upper, time,
mri, sseps, level, tms, muscle, tibial, abnormalities, compressive, findings, changes, normal,
abductor, sensitivity, recording, function, electrophysiological, corticospinal, useful,
compared, ssep, ccm, ulnar

131

Cervical disc
arthroplasty

Disc, arthroplasty, cda, acdf, bryan, replacement, adjacent, followup, fusion, ho, tdr, motion,
artificial, anterior, discectomy, radiculopathy, level, prosthesis, disease, outcomes, index,
total, neck, heterotopic, device, segment, surgery, levels, rom, singlelevel, groups, range,
compared, investigational, pain, randomized, disability, significant, disk, prestige, devices, ndi,
24, 2level, scores, included, significantly, radiographic, cdr, degeneration

119

Signal intensity changes Signal, isi, intensity, mri, t2weighted, changes, grade, images, postoperative, outcome,
resonance, magnetic, intramedullary, imaging, preoperative, mr, si, recovery, type, joa,
surgical, t2wi, increased, change, high, t1, compression, outcomes, score, ratio, t2, duration,
surgery, prognosis, association, t1wi, showed, prognostic, regression, Japanese, predict, rate,
analysis, significant, classification, correlated, groups, better, resolution, whether

110

Anterior discectomy Anterior, fusion, disc, improvement, followup, decompression, surgery, treated, posterior,
radiculopathy, surgical, operation, symptoms, graft, improved, levels, without, mean,
functional, longterm, approach, period, good, outcome, bone, procedure, level, average,
laminectomy, 12, postoperative, nurick, disease, cloward, operated, preoperative,
underwent, pain, corpectomy, duration, multisegmental, excellent, performed, 10, followed,
deterioration, radiological, subtotal, discectomy, grade

101

Diffusion tensor
imaging

dti, fa, diffusion, imaging, tensor, adc, values, anisotropy, fractional, mjoa, value, diffusivity, mri,
correlation, md, level, metrics, conventional, apparent, healthy, coefficient, recovery,
subjects, preoperative, parameters, using, compression, changes, correlated, significantly,
fiber, significant, signal, resonance, magnetic, compared, severity, surgery, levels, ad, noddi,
tractography, score, volunteers, dbsi, maps, mean, mtr, postoperative, density

100

Gait Gait, test, step, hand, balance, healthy, postural, parameters, controls, cm, control, subjects,
analysis, strength, impairment, grip, sway, speed, 10s, surgery, function, using, lower,
significantly, assessment, quantitative, number, knee, walking, compared, gr, vs, tests,
motion, proprioceptive, extremity, values, proprioception, stride, evaluate, agematched,
time, severity, used, steps, stability, peak, hc, length, phase

88

Morphometric analyses Canal, ratio, area, diameter, transverse, compression, crosssectional, muscle, mm, sagittal,
measured, normal, stenosis, csa, dural, level, ap, sac, infiltration, ratios, significantly,
anteroposterior, correlation, c4, mri, vertebral, diameters, measurements, levels, ct,
subjects, c3, age, lateral, body, pavlov, men, c6, paraspinal, lss, resonance, magnetic, males,
smaller, compared, mf, significant, areas, images, analysis

85

Dynamic imaging Dynamic, extension, mri, flexion, motion, neutral, imaging, mr, flow, stenosis, resonance,
position, magnetic, images, compression, csf, velocity, increased, levels, trmner, changes,
positions, agreement, flexionextension, cerebrospinal, phasecontrast, canal, sign, fluid, static,
severity, space, diagnostic, using, healthy, sagittal, level, signal, reliability, disc, subarachnoid,
total, pcmri, evaluated, compared, en, cine, myelography, reflex, system

63

Functional brain
connectivity

Functional, connectivity, cortex, gyrus, controls, sensorimotor, motor, left, fc, cortical,
structural, regions, right, healthy, changes, network, alterations, reorganization, matter,
restingstate, within, volume, hcs, cerebellum, increased, alff, visual, zalff, impairment, gray,
plasticity, function, mri, cortices, rsfmri, m1, fmri, thalamus, compared, tract, neurological,
bilateral, imaging, primary, metabolite, surgery, mjoa, decreased, association, correlation

58

Questionnaires Joacmeq, mjoa, questionnaire, score, Japanese, association, joa, orthopaedic, reliability, version,
evaluation, validity, function, scores, correlation, modified, measure, responsiveness,
translated, name, psychometric, internal, Chinese, promis, questions, consistency, outcome,
ndi, used, items, versions, scale, nurick, properties, extremity, quality, kappa, orthopedic,
coefficient, satisfaction, coefficients, mcid, domains, testretest, life, using, question,
selfadministered, strong, cronbachs

46

(continued)
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topics as distributed across different journals. Figure 4A
shows the top 10 first authors and the distribution of topics
among the papers they authored. Figure 4B provides a similar
depiction for the top 10 senior authors.

Overall Trends

We employed linear regression models to conduct an analysis
of topic probabilities and uncovered significant trends from
2020 to July 27, 2023 (the date the database search was last
conducted). The hottest topics, as evidenced by an increasing
slope in our analysis, were “Functional Brain Connectivity,”
“Signal Intensity Changes,” and “Alignment.” These topics
have had a growing impact in research over the years. By
contrast, “Questionnaires,” “OPLL,” and “Diffusion Tensor
Imaging” were considered cold topics, as evidenced by a
decreasing slope in our analysis, indicating a decline in their
impact within research.

Figure 5A provides a color-coded bar chart depicting these
trends. The color spectrum depicts the impact of various

topics, with darker shades of purple-blue representing colder
topics, and brighter shades of yellow-orange representing
hotter topics. The length of each bar correlates to the mag-
nitude of the slope values. This figure provides a straight-
forward visualization that easily communicates topic trends.

Figure 6 showcases the number of papers with each topic
plotted against the year it was published. This provides a
clearer visualization of temporal changes and significance of
each topic throughout the years.

Trends in the Current Decade

Within this decade, a focused analysis revealed “Animal
Models,” “DCM in the Elderly,” and “Posterior Decom-
pression” as being the hottest topics. These topics have ex-
perienced a substantial rise in representation, signaling a shift
in research emphasis towards these topics. By contrast,
“Morphometric Analyses,” “Questionnaires,” and “MEP and
SSEP” were identified as being the coldest topics, suggesting
decreased emphasis on these topics in research (Figure 5B).

Table 1. (continued)

Topic Key Words
Number of
Documents

Postoperative C5 palsy c5, palsy, postoperative, root, incidence, nerve, decompression, posterior, risk, c5p,
laminoplasty, factors, c45, laminectomy, lp, foraminal, anterior, shift, opendoor,
foraminotomy, groups, surgery, fusion, palsies, significant, pavlov, preoperative, ratio, lf,
width, without, complication, paralysis, analysis, stenosis, developed, significantly, gutter,
retrospective, higher, consecutive, doubledoor, weakness, c4c5, corpectomy, foramen,
series, opll, c6, occurrence

45

DCM in the elderly Elderly, age, younger, surgical, surgery, joa, older, outcomes, score, recovery, complications,
groups, nonelderly, 75, postoperative, laminoplasty, scores, mean, functional, Japanese, 65,
preoperative, 70, association, orthopaedic, significant, aged, status, significantly, oldold,
neurological, function, compared, 80, underwent, lower, decompression, perioperative,
youngold, outcome, respectively, improvement, using, duration, rate, time, range, evaluated,
vs, performed

38

Figure 1. Word clouds of the top 10 topics.
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Discussion

Summary of the Main Findings

We applied the NLP method BERTopic to investigate research
themes in DCM, with an emphasis on identifying salient
topics and analyzing their evolution over time. This research
provides valuable insights into the dynamic DCM literature,
while demonstrating the potential of NLP to streamline
research synthesis. Our topic modeling analysis revealed 21
distinct topics within DCM literature, with variation in topic
frequency indicating the broad research interests in this
community. These distinct topics spanned diverse areas of

DCM research, ranging from animal models to surgical
outcomes. Analyzing topic distribution across citation quar-
tiles, first authors, and senior authors offered perspectives on
topic popularity and influence. These findings can guide
impactful future research by identifying high-priority areas
and steering investigators toward fruitful avenues of study.

Advantages of BERTopic

The BERTopic methodology used in this study has several
strengths compared to more conventional approaches like
Latent Dirichlet Allocation (LDA).29-31 While LDA relies

Figure 2. Citation quartiles for the top 10 topics.

Figure 3. Topic distribution of papers by the top 10 journals.
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heavily on word frequency for topic identification,32 BER-
Topic leverages the advanced language comprehension ca-
pabilities of transformer models such as BERT, enabling it to
capture textual context and semantics.24 This allows BER-
Topic to achieve more accurate topic classification. Addi-
tionally, BERTopic’s integration of UMAP (Uniform
Manifold Approximation and Projection) for dimensionality
reduction and HDBSCAN (Hierarchical Density-Based
Spatial Clustering of Applications with Noise) for cluster-
ing enables identification of topics with varying densities, a
task often challenging for LDA. This supports more nuanced
understanding of the structure within textual data. Further-
more, BERTopic can handle outliers, while LDA cannot.

Outliers skew LDA’s topic modeling outcomes. Thus,
BERTopic’s superior accuracy, flexibility, and robustness
emphasize its advantages over traditional topic modeling,
making it very suitable for our study.

Our study expands on prior bibliometric investigations
which provided broad overviews of DCM research aimed at
identifying predominant themes.33,34 However, unlike our
study, their analyses did not employ NLP for topic modeling.
Instead, they manually categorized a limited set of top-cited
papers, whereas our approach used NLP to automatically
extract distinct topics from 5533 documents. Limiting reviews
to top-cited subsets restricts generalizability and overlooks
important ideas from less cited papers. Moreover, our

Figure 4. (A) Topic distribution of papers by the top 10 first authors. (B) Topic distribution of papers by the top 10 senior authors.
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Figure 5. (A) Color-coded bar chart of hot and cold topics spanning from the inception of the first publication to the most recent publication
date. (B) Color-coded bar chart of hot and cold topics in the current decade.

Figure 6. Number of papers for the top 10 topics plotted against publication year.

Karabacak et al. 9



methodology incorporated regression trend analysis on
annual publication data, capturing nuanced themes easily
missed by conventional bibliometrics. Other methodolo-
gies, such as scoping reviews or illustrative reviews, have
similar limitations.16,35 Manual grouping introduces author
selection bias and limits the scope to a few years. By au-
tomatically extracting topics, NLP provides a more com-
prehensive, detailed perspective on the intricate evolution
of DCM research.

Common Topics in DCM Research

We identified “OPLL,” “Anterior Fusion,” and “Surgical
Outcomes” as the 3 most extensively studied DCM topics.
Ossification of the posterior longitudinal ligament involves
ectopic lamellar bone formation around the posterior lon-
gitudinal ligament (PLL). While the etiology is unclear,
high BMI and diabetes have been identified as OPLL risk
factors.36 Significant efforts have focused on exploring how
overgrowth of OPLL can occlude the neural foramina and
lead to DCM.37 Ossification of the posterior longitudinal
ligament is particularly notable not only because minor
trauma can lead to significant spinal cord injury (SCI) and
disability, but also because of its heterogeneous presenta-
tion, impact on surgical outcomes, and implications for
selecting surgical approaches.38 Currently, anterior fusion
surgery in the form of anterior cervical discectomy fusion
(ACDF) and anterior cervical corpectomy fusion (ACCF)
are used extensively in DCM patients.39 There is an interest
on studying the anterior approach due to its preservation of
the muscles and ligaments in the posterior neck.40 Anterior
cervical discectomy fusion maintains structural stability, all
whilst alleviating compression by removing the disc and
osteophyte. While ACDF offers benefits like minimal blood
loss and restored curvature, it is important to consider post-
operative complications specific to the anterior approach,
such as dysphagia and dysphonia, alongside concerns of
inadequate decompression and spinal cord injury.41

Meanwhile, ACCF enables complete decompression but
sacrifices column stability, increasing risk of cage dis-
placement.41 The focus of the literature on anterior fusion
highlights the interest in comparing these techniques. While
decompression helps DCM patients, 40% have only partial
recovery.42 This statistic should encourage further research
on surgical technique to better inform prognosis and im-
prove recovery. Previous studies have identified significant
predictors of neurological outcomes and complications in
patients undergoing surgery for DCM. This research has
demonstrated that increased baseline myelopathy severity, a
longer duration of symptoms, older age, smoking and
presence of certain co-morbidities may influence surgical
outcomes. Furthermore, a longer operative duration and a 2-
stage surgery may increase the risk of perioperative
complications.43,44 Better understanding of the influence of
these factors on surgical outcomes can predict who is at

greater risk for unfavorable outcomes, assist with surgical
planning and appropriately manage patients’ expectations.

Trends in DCM Research Over Time

Our examination of research trends within the current decade
revealed a significant shift in the focus and priorities of DCM
studies. “Animal Models,” “DCM in the Elderly,” and
“Posterior Decompression” were the 3 hottest topics of the
decade. There is growing interest in employing animal models
to understand DCM pathophysiology. While DCM is known
to cause chronic spinal cord compression and injure the white
and grey matter, the precise mechanism by which compression
causes this damage remains unclear.45 Desimone et al used a
mouse model to demonstrate that DCM patients who are
positive for apolipoprotein E4 (ApoE4) have significantly less
improvement after decompression, and exhibit a proin-
flammatory response with higher TNF-α, IL-6, CCL3, and
CXCL9 concentrations.46 Studies also identified a 2-fold
lower T cell count, and a 4-fold higher monocyte count in
DCM patients, via animal models.47 Improving the under-
standing of DCM pathophysiology through animal models is
crucial for determining how certain symptoms develop and for
identifying potential treatment strategies. Given DCM pri-
marily affects the elderly, better comprehending its effects in
this population can enhance knowledge of risk factors and
treatment strategies. As people age, the risk of developing
DCM increases, potentially leading to progressive neuro-
logical deficits. These can include severe conditions such as
irreversible loss of hand dexterity, quadriplegia, and impaired
bladder and bowel control. Furthermore, even after adjusting
for baseline impairment and age-related factors, elderly pa-
tients show less functional improvement and lower quality of
life scores after surgery compared to younger patients.
However, old age alone does not increase the risk of adverse
effects.48 Though effective, surgical intervention for elderly
DCM patients should involve tailored counseling in order to
appropriately manage expectations and concerns. Posterior
decompression has also emerged as a trending DCM research
area. The optimal surgical approach also remains unclear.
Sattari et al suggested that the benefits of an anterior approach
include less bleeding, shorter length of stay, lower rates of
infection, and reduced of C5 palsy risk.49 Meanwhile, Lam-
brechts et al and Fehlings et al found similar functional
outcomes following anterior vs posterior approaches.50,51

Significance of Cold Topics

The reasons for being identified as a cold topic can be
manifold. Most importantly, cold topics are not considered
irrelevant topics for research. Still, this categorization might
reflect scientific challenges. Motor evoked potential and SSEP
supplement the clinical examination to quantify the severity of
spinal cord damage in DCM, can be used to assess im-
provement following treatment, and help predict neurological
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recovery.52,53 However, the sensitivity is low, especially in
patients with mild DCM and anterior or central cord
damage.54 Advanced neurophysiology for quantifying the
spinothalamic tract, as done with contact-heat evoked
potentials (CHEPs), may increase sensitivity in these pa-
tients.55 For routine intraoperative MEP and SSEP moni-
toring in DCM, there is no Class I evidence that supports
improved neurological outcomes with these intraoperative
techniques.56 The limitations of MEP and SEP may partly
explain why this was identified as a cold research topic;
however, this should not distract from the well-established
clinical utility as outlined above. Similarly, questionnaires
in DCM are routinely used in clinical practice to assess
functional impairment and quality of life, with the modified
Japanese Orthopedic Association (mJOA) often employed
to determine the severity of DCM. However, these scores
have limited sensitivity for covering all aspects of DCM,57

while other scores, such as the Neck Disability Index, were
not specifically designed for patients with DCM. Improved
questionnaires, developed with patient involvement, that
emphasize previously underestimated domains such as pain
and dexterity are urgently required. As such, the cervical
myelopathy severity index (CMSI) represents a notable
effort to overcome the limitations of current question-
naires.58 Lastly, morphometric analyses were among the
cold topics. Enhanced MRI protocols are indubitably
needed to facilitate the early diagnosis of DCM.59 Mi-
crostructural MRI using morphometric analysis has been
shown to detect subclinical tissue injury in asymptomatic
spinal cord compression60 and to facilitate longitudinal
monitoring.61 With an increased awareness of DCM as a
preventative cause of non-traumatic spinal cord injury62

and mounting evidence for improved outcomes with timely
surgery,63 these enhanced MRI protocols will gain further
relevance in the future.

Apart from elucidating key topics in DCM research and
assessing their patterns related to their prominence, the
presented approach holds significant implications for fa-
cilitating systematic reviews and enhancing knowledge
translation. The semi-automated and unbiased thematic
analysis demonstrated in this research offers a novel ap-
proach to systematically categorize and evaluate existing
literature. This methodology is particularly valuable in
identifying under-researched or ‘cold’ topics, thereby
guiding future research directions and ensuring compre-
hensive coverage in systematic reviews. Moreover, the
insights gained from our study can be instrumental in
identifying knowledge gaps and silos within the field, es-
pecially in regions or subfields where certain surgical ap-
proaches or treatment modalities are preferred. This not
only aids in guiding effective research dissemination
strategies but also informs clinical practice by aligning
research priorities with real-world needs. Consequently,
this approach could revolutionize how researchers and
clinicians understand and address the evolving landscape of

DCM treatment, leading to more informed decision-making
and improved patient outcomes.

Limitations

While our study is promising, it is essential to acknowledge
certain limitations. First, thoroughly validating the advantages
of BERTopic compared to conventional topic modeling ap-
proaches is challenging. The ideal validation would require an
infeasible manual analysis of thousands of abstracts by experts.
Given the extensive dataset size and complexity, this task is
unrealistic. Despite confidence in BERTopic based on its
methodology and our observations, we acknowledge the lack of
comparative confirmation.24 As NLP evolves, more validation
research should emerge to hopefully elucidate the capabilities of
various techniques. Second, potential inconsistencies in met-
adata could introduce bias, given this study’s heavy reliance on
complete, high-quality metadata across articles. Our trend
analysis employed linear models, which may oversimplify
patterns and overlook nonlinear relationships. Finally, we also
recognize the limitations of manual topic labeling. While we
explored the potential of using advanced Large Language
Models (LLMs) for automatic topic labeling, the absence of a
specialized LLM in spine surgery or neurosurgery led to labels
that did not fully meet our expectations. This highlights a
limitation in the current availability of domain-specific LLMs
for automated analysis in niche medical fields. As a result, we
resorted to manual labeling of topics, which, despite our best
efforts, may carry inherent subjective biases. Future studies
could benefit from the development and utilization of more
specialized LLMs, potentially enhancing the automation and
accuracy of topic identification in specific medical domains.

Conclusion

By employing the BERTopic methodology, we conducted a
thorough exploration of an extensive body of DCM research,
extracting insights not easily obtained through traditional
review techniques. Moreover, our approach provided valuable
perspectives on the continually evolving DCM research
landscape by identifying historical and current patterns. This
methodology can be especially useful for DCM researchers
and policymakers. For instance, funding entities could le-
verage the information to assess research area relevance,
enabling well-informed funding allocation decisions. By
delineating research trend evolution, our approach fosters a
more contextual understanding of current trends and may even
provide predictive insights into future directions. Conse-
quently, our NLP-based approach holds potential for inte-
gration into data-driven approaches in academic publishing.
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systematic review of clinical and surgical predictors of com-
plications following surgery for degenerative cervical mye-
lopathy. J Neurosurg Spine. 2016;24(1):77-99. doi:10.3171/
2015.3.SPINE14971

44. Tetreault L, Palubiski LM, Kryshtalskyj M, et al. Significant
predictors of outcome following surgery for the treatment of
degenerative cervical myelopathy. Neurosurg Clin N Am. 2018;
29(1):115-127.e35. doi:10.1016/j.nec.2017.09.020

45. Dohle E, Beardall S, Chang A, et al. Human spinal cord tissue is
an underutilised resource in degenerative cervical myelopathy:
findings from a systematic review of human autopsies. Acta
Neurochir (Wien). 2023;165(5):1121-1131. doi:10.1007/
s00701-023-05526-5

46. Desimone A, Hong J, Brockie ST, Yu W, Laliberte AM,
Fehlings MG. The influence of ApoE4 on the clinical out-
comes and pathophysiology of degenerative cervical mye-
lopathy. JCI Insight. 2021;6(15):e149227. doi:10.1172/jci.
insight.149227

47. Ulndreaj A, Ávila A, Hong J, Zhou C, Fehlings MG, Vidal PM.
Acute systemic white blood cell changes following degenerative
cervical myelopathy (DCM) in a mouse model. Int J Mol Sci.
2022;23(19):11496. doi:10.3390/ijms231911496

48. Wilson JRF, Badhiwala JH, Jiang F, et al. The impact of older
age on functional recovery and quality of life outcomes after
surgical decompression for degenerative cervical myelopa-
thy: results from an ambispective, propensity-matched
analysis from the CSM-NA and CSM-I International,
Multi-Center Studies. J Clin Med. 2019;8(10):1708. doi:10.
3390/jcm8101708

Karabacak et al. 13

https://doi.org/10.1111/hir.12373
https://doi.org/10.1186/s12874-018-0529-3
https://arxiv.org/abs/2203.05794v1
https://arxiv.org/abs/2203.05794v1
https://doi.org/10.18653/v1/N19-1423
https://doi.org/10.18653/v1/N19-1423
https://doi.org/10.26421/JDI3.4-5
https://doi.org/10.26421/JDI3.4-5
https://doi.org/10.1027/2151-2604/a000318
https://doi.org/10.1097/BRS.0000000000002079
https://doi.org/10.1097/BRS.0000000000002079
https://doi.org/10.1016/j.wnsx.2023.100182
https://doi.org/10.1016/j.wnsx.2023.100182
https://doi.org/10.3389/fsurg.2022.1037978
https://doi.org/10.3389/fsurg.2022.1037978
https://doi.org/10.31616/asj.2021.0239
https://doi.org/10.31616/asj.2021.0239
https://doi.org/10.1177/2192568220948832
https://doi.org/10.2196/15922
https://doi.org/10.2196/15922
https://doi.org/10.1097/BRS.0b013e318241ad33
https://doi.org/10.4103/jcvjs.jcvjs_90_23
https://doi.org/10.4103/jcvjs.jcvjs_90_23
https://doi.org/10.1097/BRS.0000000000003526
https://doi.org/10.1111/os.13883
https://doi.org/10.1177/21925682231200136
https://doi.org/10.1007/s00586-019-06109-8
https://doi.org/10.1007/s00586-019-06109-8
https://doi.org/10.3389/fsurg.2022.1021643
https://doi.org/10.3389/fsurg.2022.1021643
https://doi.org/10.3171/2015.3.SPINE14971
https://doi.org/10.3171/2015.3.SPINE14971
https://doi.org/10.1016/j.nec.2017.09.020
https://doi.org/10.1007/s00701-023-05526-5
https://doi.org/10.1007/s00701-023-05526-5
https://doi.org/10.1172/jci.insight.149227
https://doi.org/10.1172/jci.insight.149227
https://doi.org/10.3390/ijms231911496
https://doi.org/10.3390/jcm8101708
https://doi.org/10.3390/jcm8101708


49. Sattari SA, Ghanavatian M, Feghali J, et al. Anterior cervical
discectomy and fusion versus posterior decompression in pa-
tients with degenerative cervical myelopathy: a systematic re-
view and meta-analysis. J Neurosurg Spine. 2023;24:1-13. doi:
10.3171/2023.1.SPINE221244

50. Lambrechts MJ, Brush PL, Lee Y, et al. Patient-reported out-
comes following anterior and posterior surgical approaches for
multilevel cervical myelopathy. Spine. 2023;48(8):526-533. doi:
10.1097/BRS.0000000000004586

51. Fehlings MG, Barry S, Kopjar B, et al. Anterior versus posterior
surgical approaches to treat cervical spondylotic myelopathy:
outcomes of the prospective multicenter AOSpine North
America CSM Study in 264 patients. Spine. 2013;38(26):
2247-2252. doi:10.1097/BRS.0000000000000047
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