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A B S T R A C T

Background: Degenerative Cervical Myelopathy (DCM) is the leading cause of spinal cord dysfunction globally. 
Surgical intervention is often recommended for moderate to severe cases, but the optimal surgical approach 
remains debated.
Objective: This study aims to validate the novel Cervical Surgical Score (CSS) for managing DCM, aiding surgical 
decision-making.
Methods: A prospective study was conducted in Carlo Besta institute (Milan) from a consecutive series, enrolling 
113 patients undergoing surgery for DCM from January 2022 to February 2023. This cohort was compared with 
106 patients from a retrospective cohort treated between 2019 and 2021.
Results: A total 219 patients (113 prospective, 106 retrospective) were included. The prospective group had an 
average age of 59.6 years (61 % males), and the retrospective group, 60.7 years (69 % males). The mean CSS 
score (calculated based on age, level of cervical pathologies, level of myelopathy, extension, site and type of 
compression, cervical alignment and mJOA) was 12.3 for prospective and 13.18 for retrospective groups. Most 
prospective cases used an anterior approach compared to retrospective group (88,5 % vs 48.1 %). At two years, 
neurological recovery (last follow-up mJOA-preoperative mJOA)/(18− preoperative mJOA × 100) was higher in 
prospective group (68 % vs. 54 %). CSS concordance linked to better recovery rates at one and two years (45 % 
and 66 % vs. 29 % and 47 %; p < 0,001). High-expertise surgeons (defined based on case-load evaluation scale) 
achieved higher CSS concordance (64 %) than medium (31 %) and low-expertise surgeons (0 %).
Conclusion: The CSS is a reliable tool for optimizing surgical strategies for DCM, enhancing decision-making, and 
improving patient outcomes.

1. Introduction

Decision-making in the treatment of Degenerative Cervical Myelop
athy (DCM) presents one of the most intricate challenges in modern 
spinal surgery (Wilson et al., 2017). The leading cause of spinal cord 
dysfunction globally, DCM encompasses a broad range of degenerative 
conditions that affect the cervical spine (Witiw et al., 2017; Pedro et al., 
2024; Wilson et al., 2023). The impact is particularly severe among older 
adults, and dramatically reduces life expectancy as well as quality of life, 
while imposing a staggering economic burden of over £681.6 million 
annually (Davies et al., 2023).

The management of DCM is complicated by several variables, such as 
natural history, heterogeneous etio-pathogenesis, medical frailty and 
anatomical findings of the disease (Yoshimatsu et al., 2001; Hirayama 
et al., 2023). Surgical intervention is the suggested option for clinically 
relevant cases, especially where moderate to severe symptoms or esca
lating neurological deficits are present (Tetreault et al., 2017). In liter
ature there are several recommendations and algorithms that provide 
comprehensive surgical indications, analyzing the critical role of disease 
severity and individual patient factors (Rodrigues-Pinto et al., 2022; 
Parthiban et al., 2019; Fehlings et al., 2017). However, determining the 
optimal surgical approach remains an unsolved and complex issue. This 

* Corresponding author. Department of Neurosurgery, Fondazione IRCCS Istituto Neurologico C. Besta, University of Milan, Via Giovanni Celoria 11, 20133, Milan, 
Italy.

E-mail address: Elio.Mazzapicchi@unimi.it (E. Mazzapicchi). 

Contents lists available at ScienceDirect

Brain and Spine

journal homepage: www.journals.elsevier.com/brain-and-spine

https://doi.org/10.1016/j.bas.2025.104250
Received 26 October 2024; Received in revised form 26 February 2025; Accepted 28 March 2025  

Brain and Spine 5 (2025) 104250 

Available online 4 April 2025 
2772-5294/© 2025 The Authors. Published by Elsevier B.V. on behalf of EUROSPINE, the Spine Society of Europe, EANS, the European Association of Neurosurgical 
Societies. This is an open access article under the CC BY-NC-ND license ( http://creativecommons.org/licenses/by-nc-nd/4.0/ ). 

https://orcid.org/0000-0002-5191-9477
https://orcid.org/0000-0002-5191-9477
https://orcid.org/0000-0002-7043-9233
https://orcid.org/0000-0002-7043-9233
https://orcid.org/0000-0002-3789-957X
https://orcid.org/0000-0002-3789-957X
https://orcid.org/0000-0003-0500-5348
https://orcid.org/0000-0003-0500-5348
mailto:Elio.Mazzapicchi@unimi.it
www.sciencedirect.com/science/journal/27725294
https://www.journals.elsevier.com/brain-and-spine
https://doi.org/10.1016/j.bas.2025.104250
https://doi.org/10.1016/j.bas.2025.104250
http://crossmark.crossref.org/dialog/?doi=10.1016/j.bas.2025.104250&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/


lack of consensus underscores the patient’s need for a specific tool 
supporting the surgical decision-making process (Hejrati et al., 2022).

To address these knowledge gaps, our team has developed a specific 
scoring system known as the Cervical Surgical Score (CSS) (Costa et al., 
2024). It is a tool designed to simplify and enhance decision-making by 
evaluating key clinical and radiological factors to determine the best 
surgical approach for each patient. The CSS assesses eight critical pa
rameters: age, number of pathological levels, levels of radiological 
myelopathy, extent and type of compression, site of compression, cer
vical alignment, and the grade of clinical myelopathy. Each parameter is 
assigned a numerical value, enabling a stratified assessment that guides 
treatment decisions. Specifically, the CSS provides clear recommenda
tions based on the total score: an anterior approach is suggested for 
scores between 5 and 12, a posterior approach for scores between 17 and 
23, and all surgical options are considered for scores in the “grey zone” 
of 13–16. Preliminary results show that the CSS offers high concordance 
in straightforward cases and significantly improves guidance in complex 
scenarios, making it a reliable tool for defining optimal surgical strate
gies for DCM patients (Costa et al., 2024).

Validating this tool, holds the potential of empowering clinicians to 
make more informed, personalized surgical decisions, based on a 
comprehensive and systematic analysis of individual patient factors, 
thus promoting a more precise and patient-centered approach in cervical 
spine surgery.

2. Material and METHODS

The Institutional Review Board of the Fondazione RCCS Istituto 
Neurologico Carlo Besta in Milan approved a prospective study to vali
date the Cervical Surgical Score (CSS – Fig. 1). This study aims to aid 
surgeons in selecting the appropriate surgical approach for complex 
degenerative cervical pathology by objectively evaluating various clin
ical and radiological parameters.

Patients who underwent surgery for degenerative cervical myelop
athy (DCM) at the institution between January 2022 and February 2023 

were prospectively enrolled. Patients were evaluated in a Spine Surgery 
outpatient clinic, where a specific surgical recommendation was made. 
Upon admission to the Spine Surgery Unit, patients underwent routine 
clinical and radiological examinations, including magnetic resonance 
imaging (MRI) and cervical X-ray, with additional computed tomogra
phy (CT) and cervical dynamic X-ray as needed. Outcomes of the pro
spective cohort were compared with those of a retrospective cohort of 
patients who had undergone surgery at the same institution between 
2019 and 2021.

2.1. Surgeon expertise stratification

To demonstrate the efficacy of the CSS in clinical practice, it is 
crucial to stratify results based on the varying expertise of the surgeons. 
Therefore, we propose to stratifying surgical expertise based on indi
vidual caseloads obtained by literature analysis on learning curves for 
common cervical spine procedures.

For posterior approaches (eg. laminectomy with screw placement) 
Yoshimoto et al. (2009) analyzed the learning curve of cervical pedicle 
screw placement under fluoroscopy across three categories of 100 screw 
positions each. Screw perforations decreased significantly after more 
than 200 screws had been placed, with performance improving later in 
the learning curve.

For the anterior cervical approach, Mayo et al. (2016) evaluated the 
learning curve for ACDF procedures performed by surgeons immediately 
post-fellowship. Their analysis of 374 patients concluded that operative 
proficiency is achieved after at least 60 ACDF cases. In contrast, there is 
no specific learning curve for cervical corpectomies (ACCF), but Hart
mann et al. (2016) stratified surgeon expertise based on the number of 
procedures performed per year, with non-experts performing fewer than 
5 in several years and experts performing more than 5.

Based on this evidence, we propose a case-load-based scoring system 
to stratify surgeon expertise in DCM into three categories: ACDF (1 
point: <60; 2 points: 60–250; 3 points: >250); ACCF (1 point: <5 in 10 
yrs; 2 points: <10 in 10 yrs; 3 points: >10 in 10 yrs); Posterior approach 

Fig. 1. Summary of cervical surgical score flowchart.

F. Costa et al.                                                                                                                                                                                                                                    Brain and Spine 5 (2025) 104250 

2 



including screw placement or simple laminectomy (1 point: <200; 2 
points: 200–300; 3 points: >300). More specifically, based on this 
scoring system we defined Low-experienced surgeon (fewer than 5 
points); Medium-experienced surgeon (5–7 points) and High- 
experienced surgeon (more than 7 points).

2.2. Study objective

Our primary objective is to evaluate the utility of the CSS (Cervical 
Surgical Score) in guiding surgeons towards optimal surgical approaches 
for DCM (Degenerative Cervical Myelopathy) patients, validating its 
scoring system, and assessing its impact on surgical outcome. To achieve 
this, we compared data from both prospectively and retrospectively 
enrolled patient groups.

In addition, we aim to investigate whether there are differences in 
rates of revision surgery, complications, and hospital stays between 
patients whose surgical approach aligns with CSS recommendations (in 
both prospective and retrospective cohorts) and those whose treatment 
deviates from them. Secondly, we seek to explore potential variations in 
clinical outcomes based on adherence to CSS recommendations and 
stratifying it based on the expertise level of the surgeons involved.

2.3. Study assessment

Patients were screened in outpatient clinics by neurosurgeons based 
on specific inclusion (adults over 18 years of age diagnosed with 
degenerative cervical myelopathy requiring surgical intervention) and 
exclusion criteria. Specifically, exclusion criteria encompassed inability 
to undergo cervical MRI for any reason, conditions that could potentially 
confound preoperative clinical evaluations, severe preoperative neuro
cognitive deficits not related to DCM, specific diseases requiring 
particular surgical indications, and a history of previous cervical surgery 
for traumatic or oncological pathologies.

During hospitalization, all patients underwent a comprehensive 
preoperative assessment, which included reviewing medical records and 
obtaining informed consent. Preoperative data collection covered 
symptoms, comorbidities, mJOA score (Tetreault et al., 2017), gait 
disturbances, neck and arm visual analog scale (VAS) (Cha et al., 2019), 
Neck Disability Index (NDI) (Vernon, 2008), Nurick score, details of 
previous cervical surgeries, clinical myelopathy grade, and cervical 
alignment determined by lateral cervical XR.

Moreover, intraoperative data were recorded for all patients 
including the type of surgical approach, procedure duration, and any 
intraoperative complications.

During post-surgery hospitalization, assessments included clinical 
outcomes and complications, with complications measured using the 
Landriel Scoring System (Ibaez et al., 2011). The need for further ex
aminations, such as cervical CT scans, was evaluated along with details 
of non-routine discharges and duration of hospital stay. Orthostatic 
postoperative cervical X-rays were performed to rule out early post
operative complications. One and two-year follow-up data regarding 
clinical-neurological evaluations, neurological recovery rate 
(Hirabayashi et al., 1981) and cervical MRI information was recorded 
and collected.

2.4. Statistics

All analyses were conducted using the IBM SPSS Statistics Version 19 
software package (SPSS, Inc., Somers, NY, USA) and Python for SPSS. 
Descriptive statistics were reported in terms of absolute numbers and 
percentages for categorical variables and means with standard de
viations (SDs) for continuous (numerical) variables. Correlations within 
a cohort were evaluated using Spearman’s rank correlation coefficient 
rho. Given the disparity in sample sizes, the significance of discrepancies 
between variables across cohorts was determined using t-tests and t- 
statistics for continuous variables and with chi-square tests for 

categorical variables.
To account for potential confounding factors, outcome-dependent 

variables between cohorts (prospective vs. retrospective, concordant 
vs. discordant) were adjusted using analysis of Covariance (ANCOVA), 
incorporating the “Surgeon Score Expertise” and “Surgeon Expertise 
Level” covariates.

This adjustment ensured that the results were appropriately 
controlled for the surgeon’s expertise executing the procedures. Statis
tical significance was established at p-value less than 0.05 for all tests.

3. RESULTS

3.1. Clinical demographical and surgical data among prospective and 
retrospective patients

A total of 219 patients including both retrospective and prospective 
cohort were analyzed. Specifically, the prospective cohort included 113 
patients recruited over two years. The mean age was 59.6 ± 12.4 years, 
with 61 % males and 39 % females. Clinical and radiological preoper
ative data with CSS parameters of prospective and retrospective cohort 
are summarized in Table 1. Regarding intraoperative data, in the pro
spective cohort surgical approaches were mostly anterior (100/ 
113–88.5 %), followed by posterior (12/113–10.6 %) and combined (1/ 
113–0.9 %). Specifically, anterior surgeries included ACDF (90/100 - 90 
%) and ACCF (10/100 - 10 %), while posterior included laminectomies 
without fusion (5/12–41.6 %), with fusion (6/12–50 %), and one (1/ 
12–8.4 %) open-door laminoplasty. Mean length of surgical operation 
was 79.8 ± 41.9 min, with hospital stays averaging of 3.27 ± 6.15 days. 
The mean CSS score was 12.3 ± 3.01, with, due to the design of this 
study, 100 % concordance to the CSS.

The retrospective cohort included 106 patients enrolled from 
January 2019 to October 2021. The mean age was 60.7 ± 12.7 years, 
with 69 % males and 31 % females. Clinical and radiological preoper
ative data with CSS parameters are summarized in Table 1. A mean 
surgical experience score of 4.65 ± 1.35 was registered among this 
cohort. Surgeries were executed by low-experienced surgeon in 59 cases, 
by moderately experienced in 37 cases, and by highly experienced in 10 
cases. The mean CSS score was 13.18 ± 3.15, with 72.7 % concordance 
between chosen approach and CSS indication. Among all cases retro
spectively treated, surgical approaches were anterior in 48 % (51/106) 
of cases and posterior in 52 % (55/106). Anterior surgeries included 
ACDF (47/51–92 %), ACCF (2/51- 4 %), and CDR (2/51- 4 %). Posterior 
surgeries included Laminectomy Without Fusion (LWOF; 49/55–89 %), 
laminectomies with fusion - preferably with screw in lateral mass - (1/55 
- 2 %), open-door laminoplasties (1/55 - 2 %), and other approaches (2 
hemilaminectomy and 2 foraminotomy) (7 %). Mean length of surgical 
operation was 105.3 ± 36.4 min, with hospital stays averaging 3.87 ±
2.37 days. Figs. 2–5 presents different case examples of CSS application.

3.2. Comparison between prospective and retrospective cohorts

Comparison between prospective and retrospective cohorts did not 
show many statistically significant differences, suggesting that the co
horts are well-matched for comparative analysis (Table 1).

Specifically, the main differences were reported in longer lengths of 
surgery in the retrospective cohort, likely due to a higher incidence of 
posterior surgical approaches or different surgical expertise among the 
two cohorts. Moreover, the prospective cohort experienced fewer com
plications, with only three cases reported (two requiring reoperation 
due to mispositioned screw-fixed cages and one case of urinary infection 
managed with antibiotics) compared to 17 complications reported in the 
retrospective cohort (with 12 cases requiring revision surgery).

Outcome data was analyzed based on one and two-year follow-up 
evaluations. The 1-year follow-up showed a better postoperative 
neurological recovery rate in the prospective vs retrospective cohort (49 
% ± 30.9 % vs 43.4 % ± 34.2 %; p-value >0,05). However, the Nurick 
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Score showed a statistically significant improvement, with the pro
spective cohort improving by 2.08 ± 1.35 points compared to 1.05 ±
1.85 points in the retrospective cohort (t-statistic: − 2.49, p-value =
0.0003). At the 2-year follow-up, a significant difference in post
operative neurological recovery rates was observed between the pro
spective and retrospective cohorts (68 % ± 33 % vs. 54 % ± 36 %), with 
a t-statistic of 3.64 (p-value = 0.0003). Further outcome details for each 
cohort are summarized in Table 2.

3.3. Comparison between CSS concordant vs CSS discordant cohorts

A comparative analysis was conducted to assess the differences be
tween patients whose surgical indications were concordant with the CSS 
indication (Concordant Cohort) and those whose indications were 
discordant (Discordant Cohort). The analysis revealed no statistically 
significant differences in preoperative data between the two cohorts, as 
detailed in Table 3. However, significant differences were noted in the 
types of surgical approaches used. In the concordant cohort, 88 % of 
surgeries were anterior, while only 12 % were posterior. Conversely, in 
the discordant cohort, 90 % of surgeries were posterior, and only 10 % 
were anterior; reporting a statistically significant difference in surgical 
approach chosen among the two cohorts (chi-square: 40.42; p-value =
0.004).

Interestingly, significant differences were observed in the outcomes 
of patients who followed CSS recommendations compared to those who 
did not. At the one-year follow-up, the neurological recovery rate was 45 
± 32 % for the concordant cohort and 29 ± 26 % for the discordant 
cohort (t-statistic: 3.64, p-value = 0.0003). Moreover, at the two-year 
follow-up, the recovery rate was 66 ± 32 % for the concordant cohort 
versus 47 ± 33 % for the discordant cohort, also statistically significant 
(t-statistic = 4.46, p-value< 0.0001). Statistically significant improve
ments were also observed in Neck VAS, Arm VAS, and NDI scores, both 
relative and absolute, as detailed in Table 4. Although the return-to- 
work rate was slightly higher in the concordant cohort (84 % versus 
75 %), this difference was not statistically significant (p-value = 0.2). 
However, there was a significant difference in the return to activity rate, 
with 76 % in the concordant cohort compared to 57 % in the discordant 
cohort (p-value = 0.015). Lastly, the 2-year MRI evaluation showed a 
reduction in myelopathic signal in 78 % of cases in the concordant group 
compared to 52 % in the discordant group (p-value = 0.04).

3.4. Correlation between surgical expertise, CSS and outcome

Comparison between concordant vs discordant groups revealed a 
notable disparity in surgical expertise. Specifically, the concordant 
cohort had a mean surgical expertise score of 7.32 ± 2.24, compared to 
4.14 ± 0.96 in the discordant cohort (p-value = 0.003).

Furthermore, within the concordant group, 64 % (n = 121) of pro
cedures were performed by high-expertise surgeons, 15 % (n = 29) by 
medium-expertise surgeons, and 21 % (n = 40) by low-expertise sur
geons. Conversely, in the CSS-discordant group, 0 % of procedures were 
performed by high-expertise surgeons, 31 % by medium-expertise sur
geons, and a striking 69 % of procedures were performed by low- 
expertise surgeons, as defined by our Surgeon Expertise Level. This 
discrepancy between cohorts was statistically significant suggesting that 
medium- and high-expertise surgeons are significantly more likely to 
adhere to CSS indications in their clinical practice (chi-square = 10.5, p- 
value = 0.00003). Table 5 summarizes comparisons between CSS 
concordant vs CSS discordant groups, subcategorized based on surgeon 
expertise level.

Covariate analyses (ANCOVA) and t-tests on the concordant and 
discordant populations was carried out to determine the impact of the 
“surgical expertise level” covariate on the outcome data obtained. 
Table 6 summarizes the significant outcome discrepancies between the 
concordant and discordant cohorts for the low and medium expertise 
sub-groups, as there were no high-expertise surgeons in the discordant 
group for comparison. Specifically, these adjusted analyses demonstrate 
that while some differences in outcomes can be attributed to varying 
levels of surgical expertise, the CSS significantly enhances the decision- 
making process and leads to significantly better outcomes, especially 
among less experienced surgeons. This is particularly evident in the low- 
experienced surgeon subgroup, where statistical significance is pre
served across all outcome discrepancies.

Table 1 
Summary of clinical demographical and surgical data in prospective and retro
spective cohorts.

Prospective Cohort Retrospective 
Cohort

p- 
value

Count 113 106 –
Age 59.62 ± 12.37 60.77 ± 12.68 0.5
Sex 69/44 73/33 0.8
ASA Score 1.31 ± 0.71 1.38 ± 0.74 0.49
Charlson 2.73 ± 1.06 2.08 ± 1.76 0.01
Duration of Symptoms 

(days)
563.10 ± 737.98 735.34 ± 991.14 0.14

Neck VAS 4.24 ± 2.54 4.51 ± 2.74 0.5
Arm VAS 4.23 ± 2.26 3.52 ± 2.77 0.74
NDI 25 % ± 16 % 0.28 ± 0.17 0.41
Nurick Scale 2.94 ± 1.17 3.11 ± 1.17 0.15
mJOA 13.10 ± 2.35 12.64 ± 2.33 0.46
mJOA Grade ​ ​ ​
Mild 

Moderate 
Severe

32 
56 
25

25 
48 
33

0.82
0.65
0.42

Symptoms Type ​ ​ ​
Pain (D) 

Paresthesias (P) 
Motor Issues (M) 
Sphincteric Issues (S)

79 
53 
66 
18

70 
78 
63 
19

0.45
0.07
0.72
0.61

Levels of Cervical 
Pathology

​ ​ 0.44

1 level 
2 level 
3 level 
4+ level

45 
35 
26 
7

41 
31 
25 
9

​

Extent of Compression ​ ​ 0.72
Disk 

Disk + vertebral body
60 
53

54 
52

​

Predominance of 
Compression

​ ​ 0.37

Anterior 
Both 
Posterior

90 
18 
5

56 
34 
16

​

Cervical Alignment ​ ​ 0.07
Kyphosis 

Lordosis 
Neutral

38 
65 
10

18 
44 
43

​

Type of Compression ​ ​ 0.09
Soft 

Hard
49 
64

26 
79

​

Previous Cervical 
Surgery

13 8 0.32

CSS 12.34 ± 3.02 13.18 ± 3.15 0.11
Duration of Surgery 

(min)
79.82 ± 41.97 105.29 ± 36.43 0.0003

Length of Stay (days) 3.27 ± 6.15 3.87 ± 2.37 0.44
Surgeon Experience L = 0; M = 0; H =

100
L = 55; M = 37; H =
10

–

Type of Approach ​ ​ 0.06
Anterior 

ACDF 
ACCF 
CDR

100 51 –
90 
10 
0

47 
2 
2

–
–
–

Posterior 
LWOF 
LWF 
LP

12 55 –
5 
6 
1

49 
1 
1

–
–
–

Combined 1 0 –
Complications 3 16 0.04

F. Costa et al.                                                                                                                                                                                                                                    Brain and Spine 5 (2025) 104250 

4 



Fig. 2. Case example of CSS application in case of single level C3-C4 DCM treated with anterior approach.

Fig. 3. Case example of CSS application in case of multiple level C3-C7 DCM treated with posterior approach.

Fig. 4. Case example of CSS application in case of multiple level C5-C7 DCM in “grey zone” treated with anterior approach.
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4. Discussion

The choice of the more appropriate surgical approach for DCM pa
tients remains a subject of ongoing debate, predominantly based on the 
individual surgeon experience and center-specific protocols. Despite 
extensive literature on the topic, no single surgical technique has been 
unequivocally proven superior (Fehlings et al., 2013; Nagashima et al., 
2011; Croci et al., 2022; Moghaddamjou et al., 2020; Kato et al., 2018). 
Anterior approaches like ACDF or ACCF are favored for one to two-level 
DCM due to direct decompression advantages and lower infection rates, 
while posterior approaches are preferred for three or more levels due to 
wider decompression capabilities (Xu et al., 2017). However, no sig
nificant difference in neurological recovery has been established be
tween these methods, although anterior surgeries show higher 
complication and reoperation rates (Park et al., 2023).

In a prospective analysis of 10 degenerative cervical myelopathy 
cases, Papavero et al. validated a seven-letter coding system (7LC) that 
integrates seven imaging/clinical parameters and showed strong inter
rater reliability (κ = 0.85) among senior surgeons, as well as a clear 
learning curve for junior counterparts (Papavero et al., 2020). In 
contrast, our CSS encompasses a broader range of clinical (e.g., age, 
comorbidities) and radiological factors, assigning numerical values for 
each parameter. Specifically, the CSS represent an innovative tool with 

aim to address these complexities by integrating multiple epidemio
logical, clinical, and radiological factors, offering a comprehensive 
stratification of patients that can better capture patient complexity and 
optimize treatment recommendations, particularly in challenging DCM 
cases.

Specifically, our data showed that adherence to CSS indications 
resulted in significantly better outcomes in long term neurological re
covery rates, Nurick scores and pain improvements included as VAS and 
NDI scores. Patients in the concordant cohort, who were treated ac
cording to CSS recommendations, demonstrated superior recovery rates 
compared to those in the discordant cohort. Furthermore, patients in the 
prospective cohort, who adhered to the protocol in 100 % of cases, had 
significantly better outcomes than patients in the retrospective cohort, 
who adhered to the protocol in just over 70 % of cases, thus suggesting 
that adopting the CSS as the standard of decision-making may lead to 
better patient outcome. Additionally, the one- and two-year improved 
neurological recovery rates and a higher NDI score among the CSS- 
concordant cohort suggest that CSS adherence not only aids in func
tional recovery but also enhances neurological outcomes.

Finally, although no clear correlation has been established between 
the burden of radiological myelopathy and clinical status, there was a 
statistically significant discrepancy in patients who had myelopathy 
reduction at MRI between concordant and discordant cohorts (78 % vs 

Fig. 5. Case example of CSS application in case of multiple level C5-C7 DCM in “grey zone” treated with posterior approach.

Table 2 
Comparison between prospective and retrospective cohort.

Prospective Cohort Retrospective Cohort

Pre-op 1-year FU 2-years FU Improvement at last 
FU

Pre-op 1-year FU 2-year FU Improvement at last 
FU

p- 
value

Patients 113 113 113 / 106 102 96 ​ ​
mJOA 13.10 ±

2.35
15.35 ±
2.31

16.3 ± 2.03 3.28 ± 2.07 12.64 ± 2.33 15.02 ±
2.05

15.59 ± 1.97 2.95 ± 1.97 0.0003

Nurick 2.94 ±
1.17

1.56 ±
1.16

0.86 ± 1.17 2.08 ± 1.35 3.11 ± 1.17 2.19 ±
1.39

2.06 ± 1.49 1.05 ± 1.85 0.0003

Neck VAS 4.24 ±
2.54

/ 1.84 ± 1.55 2.4 ± 2.22 4.51 ± 2.74 / 2.19 ± 2.05 2.32 ± 2.85 0.08

Arm VAS 4.23 ±
2.26

/ 1.76 ± 1.91 2.47 ± 2.43 3.52 ± 2.77 / 1.96 ± 2.02 1.56 ± 2.35 0.32

NDI 25 % ± 16 
%

/ 10.2 % ±
9.8 %

14.8 % ± 13 % 28.6 % ±
17.7 %

/ 13.6 % ±
11.7 %

15 % ± 17 % 0.007

Return To Work / / 84 % ± 16 
%

/ / / 80 % ± 20 % / 0.14

Return To Activity / / 76 % ± 24 
%

/ / / 71 % ± 31 % / 0.11

MRI Myelopathy 
Reduction

/ / / / / / 72 % / –
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52 %, p-value< 0.001). This significant difference aligns with the overall 
trend of better clinical outcomes and underscores the potential superior 
efficacy of CSS-guided approaches in reducing myelopathy.

A critical observation from our study is the significant disparity in 
surgical expertise between the concordant and discordant cohorts. High- 
expertise surgeons were more likely to concord with CSS recommen
dations, whereas low-expertise surgeons deviated more frequently. This 
expertise gap was statistically significant and demonstrates the hy
pothesis by which the CSS optimally reflects the surgical decision- 

making of highly experienced surgeons with high caseloads.
Based on the abovementioned analysis we could therefore specify 

CSS utility among the three categories of surgeon expertise. 

1) Low-Experienced Surgeons: in this subgroup, the surgeon was mainly 
discordant with CSS, while concordant patients showed significantly 
better outcomes across all outcome measures, suggesting that CSS 
adherence is particularly beneficial for less experienced surgeons 
aiding their relative lack of experience.

2) Medium-Experienced Surgeons: while some outcomes remained 
significantly better for concordant patients, the difference was less 
significative compared to the low-expertise subgroup. For example, 
the discrepancy in the two-year neurological recovery rate did not 
reach statistical significance. Nonetheless, the large statistically 
significant discrepancy in two-year Nurick score and other measures 
like NDI Improvement and Arm VAS improvement suggest that CSS 
adherence could still offer significant benefits. This indicates that 
medium-expertise could enhance their results by adhering to CSS 
indications.

3) High-Experienced Surgeons: no comparative analysis was possible 
within this group due to the lack of high-expertise surgeons in the 
discordant cohort. However, outcomes for concordant patients 
treated by high-expertise surgeons were consistently high, under
scoring the combined benefit of CSS adherence and surgical 
expertise.

Our study highlights that CSS not only aids in selecting the more 
appropriate surgical approach but also potentially enhances the overall 
standard of care supporting decision-making process in DCM. Indeed, 
the significant improvements in patient outcomes associated with CSS 
adherence suggest that its use should be encourage in low-medium 
experienced spinal surgeons.

Finally, while our study provides robust findings, it also presents 
some limitations. Firstly, the partial retrospective design introduces 
inherent biases such as selection bias and information bias. Secondly, 
the relatively small size of the medium-level surgeons in the discordant 
cohort may have affected the statistical significance of certain findings. 
Thirdly, the reliance on institutional data and the single-center nature of 
our study may constrain the generalizability of our results. Furthermore, 
while the CSS offers a structured framework for surgical decision- 
making, it is important to recognize that the decision-making process 
in DCM surgery remains inherently patient-specific. Therefore, while the 
CSS serves as a valuable tool for guiding discussions, particularly in 
complex cases, it should not supersede the indication of experienced 
surgeons. Instead, it should be utilized as a supplementary aid in the 
decision-making process.

5. Conclusion and future direction

In conclusion, the Cervical Surgical Score is an easy feasible tool that 
helps the decision-making process in DCM. Our results suggest that its 
use could improves patient outcomes particularly for surgeons with 
lower levels of experience. CSS allows a better pre-operative assessment 
of the etio-pathological features providing an overall evaluation that is 
essential to offer a patient specific treatment. Future directions will 
include a prospective multicenter international evaluation of the 
application of the CSS as a tool to guide the surgical management of 
DCM.
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Table 3 
Summary of clinical demographical and surgical data in CSS concordant and CSS 
discordant cohorts.

Concordant Cohort Discordant 
Cohort

p- 
value

Number of patients 190 29 /
Age 59.76 ± 12.64 62.92 ± 11.44 0.13
Sex (M/F) 123/67 19/10 0.4
ASA Score 1.34 ± 0.74 1.34 ± 0.61 0.27
Charlson 2.57 ± 1.98 2.41 ± 1.3 0.41
Symptoms Duration (days) 621.79 ± 906.25 806.1 ± 587.6 0.32
Neck VAS 4.33 ± 2.64 4.66 ± 2.66 0.65
Arm VAS 3.99 ± 2.45 3.21 ± 3 0.15
NDI 26 % ± 16 % 31 % ± 19 % 0.4
Preop Nurick 3.02 ± 1.15 3.03 ± 1.35 0.29
Preoperative mJOA 12.79 ± 2.41 13.45 ± 1.8 0.24
mJOA Grade of Clinical 

Myelopathy
​ ​ 0.11

Mild 
Moderate 
Severe

46 11 ​
90 14 ​
54 4 ​

Symptoms Type ​ ​ ​
Pain (D) 

Paresthesias (P) 
Motor Issues (M) 
Sphincteric Issues (S)

130 19 0.42
114 18 0.6
112 17 0.91
33 5 0.83

Levels of Cervical 
Pathology

​ ​ 0.14

1 level 
2 level 
3 level 
4+ level

74 12 ​
45 11 ​
45 6 ​
16 0 ​

Extent of Compression ​ ​ 0.72
Disk 

Disk + vertebral body
96 16 ​
94 13 ​

Predominance of 
Compression

​ ​ 0.08

Anterior 
Both 
Posterior

131 7 ​
36 18 ​
23 4 ​

Cervical Alignment ​ ​ 0.15
Kyphosis 

Lordosis 
Neutral

45 5 ​
93 8 ​
51 16 ​

Type of Compression ​ ​ 0.7
Soft 

Hard
65 11 ​
124 18 ​

Previous Cervical Surgery 13 0 0.11
CSS 12.73 ± 3.21 12.93 ± 2.3 0.8
Duration of Surgery (min) 91.85 ± 41.74 94.14 ± 39.04 0.12
Length of Stay (days) 3.39 ± 4.92 4.66 ± 2.92 0.09
Surgeon Expertise Level L = 39; M = 28; H 

= 123
L = 20; M = 9; H 
= 0

0.003

Type of Approach ​ ​ 0.004
Anterior 148 3 ​
ACDF 

ACCF 
CDR

135 2 ​
11 1 ​
0 0 ​

Posterior 41 26 ​
LWOF 

LWF 
LP

30 24 ​
7 0 ​
2 0 ​

Combined 1 0 ​
Other approaches 0 2 ​
Complications 13 6 0.06
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