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Abstract 

Study Design 
Systematic review and meta-analysis 
 
Objective 
The objective of this study is to examine the impact of the learning curve for endoscopic cervical 
foraminotomy for clinical outcomes and patient safety. 
 
Summary of Background Data 
Endoscopic cervical foraminotomy is a minimally invasive surgical technique emerging in the 
literature for surgical management of cervical radiculopathy without the use of open incision. 
The adoption of endoscopic cervical foraminotomy may be hindered by the learning curve, 
although no review and meta-analysis exists to date on the topic. 
 
Methods 
A systematic review and meta-analysis was performed using PubMed, CINAHL, and MEDLINE 
from database inception until July 11th, 2023. Inclusion criteria were articles that examined 
endoscopic cervical foraminotomy, reported outcomes and/or complications for endoscopic 
cervical spine surgery relevant to the learning curve and had full-text. A random effects meta-
analysis was performed for outcomes and complications. 
 
Results 
A total of three articles (n=203 patients) were included from 792 articles initially retrieved. The 
learning curves from four surgeons were examined with a frequency weighted mean 21 
procedures until the competency phase. There was no significant difference in the postoperative 
hospitalization length (p=0.669), postoperative recovery room time (p=0.415), intraoperative 
blood loss (p=0.064), and total complication rates (10.9% versus 1.2%, p=0.139) between 
endoscopic cervical foraminotomy procedures performed in the learning phase as compared to 
the competency phase of the learning curve. There was a significant decrease in operative time 
from the learning phase to the competency phase (p=0.005). 
 
Conclusion 
Competency was achieved on the learning curve for endoscopic cervical foraminotomy after 
about 21 procedures. There is no significant difference in postoperative hospitalization time, 
postoperative recovery room time, intraoperative blood loss, and complication rates between the 
learning phase and the competency phase of the learning curve for endoscopic cervical 
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foraminotomy, noting the relatively small sample size of this study that may underpower this 
finding. 
 

Key Points 

‐ The learning curve associated with endoscopic cervical foraminotomy was assessed from 
4 surgeons with an average of 21 procedures needed to reach competency. 

‐ No significant differences were observed in postoperative hospitalization length, recovery 
room time, intraoperative blood loss, or total complication rates between learning and 
competency phases. However, analysis was likely underpowered due to the small sample 
size 

‐ A notable decrease in operative time was observed from the learning phase to the 
competency phase. 

‐ There were non-significant differences in key aspects (hospitalization time, recovery 
room time, blood loss, complication rates) between the learning and competency phases. 
However, the sample size of this study is a limiting factor and potentially underpowers 
this finding. 
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Introduction 

Cervical radiculopathy (CR) is a common pathology frequently precipitated by degenerative 

changes in the cervical spine that can cause significant pain and disability in patients.1–3 

Although cervical radiculopathy can be managed conservatively or surgically, surgical 

approaches have traditionally utilized open incision during surgical techniques.2,3 Despite this 

fact, endoscopic cervical spine procedures, such as endoscopic cervical foraminotomy, are 

innovative minimally invasive surgical techniques emerging in the literature for surgical 

management of cervical pathology without the use of open incision.4–10 Although numerous 

benefits have been ascribed to endoscopic surgical management of cervical conditions, 

endoscopic cervical spine surgery is believed to have a steep learning curve, which may impact 

patient outcomes and discourage surgeon utilization.4–7 The impact of the learning curve has 

been established in the literature for other minimally invasive techniques and has been examined 

in multiple studies regarding lumbar endoscopic surgery.11–15 However, no systematic review and 

meta-analysis exists that examines the impact of the learning curve on patient outcomes and 

complications with endoscopic cervical foraminotomy to date in the literature, although several 

individual observational studies have been published recently, indicating interest in this specific 

topic.5–7 Therefore, the purpose of this study is to perform a systematic review and meta-analysis 

examining the outcomes and complications associated with the learning curve for endoscopic 

cervical foraminotomy to guide surgeon decision-making. 

Methods 

Study Creation 

A systematic review and meta-analysis was performed using PubMed, CINAHL, and MEDLINE 

from database inception until July 11th, 2023. Search criteria used in each database was 

(endoscopic OR "minimally invasive") AND (cervical OR neck) AND "learning curve” with 

articles initially retrieved if search terms were found in the title, abstract, or full-text of the 

manuscript. Search terms were kept broad to catch as many articles as possible on initial search 

for a more comprehensive study. This study was performed in accordance with the latest 

Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines and 

was not registered online prior to study completion.16 

Inclusion and Exclusion Criteria 
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Inclusion criteria were articles that examined endoscopic cervical spine foraminotomy (a 

minimally invasive surgical approach), reported outcomes and/or complications for endoscopic 

cervical spine foraminotomy relevant to the learning curve, had full-text, and were in English. 

Exclusion criteria was articles that did not involve endoscopic cervical spine foraminotomy (i.e., 

endoscopic lumbar surgery, open approach to cervical surgery), did not report data or outcomes 

relevant to the learning curve (i.e., number of surgeries needed to reach the competency phase or 

patient outcomes, such as pain, that was assessed in both the learning phase and the competency 

phase), and did not utilize the same surgical technique throughout the study. 

Study Definitions 

For the purposes of this study, endoscopic cervical foraminotomy is defined as a type of 

minimally invasive cervical spine surgery that doesn’t not utilize open incision, and includes 

cervical procedures such as posterior percutaneous and/or biportal endoscopic cervical 

laminoforaminotomy or foraminotomy. The learning curve is defined as the gradual 

improvement by the surgeon in mastery of the endoscopic technique in which the surgeon moves 

from the learning phase, in which learning and improvement are quick despite unproficiency, to 

the competency phase, in which learning and improvement have plateaued due to technique 

proficiency. Although there are many ways to quantify a learning curve (i.e., changes in patient 

outcomes or surgical metrics), the two phases of the learning curve (i.e., the learning phase and 

the competency phase) represent unproficiency and proficiency in the surgical technique, 

respectively. 

Article Screening Process 

This study utilized Rayyan, an online public website commonly used for systematic reviews.17 

Article screening was completed by two authors. After initial search results were retrieved from 

the three databases, duplicate articles were screened and manually removed. Then, articles were 

screened by abstract and title followed by full-text screening for final article inclusion. 

Data Extraction 

Data extraction was performed by two authors. Data extracted included first author, year of 

publication, type of surgery, diagnosis, group of patient (learning phase or competency phase), 

number of patients, number of male/female patients, average age, average preoperative and 
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postoperative Neck Disability Index (NDI) score, average preoperative and postoperative neck 

and arm pain Visual Analog Scale (VAS) score, blood loss, postoperative hospitalization time, 

postoperative recovery room time, operative time (defined as skin incision to skin closure), and 

complications. 

Article Quality Grading 

The Methodological Index for Non-Randomized Studies (MINORS) scale was used to grade the 

quality of the three included articles in this study.18 Articles were graded on a 0-16 scale for non-

comparative studies and a 0-24 scale for comparative studies with each criteria being worth 0-2 

points overall.18 

Bias Grading 

Funnel plots were not created for this study as these plots can be unreliable for studies with very 

small sample sizes (n=3 articles).19 

Statistical Analysis and Synthesis 

The Statistical Package for the Social Sciences (SPSS) version 29.0 (Armonk, NY: IBM Corp) 

was utilized for this study. Frequency weighted mean (FWM) and other descriptive statistics 

were used to describe the data. A random effects continuous model was used for meta-analysis of 

all continuous outcomes with unstandardized mean difference (UMD) and 95% confidence 

intervals (CI) calculated for effect size. A random-effects binary model was used for meta-

analysis of all dichotomous outcomes with UMD and 95% CI calculated for effect size. Random 

effect  models were used for meta-analysis due to the possible difference effect sizes due to 

different surgeon learning ability, differences in type of cervical disease, and differences in 

endoscopic cervical foraminotomy technique. Significance was set at 0.05 for this study. 

Results 

Search Results and Article Quality 

A total of three articles were included from a total of 792 articles initially retrieved from the 

three databases.5–7 Refer to Figure 1 for the PRISMA diagram for this study. The mean MINORS 

score for the three included articles was 16.3 ± 2.9 points.5–7 Refer to Table 1 for more 

information on quality grading. 
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Patient Demographics and Characteristics of the Learning Curve 

Learning curve data was examined from three articles with 203 total patients who underwent 

endoscopic cervical foraminotomy performed by four different spine surgeons. Included patients 

(n=203) had a FWM age of 55.5 ± 4.3 years (n=203) with 74 patients reported as female and 128 

patients reported as male (sex was not reported for one patient). From the included articles (n=3 

articles; 4 surgeons), the mean number of procedures until the competency phase was 21 

endoscopic cervical foraminotomy procedures (range: 9 – 29 procedures). Indications for 

endoscopic cervical foraminotomy in the three included articles were cervical spondylotic 

radiculopathy (n=154) or unilateral cervical foraminal disc disease (n=49). Specific endoscopic 

cervical procedures, either single-level or multi-level depending on the patient, included in this 

study were posterior percutaneous endoscopic cervical laminoforaminotomy (n=64), biportal 

full-endoscopic posterior cervical foraminotomy (n=49), and posterior endoscopic cervical 

foraminotomy (n=90). Patient demographics and characteristics of the learning curve are 

summarized in Table 2.  Postoperative follow-up varied greatly between included studies, with 

Perfetti et al. (2023) not reporting a final follow-up timepoint, Yao et al. (2022) reporting a mean 

follow-up of 17.6 ± 2.8 months, and Kang et al. (2023) reporting a set final follow-up timepoint 

of 12.0 months.5–7 

Pain and Disability 

The FWM preoperative NDI was 49.8 ± 5.9 percent (n=34 patients) and the FWM postoperative 

NDI for the surgeries was 16.6 ± 0.1 (n=29 patients) for the endoscopic cervical foraminotomy 

procedures performed in the learning phase. The FWM preoperative NDI was 44.6 ± 11.0 

percent (n=55 patients) and the FWM postoperative NDI was 15.5 ± 0.5 (n=49 patients) for the 

endoscopic cervical foraminotomy procedures performed in the competency phase. The FWM 

preoperative neck pain VAS was 6.1 ± 1.6 points (n=59 patients) and the FWM postoperative 

neck pain VAS was 3.3 ± 0.8 points (n=52) for surgeries performed in the learning phase. The 

FWM preoperative neck pain VAS was 5.8 ± 1.0 points (n=91 patients) and the FWM 

postoperative neck pain VAS was 3.0 ± 1.0 points (n=87) for surgeries performed in the 

competency phase. The FWM preoperative arm pain VAS was 5.4 ± 1.0 points (n=59 patients) 

and the FWM postoperative arm pain VAS was 3.0 ± 0.7 points (n=52) for surgeries performed 

in the learning phase. The FWM preoperative arm pain VAS was 5.4 ± 0.4 points (n=94 patients) 
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and the FWM postoperative arm pain VAS was 2.6 ± 0.5 points (n=87) for surgeries performed 

in the competency phase. Unfortunately, there was wide variety in postoperative timepoints for 

the NDI and VAS outcomes between the two reporting studies, with Perfetti et al. (2023) not 

reporting a postoperative timepoint and Yao et al. (2022) reporting an average follow-up time of 

17.6 ± 2.8 months.5,7 Information from the included articles concerning pain and disability 

outcomes is summarized in Table 3. 

Postoperative Hospitalization 

There was no significant difference in the length of postoperative hospitalization between 

endoscopic cervical foraminotomy procedures performed in the learning phase (n=45 patients; 2 

articles; 2 surgeons) and the competency phase (n=68 patients; 2 articles; 2 surgeons) of the 

learning curve (p=0.669; UMD: 0.552 days; 95% CI: -1.979, 3.083). The FWM length of 

postoperative hospitalization for the surgeries performed in the learning phase was 9.6 ± 5.9 days 

and the FWM length of postoperative hospitalization for the surgeries performed in the 

competency phase was 8.3 ± 4.6 days. 

Postoperative Recovery Room Time 

There was also no significant difference in the length of postoperative recovery room time 

between endoscopic cervical foraminotomy procedures performed in the learning phase (n=33; 1 

article; 2 surgeons) as compared to the competency phase (n=56; 1 article; 2 surgeons) of the 

learning curve (p=0.415; UMD: 202.5 minutes; 95% CI: -284.87, 689.88). The FWM length of 

postoperative recovery room time for the surgeries performed in the learning phase was 658.6 ± 

304.7 minutes and the FWM length of postoperative recovery room time for the surgeries 

performed in the competency phase was 285.0 ± 92.5 minutes. 

Intraoperative Blood Loss 

There was no significant difference in the amount of intraoperative blood loss (milliliters, mL) 

between endoscopic cervical foraminotomy procedures performed in the learning phase (n=34 

patients; 2 articles; 2 surgeons) and the competency phase (n=56; 2 articles; 2 surgeons) of the 

learning curve (p=0.064; UMD: 1.675 mL; 95% CI: -0.096, 3.445). The FWM blood loss for 

surgeries performed in the learning curve was 15.2 ± 4.0 mL and the FWM blood loss for 

surgeries performed in the competency phase was 12.7 ± 3.8 mL. 
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Operative Time 

There was a significant difference in operative time between endoscopic cervical foraminotomy 

procedures performed in the learning phase (n=78 patients; 3 articles; 4 surgeons) as compared to 

the competency phase (n=125 patients; 3 articles; 4 surgeons), with the surgeries performed in 

the learning phase having significantly more operative time (p=0.005; UMD: 20.148 minutes; 

95% CI: 5.96, 34.34; Figure 2). The FWM operative time for the surgeries performed in the 

learning phase was 107.1 ± 24.4 minutes and the FWM operative time for the surgeries 

performed in the competency phase was 86.3 ± 15.1 minutes. 

Complications 

There was no significant difference in total complication rates between endoscopic cervical 

foraminotomy procedures performed in the learning phase (n=55 patients; 2 articles; 3 surgeons) 

as compared to the competency phase (n=84 patients; 2 articles; 3 surgeons) of the learning 

curve (p=0.139; RR: 0.92; 95% CI: 0.82, 1.03; Figure 3). For the three surgeons included in 

meta-analysis, there was a total of 6 complications (10.9%) in the learning phase and 1 

complication (1.2% complication rate) in the competency phase. Complications in the learning 

phase included incomplete neural decompression (n=2), epidural hematoma (n=1), and re-

operation (n=3). Complications in the competency phase included epidural hematoma (n=1). The 

surgeries performed by Yao et al. (2023) were not included in meta-analysis as was there was no 

complications in the learning phase (n=26 patients) or the competency phase (n=38) of the 

learning curve.7 

Discussion 

This study represents the first systematic review and meta-analysis to date on the impact of the 

learning curve for endoscopic cervical foraminotomy on patient outcomes and complications. 

While numerous studies have examined the effectiveness of various endoscopic cervical spine 

surgeries, the literature suggests that there is hesitancy to adopt these techniques due to the steep 

learning curve.5–10 However, prior to this study, only individual studies have examined the 

learning curve for endoscopic cervical spine foraminotomy, limiting the generalizability of the 

results. While there are numerous ways to assess the learning curve for a surgical technique, this 

study utilized meta-analysis to compare various common outcome measures (i.e., operative time, 
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intraoperative blood loss, complication rate) to assess the differences between the learning phase 

and the competency phase of the learning curve. The implications of this study may cautiously 

encourage surgeons to consider incorporating endoscopic cervical foraminotomy as a viable 

treatment for the surgical management of cervical radiculopathy as the learning curve did not 

adversely impact clinical outcomes or patient safety. While the literature has not yet proven the 

superiority of minimally invasive techniques as compared to open techniques for spinal 

conditions, this continues to be a topic of great interest.20,21 As minimally invasive techniques in 

spine surgery are still relatively new, there is hope that these techniques can revolutionize the 

field of spine surgery.22 This study represents a small step towards fully understanding the place 

of endoscopic surgery in cervical spinal surgery. 

In comparison to the established literature, a recent systematic review and meta-analysis by Wu 

et al. (2020) examined the learning curve for various endoscopic lumbar surgery techniques and 

found a total complication rate of 7.2% from 618 endoscopic procedures.15 Unfortunately, that 

study did not statistically examine the complication rate in the learning phase versus the 

competency phase, so an indirect comparison could not be made with this study. While it is 

likely that the learning curve for endoscopic lumbar surgery varies greatly from the learning 

curve of endoscopic cervical foraminotomy, no other systematic review on the topic of the 

learning curve for a endoscopic cervical procedure exists in the literature to date, thus prompting 

the necessity to compare to other endoscopic spine surgeries. However, it is important to note 

that this study found a complication rate of 10.9%, which is similar but greater than the 

complication rate (7.2%) found by Wu et al. (2020). The current study also agrees with the study 

by Wu et al. (2020) that operative time decreases from the learning phase to the competency 

phase.15 Therefore, surgeons should be aware that learning endoscopic cervical foraminotomy 

procedures, just as with endoscopic lumbar techniques, may require additional time and cost. 

Furthermore, Wu et al. (2020) concluded that the time until competency varied considerably 

between articles and techniques which is similar to the results of this study, which indicate a 

wide range of the number of procedures needed to reach competency (range: 9 procedures to 29 

procedures).15 Surgeons should therefore be aware that the learning curve can vary widely, 

although the mean number of procedures until competency was 21 procedures for endoscopic 

cervical foraminotomy in this study. Although fellowship training is one advocated method for 

helping spine surgeons conquer the learning curve for endoscopic surgeries, a mentorship model 
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can help spine surgeons learn techniques such as endoscopic cervical foraminotomy.14,15 

Suggestions in the literature for improving the learning curve for endoscopic spinal surgeries 

involve finding the appropriate mentor, mastering open surgical techniques, using simulation and 

cadaver training, and attending educational conferences on the topic.15 

There are multiple limitations to this study that need mention. First, this study could only use 

observational studies as no randomized controlled trials exist on this topic. However, the nature 

of the learning curve for spine surgeries often precludes this type of high-level study and 

observational studies are normative for this type of research.15,23 This study also included only a 

small number of articles, which significantly lowers the sample size and can impact the 

possibility of significant findings. This is evident as some of the results show a large difference 

in absolute values (i.e., 658.6 ± 304.7 minutes versus 285.0 ± 92.5 minutes for mean length of 

postoperative recovery room time) despite not reaching statistical significance. Yet, this 

limitations is even more pronounced in the three articles examining the learning curve for 

endoscopic cervical foraminotomy included in this study, especially since studies examining 

learning curves have inherent sample size limitations in the learning phase.5–7 Therefore, while 

this study suffers from a small sample size, it also represents the largest sample size on this topic. 

This fact is of value as certain outcomes, such as complication rate, are greatly impacted by 

sample size and studies may show different results with an increased sample size. Furthermore, 

another limitation is that the postoperative follow-up time was not consistent between studies in 

this study, thus possibly confounding results. While this limitation doesn’t impact outcomes such 

as operative time or intraoperative blood loss, outcomes such as complication rate or 

postoperative VAS score should be taken with caution. 

One of the purposes of this study was to examine the safety of endoscopic cervical 

foraminotomy in the learning phase, and the results of the individual studies included in this 

systematic review was maintained as this study found no significant difference in the total 

complication rate between the learning phase and the competency phase.5–7 However, it should 

be noted that the complication rate for the learning phase (10.9%) was much higher than the 

complication rate for the competency phase (1.2%), which indicates that sample size may again 

be an issue. This study serves as a foundation and inspiration for future research on this topic to 

solidify the conclusion that endoscopic cervical foraminotomy is a safe procedure during the 
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learning phase. Another limitation is that this study used articles in which the diagnoses of 

cervical radiculopathy and/or cervical disc degeneration were slightly different and the surgical 

techniques were also slightly different, such as endoscopic foraminotomy versus 

laminoforaminotomy. Overall, more research is needed to examine the impact of the learning 

curve on outcomes and safety for endoscopic cervical foraminotomy to allow these techniques to 

be a readily used and viable alternative to traditional open techniques for cervical radiculopathy. 

Conclusion 

Competency was achieved on the learning curve for endoscopic cervical foraminotomy after 

about 21 procedures, although there was a great deal of variability (range: 9 – 29 procedures). 

There was no significant difference in postoperative hospitalization time, intraoperative blood 

loss, and complication rates between the learning phase and the competency phase of the 

learning curve for endoscopic cervical foraminotomy, noting a relatively small sample size 

(n=203 patients). There was a significant decrease in operative time from the learning phase to 

the competency phase of the learning curve. More research is needed to definitely determine the 

characteristics and impact of the learning curve for endoscopic cervical foraminotomy. 
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Figure 1: The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 

diagram for this systematic review detailing initial search to final article inclusion. 
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Figure 2: Forest plot depicting operative time for the learning phase as compared to the 

competency phase of the learning curve for endoscopic cervical foraminotomy. Each study line 

represents the learning curve from a single surgeon. Abbreviations: UMD, unstandardized mean 

difference. 
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Figure 3: Forest plot depicting the total complication rate for the learning phase as compared to 

the competency phase of the learning curve for endoscopic cervical foraminotomy. Events/Total 

(A) represents the complications and total number of procedures for the learning phase. 

Events/Total (B) represents the complications and total number of procedures for the competency 

phase. Each study line represents data from a single surgeon. Abbreviations: RR, risk ratio. 
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Table 1: Information regarding the quality grading for the three included articles via the 

Methodological Index for Non-Randomized Studies (MINORS) scale. 

  

© 2023 Wolters Kluwer Health, Inc. All rights reserved. Unauthorized reproduction of the article is prohibited.

ACCEPTED
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t 
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hor 
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(Surger
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Male 

Patie

nts 

(Nu

mber

) 

Pati

ent 

Age 

(Me

an) 

Nu

mbe

r of 

Surg

eons 

Yao 

(202

2) 

Lea

rnin

g 

pha

se 

Posterior 

Percutaneous 

Endoscopic 

Cervical 

Laminoforami

notomy 

Cervical 

Spondylotic 

Radiculopath

y 

26 26 14 12 59.5 

± 

8.7 

1 

Co

mpe

tenc

y 

pha

se 

38 21 17 61.9 

± 

10.4 

Kan

g 

(202

3) 

Lea

rnin

g 

pha

se 

Biportal Full-

Endoscopic 

Posterior 

Cervical 

Foraminotomy 

Unilateral 

Cervical 

Foraminal 

Disc Disease 

20 19 4 15 50.6 

± 

10.8 

1 

Co

mpe

tenc

y 

pha

se 

30 9 21 54.6 

± 

7.8 

Perf

etti 

Lea

rnin

g 

Posterior 

Endoscopic 

Cervical 

radiculopathy 

due to 

9 8 7 18 48.4 

± 

10.0 
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3) 

pha

se 

Cervical 

Foraminotomy 

spondylosis 

or disk 

herniation Co

mpe

tenc
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pha

se 

18 

Lea

rnin

g 

pha

se 

Posterior 

Endoscopic 

Cervical 

Foraminotomy 

Cervical 

radiculopathy 

due to 

spondylosis 

or disk 

herniation 

29 28 19 45 54.7 

± 

12.1 

1 

Co

mpe

tenc

y 

pha

se 

36 

Table 2: Information regarding included articles and patient demographics. Data recorded 

includes first author, year of publication, group, type of endoscopic cervical foraminotomy, 

diagnosis, when competency was achieved for the learning curve, number of patients, number of 

females, number of males, patient age, and the number of surgeons. 
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Auth

or 

(Year

) 

Group Pre- 

NDI % 

(Mean) 

Post- 

NDI % 

(Mean) 

Pre- VAS 

Neck Pain 

(Mean) 

Post- VAS 

Neck Pain 

(Mean) 

Pre- VAS 

Arm Pain 

(Mean) 

Post- VAS 

Arm Pain 

(Mean) 

Yao 

(2022

) 

Learnin

g phase 

53 ± 4.6 16.6 ± 

4.4 

7.8 ± 0.9 3.7 ± 0.6 6.3 ± 1.1 3.3 ± 1.6 

Compet

ency 

phase 

51.9 ± 

7.7 

15.8 ± 

5.3 

6.8 ± 0.6 3.9 ± 0.8 5.7 ± 1.5 2.9 ± 1.8 

Perfet

ti 

(2023

) 

Learnin

g phase 

39.4 ± 

16.8 

16.7 ± 

20.4 

3.9 ± 2.9 0 ± 0.0 6 ± 2.9 0.3 ± 0.6 

Compet

ency 

phase 

28.4 ± 

19.6 

14.7 ± 

12.2 

4.2 ± 2.3 0.8 ± 1.5 4.7 ± 2.3 1.3 ± 1.4 

Learnin

g phase 

45.6 ± 

17.7 

- 5 ± 2.9 3.3 ± 3.0 4.3 ± 2.8 3.1 ± 3.3 

Compet

ency 

phase 

37.1 ± 

15.2 

- 5.4 ± 2.9 2.7 ± 2.4 5.4 ± 2.7 2.8 ± 2.6 

Table 3: Information from the included articles concerning pain and disability outcomes. Data 

recorded includes first author, year of publication, group, preoperative and postoperative mean 

Neck Disability Index (NDI) ± standard deviation, and preoperative and postoperative mean 

neck and arm pain Visual Analog Scale (VAS) score ± standard deviation. 
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