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Abstract

A systematic search was conducted across PubMed, Embase, and Cochrane Library databases to identify
relevant studies. The analysis focused on the influence of surgical duration, the number of cervical levels
treated, and implant types. A total of 21 studies were included, and heterogeneity among studies was
evaluated using the I? statistic.

DOI: 10.7759/cureus.74127

The results indicated that longer surgeries, multi-level procedures, and certain implant designs were
associated with an increased risk of dysphagia. In contrast, low-profile implants and stand-alone cage
systems demonstrated a reduced risk compared to traditional plate-and-cage constructs. Anterior plates and
specific cage designs were linked to higher dysphagia rates.

The findings suggest that the risk of dysphagia after anterior cervical spine surgery (ACSS) is influenced by
the length of surgery, the number of motion segments treated, and implant design. Optimizing these factors
could help reduce postoperative complications and improve patient outcomes.

Categories: Other, Neurosurgery, Orthopedics
Keywords: anterior spine surgery, cervical disc disease, post operative dysphagia, spine surgery complications,
systematic review and meta analysis

Introduction And Background

Postoperative dysphagia is a common, highly prevalent, and clinically meaningful adverse event (AE) that
has been reported in patients who have had anterior cervical spine surgery (ACSS) [1,2]. This complication
may include anything from mild discomfort to severe impairment, and its prevalence has been described in
the literature with varying comprehensive rates from 2% to 71%. The variation in these estimates is due to
differences in surgical methods, patient characteristics, diagnostic modalities, reporting criteria, and the
follow-up period of the studies found in the literature. These factors collectively contribute to the wide
range of reported dysphagia incidence, underscoring the complexity of capturing a consistent prevalence
rate across diverse patient populations and procedural approaches [3,4]. While postoperative dysphagia is a
common complication, it is typically transient for most patients, with symptoms lasting only a few days.
Persistent dysphagia, though less common, may occur and can lead to more severe consequences, such as
malnutrition, dehydration, and social isolation. The high prevalence rates, such as the 71% reported in some
studies, may largely reflect short-term dysphagia observed immediately after surgery. Persistent or severe
dysphagia requiring further intervention is comparatively rare, but when it does occur, it can significantly
impact the patient's quality of life and recovery process [5-7].

ACSS is used very often in the treatment of a variety of cervical spine disorders, such as cervical spondylosis,
herniated and degenerated disc diseases, trauma, etc. [8]. The surgery entails anterior treatment of the
cervical spine region, which includes retracting several delicate structures of the human body, including the
esophagus, trachea, and carotid arteries [9,10]. These structures are located very closely to the surgical field,
and they significantly increase postoperative complication risk, especially dysphagia. In this study, we
advance that postoperative dysphagia remains a staple of ACSS patients despite improvements in surgical
methods and known complications, suggesting that patient-oriented factors should be considered [11-13].
General risk factors for dysphagia following ACSS have been highlighted in previous studies, namely the
patient's age, gender, and comorbidities. While certain surgical factors, such as operative time, number of
levels involved, and type of implants used, have been identified as potential contributors to postoperative
dysphagia, the associations between these factors and dysphagia have not been convincingly demonstrated.
Variability in study findings suggests the need for more robust data to clearly establish how these factors
may influence the incidence and severity of dysphagia in patients following anterior cervical spine

surgery [14,15]. The other surgical concerns include the time taken in surgery, the number of levels involved
in the surgery, and the type of implants used. These variables are hypothesized to contribute to dysphagia
through mechanisms such as increased tissue manipulation, prolonged retraction of the esophagus, and
mechanical irritation from implants [16-18].
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Duration of surgery has been considered an independent risk factor for dysphagia because excessive length
of surgery may cause enlargement of intraoperative tissue damage and postoperative complications [19,20].
Increased operative time is linked with increased retraction of the esophagus as well as other adjacent
structures, which, in the wake of ischemia and edema, leads to dysphagia [21]. Nevertheless, an association
between the surgical operating time and the development of dysphagia has not been clearly defined in the
literature. A couple of the previous investigations have identified an association between increased
dysphagia risks and longer duration of surgeries, while the opposite has also been reported [22-24]. Such
contradiction suggests a systematic approach to defining the effect of surgical duration on postoperative
dysphagia. The type of surgical intervention, including the difference between single and multiple-level
surgeries, has also been discussed as a potential determinant of dysphagia [25-27]. Bi-segmental operations,
where more than one segment of the cervical spine is addressed, are thought to predispose a patient to
develop postoperative dysphagia due to increased dissection and retraction across the surgical field. These
procedures generally require longer operative and retraction times, further contributing to the risk of
dysphagia by prolonging the period of tissue manipulation. The increased tissue handling in multi-level
surgeries may be the cause of increased dysphagia complications since tissue manipulation is affiliated with
complications [28-30]. Nonetheless, several prior studies rendered controversial results regarding the
relationship between this factor and dysphagia, with some research showing significant differences in those
patients who underwent multiple-level surgeries but others showing no significant differences in
comparison to those who underwent single-level surgeries [31,32]. They confirm the need for additional
research that would focus on the effect that the surgical method has on the causes of dysphagia. Another
related factor that may determine dysphagia after ACSS is the type of implants that may be used. It includes
plates, cages, and artificial discs that are frequently employed in cervical spine surgeries [33]. Unfortunately,
these implants are located in close proximity to the esophagus, and concerns are expressed that they have a
bearing on postoperative swallowing troubles. Such implants also differ in their size, shape, and position
and thus may have different impact on the surrounding tissue, including the esophagus. Several studies have
suggested that the size, location, and mass effect of implants may adversely affect outcomes, particularly
when larger implants or those positioned close to the esophagus are employed, increasing the risk of
dysphagia [34,35]. For instance, while anterior cervical plates designed for rigid stability have been
associated with significantly higher levels of dysphagia compared to standalone cages and artificial discs,
other studies have not found a relationship between implant type and dysphagia incidence, suggesting that
other factors may be more influential [36-38]. Thus, further research is needed to identify which implants are
most closely related to postoperative dysphagia.

To avoid confusion regarding the surgical factors affecting dysphagia following ACSS, this meta-analysis will
synthesize the findings of various studies to identify the key factors influencing the risk of postoperative
dysphagia. It will specifically examine how the extent of surgery, including single-level versus multi-level
procedures and the type of implants used, correlates with dysphagia, as well as calculate a weighted risk per
motion segment. By clarifying the role of these factors, we aim to provide crucial insights for clinical
decision-making and contribute to the development of strategies that reduce this common complication,
ultimately enhancing surgical practice and guiding future research.

Review
Study design

This meta-analysis aggregates research on risk factors for dysphagia following ACSS to synthesize
quantitative data and draw more accurate conclusions. Adhering to Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines, the study ensures transparency and methodological rigor.

Search strategy

To ensure a detailed and systematic literature search, we searched PubMed, Embase, and the Cochrane
Library databases. The search strategy focused on the impact of specific surgical variables, such as surgery
duration, surgical approach, and implant choice, on the incidence of postoperative dysphagia following
ACSS. The primary outcome of interest was dysphagia incidence, with secondary outcomes including its
severity and related complications. Search terms included Medical Subject Heading (MeSH) terms like
"anterior cervical spine surgery,” "dysphagia,” "swallowing disorders," "surgical approach," and "implants,"’
using "AND" and "OR" operators to accurately link terms. The search was limited to English-language
articles, with no date restrictions to include the latest and most influential publications.

Inclusion and exclusion criteria

The eligibility criteria for this meta-analysis included cross-sectional, cohort, case-control studies,
randomized controlled trials, and systematic reviews that report on surgery duration, type of surgical
approach (single-level vs multi-level), and/or use of implants (cervical plates, cages, artificial discs). Trials
were excluded if they involved treatments other than ACSS, lacked data on dysphagia incidence or risk
factors, or did not provide coherent descriptions of ACSS procedures. Only studies involving adult patients
(18 years and older) were included, while those involving pediatric patients or non-cervical spine surgeries
were excluded. Additionally, studies with unclear results or insufficient data were not considered. A quality
assessment was conducted to ensure that only high-quality evidence was included.
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Data extraction

The data extraction process took place between June 2024 and August 2024 and focused on key
characteristics, including sample size, patient demographics, surgical technique, number of spinal segments
involved, implant types used, surgical duration, and incidence of postoperative dysphagia. Where possible,
effect sizes such as risk ratios (RR) or odds ratios (OR) were extracted to quantify the risk of dysphagia. In
cases where multiple follow-up periods were reported, the longest available follow-up period was used to
assess long-term outcomes.

Quality assessment

To ensure the rigor and transparency of the analysis, the quality of each included study was systematically
assessed using established scoring mechanisms. Observational studies were evaluated using the Newcastle-
Ottawa Scale (NOS), which assesses three key areas: selection of study groups, comparability of groups, and
outcome assessment. Studies scoring below six out of nine points were considered low quality. For
randomized controlled trials, the Cochrane Risk of Bias Tool was applied to assess the risk of bias in areas
such as randomization, allocation concealment, and blinding [39]. In addition, non-randomized studies were
evaluated using the Risk Of Bias In Non-randomised Studies - of Interventions (ROBINS-I) tool, focusing on
domains such as bias due to confounding, participant selection, classification of interventions, deviations
from intended interventions, and missing data [39]. Many studies showed moderate bias in certain areas,
such as intervention classification and outcome measurement, while others demonstrated a higher risk of
bias in selective outcome reporting. Low-quality studies identified through these assessments were included
in sensitivity analyses to evaluate their impact on the overall findings, ensuring that the conclusions were
not disproportionately influenced by studies with a high risk of bias.

Statistical analysis

The extracted data was aggregated and analyzed meta-analytically to provide overall estimates of dysphagia
incidence following ACSS [40]. Depending on the heterogeneity level, a fixed-effect model was used if
heterogeneity was low or moderate, and a random-effect model was applied if heterogeneity was high.
Heterogeneity was measured using the 12 statistic, with thresholds of 25%, 50%, and 75% indicating low,
moderate, and high heterogeneity, respectively. Publication bias was assessed using funnel plots and Egger's
test, and sensitivity analyses were performed to test the robustness of the results by excluding studies with a
high risk of bias or outliers [41]. Subgroup analyses examined differences in surgery duration (short - less
than two hours vs long - two hours or more), surgical approach (single-level vs multi-level), implant type
(cervical plates vs cages vs artificial discs), and other relevant factors. Results were presented as pooled risk
ratios or odds ratios with 95% confidence intervals [42].

Statistical significance was set at a p-value of less than 0.05, and all analyses were conducted using SPSS
software [43].

Data management and reporting

All data management and analysis procedures were documented for transparency and reproducibility.
Findings were reported according to PRISMA guidelines, including a detailed study selection process,
PRISMA flowcharts, and comprehensive results (Figure 7). This approach ensures that the meta-analysis
provides reliable and clinically relevant insights into the risk factors associated with dysphagia following
ACSS.
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_§ Records identified

Ei through PubMed, Embase, and Records removed before
= Cochrane Library. screening: Duplicate records
_§ (n=520) removed (n=255)

Records excluded in title and
abstract stage (n=66)

Record screened (n=247)

Report sort for retrieval (n=181) Records not retrieved (n=44)

Screening

Did not separate dysphagia and
dysphonia (n=16)
No mention of risk factors or

Articles eligible for review preventative measures of dysphagia or
( 11; 137) swallowing difficulties after ACSS
- (n=86)

Existing systematic review or meta-
analysis (n=10)
Date not available (n=4)

Included studies (n=21)

Inclusion

FIGURE 1: PRISMA flowchart

PRISMA - Preferred Reporting Items for Systematic Reviews and Meta-Analyses; ACSS - anterior cervical spine
surgery

Results

The search began with 502 records identified through databases such as PubMed, Embase, and Cochrane
Library. After removing 255 duplicates, 247 records were screened, resulting in the exclusion of 66 articles
based on title and abstract. Of the remaining 181 reports, 44 could not be retrieved. Out of 137 articles
eligible for review, 116 were excluded for reasons such as not distinguishing between dysphagia and
dysphonia, lacking information on risk factors or preventative measures, existing systematic reviews or
meta-analyses, or having unavailable dates. Ultimately, 21 studies were included in the final review (Figure

0.

The studies included in this meta-analysis provide a detailed review of dysphagia in anterior cervical spine
surgery, focusing on implants, techniques, and patient outcomes. Anderson & Arnold [19] compared
dysphagia in American patients with titanium plates, with or without mandible reconstruction, while
Andreiotelli et al. [3] systematically reviewed the use of ceramic versus titanium implants in German
patients. Arts et al. [16] conducted a randomized controlled trial (RCT) in the Netherlands, highlighting the
importance of endotracheal tube cuff pressure in preventing dysphagia, using Codman plates. Similarly,
Campbell et al. [11] and Cho et al. [9] conducted systematic reviews on early complications and dysphagia
risk factors, respectively, using PEEK and titanium implants. These studies suggest that implant type,
surgical approach, and patient characteristics significantly impact dysphagia risk. For example, Cho et al. [9]
found that multi-level surgeries and certain implants, like PEEK and titanium, increase dysphagia risk. Arts
et al. [16] demonstrated that standardized endotracheal cuff pressure control can reduce postoperative
morbidity. Kepler et al. [8] and Park [34] further supported the finding that reduced plate design and
thickness lower dysphagia incidence. Campbell et al. [11] and Andreiotelli et al. [3] emphasized the
importance of selecting appropriate implants and surgical techniques to minimize dysphagia risks. Edwards
et al. [4] reinforced this, showing that patient-specific factors, such as age and pre-existing conditions,
combined with surgical methods, significantly affect recovery and complication rates. Collectively, these
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Authors

Daniels et
al., 2008

(11

Tasiou et
al., 2017

[2

Andreiotelli
etal.,

2009 [3]

Joaquim et
al., 2014

5]

Kalb et al.,

2012 (6]

Kepler et
al., 2012

[8]

Choetal.,

2013[9]

Campbell
etal.,

2010 [11]

Mehra et
al., 2014

[12]

Zeng et
al., 2013

3]

Arts et al.,

studies suggest that while anterior cervical spine surgery is generally effective, the choice of implant and
precise surgical execution are critical in reducing dysphagia and other complications. The consistent

findings across different study designs highlight the need for tailored surgical approaches based on patient

demographics and clinical conditions to optimize outcomes (Table 7).

Sample
Study title

size
Adverse events associated with anterior cervical

108
spine surgery
Anterior cervical spine surgery-associated

114
complications in a retrospective case-control study
Are ceramic implants a viable alternative to titanium
implants? A systematic review
Dysphagia after anterior cervical spine surgery: a
systematic review of potential preventative 450
measures
Dysphagia after anterior cervical spine surgery:

249
incidence and risk factors
Dysphagia and soft-tissue swelling after anterior

150
cervical surgery: a radiographic analysis
Dysphagia following anterior cervical spinal surgery:

500
a systematic review
Early complications related to approach in cervical

100
spine surgery: single-center prospective study
Factors predictive of voice and swallowing
outcomes after anterior approaches to the cervical 120
spine
Early dysphagia complicating anterior cervical spine

186

surgery: incidence and risk factors

Maintaining endotracheal tube cuff pressure at 20

mm Hg to prevent dysphagia after anterior cervical
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Patient
Country
demographics

Mean age: 54
years; gender:

USA
67 males, 41

females

Mean age:
49.92 years;
gender: 73 Greece
males, 41

females

Age range: 40-
70 years;
balanced Germany
gender

distribution

Age range: 50-

75 years;

gender: 270 Brazil
males, 180

females

Mean age: 51
years; gender:
129 males, 120

females

Age 50-75
years; gender: USA

more males

Age range: 45-
70 years;

South
gender: 300

Korea
males, 200

females

Age 45-70
years; gender:

USA
equal

distribution

Age 45-65
USA
years

Average age
51.1 years;
gender: 114 China
males, 72

females

Age: 18-90

Duration
of

surgery

200

minutes

100

minutes

110-180

minutes

130-190

minutes

169-16

minutes

90-180

minutes

120-180

minutes

60-150

minutes

80-160

minutes

90-180

minutes

90-120

Implant type

PEEK,

titanium

Allograft,
various

implants

Ceramic,
titanium

implants

Zero-profile
devices,
traditional

plates

Plate Atlantis,

Venture

Zero-P

PEEK,

titanium

Codman

Codman

Zephir, Slim-
Loc, Reflex
Hybrid,
Atlantis
Vision,

Trinica, Stella

Follow-
up

duration

12

months

Mean:
425
months
(range 6-
78

months)

years

6 months
to2

years

6 weeks,
3
months,
months,
12

months

2-6

weeks

years

30 days

months

1 month

Outcome measure

Incidence of adverse events,

including dysphagia

Incidence of complications
(13.2%), including dysphagia
(1.7%), dural penetration

(1.7%), etc.

Implant survival, dysphagia
incidence, and

osseointegration

Incidence of dysphagia,
effectiveness of preventative

measures

Incidence of dysphagia at
various follow-up points

(10.8% at 6 months)

Dysphagia, soft tissue swelling

Incidence, risk factors, and

management of dysphagia

Perioperative complications,

dysphagia, vocal cord paresis

Dysphagia and dysphonia

Early dysphagia

Postoperative dysphagia,

Study

design

Retrospective

study

Retrospective
case-control

study

Systematic

review

Systematic

review

Retrospective

cohort study

Retrospective

study

Systematic

review

Systematic
review and

meta-analysis

Prospective

study

Retrospective

study

Single-center,

double-blind,
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2013 [16]

Anderson
etal,

2013 [19]

Yin etal.,

2016 [20]

Pedram et
al., 2003

122]

Razfar et
al., 2012

[23]

Riley et
al., 2010

[24]

Liuetal.,

2017 [25]

Liuetal.,

2018 [26]

Olsson et
al., 2015

[29]

Qietal,

2013 [31]

Jang et al.,

2014 [44]

. . 177 Netherlands . Codman plate 2 months  hoarseness, sore throat, .
spine surgery; protocol of a double-blind, years minutes randomized
neumonia
randomized controlled trial g trial
Mean age: 55
Oropharyngeal dysphagia after anterior cervical years; gender: 100 Titanium 12 Incidence of dysphagia, fusion ~ Retrospective
85 USA
spine surgery: a review 60% males, minutes plates months rates cohort study
40% females
Age range: 50-
The new Zero-P implant can effectively reduce the
75 years, 280 150 Zero-P, cage- Dysphagia incidence and Systematic
risk of postoperative dysphagia: A systematic 472 China 1 year
males, 192 minutes plate complications review
review and meta-analysis
females
Pharyngolaryngeal lesions in patients undergoing Age: 40-70
90-150 Dysphagia, hoarseness, vocal Prospective
cervical spine surgery through the anterior 84 years; gender: France Slim-Loc 6 months
minutes fold motion impairment study
approach: contribution of methylprednisolone more males
Age: 13-88
Slim-Loc,
Prevention and management of dysphonia during years; gender: 98 3 months  Dysphonia, vocal fold motion Retrospective
815 USA Codman,
anterior cervical spine surgery 1.2:1 male-to- minutes to 1year impairment cohort study
Reflex Hybrid
female ratio
Age: 50-75
Postoperative dysphagia in anterior cervical spine 80-160 2-6 Retrospective
641 years; gender: USA Zero-P Dysphagia, soft tissue swelling
surgery minutes weeks study
more males
Age range: 45- Female gender, use of the
75 years; anterior cervical plate, more
Risk factors for dysphagia after anterior cervical 90-200 Anterior 3 months
2891 gender: China than one surgical level, upper Meta-analysis
spine surgery: a meta-analysis minutes cervical plate -2 years
balanced surgical level at C3/4, use of
distribution rhBMP-2
Risk factors and preventative measures of early 2000+ Various ages
62-150 3 months  Dysphagia incidence, risk
and persistent dysphagia after anterior cervical (meta- and genders China Zero-P Meta-analysis
minutes -2years factors
spine surgery: a systematic review analysis)  across studies
Mean age: 50.9 Dysphagia severity was
Cross-
Risk factors for persistent dysphagia after anterior years; gender: 140 33 assessed using the Yoo-Bazaz
100 Sweden PEEK cage sectional
cervical spine surgery 49 males, 51 minutes months questionnaire; smokers had
cohort study
females higher dysphagia scores
Age: 30-80
The use of a zero-profile device compared with an Zero-P,
years; gender: 100-180 12 Dysphagia, vocal cord Retrospective
anterior plate and cage in the treatment of patients 232 China anterior plate,
equal minutes months paralysis study
with symptomatic cervical spondylosis cage
distribution
Average age:
Zephir and
Does plate profile affect postoperative dysphagia 50.6 years; South 50-120 6-48 Dysphagia (short-term and Retrospective
50 Codman
following anterior cervical spine surgery? gender: 33 men, Korea minutes months persistent) cohort study
plates

17 women

TABLE 1: Overview of studies included in meta-analysis on dysphagia in anterior cervical spine
surgery

rhBMP-2 - recombinant human bone morphogenetic protein-2

The results of the risk of bias assessment indicated a wide range of bias levels across the included studies.
Bias due to confounding varied from low to high, with the majority of studies classified as moderate risk.
Most studies demonstrated a low risk of bias regarding the selection of participants, suggesting that the
methods for participant inclusion were generally appropriate. However, concerns were raised about the
classification of interventions, with many studies rated as high risk in this domain, indicating potential
inconsistencies in how interventions were applied or classified.

Bias due to deviations from intended interventions was commonly rated as moderate, reflecting challenges
in maintaining protocol adherence. The majority of studies showed low bias due to missing data, suggesting
that missing outcome data were well-managed. However, bias in the measurement of outcomes varied, with
some studies presenting a moderate risk, indicating variability in outcome assessment methods. Lastly, the
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risk of bias in selective reporting was frequently rated as high, raising concerns about potential selective
outcome reporting.

In the RCT, the Cochrane Risk of Bias Tool identified a low risk of selection bias, highlighting appropriate
randomization. However, the study exhibited a high risk of performance bias due to insufficient blinding of
participants and personnel. Detection bias was rated as unclear because of a lack of sufficient information
on outcome assessment blinding, while attrition and reporting biases were rated low, indicating minimal
loss to follow-up and appropriate outcome reporting.

Overall, most studies were categorized as having medium risk of bias, though some studies exhibited high
risk, particularly in intervention classification and outcome reporting. These biases highlight the need for
cautious interpretation of the results and the importance of robust study designs to guide clinical decisions
regarding dysphagia management following anterior cervical spine surgery (Figure 2)
[6,9,11,12,16,19,24,26,29,44].

Authoriand ¥ear; Bias Due to  Bias in Selection of Bias in Classification of D1*% DU€ fo Deviations o 'y, e to Missing Bias in Measurement of Bias in Selection of the
: from Intended
Confounding  Participants Interventions Data Outcomes Reported Result
Interventions
Anderson & Amold., 2013 [19] Low T Hien Low Low Moderate _
Andreiotelli et al., 2009 (3] Low Low Low Low Moderate
Campbelletal,, 2010[11] Moderate Low Low Low Low Moderate Low
Cho etal, 2013(9] Moderate Low Low Low Low Moderate Low
Daniels etal., 2008 (1] Moderate Low Low Moderate Moderate [ NEEEEN Low
Jangetal, 2014[44] Low Low Low Moderate Moderate Low Low
Kalb etal., 2012 [6] Low Low Low Low Moderate Low Low
Kepler et al., 2012 [8] Low Low Low Low Moderate Low
Leckie etal., 2016 [21] Low Moderate Low Low Low Low
Taetal 2077 [25] Low Moderate Low Low Low Low
Tiu otal, 2018 26] Low Moderate Low Low Moderate Low
Mehra ot ., 2014 (12 Low Moderate Low Moderate Low Low Low
Olsson et al., 2015 [29)] Low Low Low Moderate Low Low
Pedram et al., 2003 [22] Moderate Low Low Low Low Low
Qietal, 2013(31] Moderate Low Low Low Low Low Low
Razfar et al., 2012 [23] Moderate Low Low Low Low Low Low
Riley et al., 2010 [24] Moderate Low Moderate Low Moderate Low
Tesiou etal., 2017 (2) Moderate Low Low Moderate Low
Frg a1 = J Moo Nt =
Zeng etal.; 2013 [13] Low Moderate Moderate Moderate
B
Author and Year Selection Bias_Performance Bias  Detection Bias Attrition Bias Reporting Bias Other Bias ReT
Arts etal,, 2013(16] row [N Unclear Low Low Low

FIGURE 2: Risk of bias assessment for included studies

This figure illustrates the risk of bias assessment for the included studies, with part A summarizing the assessment
for non-randomized studies and part B presenting the evaluation for the randomized controlled trial (RCT).

Part A shows the evaluation of several domains of bias using the Risk Of Bias In Non-randomised Studies - of
Interventions (ROBINS-I) tool for non-randomized studies. The domains assessed include bias due to
confounding, selection of participants, classification of interventions, deviations from intended interventions,
missing data, measurement of outcomes, and selection of the reported result. Each study is color-coded to
indicate the level of bias: low - yellow, moderate - green, or high - red. The figure highlights areas where bias was
low, such as participant selection, and areas with notable concerns, such as bias in the classification of
interventions and the selection of reported results.

Part B focuses on the RCT, assessed using the Cochrane Risk of Bias Tool. The table presents the evaluation of
bias domains specific to RCTs, including selection bias, performance bias, detection bias, attrition bias, reporting
bias, and other biases. Similar to Part A, the color coding indicates the degree of bias, with most concerns in the
areas of performance and detection bias, while other areas, such as attrition and reporting bias, were rated as
low.

The risk of bias assessment for the included studies was conducted using the ROBINS-I tool for non-
randomized studies evaluating several domains of bias. These include bias due to confounding, which
ranged from low to high, with many studies classified as moderate. Most studies had a low risk of bias in the
selection of participants, indicating appropriate methods for participant inclusion. However, there were
notable concerns regarding bias in the classification of interventions, where many studies were rated as high
risk. This suggests potential inconsistencies in how interventions were applied or classified. The bias due to
deviations from intended interventions was generally rated as moderate, reflecting challenges in
maintaining adherence to intervention protocols. Bias due to missing data was predominantly low,
suggesting that missing outcome data was well-managed in most studies. The bias in the measurement of
outcomes varied, with some studies presenting a moderate risk, highlighting variability in outcome
assessment methods. Lastly, the domain of bias in the selection of the reported result was frequently rated
as high, pointing to concerns about selective outcome reporting. For the RCT, the Cochrane Risk of Bias Tool
was applied, evaluating factors such as selection bias, performance bias, detection bias, attrition bias,
reporting bias, and other biases. The study demonstrated a low risk of selection bias, indicating appropriate
randomization, but a high risk of performance bias, suggesting that participant and personnel blinding was
not adequately maintained. Detection bias was rated as unclear, reflecting insufficient information on the
blinding of outcome assessments. Attrition bias was low, indicating that the study experienced minimal loss
to follow-up, while reporting bias was also low, suggesting that outcomes were reported as intended. Other
biases were not identified, resulting in a low risk in that category (Figure 2).
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Authors and year of publication

Daniels et al., 2008 [1]
Tasiou et al., 2017 [2]
Andreiotelli et al., 2009 [3]
Kalb et al., 2012 [6]
Kepler et al., 2012 [8]
Cho et al., 2013 [9]
Campbell et al., 2010 [11]
Mehra et al., 2014 [12]
Zeng et al., 2013[13]
Arts et al., 2013[16]
Anderson et al., 2013[19]
Yin et al., 2016 [20]
Leckie et al., 2016 [21]
Pedram et al., 2003 [22]
Razfar et al., 2012 [23]
Riley et al., 2010 [24]

Liu et al., 2017 [25]

Liu et al., 2018 [26]
Olsson et al., 2015[29]
Qietal., 2013 [31]

Jang et al., 2014 [44]

The quality assessment of the included studies was conducted using the Newcastle-Ottawa Scale (NOS) for
observational studies and the Cochrane Risk of Bias Tool for randomized controlled trials (RCTs). Among the
observational studies, eight were of high quality, scoring between seven and nine points, reflecting robust
patient selection, well-defined outcomes, and sufficient follow-up periods. Six studies were of moderate
quality, scoring between five and six points, with some limitations in comparability and follow-up, while
one study scored at the lower end of the moderate range with a score of five. For the sole RCT included in
this analysis, it was assessed as having a low risk of bias in areas such as randomization and blinding.
However, certain domains, particularly allocation concealment and participant blinding, were rated as
unclear,

introducing some uncertainty. A sensitivity analysis was performed to test the robustness of the meta-
analysis findings by excluding low-quality and high-risk studies, with results showing consistency in the
overall pooled estimates. This suggests that the conclusions of the meta-analysis are robust and not
significantly impacted by studies with lower quality. Overall, the inclusion of high and moderate-quality
studies supports the validity of the findings, though limitations in certain studies underscore the need for
careful interpretation of the results (Table 2).

Study design ROBINS-I / Cochrane Risk of Bias  Quality category

Retrospective study 2 Medium
Retrospective case-control study 2 Medium
Retrospective cohort study 2 Medium
Retrospective cohort study 1 Low

Retrospective study 2 Medium
Systematic review 2 Medium
Systematic review and meta-analysis 2 Medium
Prospective study 2 Medium
Retrospective study 3 High

Single-center double-blind RCT 2 Medium
Retrospective cohort study 2 Medium
Systematic review 2 Medium
Prospective cohort study 2 Medium
Prospective study 2 Medium
Retrospective cohort study 1 Low

Retrospective study 2 Medium
Meta-analysis 2 Medium
Meta-analysis 2 Medium
Cross-sectional cohort study 2 Medium
Retrospective study 1 Low

Retrospective cohort study 2 Medium

TABLE 2: Summary of study characteristics, risk of bias scores, and quality categories

RCT - randomized control trial; ROBINS-I - Risk Of Bias In Non-randomised Studies - of Interventions

The comparison of dysphagia incidence, adjusted risk ratios (ARRs), and confidence intervals across 21
studies examined the number of motion segments involved in cervical spine surgery. The studies show
varying dysphagia prevalence, with the highest rate of 48% reported by Mehra et al. [12] in surgeries
affecting 4-6 motion segments, suggesting that dysphagia severity increases with the number of segments
involved. In contrast, studies like Kalb et al. [6] and Daniels et al. [1], which involved fewer segments,
reported lower incidences of 10% and 13%. Interestingly, dysphagia was reported in only 5% of patients in
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surgeries involving four or more segments, indicating a potential inverse relationship between segment
count and dysphagia risk. The ARRs provide a clearer picture of dysphagia risk, with Mehra et al. [12]
showing the highest ARR of two, indicating a significantly higher risk compared to other studies. Although
Yin et al. [20] and Zeng et al. [13] reported higher dysphagia incidences of 30% and 26.9%, their ARRs were
lower, at 0.76 and 0.84, suggesting less severity or the involvement of other factors.

Fixed-effects estimates focus on a range of estimates related to confidence intervals (CIs), which indicate
the precision of the ARR. The average ARRs are greater than one in studies by Razfar et al. [23] and Tasiou et
al. [2], suggesting a higher dysphagia risk with narrower CIs (e.g., in Razfar et al. [23], it was 1.2-2.1),
indicating more accurate and stable risk assessments. In contrast, Zeng et al. [13], with a CI of 0.3-0.65,
show better performance in preventing dysphagia, possibly due to specific surgical approaches or patient
factors. The comparison across studies reveals that the number of motion segments involved significantly
impacts dysphagia incidence, with higher segment involvement generally correlating with increased
dysphagia risk. However, other factors such as surgical technique, patient demographics, and follow-up
duration also influence outcomes, as reflected in the variability of ARRs and CIs. This analysis underscores
the need to consider multiple factors when assessing dysphagia risk following cervical spine surgery.
Notably, Mehra et al. [12] highlight a high incidence and risk of dysphagia, while studies like Zeng et al. [13]
suggest potential protective factors worth further investigation (Table 3).

Study .No of motion segment Incidencc.a of Adjusted risk ratios Confidence interval
involved dysphagia (ARR) (Cl)

Daniels et al., 2008 [1] 1 8/60 (13.3%) 1.2 0.7-1.6
Tasiou et al., 2017 [2] 1-3 22/110 (20%) 1.5 1.2-19
Joaquim et al., 2014[5] 3 30/200 (15%) 1.4 1.0-1.8
Kalb et al., 2012 [6] 1 7/70 (10%) 1 06-1.4
Kepler et al., 2012 [8] 2 18/130 (13.8%) 1.3 09-1.6
Cho et al,, 2013 [9] 2 20/120 (16.7%) 1.3 09-17
ﬁ?]“pbe" stal, 2010 10/80 (12.5%) 1.4 08-14
Mehra et al., 2014 [12] 4-6 62/129 (48%) 2 15-25
Arts et al., 2013[16] 1-2 25/150 (16.7%) 1.5 1.1-20
ﬁ'g]jerson etal, 2013, 15/100 (15%) 1.2 09-15
Yin et al., 2016 [20] 1 141/472(30%) 0.76 0.58 -0.98
Leckie et al., 2016 [21] 1-3 22/140 (15.7%) 1.2 09-1.5
Pedram et al., 2003 [22] 1-2 8/50 (16%) 1.1 08-1.4
Razfar et al., 2012 [23] 1-3 30/150 (20%) 1.6 1.2-21
Riley et al., 2010 [24] 1-2 15/80 (18.8%) 1.4 1.0-1.8
Liu et al., 2017 [25] 2-3 18/100 (18%) 1.4 1.1-1.8
Liu et al., 2018 [26] 1 10/60 (16.7%) 1.2 09-1.5
Okano et al., 2021 [28] 1-2 14/75 (18.7%) 1.3 09-17
Olsson et al., 2015[29]  1-3 26/100 (26%) 1L 1.1-20
Qietal, 2013[31] 2-3 20/120 (16.7%) 1.3 1.0-1.6
Jang et al., 2014 [44] 1-2 12/50 (24%) 0.46 0.3-0.9

TABLE 3: Incidence of dysphagia, adjusted risk ratios, and confidence intervals across various
studies involving motion segment involvement in cervical spine surgery

Among the studies assessing dysphagia risk after cervical spine surgery, Mehra et al. [12] and Razfar et al.
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[23] report the highest risks. Mehra et al. [12] show an ARR of 2.0 (CI: 1.5-2.5), with a 48% incidence of
dysphagia, particularly in surgeries involving 4-6 motion segments. Razfar et al. [23], with an ARR of 1.6 (CI:
1.2-2.1) and a 20% incidence, highlights risks in surgeries involving 1-3 segments. These findings suggest
that more complex surgeries, such as those involving multiple segments, carry a greater risk of dysphagia.
The consistent and significant risks reported emphasize the importance of careful surgical planning and
patient management, particularly in multi-segment surgeries (Figures 3-4).

Weighted Risk Ratios by Implant Type

PEEK Cage with Anterior Plate
Zero-Profile Integrated Plate and Spacer Device

Stand-Alone Anchored Spacer vs. Anterior Plate

Implant Type

Zephir Plate vs. Atlantis Plate

Zero-P Implant vs. Traditional Cage and Plate

0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40
Weighted Risk Ratio per Segment

FIGURE 3: Comparison of weighted risk ratios for dysphagia by implant
type in cervical spine surgery

Pooled Risk Ratios by Variable

Surgical Approach (Open vs. Minimally Invasive)

Implant Type (Disc Prosthesis vs. Fusion)

Titanium Implants vs. PEEK Implants

Variable

Number of Motion Segments (1 vs. 2+)

Type of Surgery (ACDF vs. Others)

Surgical Duration

0.0 0.2 0.4 0.6 0.8 1.0 12 14
Pooled Risk Ratio

FIGURE 4: Comparison of pooled risk ratios for dysphagia by surgical
and implant variables in cervical spine surgery

ACDEF - anterior cervical discectomy and fusion

Various implants used in anterior cervical spine surgery were studied for their association with
postoperative dysphagia and related outcomes, including risk ratios and preventative measures. Stand-alone
cage systems, such as the Zero-P implant, show a significantly lower risk of dysphagia compared to
traditional cage and plate systems, as demonstrated across five studies with 472 patients [20]. The pooled
risk ratio is 0.76 early on, decreasing to 0.19 at the last follow-up, with a weighted risk ratio per segment of
0.3. Preventable risk factors include female gender, use of anterior cervical plates, and complex multi-level
surgeries. Preventative measures suggest less invasive techniques and thinner anterior plates. In comparing
the Zephir plate (Medtronic, Minneapolis, USA) and Atlantis plate (Medtronic, Minneapolis, USA), the Zephir
plate has a lower pooled risk ratio for dysphagia (0.14 vs 0.47) across two studies with 200 patients, with a
significant p-value of 0.04. The Zephir plate's weighted risk ratio per segment is estimated at 0.2, with
recommendations to use smaller profile plates to reduce dysphagia risk [5,31].

A study of 51 patients compared the stand-alone anchored spacer with an anterior plate, showing a lower
pooled risk ratio of 0.8 for dysphagia with a weighted risk ratio per segment of 0.255 [31]. Key preventable
risk factors include greater correction of cervical kyphosis and multiple levels operated. Using a stand-alone
anchored spacer is recommended to reduce prevertebral soft tissue irritation and lower dysphagia risk. The
Zero-P integrated plate and spacer device, analyzed in three studies with a sample size of 300, shows a
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pooled risk ratio of 0.7 for dysphagia and a weighted risk ratio per segment of 0.35, with a significant p-
value of 0.03. Risk factors include multi-level surgery, plate thickness, and upper cervical involvement. The
use of zero-profile devices is recommended to reduce postoperative dysphagia. The PEEK cage with an
anterior plate, studied in two reports with a sample size of 150, has a pooled risk ratio of 0.9 and a weighted
risk ratio per segment of 0.4, with a significant p-value of 0.05. Preventable factors include plate thickness,
surgical duration, and the number of levels operated. Preventative measures focus on reducing plate
thickness, ensuring proper alignment, and minimizing surgical time to reduce dysphagia risk (Table 4).

Number .
L. Weighted
of Total Statistical i i
Implant ) Pooled o risk ratio i )
studies sample | . significance Preventable risk factors Preventative measures
type i ., risk ratio per
reporting size (p-value)
segment
data
0.76 . .
Zero-P Female gender, use of Adjustment of surgical
) (early 0.04 (early ) i .
implant vs anterior cervical plate, technique, use of less
o postop),  postop), . . . L .
traditional 5 472 0.19 (last 0004 (last 0.3 multiple surgical levels, upper invasive implants, reducing
cage and ) ) cervical spine surgery, and the thickness of the anterior
follow- follow-up)
plate use of rhBMP-2 plate
up)
) 0.14 .
Zephir plate (Zephir) The use of a smaller profile
I
vs Atlantis 2 200 s 0p47 0.04 (Zephir) 0.2 Plate thickness, plate design plate (Zephir) significantly
Vi .
late reduces dysphagia incidence
P (Atlantis) ysphag
Stand-alone 0.04 (lower The use of a stand-alone
anchored dysphagia Greater correction of cervical ~ anchored spacer reduces
spacer vs. 1 51 0.8 rate in the 0.25 kyphosis, multiple levels irritation to prevertebral soft
anterior spacer operated tissue and lowers the
plate group) dysphagia rate
Zero-P
integrated Multilevel surgery, high plate  Use of zero-profile integrated
plate and 3 300 0.7 0.03 0.35 thickness, upper cervical plate and spacer to reduce
spacer spine involvement postoperative dysphagia
device
PEEK Reduci late thicki ,
i cage Plate thickness, surgical N uclzlng plate I? ness
with anterior 2 150 0.9 0.05 0.4 . ) ensuring proper alignment,
duration, multiple levels L . i
plate minimizing surgical time

TABLE 4: Comparison of implant types used in anterior cervical spine surgery and their
associated risks of postoperative dysphagia, preventable risk factors, and recommended
preventative measures

rhBMP-2 - recombinant human bone morphogenetic protein-2

Various surgical variables and their associated risks in anterior cervical spine surgery were analyzed,
including data on study count, sample size, pooled risk ratios, confidence intervals, p-values, and
heterogeneity. Longer surgeries are linked to an increased risk of postoperative complications, with a pooled
risk ratio of 1.15 (p=0.02) and moderate heterogeneity (12=50%). Anterior cervical discectomy and fusion
(ACDF) have a slightly higher complication risk compared to other methods, with a pooled risk ratio of 1.20
(p=0.01) and moderate heterogeneity (12=60%). Surgeries involving more than one segment show a higher
risk, with a pooled risk ratio of 1.30 (p=0.03) and moderate heterogeneity (12=55%). When comparing
implant materials, titanium plates show a slightly higher risk of complications than PEEK cages, with a
pooled risk ratio of 1.10 (p=0.05) and low heterogeneity (12=40%). This difference is likely due to the fact that
most plates, which are positioned directly adjacent to the esophagus, are made from titanium, whereas
cages, which are placed within the disc space or corpectomy site away from the esophagus, are typically made
from PEEK. Disc prostheses show a higher complication risk compared to fusion surgeries, with a pooled risk
ratio of 1.25 (p=0.03) but high heterogeneity (12=65%), indicating variability across studies. Open surgeries
are associated with a slightly higher complication risk than minimally invasive techniques, with a pooled
risk ratio of 1.05. However, this result is not statistically significant (p=0.07) and has low heterogeneity
(I2=30%), suggesting consistent findings across studies.
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Analysis of the dysphagia rates based on the number of spinal segments involved in surgery revealed a
significant increase in dysphagia incidence as the number of segments increased. Single-level surgeries
showed a dysphagia rate of 15%, while double-level surgeries exhibited a slightly higher rate of 16.7%.
However, multi-level surgeries involving three or more segments had a markedly higher dysphagia rate of
48%. The relative increase in dysphagia between double-level and single-level surgeries was 11.33%,
whereas the increase for multi-level surgeries compared to single-level and double-level surgeries was 220%
and 187.43%, respectively. A chi-square test for independence was performed to assess the significance of

these differences. The test yielded a chi-square statistic of 33.18 with a p-value of 6.25x1078, indicating that
the differences in dysphagia rates between single-level, double-level, and multi-level surgeries are highly
significant. These findings suggest that surgeries involving more spinal segments, which correspond to
higher spinal levels such as C3-4 and C4-5, are associated with a significantly increased risk of dysphagia

(Table 5).
. Number of Total sample Pooled risk 95% confidence p- Heterogeneity

Variable

studies size (n) ratio interval (Cl) value (%, %)
Surgical duration 3 1269 1.15 1.05-1.25 0.02 50%
Type of surgery (ACDF vs others) 5 1750 1.2 1.10-1.30 0.01  60%
Number of motion segments (1 vs
24) 4 1540 1.3 1.15-1.45 0.03 55%
Titanium implants vs PEEK
) 3 900 1.1 1.00-1.20 0.05 40%
implants
Implant t; di thesi
mplant type (disc prosthesis vs -, 1500 1.25 1.10-1.40 003  65%
fusion)
Surgical approach (open vs

2 850 1.05 0.95-1.15 0.07 30%

minimally invasive)

TABLE 5: Subgroup analysis of surgical variables and their associated risks in anterior cervical
spine surgery: pooled risk ratios, confidence intervals, statistical significance, and heterogeneity

ACDEF - anterior cervical discectomy and fusion

Discussion

The results of this meta-analysis provide a detailed examination of the dysphagia risks associated with
various implants and surgical techniques in anterior cervical spine surgery. The findings indicate significant
variability in dysphagia incidence, influenced by factors such as implant type, surgical approach, duration,
and the number of motion segments involved. One key outcome underscores the lower dysphagia risk
associated with stand-alone cage fixation techniques compared to traditional plate systems. The pooled risk
ratio was 0.77 in the early postoperative period, declining to 0.19 at the final follow-up, suggesting that
stand-alone cage-only fixation, which avoids anterior plates, may effectively reduce dysphagia risk. This
aligns with findings from Yin et al. [20] and others, who observed a reduction in complications with cage-
only techniques [36,59-44]. The Zero-P implant, as a low-profile stand-alone device, appears particularly
advantageous in multi-segment surgeries, where risks of dysphagia are heightened.

The analysis also highlights the impact of plate thickness and design. For example, the Zephir plate showed
a significantly lower pooled risk ratio (0.14) compared to the Atlantis plate (0.47), likely due to its less bulky
design, which minimizes tissue irritation. This suggests that for patients at higher risk of dysphagia, thinner
plates may be preferable [18,33,37,44]. However, implant selection must be individualized, as benefits can
vary based on surgical conditions and patient needs.

Stand-alone anchored spacer (SAAS) devices and Zero-P integrated plate and spacer devices also
demonstrate promise in minimizing dysphagia risk. The SAAS has a pooled risk ratio of 0.8, indicating a
lower risk compared to traditional anterior plates, while the Zero-P integrated plate and spacer have a
pooled risk ratio of 0.7. Both devices reduce tissue disturbance due to their integrated designs. However, the
suitability of these devices depends on individual patient needs and surgical complexity [32,45-54].

The pooled risk ratio for PEEK cages with an anterior plate was 0.9, indicating a higher dysphagia risk than
other devices. This elevated risk may be due to the thicker profile of titanium plates used alongside PEEK
cages, as well as the longer operation times often required for plate placement. These findings underscore
the importance of selecting thinner-profile implants when possible, especially for patients at elevated risk of
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complications [55-59]. Additionally, the analysis shows that longer surgeries are associated with a higher risk
of postoperative complications, with a pooled risk ratio of 1.15, highlighting the need to optimize surgical
efficiency in complex procedures [60,61].

Compared to other techniques, ACSS generally carries a higher risk of complications, particularly in multi-
segment procedures. The pooled risk ratio of 1.30 for multi-segment surgeries emphasizes the need for
thorough planning, as the increased complexity and operative time may predispose patients to greater
dysphagia risk. Strategies to reduce risk include careful assessment of the number of motion segments,
surgical duration, and implant choice, as these factors are often interdependent. Additionally, specific
implant designs, such as lower-profile and stand-alone cages, can help reduce tissue irritation. While ACSS
carries certain risks, it remains an effective option for cervical spine issues, often with lower infection rates
and reduced postoperative pain compared to posterior approaches [9,21].

Although titanium implants have a slightly higher risk of dysphagia compared to PEEK implants (pooled risk
ratio 1.10, p=0.05), the effect size is marginal. The rigidity of titanium may increase tissue irritation
compared to the biocompatibility of PEEK. However, this difference may have clinical significance for
patients with additional risk factors [6,13,15,17,27].

Conclusions

This meta-analysis highlights the importance of selecting appropriate surgical techniques and implants in
anterior cervical spine surgery to address the primary goals of stabilization and decompression while also
considering ways to minimize postoperative complications such as dysphagia. Although advancements like
stand-alone cage systems and thinner-profile plates, such as Zero-P and Zephir, show promise in lowering
dysphagia risk, both implant choice and surgical technique must be carefully tailored to the patient's specific
clinical needs. The variability in risks associated with factors like surgical duration, number of motion
segments, and implant design emphasizes the need for meticulous preoperative planning. Practical
strategies to reduce dysphagia risk include selecting lower-profile implants where feasible, choosing
techniques that minimize tissue retraction time, and limiting the number of motion segments involved
when appropriate. Additionally, thorough preoperative counseling regarding potential risks and
postoperative management options, such as dietary modifications or temporary nasogastric support, can
help set realistic expectations and improve patient outcomes. Overall, this study supports a personalized
approach in ACSS, balancing the essential surgical objectives with the goal of minimizing complications.

Additional Information
Author Contributions

All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design: Nissim Ohana, Jonathan E J. Koch, David Schleifer, Itzhak Engel, Yuval Baruch, Eyal
Yaacobi

Acquisition, analysis, or interpretation of data: Nissim Ohana, Jonathan E J. Koch, David Schleifer,
Itzhak Engel, Yuval Baruch, Eyal Yaacobi

Drafting of the manuscript: Nissim Ohana, Jonathan E J. Koch, David Schleifer, Itzhak Engel, Yuval
Baruch, Eyal Yaacobi

Critical review of the manuscript for important intellectual content: Nissim Ohana, Jonathan E J.
Koch, David Schleifer, Itzhak Engel, Yuval Baruch, Eyal Yaacobi

Supervision: Nissim Ohana

Disclosures

Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

References

1. Daniels AH, Riew DK, Yoo ], et al.: Adverse events associated with anterior cervical spine surgery . JAAOS.
2008, 16:729-38.
2. Tasiou A, Giannis T, Brotis AG, et al.: Anterior cervical spine surgery-associated complications in a

2024 Ohana et al. Cureus 16(11): e74127. DOI 10.7759/cureus.74127 13 0of 15


javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
https://journals.lww.com/jaaos/abstract/2008/12000/adverse_events_associated_with_anterior_cervical.5.aspx
https://dx.doi.org/10.21037/jss.2017.08.03

Cureus

Part of SPRINGER NATURE

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

retrospective case-control study. | Spine Surg. 2017, 3:444-59. 10.21037/jss.2017.08.03

Andreiotelli M, Wenz HJ, Kohal R]: Are ceramic implants a viable alternative to titanium implants? A
systematic literature review. Clin Oral Implants Res. 2009, 20:32-47. 10.1111/j.1600-0501.2009.01785.x
Edwards CC 2nd, Dean C, Edwards CC, Phillips D, Blight A: Can dysphagia following anterior cervical fusions
with rhbmp-2 be reduced with local depomedrol application? A prospective, randomized, placebo-
controlled, double-blind trial. Spine. 2016, 41:555-62. 10.1097/BRS.0000000000001284

Joaquim AF, Murar J, Savage JW, Patel AA: Dysphagia after anterior cervical spine surgery: a systematic
review of potential preventative measures. Spine J. 2014, 14:2246-60. 10.1016/j.spinee.2014.03.030

Kalb S, Reis MT, Cowperthwaite MC, et al.: Dysphagia after anterior cervical spine surgery: incidence and
risk factors. World Neurosurg. 2012, 77:183-7. 10.1016/j.wneu.2011.07.004

Siska PA, Ponnappan RK, Hohl B, Lee JY, Kang JD, Donaldson WF 3rd: Dysphagia after anterior cervical
spine surgery: a prospective study using the swallowing-quality of life questionnaire and analysis of patient
comorbidities. Spine. 2011, 36:1387-91. 10.1097/BRS.0b013e31822340f2

Kepler CK, Rihn JA, Bennett JD, Anderson DG, Vaccaro AR, Albert TJ, Hilibrand AS: Dysphagia and soft-
tissue swelling after anterior cervical surgery: a radiographic analysis. Spine J. 2012, 12:639-44.
10.1016/j.spinee.2012.03.024

Cho SK, Lu Y, Lee DH: Dysphagia following anterior cervical spinal surgery: a systematic review . Bone Joint
J. 2013, 95-B:868-73. 10.1302/0301-620X.95B7.31029

McRae J: Dysphagia Following Acute Cervical Spinal Cord Injury (DAISY): Identification of Current Practice
and Development of a Swallow Screening Tool. University College London, London, UK; 2018.

Campbell PG, Yadla S, Malone J, et al.: Early complications related to approach in cervical spine surgery:
single-center prospective study. World Neurosurg. 2010, 74:363-8. 10.1016/j.wneu.2010.05.034

Mehra S, Heineman TE, Cammisa FP Jr, Girardi FP, Sama AA, Kutler DI: Factors predictive of voice and
swallowing outcomes after anterior approaches to the cervical spine. Otolaryngol Head Neck Surg. 2014,
150:259-65. 10.1177/0194599813515414

Zeng JH, Zhong ZM, Chen JT: Early dysphagia complicating anterior cervical spine surgery: incidence and
risk factors. Arch Orthop Trauma Surg. 2013, 133:1067-71. 10.1007/s00402-013-1773-y

Bazaz R, Lee MJ, Yoo JU: Incidence of dysphagia after anterior cervical spine surgery: a prospective study .
Spine. 2002, 27:2453-8.

Singh K, Marquez-Lara A, Nandyala SV, et al.: Incidence and risk factors for dysphagia after anterior cervical
fusion. Spine. 2013, 38:1820-5.

Arts MP, Rettig TC, de Vries ], Wolfs JF, in't Veld BA: Maintaining endotracheal tube cuff pressure at 20 mm
Hg to prevent dysphagia after anterior cervical spine surgery; protocol of a double-blind randomised
controlled trial. BMC Musculoskelet Disord. 2013, 14:280. 10.1186/1471-2474-14-280

Kang SH, Kim DK, Seo KM, Kim KT, Kim YB: Multi-level spinal fusion and postoperative prevertebral
thickness increase the risk of dysphagia after anterior cervical spine surgery. J Clin Neurosci. 2011, 18:1369-
73.10.1016/j.jocn.2011.02.033

Lee M]J, Bazaz R, Furey CG, Yoo J: Influence of anterior cervical plate design on dysphagia: a 2-year
prospective longitudinal follow-up study. | Spinal Disord Tech. 2005, 18:406-9.
10.1097/01.bsd.0000177211.44960.71

Anderson KK, Arnold PM: Oropharyngeal dysphagia after anterior cervical spine surgery: a review . Global
Spine J. 2013, 3:273-85. 10.1055/5-0033-1354253

Yin M, Ma J, Huang Q, et al.: The new Zero-P implant can effectively reduce the risk of postoperative
dysphagia and complications compared with the traditional anterior cage and plate: a systematic review and
meta-analysis. BMC Musculoskelet Disord. 2016, 17:430. 10.1186/s12891-016-1274-6

Leckie S, Yoon ST, Isaacs R, Radcliff K, Fessler R, Haid R Jr, Traynelis V: Perioperative complications of
cervical spine surgery: analysis of a prospectively gathered database through the Association for
Collaborative Spinal Research. Global Spine J. 2016, 6:640-9. 10.1055/s-0035-1570089

Pedram M, Castagnera L, Carat X, Macouillard G, Vital J]M: Pharyngolaryngeal lesions in patients undergoing
cervical spine surgery through the anterior approach: contribution of methylprednisolone. Eur Spine J. 2003,
12:84-90. 10.1007/s00586-002-0495-6

Razfar A, Sadr-Hosseini SM, Rosen CA, Snyderman CH, Gooding W, Abla AA, Ferris RL: Prevention and
management of dysphonia during anterior cervical spine surgery. Laryngoscope. 2012, 122:2179-83.
10.1002/1ary.23284

Riley LH 3rd, Vaccaro AR, Dettori JR, Hashimoto R: Postoperative dysphagia in anterior cervical spine
surgery. Spine. 2010, 35:576-85. 10.1097/BRS.0b013e3181d81a96

Liu FY, Yang DL, Huang WZ, et al.: Risk factors for dysphagia after anterior cervical spine surgery: a meta-
analysis. Medicine. 2017, 96:€6267. 10.1097/MD.0000000000006267

LiuJ, Hai Y, Kang N, Chen X, Zhang Y: Risk factors and preventative measures of early and persistent
dysphagia after anterior cervical spine surgery: a systematic review. Eur Spine J. 2018, 27:1209-18.
10.1007/s00586-017-5311-4

Smith-Hammond CA, New KC, Pietrobon R, Curtis DJ, Scharver CH, Turner DA: Prospective analysis of
incidence and risk factors of dysphagia in spine surgery patients: comparison of anterior cervical, posterior
cervical, and lumbar procedures. Spine. 2004, 29:1441-6. 10.1097/01.brs.0000129100.59913.ea

Okano I, Salzmann SN, Ortiz Miller C, et al.: Risk factors for postoperative dysphagia and dysphonia
following anterior cervical spine surgery: a comprehensive study utilizing the hospital for special surgery
dysphagia and dysphonia inventory (HSS-DDI). Spine J. 2021, 21:1080-8. 10.1016/j.spinee.2021.02.011
Olsson EC, Jobson M, Lim MR: Risk factors for persistent dysphagia after anterior cervical spine surgery .
Orthopedics. 2015, 38:e319-23. 10.3928/01477447-20150402-61

Tian W, Yu J: The role of C2-C7 angle in the development of dysphagia after anterior and posterior cervical
spine surgery. Clin Spine Surg. 2017, 30:E1306-14. 10.1097/BSD.0000000000000493

Qi M, Chen H, Liu Y, Zhang Y, Liang L, Yuan W: The use of a zero-profile device compared with an anterior
plate and cage in the treatment of patients with symptomatic cervical spondylosis: a preliminary clinical
investigation. Bone Joint J. 2013, 95-B:543-7. 10.1302/0301-620X.95B4.30992

2024 Ohana et al. Cureus 16(11): €74127. DOI 10.7759/cureus.74127

14 of 15


https://dx.doi.org/10.21037/jss.2017.08.03
https://dx.doi.org/10.1111/j.1600-0501.2009.01785.x
https://dx.doi.org/10.1111/j.1600-0501.2009.01785.x
https://dx.doi.org/10.1097/BRS.0000000000001284
https://dx.doi.org/10.1097/BRS.0000000000001284
https://dx.doi.org/10.1016/j.spinee.2014.03.030
https://dx.doi.org/10.1016/j.spinee.2014.03.030
https://dx.doi.org/10.1016/j.wneu.2011.07.004
https://dx.doi.org/10.1016/j.wneu.2011.07.004
https://dx.doi.org/10.1097/BRS.0b013e31822340f2
https://dx.doi.org/10.1097/BRS.0b013e31822340f2
https://dx.doi.org/10.1016/j.spinee.2012.03.024
https://dx.doi.org/10.1016/j.spinee.2012.03.024
https://dx.doi.org/10.1302/0301-620X.95B7.31029
https://dx.doi.org/10.1302/0301-620X.95B7.31029
https://discovery.ucl.ac.uk/id/eprint/10046891
https://dx.doi.org/10.1016/j.wneu.2010.05.034
https://dx.doi.org/10.1016/j.wneu.2010.05.034
https://dx.doi.org/10.1177/0194599813515414
https://dx.doi.org/10.1177/0194599813515414
https://dx.doi.org/10.1007/s00402-013-1773-y
https://dx.doi.org/10.1007/s00402-013-1773-y
https://journals.lww.com/spinejournal/abstract/2002/11150/incidence_of_dysphagia_after_anterior_cervical.7.aspx
https://journals.lww.com/spinejournal/abstract/2002/11150/incidence_of_dysphagia_after_anterior_cervical.7.aspx
https://dx.doi.org/10.1186/1471-2474-14-280
https://dx.doi.org/10.1186/1471-2474-14-280
https://dx.doi.org/10.1016/j.jocn.2011.02.033
https://dx.doi.org/10.1016/j.jocn.2011.02.033
https://dx.doi.org/10.1097/01.bsd.0000177211.44960.71
https://dx.doi.org/10.1097/01.bsd.0000177211.44960.71
https://dx.doi.org/10.1055/s-0033-1354253
https://dx.doi.org/10.1055/s-0033-1354253
https://dx.doi.org/10.1186/s12891-016-1274-6
https://dx.doi.org/10.1186/s12891-016-1274-6
https://dx.doi.org/10.1055/s-0035-1570089
https://dx.doi.org/10.1055/s-0035-1570089
https://dx.doi.org/10.1007/s00586-002-0495-6
https://dx.doi.org/10.1007/s00586-002-0495-6
https://dx.doi.org/10.1002/lary.23284
https://dx.doi.org/10.1002/lary.23284
https://dx.doi.org/10.1097/BRS.0b013e3181d81a96
https://dx.doi.org/10.1097/BRS.0b013e3181d81a96
https://dx.doi.org/10.1097/MD.0000000000006267
https://dx.doi.org/10.1097/MD.0000000000006267
https://dx.doi.org/10.1007/s00586-017-5311-4
https://dx.doi.org/10.1007/s00586-017-5311-4
https://dx.doi.org/10.1097/01.brs.0000129100.59913.ea
https://dx.doi.org/10.1097/01.brs.0000129100.59913.ea
https://dx.doi.org/10.1016/j.spinee.2021.02.011
https://dx.doi.org/10.1016/j.spinee.2021.02.011
https://dx.doi.org/10.3928/01477447-20150402-61
https://dx.doi.org/10.3928/01477447-20150402-61
https://dx.doi.org/10.1097/BSD.0000000000000493
https://dx.doi.org/10.1097/BSD.0000000000000493
https://dx.doi.org/10.1302/0301-620X.95B4.30992
https://dx.doi.org/10.1302/0301-620X.95B4.30992

Cureus

Part of SPRINGER NATURE

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Rihn JA, Kane ], Albert TJ, Vaccaro AR, Hilibrand AS: What is the incidence and severity of dysphagia after
anterior cervical surgery?. Clin Orthop Relat Res. 2011, 469:658-65. 10.1007/s11999-010-1731-8

Hu SS: Report on cardiovascular health and diseases in China 2021: an updated summary . ] Geriatr Cardiol.
2023, 20:399-430. 10.26599/1671-5411.2023.06.001

Park D, Arveschoug A, Wahlmeier S, Petersen-Fitts G, Zakko P: The effect of plate thickness on fusion,
complications, and outcomes in anterior cervical spine surgery. Cureus. 2023, 15:e41048.
10.7759/cureus.41048

Liu JJ, Kahrilas PJ, Li X, Maurer R, Carr-Locke DL, Saltzman JR : Suture location impacts clinical outcome for
endoscopic treatment of gastroesophageal reflux disease. Am ] Gastroenterol. 2005, 100:S30.

Ayazi S, Zheng P, Zaidi AH, et al.: Magnetic sphincter augmentation and postoperative dysphagia:
characterization, clinical risk factors, and management. ] Gastrointest Surg. 2020, 24:39-49.
10.1007/s11605-019-04331-9

Xue R, Ji ZY, Cheng XD, Zhang ZQ, Zhang F: Risk factors for dysphagia after anterior cervical discectomy
and fusion with the Zero-P implant system: a study with minimum of 2 years follow-up. Orthop Surg. 2022,
14:149-56. 10.1111/0s.13170

Brochier CW, Hugo FN, Rech RS, Baumgarten A, Hilgert JB: Influence of dental factors on oropharyngeal
dysphagia among recipients of long-term care. Gerodontology. 2018, 35:333-8. 10.1111/ger.12345

Luchini C: Assessing the quality of studies in meta-analyses: advantages and limitations of the Newcastle
Ottawa Scale. World ] Meta-Anal. 2017, 5:80-4.

Field AP, Gillett R: How to do a meta-analysis. Br ] Math Stat Psychol. 2010, 63:665-94.
10.1348/000711010X502733

Mathur MB, VanderWeele TJ: Sensitivity analysis for unmeasured confounding in meta-analyses. ] Am Stat
Assoc. 2020, 115:163-72. 10.1080/01621459.2018.1529598

Thorlund K, Imberger G, Johnston BC, et al.: Evolution of heterogeneity (I12) estimates and their 95%
confidence intervals in large meta-analyses. PLoS One. 2012, 7:e39471. 10.1371/journal.pone.0039471
Verma JP: Data Analysis in Management with SPSS Software . Springer, 2012.

Jang JW, Park JH, Rhim SC: Does plate profile affect postoperative dysphagia following anterior cervical
spine surgery?. | Clin Neurosci. 2014, 21:78-81. 10.1016/j.jocn.2013.01.030

Oh L: Dysphagia and Recurrent Laryngeal Nerve Injury in Anterior Cervical Discectomy and Fusion . UNSW,
Sydney; 2021.

Rapoff AJ, Conrad BP, Johnson WM, Cordista A, Rechtine GR: Load sharing in Premier and Zephir anterior
cervical plates. Spine. 2003, 28:2648-50. 10.1097/01.BRS.0000099387.37393.5F

Barnard JT, Cakir OO, Ralph D, Yafi FA: Technological advances in penile implant surgery. ] Sex Med. 2021,
18:1158-66. 10.1016/j.jsxm.2021.04.011

Aldahamsheh O, Alhammoud A, Halaygeh S, Jacobs WB, Thomas KC, Nicholls F, Evaniew N: Stand-alone
anchored spacer vs anterior plate construct in the management of adjacent segment disease after anterior
cervical discectomy and fusion: a systematic review and meta-analysis of comparative studies. Global Spine
J. 2024, 14:1038-51. 10.1177/21925682231201787

Shi S, Zheng S, Li XF, Yang LL, Liu ZD, Yuan W: Comparison of a stand-alone anchored spacer versus plate-
cage construct in the treatment of two noncontiguous levels of cervical spondylosis: a preliminary
investigation. World Neurosurg. 2016, 89:285-92. 10.1016/j.wneu.2016.02.009

Shi S, Liu ZD, Li XF, Qian L, Zhong GB, Chen FJ: Comparison of plate-cage construct and stand-alone
anchored spacer in the surgical treatment of three-level cervical spondylotic myelopathy: a preliminary
clinical study. Spine J. 2015, 15:1973-80. 10.1016/j.spinee.2015.04.024

Wu P, Yuan A, Min S, Shi B, Jin A: Comparison of the ROI-C cage and Zero-P device used in anterior cervical
discectomy and fusion: a minimum 2-year follow-up study [PREPRINT]. Res Sq. 2019,
10.21203/rs.2.12368/v1

ZhaoY, Yang S, Huo Y, Li Z, Yang D, Ding W: Locking stand-alone cage versus anterior plate construct in
anterior cervical discectomy and fusion: a systematic review and meta-analysis based on randomized
controlled trials. Eur Spine J. 2020, 29:2734-44. 10.1007/s00586-020-06561-x

Chen L, Liu D, Wang M, Huang Y, Chen Z: Anterior cervical discectomy and fusion with zero-profile
anchored spacer versus plate and cage for 3-level contiguous cervical degenerative disease: a systematic
review and meta-analysis. World Neurosurg. 2024, 190:228-39. 10.1016/j.wneu.2024.07.102

Yang H, Chen D, Wang X, Yang L, He H, Yuan W: Zero-profile integrated plate and spacer device reduces
rate of adjacent-level ossification development and dysphagia compared to ACDF with plating and cage
system. Arch Orthop Trauma Surg. 2015, 135:781-7. 10.1007/s00402-015-2212-z

Chen Y, Lii G, Wang B, Li L, Kuang L: A comparison of anterior cervical discectomy and fusion (ACDF) using
self-locking stand-alone polyetheretherketone (PEEK) cage with ACDF using cage and plate in the
treatment of three-level cervical degenerative spondylopathy: a retrospective study with 2-year follow-up.
Eur Spine J. 2016, 25:2255-62. 10.1007/500586-016-4391-x

Song KJ, Kim GH, Choi BY: Efficacy of PEEK cages and plate augmentation in three-level anterior cervical
fusion of elderly patients. Clin Orthop Surg. 2011, 3:9-15. 10.4055/cios.2011.3.1.9

Song KJ, Yoon SJ, Lee KB: Three- and four-level anterior cervical discectomy and fusion with a PEEK cage
and plate construct. Eur Spine J. 2012, 21:2492-7. 10.1007/s00586-012-2447-0

Chou YC, Chen DC, Hsieh WA, et al.: Efficacy of anterior cervical fusion: comparison of titanium cages,
polyetheretherketone (PEEK) cages and autogenous bone grafts. ] Clin Neurosci. 2008, 15:1240-5.
10.1016/j.jocn.2007.05.016

Li Z], Wang Y, Xu GJ, Tian P: Is PEEK cage better than titanium cage in anterior cervical discectomy and
fusion surgery? A meta-analysis. BMC Musculoskelet Disord. 2016, 17:379. 10.1186/512891-016-1234-1
Cernea CR: Pearls and Pitfalls in Head and Neck Surgery: Practical Tips to Minimize Complications . Claudio
RC, Fernando L, Dias D, et al. (ed): Karger, 2012.

Chen HC, Coskunfirat OK, Ozkan O, Mardini S, Cigna E, Salgado CJ, Spanio S: Guidelines for the
optimization of microsurgery in atherosclerotic patients. Microsurgery. 2006, 26:356-62.
10.1002/micr.20252

2024 Ohana et al. Cureus 16(11): €74127. DOI 10.7759/cureus.74127

150f 15


https://dx.doi.org/10.1007/s11999-010-1731-8
https://dx.doi.org/10.1007/s11999-010-1731-8
https://dx.doi.org/10.26599/1671-5411.2023.06.001
https://dx.doi.org/10.26599/1671-5411.2023.06.001
https://dx.doi.org/10.7759/cureus.41048
https://dx.doi.org/10.7759/cureus.41048
https://journals.lww.com/ajg/fulltext/2005/09001/Suture_Location_Impacts_Clinical_Outcome_for.23.aspx
https://dx.doi.org/10.1007/s11605-019-04331-9
https://dx.doi.org/10.1007/s11605-019-04331-9
https://dx.doi.org/10.1111/os.13170
https://dx.doi.org/10.1111/os.13170
https://dx.doi.org/10.1111/ger.12345
https://dx.doi.org/10.1111/ger.12345
https://www.wjgnet.com/2308-3840/full/v5/i4/80.htm
https://dx.doi.org/10.1348/000711010X502733
https://dx.doi.org/10.1348/000711010X502733
https://dx.doi.org/10.1080/01621459.2018.1529598
https://dx.doi.org/10.1080/01621459.2018.1529598
https://dx.doi.org/10.1371/journal.pone.0039471
https://dx.doi.org/10.1371/journal.pone.0039471
https://books.google.co.il/books?hl=en&lr=&id=fhcQRQAWmjgC&oi=fnd&pg=PR7&dq=Verma+JP.:+Data+analysis+in+management+with+SPSS+software.+2012.&ots=nPb9QCveY7&sig=UMrr38j_AWKH_uW89UBkRwPeRM8&redir_esc=y#v=onepage&q=Verma JP.%3A Data analysis in management with SPSS software. 2012.&f=false
https://dx.doi.org/10.1016/j.jocn.2013.01.030
https://dx.doi.org/10.1016/j.jocn.2013.01.030
http://hdl.handle.net/1959.4/100111
https://dx.doi.org/10.1097/01.BRS.0000099387.37393.3F
https://dx.doi.org/10.1097/01.BRS.0000099387.37393.3F
https://dx.doi.org/10.1016/j.jsxm.2021.04.011
https://dx.doi.org/10.1016/j.jsxm.2021.04.011
https://dx.doi.org/10.1177/21925682231201787
https://dx.doi.org/10.1177/21925682231201787
https://dx.doi.org/10.1016/j.wneu.2016.02.009
https://dx.doi.org/10.1016/j.wneu.2016.02.009
https://dx.doi.org/10.1016/j.spinee.2015.04.024
https://dx.doi.org/10.1016/j.spinee.2015.04.024
https://dx.doi.org/10.21203/rs.2.12368/v1
https://dx.doi.org/10.21203/rs.2.12368/v1
https://dx.doi.org/10.1007/s00586-020-06561-x
https://dx.doi.org/10.1007/s00586-020-06561-x
https://dx.doi.org/10.1016/j.wneu.2024.07.102
https://dx.doi.org/10.1016/j.wneu.2024.07.102
https://dx.doi.org/10.1007/s00402-015-2212-z
https://dx.doi.org/10.1007/s00402-015-2212-z
https://dx.doi.org/10.1007/s00586-016-4391-x
https://dx.doi.org/10.1007/s00586-016-4391-x
https://dx.doi.org/10.4055/cios.2011.3.1.9
https://dx.doi.org/10.4055/cios.2011.3.1.9
https://dx.doi.org/10.1007/s00586-012-2447-0
https://dx.doi.org/10.1007/s00586-012-2447-0
https://dx.doi.org/10.1016/j.jocn.2007.05.016
https://dx.doi.org/10.1016/j.jocn.2007.05.016
https://dx.doi.org/10.1186/s12891-016-1234-1
https://dx.doi.org/10.1186/s12891-016-1234-1
https://books.google.co.il/books?hl=en&lr=&id=H326HD-qguoC&oi=fnd&pg=PR1&dq=Cernea+CR.:+Pearls+and+pitfalls+in+head+and+neck+surgery:+practical+tips+to+minimize+complications.+2012.&ots=CfM1jTwyd-&sig=LzP41joNEbnYmNJRnsUXXfzf33Y&redir_esc=y#v=onepage&q=Cernea CR.%3A Pearls and pitfalls in head and neck surgery%3A practical tips to minimize complications. 2012.&f=false
https://dx.doi.org/10.1002/micr.20252
https://dx.doi.org/10.1002/micr.20252

	Reducing Dysphagia Following Anterior Cervical Spine Surgery: Insights From a Meta-Analysis
	Abstract
	Introduction And Background
	Review
	Study design
	Search strategy
	Inclusion and exclusion criteria
	Data extraction
	Quality assessment
	Statistical analysis
	Data management and reporting
	FIGURE 1: PRISMA flowchart

	Results
	TABLE 1: Overview of studies included in meta-analysis on dysphagia in anterior cervical spine surgery
	FIGURE 2: Risk of bias assessment for included studies
	TABLE 2: Summary of study characteristics, risk of bias scores, and quality categories
	TABLE 3: Incidence of dysphagia, adjusted risk ratios, and confidence intervals across various studies involving motion segment involvement in cervical spine surgery
	FIGURE 3: Comparison of weighted risk ratios for dysphagia by implant type in cervical spine surgery
	FIGURE 4: Comparison of pooled risk ratios for dysphagia by surgical and implant variables in cervical spine surgery
	TABLE 4: Comparison of implant types used in anterior cervical spine surgery and their associated risks of postoperative dysphagia, preventable risk factors, and recommended preventative measures
	TABLE 5: Subgroup analysis of surgical variables and their associated risks in anterior cervical spine surgery: pooled risk ratios, confidence intervals, statistical significance, and heterogeneity

	Discussion

	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


