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Background: Although dysphagia is a common complication after anterior cervical decompression and fusion, important risk
factors have not been rigorously evaluated. Furthermore, the impact of dysphagia on neurological and quality-of-life outcomes is
not fully understood. The aim of this study was to determine the prevalence of and risk factors for dysphagia, and the impact of
this complication on short and long-term clinical outcomes, in patients treated with anterior cervical decompression and fusion.
Methods: Four hundred and seventy patients undergoing a 1-stage anterior or 2-stage anteroposterior cervical decompression and fusion were enrolled in the prospective AOSpine CSM (Cervical Spondylotic Myelopathy) North America or International
study at 26 global sites. Logistic regression analyses were conducted to determine important clinical and surgical predictors of
perioperative dysphagia. Preoperatively and at each follow-up visit, patients were evaluated using the modiﬁed Japanese
Orthopaedic Association scale (mJOA), Nurick score, Neck Disability Index (NDI), and Short Form-36 Health Survey (SF-36). A
2-way repeated-measures analysis of covariance was used to evaluate differences in outcomes at 6 and 24 months between
patients with and those without dysphagia, while controlling for relevant baseline characteristics and surgical factors.
Results: The overall prevalence of dysphagia was 6.2%. Bivariate analysis showed the major risk factors for perioperative dysphagia to be a higher comorbidity score, older age, a cardiovascular or endocrine disorder, a lower SF-36 Physical
Component Summary score, 2-stage surgery, and a greater number of decompressed levels. Multivariable analysis
showed patients to be at an increased risk of perioperative dysphagia if they had an endocrine disorder, a greater number
of decompressed segments, or 2-stage surgery. Both short and long-term improvements in functional, disability, and qualityof-life scores were comparable between patients with and those without dysphagia.
Conclusions: The most important predictors of dysphagia are an endocrine disorder, a greater number of decompressed
levels, and 2-stage surgery. At the time of both short and long-term follow-up, patients with perioperative dysphagia exhibited
improvements in functional, disability, and quality-of life scores that were similar to those of patients without dysphagia.
Level of Evidence: Therapeutic Level III. See Instructions for Authors for a complete description of levels of evidence.
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A

nterior cervical decompression and fusion, a standard
procedure for the treatment of degenerative cervical myelopathy, often results in signiﬁcant improvements in clinical outcomes1,2. However, patients can experience undesirable

perioperative complications, including difﬁculty or discomfort in
swallowing known as dysphagia3. Reported rates of dysphagia vary
substantially from 2% to 83% and depend on study design, sample
size, method of data collection, and deﬁnition4-24. There is a trend
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TABLE I Description of Clinical and Surgical Variables Assessed as Possible Predictors of Dysphagia
Variable
Age (by decade)

Description
Age in years at time of surgery

Baseline severity scores (continuous)
mJOA

Investigator-administered degenerative cervical myelopathy-speciﬁc index used to separately
evaluate upper and lower-extremity motor, sensory, and bladder function (scale of 0 to 18, with
18 indicating normal)

Nurick

Investigator-administered degenerative cervical myelopathy-speciﬁc index used to assess
myelopathy severity (scale of 0 to 6, with 0 indicating normal)

NDI

Patient-reported outcome measure with 10 subscales (pain intensity, personal care, lifting,
reading, headaches, concentration, work, driving, sleeping, and recreation) (scale of 0 to 100,
with 0 indicating normal)

SF-36

Patient-reported outcome measure that incorporates physical and mental components (the
lower the score, the greater the disability)

BMI (continuous)

Mass (kg)/height (m2)

Duration of symptoms (5 categories)

No. of months between onset of symptoms and surgical intervention, divided into 5 categories:
£3, >3 to £6, >6 to £12, >12 to £24, and >24

Comorbidities (present/absent)

Categorized as cardiovascular, respiratory, gastrointestinal, endocrine, psychiatric,
rheumatologic, or neurological

Comorbidity score (continuous)

Patient was assigned a disease-severity grade (1 = mild, 2 = moderate, and 3 = severe
decompensation) for each comorbidity category, and the grades were summated across all
comorbidity categories. If severity was unknown for a particular comorbidity, a “1” was
designated

Ossiﬁcation of posterior longitudinal
ligament (present/absent)

Determined with magnetic resonance imaging or computed tomography scan

Operative duration (15-min increments)

Time from incision to closure

No. of decompressed levels (continuous)

No. of cervical levels decompressed by surgery

No. of surgical stages (1 or 2)

1-stage (anterior) or 2-stage (anterior and posterior) surgery

Operation at C4 and/or above

Surgery that included decompression at C4 and/or C3, C2, or C1 (as opposed to C5, C6, and/
or C7)

toward higher rates of dysphagia within the ﬁrst month following
surgery, which decrease postoperatively over time4,11,13,14,16,18,21.
In other ﬁelds, such as cardiac and otolaryngological surgery, postoperative dysphagia can cause malnutrition, delay patient recovery, and increase the risk of aspiration pneumonia and
mortality 25-27. Furthermore, prolonged dysphagia may impair
quality of life, result in social isolation, and cause anxiety and
depression28,29. In contrast to the amount of evidence regarding
dysphagia in other surgical specialties, only a limited number of
studies have explored the impact of postoperative dysphagia on
outcomes following anterior cervical decompression and fusion19.
Several studies have identiﬁed important predictors of
dysphagia following anterior cervical surgery, including sex,
age, smoking status, comorbidities, and surgical characteristics4-6,10,14,17-21,23,24,30,31. Thicker implants13 and longer retraction
time30 have also been associated with a higher risk of dysphagia.
However, as a result of small sample sizes and the retrospective nature
of these studies, it is difﬁcult to draw ﬁrm conclusions about the most
important risk factors for dysphagia after anterior cervical surgery.
It was therefore the objective of this study to evaluate
important predictors of dysphagia after anterior cervical surgery and to examine the impact of postoperative dysphagia on

functional recovery, disability, and quality-of-life outcomes in
the short and long term.
Materials and Methods
Study Design and Setting

T

he AOSpine CSM (Cervical Spondylotic Myelopathy) North America
(ClinicalTrials.gov NCT00285337) and CSM International (ClinicalTrials.gov
NCT00565734) studies were both prospective, multicenter cohort studies conducted under the same investigational protocol. Data were contributed from 26 sites,
including 12 in North America, 6 in Asia and the Paciﬁc, 5 in Europe, and 3 in Latin
America. Investigators were either neurosurgeons or orthopaedic spine surgeons.

Subjects
Study inclusion criteria were (1) an age of 18 years or older, (2) symptomatic
degenerative cervical myelopathy with at least 1 clinical sign of myelopathy, (3)
imaging evidence of cervical cord compression, and (4) no previous cervical
spine surgery. Patients were excluded if they were asymptomatic or were diagnosed with active infection, neoplastic disease, rheumatoid arthritis, ankylosing spondylitis, or concomitant lumbar stenosis.

Data Collection
Extensive data were collected for each participating subject, including demographic information, causative pathological condition, medical history, symptoms,
and surgical details. Functional impairment was evaluated preoperatively and at 6,
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TABLE II General Demographic and Surgical Characteristics of All 470 Patients
Variable

Median (IQR) or Percentage

General demographic
Age* (yr)

53.0 (16.0)

Male sex (%)
BMI* (n = 468) (kg/m2)

59.6
26.5 (6.4)

Duration of symptoms* (mo)

12.0 (18.0)

Smoker (%)

28.7

Baseline scores*
mJOA
Nurick

13.0 (4.0)
3.0 (2.0)

NDI (n = 408)

38.0 (29.5)

SF-36 PCS (n = 455)
SF-36 MCS (n = 455)

34.0 (13.3)
39.2 (19.5)

Comorbidities (%)

61.1

Cardiovascular

40.2

Respiratory

10.2

Gastrointestinal

18.3

Endocrine

17.9

Psychiatric

14.5

Rheumatologic
Neurological
Comorbidity score*

4.0
6.2
1.0 (2.0)

Diagnosis (%)
Spondylosis

70.2

Disc herniation

83.0

Ossiﬁcation of posterior longitudinal ligament

21.1

Hypertrophy of ligamentum ﬂavum

11.5

Subluxation
Surgical
2-stage anterior and posterior surgery (%)

3.8
4.9

Anterior surgery (n = 441) (%)
Discectomy
Corpectomy
Discectomy and corpectomy
Operative duration* (min)
No. of decompressed levels*
Operation at C4 and/or above (%)

79.6
3.0
17.5
164.0 (100.5)
3.0 (2.0)
58.1

*The values are given as the median with the IQR in parentheses.

12, and 24 months postoperatively using the modiﬁed Japanese Orthopaedic Association (mJOA) and Nurick scores. Disability and quality of life were measured
with the Neck Disability Index (NDI) and version 2 of the Short Form-36 (SF-36),
respectively. The reported minimum clinically important difference is 7.5 for the
32
NDI, 4.1 for the SF-36 version-2 Physical Component Summary (PCS) score , 5.7
33
for the SF-36 version-2 Mental Component Summary (MCS) score , and 1.11 for
34
the mJOA . Table I summarizes the variables that were evaluated in this study to
determine whether they were predictors of dysphagia.

Perioperative Dysphagia
Investigators and research coordinators were required to record all adverse events.
Surgeons could select from a list of anticipated complications or specify the

adverse event in an “other” text box. At each follow-up visit (before discharge and
at 6, 12, and 24 months postoperatively), the investigator evaluated the patient for
each complication on the list as well as any other adverse event. Dysphagia was
included in the list of possible complications and was deﬁned as “patient-reported
difﬁculty regarding liquid or solid deglutition.” The diagnosis of dysphagia was
based on information volunteered by the patient or on the observations of the
investigator. Subjects were encouraged to report complications occurring at any
time during the study follow-up period. In addition, at each visit, the patient was
asked whether he or she had consulted another physician since the last study visit;
if necessary, efforts were made to obtain additional information on putative
complications from the patient’s family doctor. The time from surgery to the
diagnosis of dysphagia was recorded. The severity of the dysphagia was assessed
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TABLE III Data on Patients with Dysphagia After Anterior Cervical Surgery

Case

Onset After
Surgery (days)

Severity of
Dysphagia

Duration of
Symptoms*

1

0

Mild

NA

Continuing

2

2

Mild

NA

Continuing

None

3

1

Mild

9 days

Resolved, no residual symptoms

None

4

1

Mild

4 days

Resolved, no residual symptoms

None

5

1

Mild

6 mo

Resolved, no residual symptoms

None

6

1

Mild

NA

Continuing

None

7

12

Mild

NA

Continuing

None

8

1

Severe

2 days

Resolved, no residual symptoms

None

9

2

Mild

NA

Continuing

None

10

0

Mild

7 days

Resolved, residual symptoms

None

11

1

Severe

7 mo

Resolved, no residual symptoms

None

12

1

Mild

5 days

Resolved, no residual symptoms

None

13

0

Mild

3 days

Resolved, no residual symptoms

None

14

4

Mild

2 days

Resolved, no residual symptoms

None

15

0

Moderate

3.5 mo

Resolved, no residual symptoms

Nonoperative

16

1

Moderate

12 mo

Resolved, no residual symptoms

Nonoperative

17

0

Mild

2.5 mo

Resolved, no residual symptoms

Nonoperative

18

0

Mild

9 days

Resolved, no residual symptoms

Nonoperative

19

3

Mild

5.5 mo

Resolved, residual symptoms

None

20

0

Mild

2 days

Resolved, no residual symptoms

Nonoperative

21

0

Moderate

NA

Continuing

Nonoperative

22

4

Mild

10 days

Resolved, no residual symptoms

Nonoperative

23

3

Mild

NA

Continuing

Nonoperative

24

1

Mild

1 day

Resolved, residual symptoms

Nonoperative

25

14

Mild

NA

Continuing

Nonoperative

26

3

Moderate

12 mo

Resolved, no residual symptoms

Nonoperative

27

2

Mild

14 days

Resolved, no residual symptoms

Nonoperative

28

3

Mild

1 day

Resolved, no residual symptoms

Nonoperative

29

5

Mild

Unknown

Resolved, no residual symptoms

Nonoperative

Status of Dysphagia at Follow-up

Treatment
None

*NA = not applicable.

qualitatively by each investigator as mild, moderate, or severe. All adverse events
were processed at a central data management center and were classiﬁed, by a panel
of adjudicators, as being related to degenerative cervical myelopathy, related
to surgery, or unrelated. Perioperative dysphagia was deﬁned as surgery-related
dysphagia occurring within 30 days after the surgery. Results from swallowing
studies or from assessments by speech language pathologists were not available.

Statistical Analysis
Medians and interquartile ranges [IQRs] or means and standard deviations
(SDs) were used to describe distributions for continuous variables, and proportions were used to summarize categorical variables.
Logistic regression analyses were performed to determine the association between various clinical and surgical factors and perioperative dysphagia.
Factors that yielded a p value of £0.20 in bivariate analyses were explored in
multivariable models. It was decided that variables that yielded a p value of
>0.20 but were considered clinically important would also be evaluated in
multivariable analysis; however, there were no such variables.

Collinearity of predictors was assessed by calculating tolerance. Multivariable logistic regression analysis was used to determine the best combination
of surgical and clinical predictors. Predictors were included in the ﬁnal model if
they (1) were signiﬁcant (p < 0.05), (2) were deemed clinically important, and/
or (3) contributed to the overall predictive performance. A limited number of
predictors was included in the ﬁnal model to prevent overﬁtting.
Of the 470 subjects, 403 (85.7%) had 6-month mJOA follow-up data and
350 patients (74.5%) had 24-month mJOA follow-up data. Missing follow-up data
(at 6 and/or 24 months) were assumed to be missing at random and were imputed
using a multiple imputation procedure (Markov chain Monte Carlo method with
multiple chains and full imputation; covariates included in this procedure were age,
sex, smoking status, levels of the operation, and type of procedure). Ten multiple
sets were created and analyzed.
A mixed model resembling 2-way repeated-measures analysis of covariance was used to compare outcomes between patients with and those
without perioperative dysphagia. In all analyses, the independent variable was
dysphagia. The dependent variables were the change in functional impairment
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TABLE IV Bivariate Analysis: Clinical and Surgical Predictors of Dysphagia
Variable

OR

95% CI

P Value*

Age (per decade increase)

1.71

1.22, 2.41

0.002

Sex (ref. = male)
BMI

0.65
1.02

0.29, 1.45
0.95, 1.08

0.291
0.631

Clinical

Duration of symptoms†

1.11

0.84, 1.46

0.452

Smoker (ref. = non-smoker)

1.56

0.72, 3.40

0.261

mJOA

0.90

0.78, 1.02

0.111

Nurick

1.12

0.80, 1.58

0.511

NDI

1.01

0.99, 1.03

0.187

SF-36 PCS
SF-36 MCS

0.95
1.00

0.91, 0.99
0.97, 1.03

0.026
0.955

Ossiﬁcation of posterior longitudinal ligament (ref. = other forms
of degenerative cervical myelopathy)

0.98

0.39, 2.47

0.960

Comorbidities (ref. = absence)

0.098

Baseline myelopathy severity

2.09

0.87, 4.99

Cardiovascular

2.58

1.19, 5.60

0.016

Respiratory

1.02

0.30, 3.49

0.981

Gastrointestinal
Endocrine

2.13
4.23

0.93, 4.85
1.95, 9.19

0.073
<0.001

Psychiatric

0.67

0.20, 2.27

0.517

Rheumatologic

1.85

0.41, 8.41

0.427

Neurological

1.84

0.52, 6.49

0.342

Comorbidity score

1.29

1.10, 1.51

0.002

Surgical
No. of surgical stages (ref. = 1 stage)

6.51

2.34, 18.06

<0.001

Operative duration (per 15-min increase)

1.05

0.99, 1.15

0.083

Corpectomy 1 discectomy (ref. = corpectomy or discectomy)
No. of decompressed levels

0.74
1.82

0.21, 2.55
1.24, 2.66

0.630
0.002

Operation at C4 and/or above (ref. = no operation at C4 and/or above)

0.84

0.38, 1.86

0.663

*P values indicating signiﬁcance (<0.05) are bolded. †See Table I for duration-of-symptoms categories.

(mJOA and Nurick scores), disability (NDI score), and quality of life (SF-36
PCS and MCS scores) between baseline and 6 or 24 months following surgery.
We ﬁrst created unadjusted mixed models between dysphagia and the outcome
of interest (adjusting only for the baseline value of the analyzed outcome) and
then developed an adjusted model that controlled for the baseline value of the
analyzed outcome, endocrine and cardiovascular comorbidities, surgical factors, age, sex, and body mass index (BMI).

Results
Participants
etween December 2005 and September 2007, 278 patients
were enrolled in the AOSpine CSM North America study
from 12 North American sites. An additional 479 subjects participated in the CSM International study between October 2008
and January 2011 at 16 global sites. Of these 757 patients, 470 who
underwent either an anterior or a 2-stage circumferential cervical
decompression and fusion were included in the present analysis.
Our study included 280 men (59.6%) and 190 women
(40.4%), with ages ranging from 21 to 87 years (median, 53.0

B

years). The patients had a wide range of preoperative functional
impairment (mJOA scores ranging from 4 to 18 and Nurick
scores ranging from 0 to 6), disability (NDI ranging from 0 to
100), and reduction in quality of life (SF-36 PCS scores ranging
from 10.8 to 68.2 and SF-36 MCS scores ranging from 9.7 to
75.6). One or more comorbidities were diagnosed before the

TABLE V Multivariable Analysis: Predictors of Dysphagia
Predictor

OR

95% CI

P Value

Endocrine disorders
(ref. = absence)

3.69

1.66, 8.19

0.001

No. of decompressed
levels

1.52

1.00, 2.32

0.050

Number of stages
(ref. = 1 stage)

3.42

1.08, 10.88

0.037
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TABLE VI Results of Unadjusted and Adjusted Analyses of Functional, Disability, and Quality-of-Life Scores at 6 and 24 Months Following Surgery
Mean Change in Score (95% CI) Between Preoperative
and Follow-up Visits
No Dysphagia

Dysphagia

P Value

6 mo*
Unadjusted†
DmJOA

2.2 (2.0, 2.4)

1.4 (0.6, 2.3)

0.059

DNurick

1.3 (1.2, 1.5)

1.0 (0.5, 1.6)

0.210
0.392

DNDI

11.6 (10.0, 13.3)

9.2 (2.5, 15.9)

DSF-36 PCS

6.2 (5.3, 7.1)

3.4 (20.4, 7.1)

0.089

DSF-36 MCS

5.9 (4.7, 7.0)

4.5 (20.0, 9.0)

0.482

1.9 (1.4, 2.4)
1.2 (0.9, 1.5)

1.4 (0.4, 2.3)
1.1 (0.5, 1.7)

0.206
0.547
0.547

Adjusted‡
DmJOA
DNurick
DNDI

9.2 (5.3, 13.0)

7.7 (0.5, 14.9)

DSF-36 PCS

5.2 (3.2, 7.2)

3.6 (20.3, 7.6)

0.316

DSF-36 MCS

6.0 (3.2, 8.9)

4.8 (20.2, 9.8)

0.504

24 mo§
Unadjusted†
DmJOA

2.7 (2.5, 3.0)

2.2 (1.3, 3.2)

0.291

DNurick

1.6 (1.4, 1.7)

1.5 (1.0, 2.1)

0.699

13.1 (11.2, 15.1)

13.9 (6.6, 21.1)

0.612

4.1 (0.3, 7.9)
4.4 (21.0, 9.8)

0.150
0.442

DNDI
DSF-36 PCS
DSF-36 MCS

6.7 (5.8, 7.7)
5.6 (4.4, 6.9)

Adjusted‡
DmJOA

2.4 (1.9, 2.9)

2.2 (1.2, 3.2)

0.599

DNurick

1.4 (1.1, 1.8)

1.6 (1.0, 2.2)

0.505

DNDI

10.7 (6.5, 14.8)

12.4 (4.6, 20.1)

0.527

DSF-36 PCS

5.8 (3.8, 7.8)

4.3 (0.3, 8.3)

0.401

DSF-36 MCS

5.8 (2.8, 8.8)

4.6 (21.2, 10.5)

0.492

*D = difference in scores between the preoperative and 6-month postoperative visits. †Controlled for the baseline value of the analyzed outcome.
‡Controlled for the baseline value of the analyzed outcome, severity, age, number of surgical stages, number of decompressed levels, endocrine
and cardiovascular comorbidities, BMI, and sex. §D = difference in scores between the preoperative and 24-month postoperative visits.

surgery in 61.1% of the patients, with cardiovascular disorders
being the most common (40.2%) (Table II).
Four hundred and forty-seven (95.1%) of the patients
underwent a 1-stage anterior procedure, whereas 2-stage circumferential surgery was performed in 4.9% of the sample.
The median operative duration was 164.0 minutes (IQR =
100.5), and the median number of decompressed segments was
3.0 (IQR = 2.0). The operation was performed at C4 and/or
above in 58.1% of the patients (Table II).

severe symptoms. All of the patients with dysphagia received either
no treatment (n = 15) or nonoperative treatment consisting of diet
modiﬁcation and/or concomitant medication (n = 14). No patient
required tube feeding. By the last follow-up evaluation, the dysphagia had resolved in 21 patients (18 with and 3 without residual
symptoms) from 1 day to 1 year (mean, 76.7 ± 119.2 days) after the
surgery and continued in 8 patients (Table III).
Bivariate Analysis
Clinical Predictors of Dysphagia

Prevalence of Perioperative Dysphagia
Twenty-nine patients (6.2%) experienced dysphagia within 30 days
after the surgery. Eight (27.5%) of the 29 experienced symptoms
of dysphagia on the day of surgery; 19 (65.5%), within 5 days; and
2 (6.9%), between 6 and 30 days after the surgery (mean, 2.3 ± 3.3
days). Twenty-three patients (79.3%) presented with mild dysphagia; 4 (13.8%), with moderate symptoms; and 2 (6.9%), with

Patients with dysphagia were on average older (59.0 ± 13.0 years)
than patients who did not experience dysphagia (52.9 ± 11.1
years) (odds ratio [OR] per decade increase = 1.71, p = 0.002).
The risk of dysphagia was not increased by either a higher BMI
(p = 0.631) or a longer duration of symptoms (p = 0.452). There
also were no signiﬁcant differences in the mean preoperative
mJOA, Nurick, NDI, or SF-36 MCS scores between the patients
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with and those without perioperative dysphagia. However, the
mean preoperative SF-36 PCS score was signiﬁcantly lower in
patients who developed dysphagia (31.0 ± 8.2) than in those who
did not (35.0 ± 9.2) (OR = 0.95, p = 0.026). Perioperative dysphagia was associated with a higher comorbidity score (OR =
1.29, p = 0.002) and a cardiovascular (OR = 2.58, p = 0.016) or
endocrine (OR = 4.23, p < 0.001) disorder (Table IV).
Surgical Predictors of Dysphagia

There was a signiﬁcant difference in the rate of dysphagia between patients treated with a single anterior procedure (n = 23,
5.1%) and those treated with 2-stage anteroposterior surgery
(n = 6, 26.1%) (OR [reference, 1-stage procedure] = 6.51, p <
0.001). A greater number of decompressed levels was also associated with dysphagia (OR = 1.82, p = 0.002). Patients who
experienced dysphagia in the perioperative period had a longer
mean operative duration (205.5 ± 125.5 minutes) than patients
who did not (178.0 ± 78.1 minutes), although this relationship
did not reach signiﬁcance (p = 0.083) (Table IV).
Multivariable Analysis
All variables that yielded a p value of £0.2 in the bivariate analyses
were evaluated in multivariable analysis. Factors with a p value of
>0.2 were not deemed clinically important enough in this context
to warrant further investigation. According to the ﬁnal model,
patients had a higher likelihood of perioperative dysphagia if they
had a concomitant endocrine disorder (primarily diabetes
melltianitus) (OR [reference, no endocrine disorder] = 3.69, p =
0.001), a greater number of decompressed segments (OR = 1.52,
p = 0.050), or 2-stage surgery (OR [reference, 1-stage] = 3.42, p =
0.037) (Table V). The area under the receiver operating characteristic curve was 0.74 (95% conﬁdence interval [CI] = 0.64 to
0.83), indicating good model performance.
Functional and Quality-of-Life Outcomes
Patients without dysphagia demonstrated clinically meaningful
improvements in functional, disability, and quality-of-life clinical
outcomes at 6 months following surgery (p < 0.0001 across all
outcome measures). In contrast, patients who developed dysphagia in the perioperative period did not exhibit clinically meaningful
improvements in the SF-36 MCS score (mean improvement = 4.5,
95% CI = 20.0 to 9.0) or SF-36 PCS score (3.4, 95% CI = 20.4
to 7.1). However, at 6 and 24 months, there were no signiﬁcant
differences in the improvements in functional, disability, or qualityof-life incomes between the patients with and those without
dysphagia. The results were similar following adjustment for
important surgical and baseline characteristics (Table VI).
Discussion
his is the largest prospective analysis of the effect of dysphagia on the surgical outcomes of anterior cervical decompression and fusion and important risk factors for this
complication. The overall prevalence of dysphagia was 6.2%
after 1-stage or 2-stage surgery. This is relatively low compared
with previously reported rates4,15,21. However, differences in
frequencies across studies can be attributed to variations in
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deﬁnitions and methods of diagnosis. In our study, the diagnosis of dysphagia was based on patient reports of difﬁculty or
discomfort with swallowing, and not on objective radiographic
examination or a dysphagia grading system as used in other
studies4,15,21, and that may explain the low prevalence in our
sample. Variability in rates of dysphagia across studies highlights a major knowledge gap in the literature; speciﬁcally, there
are currently no standardized deﬁnitions or strategies for diagnosing complications of anterior cervical surgery, including
dysphagia. Additional research should be conducted to establish universally accepted criteria to classify these complications.
In this study, both short-term and long-term improvements in functional, disability, and quality-of-life scores were
comparable between patients with and those without dysphagia.
Patients with dysphagia, however, did not exhibit clinically
meaningful improvements32,33,35 in SF-36 MCS and PCS scores at
6 months. Patients in both groups continued to improve over
time and demonstrated greater change scores at 24 months than
at 6 months. These results indicate that dysphagia does not affect
short or long-term clinical, disability, or quality-of-life outcomes.
This is probably because most patients in our study had mild
perioperative dysphagia that resolved by the ﬁrst follow-up visit.
Dysphagia can result in anxiety when eating, depression,
isolation, and decreased socialization, all of which can severely
impair activities of daily living. Since many social events involve
eating, individuals who are disabled in this regard tend to feel
isolated and may ultimately experience anxiety and depression28. Furthermore, patients who experience dysphagia may be
initially dissatisﬁed with the result of the surgery, especially if
they were not informed preoperatively about the possibility of
this complication and its consequences. It is therefore essential
for clinicians to educate patients about their risk of dysphagia
and its impact on their initial quality of life.
Previous studies have indicated that the rate of postoperative
dysphagia decreases with time following the surgery4,13,14. Although
we did not investigate the effects of prolonged dysphagia, we did
ﬁnd that functional impairment, disability, and quality-of-life
scores improved steadily over time in patients with this complication. In contrast to our results, Riley et al. reported that dysphagia
caused an overall reduction in patients’ quality of life that persisted
until 24 months postoperatively19. However, our analysis (a 2-way
repeated-measures analysis of covariance that adjusted for variations in baseline characteristics and surgical factors) was more
rigorous than that used by Riley et al. Moreover, in contrast to those
authors, we only considered cases of dysphagia that developed in
the perioperative period (within 30 days after the surgery) and we
examined both quality-of-life and functional outcomes, including
the mJOA, Nurick, NDI, and SF-36 scores (as opposed to only the
SF-36 and Oswestry Neck Disability Questionnaire). The results
from our study are therefore more universal and generalizable.
The most common causes of surgical dysphagia are direct or indirect injury to the superior or recurrent laryngeal
nerve and prevertebral or pharyngeal swelling. Furthermore,
patients with preclinical dysphagia (i.e., abnormalities with
swallowing that they themselves have not yet detected) before
the operation have an increased risk of experiencing symptoms
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of swallowing dysfunction following the surgery. Interestingly,
in a barium swallowing study by Frempong-Boadu et al.9, 66%
of patients with myelopathy demonstrated radiographic evidence of swallowing abnormalities preoperatively but did not
report any symptoms of dysphagia. Potential explanations for
this association include (1) older patients, such as those with
degenerative cervical myelopathy, have a decreased sensitivity
in the pharyngeal and supraglottic area or (2) cord compression could interfere with the preganglionic, sympathetic outﬂow or spinal afferents. Because a high proportion of patients
with myelopathy may have preclinical dysphagia, there may be
a need to better evaluate dysphagia preoperatively, especially in
patients with multilevel severe degeneration or diabetes9.
Our study indicated that the major predictors of dysphagia
are endocrine disorders (primarily diabetes mellitus), a greater
number of decompressed levels, and 2-stage surgery. During an
anterior cervical decompression and fusion procedure, retraction
of the larynx may compress the recurrent laryngeal nerve between the endotracheal tube and the retracted larynx and cause
postoperative neuropathy36. Patients with diabetes may present
with preoperative neuropathy mainly in the autonomic neurons,
and the fragile laryngeal nerves could be further damaged by the
surgical procedure, resulting in swallowing dysfunction. These
patients should be evaluated for preclinical dysphagia, and preventative intraoperative strategies should be implemented. In
contrast to our results, no association between diabetes mellitus
and dysphagia was reported in 2 previous studies of patients treated
with anterior cervical decompression and fusion9,21. However,
those analyses included far fewer patients than were evaluated in
our study, and their statistical power was limited.
Combined anterior and posterior surgery was also a
signiﬁcant predictor of postoperative dysphagia. Two-stage
operations often require posterior ﬁxation, can restore cervical
alignment, and are typically used in patients with more complex pathological conditions. Chen et al. reported that increased correction of C2-C7 lordosis with 2-stage surgery was a
signiﬁcant predictor of postoperative dysphagia5. In a study by
Tian and Yu, all patients who experienced dysphagia had had at
least a 5° correction of the C2-C7 angle37. Although we did not
evaluate preoperative and postoperative images in our study,
excessive alignment correction could increase the risk of this
complication. Potential explanations include direct stretching
of the esophagus and compression of the pharyngeal wall by the
anterior surface of the cervical spine. Anteroposterior surgery
may also be a surrogate for increased degeneration, greater
surgical invasiveness, and increased soft-tissue swelling. Since
soft-tissue swelling is often a cause of acute postoperative dysphagia9,38, 2-stage surgery increases the risk of experiencing this
complication. However, given the small number of patients
who underwent 2-stage surgery in our study, future studies are
required to conﬁrm this association.
Our analysis conﬁrmed the association, found in several
other studies4,5,9,14,19,20, between the number of surgical levels and
postoperative dysphagia. A greater number of decompressed
segments is often associated with a longer operation, increased
tissue and nerve compromise, and postoperative edema.
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This study has limitations. First, the diagnosis of dysphagia
was based on patient-reported difﬁculty swallowing, and its severity was qualiﬁed by individual investigators without speciﬁc
criteria. Previous reports have indicated that rates may vary substantially based on study design (prospective versus retrospective),
methods of data collection (by a research coordinator, by the
surgeon, or via patient report), and deﬁnitions4-24. The prevalence
of dysphagia may have been low in our study because patients had
to volunteer that they had difﬁculty swallowing; however, we encouraged subjects to report any adverse event throughout the study
period. Second, we only reported on dysphagia within 30 days
postoperatively and did not consider patients who developed
dysphagia at a later time point in the study. Furthermore, our study
protocol did not require patients to be evaluated between discharge
and 30 days after the surgery; as a result, some cases of perioperative dysphagia may have been missed. Other speciﬁcations in the
protocol, however, ensured that adverse events were collected as
meticulously and thoroughly as possible. Third, there was no
standardized surgical protocol; decisions regarding surgical technique were left to the discretion of the attending surgeon. Despite
these limitations, this study presents important information on key
risk factors for dysphagia and the impact of dysphagia on functional, disability, and quality-of-life outcomes.
In conclusion, the most important predictors of dysphagia were endocrine disorders (primarily diabetes mellitus),
a greater number of decompressed levels, and a 2-stage anteroposterior procedure. The short-term and long-term improvements in the functional, disability, and quality-of-life scores of
patients with postoperative dysphagia were similar those of patients without dysphagia. n
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