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Background: Dysphagia and dysphonia are the most common postoperative complications following anterior cervical
discectomy and fusion (ACDF). Although most postoperative dysphagia is mild and transient, severe dysphagia can have
profound effects on overall patient health and on surgical outcomes. The purpose of this study was to compare the efficacy
of local to intravenous (IV) steroid administration during ACDF on postoperative dysphagia and dysphonia.

Methods: This was a single-blinded, prospective, randomized clinical trial. Seventy-five patients undergoing ACDF with
cervical plating were randomized into 3 groups: control (no steroid), IV steroid (10 mg of IV dexamethasone at the time of
closure), or local steroid (40 mg of local triamcinolone). Patient-reported outcome measures (PROMs) were collected for
dysphagia, dysphonia, and neck pain postoperatively for 1 year.

Results: Patient demographics were similar. Postoperative day 1 PROMs showed significantly lower scores for dys-
phonia (p= 0.015) and neck pain (p= 0.034) in the local steroid group. At 2 weeks postoperatively, the local steroid cohort
showed significantly decreased prevalence of severe dysphagia (Eating Assessment Tool-10 [EAT-10], severe dysphagia,
p = 0.027) compared with the control and IV steroid groups. Both steroid groups had significantly less severe dysphagia
when compared with the control group at the 6-week and 3-month time points. At 1 year postoperatively, both steroid
groups had significantly reduced dysphagia rates (p = 0.014) compared with the control group.

Conclusions: Both local and IV steroid administration after cervical plating in ACDF yielded better PROMs for
dysphagia compared with a control group. This finding is particularly evident in the reduced number of patients who
reported severe dysphagia symptoms following ACDF with local steroid application within the first 2 postoperative
weeks. Future studies should attempt to stratify dysphagia severity when reporting outcomes related to anterior
cervical spine surgery.

Level of Evidence: Therapeutic Level I. See Instructions for Authors for a complete description of levels of evidence.

D
ysphagia and dysphonia are the most common post-
operative complications following anterior cervical
discectomy and fusion (ACDF)1,2. While most post-

operative dysphagia is mild and transient, severe dysphagia can
have profound effects on the overall health of the patient and
on surgical outcomes. Severe dysphagia places the patient at
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relationship in the biomedical arena outside the submitted work (http://links.lww.com/JBJS/E887).

1461

COPYRIGHT � 2018 BY THE JOURNAL OF BONE AND JOINT SURGERY, INCORPORATED

J Bone Joint Surg Am. 2018;100:1461-72 d http://dx.doi.org/10.2106/JBJS.17.01540

http://links.lww.com/JBJS/E887


higher risk for malnutrition, aspiration, pneumonia, and
death3,4. Although mild, transient dysphagia may be considered
an acceptable side effect of anterior cervical surgery in light of
the long-term pain relief provided by the procedure, severe and
persistent dysphagia should be considered a complication that
hinders optimal surgical outcomes. Similarly, dysphonia is
often transient, but severe cases are associated with postoper-
ative airway obstruction, aspiration, or persistent cough.

The reported prevalence of dysphagia after ACDF is
variable, ranging from 3% to 67%1,5,6. This variability reflects
the different ways in which dysphagia is measured and defined.
Although many dysphagia classification systems exist, the
Eating Assessment Tool-10 (EAT-10) has proven to be reliable,
valid, treatment-responsive, and multiculturally versatile6. In
that system, scores of >3 qualify as clinically relevant dysphagia

and scores of >15 qualify as severe dysphagia, which is asso-
ciated with a 2.2 times greater risk of aspiration3. Recent
research suggests that this system may be most appropriately
used in the spine surgical population7,8. Likewise, postoperative
dysphonia has wide variation in its method of measurement,
and as such has a wide variation of reported prevalences (1%
to 51%)6,9. One system for evaluating dysphonia, the Voice
Handicap Index-10 (VHI-10), has proven to be reliable, valid,
and able to be expediently administered6.

Surgeons often underreport the prevalence and severity
of the symptoms that patients experience. In a study that used
patient surveys to assess the accuracy of surgeon records fol-
lowing anterior cervical arthrodesis, Edwards et al. showed that
dysphagia was underreported by 80% and dysphonia by 84%10.
Research into dysphagia and dysphonia has lagged because

Fig. 1-A

Figs. 1-A, 1-B, and 1-C CONSORT (Consolidated Standards of Reporting Trials) flow diagram showing exclusions, treatment group randomization, and

follow-up inclusion.
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these complications are underreported and inconsistently
measured.

Postoperative dysphagia has been attributed to superior
or recurrent laryngeal nerve injury and to soft-tissue swelling11.
For many other medical treatments, steroid administration has
been used to decrease nerve irritation and soft-tissue swelling.
The use of intravenous (IV) methylprednisolone perioper-
atively has been shown to decrease abnormal findings on
laryngoscopy, decrease airway edema, reduce dysphagia, and
lead to shorter hospital stays after ACDF12-16. In a prospective,
randomized study on the efficacy of local retropharyngeal
steroid application, Lee et al. found that local steroid applica-
tion reduced post-ACDF odynophagia and prevertebral soft-

tissue swelling compared with a control group15. However,
steroid administration has not been widely accepted because
concern still exists over possible catastrophic complications
(e.g., esophageal rupture and infection) and pseudarthrosis.

The present study is a prospective, single-blinded, ran-
domized clinical trial. The purpose of the study was to assess
the efficacy of intraoperative steroid administration (IV or
local) on dysphagia and dysphonia after ACDF.

Materials and Methods

After institutional review board approval was obtained, 75
patients were recruited for a prospective, randomized,

single-blinded study. Patients were included if they were ‡18

Fig. 1-B
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years of age and undergoing ACDF for the treatment of ra-
diculopathy or myelopathy. Patients were excluded if they were
undergoing operations for trauma, infection, or tumor, if the
ACDF was a revision procedure, or if the patient had any general
metabolic diseases. The number of cervical levels fused was not a
consideration for exclusion.

After informed consent was obtained, ACDF was per-
formed with use of the standard Smith-Robinson technique by
1 of 3 surgeons (A.A.P., W.K.H., J.W.S.). The side of the surgical
approach was guided by both the location of the abnormality
and the surgeon preference. The platysma was split with use of
electrocauterization and the deep cervical fascia was separated
with use of Metzenbaum scissors. The infrahyoid muscles and
the trachea were gently retracted medially. The prevertebral
fascia was incised at the midline with use of a protected-tip
electrocautery device. The longus colli muscle flaps were
developed laterally to the uncinate, and self-retaining retractors
were used to hold the flaps in place. Following the initial
placement of a self-retaining retractor, the endotracheal cuff
was deflated and subsequently reinflated to decrease endotra-
cheal cuff pressure during the case. Discectomies were per-
formed out to the uncinate processes bilaterally. The posterior
longitudinal ligament was released in all cases, and when pre-
sent, posterior osteophytes were completely removed. When
performing multilevel discectomies, the retractor was released
and replaced to decrease the amount of static retraction time.
An interbody spacer and a cervical plate were used in all cases.
When the fusion site was augmented, local autograft bone was

used. No recombinant bone morphogenetic protein was uti-
lized in any subject.

Patients were then randomized into 3 cohorts: control
(no steroid), IV steroid (1-time IV dose of 10 mg of IV dexa-
methasone at the time of closure), and local steroid (40 mg of
triamcinolone placed in the retropharyngeal space directly on
the cervical plate) (Fig. 1). Patients were blinded with regard
to which treatment they received until at least 1 year after

Fig. 1-C

TABLE I Bazaz Classification for Dysphagia*

Symptoms

Severity of
Dysphagia

Trouble
Swallowing
Liquids

Trouble
Swallowing

Solids

None None None

Mild None Rarely

Moderate None or rarely Occasionally (some
foods)

Severe None or rarely Frequently (majority
of foods)

*Reproduced, with modification, from: Bazaz R, Lee MJ, Yoo JU.
Incidence of dysphagia after anterior cervical spine surgery: a
prospective study. Spine (Phila Pa 1976). 2002 Nov 15;27(22):
2453-8.. With permission from Wolters Kluwer.
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surgery. Patients were enrolled in a parallel fashion with no
designated allocation ratio. Allocation was determined by a ran-
dom number generator, with the numbers 1 through 3 each
corresponding to a specific treatment group. Random number
allocation was performed by a research coordinator and then
relayed to the treating surgeon.

For dysphagia. primary outcomes were measured with
use of the Bazaz17 classification (dichotomous scoring) and the
EAT-10 (severe classification) (Table I and Fig. 2). For dys-
phonia, primary outcomes weremeasured with use of the VHI-
10 (Fig. 3). These patient-reported outcome surveys have been
widely used and validated6,18-20. Secondary outcomes were
measured with use of the Bazaz classification (mild, moderate,
or severe scoring), EAT-10 (dysphagia), Neck Disability Index
(NDI) and Visual Analog Scale (VAS) for neck pain, presence of
surgical site infection, reoperation, and pseudarthrosis. Patient

outcomes were collected preoperatively and at 1 day, 2 weeks, 6
weeks, 3 months, 6 months, and 1 year postoperatively (Fig. 1).

An a priori power analysis was performed with use of
previous studies that utilized the EAT-10 scale18. The present
study had 92% power to demonstrate noninferiority with a
sample size of 75 patients. At each time point, the Pearson chi-
square test was utilized to assess associations between treatment
groups and categorical measures. The Fisher exact test was uti-
lized when the expected cell counts were <5 for a given cross-
tabulation. Continuous variables were compared across groups
with use of 1-way analysis of variance (ANOVA) for normally
distributed data and with Kruskal-Wallis tests when statistical
assumptions (such as normality) were questionable. Post-hoc
comparisons were made with use of Benjamini-Hochberg cor-
rections for measures that differed significantly between treat-
ment groups. Mixed effect models were also performed, with

Fig. 2

Eating Assessment Tool (EAT-10) survey. (Reproduced from: Belafsky PC, Mouadeb DA, Rees CJ, Pryor JC, Postma GN, Allen J, Leonard RJ. Validity and

reliability of the Eating Assessment Tool (EAT-10). Ann Otol Rhinol Laryngol. 2008 Dec;117(12):919-24. With permission from SAGE Publications.)

Fig. 3

Voice Handicap Index-10: scores greater than 11 are indicative of clinically significant dysphonia. (Reproduced from: Rosen CA, Lee AS, Osborne J,

Zullo T, Murry T. Development and validation of the Voice Handicap Index-10. Laryngoscope. 2004 Sep;114(9):1549-56. With permission from John

Wiley & Sons.)
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TABLE II Dysphonia, Dysphagia, and Neck Pain Patient-Reported Outcomes Following ACDF, by Treatment Group

Control Group IV Steroid Group Local Steroid Group P Value

Sex

Male 11 14 15

Female 10 11 14

Mean age (yr) 54.0 51.6 55.6 0.522

No. of levels fused 0.351

1 12 (57%) 12 (48%) 14 (48%)

2 8 (38%) 13 (52%) 12 (41%)

3 1 (5%) 0 (0%) 3 (10%)

Preop.*

No. of patients 21 25 29

Bazaz: mild, moderate, or severe 5% 0% 7% 0.495

Bazaz: moderate or severe 0% 0% 0% —

EAT-10: dysphagia 10% 16% 10% 0.820

EAT-10: severe dysphagia 0% 0% 0% NA

Abnormal VHI-10 5% 4% 3% 1.000

VAS: neck pain† 8.0 (6.0, 9.0) 8.0 (6.0, 9.0) 7.0 (4.0, 9.0) 0.328

NDI‡ 40 (19) 34 (18) 35 (19) 0.597

Postop. day 1*

No. of patients with data 21 25 28

Bazaz: mild, moderate, or severe 62% 44% 50% 0.494

Bazaz: moderate or severe 33% 24% 7% 0.053

EAT-10: dysphagia 76% 68% 61% 0.552

EAT-10: severe dysphagia 38% 32% 18% 0.273

Abnormal VHI-10 10% 20% 0% 0.015§

VAS: neck pain† 7.0 (6.50, 9.00) 6.0 (3.00, 9.00) 6.00 (3.00, 7.00) 0.034§

NDI‡ 27 (14) 28 (16) 27 (18) 0.955

2 wk postop.*

No. of patients with data 20 25 29

Bazaz: mild, moderate, or severe 30% 16% 14% 0.392

Bazaz: moderate or severe 15% 16% 0% 0.050†

EAT-10: dysphagia 50% 48% 28% 0.188

EAT-10: severe dysphagia 20% 16% 0% 0.027§

Abnormal VHI-10 15% 16% 3% 0.225

VAS: neck pain† 6.0 (5.00, 8.00) 4.0 (3.00, 6.00) 4.0 (3.00, 6.00) 0.037§

NDI‡ 31 (20) 24 (15) 20 (16) 0.152

6 wk postop.*

No. of patients with data 21 23 29

Bazaz: mild, moderate, or severe 29% 17% 7% 0.116

Bazaz: moderate or severe 24% 9% 0% 0.009§

EAT-10: dysphagia 38% 35% 17% 0.226

EAT-10: severe dysphagia 29% 0% 0% <0.001§

Abnormal VHI-10 10% 9% 3% 0.608

VAS: neck pain† 5.0 (3.00, 8.00) 4.0 (2.00, 5.50) 5.0 (3.00, 7.00) 0.270

NDI‡ 23 (19) 21 (15) 24 (19) 0.844

3 mo postop.*

No. of patients with data 20 23 29

Bazaz: mild, moderate, or severe 15% 13% 14% 1.000

Bazaz: moderate or severe 15% 0% 0% 0.019§

EAT-10: dysphagia 20% 9% 7% 0.318

continued
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time, treatment group, and time · treatment group interaction
terms as fixed effects and with a random intercept term to
account for repeated measures. All analyses assumed a 5% level
of significance and were performed with use of R (version 3.3.2;
R Foundation for Statistical Computing). The ClinicalTrials.gov
trial registration number was NCT02577991.

Results

Seventy-five patients were included in the study, with 21
randomized to the control group; 25, the IV steroid group;

and 29, the local steroid group. The demographic variables and
the number of cervical levels operated on were not significantly
different between the groups (Table II; p values are results of 1-
way ANOVA analysis). Although there was no significant dif-
ference between groups in the number of levels fused, it is
worth noting that 10% of the local steroid cohort underwent 3-
level ACDFs, compared with only 5% and 0% of the control
group and IV steroid group, respectively. The baseline patient-
reported outcomes for dysphagia (Bazaz and EAT-10), dys-
phonia (VHI-10), and neck pain (NDI and VAS) were not
significantly different between the groups.

At postoperative day 1, patient-reported outcomes showed
significantly lower scores for the VHI-10 (p = 0.015) and

VAS neck pain (p = 0.034) in the local steroid group com-
pared with the control and IV steroid groups (Table II,
Fig. 4). There were also fewer patients with moderate and
severe dysphagia, according to the Bazaz classification, at
postoperative day 1 in the local steroid group (p = 0.053)
compared with the control and IV steroid groups. At 2 weeks
postoperatively, the local steroid cohort showed significantly
decreased prevalence of severe dysphagia (Bazaz, moderate
or severe, p = 0.050; EAT-10, severe dysphagia, p = 0.027)
compared with the control and IV steroid groups. VAS neck
pain was significantly lower in both steroid groups compared
with the control group (p = 0.037).

At 6 weeks postoperatively, the local steroid group had
outperformed the IV steroid group in terms of severe dys-
phagia, according to the Bazaz classification (Fig. 4). Both
steroid groups had significantly less moderate and severe
dysphagia compared with the control group (Bazaz, moderate
or severe, p = 0.009; EAT-10, severe dysphagia, p < 0.001). At 3
months postoperatively, both the local and IV steroid groups
had significantly lower rates of moderate and severe dysphagia,
as classified by the Bazaz score, compared with the control
group (Bazaz, moderate or severe, p = 0.019). A similar trend
was seen with the number of patients with severe dysphagia,

TABLE II (continued)

Control Group IV Steroid Group Local Steroid Group P Value

EAT10: severe dysphagia 10% 0% 0% 0.074

Abnormal VHI-10 10% 4% 0% 0.183

VAS: neck pain† 4.5 (1.75, 7.00) 3.0 (1.00, 4.00) 3.0 (2.00, 5.00) 0.238

NDI‡ 14.6 (40) 11.1 (23.3) 10 (23.5) 0.703

6 mo postop.*

No. of patients with data 19 24 29

Bazaz: mild, moderate, or severe 16% 8% 14% 0.741

Bazaz: moderate or severe 5% 0% 0% 0.264

EAT-10: dysphagia 21% 8% 14% 0.526

EAT-10: severe dysphagia 0% 0% 0% NA

Abnormal VHI-10 10% 9% 3% 0.608

VAS: neck pain† 5.0 (3.00, 8.00) 4.0 (2.00, 5.50) 5.0 (3.00, 7.00) 0.270

NDI‡ 23 (19) 21 (15) 24 (19) 0.844

1 yr postop.*

No. of patients with data 19 23 29

Bazaz: mild, moderate, or severe 14% 0% 3% 0.094

Bazaz: moderate or severe 5% 0% 3% 0.739

EAT-10: dysphagia 24% 0% 7% 0.014§

EAT-10: severe dysphagia 10% 0% 0% 0.076

Abnormal VHI-10 10% 4% 0% 0.186

VAS: neck pain† 4.0 (1.00, 6.00) 2.0 (1.00, 4.00) 1.0 (1.00, 5.00) 0.653

NDI‡ 22.2 (33.6) 4.0 (18) 6.0 (26) 0.263

*Data are presented as the percentage of patients in the given cohort with abnormal patient-reported outcomes (EAT-10 dysphagia: score >3; EAT-10 severe
dysphagia: score >15; abnormal VHI-10: score >11; Bazaz: mild, moderate, or severe indicates that a Bazaz classification of mild, moderate, or severe
dysphagia was considered abnormal; Bazaz: moderate or severe indicates that a Bazaz classification of moderate or severe dysphagia was considered
abnormal). †Data are presented as the median VAS neck pain score, with the interquartile range in parentheses. ‡Data are presented as the mean NDI
percentage, with the standard deviation in parentheses. §Significant; p values shown are related to a 1-way analysis.

1467

THE JOURNAL OF BONE & JOINT SURGERY d J B J S .ORG

VOLUME 100-A d NUMBER 17 d SEPTEMBER 5, 2018
EFFECT OF LOCAL VERSUS IV CORT ICOSTEROIDS ON LIKEL IHOOD OF

POST-ACDF DYSPHAGIA AND DYSPHONIA



according to the EAT-10 scale, although this difference did not
reach significance (EAT-10, severe dysphagia, p = 0.074).

At 6 months postoperatively, there were no significant
differences among any of the groups for any of the outcome

measures. At 1 year postoperatively, both steroid groups had
significantly reduced dysphagia rates when compared with
the control group (EAT-10, dysphagia, p = 0.014). Again, a
similar trend was seen with severe dysphagia, although this

Fig. 4-A

Fig. 4-B

Fig. 4-C

Fig. 4-A through 4-E Patient-reported outcomes at various time points. Graph showing the percentage of patients with Bazaz (mild, moderate, or

severe) scores for each group at each time point. Fig. 4-B Graph showing the percentage of patients with Bazaz (moderate or severe) scores for

each group at each time point. Fig. 4-C Graph showing the percentage of patients with EAT-10 (dysphagia) scores for each group at each time

point.
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difference did not reach significance (EAT-10, severe dysphagia,
p = 0.076).

Notably, when minor dysphagia was included in the
analysis, there were no significant differences among the
groups prior to the 1-year evaluation (Bazaz, mild, mod-
erate, or severe, and EAT-10, dysphagia, p values all >0.05).

Analysis utilizing a generalized linear mixed-effect model
showed that dysphagia outcomes (EAT-10, abnormal) were
significantly different between time points throughout the
study (preoperatively to 1 year postoperatively; p < 0.001)
(Tables III and IV). Post-hoc analysis revealed that treatment
with either local or IV corticosteroids resulted in significantly
less dysphagia over time compared with the control group
(p = 0.0259). In addition, there was a significant time · treat-
ment group interaction effect for EAT-10, abnormal out-
come. Particularly, the change in the rate of dysphagia was
lower in the IV steroid group compared with the control
group overtime.

A common concern with steroid administration during
ACDF is the effect on wound complications and fusion rates.

A chart review of our study patients showed that there were
no wound complications. Likewise, no esophageal injuries
or complications were noted. One patient who underwent a
2-level ACDF required revision surgery for a symptomatic
nonunion during the study period. The nonunion was dis-
covered 1 year postoperatively based on symptoms of

Fig. 4-D

Fig. 4-E

Fig. 4-D Graph showing the percentage of patients with EAT-10 (severe dysphagia) scores for each group at each time point. Fig. 4-E Graph showing the

percentage of patients with abnormal VHI-10 scores for each group at each time point.

TABLE III EAT-10 Dysphagia Mixed Effect Model Analysis,
Solutions for Fixed Effects

Effect Estimate DF* T Value P Value

Time · IV
steroid

0.00932 437 2.71 0.0071†

Time · local
steroid*

20.00283 437 21.06 0.2891

IV steroid 0.1017 437 0.21 0.8372

Local steroid 20.5318 437 21.09 0.2776

*DF = degrees of freedom. †Significant.
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radiculopathy that returned after a prior 10-month resolu-
tion. The nonunion was confirmed with use of computed
tomography imaging, and the procedure was revised with a
posterior spinal fusion at 1.5 years after the primary surgery.
Another patient who underwent a 1-level ACDF was noted to
have an asymptomatic nonunion that was discovered outside
the study period (2.5 years postoperatively), and the patient is
being managed nonoperatively as of the time of the present
study. Both patients who experienced nonunion were in the
local steroid treatment group.

Discussion

ACDF is an effective treatment for cervical spine degener-
ative conditions when nonoperative treatment has failed21,22.

Despite the proven clinical success of ACDF, postoperative issues
can arise, with the most common being dysphagia and dyspho-
nia1,2. This study demonstrates that local steroid application sig-
nificantly reduces severe dysphagia and improves postoperative
neck pain after ACDF surgery.

The reported prevalence of dysphagia and dysphonia
after anterior cervical spine surgery has varied widely9,23,24. The
large variance in reported prevalence is likely because of dif-
ferences in study designs, definitions, and outcome measures.
Transient, mild dysphagia has a larger variation than severe
dysphagia in reported prevalence, possibly because it may be
considered by some surgeons to be an acceptable side effect of
ACDF4,23, whereas severe dysphagia is more likely to be re-
ported and is linked to poor surgical outcomes and increased
medical costs3,13. There have been limited attempts in the lit-
erature to distinguish between mild and severe cases of post-
ACDF dysphagia as it pertains to reports of complications6. It is
our opinion that focusing on reducing the burden of severe
dysphagia will provide meaningful clinical improvement to
anterior spine surgery.

Many studies have attempted to delineate the risk factors
associated with dysphagia following ACDF, which include older
age (‡60 years), preoperative dysphagia, increased operative
time, female sex, and number of levels fused4,5,9,23. In response to
the reported rates of dysphagia following ACDF, specific tech-
niques have been developed that include reducing retraction,
manipulating endotracheal cuff pressures, utilizing low-profile
implants, reducing operative time, and utilizing preoperative

traction exercises; the application of these techniques has led to
varying degrees of success25.

More recent studies have analyzed the use of periopera-
tive corticosteroids to reduce the likelihood of dysphagia
following ACDF. The use of IV methylprednisolone perioper-
atively has been shown to decrease abnormal ear, nose, and
throat findings on laryngoscopy, decrease airway edema, reduce
dysphagia, and lead to shorter hospital stays after ACDF12-14. A
prospective, randomized study of the effect of local retropha-
ryngeal steroid on prevertebral soft-tissue swelling after ACDF
found that local steroid application reduced odynophagia and
swelling compared with a control group15. However, the corre-
lation between prevertebral soft-tissue swelling and dysphagia is
still unclear26,27. To our knowledge, no study has compared the
effects of locally applied retropharyngeal steroid to IV steroid
administration on the likelihood of postoperative dysphagia and
dysphonia.

In the present study, which is a single-blinded, prospec-
tive, randomized clinical trial, we were able to demonstrate that
steroid administration improved outcomes for dysphagia,
dysphonia, and neck pain following ACDF compared with a
control group. Local steroid administration outperformed IV
steroid administration in terms of severe dysphagia at 2 weeks
postoperatively. Baseline demographics and accepted risk fac-
tors for dysphagia (including age, female sex, and number of
levels fused) were not significantly different among any of the
treatment groups. This allowed for an accurate comparison
among groups and limited confounding variables. In fact, the
only difference in baseline demographics (3-level fusion) may
have potentially introduced bias toward worse dysphagia out-
comes in the local steroid cohort.

As previously described, dysphagia outcomes are noto-
riously difficult to report. We utilized the best available out-
come measures for dysphagia (EAT-10 and Bazaz) that have
been validated in the literature, and separately analyzed the
prevalence of mild and severe cases of dysphagia. This dis-
tinction may impact future reporting because mild, transient
cases of dysphagia do not increase hospital cost and medical
comorbidity. Conversely, severe cases of dysphagia are dis-
abling. Severe dysphagia has been linked to malnutrition, de-
layed recovery, and even increased mortality risk28-30. In addition
to the serious medical implications, severe dysphagia can impair
quality of life, resulting in social isolation and depression31,32. The
present study shows that future studies should differentiate
severe andmild cases of dysphagia because of the vast differences
associated with their outcomes.

Odynophagia can sometimes manifest as neck pain fol-
lowing ACDF. The present study shows that steroid adminis-
tration significantly improved patient-reported VAS neck pain
for the first 2 weeks after surgery (p < 0.05). This effect on neck
pain could be related to the reduction in short-term odyno-
phagia with steroid administration after cervical plating. Dys-
phonia is another frequent postoperative issue following
anterior cervical spine surgery. The VHI-10 is a strong, vali-
dated assessment tool for dysphonia20,33. The results of this
study show that local steroid application significantly reduced

TABLE IV EAT-10 Dysphagia Mixed Effect Model Analysis,
Type III Test of Fixed Effects*

Effect
Num
DF

Den
DF

F
Value

P
Value

Time 1 437 26.78 <0.001†

Time · treatment
group

2 437 3.69 0.0259†

Treatment group 2 437 1.03 0.3562

*Num DF = numerator degrees of freedom; Den DF = denominator
degrees of freedom. †Significant.
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the likelihood of dysphonia at postoperative day 1, though the
clinical relevance of this finding may be small, as no difference
in significance was seen at other time points.

A concernwith local steroid application after ACDF is the
potential for wound, esophageal, or pseudarthrosis complica-
tions. Other studies that researched steroid administration
during ACDF have not seen an effect on long-term fusion rates
or wound complications13,16. The patients in our study had no
wound complications, surgical site infections, or esophageal
complications. However, 2 patients were diagnosed with
pseudarthrosis, with both cases belonging to the local steroid
group; 1 of these patients required reoperation and the other
was asymptomatic. This rate of pseudarthrosis and reoperation
is consistent with other reported results after ACDF34. Although
the study is not powered to reach conclusions regarding the
influence of local steroid administration on pseudarthrosis, this
observation in our trial shows that further research on this topic
is needed.

Although our study is a single-blinded, prospective,
randomized clinical trial, there are inherent limitations. Sur-
geons and surveyors were not blinded to the treatment that the
patient received. We attempted to reduce inherent bias by al-
lowing patients to complete outcome surveys without the
assistance of the research team. Also, although an a priori
power analysis was performed, the study might have shown
more differences among study groups with a larger cohort,
especially considering that the rates of dysphagia were partic-
ularly low in the steroid groups.

In conclusion, these results suggest that steroid admin-
istration after cervical plating in ACDF yields better patient-
reported outcomes for dysphagia, dysphonia, and neck pain

compared with controls. This benefit on outcomes is particularly
evident in the reduction of patients reporting severe dysphagia
symptoms following ACDFwith local steroid application during
the first 2 weeks postoperatively. Medium to long-term effects
of steroid administration on fusion rates will need to be es-
tablished in future studies. In addition, subsequent clinical
research on ACDF should attempt to stratify dysphagia when
reporting outcomes related to anterior cervical surgery. n

Tyler James Jenkins, MD1

Rueben Nair, MD1

Surabhi Bhatt, BS1

Brett David Rosenthal, MD1

Jason W. Savage, MD1,2

Wellington K. Hsu, MD1

Alpesh A. Patel, MD1

1Department of Orthopaedic Surgery, Feinberg School of Medicine,
Northwestern University, Chicago, Illinois

2Department of Orthopaedic Surgery, Cleveland Clinic, Cleveland, Ohio

E-mail address for T.J. Jenkins: tylerjamesjenkins@gmail.com

ORCID iD for T.J. Jenkins: 0000-0001-6905-6764
ORCID iD for R. Nair: 0000-0001-6533-0690
ORCID iD for S. Bhatt: 0000-0003-0180-8768
ORCID iD for B.D. Rosenthal: 0000-0002-9179-308X
ORCID iD for J.W. Savage: 0000-0003-1718-2763
ORCID iD for W.K. Hsu: 0000-0001-9086-6868
ORCID iD for A.A. Patel: 0000-0003-2193-4294

References

1. Fountas KN, Kapsalaki EZ, Nikolakakos LG, Smisson HF, Johnston KW, Grigorian
AA, Lee GP, Robinson JS Jr. Anterior cervical discectomy and fusion associated
complications. Spine (Phila Pa 1976). 2007 Oct 1;32(21):2310-7.
2. 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 (Phila Pa 1976). 2004 Jul 1;29(13):1441-6.
3. Cheney DM, Siddiqui MT, Litts JK, Kuhn MA, Belafsky PC. The ability of the
10-Item Eating Assessment Tool (EAT-10) to predict aspiration risk in persons
with dysphagia. Ann Otol Rhinol Laryngol. 2015 May;124(5):351-4. Epub 2014
Oct 30.
4. Anderson KK, Arnold PM. Oropharyngeal Dysphagia after anterior cervical spine
surgery: a review. Global Spine J. 2013 Dec;3(4):273-86. Epub 2013 Aug 30.
5. Frempong-Boadu A, Houten JK, Osborn B, Opulencia J, Kells L, Guida DD, Le Roux
PD. Swallowing and speech dysfunction in patients undergoing anterior cervical
discectomy and fusion: a prospective, objective preoperative and postoperative
assessment. J Spinal Disord Tech. 2002 Oct;15(5):362-8.
6. Rosenthal BD, Nair R, Hsu WK, Patel AA, Savage JW. Dysphagia and dysphonia
assessment tools after anterior cervical spine surgery. Clin Spine Surg. 2016 Nov;
29(9):363-7.
7. Patel A, Bhatt S, Ahn J, Savage JW, Hsu WK, Singh K. A comparison of patient-
centered outcome measures to evaluate dysphagia and dysphonia after anterior
cervical discectomy and fusion (ACDF). Spine J. 2016 Oct;16(10):S206-7.
8. Jenkins T, Bhatt S, Singh K, Hsu WK, Patel AA. What is the best available patient-
reported outcome measure for dysphagia in cervical spine surgery? A comparison of the
Eating Assessment Tool (EAT-10) andSwal-Qol. Presented at the Cervical Spine Research
Society Annual Meeting; 2017 Nov 30-Dec 2; Hollywood, FL. Presentation n. 63.
9. Winslow CP, Winslow TJ, Wax MK. Dysphonia and dysphagia following the ante-
rior approach to the cervical spine. Arch Otolaryngol Head Neck Surg. 2001 Jan;
127(1):51-5.

10. Edwards CC 2nd, Karpitskaya Y, Cha C, Heller JG, Lauryssen C, Yoon ST, Riew
KD. Accurate identification of adverse outcomes after cervical spine surgery. J Bone
Joint Surg Am. 2004 Feb;86-A(2):251-6.
11. Nagoshi N, Tetreault L, Nakashima H, Arnold PM, Barbagallo G, Kopjar B,
Fehlings MG. Risk factors for and clinical outcomes of dysphagia after anterior
cervical surgery for degenerative cervical myelopathy: results from the AOSpine
International and North America Studies. J Bone Joint Surg Am. 2017 Jul 5;
99(13):1069-77.
12. Pedram M, Castagnera L, Carat X, Macouillard G, Vital JM. Pharyngolaryngeal
lesions in patients undergoing cervical spine surgery through the anterior approach:
contribution of methylprednisolone. Eur Spine J. 2003 Feb;12(1):84-90. Epub 2002
Dec 4.
13. Jeyamohan SB, Kenning TJ, Petronis KA, Feustel PJ, Drazin D, DiRisio DJ. Effect
of steroid use in anterior cervical discectomy and fusion: a randomized controlled
trial. J Neurosurg Spine. 2015 Aug;23(2):137-43. Epub 2015 May 1.
14. Song KJ, Lee SK, Ko JH, Yoo MJ, Kim DY, Lee KB. The clinical efficacy of short-
term steroid treatment in multilevel anterior cervical arthrodesis. Spine J. 2014 Dec
1;14(12):2954-8. Epub 2014 Jun 12.
15. Lee SH, Kim KT, Suk KS, Park KJ, Oh KI. Effect of retropharyngeal steroid on
prevertebral soft tissue swelling following anterior cervical discectomy and fusion: a
prospective, randomized study. Spine (Phila Pa 1976). 2011 Dec 15;36(26):
2286-92.
16. Koreckij TD, Davidson AA, Baker KC, Park DK. Retropharyngeal steroids and
dysphagia following multilevel anterior cervical surgery. Spine (Phila Pa 1976). 2016
May;41(9):E530-4.
17. Bazaz R, Lee MJ, Yoo JU. Incidence of dysphagia after anterior cervical spine
surgery: a prospective study. Spine (Phila Pa 1976). 2002 Nov 15;27(22):2453-8.
18. Belafsky PC, Mouadeb DA, Rees CJ, Pryor JC, Postma GN, Allen J, Leonard RJ.
Validity and reliability of the Eating Assessment Tool (EAT-10). Ann Otol Rhinol Lar-
yngol. 2008 Dec;117(12):919-24.

1471

THE JOURNAL OF BONE & JOINT SURGERY d J B J S .ORG

VOLUME 100-A d NUMBER 17 d SEPTEMBER 5, 2018
EFFECT OF LOCAL VERSUS IV CORT ICOSTEROIDS ON LIKEL IHOOD OF

POST-ACDF DYSPHAGIA AND DYSPHONIA

http://orcid.org/0000-0001-6905-6764
http://orcid.org/0000-0001-6533-0690
http://orcid.org/0000-0003-0180-8768
http://orcid.org/0000-0002-9179-308X
http://orcid.org/0000-0003-1718-2763
http://orcid.org/0000-0001-9086-6868
http://orcid.org/0000-0003-2193-4294


19. McAfee PC, Cappuccino A, Cunningham BW, Devine JG, Phillips FM, Regan JJ,
Albert TJ, Ahrens JE. Lower incidence of dysphagia with cervical arthroplasty com-
pared with ACDF in a prospective randomized clinical trial. J Spinal Disord Tech.
2010 Feb;23(1):1-8.
20. Rosen CA, Lee AS, Osborne J, Zullo T, Murry T. Development and validation of
the voice handicap index-10. Laryngoscope. 2004 Sep;114(9):1549-56.
21. Janssen ME, Zigler JE, Spivak JM, Delamarter RB, Darden BV 2nd, Kopjar B.
ProDisc-C total disc replacement versus anterior cervical discectomy and fusion for
single-level symptomatic cervical disc disease: seven-year follow-up of the pro-
spective randomized U.S. Food and Drug Administration Investigational Device
Exemption study. J Bone Joint Surg Am. 2015 Nov 4;97(21):1738-47.
22. Upadhyaya CD, Wu JC, Trost G, Haid RW, Traynelis VC, Tay B, Coric D, Mum-
maneni PV. Analysis of the three United States Food and Drug Administration
investigational device exemption cervical arthroplasty trials. J Neurosurg Spine.
2012 Mar;16(3):216-28. Epub 2011 Dec 23.
23. Rihn JA, Kane J, Albert TJ, Vaccaro AR, Hilibrand AS. What is the incidence and
severity of dysphagia after anterior cervical surgery? Clin Orthop Relat Res. 2011
Mar;469(3):658-65.
24. Cho SK, Lu Y, Lee DH. Dysphagia following anterior cervical spinal surgery: a
systematic review. Bone Joint J. 2013 Jul;95-B(7):868-73.
25. Joaquim AF, Murar J, Savage JW, Patel AA. Dysphagia after anterior cervical
spine surgery: a systematic review of potential preventative measures. Spine J.
2014 Sep 1;14(9):2246-60. Epub 2014 Mar 21.
26. Song KJ, Choi BW, Kim HY, Jeon TS, Chang H. Efficacy of postoperative radio-
graph for evaluating the prevertebral soft tissue swelling after anterior cervical
discectomy and fusion. Clin Orthop Surg. 2012 Mar;4(1):77-82. Epub 2012 Feb 20.

27. Stachniak JB, Diebner JD, Brunk ES, Speed SM. Analysis of prevertebral soft-
tissue swelling and dysphagia in multilevel anterior cervical discectomy and fusion
with recombinant human bone morphogenetic protein-2 in patients at risk for
pseudarthrosis. J Neurosurg Spine. 2011 Feb;14(2):244-9. Epub 2010 Dec 24.
28. Ferraris VA, Ferraris SP, Moritz DM, Welch S. Oropharyngeal dysphagia after
cardiac operations. Ann Thorac Surg. 2001 Jun;71(6):1792-5; discussion
1796.
29. Gee E, Lancaster E, Meltzer J, Mendelsohn AH, Benharash P. A targeted swallow
screen for the detection of postoperative dysphagia. Am Surg. 2015 Oct;81(10):
979-82.
30. Ochoa JB. Nutrition assessment and intervention in the patient with dysphagia:
challenges for quality improvement. Nestle Nutr Inst Workshop Ser. 2012;72:77-83.
Epub 2012 Sep 24.
31. Nguyen NP, Frank C, Moltz CC, Vos P, Smith HJ, Karlsson U, Dutta S, Midyett A,
Barloon J, Sallah S. Impact of dysphagia on quality of life after treatment of head-and-
neck cancer. Int J Radiat Oncol Biol Phys. 2005 Mar 1;61(3):772-8.
32. Garcı́a-Peris P, Parón L, Velasco C, de la Cuerda C, Camblor M, Bretón I,
Herencia H, Verdaguer J, Navarro C, Clave P. Long-term prevalence of oropharyngeal
dysphagia in head and neck cancer patients: Impact on quality of life. Clin Nutr. 2007
Dec;26(6):710-7. Epub 2007 Oct 22.
33. Arffa RE, Krishna P, Gartner-Schmidt J, Rosen CA. Normative values for the
Voice Handicap Index-10. J Voice. 2012 Jul;26(4):462-5. Epub 2011 Aug 4.
34. Bohlman HH, Emery SE, Goodfellow DB, Jones PK. Robinson anterior cer-
vical discectomy and arthrodesis for cervical radiculopathy. Long-term follow-up
of one hundred and twenty-two patients. J Bone Joint Surg Am. 1993 Sep;75(9):
1298-307.

1472

THE JOURNAL OF BONE & JOINT SURGERY d J B J S .ORG

VOLUME 100-A d NUMBER 17 d SEPTEMBER 5, 2018
EFFECT OF LOCAL VERSUS IV CORT ICOSTEROIDS ON LIKEL IHOOD OF

POST-ACDF DYSPHAGIA AND DYSPHONIA


