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Abstract BACKGROUND CONTEXT: Anterior cervical spine surgery is one of the most common spinal
procedures performed around the world, but dysphagia is a frequent postoperative complication.
Many factors have been associated with an increased risk of swallowing difficulties, including mul-
tilevel surgery, revision surgery, and female gender.
PURPOSE: The objective of this study was to review and define potential preventative measures
that can decrease the incidence of dysphagia after anterior cervical spine surgery.
STUDY DESIGN: This was a systematic literature review.
METHODS: A systematic review in the Medline database was performed. Articles related to dys-
phagia after anterior cervical spine surgery and potential preventative measures were included.
RESULTS: Twenty articles met all inclusion and exclusion criteria. These articles reported several
potential preventative measures to avoid postoperative dysphagia. Preoperative measures include
performing tracheal exercises before the surgical procedure. Intraoperative measures can be sum-
marized as avoiding a prolonged operative time and the use of recombinant human bone morpho-
genetic protein in routine anterior cervical spine surgery, using small and smoother cervical plates,
using anchored spacers instead of plates, application of steroid before wound closure, performing
arthroplasty instead of anterior cervical fusion for one-level disease, decreasing tracheal cuff pres-
sure during medial retraction, using specific retractors, and changing the dissection plan.
CONCLUSIONS: Current literature supports several preventative measures that may decrease the
incidence of postoperative dysphagia. Although the evidence is limited and weak, most of these
measures did not appear to increase other complications and can be easily incorporated into a sur-
gical practice, especially in patients who are at high risk for postoperative dysphagia. � 2014
Elsevier Inc. All rights reserved.
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Introduction

Anterior cervical spine surgery (ACSS) is a common
procedure performed to treat many spine conditions, such

as trauma and degenerative spinal disease. Many studies
have reported that one of the most common complications
after ACSS is dysphagia [1–3]. The reported incidence of
dysphagia is widely variable and is likely due to the

FDA device/drug status: Not applicable.

Author disclosures: AFJ: Nothing to disclose. JM: Nothing to dis-

close. JWS: Nothing to disclose. AAP: Royalties: Amedica (B, Paid di-

rectly to the employer), Ulrich; Private Investments: Amedica, Cytonics,

Nocimed (Personal Investments !1%); Consulting: DePuy (B, Paid di-

rectly to the employer), Amedica (B, Paid directly to the employer), GE

Healthcare (B, Paid directly to the employer), Stryker (B, Paid directly

to the employer), Zimmer (B, Paid directly to the employer), Biomet.

The disclosure key can be found on the Table of Contents and at www.

TheSpineJournalOnline.com.

No funds were received in support of this study. No benefits in any

form have been or will be received from a commercial party related di-

rectly or indirectly to the subject of this manuscript. The authors have

no financial interest in the subject of this article. The manuscript submitted

does not contain information about medical device(s).

* Corresponding author. Department of Orthopaedic Surgery, North-

western University Feinberg School of Medicine, 676 N St Clair St Suite

1350, Chicago, IL 60611, USA. Tel.: 312-695-6800.

E-mail address: alpesh2@gmail.com (A.A. Patel)

1529-9430/$ - see front matter � 2014 Elsevier Inc. All rights reserved.

http://dx.doi.org/10.1016/j.spinee.2014.03.030

The Spine Journal 14 (2014) 2246–2260

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
http://www.thespinejournalonline.com/
http://www.thespinejournalonline.com/
mailto:alpesh2@gmail.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.spinee.2014.03.030&domain=pdf
http://dx.doi.org/10.1016/j.spinee.2014.03.030
http://dx.doi.org/10.1016/j.spinee.2014.03.030


heterogeneity of the existing literature. However, an inci-
dence of up to 71% has been reported in well-designed pro-
spective studies that assess the dysphagia rate after surgery
[4]. Several risk factors have been associated with an in-
crease in postoperative dysphagia incidence, including mul-
tilevel surgery, revision procedures, female gender, older
age, and involvement of C4–C5 and C5–C6 levels [5,6].
The objective of this study was to review potential meas-
ures that could be used to decrease the incidence and inten-
sity of postoperative dysphagia after ACSS.

Material and methods

A systematic review of the literature using the Medline
database (National Library of Medicine), without time re-
striction, was performed. The following search strategy
was used: (‘‘deglutition disorders’’[MeSH Terms] OR (‘‘de-
glutition’’[All Fields] AND ‘‘disorders’’[All Fields]) OR
‘‘deglutition disorders’’[All Fields] OR ‘‘dysphagia’’[All
Fields]) AND anterior[All Fields] AND (‘‘neck’’[MeSH
Terms] OR ‘‘neck’’[All Fields] OR ‘‘cervical’’[All Fields])
AND (‘‘surgery’’[Subheading] OR ‘‘surgery’’[All Fields]
OR ‘‘surgical procedures, operative’’[MeSH Terms] OR
(‘‘surgical’’[All Fields] AND ‘‘procedures’’[All Fields]
AND ‘‘operative’’[All Fields]) OR ‘‘operative surgical pro-
cedures’’[All Fields] OR ‘‘surgery’’[All Fields] OR ‘‘gener-
al surgery’’[MeSH Terms] OR (‘‘general’’[All Fields] AND
‘‘surgery’’[All Fields]) OR ‘‘general surgery’’[All Fields]).

The search produced a total of 451 published articles.
Abstracts were reviewed and included if dysphagia was a
reported patient outcome measure and if the study investi-
gated perioperative measures to reduce dysphagia after
ACSS. Only articles written in English language (or trans-
lated text) were included. Exclusion criteria included case
reports, literature reviews, and cadaveric or experimental
studies in animals. Twenty-one articles were eligible after
abstract screening and were fully reviewed. Of those, 20
articles were included based on the purpose of our review
and our inclusion criteria. The articles selected were then
classified according to evidence-based medicine criteria
proposed by Wright et al. [7].

Results

The 20 articles that met all inclusion and exclusion cri-
teria are summarized in Table 1, and the preventative meas-
ures proposed are described in Table 2. The following
articles are described in the following:

Preoperative measures

Tracheal/esophageal traction exercise preoperative treatment
Chen et al. [8] proposed a preoperative exercise to im-

prove the compliance of the trachea and the esophagus
before ACSS. Chen et al. labeled the exercise as tracheal/
esophageal traction exercise (TTE), which consisted of

maneuvers that softly and gradually pushed off the thyroid
cartilage at least 1 cm across the anterior midline of the
neck. The TTE was performed twice per day, 15 counts
each time, for 3 days, starting 4 days before the surgery.
A total of 52 patients underwent TTE and 50 patients were
the control group. The dysphagia was assessed using the
Bazaz dysphagia score. One week postoperatively, the
Bazaz dysphagia scores for patients with two- to four-
level fusions in the TTE group were significantly better
than those in the control group (p5.000 for the second-
and third-level fusions and p5.013 for the fourth-level fu-
sion). The same was observed at 3 weeks postoperatively,
the two- to four-level fusion patients in the TTE group
had better Bazaz scores than those in the control group
(p5.000 for the second- and third-level fusions and
p5.004 for the fourth-level fusion; Level II of Evidence).

Intraoperative measures

Avoiding a prolonged operative time
Rihn et al. [4] performed a prospective study to determine

the incidence and severity of postoperative dysphagia after
anterior cervical discectomy and fusion (ACDF). Thirty-
eight patients who underwent one- or two-level ACDF were
followed and compared with a control group of 56 patients
who underwent posterior lumbar decompression. They ob-
served a correlation between operative time and the severity
of dysphagia after 12 weeks (p5.04; Level II of Evidence).

Bone morphogenetic proteins
Bone morphogenetic proteins (BMPs) have previously

been shown to increase complications after ACSS. Bone
morphogenetic proteins are characterized by osteoinductive
properties, which make them a useful adjuvant in arthrod-
esis procedures to enhance bone fusion. They are commer-
cially available in two forms: recombinant human BMP-2
(rhBMP-2) and BMP7 [9]. In our study, four articles relat-
ing the use of BMP and dysphagia after cervical spine
procedures were found.

Tumial�an et al. [10] reported the results of a retrospective
review of 200 patients who underwent single or multilevel
ACDF with titanium plate fixation and polyetheretherketone
spacers filled with recombinant rhBMP-2 impregnated in a
Type I collagen sponge to achieve fusion. After a mean of
16.7 months of follow-up (ranging from 8 to 36 months),
good to excellent results were reported in 85% of the cases
based on Odom criteria, with fusion obtained in 100% of
patients. However, 14 patients (7%) had significant clinical
dysphagia and four (2%) required reoperation for hematoma
or seroma after surgery (Level IVof Evidence).

Buttermann [11] performed a prospective nonrandom-
ized study of 66 patients who underwent a one- to three-
level ACDF with iliac-crest bone autograft (36 patients)
compared with a group of patients using BMP and allograft
(30 patients). Although clinical and radiologic outcomes
were similar between the groups, 15 patients (50%)
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