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Dysphagia is a common complication of anterior surgery of the cervical spine. The incidence 
of post-operative dysphagia may be as high as 71% within the first two weeks after surgery, 
but gradually decreases during the following months. However, 12% to 14% of patients may 
have some persistent dysphagia one year after the procedure. It has been shown that 
female gender, advanced age, multilevel surgery, longer operating time and severe pre-
operative neck pain may be risk factors. Although the aetiology remains unclear and is 
probably multifactorial, proposed causes include oesophageal retraction, prominence of the 
cervical plate and prevertebral swelling. Recently, pre-operative tracheal traction exercises 
and the use of retropharyngeal steroids have been proposed as methods of reducing post-
operative dysphagia.

We performed a systematic review to assess the incidence, aetiology, risk factors, methods 
of assessment and management of dysphagia following anterior cervical spinal surgery.

Cite this article: Bone Joint J 2013;95-B:868–73.

The anterior approach to the cervical spine is
commonly used in the surgical treatment of disc
herniation and spondylosis.1 The Smith–Robin-
son approach is the most widely used in anterior
cervical procedures between C3 and T1.1

Dysphagia is a common complication of
anterior cervical spine surgery. The pathophys-
iology of post-operative dysphagia is poorly
understood, and few authors have described
ways of avoiding it or of treating it.2-4

Materials and Methods
On 31 May 2012 we searched the databases
PubMed, EMBASE and the Cochrane Central
Register of Controlled Trials (CENTRAL) using
the terms ‘dysphagia’, ‘swallowing disorders’
and ‘anterior cervical spine surgery’, looking for
papers published in English that reported the
aetiology, incidence, risk factors and manage-
ment of dysphagia following anterior cervical
surgery. Reviews, commentaries, case reports,
case series and papers duplicated in several
databases were excluded. The search was per-
formed in duplicate and any disagreements
were resolved by the senior author (DHL).

The papers were examined for the level of
evidence using previously published guidelines.5

The search yielded 260 papers in PubMed, 46 in
EMBASE and seven from CENTRAL. Of these,
22 were included in this systematic review.
There were 17 prospective and five retrospec-
tive studies. None had level I evidence; 16 were

level II studies, three were level III studies and
three were level IV studies (Table I).2-4,6-24

Results
Incidence. We reviewed one retrospective, one
prospective comparative and two prospective
longitudinal cohort studies for the incidence of
post-operative dysphagia.2-4,18 Edwards et al3

assessed the accuracy of identification of dys-
phagia and dysphonia after anterior cervical
surgery and found a poor correlation between
patient surveys and the medical records, sug-
gesting that the rate of post-operative dyspha-
gia was significantly under-reported.

Results from prospective studies suggested
that dysphagia is a common complication, par-
ticularly in the immediate post-operative
period. Rihn et al18 identified an incidence of
dysphagia of 71% two weeks post-operatively
and Bazaz et al2 found that the incidence
decreased to 50.2% at one month post-opera-
tively, and decreased further to 32.2%, 17.8%
and 12.5% by two, six and 12 months post-
operatively, respectively. A prospective study
by Lee et al4 found a similar decreasing inci-
dence of 54.2%, 33.6%, 18.6%, 15.2% and
13.6% at one, two, six and 12 months post-
operatively, respectively. These studies suggest
a high incidence of dysphagia in the first few
weeks following surgery that decreases, reach-
ing a plateau of between 12% and 14% one
year post-operatively.2,4,18
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Aetiology. Seven studies (one retrospective, four prospective
longitudinal, two prospective comparative) investigated the
aetiology of post-operative dysphagia,8,10,11,12,14,15,20 sug-
gesting prevertebral swelling, prominence of the cervical
plate and oesophageal retraction as possible causes.
Prevertebral soft-tissue swelling. One retrospective and one
prospective longitudinal study investigated the role of pre-
vertebral swelling in the pathogenesis of post-operative
dysphagia.10,11 Prevertebral swelling as a result of haemor-
rhage or intra-operative soft-tissue trauma may impair
oesophageal motility. However, a retrospective study by
Kang et al10 failed to find a significant correlation between
the thickness of prevertebral tissue following anterior cervi-
cal surgery and the incidence of dysphagia. Similar findings
were also reported by Kepler et al.11

Cervical plate prominence. Anterior cervical osteophytes
secondary to arthritic changes, diffuse idiopathic skeletal
hyperostosis or anterior cervical hyperosteophytosis can
lead to dysphagia, through mechanical impingement on the
oesophagus or inflammation causing fibrosis and adhe-
sions.8,12,20,25,26 Removal of anterior osteophytes at opera-
tion significantly reduces the incidence of dysphagia.25,26

Two prospective comparative and one prospective longi-
tudinal study investigated whether prominence of the plate
can induce dysphagia through similar mechanisms.8,12,20

One non-randomised prospective study showed that the
use of thicker plates was significantly associated with dys-
phagia,12 and another found that the use of a non-protrud-
ing zero-profile plate was associated with a lower incidence
of dysphagia.20 A prospective study by Chin et al8 failed to
find a significant difference in the incidence of dysphagia
between patients in whom the cervical plate protruded

beyond the osteophytes and those in whom it did not. Thus
the role of the cervical plate in the pathogenesis of post-
operative dysphagia remains unclear.
Oesophageal retraction. Oesophageal retraction is another
possible cause of post-operative dysphagia. Two prospec-
tive longitudinal studies investigated oesophageal
retraction14,15 and found that retraction of the oesophagus
may produce ischaemia, and its release may lead to a reper-
fusion injury compromising oesophageal motility. Men-
doza-Lattes et al14 found that patients with dysphagia after
anterior cervical surgery had significantly higher oesopha-
geal intraluminal pressures, suggesting more oesophageal
retraction and lower oesophageal perfusion than those
without dysphagia. However, Papavero et al15 failed to
detect a significant correlation between the intra-operative
pressure of oesophageal retraction and the incidence of
post-operative dysphagia. Thus, these two studies of simi-
lar design and level of evidence reached differing conclu-
sions regarding the relationship between oesophageal
retraction and post-operative dysphagia.
Risk factors. A total of 11 studies (one prospective non-ran-
domised controlled, four prospective comparative, three
prospective longitudinal and three retrospective) attempted
to identify risk factors for the development of post-opera-
tive dysphagia.2,4,6,8,12,18-21,23,24 The factors that were
analysed included patient demographics, surgical charac-
teristics, the profile of the cervical plate and the use of
recombinant human bone morphogenetic protein-2
(rhBMP-2) (Table II).
Patient characteristics. Four prospective studies (two longi-
tudinal and two comparative) and one retrospective
study investigated correlations between the pre-operative

Table I. Studies included in the systematic review

Author(s) Study type Sample size (n) Level of evidence

Bazaz et al2 Prospective longitudinal cohort 224 II
Buttermann6 Prospective non-randomised controlled 66 III
Chen et al7 Prospective randomised controlled trial 102 II
Chin et al8 Prospective comparative cohort 63 II
Edwards et al3 Retrospective survey 187 II 
Frempong-Boadu et al9 Prospective longitudinal 23 II
Kang et al10 Retrospective longitudinal 45 IV
Kepler et al11 Prospective longitudinal cohort 43 II
Lee et al4 Prospective longitudinal cohort 348 II
Lee et al12 Prospective comparative 156 II
Lee et al13 Prospective randomised controlled trial 50 II
Mendoza-Lattes et al14 Prospective longitudinal cohort 17 II
Papavero et al15 Prospective longitudinal cohort 92 II
Pedram et al16 Prospective non-randomised controlled trial 236 II
Ratnaraj et al17 Prospective randomised controlled 51 II
Rihn et al18 Prospective comparative 94 II 
Riley et al19 Retrospective longitudinal 454 III
Scholz et al20 Prospective longitudinal cohort 38 IV
Shields et al21 Retrospective longitudinal 151 III
Siska et al22 Prospective comparative 29 II
Smith-Hammond et al23 Prospective comparative 83 II
Vaidya et al24 Retrospective comparative 46 IV
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characteristics of the patients and the incidence of
dysphagia post-operatively.2,4,18,19,23 Prospective cohort
studies by Lee et al4 and Bazaz et al2 identified female gen-
der as a significant risk factor for the development of dys-
phagia, starting six months after the procedure. A smaller
prospective comparative study by Rihn et al18 and a retro-
spective study by Riley et al19 failed to find that gender was
a significant risk factor. Whereas Lee et al4 and Bazaz et al2

found no correlation between age and the incidence of post-
operative dysphagia, a prospective cohort study conducted
by Smith-Hammond et al23 found older age to be a signifi-
cant risk factor. Riley et al also found severe neck pain to be
a significant risk factor.19

Surgical characteristics. Three prospective cohort studies
(two comparative and one longitudinal) and one retrospec-
tive study investigated whether certain surgical characteris-
tics were risk factors for post-operative dysphagia.2,4,18,19

Whereas the two larger prospective studies and one retro-
spective study found multilevel procedures to be a signifi-
cant risk factor,2,4,19 Rihn et al18 did not find a significant
correlation between the number of levels involved in the
surgery and the incidence of dysphagia. Lee et al4 also
found revision surgery to be a significant risk factor. Longer
duration of surgery was anecdotally believed to be a risk
factor for post-operative dysphagia, perhaps owing to
oesophageal retraction for a longer period of time. Retro-
spective and prospective studies found that longer opera-
tions were associated with a higher incidence of
dysphagia.18,19 However, it is possible that this followed
multilevel operations, which usually take longer.19

Furthermore, other studies failed to find duration of sur-
gery to be a significant risk factor.2,4,10

Cervical plate prominence. Two prospective comparative
studies and one prospective longitudinal study investigated
prominence of the cervical plate as a possible risk factor.8,12,20

Prospective studies by Lee et al12 and Scholz et al20 suggested
that the use of larger, bulkier plates that protruded beyond
the vertebral bodies was a significant risk factor for dyspha-
gia. However, a prospective study by Chin et al8 failed to
find a correlation between protrusion of the plate and an
increased incidence of post-operative dysphagia. It remains
unclear whether prominence of the plate is actually a signif-
icant risk factor.
Bone morphogenetic protein. Two retrospective studies
and one prospective non-randomised controlled study
investigated the use of rhBMP-2 as a risk factor for post-
operative dysphagia6,21,24; it can induce inflammation and
oedema in the oesophagus and surrounding soft tissues
resulting in reduced oesophageal motility and dysphagia.6

A non-randomised study found that the use of rhBMP-2
was associated with an almost fourfold increase in the inci-
dence of post-operative dysphagia compared with those
who were treated with autograft.25 Similar studies also
found the incidence of dysphagia in patients receiving
rhBMP-2 to be significantly higher than those treated with
allograft, especially when the dose of rhBMP-2 exceeded
the recommended amount.21,24 Most importantly, the oedema
associated with rhBMP-2 can lead to more serious complica-
tions such as airway or nerve compression; as a result, the
United Stated Food and Drug Administration (FDA) has
advised against its use in anterior cervical surgery.27

Review of these studies suggests that female gender,
revision and multilevel procedures are risk factors for the
development of dysphagia post-operatively.2,4,18 It is still

Table II. Significant risk factors for dysphagia following anterior cervical spine
surgery (rhBMP-2, recombinant human bone morphogenetic protein-2)

Risk factor Supporting study (study design, number of subjects)

Female gender Lee et al4 (prospective, n = 348)
Bazaz et al2 (prospective, n = 249)

Multiple level procedures Lee et al4 (prospective, n = 348)
Bazaz et al2 (prospective, n = 249)
Riley et al19 (retrospective, n = 454)

Revision procedures Lee et al4 (prospective, n = 348)

Duration of procedure Riley et al19 (retrospective, n = 454)
Rihn et al18 (prospective, n = 94)

Older age Smith-Hammond et al23 (prospective, n = 83)

Prominent plate profile Lee et al12 (prospective, n = 156)

rhBMP-2 Buttermann et al6 (prospective, n = 66)
Vaidya et al24 (retrospective, n = 46)
Shields et al21 (retrospective, n = 151)

Neck pain Riley et al19 (retrospective, n = 454)
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not clear whether the severity of pre-operative neck pain
and the prominence of the plate are true risk fac-
tors.8,12,19,20 Although the studies on rhBMP-2 were either
retrospective or non-randomised prospective, the FDA
warning suggests that its use should be considered as a sig-
nificant risk factor for dysphagia.6,21,24,27

Assessment of post-operative dysphagia. Three prospec-
tive longitudinal and two prospective comparative studies
described methods of diagnosing and assessing the severity
of post-operative dysphagia.2,9,15,18,22 These included
videofluoroscopy, the Bazaz dysphagia questionnaire2 and
its modified form,15 the Dysphagia Numerical Rating
Scale,11 the Dysphagia Disability Index18 and the Swallow-
ing-Quality of Life (SWAL-QOL) questionnaire.22

The gold standard for the assessment of dysphagia is
videofluoroscopic swallow evaluation (VSE). A prospective
study by Frempong-Boadu et al9 compared pre- and post-
operative VSE results with clinical findings in patients
undergoing anterior cervical surgery, and found a poor cor-
relation between the objective and subjective findings of
dysphagia. Four prospective studies (two comparative and
two longitudinal) reported the use of patient-reported dys-
phagia questionnaires to assess the incidence and severity of
dysphagia.2,15,18,22 A commonly used questionnaire is the
Bazaz dysphagia score,2 which grades patients as ‘none’,
‘mild’, ‘moderate’ or ‘severe’, based on the frequency of
dysphagia and the types of foods that lead to dysphagia
(Table III). It was subsequently modified to a ten-point scale
recorded daily for four days (Table IV),15 with dysphagia
being defined as a cumulative four-day score of ≥ 12. The
Dysphagia Disability Index18 includes physical function
and emotional domains. None of these questionnaires have
been validated or shown to be significantly reliable, and
therefore the accuracy of their results is not known.2,15,18

The SWAL-QOL survey is a validated 93-item question-
naire that quantifies dysphagia on the basis of severity and
duration as well as its psychological impact.22 Although it

has been shown to be valid and reliable, its length and com-
plexity make it less practical in the clinical setting.22

Although the objective VSE findings may be important,
patient-reported questionnaires may provide more useful
information when assessing post-operative dysphagia.9

Clinical recommendations. Eight prospective studies (three
randomised controlled, two comparative, two longitudinal
and one non-randomised controlled) evaluated methods of
reducing post-operative dysphagia, including the use of
intravenous methylprednisolone, maintaining a baseline
endotracheal tube cuff pressure, using different types of cer-
vical plates and tracheal traction exercises.7,8,12,13,16,17,20,23

Steroid therapy. One prospective non-randomised con-
trolled study and one randomised prospective study inves-
tigated the use of steroids in the treatment of post-
operative dysphagia.13,16 It was thought that steroids
might reduce prevertebral swelling.13,16 A prospective
study by Pedram et al,16 however, failed to find a signifi-
cant difference in the incidence of dysphagia between
patients who received three post-operative intravenous
injections of methylprednisolone and those who did not.
However, as this study failed to randomise patients into
control and treatment groups, it is unclear whether intrave-
nous steroids can alleviate post-operative dysphagia.16 A
prospective randomised study by Lee et al13 found that the
intra-operative application of triamcinolone into the ret-
ropharyngeal space significantly reduced prevertebral
swelling, in addition to reducing the incidence of painful
swallowing post-operatively (Table V).
Endotracheal tube cuff pressure. One prospective ran-
domised study evaluated whether controlling the endotra-
cheal tube cuff pressure during retraction can reduce the
incidence of dysphagia.17 The hypothesis was that
increased cuff pressure may induce injury to the
oesophagus. The study failed to detect a significant differ-
ence in the incidence of dysphagia between the control and
intervention groups. The mean retraction time, however,

Table III. Bazaz dysphagia scoring system2

Severity of dysphagia Difficulty swallowing liquids Difficulty swallowing solids

None None None
Mild None Rare
Moderate None or rare Occasionally (only with specific foods)
Severe None or rare Frequent (majority of solids)

Table IV. Modified Bazaz dysphagia scoring system.15 Assessment is undertaken on
the day of operation and on the first, third and fifth post-operative days; the scores
are added together, with dysphagia defined as a cumulative score of ≥ 12

Points Severity of dysphagia Definition

0 None No episodes of difficulty swallowing
1 to 3 Mild Only rare episodes of difficulty swallowing
4 to 6 Moderate Occasional swallowing difficulty with solid foods
7 to 10 Severe Swallowing difficulty with solids and liquids
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was significantly higher in the treatment group than in the
controls, suggesting that reduction of cuff pressure may
make the procedure more technically difficult.17

Cervical plate design. Two prospective comparative studies
and one prospective longitudinal study investigated
whether using cervical plates with a different profile can
lower the incidence of dysphagia.8,12,20

As plates were hypothesised to produce dysphagia
through the effect of mass and inflammation of the oesoph-
agus, several studies investigated whether changing the
design of the plate could reduce the incidence of dysphagia.
Lee et al12 conducted a prospective study comparing the
incidence of dysphagia between patients who were treated
with the larger and more bulky Atlantis plate (Medtronic,
Memphis, Tennessee) and those treated with the smaller
and smoother Zephir (Medtronic). Patients receiving the
Zephir plate had a significantly lower incidence of dyspha-
gia only at six and 12 months post-operatively.12

Another recent study on 38 patients evaluated the inci-
dence of dysphagia in patients who were treated with the
Zero-P plate (Synthes, West Chester, Pennsylvania), which
is radiolucent and does not protrude beyond the anterior
vertebral bodies.20 Patients with this plate had almost
complete resolution of dysphagia (2.9%) three months
after the procedure.20

Although these studies suggest that the use of a thinner,
smoother plate is associated with a lower incidence of dys-
phagia, Chin et al8 in a prospective study failed to find a dif-
ference in the incidence of dysphagia between patients
whose cervical plates were more prominent than their oste-
ophytes and those whose plates were less prominent. Thus,
the relationship between post-operative dysphagia and dif-
ferent designs of cervical plate remains unclear.
Tracheal traction exercises. A prospective randomised con-
trolled study by Chen et al7 involving 102 patients evalu-
ated whether pre-operative tracheal traction exercises can
reduce the incidence of post-operative dysphagia. The
authors assumed that oesophageal retraction induces post-
operative dysphagia through ischaemia and reperfusion
injury. In turn, tracheal traction exercises, which include

gentle manoeuvring of the thyroid cartilage from side to
side, may increase the compliance of the oesophagus and
thereby reduce the pressure required by retraction to main-
tain an adequate operative field. Thus, tracheal traction
exercises were hypothesised to reduce the risk of ischaemic
injury without making the procedure longer or more tech-
nically difficult.7

The exercises were performed twice daily (15 times each
time) for three days, starting four days before the opera-
tion. The authors found that patients undertaking the exer-
cises had a significantly lower incidence of dysphagia at one
and three weeks post-operatively. However, there was no
significant difference in the incidence of dysphagia between
the treatment and control groups at six weeks, three
months or six months post-operatively. Although this study
does offer a possible method for reducing the incidence of
dysphagia, it was not blinded and lacked placebo controls.7

Posterior approach. A prospective study by Smith-Ham-
mond et al23 showed that the incidence of post-operative
dysphagia is significantly lower in patients who have under-
gone posterior cervical surgery than in those who have
undergone anterior surgery. Currently, the posterior
approach is recommended when the procedure involves
many cervical levels, when there is ankylosis of the spine or
ossification of the posterior longitudinal ligaments and
when cervical lordosis is preserved.1,28 It is important to
assess the cervical kyphosis pre-operatively because poste-
rior decompression may not allow the spinal cord to move
posteriorly, and so further kyphosis may worsen the spinal
cord compression.1,28

Discussion
In conclusion, dysphagia is a common but poorly under-
stood complication of anterior cervical spine surgery.2,4,18

Although its aetiology is most likely to be multifactorial,
several risk factors have been identified: female gender,
revision, multilevel procedures, longer operating time,
older age, pre-existing severe neck pain, the use of rhBMP-
2 and the use of large or bulky plates.8,10,11,12,14,15,20

Although none of the studies investigated the role of post-

Table V. Proposed methods of reducing dysphagia following anterior cervical spine surgery

Suggested intervention Evaluating studies (design, number of subjects) Study conclusions

Intravenous methylprednisolone Pedram et al16 (prospective non-randomised, 
n = 236)

No significant difference between intervention and 
control groups

Retropharyngeal steroids Lee et al13 (prospective randomised, n = 50) Retropharyngeal steroids significantly reduced 
incidence of odynophagia

Reduction/control of endotracheal
tube cuff pressure

Ratnaraj et al17 (prospective randomised, n = 51) No significant difference between intervention and 
control groups

Reducing cervical plate profile Lee et al12 (prospective, n = 156) Smaller and smoother plates significantly reduced 
incidence of post-operative dysphagia

Zero-profile implant Scholz et al20 (prospective, n = 38) Zero-profile implants significantly reduced 
incidence of post-operative chronic dysphagia

Tracheal traction exercises (TTEs) Chen et al7 (prospective randomised, n = 102) TTEs significantly reduced incidence of
post-operative dysphagia
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operative adjacent-level degeneration in the development of
post-operative dysphagia, adjacent-level ossification may
result in delayed dysphagia.29-31

Forms of treatment such as intravenous steroid, strict
control of endotracheal cuff pressure and the use of lower-
profile implants have not been consistently shown to reduce
the incidence of post-operative dysphagia signifi-
cantly.8,12,13,16,17,20s Intra-operative retropharyngeal ster-
oids may facilitate swallowing in the immediate post-
operative period.13 Pre-operative tracheal traction exercises
and the use of a posterior approach to the cervical spine are
associated with a significantly lower incidence of post-
operative dysphagia.7,23

Supplementary material
A table detailing the component questions and scor-
ing of the Dysphagia Disability Index is available

with the electronic version of this article on our website
www.bjj.boneandjoint.org.uk

No benefits in any form have been received or will be received from a commer-
cial party related directly or indirectly to the subject of this article.

This article was primary edited by J. Butler and first-proof edited by J. Scott.

References
1. Cheung KM, Mak KC, Luk KD. Anterior approach to cervical spine. Spine (Phila Pa

1976) 2012;37:E297–E302.

2. Bazaz R, Lee MJ, Yoo JU. Incidence of dysphagia after anterior cervical spine sur-
gery: a prospective study. Spine (Phila Pa 1976) 2002;27:2453–2458.

3. Edwards CC 2nd, Karpitskaya Y, Cha C, et al. Accurate identification of adverse
outcomes after cervical spine surgery. J Bone Joint Surg [Am] 2004;86-A:251–256.

4. Lee MJ, Bazaz R, Furey CG, Yoo J. Risk factors for dysphagia after anterior cervical
spine surgery: a two-year prospective cohort study. Spine J 2007;7:141–147.

5. Wright JG, Swiontkowski MF, Heckman JD. Introducing levels of evidence to
the journal. J Bone Joint Surg [Am] 2003;85-A:1–3.

6. Buttermann GR. Prospective nonrandomized comparison of an allograft with bone
morphogenic protein versus an iliac-crest autograft in anterior cervical discectomy
and fusion. Spine J 2008;8:426–435.

7. Chen Z, Wei X, Li F, et al. Tracheal traction exercise reduces the occurrence of post-
operative dysphagia after anterior cervical spine surgery. Spine (Phila Pa 1976)
2012;37:1292–1296.

8. Chin KR, Eiszner JR, Adams SB Jr. Role of plate thickness as a cause of dysphagia
after anterior cervical fusion. Spine (Phila Pa 1976) 2007;32:2585–2590.

9. Frempong-Boadu A, Houten JK, Osborn B, et al. Swallowing and speech dys-
function in patients undergoing anterior cervical discectomy and fusion: a prospec-
tive, objective preoperative and postoperative assessment. J Spinal Disord Tech
2002;15:362–368.

10. Kang SH, Kim DK, Seo KM, Kim KT, Kim YB. Multi-level spinal fusion and postop-
erative prevertebral thickness increase the risk of dysphagia after anterior cervical
spine surgery. J Clinical Neurosci 2011;18:1369–1373.

11. Kepler CK, Rihn JA, Bennett JD, et al. Dysphagia and soft-tissue swelling after
anterior cervical surgery: a radiographic analysis. Spine J 2012:Epub.

12. Lee MJ, Bazaz R, Furey CG, Yoo J. Influence of anterior cervical plate design on
Dysphagia: a 2-year prospective longitudinal follow-up study. J Spinal Disord Tech
2005;18:406–409.

13. Lee SH, Kim KT, Suk KS, Park KJ, Oh KI. Effect of retropharyngeal steroid on pre-
vertebral soft tissue swelling following anterior cervical discectomy and fusion: a pro-
spective, randomized study. Spine (Phila Pa 1976) 2011;36:2286–2292.

14. Mendoza-Lattes S, Clifford K, Bartelt R, et al. Dysphagia following anterior cer-
vical arthrodesis is associated with continuous, strong retraction of the esophagus. J
Bone Joint Surg [Am] 2008;90-A:256–263.

15. Papavero L, Heese O, Klotz-Regener V, et al. The impact of esophagus retraction
on early dysphagia after anterior cervical surgery: does a correlation exist? Spine
(Phila Pa 1976) 2007;32:1089–1093.

16. 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;12:84–90.

17. Ratnaraj J, Todorov A, McHugh T, Cheng MA, Lauryssen C. Effects of decreas-
ing endotracheal tube cuff pressures during neck retraction for anterior cervical spine
surgery. J Neurosurg 2002;97:176–179.

18. 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;469:658–665.

19. Riley LH 3rd, Skolasky RL, Albert TJ, Vaccaro AR, Heller JG. Dysphagia after
anterior cervical decompression and fusion: prevalence and risk factors from a longi-
tudinal cohort study. Spine (Phila Pa 1976) 2005;15:2564–2569.

20. Scholz M, Schnake KJ, Pingel A, Hoffmann R, Kandziora F. A new zero-profile
implant for stand-alone anterior cervical interbody fusion. Clin Orthop Relat Res
2011;469:666–673.

21. Shields LB, Raque GH, Glassman SD, et al. Adverse effects associated with high-
dose recombinant human bone morphogenetic protein-2 use in anterior cervical spine
fusion. Spine (Phila Pa 1976) 2006;31:542–547.

22. Siska PA, Ponnappan RK, Hohl JB, Lee JY, Kang JD. Dysphagia following ante-
rior cervical spine surgery: a prospective study using the SWAL-QOL questionnaire
and analysis of patient co-morbidities. Spine (Phila Pa 1976) 2011:Epub.

23. Smith-Hammond CA, New KC, Pietrobon R, et al. Prospective analysis of inci-
dence and risk factors of dysphagia in spine surgery patients: comparison of anterior
cervical, posterior cervical, and lumbar procedures. Spine (Phila Pa 1976)
2004;29:1441–1446.

24. Vaidya R, Carp J, Sethi A, et al. Complications of anterior cervical discectomy and
fusion using recombinant human bone morphogenetic protein-2. Eur Spine J
2007;16:1257–1265.

25. Ozgursoy OB, Salassa JR, Reimer R, Wharen RE, Deen HG. Anterior cervical
osteophyte dysphagia: manofluorographic and functional outcomes after surgery.
Head Neck 2010;32:588–593.

26. Urrutia J, Bono CM. Long-term results of surgical treatment of dysphagia secondary
to cervical diffuse idiopathic skeletal hyperostosis. Spine J 2009;9:13–17.

27. No authors listed. FDA. Public Health Notifications (Medical devices): FDA Public
Health Notification: life-threatening complications associated with recombinant
human bone morphogenetic protein in cervical spine fusion. http://www.fda.gov/
MedicalDevices/Safety/AlertsandNotices/PublicHealthNotifications/
ucm062000.htm (date last accessed 15 March 2013).

28. Law MD Jr, Bernhardt M, White AA 3rd. Cervical spondylotic myelopathy: a
review of surgical indications and decision making. Yale J Biol Med 1993;66:165–
177.

29. Park JB, Cho YS, Riew KD. Development of adjacent-level ossification in patients
with an anterior cervical plate. J Bone Joint Surgery [Am] 2005;87-A:558–563.

30. Shih P, Simon PE, Pelzer HJ, Liu JC. Osteophyte formation after multilevel ante-
rior cervical discectomy and fusion causing a delayed presentation of functional dys-
phagia. Spine J 2010;10:1–5.

31. Seidler TO, Pèrez Alvarez JC, Wonneberger K, Hacki T. Dysphagia caused by
ventral osteophytes of the cervical spine: clinical and radiographic findings. Eur Arch
Otorhinolaryngol 2009;266:285–291.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /Sabon-Bold
    /Sabon-BoldItalic
    /SabonCE-Bold
    /SabonCE-BoldItalic
    /SabonCE-Italic
    /SabonCE-Roman
    /Sabon-Italic
    /Sabon-Roman
    /Univers
    /Univers-Bold
    /Univers-BoldOblique
    /UniversCE-Bold
    /UniversCE-BoldOblique
    /UniversCE-Medium
    /UniversCE-Oblique
    /Univers-CondensedBold
    /Univers-CondensedBoldOblique
    /Univers-CondensedLight
    /Univers-CondensedLightOblique
    /Univers-Oblique
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENG ()
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


