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Objective: Anterior cervical plating in anterior cervical discectomy and fusion (ACDF) pro-
cedures are associated with improved outcomes compared to stand-alone cages. However, 
concerns exist regarding increased rates of postoperative dysphagia following an ACDF. 
This study aims to quantify the effect of anterior plating on swallowing-quality of life (SW-
AL-QOL) scores and radiographic swelling assessments following a primary, single-level 
ACDF.
Methods: Patients retrospectively reviewed. Patients grouped into those receiving a cage or 
anterior plate. SWAL-QOL scores were recorded preoperatively and 6 weeks and 12 weeks 
postoperatively. Lateral radiographs were used to create a swelling index with a ratio of the 
prevertebral swelling distance to the anterior-posterior diameter of each involved vertebral 
body. An air index was created using the same methodology. Statistical analysis was per-
formed using chi-square analysis and independent t-tests for categorical and continuous 
variables.
Results: Sixty-eight primary, single-level ACDF patients were included. Forty-one (60.3%) 
received a stand-alone cage and 27 (39.7%) received a cage with anterior plating. No differ-
ences in demographics, comorbidities, operative time, estimated blood loss, or length of 
hospital stay were identified between Cage and Plate cohorts. Finally, no differences were 
observed in postoperative SWAL-QOL scores or swelling and air indices between groups.
Conclusion: The results demonstrate that patients undergoing a primary, single-level ACDF 
with or without anterior plating experience similar operative times and lengths of stay. Pa-
tients that receive a cage with anterior plating did not experience significant increases in 
dysphagia as measured by the SWAL-QOL questionnaire compared to patients that received 
a stand-alone cage. Furthermore, radiographic assessments of swelling are comparable.
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INTRODUCTION

Anterior cervical discectomy and fusion (ACDF) has become 
widely utilized for the treatment of degenerative cervical pathol-

ogy.1 ACDF has demonstrated high rates of arthrodesis, as well 
as proving to be a safe and cost-effective surgical therapy.2-7 How-
ever, the risk for surgical complications still exists. Postopera-
tive dysphagia secondary to soft tissue swelling is a common 

Neurospine 2019;16(3):601-607.
https://doi.org/10.14245/ns.1836188.094

Neurospine
eISSN 2586-6591 pISSN 2586-6583 

This is an Open Access article distributed under 
the terms of the Creative Commons Attribution 
Non-Commercial License (http://creativecom-
mons.org/licenses/by-nc/4.0/) which permits 
unrestricted non-commercial use, distribution, 
and reproduction in any medium, provided the 
original work is properly cited.

Copyright © 2019 by the Korean Spinal 
Neurosurgery Society 

http://crossmark.crossref.org/dialog/?doi=10.14245/ns.1836188.094&domain=pdf&date_stamp=2019-09-30


ACDF Plate Cage DysphagiaHaws BE, et al.

https://doi.org/10.14245/ns.1836188.094602  www.e-neurospine.org

complication, with rates as high as 79% identified in the anteri-
or cervical spine literature.8-14 The potential for complications 
has prompted the development of surgical techniques to miti-
gate these risks and improve patient outcomes.15-17

Established by Smith and Robinson, the utilization of anteri-
or plating has been proven as an effective instrumentation meth-
od in ACDF.18 This technique can provide adequate decom-
pression and restoration of segmental anatomy using a biome-
chanically favorable construct.19,20 Although anterior plating af-
fords structural stability, studies have associated the technique 
with a higher risk of postoperative dysphagia.21-23 This may po-
tentially be due to increased retraction of the esophagus during 
anterior cervical plating, leading to greater tissue irritation and 
swelling. Recently, the zero-profile stand-alone interbody cage 
for ACDF has received increasing attention. This construct has 
been reported to avoid plate-related complications in addition 
to decreasing operative times and intraoperative blood loss.24-27

Previous studies have reported on the relationship between 
ACDF instrumentation and postoperative dysphagia.28,29 How-
ever, the clinical evaluation of dysphagia has varied greatly in 
the literature, as the gold standard modified barium swallow is 
not consistently performed.30 There is a paucity of evidence re-
garding the association between anterior plating and swallow-
ing function using a questionnaire such as the swallowing-quali-
ty of life (SWAL-QOL), or radiographic assessments of swell-
ing. As such, the purpose of this study is to quantify the effect 
of anterior plating on SWAL-QOL scores and radiographic swell-
ing assessments following a primary, single-level ACDF.

MATERIALS AND METHODS

1. Patient Population
Following Institutional Review Board approval (ORA#14051301), 

a prospectively-maintained surgical registry was retrospectively 
reviewed to identify patients undergoing primary, single-level 
ACDF for degenerative pathology from 2014–2017. All patients 
underwent ACDF by a single surgeon at a single academic in-
stitution. Patients were excluded if undergoing ACDF for non-
degenerative etiologies, or if postoperative survey data was in-
complete.

2. Surgical Technique
The Smith-Robinson approach was utilized for all procedures.18 

Patients either received a stand-alone cage (Cage) or a cage with 
anterior plating (Plate) at the discretion of the treating surgeon. 
The Cage cohort received a polyetheretherketone (PEEK) inter-

body cage with integrated screw fixation. The Plate cohort re-
ceived a PEEK interbody cage in addition to anterior plating 
with screw fixation. In both cohorts, cages were packed with 
local bone graft obtained from anterior osteophyte resection 
and nanocrystalline hydroxyapatite was used as a bone graft 
extender.

3. Data Collection
Patients were grouped according to ACDF instrumentation 

utilized; either a stand-alone cage (Cage) or a cage with anterior 
plating (Plate). Demographic and comorbidity information was 
obtained from the surgical registry, including age, sex, body mass 
index, insurance status, and comorbidity burden as defined by 
Charlson Comorbidity Index. Recorded perioperative charac-
teristics included operative time (minute), intraoperative blood 
loss (mL), length of hospital stay (hour), and time to discharge 
(postoperative day, POD). For time to discharge, POD 0 indi-
cates discharge on the same day of surgery, POD 1 indicates 
discharge on the day following surgery, and so forth. Any com-
plications during the intraoperative, immediate postoperative, 
and up to 12 weeks postoperative were also recorded.

SWAL-QOL scores were recorded at preoperative and 6-week 
and 12-week postoperative time points. Surveys were complet-
ed on paper or electronically via a computer or tablet at each 
clinical visit. The SWAL-QOL survey is composed of 13 multi-
part questions. For our analysis, we limited our focus on the 
third question, which contains 14 responses regarding physical 
problems associated with swallowing difficulty31: “coughing,” 
“choking when you eat food,” “choking when you take liquids,” 
“having thick saliva or phlegm,” “gagging,” “drooling,” “problems 
chewing,” “having excess saliva or phlegm,” “having to clear your 
throat,” “food sticking in your throat,” “food sticking in your 
mouth,” “food or liquid dribbling out of your mouth,” “food or 
liquid coming out of your nose,” or “coughing food or liquid out 
of your mouth when it gets stuck.” This approach to the SWAL-
QOL questionnaire for postoperative dysphagia assessment has 
been previously described by Siska et al.32 Each response indi-
cated how frequently a patient-reported problem associated with 
swallowing, using a scale of 1 (“almost always”) to 5 (“never”). 
Scores were then scaled to a percentage out of 100 by dividing 
the total number of points scored by the maximum point score 
of 70. A scaled score of 100 indicated patients did not exhibit 
swallowing difficulty, whereas a minimum scaled score of 20 
indicated patients suffered consistently from each related dys-
phagia component.
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4. Radiographic Outcomes
Preoperative and 6-week and 12-week postoperative plain 

lateral radiographs were used to assess changes in swelling from 
baseline following ACDF. All radiographic measurements were 
taken at the midvertebral body, parallel to the intervertebral 
disc, for each index-level vertebrae, as well as one vertebral level 
above and below the level of fusion (Fig. 1). The prevertebral 
soft tissue swelling was defined as the distance from the anteri-
or cortex of the vertebral body to the posterior tracheal air win-
dow. The anteriorposterior (AP) diameter of the tracheal air 
window was also measured. The ratio of the prevertebral soft 
tissue swelling to the vertebral body AP diameter at all mea-
sured levels were averaged and multiplied by 100 to obtain a 
swelling index.33 An air index was calculated in the same man-
ner, utilizing the tracheal air window in place of the preverte-
bral soft tissue swelling.

5. Statistical Analysis
Statistical analysis was performed using Stata/SE 13.0 (Stata-

Corp LP, College Station, TX, USA). Differences in patient de-
mographics and perioperative characteristics were compared 
between cohorts using chi-square analysis and independent t-
tests for categorical and continuous variables, respectively. Chang-
es in postoperative SWAL-QOL scores and swelling and air in-
dices from preoperative values were compared between groups 
using independent t-tests. Statistical significance was set at p<0.05.

6. Power Analysis
A post hoc power analysis revealed the present study has 81.3% 

power to detect a 7.5-point difference in scaled SWAL-QOL 
score at 6-week follow-up between Plate and Cage groups. 

RESULTS

A total of 68 primary, single-level ACDF patients were in-
cluded in this analysis. Of these, 41 (60.3%) received a stand-
alone cage, while 27 (39.7%) received a cage plus anterior plat-
ing. The majority of patients in both groups were male (Cage=  
68.3%, Plate= 59.3%; p= 0.446). A greater percentage of Plate 
patients were smokers (18.5% vs. 4.9%, p = 0.070) than Cage 
patients; however, this did not reach statistical significance. No 
differences in baseline characteristics were observed between 
cohorts (Table 1).

The perioperative outcomes for Plate and Cage patients are 
detailed in Table 2. Similar operative time, estimated intraoper-

Fig. 1. Postoperative lateral cervical radiograph of an anterior 
cervical discectomy and fusion patient who received a stand-
alone cage demonstrates swelling and air index measurements 
at the operative level as well as one level above and below the 
fusion. All measurements are in the plane of the midvertebral 
body, parallel to the intervertebral discs. The measurements 
include anteriorposterior (AP) diameter of the vertebral body 
(A); prevertebral soft tissue swelling (B), from anterior cortex 
of the vertebral body to the posterior tracheal air window; 
and AP diameter of the tracheal air window (C).

Table 1. Baseline characteristics

Characteristic Cage 
(n = 41)

Plate 
(n = 27) p-value†

Age (yr) 46.3 ± 8.1 48.7 ± 9.5 0.275

Sex 0.446

   Female  13 (31.7) 11 (40.7)

   Male 28 (68.3) 16 (59.3)

BMI (kg/m2) 0.183

   Nonobese (BMI < 30) 20 (48.8) 17 (65.4)

   Obese (BMI ≥ 30) 21 (51.2) 9 (34.6)

Smoking status 0.070

   Nonsmoker 39 (95.1) 22 (81.5)

   Smoker 2 (4.9) 5 (18.5)

Charlson Comorbidity Index 0.9 ± 1.1 1.4 ± 1.2 0.103

Values are presented as mean ± standard deviation or number (%).
BMI, body mass index.
†p-value calculated using Student t-test and chi-square analysis.
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ative blood loss, and lengths of postoperative stay were observed 
for Plate and Cage groups (p> 0.05 for each). The majority of 
patients in both cohorts were discharged on POD 0 (Plate=80.5%, 
Cage= 85.2%; p= 0.686). No perioperative or postoperative com-
plications were reported in either cohort.

Patient-reported swallowing function was assessed using the 
SWAL-QOL and compared between groups (Table 3). The av-
erage preoperative scaled SWAL-QOL score was 95.6 in the 
Plate cohort and 93.3 in the Cage cohort (p= 0.245). No differ-
ences in SWAL-QOL scores were observed at 6-week or 12-week 
postoperative visits between Plate and Cage patients (p> 0.05 
each). Additionally, changes in postoperative SWAL-QOL scores 
from preoperative values were similar between groups (p> 0.05 

each).
Table 4 describes the radiographic outcomes between Plate 

and Cage groups. Preoperative swelling and air indices were 
similar between cohorts (p> 0.05 each). At 6-week follow-up, 
Plate patients demonstrated a higher swelling index than Cage 
patients (87.6 vs. 75.4, p = 0.010). However, no differences in 
swelling indices were identified at 12-week follow-up (p> 0.05). 
Additionally, changes in swelling index from preoperative to 
postoperative time points were similar between Plate and Cage 
groups (p> 0.05 each). Plate and Cage patients also experienced 
similar air indices and changes in air indices from preoperative 
values at both 6- and 12-week postoperative time points (p> 0.05 
for each).

DISCUSSION

ACDF with anterior plating is thought to improve structural 
stability of the fusion construct. However, concerns exist re-
garding postoperative complications such as increased rates of 
dysphagia. The aim of the present study was to assess postoper-
ative swallowing function after ACDF with or without anterior 
plating. The results of this study indicate that patients undergo-

Table 3. SWAL-QOL outcomes

SWAL-QOL Cage 
(n = 41)

Plate 
(n = 27) p-value†

SWAL-QOL

   Preoperative 93.3 ± 8.1 95.6 ± 7.5 0.245

   6-Week postoperative 89.2 ± 14.1 93.5 ± 7.1 0.149

   12-Week postoperative 89.5 ± 13.0 92.4 ± 10.4 0.387

Changes in SWAL-QOL

   Preoperative 93.3 ± 8.1 95.6 ± 7.5 -

   ∆ 6-Week postoperative -4.1 ± 12.4 -2.1 ± 8.0 0.457

   ∆ 12-Week postoperative -3.1 ± 11.7 -3.0 ± 12.0 0.974

Values are presented as mean ± standard deviation.
SWAL-QOL, Swallowing-quality of life.
†p-value calculated using Student t-test or chi-square analysis.

Table 2. Perioperative outcomes

Variable Cage 
(n = 41)

Plate 
(n = 27) p-value†

Operative time (min) 39.2 ± 8.9 43.6 ± 12.7 0.100

Estimated blood loss (mL) 27.3 ± 9.2 29.8 ± 14.2 0.386

Length of hospital stay (hr) 11.2 ± 9.6 9.8 ± 6.8 0.512

Day of discharge 0.686

   POD 0 33 (80.5) 23 (85.2)

   POD 1 7 (17.1) 4 (14.8)

   POD 2 1 (2.4) 0 (0)

Complications -

   Intraoperative 0 (0) 0 (0)

   Inpatient 0 (0) 0 (0)

   Postoperative 0 (0) 0 (0)

Values are presented as mean ± standard deviation or number (%).
POD, postoperative day.
†p-value calculated using Student t-test or chi-square analysis.

Table 4. Radiographic outcomes

Variable Cage 
(n = 41)

Plate 
(n = 27) p-value†

Swelling index average‡

   Preoperative 67.9 ± 18.4 75.0 ± 13.1 0.107

   6-Week postoperative 75.4 ± 16.4 87.6 ± 18.3 0.010*

   12-Week postoperative 72.0 ± 15.9 80.5 ± 19.3 0.091

Swelling index ∆

   ∆ 6-Week postoperative 7.5 ± 11.6 12.6 ± 13.5 0.124

   ∆ 12-Week postoperative 5.2 ± 9.3 6.0 ± 12.7 0.785

Air index average‡

   Preoperative 107.1 ± 20.6 115.5 ± 14.2 0.088

   6-Week postoperative 106.6 ± 22.4 109.9 ± 18.0 0.551

   12-Week postoperative 105.3 ± 22.4 108.6 ± 17.7 0.575

Air index ∆

   ∆ 6-Week postoperative -0.5 ± 14.8 -5.6 ± 14.1 0.189

   ∆ 12-Week postoperative -1.4 ± 14.8 -7.3 ± 17.8 0.209

Values are presented as mean ± standard deviation.
Air index ∆/swelling index ∆ = postoperative air/swelling index aver-
age – preoperative air/swelling index average.
*p < 0.05, statistically significant difference. †p-value calculated using 
Student t-test. ‡Air index average/swelling index average = average of 
tracheal air/pretracheal swelling measurement for index, index ± 1-
level.



ACDF Plate Cage DysphagiaHaws BE, et al.

https://doi.org/10.14245/ns.1836188.094 � www.e-neurospine.org   605

ing ACDF with anterior plating do not experience greater post-
operative swallowing dysfunction. Additionally, postoperative 
changes in radiographic swelling and air indices are similar re-
gardless of instrumentation used. These findings suggest that 
anterior plating can be utilized in ACDF procedures without 
concern for a higher risk of postoperative dysphagia.

While the results of the current study indicate that anterior 
plating does not lead to greater postoperative dysphagia, the lit-
erature has exhibited mixed results. Nambiar et al.28 performed 
a meta-analysis of reported outcomes following a single-level 
ACDF with or without anterior plating. Four of the 6 included 
studies reported rates of postoperative dysphagia. Anterior plat-
ing was associated with higher rates of dysphagia at follow-up 
(odds ratio [OR], 6.17; 95% confidence interval [CI], 1.04–36.64; 
p= 0.05). A subsequent meta-analysis by Oliver et al.29 also as-
sessed ACDF outcomes with and without anterior plating among 
studies with at least 6 months of postoperative follow-up. Five 
of the fifteen included studies reported postoperative dysphagia 
rates. There was no significant difference in the incidence of 
dysphagia between Plate and No Plate cohorts, with pooled rates 
of 11.18% and 9.14%, respectively (OR, 1.21; 95% CI, 0.57–2.56; 
p= 0.963). The opposing results of these meta-analyses may be 
due to variations in timing of dysphagia assessments or study 
selection criteria, as only one investigation reporting dysphagia 
rates met inclusion criteria for both studies. Nevertheless, this 
highlights the paucity of high-quality aggregate data comparing 
clinical outcomes of ACDF with and without anterior plating.

The inconsistent reports of increased dysphagia rates with 
anterior plating are likely a result of variable methodology used 
in the literature. The majority of studies in the ACDF literature 
determine dysphagia rates through review of clinical documen-
tation, patient self-reporting, or unspecified methodology.34 
This approach makes reported results less reliable or amenable 
to critical analysis. Furthermore, it prevents accurate compari-
son and pooling of data within the literature. The Bazaz Dys-
phagia Score is one criterion used to define dysphagia in ACDF 
literature, which classifies dysphagia as severe, moderate, mild, 
or none.21 While this assessment tool may be utilized because of 
its easy and rapid administration, it may be too simple to detect 
smaller variations in dysphagia severity.8,10 The use of the SW-
AL-QOL in the present study may have allowed for an enhanced 
ability to assess subtle differences in swallowing function be-
tween Plate and Cage patients. While dysphagia severity in the 
present study was similar with and without the use of anterior 
plating, continued efforts to standardize dysphagia reporting 
with an assessment tool that is both comprehensive and effi-

cient will remain important.
The present study determined that postoperative changes in 

radiographic swelling and air indices are not different following 
ACDF with or without anterior plating. Prevertebral soft tissue 
swelling (PSTS) has been previously reported to correlate with 
dysphagia after ACDF.35,36 As postoperative swallowing func-
tion was similar for Plate and Cage patients, it is intuitive that 
swelling and air indices would also be similar between cohorts. 
However, these results are in contrast with previous reports in 
the literature. Prior studies have identified greater postoperative 
PSTS following ACDF with anterior plating compared to stand-
alone cages.37-39 However, these investigations employed differ-
ent techniques for radiographic assessment, limiting the ability 
to compare results to the present study. As such, determination 
of the optimal PSTS calculation method may be an important 
aim of future investigations.

This study has several limitations. First, all patients were treat-
ed by a single surgeon at a single institution. This may limit the 
generalizability. Second, the retrospective nature of this study 
may impart a degree of selection bias. Third, postoperative swal-
lowing assessments were only performed at 6-week and 12-week 
follow-up. It is possible patients experienced more significant 
impairments earlier in their postoperative course that subsided 
prior to survey administration. Furthermore, differences in 
swallowing function were not evaluated beyond 12-week fol-
low-up. However, the chosen time points were considered to be 
of greatest relevance as dysphagia most often resolves within 
the first 3 months.10 Fourth, although our analysis was adequate-
ly powered to demonstrate a 7.5-point difference in scaled SW-
AL-QOL score, this may not indicate a clinically relevant differ-
ence; however, a clinically relevant difference in SWAL-QOL 
score remains unclear at this time. Fifth, due to the low inci-
dence of swallowing difficulty that occurs in patients following 
ACDF performed by an experienced surgeon, it may be diffi-
cult to distinguish the true differences between the 2 cohorts in 
the current study. An analysis of a larger population with more 
study subjects would be required in order to obtain a large enough 
sample size of patients that experienced swallowing difficulty 
after ACDF. As such, the conclusions drawn from our study are 
limited due to the low rate at which swallowing difficulty devel-
ops after ACDF regardless of whether an anterior plate was used 
or not. Finally, as the SWAL-QOL survey is optimized for use 
in oropharyngeal oncologic and otolaryngology populations, 
sections of the survey regarding quality of life relating to severe 
swallowing dysfunction have limited utility among spine sur-
gery populations. As such, our evaluation utilized only the most 
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relevant questions in the survey corresponding to physical ef-
fects of swallowing dysfunction.

CONCLUSIONS

The results of this study demonstrate that patients undergo-
ing a primary, single-level ACDF with or without anterior plat-
ing experience similar operative times, estimated blood loss, 
and lengths of stay. Furthermore, patients that receive a cage 
with anterior plating do not experience significant increases in 
dysphagia as measured by the SWAL-QOL questionnaire com-
pared to patients that received a stand-alone cage. Finally, the 
use of anterior plating does not lead to greater radiographic 
swelling and air indices. Patients should be counselled to expect 
similar postoperative swallowing function following a primary, 
single-level ACDF regardless of instrumentation used. A future 
investigation of a larger sample size is necessary to corroborate 
the similarity demonstrated by the study.
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