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Abstract: The difference of swallowing function between a new zero-notch anterior cervical interbody fusion device (ROI-C)
and classical method with the plate using in anterior cervical decompression and fusion (ACDF) were discussed and analyzed.
57 cases in the First Affiliated Hospital of Jinan University from Feb 2013 to Mar 2016 who underwent ACDF were
retrospectively reviewed. There were 33 cases in group using with ROI-C and 24 cases in group using with plate. The
difference of dysphagia incidence and severity were analyzed by comparing with the image data before and after operation. The
dysphagia correlative risk factors analyzed by logistic regression test were internal fixation material and thickness of 3-days
post-operative prevertebral soft tissue (PST). When the PST (3-days post-operative) was larger than 10.44mm, the chance of
developing postoperative was significantly greater. The thickness of 3-days post-operative PST in ROI-C group was
significantly lower than that in plate group (P <0.05). The thickness of 3-days post-operative PST swelling width ROI-C group
was significantly lower than that in plate group (P <0.05). The index of 3-days post-operative PST was lower but no significant
in ROI-C group than that of group Plate (P >0.05). 3-days post-operation, the dysphagia incidence and severity were
significantly lower in ROI-C group than that in plate group (P <0.05). The dysphagia correlative risk factors are internal
fixation material and thickness of 3-days post-operative PST. When the 3-days post-operative PST larger than 10.44 mm, the
chance of developing postoperative is significantly greater. Zero-notch ROI-C anterior cervical interbody fusion device is
associated with less stimulations to esophagus, lower postoperative dysphagia incidence, milder severity of dysphagia and
shorter period of dysphagia in ACDF.
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1. Introduction
Anterior cervical discectomy (decompression) and fusion
(ACDF) is a prior method for the treatment of many cervical
vertebrae diseases, such as degeneration, congenital
malformations, pathological and traumatic fractures [1].
However, complications, including hematoma formation,
infection, failure of internal fixation, recurrent laryngeal nerve
injury, esophageal injury, vertebral artery and nerve injury,
have been reported [2]. Especially, dysphagia caused by
esophageal injury after the surgery is particularly prominent.
Accordingly, the early postoperative swallowing dysfunction
rate is about 1%-80%, and also there are about 3%-21% of
patients with long-term dysphagia symptoms [3-5]. The

mechanisms of dysphagia remain to be elucidated, while the
most acceptable hypothesis is due to the postoperative soft
tissue swelling [6-9]. In the current study, we measured the
thickness of anterior soft tissue by postoperative cervical
X-ray film, aiming to investigate the impact of ACDF with
zero- notch ROI-C on dysphagia. Comparing to patients on
ACDF with anterior plate fixation, we tried to determine role
of the thickness of anterior soft tissue in dysphagia, trying to
provide evidences to reduce complications of ACDF.

2. Methods
2.1. General Data
From Feb 2013 to Mar 2016, 57 patients (27 male, 30
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female) under ACDF were included and subjected for
retrospective analysis. By the difference of internal
implantation device, patients were divided into 2 groups: (1)
33 cases of ROI-C group (zero-notch device, 13 male and
20 female); age, 27-77 years old (average 51.97±11.34
years old); follow-up time, 5-17 months (average
10.72±4.86 months); (2) 24 cases of Titanium (Ti) plate
group (combined anterior intervertebral fusion device, 14
male and 10 female); age, 39-84 (average 52.63±11.67);
follow-up time, 1.5-22 months (average 10.26±8.88
months).

osteophyte formation at the anterior edge of the lesion
segment (height > 16 mm) [9]; (3) with spinal cord
compression by serious ossification of posterior longitudinal
ligament, ankylosing spondylitis, deformity and tumor; (4)
combined with mental illness and severe osteoporosis; (5)
other factors affect swallowing function during the follow-up:
developmental abnormalities, CNS diseases, tumor
metastasis/compression, severe trauma, cervical revision
surgery, esophageal injury (physical/chemical /biological).

2.2. Inclusion Criteria

Imagines were measured by Huahai HiNet PACS medical
image inspection system (images were enlarged 5x, each
index was measured twice and was averaged to reduce errors).
Penning method [8] was used to measure the prevertebral soft
tissue thickness (PST) of C3-7 vertebrae in the cervical spine
(Figure 1). For those with obvious osteophyte formation at the
anterior edge of the lesion segment (osteophyte height > 5 mm)
[9]. The degree of PST swelling width equals post-operative
PST minus pre-operative PST. The PST index of prevertebral
soft tissue equals cervical PST/ Vertebral sagittal diameter.
Degrees of dysphagia were shown in Table 1 [4].

Patients with the following characters were included: (1)
confirmed diagnosis of cervical degenerative lesion, with
instability caused by fractures or spondylolisthesis; (2)
symptoms matched the corresponding segment indicated by
X-ray, CT and MR; (3) Imaging suggest the lesion located
between C3-T1, 1 to 3 segments requiring decompression;
(4) cervical spondylotic radiculopathy patients treated by
none surgical methods showed no significant improvement,
still with obvious symptoms of spinal cord nerve
compression; (5) with complete medical records,
non-mental illness patients; (6) no dysphagia symptoms
before surgery.
2.3. Exclusion Criteria
Patients with the following characters were excluded: (1)
with dysphagia symptoms before surgery; (2) esophageal
cervical spondylosis or imaging indicated that huge

2.4. Measurements

Table 1. Bazaz-Yoo Dysphagia Score.
Severity
None
Mild
Moderate
Severe

Symptoms
Liquid
None
None
None or rare
None or rare

Solid
None
Rare
Occasionally (only with specific food)
Frequent (majority of food)

Figure 1. (A) Measurement of PST in ROI-C group: distances of C3, C5-7 vertebral anterior edge, C4 certebral anterior superior edge to posterior trachea, get
the average value as the horizontal PST.(B) Measurement of PST in titanium plate group: the distance between the front border of plate to posterior trachea.
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2.5. Statistical Analysis
Data were analyzed by SPSS 19.00, dependent t-tests and
Pearson correlations were used when comparing measures
between the two groups. P < 0.05 means statistical significant
differences.

3. Results
We compared the PST, swelling width of PST, PST index
between the ROI-C group and the Titanium plate group in
3-days, 6-weeks post-operation and the last follow-up. We
found that the values of PST 3-days after operation between

the two groups showed significant differences (P < 0.05),
while values of 6 weeks post-operation and the last follow-up
showed no significant differences (P > 0.05). PST values in
ROI-C group were lower than that in Ti plate group (Figure
2A). The swelling width of PST in 3-days post-operation and
the last follow-up showed significant difference (P < 0.05,
Figure 2B). The PST index showed no difference in both
groups (Figure 2C). We got the average PST value of 10.44
mm for the threshold value and found that 3-days
post-operation, if PST value larger than this average value, the
rate of dysphagia was higher than that with lower PST value
(< 10.44) (Figure 2D).

Figure 2. PST values (A), swelling width of PST (B) and PST index (C) in the ROI-C and plate groups were shown. The relationship of PST threshold and
dysphagia.

Figure 3. The linear regression for risk factor analysis. The relationship of 3-days post-operative PST values and dysphagia (A) and severity of dysphagia (B)
were shown.
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Furthermore, we calculated the rate of dysphagia (Table 2).
We than analyzed the risk factor of dysphagia. Logistic
analyses were performed with potential risk factors including
sex, age and implant material, measures of 3 days
post-operation (PST, swelling width of PST, PST index). As
shown in Table 3, the results showed that the risk factors were
implant material and 3-days post-operative PST values. A
linear relationship was shown between 3-days post-operative
PST value with the dysphagia (Figure 3A) and with dysphagia
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severity (Figure 3B).
Table 2. The rate of dysphagia in two groups.
Severity
None
Mild
Moderate
Severe

Rate (Cases)
ROI-C group (33 cases)
90.9% (12 male, 18 female )
9.1% (1 male, 2 female)
0
0

Ti Plate group (24 cases)
50.0% (9 male, 3 female)
25.0% (3 mal, 3 female)
25.0% (2 male, 4 female)
0

Table 3. Multiple factor analysis of pharyngeal difficulty.
Risk factor

B

P

Exp (B) OR

Internal fix device (ROI-C, plate)
3 days post-operative PST

1.391
0.172

0.006
0.011

4.017
1.187

95.0% C. I. for EXP (B)
Lower
Upper
1.491
10.823
1.041
1.354

4. Discussion

5. Conclusion

As a mature anterior cervical surgery method, ACDF is
applied for degenerative cervical disc herniation with
confirmed symptoms of spinal cord and/or nerve root, those
non-surgical method cannot alleviate [1]. Because of the
effective outcome, ACDF is widely recognized and applied in
clinical practice. However, the use of anterior steel plate
widens the narrow anterior gap, thus compresses the
esophagus leading to the dysphagia. Accordingly, the rate of
post-operative dysphagia differs, statistically early dysphagia
ranging from 1% to 80%, chronic dysphagia 3%-21% [3-5].
The detailed mechanisms of post-operative dysphagia
remain to be elucidated, while the hypothesis of
post-operative soft tissue swelling is more acceptable. Suk and
the colleagues suggested that due to the operation, anterior
soft tissues congested and hematoma formed, the anterior
usage of steel plate further stimulate the soft tissues,
increasing the PST thickness, the esophagus becomes narrow
due to the pressure, and finally leading to dysphagia [6].
Compared with Ti steel plate, the ROI-C fusion system is
much simpler with no anterior steel implant. Hacker-Gilbert
and the colleagues found that simple interbody fusion and
artificial disc replacement would not lead to dysphagia, with
lower rate of dysphagia than Ti steel [7]. Hofstetter and the
colleagues found that another zero-notch cage (Zero-P) also
can decrease the post-operative dysphagia [10]. Our results
showed that the application of ROI-C cage lead to the reduced
dysphagia rate and severity, than Ti plate group, which is
consistent with previous reports.
In general, we identified the risk factor for the happening of
post-operative dysphagia; and found that when 3-days
post-operative PST value was large than 10.44 mm, the risk
would increase. The application of ROI-C device in ACDF
show good clinical outcome with smaller degree of anterior
soft tissue swelling postoperatively, no compression to the
esophagus, lower effect to swallowing function, showing the
advantages of lower rate of dysphagia and lower severity and
short duration.

(1) Plate implanting and 3-days post-operative PST value
are risk factors for post-operative dysphagia in ACDF.
(2) When 3-days post-operative PST value is larger than
10.44 mm, the risk of post-operative dysphagia increases.
(3) The application of zero-notch devices like ROI-C
reduced dysphagia rate and severity.
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