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Anterior cervical discectomy and
fusion with zero-profile versus
stand-alone cages for two-level
cervical spondylosis: A
retrospective cohort study

Guanzhang Mu", Hao Chen®, Haoyong Fu', Shijun Wang',
Hailin Lu', Xiaodong Yi', Chunde Li', Lei Yue' and Haolin Sun®*

Department of Orthopedic, Peking University First Hospital, Beijing, China, 2Department of
Rehabilitation Medicine, Peking University First Hospital, Beijing, China

Objective: To assess the mid-long-term clinical and radiological outcomes of
zero-profile (ZP) compared with stand-alone (ST) cages for two-level anterior
cervical discectomy and fusion (ACDF).

Methods: We included 77 patients (39 women and 38 men) who underwent
two-level ACDF between May 5, 2016, and May 5, 2020, and who
were followed up for at least 1 year. The subjects were divided into the ST
(n=38) and ZP (n=39) group. For the evaluation of functional status,
Japanese Orthopedic Association (JOA), Neck Disability Index (NDI), and
Visual Analogue Scale (VAS) scores were used. Additionally, radiological
outcomes and procedure complications were observed at final follow-up.
Results: Both groups had excellent clinical outcomes at the final follow-up.
There were no significant intergroup (ZP vs. ST) differences in the fusion
rate (91.02% vs. 90.79%, P>0.05) and postoperative dysphagia (15.4% vs.
2.6%, P=0.108). However, the disc height at the final follow-up in the ZP
group was higher than that in the ST group (6.86 + 0.84 vs. 6.174+1.03, P=
0.002). The ZP group accomplished a lower loss of cervical lordosis
(18.46+4.78 vs. 16.55+4.36, P=0.071), but without reaching statistical
significance.

Conclusion: ACDF with either ZP or ST cages turns out to be a dependable
strategy for two-level ACDF in terms of clinical results. However, compared
with the ST, the ZP cage may achieve a significantly lower loss of disc height.

KEYWORDS

anterior cervical discectomy and fusion (ACDF) surgery, cervical spine, disc herniation,
outcome, stand-alone cage, zero-profile cage, two-level cervical spondylosis

Abbreviations

ZP, zero-profile cage; ST, stand-alone cage; ACDF, anterior cervical discectomy and fusion; ACPS, anterior
cervical plate; JOA, Japanese Orthopedic Association scores; NDI, Neck Disability Index; VAS, Visual
Analogue Scale; CT, computed tomography; DHI, disc height; SD, standard deviation; BMI, body mass
index
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Introduction

Anterior and fusion (ACDF)

decompresses compressed spinal cord and nerve root, recovers

cervical  discectomy

physiological lordosis, and provides stability and anatomical
height of the intervertebral disc. The technique was initially
developed for treating cervical spondylosis, and the efficacy and
safety of using ACDF for treating patients with radiculopathy
and myelopathy are excellent (1-3). Anterior cervical plate
technique has been reported to increase the operation time and
the risk of postoperative dysphagia (4). In contrast, non-plate
interbody implants, the stand-alone (ST) cage and zero-profile
(ZP) cage have been widely used for ACDF surgeries. The ST
cage in ACDF has positive effects in terms of recovery of
physiological disc height, rapid improvement of the cervical
lordosis, and facilitation of joint fusion (1, 5). However, ST
cages have been reported to cause complications like cage
migration, subsidence, and revision surgery (6, 7). By contrast,
immediate postoperative stabilization the core advantage of a ZP
cage and an ACP system (8). Unlike the latter, the ZP cage has
an additional anchoring function, which ensures less protrusion
in front of the vertebral body, thereby placing less compression
on the esophagus and ultimately decreasing the risk of
postoperative dysphagia (9, 10). Due to the ability to overcome
these disadvantages of the ST cage and ACP construct, the use
of zero-profile cages in ACDF is gradually increasing.

For one-level ACDF, the ZP cage contributes to the
improvements in neurological function and cervical lordosis,
similar to those of the ST cage but with lower risk of implant
failure (1, 10, 11). However, the number of current clinical
articles comparing multi-level ACDF using ZP with that using
ST is rare. Here, we aimed to explore comprehensive
radiological and clinical outcomes in patients who had
undergone two-level consecutive ACDF wusing ZP cages
compared with those in whom ST cages were used.

Materials and methods
Patients and study design

This retrospective cohort study was conducted at Peking
University First Hospital and received an approval from the
local ethics committee (No. 2021133). Between May 5, 2016,
and May 5, 2020, 166 patients were screened, of whom 77
(66.2% women and 33.8% men) were eligible. Intervertebral
disc degeneration screening prior to surgery involved x-ray
radiography, computed tomography (CT), and magnetic
imaging (MRI). We
patients aged at least 18 years with two-level consecutive
ACDF between C3 and C7. ALL patients reported an
intractable radiculopathy or myelopathy that lasted at least 6

resonance retrospectively  collected

weeks and was refractory to nonsurgical therapies, including
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physical therapy and anti-inflammatory drugs. Participants
were excluded if they experienced nerve compression as a
result of an acute trauma, tumor, infection, or other reason.
Participants were also excluded if they had a history of
cervical surgery or revision surgery. Depending on the device
used for ACDF, the subjects were divided into the stand-alone
cage (ST) group (n = 38) or the zero-profile (ZP) group (n = 39).

Surgical procedure

To expose the surgical segments, the right transversal incision
was made in the supine posture of the patient. In most cases, the
right transversal incision is sufficient. A distractor was utilized to
access the lesioned intervertebral space after fluoroscopy had
revealed that the area required decompression. During the
process of decompression, nucleus pulposus and osteophytes
were removed until we got satisfied decompression. When all
the foregoing procedures were finished, ZP or ST cages were
implanted. Intraoperative x-ray was used to verify that disc
height and cervical alignment were restored, and to check all
implants were in good position. For about 8 weeks after
surgery, the patients were required to wear a cervical collar.

Clinical outcomes and assessment

We collected the data regarding the surgical levels, operative
time, blood loss, and patient’s weight and height from the
anesthesia records. All the participants had been instructed to
fill out evaluations at the time of surgery, at 3-month intervals,
and at the final follow-up. For the evaluation of functional
status, Japanese Orthopedic Association (JOA), Neck Disability
Index (NDI) (12), and the neck Visual Analogue Scale (VAS)
pain scores were used. The prevalence of dysphagia was
determined by utilizing the Bazaz system (Table 1) (13).

Radiological outcomes
Cervical curvature, disc height, and subsidence were
investigated based on the lateral cervical x-ray radiographs.

The imaging examinations were completed after the operation
(within 4 days), at postoperative 3 months, and every 6

TABLE 1 Bazaz grading system for dysphagia.

Symptom severity Liquid food Solid food

None None None

Mild None None

Moderate None or rare  Occasionally (only with specific food)
Severe None or rare Frequent (majority of solids)
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months thereafter until the final follow-up. The Cobb angle of
C2-C7 (between the lower endplate of C2 and the lower
endplate of C7) was used to examine the cervical lordosis
(14). The disc height (DHI) was defined as the distance
between the highest section of the cephalad vertebra’s lower
endplate and the closest region of the caudal vertebra’s upper
endplate (14). Subsidence was defined as an intervertebral
height reduction of more than 2mm relative to that
immediately after surgery (14). A solid fusion was present if
the following features were observed: the lateral x-ray
observation of cervical hyperextension curve showed that
there was no abnormal activity between the fusion segment
and the spinous process; x-ray images of cervical vertebra
showed that the two ends of the fusion cage were tightly
combined with the upper and lower contact surfaces of the
band;
connection and trabecular formation appeared on x-ray and

vertebral body without transparent and bone

CT. The presence of any two of the above conditions was
(15).

measures,

marked as interbody fusion To compensate for

discrepancies in radiological three qualified
investigators separately examined radiological outcomes at

least three times.

Statistical analyses

SPSS statistical software version 20.0 (IBM corp., Armonk,
NY) was used for all analyses and calculations. In cases of
continuous variables, the mean and standard deviation (SD)
were used. Chi-square tests or Fisher’s exact tests were used to
compare categorical variables. To assess intergroup differences
in numerical variables, the Student t test or Mann-Whitney U
test was employed depending on compliance with a normal
distribution or not. We utilized paired ¢ tests to investigate
the differences within the same group between different time
points. Statistical significance level was set at P < 0.05.

Results

Participants’ baseline data and functional
status: VAS, NDI, and JOA

A total of 77 patients (66.2% women and 33.8% men) were
eventually included in this study. There were 39 patients (78
segments) in the ZP group and 38 patients (76 segments) in
the ST group, of the 154 analyzed segments for which at least
1 year follow-up (mean 17.2 months, range 12-26 months)
was completed. Sex, age, BMI, surgical levels, operative time,
and intraoperative blood loss were not significantly different
between the two groups (Table 2).

The descriptive statistics illustrating the clinical outcomes of
the included patients are listed in Table 3. The two groups had a
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fairly equivalent neurologic enhancement and pain alleviation
according to VAS, NDI, and JOA at all time points. However,
compared with preoperative state, these indicators improved
markedly at any time point following surgery (P <0.05), both
in the ZP group and in the ST group.

Radiological outcomes: C2-C7 Cobb
angle, DHI and fusion rate

The descriptive statistics illustrating the radiological

outcomes of the patients are listed in Table 4. The C2-C7
Cobb angle was used to measure cervical curvature. Although

TABLE 2 Demographic outcomes of patients and clinic outcomes.

Parameters Total  ZP group ST group P
(n=39) (n=38) value

Patients (n) 77 39 38
Sex (male/female) 39/38 13/26 13/25 0.94
Age (years) 542+7.1 542+7.0 541+7.2 0.64
BMI (kg/mz) 256+538 25.1+3.0 26.1+7.8 0.72
Surgical levels

C3-C5 8 4 4

C4-Co 33 15 18

C5-C7 36 20 16
Operative time 95.52 + 96.7 +38.9 94.4 +38.1 0.87
(min) 38.2
Blood loss (ml) 86.8+£9.6 88.7+8.4 852+10.4 0.11
Follow-up period 17.23 + 16.89 +4.5 17.56 +4.3 0.43
(months) 49

BMI, body mass index; ST, stand-alone cages; ZP, zero-profile cages.

TABLE 3 Patients’ functional status.

Variable ZP group (n=39) ST group (n=38)
JOA scores
Preoperative 7.7+23 78+2.1
Postoperative at 3 months 14.1+£0.7* 14.3 £0.6*
At final follow-up 14.9 +£0.80** 14.8 £ 0.80%*
NDI scores
Preoperative 182+29 17.9+3.0
Postoperative at 3 months 11.0 £1.2* 11.0 £1.8*
At final follow-up 10.4 + 1.60** 10.6 + 1.6%**
VAS neck scores (0-10)
Preoperative 63+1.4 65+1.6
Postoperative at 3 months 22+0.7* 23+0.7*
At final follow-up 1.7 £0.50%* 1.8 £0.64%*

JOA, Japanese Orthopedic Association; NDI, Neck Disability Index; VAS, Visual
Analogue Scale of neck; ST, stand-alone cages; ZP, zero-profile cages.

*P < 0.05, compared with preoperative value (paired t test within-group).

**P < 0.05, compared with postoperative 3 months (paired t test within-group).
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the Cobb angle of the ST and ZP groups declined with time, the
C2-C7 Cobb angle in all patients was substantially improved at
any point after treatment (P <0.05, Table 4). At 3 months
following surgery, the C2-C7 Cobb angle exhibited various
degrees of decrease when compared to that immediately after
the treatment. Figures 1, 2 depict the changes in C2-C7
Cobb angle over time. However, there were neither significant
differences between various follow-up time points within the
same group nor significant differences between the two
groups at the same follow-up time points (Figure 3).

The descriptive statistics illustrating the DHI are listed in
Table 4. After the procedure, the DHI of the treated segments

TABLE 4 Patients’ radiological outcomes.

Variable ZP group (n=39) ST group (n=38)

C2-C7 Cobb angle (°)

Preoperative 10.40 £ 5.69 10.62 £5.53
Postoperative 19.61 £ 4.19* 19.43 £4.07*
Postoperative at 3 months 19.55 £ 4.30* 18.81 £4.53*
At final follow-up 18.46 + 4.78% 16.55 + 4.36*
DHI (mm)

Preoperative 5.58 £1.38 5.76 £1.30
Postoperative 7.12 +1.48* 7.03 +1.51*
Postoperative at 3 months 6.98 £ 0.67** 6.78 £ 0.65%**
At final follow-up 6.86 + 0.84+ ¢ 6.17 +1.03*%%*

Fusion rate [n/N (%)] 71/78 (90.02) 68/76 (90.79)

DHI, disc height; ST, stand-alone cages; ZP, zero-profile cages.
*P<0.05, compared with preoperative value (paired t test within-group).
**P <0.05, compared with postoperative (paired t test within-group).
***P < 0.05, compared with postoperative 3 months.

**xxp < 0.05, significant difference between the two groups.

10.3389/fsurg.2022.1002744

recovered considerably, and there was a significant difference
between the two groups at the last follow-up (Table 4). The
average DHI declined steadily in both groups after surgery,
but it dropped more rapidly and dramatically in the ST
group, resulting in a significant difference in DHI at the last
follow-up (P =0.002) (Figure 4).

The fusion rates were 71/78 (91.02%) in the ZP group, and
69/76 (90.79%) in the ST group at the final follow-up (P > 0.05)
(Table 4).

Complications: Subsidence, dysphagia
and axial cervical discomfort

The descriptive statistics illustrating other complications are
listed in Table 5. Dysphagia (n = 1), axial cervical discomfort (n
=1), and subsidence (n=7) occurred in the ST group, while
dysphagia (n=6), axial cervical discomfort (n=1), and
subsidence (n=6) occurred in the ZP group. Although
postoperative consequences were comparable between the ZP
and ST groups, we detected a substantial difference in
transitory postoperative dysphagia (<3 months) (P=0.108)
(15.4% vs. 2.6%, respectively). Just one individual in the ZP
group reported symptoms of dysphagia that lasted longer than
3 months, but the symptoms were mild.

Discussion

ACDF, a gold standard for patients’ refractory to non-
operative treatment, has shown efficacy to treat degenerative
spine conditions (16, 17). Moreover, the ZP cage and ST cage

FIGURE 1

A case of the ZP group. Cervical lateral radiographs of a 47-year-old woman from the ZP cage group showing the C2—-C7 Cobb angle at different
time points. (A) 5.1° preoperatively; (B) 20.4° postoperatively; (C) 19.1° at the final follow-up. ZP, zero-profile cage.
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FIGURE 2
A case of the ST group. Cervical lateral radiographs of a 56-year-old woman from the ST group showing the C2—-C7 Cobb angle at different time
points. (A) 5.3° preoperatively; (B) 21.9° postoperatively; (C) 16.5° at the final follow-up. ST, stand-alone cage.
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FIGURE 3
Variation of C2—-C7 Cobb angle during the follow-up for ZP group and SC group. ZP, zero-P cage; ST, stand-alone cage; Preop, preoperative; Postop,
postoperative. *P < 0.05, compared with preoperative value.
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Changes of mean cervical disc height during the follow-up for ZP group and ST group. ZP, zero-P cage; ST, stand-alone cage; Preop, preoperative;
Postop, postoperative. *P < 0.05, compared with preoperative value; #P < 0.05 significant difference between the two groups.

TABLE 5 Patients’ complications.

Complication ZP group ST group P value
(n=39) (n=38)
Dysphagia
Postoperative 6 (15.4%) 1 (2.6%) 0.108
Final follow-up 1 (2.6%) 0 0.999
Axial neck pain 1 (2.6%) 1 (2.6%) 0.999
Subsidence 6/78 (7.7%) 7176 (9.5%) 0.735

ST, stand-alone cages; ZP, zero-profile cages.

are emphatic devices, with efficacy in disc reconstruction (15).
Despite being technically easier and probably evading the risk
factors of ACP, the use of ST and ZP cages in two-level
ACDF has been associated with multiple intraoperative and
postoperative complications. For example, decreased rigidity
in extension, an increased risk of vertebral subsidence, and
15, 18). We
documented the clinical and radiographic findings in two-
level ACDF using the ZP and ST cages. Furthermore, we

pseudoarthrosis have been reported (1,

Frontiers in Surgery

06

compared ZP and ST cages to clarify whether the ZP cage
could achieve solid fusion and keep postsurgical clinical
outcomes. Our results indicated that both groups had
substantial improvements in VAS, NDI, and JOA ratings in
the postoperative period, suggesting that ZP and ST could
contribute to equal recovery of functional status, which is in
accordance with previous evidence (19).

Cervical curvature is known to contribute to excellent
clinical outcomes (10). After surgery, subsidence and the size
of the cage may all have an impact on cervical curvature. A
larger cage increases the intervertebral pressure and provides
better stability of the thus affecting the
postoperative Cobb angle (20, 21). Nakanishi et al. (16)
suggested that subsidence of the spacer affected the focal
angle but did not alter the C2-C7 angle or the tilt angle. In
our study, the ST and ZP groups both showed a substantial

axial cage,

increase in the degree of cervical lordosis at the final follow-
up, while both groups had substantial improvements in VAS,
NDI, and JOA ratings in the postoperative period. In
addition, a biomechanical study showed that cages with
fixation provided greater structural strength than ST spacers
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for two and three levels, whereas single-level fixation provided
equal stiffness (19, 22, 23). This may be the reason why there
were variations in radiological measurements between single-
level and mixed-level with ZP and ST cages.

The better clinical recovery was substantially more obvious
in solid fusion, a condition that avoids delayed kyphotic
deformity. For one-segment ACDF, several studies have found
similar clinical outcomes in neurological recovery and fusion
regardless of whether a ZP or ST cage was used (5, 24, 25).
For two-segment ACDF, nine clinical studies included in a
meta-analysis revealed that the usage of a ZP cage was
associated with a 90% fusion rate after 36 months of follow-
up (26). According to Sun et al. (10), radiological fusion was
detected in 92.59% of the cases in the ZP group after a year,
and all patients of the ZP group had complete fusion after 5
years. According to multi-level research by Li et al. (5), the
usage of a ST cage resulted in a fusion rate of 91.7%. In our
research, the ZP group had a higher fusion rate than the ST
group, but the variations between the groups were too minor
to be practically meaningful.

Subsidence occurs when the measured height at any of the
two-disc heights decreases by more than 2 mm. Recent
statistics reveal that postsurgical subsidence occurs most
frequently within the first 3 months after the treatment (27,
28). The gap under the disc surface might decline due to
natural or pathological processes during the fusing process. In
general, the estimated range of the percentage of patients with
subsidence following ACDF is between 0% and 40% (2, 29, 30).
Bartels et al. (27) reported a subsidence rate of 19.1% after the
usage of ZP cage. Wu et al. (18) reported a subsidence rate of
up to 29.2% after utilizing ST cages. Even when the cage
subsided, Opsenak et al. (28) showed that subsidence had no
serious influence on the clinical outcome. A number of
additional trials have shown comparable results (2, 30, 31). In
our study, the incidence of interbody fusion cage subsidence in
the ZP and ST groups was 7.7% and 9.5%, respectively. A
higher rate of subsidence may explain the differential disc
height loss in the ST group. Although the loss of disc height
significantly differed between the groups, the patients’ mid-
long-term clinical outcomes were, surprisingly, still rather
excellent in both groups. Additionally, the disc height in
patients with subsidence was substantially higher than before.
Progressive subsidence of the cage might be caused by surgery,
such as cervical fusion, as well as by the movement caused by
the natural procedure itself, and poor bone mineral density.

Dysphagia is a frequently reported complaint of patients after
ACDF; however, it is often temporary and self-limiting (10).
Persistent and chronic dysphagia poses substantial medical
nutritional concerns and may increase mortality. In recent
studies (32, 33), it has been shown that dysphagia was more
common in the ZP group than in the ST group. The frequency
of post-ACDF dysphagia varies from 0% to 76% (34, 35), likely
depending on how thoroughly investigators check for dysphagia
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following surgery. According to a prior study, there is a notable
incidence of postoperative dysphagia (40.7%) and chronic
dysphagia (3.7%) after ACDF with a ZP cage (10). The
occurrence of dysphagia in our study is similar to that reported
in the literature (2, 36, 37). The ST group showed a lower
incidence of dysphagia both in the early postoperative period
(<3 months) and at the final follow-up than the ZP group. It
may becasuse the removal of the anterior plating in ST group
reduces the irritation to the anterior cervical tissue and
esophagus. It has been proved that the thickness of the cervical
plate is related to dysphagia. Therefore, the ZP cage might not
be a strategy to diminish dysphagia, which agrees with the
reports by Albanese and Scholz. According to Albanese et al.
(32), the prevalence of dysphagia was 20.8%; likewise, according
to Scholz et al. (33), among patients with a ZP cage, 15% (3/20)
reported a history of mild dysphagia. When compared with the
documented occurrence of chronic dysphagia following
placement of the ZP cage (33, 36), our occurrence of this
condition was somewhat low. A variety of variables have been
implicated in the development of dysphagia following ACDF,
but the exact reasons remain unknown. According to prior
research, dysphagia is more common with older age (3, 38),
C2-C7 angle (39),
pneumonectomy (40), two-level surgery (9, 41), long operation

unfavorable  postoperative pre-
time (36), and greater prevertebral soft tissue swelling (9, 42).
Further research on dysphagia mechanisms and techniques for
reducing the occurrence of dysphagia are necessary.

The current study is limited by its retrospective nature and
small sample size. Besides, the follow-up time was not long
enough to demonstrate the mid-long-term impact of the ZP
and ST cages for cervical degenerative disc disease. However,
given there are few papers describing outcomes after ZP and
ST cages for two-level ACDF, we believe this study provides
helpful information about surgical intervention for cervical
radiculopathy and myelopathy. To overcome the limitations
and identify whether the ZP cage is better than the ST cage
for ACDEF, larger and prospective, randomized studies with
long-term follow-up periods are needed.

Conclusion

ACDF with ZP cages is an effective and safe procedure for
two-level cervical spondylosis. Compared with ST cages, ZP
cages generate less disc height loss and fewer negative issues
associated with cervical curvature.
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