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ABSTRACT

AIM: To evaluate the five-year outcomes of zero-profile spacers and plate-cage constructs in cervical spinal cord injury without
fracture or dislocation (CSCIWFD).

MATERIAL and METHODS: A retrospective review was conducted on patients undergoing anterior cervical discectomy and fusion
(ACDF) for CSCIWFD using zero-profile spacers (n=46) (ZP group) or plate-cage constructs (n=59) (PC group) between June 2014
and December 2019. Neurological function was assessed using the American Spinal Injury Association Impairment Scale (AlS),
motor score (AMS), and Japanese Orthopaedic Association (JOA) score. Radiographic parameters included intervertebral height
(IH), cervical lordosis, adjacent segment degeneration (ASD), and fusion rate.

RESULTS: The ZP group had shorter operative times and less blood loss than the PC group (p<0.05). Both groups showed
comparable neurological improvement. Postoperative IH and cervical lordosis were restored in both groups but declined over time,
with greater decline in the ZP group (IH loss: 31.12% vs. 16.38%; cervical lordosis loss: 40.20% vs. 14.98%, p<0.05). The incidence
of early and moderate-to-severe dysphagia was significantly lower in the ZP group. Subsidence occurred in 5 of 78 levels in the ZP
group and in 1 of 106 levels in the PC group (p<0.05). ASD was observed in 6 ZP vs. 14 PC patients (p<0.05). Both groups achieved
complete fusion.

CONCLUSION: In the long-term follow-up of ACDF for CSCIWFD, zero-profile spacers demonstrated comparable clinical outcomes
to plate-cage constructs. While offering advantages like shorter surgical time, reduced intraoperative blood loss, and a lower
incidence of ASD, zero-profile spacers had significantly greater loss of correction for IH and cervical lordosis. Surgeons must
carefully weigh these risks and benefits when selecting the optimal treatment for CSCIWFD.

KEYWORDS: Cervical spinal cord injury without fracture or dislocation, Anterior cervical discectomy and fusion, Zero-profile spacer,
anterior plate, Intervertebral height

ABBREVIATIONS: CSCIWFD: Cervical spinal cord injury without fracture or dislocation, ACDF: Anterior cervical decompression
and fusion, AIS: American Spinal Injury Association Impairment Scale, AMS: American Spinal Injury Association motor score, JOA:
Japanese Orthopedics Association, IH: Intervertebral height, ASD: Adjacent segment degeneration, BMI: Body mass index, BMD:
Bone mineral density, LOC: Loss of correction
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B INTRODUCTION

ervical spinal cord injury without fracture or dislocation
(CSCIWFD) is a unique type of spinal cord injury that is

caused by an external force but for which there is an
absence of evidence of spinal fracture or dislocation by X-ray
or computed tomography (CT) (24). This condition was first
described by Pang in 1982 in children with spinal cord injuries
(19). While CSCIWFD was thought to be rare in adults, with the
widespread adoption of magnetic resonance imaging (MRI),
the number of clinical diagnoses of CSCIWFD has increased
in recent years (9). A multicenter study conducted in Japan
revealed that CSCIWFD accounted for approximately 32.2%
of cervical spinal cord injuries, with elderly individuals being
particularly affected (10). The predominant mechanism of injury
has been identified as minor trauma, such as hyperextension
injuries (10,28).

Although most CSCIWFD cases involve incomplete injuries,
conservative treatment often results in suboptimal neurologi-
cal recovery and a high risk of recurrence, potentially leading
to secondary spinal cord injury (29). Consequently, there is
a compelling need to explore the most efficacious treatment
for CSCIWFD to ensure standardization of clinical treatment,
mitigation of the socioeconomic burden, and optimization of
the allocation of medical resources. For patients with severe
CSCIWFD, surgical intervention, such as anterior cervical dis-
cectomy and fusion (ACDF), is usually necessary. However,
the use of stand-alone instrumented cervical fusions is often
ineffective in ensuring clinical outcomes, fusion rates, or main-
tenance of cervical curvature (15). Therefore, anterior cervical
plates are frequently needed. However, anterior plates often
result in increased dysphagia and adjacent segment degener-
ation (ASD) rates (23). The need for extensive exposure during
surgery to properly place the plate can also potentially com-
promise the integrity of vital structures, such as the trachea,
carotid arteries, and esophagus.

The widespread use of zero-profile interbody fusion devices
in surgical interventions for degenerative cervical diseases
has demonstrated the devices’ advantages in relation to min-
imal trauma and few complications (1,31). However, there is
a paucity of literature addressing their use in traumatic cervi-
cal spine pathologies. In the present study, we collected data
from patients treated with zero-profile spacers for CSCIWFD
who were followed for up to 5 years postoperatively. By com-
paring the data of these cases with those of patients treated
with anterior cervical plate-cage constructs, we attempted to
provide more specific information about the long-term perfor-
mance of zero-profile spacers in CSCIWFD, particularly their
radiologic outcomes.

B MATERIAL and METHODS
Patients

This was a retrospective study of patients diagnosed
with  CSCIWFD who underwent ACDF surgery between
06/01/2014 and 12/31/2019 at our institution. The inclusion
criteria were as follows: 1) a clear history of trauma leading
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to symptoms of cervical spinal cord injury; 2) X-ray and CT
findings showing no cervical spine fractures or dislocations,
while MRI demonstrating spinal cord edema, hemorrhage,
or contusion on T2-weighted images; 3) treatment with an
ACDF using zero-profile spacers or plate-cage constructs;
and 4) a follow-up of more than 5 years. The exclusion criteria
were as follows: 1) spinal cord injury caused by fractures or
dislocations; 2) hybrid surgical techniques (combined zero-
profile spacer and plate); 3) a history of cervical spine surgery
or tumors; 4) multiple concurrent injuries, severe osteoporosis
or metabolic diseases; and 5) mental illness, craniocerebral
injury, peripheral nerve injury, or other diseases affecting the
evaluation of spinal cord function. The study protocol was
approved by the ethics committee of our hospital (Decision
number: KY25078; date: 02.16.2025), and all procedures were
conducted in accordance with the principles of the Declaration
of Helsinki. All participants provided written informed consent.
Prior to surgery, patients were thoroughly informed about the
advantages and disadvantages of zero-profile spacers and
anterior plates with cages. Ultimately, patients were divided
into the ZP group (zero-profile spacers) and the PC group
(plate-cage constructs) on the basis of the implant used.

Surgical Management

After the induction of general anesthesia, all procedures were
performed by experienced spinal surgeons using a right-sided
Smith-Robinson approach for surgical exposure. The affect-
ed segments were then localized using C-arm fluoroscopy,
followed by the placement of a Caspar retractor along the
medial border of the contralateral longus colli muscles. Un-
der microscopic guidance, the annulus fibrosus was excised
to complete the discectomy and decompression. Residual
cartilaginous endplates, nucleus pulposus tissue, and annu-
lus fibrosus were removed with a curette, and the posterior
longitudinal ligament was incised. Subsequently, a probe was
used to examine for any compression or obstruction posterior
to the dural sac or along the posterior walls of adjacent ver-
tebrae. After assessing intervertebral space height and depth,
trial implants were employed to determine the appropriate im-
plant size. Intraoperative radiography confirmed restoration of
disc height and cervical alignment while preventing over-dis-
traction. Midline implant positioning was verified using unci-
nate processes and longus colli muscles as landmarks before
the insertion of either a zero-profile spacer or pre-curved lock-
ing plate-cage construct. Screws were placed divergently in
the sagittal plane to transfer the load to the interbody implant
and convergently axially to prevent pullout, followed by fluoro-
scopic confirmation of correct placement. During upper cer-
vical fixation, cervical hyperextension with mandibular eleva-
tion was maintained to enhance exposure and facilitate screw
placement while protecting the superior thyroid artery and su-
perior laryngeal nerve. For lower cervical fixation, protection
of the inferior thyroid artery and recurrent laryngeal nerve was
ensured by accessing via the superior aspect of the omohyoid
muscle to prevent injury. The zero-profile spacer or cage was
filled with B-tricalcium phosphate material. Postoperatively,
patients were immobilized with semi-rigid cervical collars for
4 weeks.



Clinical Assessment

Patient demographic information and perioperative metrics
were obtained from the electronic medical records system.
The demographic information included sex, age, body mass
index (BMI), bone mineral density (BMD), smoking history,
and comorbidities such as hypertension and diabetes. The
perioperative metrics encompassed the surgical level, oper-
ation time, intraoperative blood loss, and duration of hospital
stay. The American Spinal Injury Association impairment scale
(AIS) grade, American Spinal Injury Association motor score
(AMS) and Japanese Orthopedic Association (JOA) score
were utilized to evaluate neurological function and quality of
life. The presence of dysphagia was closely monitored during
follow-up (48 hours postoperatively and at 1-month, 6- month,
12- month and final follow-ups). The severity of dysphagia
was classified according to the Bazaz grading system (2),
which categorizes it into four grades: none, mild, moderate,
and severe.

Radiological Assessment

Preoperative radiographs, MRI, and CT scans were obtained,
and cervical spine radiographs were also obtained postopera-
tively and at subsequent annual outpatient visits. Implant sub-
sidence was assessed by measuring the intervertebral height
(IH) of the fused segment, defined as the distance between
the inferior endplate of the upper vertebral body and the su-
perior endplate of the lower vertebral body at the surgical lev-
el (Figure 1). The loss of correction (LOC) for IH was calcu-
lated using the following formula: (IH ., -IH)/(IH_ . -H )
x100% (n represents the follow-up time points). A definitive
diagnosis of implant subsidence was made when a decrease
of more than 2 mm in the surgical IH was observed on the
follow-up radiograph compared to the immediate postopera-
tive radiographs. Cervical curvature was assessed via lateral
radiographs by measuring the cervical Cobb angle, which is
defined as the angle formed between lines perpendicular to
the inferior endplates of the C2 and C7 vertebral bodies in a
neutral position (Figure 1). The LOC for the C2-7 Cobb angle
was calculated using the formula: (Cobbpostop—Cobbn)/(Cobbpost_
op-Cobbpreop) x100% (n represents the follow-up time points).
Solid fusion was defined as the absence of bone sclerosis and
radiolucency within the fusion area, along with the presence
of bony trabeculae bridging across the graft-endplate surfac-
es (21). Radiological evidence of ASD included new anterior
osteophyte formation or enlargement of existing osteophytes,
a decrease in disc height (=30%), and new or increasing an-
terior longitudinal ligament calcification, as documented on
serial plain radiographs (22). The radiological findings were
measured by two independent radiologists.

Statistical Analysis

All statistical analyses were conducted using the SPSS 20.0
(IBM Corp, NY). Quantitative data were presented as the
mean + standard deviation (SD), and categorical data were
expressed as absolute frequencies and absolute percentages.
For quantitative data that met the assumption of normality,
paired and independent samples t-tests were used; otherwise,
non-parametric tests were used. The chi-square tests were
used to assess the heterogeneity of qualitative data.
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H RESULTS
Clinical Outcomes

Following the study protocol outlined above, 105 patients
(68 males and 37 females) who completed a five-year follow-
up were included in the study. The ZP group comprised 46
patients, and the PC group comprised 59 patients. All patients
presented with symptoms of neurological injury, including
limb numbness, muscle weakness, or diminished sensation.
No significant differences were observed between the two
groups in terms of sex, age, BMD, BMI, smoking history,
comorbidities, or operation level (p>0.05). With respect
to intraoperative parameters, the ZP group exhibited a
significantly shorter operative time (100.6 minutes vs. 115.5
minutes, p<0.05) and less intraoperative blood loss (76.8 mL
vs. 91.7 mL, p<0.05). No significant difference was found in
the length of hospital stay. Table | provides a comprehensive
overview of the clinical data. Prior to surgery, there was no
statistically significant difference in the AIS grade, AMS score,
or JOA score between the two groups. During the follow-up
period, both groups exhibited comparable improvements in
the AIS grade, AMS score, and JOA score (p>0.05) (Table lI).

At 48 hours postoperatively, dysphagia was observed in 15 of
the 46 patients (8 mild, 7 moderate to severe) in the ZP group

Figure 1: Schematic representation of the radiographic
measurements. IH: Intervertebral height. CL: Cervical lordosis.
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and in 33 of the 59 patients (14 mild, 19 moderate to severe) in
the PC group (p<0.05). At the one-month follow-up, 8 patients
(5 mild, 3 moderate-to-severe) in the ZP group and 24 patients
(10 mild, 14 moderate-to-severe) in the PC group experienced
dysphagia (p<0.05). The incidence of early and moderate-

to-severe dysphagia was lower in the ZP group than in the
PC group. Although at the final follow-up, the majority of
dysphagia symptoms had resolved, 1 patient (1 mild) in the
ZP group and 4 patients (3 mild and 1 moderate-to-severe) in
the PC group still experienced dysphagia (p>0.05) (Table IlI).

Table I: Demographic Outcomes and Intraoperative Data of Both Groups

Parameters ZP Group (n=46) PC Group (n=59) p-value
Age (years) (mean + standard deviation) 62.9+12.1 60.0 +9.8 0.186
Sex (male/female) 32/14 36/23 0.363
BMD (g/cm?) (mean + standard deviation) -0.54 £1.10 -0.71 £0.95 0.325
BMI (kg/m?) (mean + standard deviation) 21.9+25 21.6 £ 3.1 0.638
Hypertension (Yes/no) 29/17 40/19 0.611
Diabetes (Yes/no) 18/28 17/42 0.266
Smoking (Yes/no) 20/26 23/36 0.642
Operation levels 0.646

one-level 22 (47.8%) 23 (39.0%)

two-level 16 (34.8%) 25 (42.4%)

three-level 8 (17.4%) 11 (18.6%)
Operation time (minutes) (mean + standard deviation) 100.6 £ 21.9 1155+ 325 0.009"
Blood loss (ml) (mean + standard deviation) 76.8 + 26.0 91.7 +33.2 0.014
Hospital stays (days) (mean + standard deviation) 7914 8217 0.494

BMD: Indicates bone mineral density, BMI: Body mass index, *p<0.05 demonstrated significant statistical difference between the two groups.

Table II: Comparison of AIS Grade, AMS Score and JOA Score Between Two Groups

ZP Group (n=46) PC Group (n=59) p-value

AlS grade

Preoperative (A/B/C/D) 0/2/15/29 1/3/22/33 0.432

Postoperative (A/B/C/D) 0/2/14/30 1/3/19/36 0.610

5-yr follow-up (A/B/C/D) 0/2/8/36* 1/3/9/47 0.891
AMS score (mean + standard deviation)

Preoperative 58.35 + 17.55 56.63 + 20.27 0.648

Postoperative 62.46 + 18.81° 63.08 + 18.60° 0.865

5-yr follow-up 78.13 £ 20.38 75.44 + 18.10° 0.476
JOA score (mean + standard deviation)

Preoperative 7.07 +2.08 6.92 +2.23 0.726

Postoperative 9.52 +2.03" 9.41 £ 2.04 0.774

5-yr follow-up 13.33 £1.97 13.54 £ 1.92° 0.573

AIS: American Spinal Injury Association impairment scale; AMS: American Spinal Injury Association motor score; JOA: Japanese Orthopedic

Association, *p<0.05, compared with preoperative value.
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Table llI: Postoperative Complications and Fusion Rate
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ZP Group (n=46)

PC Group (n=59)

n (%) n (%) p-value

Total dysphagia incidence

Postoperative 15 (32.6) 33 (565.9) 0.017"

1-month follow-up 8 (17.4) 24 (40.7) 0.001°

6-month follow-up 3 (6.5) 12 (20.3) 0.084

Last follow-up 1(2.2) 4 (6.8) 0.524
Moderate-to-severe dysphagia

Postoperative 7 (15.2) 19 (32.2) 0.045

1-month follow-up 3(6.5) 14 (23.7) 0.035

6-month follow-up 12.2) 6(10.2) 0.217

Last follow-up 0(0.0) 1(1.7) NS
Fusion rate (levels)

1-yr follow-up 69/78 (88.5) 98/106 (92.5) 0.356

5-yr follow-up 78/78 (100) 106/106 (100) NS
Cage subsidence (levels) 5/78 (6.4) 1/106 (0.9) 0.100
ASD 6 (6.5) 14 (23.7) 0.035'

ASD: Adjacent level degeneration; *p<0.05 demonstrated significant statistical difference between the two groups; NS: No significance.

Radiologic Outcomes

The IH of the fused segments significantly improved,
increasing from 5.48 + 0.65 mm to 7.83 + 0.60 mm in the ZP
group and from 5.36 + 0.68 mm to 7.87 + 0.63 mm in the PC
group (p>0.05). While the IH was superior to the preoperative
state at all follow-up time points, it decreased in both groups.
However, the decline was more pronounced in the ZP group,
with a significant difference observed at the one-year follow-
up. At the five-year follow-up, the IH in the ZP group had
diminished to 7.20 + 0.63 mm, with an LOC of 31.12%. In
comparison, the LOC in the PC group was 16.38% at the five-
year follow-up (Table 1V). Notably, both groups demonstrated
stabilization after two years postoperatively, in comparison
with the preoperative period of one year (Figure 2).

Cervical lordosis was effectively restored in both groups fol-
lowing surgery. At the 2-day, one-year, and two-year post-
operative follow-ups, there were no significant differences
in cervical lordosis between the two groups. Starting at the
one-year postoperative follow-up, the LOC of the ZP group
was greater than that of the PC group. At four years postop-
eratively, a significant difference in cervical lordosis was ob-
served between the two groups (17.03 £ 4.99 vs. 19.12 £ 4.91,
p<0.05) (Figure 3). The Cobb angle in the ZP group continued
to decrease, and the LOC increased significantly annually.
Conversely, the Cobb angle in the PC group remained sta-
ble after 3 years, and the LOC rate remained unchanged. At
the five-year follow-up, the cervical lordosis LOC was 40.20%
+ 53.34% in the ZP group and 14.98% + 18.28% in the PC

group (p<0.05) (Table V).

Intervertebral Height Variation

- PC Group
- ZP Group

intervertebral height (mm)

Time

4= T T T T T T
S & & ;&
N A )

Figure 2: Changes of mean IH during the 5-year follow-up for two
groups. IH indicates intervertebral height; Preop, preoperative;
Postop, postoperative; *p<0.05.

At the one-year follow-up, the fusion rate was 88.5% (69/78)
in the ZP group and 92.5% (98/106) in the PC group (p>0.05).
Solid fusion was achieved in all patients at the five-year
follow-up (Figure 4). Six patients in the ZP group and 14 in the
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Table IV: Intervertebral Height of Surgical Level at Different Time Points

Parameters ZP Group (n=78) PC Group (n=106) p-value

IH (mean + standard deviation)
Preoperative 5.48 + 0.65 5.36 + 0.68 0.202
Postoperative 7.83 = 0.60# 7.87 = 0.63# 0.628
1-year follow-up 7.51 £ 0.61# 7.71 + 0.65# 0.043"
2-year follow-up 7.38 + 0.62# 7.59 + 0.64# 0.020°
3-year follow-up 7.32 + 0.63# 7.54 + 0.64# 0.027
4-year follow-up 7.25 + 0.664# 7.49 + 0.654# 0.022
5-year follow-up 7.20 = 0.63# 7.46 + 0.644# 0.015

LOC in IH (mean = standard deviation)
1-year follow-up 16.18 £ 13.54 6.63 + 4.22 <0.05
2-year follow-up 22.62 + 16.32 11.05+5.84 <0.05
3-year follow-up 25.69 + 18.37 13.35+7.33 <0.05'
4-year follow-up 29.54 + 19.62 15.34 £ 7.77 <0.05"
5-year follow-up 31.12 +21.98 16.38 + 8.41 <0.05"

IH: Intervertebral height; LOC: Loss of correction; *p<0.05 demonstrated significant statistical difference between the two groups;
#0<0.05 compared with postoperative.

Table V: Cervical Curve (C2-7 Cobb Angle) at Different Time Points

ZP Group (n=46) PC Group (n=59) p-value
C2-7 Cobb Angle (mean + standard deviation)
Preoperative 10.22 £ 6.19 9.57 +5.24 0.567
Postoperative 19.85 + 6.52# 20.14 + 4.68# 0.788
1-year follow-up 18.69 + 6.48# 19.56 + 4.83# 0.433
2-year follow-up 18.00 + 6.27# 19.36 + 4.85# 0.210
3-year follow-up 17.42 + 5.36# 19.19 + 4.89# 0.080
4-year follow-up 17.03 + 4.99# 1912 £ 4.91# 0.034
5-year follow-up 16.72 + 5.664# 19.06 + 4.95# 0.026"
LOC in C2-7 Cobb Angle (mean + standard deviation)
1-year follow-up 16.64 = 17.27 8.17 + 13.04 0.005
2-year follow-up 28.63 + 30.38 10.76 + 14.98 <0.05
3-year follow-up 35.26 + 51.92 13.17 £ 16.64 <0.05
4-year follow-up 38.08 + 45.46 14.06 + 17.38 <0.05
5-year follow-up 40.20 + 53.34 14.98 + 18.28 <0.05

LOC, loss of correction; *P<0.05 demonstrated significant statistical difference between the two groups; #p<0.05 compared with
postoperative.
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PC group were diagnosed with ASD (p<0.05) (Figure 5). No
patients underwent revision surgery.

B DISCUSSION

Previous studies have reported that CSCIWFD is most
often seen in children, with potential mechanisms including
hyperextension/flexion, longitudinal straining, and ischemic
injury to the spinal cord (11). However, recent clinical studies
have revealed that the prevalence of CSCIWFD in adults is
very high and has been underestimated. Unlike children’s

Cervical Curve Variation

- PC Group
—-- ZP Group

w
T

* *

)

N

o
1

o

20

C2-7 cobb angle

Time

Figure 3: Variations of cervical curve (C2-7 cobb angle) during
the 5-year follow-up for two groups. Preop, preoperative; Postop,
postoperative; *p<0.05.
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CSCIWFD, the pathogenesis of CSCIWFD in adults is complex
and often associated with cervical spine degenerative lesions.
Degenerative changes in the cervical spine, including vertebral
hyperostosis, degenerative disc herniation, ossification of
the posterior longitudinal ligament, and ligamentum flavum
calcification, can result in spinal stenosis, which significantly
reduces the compensatory space for the cervical spinal cord
(27). Consequently, even low-energy impacts can result in
severe damage due to insufficient cushioning space. Kumar
et al. reported that CSCIWFD occurs mostly in adults over
the age of 45 years. In our study, in which the mean age of
the patients was 61.3 years, hyperextension injuries being
more prevalent than flexion injuries, and minor injuries more
common than severe injuries (12). Preoperative imaging in our
study also revealed varying degrees of cervical degenerative
changes in all patients, some with spinal stenosis.

In light of the underlying mechanism of injury, it is imperative
to reduce compressive factors and enhance blood circulation
to the spinal cord. A variety of surgical approaches are avail-
able, and despite some controversy, most physicians agree
that adequate decompression is the pivotal criterion for se-
lecting a surgical approach, irrespective of the specific tech-
nique employed. Feng et al. reported that surgical interven-
tion, even long after the initial injury, yielded superior clinical
outcomes compared with conservative treatment (5). When
conservative treatment is ineffective, ACDF is regarded as the
treatment of choice for CSCIWFD. Owing to ligamentous inju-
ry and cervical instability, titanium plates are frequently used
in decompression and fusion procedures to enhance spinal
stability. However, conventional plates used in ACDF increase
the risk of complications such as esophageal perforation,
dysphagia, and hoarseness, which can severely affect post-
operative quality of life (3). Additionally, achieving a precise
match between the plate and the cervical curvature poses a

Figure 4: A 51-year-old male underwent ACDF with zero-profile spacers. A) Sagittal T2-weighted MRI scan showed herniation of
intervertebral disc (C4-5 and C5-6) compressed the posterior spinal cord with high-intensity signal changes. B) Lateral radiograph
at 1 week postoperatively. C) Lateral radiograph at 5 years postoperatively showed significant aggravation of anterior osteophytes
in the inferior intervertebral space (red arrow). D) Postoperative 1-year follow-up sagittal T2-weighted MRI demonstrated adequate
decompression, with persistent intramedullary hyperintensity.
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ki

29

Figure 5: A 53-year-old female underwent ACDF with plate-cage constructs. A) Sagittal T2-weighted MRI image showed disc herniation
(C4-5 and C5-6) compressing the posterior part of the spinal cord with high-intensity signal changes. B) Lateral radiograph at 1
week postoperatively. C) Lateral radiograph at 5 years postoperatively showed radiographic adjacent segment disease (red arrow).
D) Postoperative 4-year follow-up sagittal T2-weighted MRI confirmed adequate decompression with significant improvement in

intramedullary hyperintensity.

significant challenge. Consequently, interest in low-profile or
zero-profile interbody fusions for the treatment of CSCIWFD
has increased.

The zero-profile spacer, composed of screws and a cage, in-
tegrates interbody support and supplementary fixation into
a single device (6). This unique structure provides a fixation
mechanism similar to that of a titanium plate, which theoret-
ically improves postoperative stability while reducing com-
plications associated with anterior internal fixation (7). Our
results indicated that both groups experienced similar signif-
icant improvements in AIS grade, AMS score, and JOA score
postoperatively, with no significant difference. This suggests
that the zero-profile spacer is effective and comparable to the
conventional plate-cage construct in the treatment of CSCI-
WFD.

A shorter operative time and less intraoperative blood loss
may help reduce perioperative risks and complications. In
our study, patients in the ZP group had shorter operating
times and less intraoperative blood loss compared with the
PC group, which is consistent with findings in the treatment
of cervical degenerative diseases (31,36). The possible rea-
sons for this are as follows: the zero-profile spacer is easy
to operate, requires less esophageal retraction, and prevents
the overexposure of adjacent vertebrae. In particular, for the
upper and lower cervical levels, it avoids interference with the
mandible and sternum, which can complicate surgical proce-
dures (31).

Effective IH improvement is crucial for good outcomes after
cervical spine surgery. Postoperative radiographs in our study
showed that IH was effectively restored in both groups, but
gradually decreased over time. Previous studies have demon-
strated that zero-profile spacers achieved similar efficacy and
safety to plate-cage constructs in terms of IH retention and
subsidence rate (8,34,36). At the five-year follow up, the sub-
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sidence rate of the ZP group was slightly greater than that
of the PC group (6.4% vs. 0.9%), but this difference was not
statistically significant. Although there was a significant differ-
ence in intervertebral disc height reduction between the two
groups, it is noteworthy that the long-term clinical outcomes
remained excellent in both groups, probably because the in-
tervertebral disc height in patients with subsidence remained
significantly greater than it was preoperatively. Abudouaini et
al. reported that if postoperative IH changes are maintained
between 2-4 mm after one year using a zero-profile device
for ACDF (1), satisfactory radiographic parameters and rela-
tively few complications can be achieved. Other studies have
also shown similar results (14,18). Achieving solid bony fusion
remains the primary goal of ACDF, and in our study, all surgi-
cal levels in both groups demonstrated high fusion rates at
the final follow-up, which is consistent with previous reports
(15,23).

Cervical curvature plays a critical role in maintaining sagittal
alignment and spinal balance (30). Some studies have sug-
gested that zero-profile spacers are comparable to plate-cage
constructs in maintaining cervical curvature (34). However,
these studies usually followed patients for only one to two
years. Our research showed significant differences between
the two groups at the four-year follow-up, with a higher rate of
correction loss in the ZP group. Similar to our study, Sun et al.
(26) reported that the loss of cervical lordosis was higher with
zero-profile spacers (48.13% =+ 44.90%) than that with plate
and cages (14.01% =+ 25.76%) at final follow-up (p<0.05).
Loss of normal alignment after surgery can lead to compli-
cations such as surgical axial pain, neurological dysfunction,
and delayed functional recovery (26,30). Although the clinical
outcomes at the final follow-up were satisfactory, concerns
remain regarding the long-term maintenance of alignment in
patients using zero-profile spacers.



Dysphagia is the most common postoperative complication
following ACDF, with reported incidence rates varying widely
in the literature, ranging from 0% to 80% (13). This variation
may be due to differences in how thoroughly investigators
check for dysphagia postoperatively (17). Xiao et al. reported
a lower incidence of postoperative dysphagia with a zero-pro-
file spacer compared to plates and cages (33). Similarly, we
found that the incidence of early and moderate-to-severe dys-
phagia was lower in the ZP group than in the PC group. This
may be attributed to the fact that the zero-profile spacer can
be inserted into the intervertebral space without the need for
additional anterior titanium plating, which reduces irritation of
the anterior cervical tissues and the esophagus. Most cases
of mild dysphagia typically resolve within three months, but
12.5%-35% of patients experience longer-lasting symptoms,
which is consistent with our findings (14,25). In our study,
both groups had patients with unresolved dysphagia at the
final follow-up. The occurrence of prolonged dysphagia after
ACDF is associated with multiple factors, including long sur-
gical duration, prior cervical surgery, multilevel surgery, and a
history of obstructive sleep apnea, asthma, and heavy smok-
ing (16,20,35). The key factors remain elusive, and further in-
vestigations into the mechanisms of prolonged dysphagia and
strategies to minimize its occurrence are warranted.

ASD is a long-term complication associated with ACDF. A
meta-analysis involving 83 studies found that the annual
incidence of radiographic ASD was 2.79% (4). Another study,
which followed 219 patients who received ACDF for more
than five years, reported that 21% of the patients developed
ASD (32). In our study, the incidence of postoperative ASD
was significantly lower in the ZP group than in the PC group.
Biomechanical research suggests that anterior plates may
increase the load on adjacent discs, contributing to a higher
incidence of ASD (26), while zero-profile spacers avoid potential
plate-induced irritation and reduce the biomechanical burden
on adjacent segments.

The current study faced limitations due to its retrospective
design and relatively small sample size. In addition, all patients
were operated on by a single surgical team at a single center.
To address these limitations, it is essential to conduct large,
multicenter, prospective, randomized controlled trials with
long-term follow-up.

B CONCLUSION

During the five-year follow-up of ACDF for CSCIWFD,
the zero-profile spacer demonstrated similar neurological
outcomes to conventional plate-cage construct. The zero-
profile spacer was easy to operate, with a shorter operation
time, less intraoperative bleeding, and a lower incidence of
postoperative dysphagia. However, compared with plate-
cage constructs, zero-profile spacers resulted in a greater loss
of cervical lordosis and intervertebral disc height, but this was
not associated with long-term complications. In conclusion,
spinal surgeons should carefully consider the use of zero-
profile spacers in the treatment of CSCIWFD.

Wang L. et al: Zero-Profile Spacers in Cervical Spinal Cord Injury

Declarations

Funding: This work was supported by the Top Talent Support Pro-
gram for young and middle-aged people of Wuxi Health Committee
[grant no. BJ2023015], the Wuxi Science and Technology Bureau
Project [grant no. K20221022].

Availability of data and materials: The datasets generated and/or
analyzed during the current study are available from the corresponding
author by reasonable request.

Disclosure: The authors declare no competing interests.

AUTHORSHIP CONTRIBUTION

Study conception and design: YG, JW

Data collection: QX, DL

Analysis and interpretation of results: YL, DF

Draft manuscript preparation: LW, AW

Critical revision of the article: YG

Other (study supervision, fundings, materials, etc...): JW, YG

All authors (LW, AW, QX, DL, YL, DF, JW, YG) reviewed the results
and approved the final version of the manuscript.

B REFERENCES

1. Abudouaini H, Huang C, Liu H, Hong Y, Wang B, Ding C, Meng
Y, Wu T: Change in the postoperative intervertebral space
height and its impact on clinical and radiological outcomes
after ACDF surgery using a zero-profile device: A single-
Centre retrospective study of 138 cases. BMC Musculoskelet
Disord 22:543, 2021. https://doi.org/10.1186/s12891-021-
04432-0

2. Bazaz R, Lee MJ, Yoo JU: Incidence of dysphagia after
anterior cervical spine surgery: A prospective study.
Spine (Phila Pa 1976) 27:2453-2458, 2002. https://doi.
org/10.1097/00007632-200211150-00007

3. Epstein NE: A Review of complication rates for anterior cervical
diskectomy and fusion (ACDF). Surg Neurol Int 10:100, 2019.
https://doi.org/10.25259/SNI-191-2019

4. Epstein NE, Agulnick MA: Short review/perspective on
adjacent segment disease (ASD) following cervical fusion
versus arthroplasty. Surg Neurol Int 13:313, 2022. https://doi.
org/10.25259/SNI_541_2022

5. FengN, XuL, YuX, Guan J, Zhao H, Li W, Qiu Z, Jiang G: Case
characteristics and surgical efficacy in elderly patients over 65
years of age with cervical spinal cord injury without fracture
and dislocation: A retrospective study. BMC Musculoskelet
Disord 25:921, 2024. https://doi.org/10.1186/s12891-024-
08055-z

6. Gong Y, Zhuo H, Zhou Z, Cheng Z, Gan Y, He J, Song Z, Liu
H, Liu Y, Liang D, Jiang X, Ren H: Zero-profile implant system
versus novel plate systems after ACDF for comparison of
sagittal balance parameters and clinical efficacy analysis.
J Orthop Surg Res 19:363, 2024. https://doi.org/10.1186/
s13018-024-04857-y

7. Hua W, zZhi J, Ke W, Wang B, Yang S, Li L, Yang C: Adjacent
segment biomechanical changes after one- or two-level
anterior cervical discectomy and fusion using either a zero-
profile device or cage plus plate: A finite element analysis.
Comput Biol Med 120:103760, 2020. https://doi.org/10.1016/].
compbiomed.2020.103760

Turk Neurosurg, 2025 | 9



Wang L. et al: Zero-Profile Spacers in Cervical Spinal Cord Injury

10.

11.

12.

13.

14.

15.

16.

17.

Kahaer A, Chen R, Maitusong M, Mijiti P, Rexiti P: Zero-profile
implant versus conventional cage-plate construct in anterior
cervical discectomy and fusion for the treatment of single-
level degenerative cervical spondylosis: A systematic review
and meta-analysis. J Orthop Surg Res 17:506, 2022. https://
doi.org/10.1186/s13018-022-03387-9

Kasimatis GB, Panagiotopoulos E, Megas P, Matzaroglou
C, Gliatis J, Tyllianakis M, Lambiris E: The adult spinal cord
injury without radiographic abnormalities syndrome: Magnetic
resonance imaging and clinical findings in adults with spinal
cord injuries having normal radiographs and computed
tomography studies. J Trauma 65:86-93, 2008. https://doi.
org/10.1097/TA.0b013e318157495a

Kato H, Kimura A, Sasaki R, Kaneko N, Takeda M, Hagiwara
A, Ogura S, Mizoguchi T, Matsuoka T, Ono H, Matsuura K,
Matsushima K, Kushimoto S, Fuse A, Nakatani T, lwase M,
Fudoji J, Kasai T: Cervical spinal cord injury without bony
injury: A multicenter retrospective study of emergency and
critical care centers in Japan. J Trauma 65:373-379, 2008.
https://doi.org/10.1097/TA.0b013e31817db11d

Kriss VM, Kriss TC: SCIWORA (spinal cord injury with-
out radiographic abnormality) in infants and chil-
dren. Clin Pediatr (Phila) 35:119-124, 1996. https://doi.
org/10.1177/000992289603500302

Kumar R, Lim J, Mekary RA, Rattani A, Dewan MC,
Sharif SY, Osorio-Fonseca E, Park KB: Traumatic spinal
injury: Global epidemiology and worldwide volume. World
Neurosurg 113:e345-e363, 2018. https://doi.org/10.1016/j.
wneu.2018.02.033

Liu JM, Tong WL, Chen XY, Zhou Y, Chen WZ, Huang SH, Liu
ZL: The incidences and risk factors related to early dysphagia
after anterior cervical spine surgery: A prospective study.
PLoS One 12:e0173364, 2017. https://doi.org/10.1371/
journal.pone.0173364

Mu G, Chen H, Fu H, Wang S, Lu H, Yi X, Li C, Yue L, Sun
H: Anterior cervical discectomy and fusion with zero-profile
versus stand-alone cages for two-level cervical spondylosis:
A retrospective cohort study. Front Surg 9:1002744, 2022.
https://doi.org/10.3389/fsurg.2022.1002744

Nambiar M, Phan K, Cunningham JE, Yang Y, Turner PL,
Mobbs R: Locking stand-alone cages versus anterior plate
constructs in single-level fusion for degenerative cervical
disease: A systematic review and meta-analysis. Eur Spine
J 26:2258-2266, 2017. https://doi.org/10.1007/s00586-017-
5015-9

Nguyen S, Sherrod BA, Paziuk TM, Rihn JA, Patel AA, Brodke
DS, Bisson EF: Predictors of dysphagia after anterior cervical
discectomy and fusion: A prospective multicenter study. Spine
(Phila Pa 1976) 4:859-864, 2022. https://doi.org/10.1097/
BRS.0000000000004279

Okano |, Ortiz Miller C, Salzmann SN, Hoshino Y, Shue J, Sama
AA, Cammisa FP, Girardi FP, Hughes AP: Minimum clinically
important differences of the hospital for special surgery
dysphagia and dysphonia inventory and other dysphagia
measurements in patients undergoing ACDF. Clin Orthop
Relat Res 478:2309-2320, 2020. https://doi.org/10.1097/
CORR.0000000000001236

10 | Turk Neurosurg, 2025

18.

19.

20.

21.

22.

283.

24.

25.

26.

27.

28.

29.

30.

Opsenak R, Hanko M, Snopko P, Varga K, Kolarovszki
B: Subsidence of anchored cage after anterior cervical
discectomy. Bratisl Lek Listy 120:356-361, 2019. https://doi.
org/10.4149/BLL_2019_058

Pang D, Wilberger JE Jr: Spinal cord injury without
radiographic abnormalities in children. J Neurosurg 57:114-
129, 1982. https://doi.org/10.3171/jns.1982.57.1.0114

Perez-Roman RJ, Luther EM, McCarthy D, Lugo-Pico JG,
Leon-Correa R, Vanni S, Wang MY: National trends and
correlates of dysphagia after anterior cervical discectomy
and fusion surgery. Neurospine 18:147-154, 2021. https://doi.
org/10.14245/ns.2040452.226

Pitzen TR, Chrobok J, Stulik J, Ruffing S, Drumm J, Sova
L, Kucera R, Vyskocil T, Steudel WI: Implant complications,
fusion, loss of lordosis, and outcome after anterior cervical
plating with dynamic or rigid plates: Two-year results of a
multi-centric, randomized, controlled study. Spine 34:641-
646, 2009. https://doi.org/10.1097/BRS.0b013e318198ce10

Robertson JT, Papadopoulos SM, Traynelis VC: Assessment
of adjacent-segment disease in patients treated with
cervical fusion or arthroplasty: A prospective 2-year study. J
Neurosurg Spine 3:417-423, 2005. https://doi.org/10.3171/
spi.2005.3.6.0417

Scholz M, Onal B, Schleicher P, Pingel A, Hoffmann C,
Kandziora F: Two-level ACDF with a zero-profile stand-alone
spacer compared to conventional plating: A prospective
randomized single-center study. Eur Spine J 29:2814-2822,
2020. https://doi.org/10.1007/s00586-020-06454-z

Sharif-Alhoseini M: The incidence of spinal cord injury without
fracture and dislocation. Spine J 15:2593, 2015. https://doi.
org/10.1016/j.spinee.2015.08.050

Shriver MF, Lewis DJ, Kshettry VR, Rosenbaum BP, Benzel EC,
Mroz TE: Dysphagiarates after anterior cervical diskectomy and
fusion: A systematic review and meta-analysis. Global Spine J
7:95-1083, 2017. https://doi.org/10.1055/s-0036-1583944

Sun B, Shi C, Wu H, Xu Z, Lin W, Shen X, Wu XD, Zhang Y,
Yuan W: Application of zero-profile spacer in the treatment
of three-level cervical spondylotic myelopathy: 5-year follow-
up results. Spine 45:504-511, 2020. https://doi.org/10.1097/
BRS.0000000000003312

Takao T, Morishita Y, Okada S, Maeda T, Katoh F, Ueta T, Mori
E, Yugue |, Kawano O, Shiba K: Clinical relationship between
cervical spinal canal stenosis and traumatic cervical spinal
cord injury without major fracture or dislocation. Eur Spine
J 22:2228-2231, 2013. https://doi.org/10.1007/s00586-013-
2865-7

Thompson C, Gonsalves JF, Welsh D: Hyperextension injury
of the cervical spine with central cord syndrome. Eur Spine J
24:195-202, 2015. https://doi.org/10.1007/s00586-014-3432-
6

Wang J, Li J, Cai L: Effects of treatment of cervical spinal cord
injury without fracture and dislocation in a medium-to long-
term follow-up study. World Neurosurg 113:e515-e520, 2018.
https://doi.org/10.1016/j.wneu.2018.02.071

Wang S, Shi J, Sun J: How cervical curvature changes
after ACAF and ACDF: A radiological retrospective study.
Neurosurg Rev 46:188, 2023. https://doi.org/10.1007/s10143-
023-02049-6



31.

32.

33.

Wang Z, Zhu X, Wang Z, Zhu R, Chen G, Gao M, Chen K, Yang
H: Zero-P and ROI-C implants versus traditional titanium plate
with cage to treat cervical spondylotic myelopathy: Clinical
and radiological results with 5 years of follow-up. BMC
Musculoskelet Disord 24:539, 2023. https://doi.org/10.1186/
s$12891-023-06657-7

Wei Z, Yang S, Zhang Y, Ye J, Chu TW: Prevalence and risk
factors for cervical adjacent segment disease and analysis of
the clinical effect of revision surgery: A minimum of 5 years’
follow-up. Global Spine J 15:314-320, 2025. https://doi.
org/10.1177/21925682231185332

Xiao S, Liang Z, Wei W, Ning J: Zero-profile anchored cage
reduces risk of postoperative dysphagia compared with cage
with plate fixation after anterior cervical discectomy and
fusion. Eur Spine J 26:975-984, 2017. https://doi.org/10.1007/
s00586-016-4914-5

Wang L. et al: Zero-Profile Spacers in Cervical Spinal Cord Injury

34.

35.

36.

Xiong X, Liu JM, Chen WW, Liu ZH, Zhou RP, Chen JW, Liu ZL:
Outcomes of different zero-profile spacers in the treatment
of two-level cervical degenerative disk disease. Eur Spine J
32:2448-2458, 2023. https://doi.org/10.1007/s00586-023-
07756-8

Yew AY, Nguyen MT, Hsu WK, Patel AA: Quantitative risk factor
analysis of postoperative dysphagia after anterior cervical
discectomy and fusion (ACDF) using the eating assessment
tool-10 (EAT-10). Spine (Phila Pa 1976) 44:E82-E88, 2019.
https://doi.org/10.1097/BRS.0000000000002770

Zhang Y, Ju J, Wu J: Zero-profile anchored spacer versus
conventional plate-cage construct in bilevel anterior cervical
discectomy and fusion: A systematic review and meta-
analysis. J Orthop Surg Res 18:644, 2023. https://doi.
org/10.1186/s13018-023-04134-4

Turk Neurosurg, 2025 | 11



