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Abstract
Study design This is a prospective case-controlled study

Background: To analyze the postoperative axial pain and cage subsidence of patients presenting with
cervical spondylotic myelopathy (CSM) after a modi�ed procedure of ACDF (mACDF).

Methods: 90 patients with CSM were prospectively collected from 2014 to 2018. The patients were
divided into spread group and non-spread group (48:42 ratio) according to the cage placement with or
without releasing the Caspar cervical retractor after decompression. Spread group received conventional
ACDF and non-spread group received mACDF. Patients were followed-up for at least 24 months after
surgery. Radiologic data, including height of intervertebral space and Cobb Angle, were collected. Nervous
system function was obtained using JOA scores, and level of pain was assessed using VAS scores.

Results: A total of 90 patients were enrolled and the patients were divided into spread group (n=48) and
none-spread group(n=42). Cage subsidence of (spread group vs none-spread group) was (0.82±0.68 vs
0.58±0.81) mm, (0.64±0.77 vs 0.34±0.46) mm, (0.48±0.43 vs 0.25±0.28) mm, and (0.45±0.47 vs
0.17±0.32) mm at 3months, 6months, 12months and 24 months, respectively. The period exhibiting the
most decrease of the height of intervertebral space was 3 months postoperatively. However, there was no
statistical difference in the height of intervertebral space, JOA or VAS scores at the �nal follow-up
between the two groups.

Conclusion: The mACDF can avoid excessive distraction by releasing the Caspar Cervical retractor, restore
the "natural height" of cervical vertebra, reduce the occurrence of axial pain in patients with CSM
involving single-level, and prevent rapid Cage subsidence and the loss of cervical curvature.

Background
Cervical spondylotic myelopathy (CSM), characterized by progressive narrowing of the spinal canal and
compression of the spinal cord, is a common age-related degenerative disease with the incidence of
about 53.5%[1, 2],which was associated with compromised life quality and high burden of society and
economy[3, 4]. Patients presenting with CSM often need surgical decompression due to its recessive
onset [5]. The keys to surgical technique for CSM are decompression of the nerve roots and spinal cord,
reconstruction of the stability of spinal column, and maintaining cervical alignment [6]. Anterior cervical
discectomy and fusion (ACDF) has been proven to be an effective surgical method for treating patients
with symptomatic CSM, since its �rst applied and reported by Robinson and Smith in 1958[7].After
removal of the intervertebral disc during ACDF surgery, the interbody cage is used as a replacement,
which is effective in restoring disc height. However, axial pain often occurs after surgery, and studies with
long-term follow-up have revealed that complications can occur following ACDF, including the loss of
cervical curvature, reduced height of intervertebral space, adjacent vertebral disease and cage
subsidence[8–10]. Indirect decompression with the use of cage can be achieved by enlarging the
intervertebral foramen. However, inserting too large cage can cause subsidence and bone incoherence
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[11, 12]. Moreover, excessive distraction by insertion of too large cage is often the leading cause of
postoperative neck pain resulting from facet joint stretch or posterior neck muscle spasm [13]. And some
studies have shown that the greater the cage is, the higher the risk of cage subsidence is [14]. Therefore,
placing the cage of appropriate size and restoring the optimal height of intervertebral height are the main
problems faced by spinal surgeons at present. Several factors may contribute to cage
subsidence,including age, sex, fusion level, cage type, and bone mineral density[15]. In the past, we had to
expand and enlarge the normal height of the intervertebral disc to achieve the purpose of enlarging the
intervertebral foramen, but the clinical signi�cance of this is lack of research .It is the �rst time, to our
best knowledge, using a prospective case-control study to evaluate the postoperative complications and
cage subsidence regarding the cage placement with or without releasing the Caspar cervical retractor
after decompression. In the present prospective case-control study, we sought to test the discrepancies of
postoperative height of fusion segment, cervical curvature, axial pain, and neurological function between
the cage placement with or without releasing the Caspar cervical retractor after decompression.

Methods

Study Design and Participants
This study was a single center, prospective, case-control study, which enrolled patients undergoing ACDF
or mACDF for treating CSM involving single-level from June 2014 to June 2018 at Naval Medical
University. Patients were included in this study if they (1) were diagnosed with myelopathy or
radiculopathy; (2) had compression of spinal cord or nerve root at single-level veri�ed by Magnetic
Resonance Imaging; (3) were unresponsive to conservative treatment. Patients were excluded from this
study if they (1) has an increased risk of suffering from bleeding, including platelet count < 100× 109/L,
and a history of surgery and substantive organ biopsy within 1 month; (2) had a life expectancy less than
90 days; (3) had spinal cord or root compression at multi-levels; (4) needed posterior approach; (5) had
trauma or infection. Spread group received conventional ACDF and non-spread group received mACDF.
This study was approved by the ethics committee of Second Military Medical University.

Surgical Technique
Spread group: standard general anesthesia procedure and a left-sided Smith-Robinson anterior cervical
approach was used in all cases. Caspar Cervical retractor was used to distract the vertebral bodies. The
anterior bony spurs were minimally excised to ensure posterior visibility and titanium cage �tting. The
posterior longitudinal ligament and the posterior bony spur were removed after discectomy. The cartilage
of the endplate was also removed with a curette to avoid additional damage to the endplate.

Cages were packed with the autologous cancellous bone harvested from the anterior iliac crest through a
1-cm skin incision. None-spread group: The basic surgical procedure was roughly similar to that of the
spread group, except that the Caspar cervical retractor was released before placing the titanium cage,
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which was also known as modi�ed ACDF (mACDF). When the Caspar cervical retractor is released and
the minimum titanium cage cannot be put into the intervertebral space, expand Caspar cervical retractor
and enables the minimum cage to be put into intervertebral space.

Outcomes And Imaging Assessment
Patient demographics including patient age, sex, obesity, smoking, hypertension, were evaluated to �gure
out baseline differences between groups. Patients were followed-up for at least 24 months after surgery.
Radiologic data, including 1) height of intervertebral space, 2) cervical lordosis and 3) cage subsidence
were collected preoperatively, at 1, 3, 6, 12, and 24 months postoperatively.

1)The height of intervertebral space was calculated as the height of the anterior border. 2) Cervical
lordosis was assessed using Cobb angle at levels C2–C7. The Cobb angle was formed by two lines, one
of which is the line of the lower endplate of C2 and the other is the line of the lower endplate of C7 in a
neutral position. 3) Cage subsidence was calculated as the decrease in height of intervertebral space.

Nervous system function was obtained using Japanese Orthopedic Association Score System (JOA
Score), and level of pain was assessed using visual analogue scale (VAS) scores preoperatively, at 1
week, 3, 6, 12, and 24 months after surgery.

Statistical Analysis
Statistical analysis was performed using the Statistical Package for the Social Sciences (SPSS) version
18.0 (IBM Armonls, NY, USA). Continuous variables were recorded as mean values ± standard deviation
(SD), and categorical variables were expressed by proportions (%). The unpaired 2-tailed Student t test or
Mann-Whitney U test were performed to compare the mean values or data distribution of continuous
variables. And categorical variables were compared with the χ2 (chi-square) test or Fisher exact test, as
appropriate. A P value of < 0.05 was considered statistically signi�cant.

Results
A total of 90 patients were enrolled in our study the patients were divided into spread group (n = 48) and
none-spread group(n = 42), including 20 males and 28 females in spread group with an average age of
59.54 ± 17.65 years and 17 males and 25 females in group none-spread group with an average age of
60.07 ± 15.21 years. The demographic characteristics of patients were summarized in Table 1 and
baseline characteristics were well balanced between the 2 groups, including age, gender, and basic
physical condition. There were 6 cases with surgical level at C3/C4, 14 at C4/C5, 23 at C5/C6, 3 at C6/C7,
and 2 at C7/T1 in spread group, while in none-spread group, 5 patients had surgical level at C3/C4, 11 at
C4/C5, 24 at C5/C6, 1 at C6/C7, and 1 at C7/T1.
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Table 1
Baseline Demographic information of patient with CSM

Variable Spread group (n = 48) None-spread group (n = 42) P Value

Age, mean ± SD, y 59.54 ± 17.65 60.07 ± 15.21 .880

Female, No. (%) 28 (58.33) 25 (59.52) .909

Hypertension, No. (%) 29 (60.42) 27 (64.29) .706

Atrial �brillation, No. (%) 18 (37.50) 17 (40.48) .773

Smokers, No. (%) 21 (43.75) 19 (45.24) .887

Diabetes, No. (%) 12 (25.00) 9 (21.43) .689

Operated level, No. 48 42  

C3/C4, No. (%) 6 5 .842

C4/C5, No. (%) 14 11

C5/C6, No. (%) 23 24

C6/C7, No. (%) 3 1

C7/T1, No. (%)

Re-operation rates

2 1

  8.3%(4/48) 4.8% (2/42)  

The imaging and clinical results are summarized in Table 2 and Table 3.The height of intervertebral
space in spread group was 4.04 ± 1.41 mm before surgery, 7.59 ± 1.32 mm 1 week after surgery, 6.78 ± 
1.28 mm 3 month after surgery, 6.06 ± 1.34 mm 6 months after surgery, 5.65 ± 1.18 12 months after
surgery, and 5.26 ± 1.25 mm 24 months after surgery (Fig. 1). The height of intervertebral space in none-
spread group was 3.94 ± 1.52 mm before surgery, 6.53 ± 1.20 mm 1 week after surgery, 5.92 ± 1.21 mm 3
months after surgery, 5.59 ± 1.34 mm 6 months after surgery, 5.34 ± 1.39 mm 12 months after surgery,
and 5.16 ± 1.34 mm 24 months after surgery (Fig. 2). Cage subsidence of (spread group vs none-spread
group) was (0.82 ± 0.68 vs 0.58 ± 0.81) mm, (0.64 ± 0.77 vs 0.34 ± 0.46) mm, (0.48 ± 0.43 vs 0.25 ± 0.28)
mm, and (0.45 ± 0.47 vs 0.17 ± 0.32) mm at 3months, 6months, 12months and 24 months, respectively
(Fig. 3). The period exhibiting the most decrease of the height of intervertebral space was 3 months
postoperatively. However, there was no statistical difference in the height of intervertebral space at the
�nal follow-up between the two groups.
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Table 2
Imaging outcomes of patients in the two groups

Variable Spread group
(n = 48)

None-spread
group (n = 42)

P
Value

Height of intervertebral space, mean ± SD, mm      

Pre. 4.04 ± 1.41 3.94 ± 1.52 .754

Post. 1w 7.59 ± 1.32 6.53 ± 1.20 < 
0.01

Post. 3 m 6.78 ± 1.28 5.92 ± 1.21 .002

Post. 6 m 6.06 ± 1.34 5.59 ± 1.34 .094

Post. 12 m 5.65 ± 1.18 5.34 ± 1.39 .254

Post. 24 m 5.26 ± 1.25 5.16 ± 1.34 .724

Cage subsidence, mean ± SD, mm      

Post. 3 m 0.82 ± 0.68 0.58 ± 0.81 .127

Post. 6 m 0.64 ± 0.77 0.34 ± 0.46 .026

Post. 12 m 0.48 ± 0.43 0.25 ± 0.28 .005

Post. 24 m 0.45 ± 0.47 0.17 ± 0.32 .002

C2–C7 Cobb angle, mean ± SD, °      

Pre. 6.02 ± 9.18 6.57 ± 9.25 .778

.004

.523

Post. 1w 15.29 ± 8.84 10.28 ± 6.33

Post. 24 m 7.29 ± 8.66 6.24 ± 6.63

Average score of unoperated intervertebral disc
degeneration P�rrmann score

     

Pre. 2.58 ± 0.96 2.30 ± 0.92 0.174

Post. 24 m 3.08 ± 0.84 2.38 ± 0.49 0.000
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Table 3
Clinical outcomes of patients in the two groups

Variable Spread group (n = 48) None-spread group (n = 42) P Value

JOA score, mean ± SD      

Pre. 11.35 ± 3.39 10.45 ± 3.20 .200

Post. 1w 14.02 ± 2.49 12.71 ± 2.87 .023

Post. 3 m 14.25 ± 2.52 13.74 ± 2.58 .344

Post. 6 m 14.88 ± 2.40 14.36 ± 2.47 .317

Post. 12 m 15.23 ± 1.89 15.10 ± 2.60 .779

Post. 24 m 14.46 ± 2.18 14.45 ± 2.74 .991

VAS, mean ± SD      

Pre. 7.21 ± 1.29 6.86 ± 1.34 .208

Post. 1w 5.96 ± 1.54 5.07 ± 1.30 .004

Post. 3 m 4.71 ± 1.37 4.74 ± 1.81 .930

Post. 6 m 4.56 ± 1.17 5.07 ± 1.96 .132

Post. 12 m 4.02 ± 0.81 3.88 ± 1.52 .581

Post. 24 m 3.46 ± 1.29 3.14 ± 1.26 .245

Complications      

PE, No. (%) 0 0  

SSI, No. (%) 2 (4.17%) 1 (2.38%)  

NI, No. (%) 1 (2.08%) 0  

SD, No. (%) 2 (4.17%) 3 (7.14%)  

Hematoma, No. (%) 3 (6.25%) 1 (2.38%)  

CSFL, No. (%) 0 1 (2.38%)  

Mortality, No. (%) 0 0  

(PE: pulmonary embolism, SSI: surgical site infection, NI: neurovascular injury, SD: swallowing
discomfort, CSFL: cerebrospinal �uid leakage)

The mean ± SD of C2–C7 Cobb angle in spread group was 6.02 ± 9.18 degrees before surgery, 15.29 ± 
8.84 degrees 1 week after surgery, and 7.29 ± 8.66 degrees 24 months after surgery (Fig. 4), and C2–C7
Cobb angle in none-spread group was 6.57 ± 9.25 degrees before surgery, 10.28 ± 6.33 and 6.24 ± 6.63
degrees 1 week and 24 months after surgery, respectively (Fig. 5). There was a signi�cant difference
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between two groups in C2–C7 Cobb angle 1 week after surgery. The C2–C7 Cobb angle in spread group
one week after surgery was larger than that in none-spread group with statistical signi�cance (p = 0.004).
However, no statistical difference was observed at the �nal follow-up.

The JOA score improved from 11.35 ± 3.39 to 14.46 ± 2.18 in spread group, and 10.45 ± 3.20 to 14.45 ± 
2.74 in none-spread group (Fig. 6). No signi�cant difference was observed in JOA score between the 2
groups. The VAS score in spread group one week after surgery was higher than that in none-spread group
with statistical signi�cance (p = 0.004) (Fig. 7).The re-operation rates were 8.3% (4/48) in spread group,
and 4.8% (2/42) in none-spread group, The mean ± SD of Average score of unoperated intervertebral disc
degeneration P�rrmann score in spread group was 2.58 ± 0.96 degrees before surgery and 3.08 ± 0.84
degrees 24 months after surgery, in none-spread group was 2.30 ± 0.92 degrees before surgery, and 2.38 
± 0.49 months after surgery, respectively. (p < 0.001)

Discussion
The ACDF technique is a standard procedure with good clinical effect for treating patients presenting with
CSM. Ylinen et al. reported that although more than half (57%) of patients recover well after surgery,
many patients still suffer from chronic neck pain with reduced neck mobility [16]. Although ACDF may
reduce the incidence of postoperative axial neck pain by preserving the posterior muscles, Matsumoto et
al. reported that axial neck pain was observed in 25.8% of patients after ACDF during follow-up [17]. The
exact mechanism of postoperative axial neck pain has not been fully elucidated. Many risk factors can
contribute to postoperative axial neck, such as muscle spasm, diseases of the joints, intervertebral discs
and ligaments, and vertebral instability. Facet joints are implicated as the origin of a good percentage of
cervical pain[18]. Previous studies support that over-stretch of cervical facet-joint capsules may lead to
cervical pain through releasing in�ammatory cytokines [19, 20]. Moreover, some studies believed that
excessive distraction of intervertebral space by insertion of too large cage causes postoperative neck
pain due to distraction of the facet joint or spasm of the posterior neck muscles[21, 22]. However, there
have been no studies regarding the cage placement with or without releasing the Caspar cervical retractor
after decompression is associated with postoperative axial neck pain. In the present study, in none-spread
group, due to the release of Caspar cervical retractor after decompression, the height of intervertebral
space was restored to its “natural height”, cervical physiological lordosis was restored, and the height and
cross-sectional area of intervertebral foramen were moderately increased[23]. An increase in intervertebral
foramen cross-sectional area indicates the increased outlet space of nerve root, which may improve
blood supply and reduce compression of damaged nerves. Barley et al. found that the height of
intervertebral space �nally stabilized, slightly higher than the preoperative height, indicating that the ideal
height of cage may be associated with preoperative baseline parameters[24]. Excessive distraction of
Caspar cervical retractor can result in damage to joint capsule and ligament, dislocation or subluxation of
the joint, mechanical irritation or damage to the intervertebral ligaments, and ultimately axial pain. If the
cage is too high without releasing the Caspar cervical retractor, the pressure between the upper and lower
vertebral plates will increase, which may lead to osteonecrosis, disc collapse, subsidence, and herniation,
as a result of higher incidence of axial pain.
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According to some previous studies, the incidence of subsidence is about 13.2%-62.5% [25–28]. Although
surgical outcomes depend primarily on adequate decompression of the spinal cord and nerve roots,
postoperative radiologic changes do not directly affect the quality of life of the patients [29]. However, the
loss of height of intervertebral space leads to the loss of segmental cervical curvature, affecting the
cervical alignment and is thus associated with the occurrence of adjacent segmental disease. The
aggravation of neck pain caused by subsidence is a major cause of poor clinical outcomes. Subsidence
can result in reduced fusion rates, kyphotic deformity of the cervical spine, and reduced height of
intervertebral space, eventually leading to radiculopathy [26–28]. There were similar changes in cervical
curvature and height of intervertebral space in two groups. It has been reported that postoperative
cervical lordosis and segmental lordosis both affect long-term clinical outcomes [30].Although there was
no statistical difference in JOA score between the two groups in our study, it may be related to the short
follow-up time. Wu et al. reported that cage subsidence and cervical lordosis improvement does affect the
long-term clinical outcomes[25]. In our study, changes in cage subsidence and kyphosis were higher in
the spread group than in the none-spread group. Moreover, although the curvature and height of
intervertebral space could be better restored after the operation without releasing the Caspar cervical
retractor, JOA score in the last follow-up was not affected, but VAS score was worse. This indicates that
the recovery of nerve function in the short term mainly depends on the decompression of spinal cord and
nerve root, and the severity of preoperative nerve injury. The height of postoperative intervertebral space is
not signi�cantly correlated with the recovery of nerve function, which is consistent with the results
reported in previous literatures [31, 32]. Besides, the greater the cage height, the greater the risk of cage
subsidence. Cervical curvature is associated with degenerative changes, and studies have shown that
with the improvement of cervical lordosis, height of intervertebral space increases[33].The disc
degeneration scores of the two groups are signi�cantly different, which may be the result of a
combination of natural degeneration and loss of curvature. Therefore, future studies on postoperative
adjacent segment degeneration in the two groups are of more important clinical signi�cance.

Although the cervical curvature and height of intervertebral space were better recovered immediately after
the operation in spread group, it was found that the height of intervertebral space decreased too fast and
�nally stabilized during the follow-up, and there was no signi�cant difference between the two groups.
Subsidence is a common phenomenon and mild subsidence helps maintain internal stability. However,
large subsidence must be avoided, which often results in postoperative cervical foramen stenosis and
displacement. Whether subsidence affects clinical outcomes is still debatable [34, 35]. Parks et al.
reported that subsidence was associated with short intervertebral foramen and poor cervical
lordosis[36].In contrast, Lee and colleagues conclude that cage subsidence does not, but segmental
cervical kyphosis does affect the long-term results[37]. Truumees et al. reported that the higher the height
of the cage, the higher the distractive forces and compression forces would be, leading to the greater the
risk of subsidence and displacement[38]. In our cases, many subsidence occurred in the �rst month after
surgery, and if when the placement of cage without releasing Caspar cervical retractor, axial pain occurs
within a few days after the operation, and it was more likely to cause cage subsidence during long-term
follow-up. In addition, the cage subsidence is often accompanied by the loss of local curvature of the
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cervical spine[39].Park et al. believed that cage subsidence could lead to aggravation of local cervical
curvature, but ultimately did not affect C2-C7 Cobb angle[40]. In this study, the C2-C7 Cobb angle showed
a decreasing trend, indicating that the curvature of the cervical spine was straightened (two groups 7.29 
± 8.66 degrees VS 6.24 ± 6.63 degrees). However, subsidence does not necessarily affect clinical JOA
scores[41]. Similarly, in our study, no signi�cant difference was observed in JOA in the last follow-up
between the two groups, but there were signi�cant differences in VAS scores after surgery and during
follow-up, which may be due to large cage and cage subsidence.

Limitations

This study has several limitations. The primary limitation is that this study was performed at a single
center, limiting its generalizability to other centers. Another limitation of this study, like other studies, is
the relatively small sample size. In addition, the patients in this study were not randomized, which may
undermine the conclusions of this prospective study. However, as shown in Table 1, no difference was
observed in the demographic data between the two groups. In addition, we strived to reduce systematic
errors by establishing and enforcing strict inclusion and exclusion criteria to preserve sample
homogeneity. To design standardized surgical procedures, the same surgical team was responsible for
the same surgical instruments; Immediate postoperative symptoms were assessed by the same spine
surgeon. All parameters were measured independently by three neurosurgeons who were blind to the
study. Therefore, we believe that the results and conclusion of this study are true and reliable.

Conclusion
The modi�ed ACDF can avoid excessive distraction to some extent by releasing the Caspar Cervical
retractor, restore the "natural height" of cervical vertebra, reduce the occurrence of postoperative axial pain
in patients with CSM involving single-level, and prevent rapid Cage subsidence and the loss of cervical
curvature. The necessity of restoring the normal anatomical height of the intervertebral disc is
questionable.
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Figure 1

The imaging and clinical results are summarized in Table 2 and Table 3.The height of intervertebral
space in spread group was 4.04±1.41mm before surgery, 7.59±1.32mm 1 week after surgery,
6.78±1.28mm 3 month after surgery, 6.06±1.34mm 6 months after surgery, 5.65±1.18 12 months after
surgery, and 5.26±1.25mm 24 months after surgery
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Figure 2

The height of intervertebral space in none-spread group was 3.94 ± 1.52mm before surgery, 6.53 ±
1.20mm 1 week after surgery, 5.92±1.21mm 3 months after surgery, 5.59±1.34mm 6 months after
surgery, 5.34±1.39mm 12 months after surgery, and 5.16±1.34mm 24 months after surgery
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Figure 3

Cage subsidence of (spread group vs none-spread group) was (0.82±0.68 vs 0.58±0.81) mm, (0.64±0.77
vs 0.34±0.46) mm, (0.48±0.43 vs 0.25±0.28) mm, and (0.45±0.47 vs 0.17±0.32) mm at 3months,
6months, 12months and 24 months.

Figure 4
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The mean ± SD of C2–C7 Cobb angle in spread group was 6.02 ± 9.18 degrees before surgery, 15.29 ±
8.84 degrees 1 week after surgery, and 7.29 ± 8.66 degrees 24 months after surgery

Figure 5

C2–C7 Cobb angle in none-spread group was 6.57 ± 9.25 degrees before surgery, 10.28 ± 6.33 and 6.24 ±
6.63 degrees 1 week and 24 months after surgery, respectively
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Figure 6

The JOA score improved from 11.35 ± 3.39 to 14.46 ± 2.18 in spread group, and 10.45 ± 3.20 to 14.45 ±
2.74 in none-spread group

Figure 7

No signi�cant difference was observed in JOA score between the 2 groups. The VAS score in spread
group one week after surgery was higher than that in none-spread group with statistical signi�cance
(p=0.004)


