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Anterior Cervical Discectomy and Fusion Using

a Double Cylindrical Cage versus an Anterior Cervical
Plating System with lliac Crest Autografts

for the Treatment of Cervical Degenerative Disc Disease

Seong Joon Kim, M.D., Sang Don Kim, M.D., Ph.D.
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Objective : Anterior cervical discectomy and fusion (ACDF) is often complicated by subsidence, pseudoarthrosis, kyphosis, and graft donor site
morbidities. To decrease the occurrence of these complications, various types of cages have been developed. We designed this retrospective study
to analyze and compare the efficacy and outcomes of ACDF using double cylindrical cages (DCC) (BK Medical, Seoul, Korea) versus an anterior cer-
vical plating system with autogenous iliac crest grafts.

Methods : Forty-eight patients were treated with autograft and plating (plate group), and 48 with DCC group from October 2007 to October 2011.
We analyzed construct length, cervical lordotic curvarture, the thickness of the prevertebral soft tissue, segmental instability, and clinical outcomes.
Results : There were no significant differences between the two groups with regard to the decrease in construct length or cervical lodortic curva-
ture at the 3-, 6-, and 12-month follow-ups. The prevertebral soft tissue was thinner in the DCC group than the plate group immediately after sur-
gery and at the 3-, 6-, and 12-month follow-ups. The difference in interspinous distance on flexion-extension was shorter in the plate group than
the DCC group at the 3- and 6-month follow-ups. However, there was no significant difference in this distance between the two groups at the
12-month follow-up.

Conclusion : A double cylindrical cage is a good alternative for fusion in patients with cervical degenerative diseases; the surgical method is relatively
simple, allows good synostosis, has less associated prevertebral soft tissue swelling, and complications associated with autografting can be avoided.
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INTRODUCTION

Anterior cervical discectomy and fusion (ACDF) is a widely
accepted surgical procedure for the treatment of cervical spinal
degenerative disease>>'>'3),

This procedure is used to decompress the spinal cord and
nerve roots, stabilize the affected segments, and provide solid ar-
throdesis. Several technical modifications of this procedure have
been developed, but there is currently no consensus regarding
the optimal technique”. Unfortunately, this procedure is often
complicated by collapse of the graft bone, pseudoarthrosis, ky-
photic deformity, and especially, graft donor site morbidities'*”
such as prolonged donor site pain, hematomas, infection, nerve

injury, and iliac crest fracture or deformity'>**. In addition,
plate fixation has the drawbacks of high cost, a long operative
time, and risk to adjacent structures because of the retraction
required for plate insertion®. To decrease the occurrence of
these complications, various types of cages have been devel-
oped and are currently being used'*'**. However, among those
cages, cylindrical cages are underused because they are thought
to have a tendency to subside, though this has not been conclu-
sively shown®'”). We designed this retrospective study to ana-
lyze and compare the efficacy and outcomes of anterior cervical
fusion using a double cylindrical cage (DCC) (BK Medical,
Seoul, Korea) (Fig. 1) or autogenous iliac crest grafts and an an-
terior cervical plating system.
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MATERIALS AND METHODS es or drills, and adequate exposure and decompression of the

dura mater and nerve root origins were obtained.
This retrospective study was conducted with the approval of In the DCC group, double cylindrical cages (8, 9, 10 mm g,
the medical ethics review board at our institution. BK Medical, Seoul, Korea), packed with reamed bone and Or-

Patient population

We performed a retrospective study of patients who under-
went one level ACDF by one of two different methods. The same
surgeon performed all procedures. Forty-eight patients were
treated with autograft and plating (plate group) and 48 with DCC
group from October 2007 to October 2011. All patients initially
presented with cervical radiculopathy and concordant soft disc
herniation that persisted despite conservative management. Pa-
tients with confounding variables (required more than two level
ACDE, previous cervical spine surgery, additional posterior de-
compression, trauma, or tumor) or those for who imaging data
were unavailable were not included in the study.

The demographic and clinical data of the two groups were
comparable (Table 1). There were 25 males and 23 females aged
between 24 years and 80 years (mean 51.2 years) in the DCC
group. In the autograft and plating group, there were 24 males
and 24 females who ranged in age from 19 years to 70 years
(mean 46.5 years).

The levels of anterior segmental cervical fusion are shown in Ta- 3

ble 1, and the most common cervical level involved was C5-6 in ~ Fig. 1. A : Double cylindrical cage (DCC). B : Intraoperative picture after
cage placement. C and D : Anteroposterior and lateral radiographs fol-
lowing anterior cervical discectomy and fusion using DCC.

both groups. The clinical manifestations included neck pain, cer-
vical radiculopathy, and myelopathy, all
of which were refractory to conservative Table 1. The demographic and clinical data of the two groups

treatment measures. Eleven (22.9%) pa- Plate group (n=48)  DCC group (n=48) p value
tients in the plate group and 10 (20.8%) Age (years) 46.48+10.5 51.98+13.5 0.029*
in the DCC group suffered from concur- Sex (%) 0.838
rent myelopathy and radiculopathy:. Male 24 (50) 25 (52.1)
Odomss criteria (Table 2) were used to Female 24 (50) 23 (47.9)
assess clinical outcomes. Location (%) 0.894
C3-4 6(12.5) 5(10.4)
Surgical procedure C4-5 7 (14.6) 5(10.4)
All the operations were performed by C5-6 24 (50) 25 (52.1)
one surgeon. A standard anterior ap- C6-7 11 (22.9) 13 (27.1)
proach to the cervical spine was used in Clinical symptoms (%) 0.770
all patients. The basic technique used for Radiculopathy 30 (62.5) 33 (68.8)
exposure, discectomy, and decompres- Myelopathy 7 (14:6) 5(104)
Si?n was the .Robins.on and Smith tech- Radiculomyelopathy 11 (22.9) 10 (20.8)
nique, and this technique was performed ) ko oiom (day) 85.63+112.7 92.79+108.2 0.751

using a right-sided skin incision.
A microscope was used in all cases
during the discectomy procedure. End- ~ Table 2. Odom’s criteria

*Stastical significance (p<0.05). DCC : double cylindrical cage

plates were prepared for fusion by drill- Classification Definition

ing. The bony endplate was preserved as Excellent All preoperative symptoms relieved : abnormal findings improved

much as possible to prevent cage subsid- Good Minimal persistence of preoperative symptoms : abnormal findings

ence. In all instances, the posterior longi- unchanged or improved

tudinal ligament was opened and possi- Fair Definite relief of some preoperative symptoms : other symptoms unchanged
ble osteophytes compressing the nerve or slightly improved

root were removed with Kerrison punch- Poor Symptoms and signs unchanged or exacerbated
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thoblast II (IsoTis Orthobiologics, Irvine, CA, USA) were
placed on either side by turning the implant inserter clockwise
and applying a light pressure.

In the autograft and plating group, anterior plating was per-
formed using the Smith-Robinson technique; tricortical autolo-
gous iliac bone was harvested from the iliac crest and grafted
between the vertebral bodies under traction. Supplemental an-
terior plate fixation was performed using the Atlantis plate sys-
tem of hybrid construct in which inferior (fixed-angled) screw
act as buttress while variable-angle (superior) screws rotate at
the plate-screw interface (Medtronic Sofamor Danek, Minne-
apolis, MN, USA).

A soft collar was prescribed for 12 weeks postoperatively in
both groups.

Radiologic evaluation

MRI scans were obtained before surgery and anteroposterior
and lateral plain radiographs including dynamic views were ob-
tained before surgery, immediately after surgery, at 6 weeks, 3
months, 6 months, and 12 months after surgery.

The construct length was measured as the distance between
the middle margin of the upper end plate of the upper vertebra
and the middle margin of the lower end plate of the lower ver-
tebra (Fig. 2A). Subsidence was defined as >3 mm reduction in
the construct length between immediately after surgery and the
6-week follow-up.

(A) ©

Cervical spinal curvature was measured by the method of Pro-
feta et al.'¥ (Fig. 2B). A straight line was drawn from the posterior
border of the dens to the posterior-inferior border of C7. Another
line was drawn from the posterior-inferior border of C4 perpen-
dicular to the first line, whose intersected length was measured in
millimeters as the degree of spinal curvature, with a length of 0
mm corresponding to straight lateral spine curvature. Negative
values denoted kyphotic spine curvature and positive values lor-
dotic spine curvature.

The thickness of the prevertebral soft tissue was measured as
the distance between the soft tissue shadow and the anterior
margin of the lower endplate of the caudal vertebra (Fig. 2C).

Nonunion was defined as the appearance of segmental insta-
bility with =2 mm widening of the interspinous distance on
flexionextension lateral views at the last follow-up (Fig. 2D). In
addition, radiolucency >50% over the anteroposterior distance
of the interface between the endplates and implants was defined
as nonunion.

RESULTS

The construct length was not statistically different between
two groups on the first day, 6 weeks, 3, 6, or 12 months post-op-
eratively. The prevertebral soft tissue was significantly thinner in
the DCC group than in the plate group on the first day and 3, 6,
and 12 months post-operatively. Clinically, one patient in each
group developed postoperative dyspha-
gia, but both patients recovered in 1
month. There was a trend towards in-
creased lordotic curvature over time at 3,
6, and 12 months in both groups with-
out any significant difference between
the groups. The difference in the inter-
spinous distance at flexion and exten-
sion, reflecting segmental instability,
was significantly smaller in the plate

©

Fig. 2. A : The construct length was measured as the distance between the middle margin of the
upper end plate of the upper vertebra and the middle margin of the lower end plate of the lower
vertebra. B : The lordotic curvature was measured by Profeta’s method. C : The thickness of the
prevertebral soft tissue was measured as the distance between the soft tissue shadow and the an-
terior margin of the lower endplate of the caudal vertebra. D : Segmental instability was measured
as the difference of the interspinous distance on the flexion and extension radiographs.

Table 3. Comparisons of the radiologic results between the plate group and the DCC group

group than in the DCC group at 3 and
6 months postoperatively, but no differ-
ence at 12 months (Table 3). In each
group, nonunion was observed in one
patient.

Construct length Thickness of PS Lordotic curvature Segmental instability*

Plate DCC Plate DCC Plate DCC Plate DCC
Preop (mm) 324429 32432 11.3+£3.3 12.0+2.7 4.6+3.8 4.5%£3.9
Postop (mm) 35.6+3.1 35.2+3.1 17.6+4.0 15.843.5'
6 week (mm) 33.5+3.1 33.3+3.4 14.5+£3.4 14.0£2.7
3 month (mm) 32.843.2 32.6+£3.4 14.2+£3.5 12.543.1" 5.7+3.4 5.2+3.7 1.2+0.9 2.4+1.0'
6 month (mm) 32.3+3.2 32.3+3.4 13.9+£35 12.1+2.8' 6.6£3.1 6.3+3.7 0.7+0.6 1.3+0.7"'
12 month (mm) 32.1+3.1 31.4+3.3 13.8+£3.3 11.42.9' 7.9+2.8 6.4+4.3 0.5+£0.4 0.7£0.5

*Difference of the interspinous distance of the flexion-extension lateral views, "Stastical significance (p<0.05). PS : prevertebral soft tissue, DCC : double cylindrical

cage
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Clinical outcomes were significantly more favorable in the
DCC group at the follow-up assessment 6 weeks after surgery,
but not at 3, 6, and 12 months postoperatively (Table 4).

The incidence of subsidence was lower in the DCC group
than in the plate group (27.1% vs. 37.5% respectively), but this
difference was not statistically significant (Table 5). Further-
more, the existence of subsidence was significantly associated
with more unfavorable clinical outcomes at all follow-up assess-
ments (Table 6).

Postoperative complications such as hematoma revision,
hoarseness, infection, and dysphagia were observed in both
groups, but were not fatal and patients healed in about 3 months.
Furthermore, there were no significant differences in the inci-
dence of postoperative complications
between the two groups (p=0.294).

worldwide. However, these are larger in size than double cylindri-
cal cages and have to be inserted at the center, which is a vulnera-
ble area. Therefore, complications such as subsidence occur fre-
quently;, which has led to decreased use of these cages.

Because the cylindrical cage has to be drilled into the interver-
tebral space, this procedure is destructive to the endplates, leaving
them far from intact. The contact surface between the cage and
osseous bony part of the endplate is reduced as a result of both
endplate preparation and the cylindrical shape of the cage'?. The
contact surface between the cage and the vertebral body, and the
anterior intraoperative distraction have been confirmed to be
risk factors for cage subsidence®. Authors emphasized that
double cylindrical cages address many of the issues associated

Table 4. Comparisons of clinical outcomes between the plate group and DCC group

DISCUSSION

Stand-alone interbody cages can be
inserted using a simple surgical tech-
nique and there is less damage to adja-
cent structures as there is no need for
retraction, which is required for plate
insertion. Furthermore, insertion of
stand-alone interbody cages requires a
shorter operating time and there is less
blood loss than plate insertion®®.

A biomechanical study demonstrated

Plate group (n=48) DCC group (n=48)  p value
6 week outcome (%) Poor 7 (14.6) 1(2.1) 0.05*
Fair 19 (39.6) 27 (56.2)
Excellent 22 (45.8) 20 (41.7)
3 month outcome (%) Poor 4(84) 2(4.1) 0.58
Fair 22 (45.8) 20 (41.7)
Excellent 22 (45.8) 26 (54.2)
6 month outcome (%) Poor 4(8.3) 2(4.1) 0.50
Fair 18 (37.5) 15(31.3)
Excellent 26 (54.2) 31 (64.6)
12 month outcome (%)  Poor 3(7.3) 2(4.7) 0.43
Fair 16 (39.0) 12 (27.9)
Excellent 22(53.7) 29 (67.4)

that stand-alone cages provide ade-
quate resistance to pullout and migra-
tion without anterior or posterior cervi-

*Stastical significance (p<0.05). DCC : double cylindrical cage

Table 5. Comparisons of the incidence of subsidence between plate group and DCC group

cal fixation?.

An ideal stand-alone interbody cage
for ACDF would have to provide imme-

Plate (n=48) DCC (n=48) p value
Subsidence (%) Yes 18 (37.5) 13(27.1) 0.275
No 30 (62.5) 35 (72.9)

diate postoperative stability, maintain
disc height and cervical lordosis, achieve
a solid fusion, and avoid complications

DCC : double cylindrical cage

Table 6. Comparisons of clinical outcomes between the subsidence group and non-subsidence

due to the use of autogenous or alloge-
nous bone grafts'”.

However, the exact relationships amo-
ng cage subsidence, malalignment, fu-
sion rate, and clinical outcomes remain
unclear”, and the optimal shape and
material type for stand-alone cage pro-
cedures are highly debated, as is the utili-
ty of the stand-alone cage itself 1%,

Subsidence

Although many types of cervical sin-
gle cages have been developed and used,
postoperative subsidence is commonly

group
Non-subsidence Subsidence
(n=65) (n=31) paliee
6 week outcome (%) Poor 3(4.6) 5(16.1) 0.021*
Fair 28 (43.1) 18 (58.1)
Excellent 34(52.3) 8(25.8)
3 month outcome (%) Poor 1(1.5) 5(16.1) 0.002*
Fair 25(38.5) 17 (54.8)
Excellent 39 (60) 9(29)
6 month outcome (%) Poor 1(1.5) 5(16.1) 0.001*
Fair 18 (27.7) 15 (48.4)
Excellent 46 (70.8) 11 (35.5)
12 month outcome (%) Poor 1(1.8) 4(14.3) 0.05
Fair 18 (32.1) 10 (35.7)
Excellent 37 (66.7) 14 (50.0)

reported.

Single cylindrical cages are widely used
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with single cages; they are smaller in size and have a larger con-
tact surface together with endplates, and are inserted into both
foramen nervosum, resulting in less subsidence and a greater
probability of symptom improvement in foraminotomy proce-
dures”.

In our study; interestingly, the incidence of subsidence was low-
er in the DCC group than in the plate group (27.1% vs. 37.5%,
respectively), without statistical significance.

Fusion rate

Advantages of a solid fusion include a reduction in potential
instability, preservation of disc height, maintenance of align-
ment, and protection of the size of the neural foramen.

Wang et al.? found that the porous wall of the cylindrical
cage allowed ingrowth of the surrounding bone of the adjacent
vertebrae, and previous animal studies have suggested that the
cavernous wall promotes bone fusion. In this series, the fusion
rate reached 100% at one year. Our findings were similar.

Another study showed that fusion time was significantly de-
layed, and that the fusion rate was significantly lower when
ACDF was performed using a cage in comparison to a plate®.
However, we found that although the fusion time was signifi-
cantly delayed in the DCC group until 6 months after the oper-
ation, there were no significant differences between the plate
and cage groups at 12 months. This delay in fusion in the DCC
group implies the lack of a strong fixation force in this group,
allowing postoperative micromotions to occur continuously
between the contact surface of the cage and the vertebral body.

Cervical lordosis

Theoretically, the loss of lordosis increases biomechanical
stress on the anterior vertebral elements in neighboring seg-
ments'®. Therefore, the long-term success of spinal surgery ap-
pears to be dependent on the maintenance of cervical lordotic
curvature.

Martins' classified spine alignment as excellent if lordosis
was preserved, good if there was a loss of <5°, and fair and poor
when kyphosis was >5°.

In our study, excellent or good alignment was achieved in most
patients (100% in the plate group, 97.9% in the DCC, p=0.420),
and this good alignment was maintained or improved up to 12
months postoperatively.

According to Kolstad et al.'?, insertion of a cage improved the
curvature toward lordosis, but at 12 months postoperatively,
this effect was lost and there was even more degeneration to ky-
phosis than observed before surgery. However, in other stud-
ies™'®, better alignment was obtained by ACDF with a cylindri-
cal cage than ACDF with allografts or autografts, which might
have contributed to the lower incidence of ASD.

14)

Prevertebral soft tissue swelling
Prevertebral soft tissue swelling is frequently implicated as a
cause of postoperative dysphagia, but quantitative analysis of
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postoperative swelling after ACDF is not often performed.

In our study, the prevertebral soft tissue was significantly
thinner in the DCC group than in the plate group at the first
day and 3, 6, and 12 months post-operatively. Anterior plating
may be responsible for the higher rates of dysphagia reported in
contemporary series because of the plate’s mass effect on the
adjacent esophagus and because contralateral screw placement
requires more retraction past the midline than is necessary
when a plate is not used'”.

Cylindrical cages are inserted by torque, unlike rectangular
cages that require the impact of a surgical hammer for inser-
tion, and do not affect the cervical cord at all, making them
easy to insert. Furthermore, partial invasion of the vertebral
body surface can decrease the risk of cage displacement imme-
diately after the operation.

Unfortunately, we do not have long-term radiologic or clini-
cal data, an obvious weakness of this study. Therefore, long-
term follow-up studies are necessary, and we plan to conduct
these in the future. Another weakness of this study is that it is
retrospective. To address this weakness, a prospective random-
ized study should be performed.

CONCLUSION

Double cylindrical cages relatively showed no tendency of de-
creasing construct length when used for anterior cervical fixa-
tion compared to use of a plating system and iliac crest auto-
grafts. Even though fusion was delayed when a DCC was used,
there was no difference in the nonunion rate at 12 month be-
tween the DCC and plate patient groups. Furthermore, the pre-
vertebral soft tissue was significantly thinner in the DCC group
than in the plate group, and most patients in both groups
achieved excellent or good alignment. Double cylindrical cages
is one of good alternatives for fusion in patients with cervical
degenerative diseases; the surgical method is relatively simple
and less invasive than the plate method, allows good synostosis,
maintains or improves cervical lordotic curvature, causes less
prevertebral soft tissue swelling than the plate method, and
avoids many of the complications associated with autografting.
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