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A Multi-center Clinical Study of
Posterior Lumbar Interbody Fusion
with the Expandable Stand-alone Cage
(Tyche® Cage) for Degenerative Lumbar
Spinal Disorders

Objective : This multi-center clinical study was designed to determine the long-term results of patients who
received a one-level posterior lumbar interbody fusion with expandable cage (Tyche® cage) for degenerative
spinal diseases during the same period in each hospital.

Methods : Fifty-seven patients with low back pain who had a one-level posterior lumbar interbody fusion using
a newly designed expandable cage were enrolled in this study at five centers from June 2003 to December
2004 and followed up for 24 months. Pain improvement was checked with a Visual Analogue Scale (VAS) and
their disability was evaluated with the Oswestry Disability Index. Radiographs were obtained before and after
surgery. At the final follow-up, dynamic stability, quality of bone fusion, interveretebral disc height, and lumbar
lordosis were assessed. In some cases, a lumbar computed tomography scan was also obtained.

Results : The mean VAS score of back pain was improved from 6.44 points preoperatively to 0.44 at the final
visit and the score of sciatica was reduced from 4.84 to 0.26. Also, the Oswestry Disability Index was improved
from 32.62 points preoperatively to 18.25 at the final visit. The fusion rate was 92.5%. Intervertebral disc
height, recorded as 9.94 2.69 mm before surgery was increased to 12.23£3.31 mm at postoperative 1 month
and was stabilized at 11.43£2.23 mm on final visit. The segmental angle of lordosis was changed significantly
from 3.54+3.70° before surgery to 6.37 +3.97° by 24 months postoperative, and total lumbar lordosis was
20.37 =11.30° preoperatively and 24.71+11.70° at 24 months postoperative.

Conclusion : There have been no special complications regarding the expandable cage during the follow-up
period and the results of this study demonstrates a high fusion rate and clinical success.

KEY WORDS : Expandable cage - Degeneration - Interbody fusion - Lumbar spine.

INTRODUCTION

Back pain in the degenerative lumbar spine is caused by the mechanical compression of the
cauda equina or abnormal micromotion due to degenerative changes in the motion segment®.
Compression of the narrowing area can be treated with decompressive surgery; however, this
procedure can also lead to another cause of back pain due to destruction of the anatomical
structure or abnormal micromotion after surgery. The ideal treatment for replacing the
degenerative segment with the new segment is realistically impossible. Thus, bone fusion is
used to manage the area with the damaged segment™>'****"*”. Although bone fusion through
posterolateral bone graft and pedicle screw fixation was become a common practice, complications
such as pseudoarthrosis, graft bone resorption, instrument failure, and sagittal imbalance in
the lumbar spine are possible"”. The posterior lumbar interbody fusion (PLIF) technique
with cages impacted with local bone has been developed to overcome these problems. The
benefits of the PLIF are securing the fixation of vertebral body, maintaining the normal
intervertebral space, and supporting the anterior column in charge of 80% of weight-bearing
out of the vertebral column, thus providing satisfactory bone fusion while maintaining
biomechanical stability*****”. However, not only the importance of the firm bone fusion
after surgery has been found, but also the clinical or biomechanical importance of normal
sagittal lumbar profile rearrangement has been recently emphasized®*!"'*>!#2*? New expandable
cage products are being produced to maintain partial lordotic curve. Attia” followed up 48
patients with degenerative lumbar spinal disorder for more than one year after the insertion
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Fig. 1. The lateral view of the Tyche® lumbar expandable cage (Kyungwon
Medical Co Ltd., Seoul, Korea before (left) and after (right) expansion. It
consists of titanium and anterior part of the cage and can be expanded
about 4 degrees with the cap inserted into the cage anteriorly.

of an expandable cage, and reported results compared with
non-expandable cages. In his report, the expandable cages
were effective in maintaining biomechanical stability and
lumbar spinal lordosis. And, these were easily inserted in
an accurate manner into the intervertebral space and
resulted in firm traction, offering the benefits of normal
sagittal lumbar profile. The Tyche® lumbar expandable
cage (Kyungwon Medical Co Ltd., Seoul, Korea) (Fig. 1) is
one of several products recently introduced for posterior
lumbar interbody fusion. The present multi-center study
was designed to determine the long-term results of patients
who have undergone PLIF with the Tyche® lumbar
expandable cage for a same period in each hospital.

MATERIALS AND METHODS

Subjects

Five centers were enrolled for this analysis. The investigators
in each hospital evaluated their patients with identical
management, follow-up, and examination forms. Once
this was complete, the authors retrospectively reviewed the
clinical results.

From June 2003 to December 2004, the multi-center
clinical study was conducted on 57 patients who had at
least 24 months follow-up data since undergoing surgery.

The age of patients ranged from 31 to 81 years with the
mean of 55.16£12.26 years. There were 20 males (35.1%)
and 37 females (64.9%). The mean hospital stay was 7.25
days. Main symptoms included low back pain in 53 cases
(93.0%), radiating leg pain in 50 (87.4%), numbness in 16
(28.1%), lumbar tenderness in 31 (54.4%) but there were
no weaknesses. The summary of patient demographic data
is listed in Table 1.

Through preoperative and post operative one-on-one

Table 1. The summary of demographic data of patients

Number of cases 57
Male 20 (35.1%)
Female 37 (64.9%)
Age (years)
Mean 55.16*12.26
Range 31-81
Level of implant
13-4 3(5.3%)
L4-5 41 (71.9%)
L5-S1 13 (22.8%)
Symptoms
Low back pain 53 (93.0%)
Leg radiating pain 50 (87.4%)
Numbness 16 (28.1%)
Tenderness of back 31 (54.4%)
Paraspinal muscle spasm 7 (12.3%)
Weakness 0 (0%)

evaluation at 1, 6, 12 and 24 months on their hospital visit
or a telephone survey, the severity of low back pain was
evaluated by a Visual Analogue Scale (VAS) or Numeric
Rating Scale (NRS) and the disability which interfered
with carrying out everyday activities was examined by an
Oswestry Disability Index (ODI) score®.

Radiologic Findings

Using the simple lumbar lateral X-ray and flexion-extension
view obtained before surgery and at postoperative 1, 6, 12
and 24 months, stability was assessed. Unscheduled lumbar
computed tomographies (CT) with fine slices through the
fusion construct were obtained if they were required. Fusion
was defined in a manner similar to other published studies™".
Lateral flextion-extension radiographs and in some cases
lumbar CT scans were checked to confirm the following
findings : 1) an absence of radiolucent lines covering more
than 50% of either implant, 2) translation of 3 mm or less
and a range of motion of less than 5 degrees, 3) absence of
halo, and 4) formation of anterior sentinel bone, or formation
of the contiguous bony bridge between the upper and the
lower vertebral bodies. The successful fusion was considered
only if all 4 conditions were met. Using postoperative simple
lumbar spine AP and lateral views, the changes in intervertebral
disc height, segmental lordosis and total lumbar lordosis
were recorded. The intervertebral height was calculated at
the lateral X-ray by dividing the sum of the anterior, middle,
and posterior intervertebral disc heights by three'. According
to the method described by Cobb®?, total lumbar lordosis
was measured from the bottom of T12 to the bottom of
L5. The degree of segmental lordosis at the site of surgery
was measured from the lower endplate of the upper segment
to the upper endplate of the lower segment (Fig. 2, 3).
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Surgical Indications and Techniques

The Tyche® lumbar expandable cage is a cylindrical shape,
consisted of titanium. The front of the cage widens by about
4 degrees in the disc space to produce a normal lordotic angle.
The principle is that when a cage is inserted into the disc
space and the nut inside the cage is tightened, this nut moves
to the front of the cage, which then widens the cage (Fig. 1).
An additional benefit is that this widens the side slit of the
cage, which increases the contacting surface between the
graft bone and the
endplate and facil-
itates the synostosis.
There are three
diameter sizes for
11, 13
and 15 mm, and
the front of the
cage can widen to
13, 15 and 17 mm,
respectively. On the
external surface of

the cage :

the cage there are
ridges which play
the role of a strong
bone anchor.

Surgery was per-
formed using this
cage on the padents

Fig. 2. Lumbar spine X-ray, lateral view. The
intervertebral height (A) is calculated by dividing
the sum of anterior, middle, and posterior

intervertebral disc heights by 3 (a+b+c¢/3). who mainly had low
The angle between the superior and inferior back pain avated
endplates is the degree of segmental lordosis P aggr .

(B) at the site of surgery and total lordosis (C) by dynannc motion
is measured according to the Cobb method in  rather than radiating

which the angle appearing in each segment
is based on the L1 superior endplate and the
S1 superior endplate for lumbar lordosis.

pain of the lower
legs or neurogenic

Fig. 3. Lumbar spine X-ray, lateral view of pre-operative (A) and post
operative (B). The inter-vertebral disc height is collapsed at pre-operative
and rescued by expandable cage insertion to the level.

intermittent claudication. The operated lumbar disc showed
definite low signal intensity suggestive of disc degeneration
on preoperative T2 weighted magnetic resonance image
(MRI) with definite decrease in the intervertebral disc height,
and the low back pain did not show improvement even after
a minimum of six months of conservative management.

The preparation, positioning, and initial exposure are similar
to that for patients undergoing surgery for disc herniation
or stenosis. Total or subtotal laminectomy and complete
decompression of nerve roots are then performed. After
medial facetectomy and foraminotomy are complete, the
nerve roots on both sides should be freely movable to retract
the dural sleeve.

Carefully retracting the nerve roots, a blade is then used
to incise the annulus widely, and the soft disc material is
removed with a pituitary rongeur bilaterally.

After deciding the size of the cage, a shaver is inserted to
confirm the depth of cage insertion space. By rotating the
shaver, removal of the remained disc can be done to help
stabilize the cage’s settlement.

A manual drill is inserted about 3 cm from the posterior
margin of the vertebral body while being rotated the drill.
After matching the size to the manual drill, the hollow cage
is placed in the empty space where the annulus fibrosus
was removed so that the posterior margin of the cage will
be situated at 2-3 mm anterior to the posterior vertebral
body. When the installed cap of the cage is inserted while
rotating anteriotly, the anterior part of the cage is expanded
about 4 degrees so that mechanical segmental lordosis is created.
The procedure is now repeated on the other side. The cages
are then filled with bone pieces harvested during laminectomy:
Then, an end cap is installed to prevent the protrusion of
the grafted bone fixed to the bone pieces. The incision site
is sutured after confirming the root decompression.

Statistics

All statistical analysis was done using SPSS (version 8.0,
SPSS Inc., Chicago, IL). The changes in preoperative and
postoperative radiological findings were analyzed using the
paired t-test. The Mann-Whitney test was used. Statistical
significance was determined when p values were less than 0.05.

RESULTS

The mean score on the Visual Analogue Scale (VAS) of back
pain was improved from 6.67 points during the preoperative
period to 3.91 points at one month postoperative and decreased
t0 2.51, 2.25, and 0.44 at postoperative 6, 12, and 24 months,
respectively. The VAS of sciatica was reduced from 4.84 at
preoperative to 2.86 post, and it was reduced to 1.81, 1.48,
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Table 2. Radiological change after surgery
Pre—OP*  Post—OP Final (24 months) p value

Result of Visual Analog Scale
7
W Back Pain
6 O Sciatica
5
o 4
(o]
O
@ 3
2
1
0 . R |
Pre OP PostOP Tm 6m 12m 24m
Follow up period

Fig. 4. The visual analog scale results in back pain and leg pain at post
operative follow-up periods. Both the back pain and sciatica are reduced
post operatively.

Result of Oswestry Index
35

30

25

20
15
: I I

Pre OP PostOP Tm 6m (48) 12m (41) 24m (9)
(N=57) (54)

Score

(3

o

Follow up period

Fig. 5. The results of the Oswestry Disability Index score. The ‘N’ means
the number of patients followed up. The score was decreased to the post
operative six-month period, but the day after, it was increased. This may
be due to the reduced number of patients being followed up.

and 0.26 at 6, 12,
and 24 months later,
respectively (Fig. 4).
The ODI score was
reduced from 32.6
points at the preop-
erative period to
20.7 points at one
month postopera-
tively, and to 13.7,
15.1 and 18.3 at 6,
12, and 24 months
later, respectively
(Fig. 5).

The angulation on flexion-extension film at the final visits
was confirmed in all cases. Preoperatively, the segmental
lordosis was 1.02+3.81° on flexion and 4.44 +4.01° on
extension. Post-operatively, it was 4.77 73.96” and 7.07

Fig. 6. The post operative four-month follow-
up computed tomography scan image of the
level of cage insertion. The bony material
inside the cage is seen.

Total number of exam 56 39
Sagittal alignment ()
Segmental lordosis

Flexion 1.02+3.81 - 4.77%3.96 <0.001
Neutral 3.54+370 - 6.37+3.97 <0.001
Extension 444401 - 7.07£4.01 <0.001
Total lumbar lordosis  20.37 £11.30 - 2471£11.70  0.011

Intervertebral disc

+ +
height (mm) 0941269 12.23+3.31

11.43£223 <0.001

*OP : operation

+4.01°, respectively. The range of motion was less then 5
degrees. There were no pseudarthrosis or spondylolisthesis.
Plain X-rays were checked at post-operative 24 months
with 39 padents. A total of 36 patents had obvious trabecular
bridging on the plain x-ray. The total fusion rate was 92.3%.
To confirm the fusion, post-operative CT scans were taken
in 5 cases who showed the fusion state on the plan X-rays
demonstrated bony material inside the cage (Fig. 6).

The mean intervertebral disc height was 9.942.69 mm
before surgery, and it was increased to 12.231+3.31 mm
at postoperative 1 month and was stabilized to 11.43 =
2.23 mm on the final visit. It was slightly decreased on the
final visit compared with postoperative 1 month, but this
difference was not statistically significant (p=0.103).

The segmental angle of lordosis at the neutral position
was changed from 3.5413.70° before surgery to 6.37
3.97° by postoperative 24 months, and total lumbar lordosis
increased at postoperative 24 months to 24.71+11.70°
from 20.37 £11.30° before surgery (p=0.011). The results
on the change of the intervertebral disc height, segmental
lordosis, and total lordosis are also listed in Table 2.

There were no other clinical complications or cases of
re-operations.

DISCUSSION

Lumbar interbody fusion provides several theoretical

22930 Biomechani-

advantages over other fusion techniques
cally, the graft is placed at the weight-bearing center of the
spine where 80% of the axial load occurs”*?. Furthermore
PLIF can create a higher fusion rate by placing the graft under
the compression with an extensive blood supply from the
adjacent vertebral endplates'”. The disc height and the
sagittal balance can be restored just as well””. The pedicle
screw fixation needs wide muscle retraction to expose the
transverse process and it can induce mechanical damage or
nerve injury at the time of screw insertion, but stand alone

PLIF needs less muscle retraction and complications and
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post-operative pain are reduced'”. Finally, the amount of
bone required for the graft is significantly reduced. Problems,
however, do exist. Collapse, slippage, and graft migration
have been reported in 3 to 10% of cases in large series"'**.
Therefore, the interbody cages have been designed specifically
to solve the structural and biological functions of the graft.
Posterior interbody bone fusion does not require the full
exposure down to the transverse process; it also offers
biomechanical stability by fusing directly to the vertebral
body, can prevent degenerative changes of the facet joint by
helping to recover the narrowed disc height induced and can
reduce the recurrence of disc protrusion since a significant
amount of disc is removed at the time of interbody bone
ﬁlsion(),lG,ZO,ZS).

The expandable cages are available with different lordotic
angles and allow better correction of the sagittal balance. To
avoid migration, it is threaded. They can be inserted posteriorly,
and have specific advantages and characteristics. Via a posterior
approach, the spinal canal can be easily explored, fixation
can be achieved during the same operative procedure, and
the use of locally derived bone obviates the need to harvest
iliac bone. Biomechanically, during all modes of loading
except axial rotation, PLIF showed slightly better outcome
than ALIF. But, dural and nerve root manipulations represent

a particular risk of this procedure''>'”.

Clinical outcome

In general, the clinical outcome after PLIF can vary widely
depending on the selection criteria. We used VAS and ODI
scores. The significant reduction of VAS and ODI was
achieved at 12 months after surgery, and this represents a
clinical success. Also, the reduction of VAS lasted to 24
months. The increase of the ODI score at 12 and 24 months
follow-up might be seen due to the follow-up loss of the
functionally increased patients and more follow-up of patients
with more pain and disability.

Fusion outcome

Generally, the bone fusion rate of other interbody fusion
method is more than 90%'*'****3). In this study; the fusion
rate, which was confirmed by plain x-ray and CT scan, was
92.3%. And, the flexion-extension film showed stability in
all patients.

Kumar et al.” coined the phrase “functional arthrodesis”
with the term indicating stability with less than two degrees
of motion as seen on flexion and extension radiographs and
bridging bone antetior or posterior to the femoral allograft
although the fusion was less than complete. We had accepted
fusion success with the meeting of all four criteria : low
subsidence, stability on flexion-extension, absence of halo,

and formation of anterior sentinel bone, or formation of the
contiguous bony bridge. We accounted for the functional
fusion in the majority of cases but were concerned more
with the trabecular bone formation on the intervertebral
space. We thought it could provide us more accurate results.

As a side note, Fraser”” stated that criteria-based radiographic
determination of fusion status remained an imperfect modality,
and operative exploration remained the gold standard. This
means that it is difficult to specifically ascertain the fusion
rate in radiologic findings and a simple comparison for fusion
rate is impossible without any criteria. Therefore, in this study,
we use the criteria offered by Ray”” in an Investigational
Device Exemption study of titanium fusion cages.

Disc height, subsidence, and lordosis

The intervertebral disc height was reduced by approximately
1.74*1.82 mm at the last visit. The data obtained in our
series showed a low subsidence rate and the cage seemed to
maintain the intervertebral disc height as well in the long-
term follow-up. The segmental angle of lordosis was also
improved from 3.54° before surgery to 6.37° by 24 months
postoperative. Expandable cages can be expanded by 2-2.5
mm, and 4, after being inserted into the intervertebral space
so that a firm fixation is possible. This requires little removal
of unnecessary cancellous bone for the insertion of a cage
larger than the intervertebral height, and results in little
destruction of the facet joint. Furthermore, the contact
surface between the cage and the end plate is widened by
being flat rather than circular so that the possibility of sinking
after bone fusion is minimized. Theoretically, these wedge-
type cages could be quite firmly located in the intervertebral
space, that they could correct flat back’ which is related with
back pain, and not result in irregular translational and shear
force to the adjacent lumbar segment™'"'"?. The physiological
curve of the spine is related to the distribution of optimal
weights loaded onto the spine so that the loss of physiological
curve in the lumbar spine is related with the occurrence of
backpain®'*'>'71%39 \Wambolt and Spencer*”'®**%¥ reported
that lordosis in the physiological lumbar curve is formed from
L3 to S1 in most cases and that the destruction of lordosis
results from the decrease in intervertebral disc height and
interspinous ligament damage due to degenerative changes.
Also, according to the present study, normal lumbar lordosis
by securing the normal segmental angle using expandable
cages at the narrowed interbody of the lower lumbar spine can
be expected. Total lumbar lordosis showed slight difference
by postoperative 24 months with the value being 24.71°
compared to the value before surgery at 20.37°. We suggest
that the segmental angle recovery of the lower lumbar spine
is not the only factor in deciding the total lumbar lordosis
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recovery but also it is important in the development of the
facet joint degeneration, ligament hypertrophy, and back
muscle atrophy. Bug, the significance of these factors was
not evident in this study.

Procedural complication

Complications associated with PLIF can be serious, espe-
cially the neurological deficits often related to excessive
retraction of the nerve roots or the dural sac. According to
the various reports, these complications occur in 4 to
10% of patients'®**>*”. Kuslich et al.* reported that the
complication of cage migration was observed in 3%. In
addition, there have been increasing numbers of cage
migration reported when stand-alone cages were used.
The rate of cage migration in patients with no posterior
instrumentation was significantly higher compared with
the rate in those with posterior instrumentation (16.7%
vs. 0%).

In this study, there were no significant procedure-related
complications. The low rate of cage protrusion may be related
to the threaded cage appearance and expandable nature.
However, the cage insertion procedure is similar to other
PLIF methods that the complication rate of neurologic
deficit from nerve root or dural sac retraction should be
similar to other reports.

CONCLUSION

This was a multi-center study to investigate the safety and
efficacy of the expandable cage in the degenerative lumbar
spinal disorders. There have been no special complications
regarding the expandable cage over follow-up periods and
the study results demonstrate a high functional stability and
clinical success, but more longer follow-up study is mandatory
to verify the superiority and to justify the general use of the
expandable cage for degenerative lumbar spinal disorders.
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COMMENTARY

New spinal instrument is being invented in many countries
including Korea. This trend is very good for the development
in the bioengineering field. To be recognized the effect of
new instrument, we need multi-center clinical study and
long-term follow-up study. This paper is the multi-center
clinical study and long-term study of Tyche® cage for
degenerative lumbar spinal disorder.

This study was performed on the patients who mainly
had low back pain aggravated by dynamic motion. This
inclusion criterion was proper to know the efficacy of the
new PLIF cage. However, the analysis methods of the clinical
result, the authors used the Visual Analogue Scale (VAS),

Numeric Rating Scale (NRS) and Oswestry Disability Index
(ODI). The analytic methods for clinical evaluation are
important to make international trust of research. These days,
SF-36"? is also the common method to analyze the result
internationally. If this study used the “SF-36” for clinical
analysis, this paper will be better to inform the superiority
of Tyche® cage.

In conclusion, we should study continuously for Korean
newly invented spine instrument, but we need a more
systematic experiment plan to be recognized internationally.

Ho-Yeol Zhang, M.D.
Department of Neurosurgery
National Health Insurance Corporation Ilsan Hospital
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