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Abstract

Minimally invasive transforaminal lumbar interbody fusion (TLIF) as a short fusion is widely accepted
among the spine surgeons. However in the long fusion for degenerative kyphoscoliosis, corrective spinal
fixation by an open method is thought to be frequently selected. Our objective is to study whether the mini-
open TLIF and corrective TLIF contribute to the improvement of the spinal segmental and global align-
ment. We divided the patients who performed lumbar fixation surgery into three groups. Group 1 (G1)
consisted of mini-open TLIF procedures without complication. Group 2 (G2) consisted of corrective TLIF
without complication. Group 3 (G3) consisted of corrective TLIF with instrumentation-related complica-
tion postoperatively. In all groups, the lumbar lordosis (LL) highly correlated with developing surgical
complications. LL significantly changed postoperatively in all groups, but was not corrected in the normal
range in G3. There were statistically significant differences in preoperative and postoperative LL and
mean difference between the pelvic incidence (PI) and LL between G3 and other groups. The most impor-
tant thing not to cause the instrumentation-related failure is proper correction of the sagittal balance. In
the cases with minimal sagittal imbalance with or without coronal imbalance, short fusion by mini-open
TLIF or long fusion by corrective TLIF contributes to good clinical results if the lesion is short or easily
correctable. However, if the patients have apparent sagittal imbalance with or without coronal imbalance,
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we should perform proper correction of the sagittal spinal alignment introducing various technologies.
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Introduction

Minimally invasive spine surgery has been widely
performed in the world. Among them, minimally
invasive transforaminal lumbar interbody fusion
(TLIF) with pedicle screw fixation as a short fusion
is becoming increasingly popular, because of the less
invasiveness for the patient and less instrument-
related complications. The inter-body fusion such as
posterior lumbar interbody fusion (PLIF),Y TLIF,%¥
anterior lumbar interbody fusion (ALIF),*® extremely
lateral lumbar interbody fusion ( XLIF),% and so on
should be performed in conjunction with pedicle
screw fixation to perform the rigid fixation in whole
circumference. Although mini-open XLIF” or OLIF9
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is recently reported even in the short fusion, TLIF
method is superior in the point of one-port access
and safety for the lumbar nerve root or lumbar
plexus. However, if the long fusion is achieved by
the traditional open method which is frequently
done, perioperative bleeding, long operative time,
and muscle damage become unfavorable.

We introduce our surgical procedures and clinical
results for lumbar degenerative spondylolisthesis,
instability, and kyphoscoliosis and review the litera-
tures concerned with lumbar fixation for lumbar
degenerative disorders.

Materials and Methods

There were 108 cases of lumbar degenerative
spondylolisthesis, instability, and kyphoscoliosis for
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6 years since 2008. Following Research Ethics Board
approval, a retrospective review was performed on
24 consecutive patients who underwent one- or
two-segment instrumented fusions with minimal
24 months follow-up from 2008 to 2012 and 15
consecutive patients who underwent long-segment
lumbar instrumented fusions exceeding three levels
with minimal 18 months follow-up or until revi-
sion surgery from 2010 to 2012. All surgeries were
performed by the author.

All patients were divided into three groups. Group 1
(G1) consisted of 24 patients who were performed
mini-open TLIF procedures without complication.
Group 2 (G2) consisted of 8 patients performed
corrective TLIF without complication. Group 3
(G3) consisted of 7 patients performed corrective
TLIF with instrumentation-related complication
postoperatively.

I. Inclusion criteria

Inclusion criteria for mini-open TLIF consisted of
patients with lumbar instability preserving lumbar
lordosis (LL) who had a one- or two-intervertebral
lesions with 5° or greater of focal kyphosis in
flexion, 10° or greater of focal range of motion
(ROM), more than 10% or 3 mm deterioration of
spondylolisthesis in flexion-extension, and 10 mm
or greater of lateral spondylolisthesis.

Inclusion criteria for corrective TLIF consisted
of patients who had a minimum of three lumbar
segments of posterior lumbar instrumented fusions
for adult degenerative scoliosis or lumbar degen-
erative kyphosis combined with spondylolisthesis
with proximal level of T10 or distal, distal level
of L5 or distal.

In both groups, previous spinal operations adja-
cent, proximal, or distal to the fixed vertebrae
were excluded. Patients were included if they had
undergone a decompressive lumbar procedure. All
constructs were pedicle screw and rod systems.
TLIF with a single interbody fusion cage at each
level was carried out in the segments.

TLIF with intervertebral cages was carried out in
1 segment in 21 cases and 2 segments in 3 cases in
mini-open TLIF group, and 4 segments in 4 cases,
3 segments in 7 cases, 2 segments in 3 cases, and
1 segment in 1 case in corrective TLIF group.

II. Surgical methods for lumbar degenerative
disorder
1. Mini-open TLIF (Figs. 1, 2)

Figure 1 provides a diagram of the mini-open
TLIF procedure. The patient is prepared in the usual
fashion and placed on a Jackson spine frame in the
prone position. About 6 cm linear skin incision was

Fig. 1 Diagram of the mini-open TLIF procedure. About
6 cm linear skin incision was made 1 cm lateral to

the midline (broken line) at open site. A: Hemilami-
nectomy and hemifacetectomy on the superior and
inferior facets are performed at each level of the spinal
segment to be fused. Decompression of the opposite
site is simultaneously performed (solid line). The disc
space is packed with local bone and TLIF cage with
local bone is inserted from the open side. B: Solid
circle shows an open side exposure. Solid lines depict
the harvested bone fragments. C: Top loading pedicle
screws are approximately placed in the open side and
intramuscular side (bold line: laminectomy area, solid
circle: an open side, dotted circle: intramuscular side,
arrows: top loading screws) (D). TLIF: transforaminal
lumbar interbody fusion.

made at open site (symptom site), 1 cm lateral to
the midline. The paraspinous muscles are subperi-
osteally dissected from the spinous processes and
laminae keeping the supraspinous and interspinous
ligaments intact.

Hemilaminectomy and hemifacetectomy of the
superior and inferior facets are performed at each
level of the spinal segment to be fused. Then
decompression of the opposite site is simultane-
ously performed and epidural veins are electro-
coagulated. These maneuvers provide access to the
intervertebral disc space. Top loading pedicle screws
are placed in the same operative field. Next, subcu-
taneous tissue is undermined and the lumbosacral
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Fig. 2 Illustrative case of G1. Preoperative X-ray: lumbar
spine (A-P: A, lateral: B) and total spine (lateral: E, A-P:
F). Postoperative X-ray: lumbar spine (A-P: C, lateral:
D) and total spine (lateral: G, A-P: H). Postoperative
X-ray shows improvement of global spinal balance. A-P:
antero-posterior, G1: group 1.

fascia is exposed and incised. Pedicle screws are
inserted using the space between multifidus muscle
and longissimus muscle. After the operative site
is changed, the lower nerve root is protected by
a retractor along the superomedial surface of the
pedicle of the inferior vertebra. The upper nerve
root hugs the inferomedial surface of the pedicle
of the superior vertebra and can be directly visual-
ized throughout the procedure. A scalpel is used
to perform a posterolateral rectangular anulectomy.
A mnearly complete discectomy is performed using
disc shavers, curets, and rongeurs, and the endplate
decortication is performed. The disc space is packed
with local bone and CAPSTONE®PEEK (Medtronic,
Minneapolis, MN, USA) (19 cases) or titanium (5
cases) interbody spacer produced by Medtronic with
local bone is obliquely inserted from the open side
distracting the intervertebral space using inserted
screws as the distractor until it is 3 mm to 4 mm
below the posterior margin of the annulus. Rods,
cut and contoured to the appropriate size and
angle, are attached to the pedicle screws. Using the
pedicle screws as the compressor to apply force,
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Fig. 3 Diagram of the corrective TLIF and correction
of scoliosis. Solid circle indicates an operative field.
Hemifacetectomy on inferior and superior facets and
partial isthmic resection (solid lines) at concave side
is performed. A: Drawing the screws to the rod which
is pushed down is carried out on the concave side first
and following on the convex side and the screws are
tightened to the rod (B). TLIF: transforaminal lumbar
interbody fusion.

TLIF cage is moderately compressed, and the screws
are tightened to the rods. The wound is irrigated
and closed, with care taken to restore the normal
muscular envelope.

2. Corrective TLIF and correction of scoliosis (Figs.
3, 4)

Side lording screws are inserted as a traditional
open method. After this maneuver, hemifacetectomy
of inferior and superior facets and partial isthmic
resection at concave side is performed. Then discec-
tomy is performed using disc shavers, curets, and
rongeurs, and the endplate decortication is performed.
In some cases, multilevel Ponte osteotomies were used
for reduction of kyphosis. The disc space is packed
with local bone and CAPSTONE®PEEK interbody
spacer with local bone is obliquely inserted from
same side distracting the intervertebral space using
inserted screws until it is 3 mm to 4 mm below the
posterior margin of the annulus. Flat rods, which
were cut and contoured to the appropriate size
and angle, are attached to the pedicle screws to
correct the scoliotic lumbar spine. Drawing the screws
to the rod which is pushed down is carried out on
the concave side first and following the convex side
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Fig. 4 Illustrative cases of G2 and G3. Preoperative
X-ray (A-P: A, lateral: B) and postoperative X-ray (A-P:
C, lateral: D) in G2. Preoperative X-ray (A-P: E, lateral:
F) and postoperative X-ray (A-P: G, lateral: H) in G3.
A-P: antero-posterior, G2: group 2, G3: group 3.

and the screws are tightened to the rods. Transverse
links are settled passing the spinous processes and
secured with bilateral rods. The wound is irrigated
and closed, with care taken to restore the normal
muscular envelope.

III. Study parameters

Clinical and radiographical data were collected
by a spine surgeon who was not directly involved
in the care or surgical treatment of the patients.

Their age, sex, and follow-up period were meas-
ured. A retrospective chart and radiographic review
of all preoperative and postoperative imaging was
performed by an independent reviewer who had
nothing to do with either the initial surgery or
aftercare of the patients. Patients were instructed
to assume a free-standing posture, with elbows
flexed and fingertips on the clavicles. Spinal
measurements included LL (sagittal Cobb angle
measured between the inferior endplate of T12
and the inferior endplate of L5), pelvic tilt (PT;
angle between the vertical and the line through
the midpoint of the sacral plate to axis of femoral
heads), pelvic incidence (PI; angle between the
perpendicular to the superior S1 endplate at its
midpoint and the line connecting this point to
the center of the femoral heads) and coronal Cobb
angle in all groups, and segmental lordotic angle
(sagittal angle between superior endplate and infe-

rior endplate of affected vertebrae), vertebral height
(length between midpoints of superior endplate
and inferior endplate of affected vertebrae), and
antero-posterior translation (length between poste-
rior edges of affected vertebrae) in mini-open TLIF
group (G1). The clinical outcome was assessed
using the Japanese Orthopedic Association (JOA)
score. All patients were followed for a minimum
of 18 months or until revision surgery.

IV. Statistical analysis

Statistical analyses were performed using Student’s
t-test for continuous variables and clinical outcome
was analyzed with linear correlation and regres-
sion analysis (Stat View; SAS Institute, Cary, North
Carolina, USA). For all analyses, a p value < 0.05
was considered to be statistically significant. Values
are expressed as mean =* standard error (SE).

Results

Some of the data, which was already reported by
Nishimura et al. in this journal, were cited.'”

I. Patient demographics (Table 1)

In mini-open TLIF group (G1), there were 4 men
and 20 women, mean age was 64.1 + 7.2 years and
mean follow-up period was 27.7 + 3.1 months. In
corrective TLIF group, mean age of all patients was
71.8 + 4.1 years. There were 1 man and 7 women
whose mean age was 72.1 = 3.8 years in G2 and
4 men and 3 women whose mean age was 71.4 +
4.6 years in G3. The mean length of follow-up
was 24.9 (18-36) months for G2 and 16.9 (5—40)
months for G3. All patients who were not revised
had a minimum follow-up of 18 months in G2 and
20 months in G3. There were no significant differ-
ence (p > 0.05) between G2 and G3 in mean age;
however, significant differences (p < 0.05) between
G1 and G2 and between G1 and G3 were present.
There were no systemic complications in all groups.
All 7 patients in G3 sustained screw cut-out (screw
migration inside the vertebral body or out of the
bone including screw back-out), screw loosening,
or breakage of screws and vertebral compression
fracture.

II. Clinical outcome

Mean preoperative JOA score was higher in mini-
open TLIF group (G1: 17.5) than in corrective TLIF
groups, which were similar in G2 and G3 (13.1
and 13.8, respectively). However, the difference of
postoperative JOA score (24.1, 20.6, and 13.0 for G1,
G2, and G3, respectively) was significantly different
between G1 and G3, and between G2 and G3.
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Table 1 Changes of spinal parameters in all groups
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G1 (mini-open TLIF)

G2 G3

M/F 4 men : 20 women
Mean age (y) 64.1 7.2
Mean follow-up (M) 27.7 (24-60)
Mean JOA score (before op.) 17.5
Mean JOA score (after op.) 24.1
Lumbar lordosis (before) 41.9 + 2.7°
Lumbar lordosis (after) 48.2 + 2.4°
Pelvic tilt (before) 25.7 + 2.8°
Pelvic tilt (after) 25.5 £ 2.2°
Coronal Cobb angle (before) 17.1 = 4.0°
Coronal Cobb angle (after) 11.4 +3.7°
PI 58.0 + 4.5°
PI-LL (before) 16.3 + 4.2°
PI-LL (after) 9.6 = 3.1°

1 man : 7 women 4 men : 3 women

72.1+3.8 714+ 4.6
24.9 (18-36) 16.9 (5—40)
13.1 13.8
20.6 *13.0
34.3 +£4.0° *19.0 + 5.4°
48.5 + 3.0° *25.1 + 3.8°
26.3 £ 3.7° 30.1 +£2.3°
26.3 = 3.7° 25.3 +4.1°
30.5 + 4.5° 22 +1.2°
6.8 £1.7° 7.3 +2.6°
56.5 + 2.1° 52.3 +4.9°
22.5 +4.0° *¥33.3 £2.7°
9.8 +1.7° *27.1 + 3.6°

F: female, G1: group 1, G2: group 2, G3: group 3, JOA: Japanese Orthopedic Association, M: male, op.: operation, PI-LL:
pelvic incidence-lumbar lordosis, TLIF: transforaminal lumbar interbody fusion, y: year, *: shows the significant difference
(p < 0.01) among three groups. The LL highly correlated with developing surgical complications.

ITII. The change of spinal parameters
1. Mini-open TLIF (Table 2)

The preoperative lordotic angle and antero-
posterior translation between affected vertebrae were
approximately 8.5 + 1.4° and 6.2 + 0.8 mm, which
significantly changed postoperatively to 10.0 = 1.6°
and 3.0 + 0.5 mm. The vertebral height between
affected vertebrae (67.4 + 1.3 mm, 68.5 + 1.1 mm)
did not significantly change. LL tends to increase
and thoracic kyphosis significantly increased at last
follow-up (mean 27.7 months).

2. Mini-open TLIF and corrective TLIF (all groups)
(Table 1)

(a) LL (sagittal Cobb angle measured between the
superior endplate of T12 and the superior endplate
of S1) (Fig. 5)

The preoperative LL was approximately 41.9 +
2.7°in G1, 34.3 + 4.0° in G2, and 19 = 5.4° in G3.
The postoperative LL was 48.2 = 2.4° in G1, 48.5
+ 3.0° in G2, and 25.1 + 3.8° in G3. In all groups,
postoperative LL significantly increased compared
with preoperative one. There was significant differ-
ence among three groups. Postoperative LL was
significantly different between G2 and G3, and
also G1 and G3. The postoperative LL became near
averaged normal LL (44 + 12°)'"W in G1 and G2.

(b) PT (angle between the vertical and the line
through the midpoint of the sacral plate to axis of
femoral heads)
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Table 2 Changes of spinal parameters in mini-open
transforaminal lumbar interbody fusion

Preoperation Postoperation p value

(between affected vertebrae)

Lordotic angle (°) 85+14 100x16 p<0.01
Vertebral height (mm) 67.4+1.3 68.5+1.1 n.s.
Antero-posterior 6.2+08  3.0+05 p<0.01
translation (mm)

(Spinal alignment)

Lumbar lordosis (°) 41.9+ 2.7 48.2+x24 p=0.11
Thoracic kyphosis (°) 176 +1.7 23.1+*15 p<0.01

Lordotic angle and antero-posterior translation between
affected vertebrae significantly changed after the
operation. Lumbar lordosis tends to increase and thoracic
kyphosis significantly increased at last follow up (mean
27.7 months). n.s.: not significant.

The preoperative pelvic tilt was approximately
25.7 + 2.8° in G1, 26.3 * 3.7° in G2, and 30.1 =+
2.3° in G3. The postoperative pelvic tilt was 25.5
+ 2.2° in G1, 26.3 += 3.7° in G2, and 25.3 + 4.1°
in G3. Among all groups, there was no significant
difference in PT before and after the surgery.

(c) Pelvic incidence (PI; angle between the perpen-
dicular to the superior S1 endplate at its midpoint
and the line connecting this point to the center of
the femoral heads)
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Fig. 5 Graphs of LL and PI-LL. LL was significantly corrected postoperatively in all groups, but did not correct
in the normal range only in G3. * shows the statistically significant differences in preoperative and postoperative
LL and mean difference between PI and LL between G3 and other groups. PI-LL: pelvic incidence-lumbar lordosis.

PI was 58.0 = 4.5° in G1, 56.5 = 2.1° in G2, and
52.3 + 4.9° in G3. There were no significant differ-
ences among all groups.

(d) PI-LL (Table 1 and Fig. 5)

The preoperative PI-LL was approximately 16.3 +
4.2°1in G1, 22.5 + 4.0° in G2, and 33.3 = 2.7° in G3.
The postoperative one was 9.6 = 3.1° in G1, 9.8 =
1.7° in G2, and 27.1 *= 3.6° in G3. In G1 and G2,
postoperative PI-LL was significantly different from
preoperative one and became an appropriate value.

(e) Coronal Cobb angle (Table 1)

The preoperative coronal Cobb angle was approxi-
mately 17.1 + 4.0° in G1, 30.5 = 4.5° in G2, and 22 +
1.2° in G3. The postoperative angle was 11.4 =+
3.7°in G1, 6.8 + 1.7° in G2, and 7.3 = 2.6° in G3.
In all groups, postoperative coronal Cobb angle was
significantly different from preoperative angle. There
was significant difference between G1 and G2 and
between G1 and G3 in the coronal Cobb angle of
before and after surgery. However the difference
was not significant between G2 and G3, although
the preoperative curve was significantly corrected
after surgery in both groups.

IV. Spinal parameters related with surgical outcome

The LL highly correlated with developing surgical
complications. Preoperative LL. was 41.9 = 2.7° in
G1, 34.3 + 4.0° in G2, and 19.0 + 5.4° in G3 and
the mean difference between PI and LL was 16.3 =
4.2° in G1, 22.5 + 4.0° in G2, and 33.3 + 2.7° in
G3. The initial postoperative LL was 48.2 + 2.4° in
G1, 48.5 + 3.0° in G2, and 25.1 * 3.8° and the post-
operative mean difference between PI and LL was
9.6 = 3.1° in G1, 9.8 + 1.7° in G2, and 27.1 = 3.6°
in G3. LL was significantly corrected postoperatively

in all groups, but did not correct in the normal
range only in G3. There were statistically significant
differences in preoperative and postoperative LL
and mean difference between PI and LL between
G3 and other groups.

Linear correlation and regression analysis showed
that there was no correlation between the increase
of JOA score and the correction of the coronal
Cobb angle (r = 0.381, p = 0.277) in degenerative
scoliosis patients. However, across the whole study
population, we found a positive correlation between
the increase of JOA and correction of LL (r = 0.52,
p < 0.05).

Discussion

When the balance of the body axis is lost, deforma-
tion of the spinal column and the hip joint occurs.'?
Then it is easy to suffer from lifestyle-related
diseases by declining the motor function.'® Further-
more, hyper-kyphosis of the lumbar spine causes
eating disorders by retraction of the gastrointestinal
tract and respiratory failure due to compression of
the diaphragm and also affects the prognosis.'*'®
However, nobody knows whether the correction of
the spine is essentially necessary in all patients
with spinal disorders.

In cases with instability of lumbar segments and
without definite sagittal imbalance, short fusion
by mini-open TLIF contributes to good clinical
results. Our data in mini-open TLIF group indi-
cates that increased LL causes increased thoracic
kyphosis, which caused significant posterior shift
of sagittal vertical axis (SVA: distance between
the C7 plumb line and the posterior corner of the
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sacrum; 25.5 = 4.4 mm to —0.4 + 6.5 mm, data not
shown) to younger standard value. If the patients
have apparent sagittal imbalance with or without
coronal imbalance, we should perform proper
correction of the spinal alignment because failure of
proper correction of the total spinal balance causes
instrumentation-related complications. Our data
also shows the most important thing not to cause
the instrumentation-related failure is correction of
the sagittal balance as previously reported.>1-2
The patients in G3 have more significant kyphotic
deformity than other groups preoperatively (LL; 19
+ 5.4° in G3, 41.9 = 2.5° in G1, and 34.3 + 4.0° in
G2). Intraoperatively, we failed to create adequate
LL in harmony with PI in G3 (postoperative PI-LL:
9.6 + 3.1°in G1, 9.8 + 1.7° in G2, and 27.1 + 3.6°
in G3). PI is a morphological pelvic parameter
that remains consistent during a patient’s lifetime,
with slight changes occurring during prepubertal
development. Numerous studies have indicated that
the pelvic morphology is an essential component
of standing spinal alignment.!*222 A ground rule
of harmonious alignment consists of a LL. propor-
tional to PI and PI-LL becomes within 10°.'” In
our series, the low LL relative to PI accounts
for the high instrumentation failure rate. If we
perform the surgery considering spinal correction
by fusion, treatment goal should be adapted to a
given individual on the basis of their respective
realignment needs. The relationship between the
result of radiographic study and clinical outcome
was analyzed with linear correlation and regres-
sion analysis. This showed that there was a posi-
tive correlation between the increase in JOA score
and the increase in the LL angle (r = 0.523, p
< 0.05)," which was consistent with earlier studies.
However, no clear relationship between coronal
Cobb angle and JOA scores (r = 0.381, p = 0.277)
was detected. From these findings, the restoration
of the LL angle should be much emphasized in the
surgical procedure.

Our study indicates that short fusion by mini-open
TLIF or long fusion by corrective TLIF contributes
to good clinical results if the lesion is short or
easily correctable in the cases with minimal sagittal
imbalance and we should perform the spinal fixa-
tion getting the spinal balance to be adapted to a
given individual on the basis of their respective
realignment needs in the cases with prominent
sagittal imbalance. However, we could not correct
the sagittal alignment in the cases with more signifi-
cant kyphotic deformity.

We think the main factor contributing the high
instrumentation failure rate is surgical technique
such as inadequate osteotomy, insufficient facet-
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ectomy, and use of single TLIF cage at each level
with high reliance on local bone graft.

The flat rods we have used are convenient for the
reduction of the degenerative kyphoscoliotic spine
because we can apply the rods which were bended
to make an adequate lordosis to the side lording
screws. However, hyperplasia of the articular process
could prevent the restoration of the LL angle for
those patients with severe segment kyphosis.

Then posterior-only approach for long lumbar
fusions would require the following techniques to
achieve solid fusion leading to low complication
rate!®: (1) thorough release of the posterior and
anterior structure, (2) removal of the contralateral
side facet joints of the TLIF side if necessary, (3)
settling two interbody cages in the anterior part of
the intervertebral space to create the LL angle when
the posterior column compression was conducted, (4)
placement of wedge-shaped cages to produce better
lordosis, (5) applying multi-segment TLIF technique
by which the lordosis angle of the TLIF segment
could be increased by 5°2 and (6) placing more
amount of bone graft than harvested as local bone.

Minimally invasive spinal surgery

The goal of minimally invasive spinal surgery is to
achieve the same objectives as the comparable open
procedure via a less traumatic approach. Although
lessening the approach-related morbidity is a primary
aim of minimally invasive spine surgery, this must
be accomplished without compromising the efficacy
of the procedure. In other words, high fusion rates
must be achieved, the amount of bleeding and
postoperative pain must be reduced, and hospital
stay also must be reduced by this procedure.>'®
Some authors have reported high fusion rate and
low complication rate in minimal access TLIF.2¥

Recently, minimally invasive XLIF7?® or OLIFY
techniques are recognized as able to decompress
the neural structures by intervertebral distraction,
which cause the direct intervertebral foraminal
widening and indirect spinal canal widening by
stretching the yellow ligament.?® However, no
clear data about long-term efficacy of indirect
decompression are present in the literature. At the
moment, better choice of lumbar short segment
fusion procedure is thought to be mini-open TLIF
or PLIF with percutaneous pedicle screw insertion
(PPS) and mini-open PLIF with cortical bone trajec-
tory (CBT).?” Using these techniques contributes to
complete direct decompression of the cauda equina
and roots and less invasiveness of paravertebral
structures. On the other hand, there are several
problems about corrective spinal surgery especially
in long fusion. Correction of sagittal imbalance is
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most important as described above. However, tradi-
tional techniques used to correct sagittal imbalance
include the shortening of posterior column as the
Smith-Petersen osteotomy or the pedicle subtraction
osteotomies and the vertebral column resection,
they are associated with high intraoperative risk
for bleeding and neurological damage, postoperative
pain, and long hospital stay. Recently, minimally
invasive anterior spinal fixation such as OLIF and
XLIF is introduced. These techniques contribute to
the reduction of blood loss and muscle damage and
short hospital stay, but it is unclear whether they
contribute to the correction of global misalignment
and pain relief or not. Costanzo et al.” reported
that the development and diffusion of these new
minimally invasive anterior techniques reveal their
ability to control and correct sagittal misalignment
and provide reduced risks related to the anterior
direct approaches as anesthetic complications,
visceral damage, large vessels bleeding, and sexual
dysfunctions and should permit an early patient
mobilization. Acosta et al.?® also showed the effect
of correction of global spine using OLIF procedure,
which significantly improved segmental, regional,
and global coronal plane alignment and segmental
sagittal Cobb angle in patients with degenerative
lumbar disease, but did not improve regional LL
or global sagittal alignment.

If minimally invasive anterior fusion procedures
are effective for the correction of global spinal imbal-
ance, further corrective fixation by PPS is ideal in
the point of further less invasiveness. Recently, we
perform the corrective surgery by OLIF with PPS.
However, it is difficult to obtain the rigid fusion
and to prevent the occurrence of more adjacent
segmental lesion because of less fusion mass and
lack of supplemental fixation using hooks and wire
in PPS and also impossible to perform complete
decompression.

Now we can use drugs to improve the bone density
and quality such as bisphosphonate and parathy-
roid hormone (PTH). Brandon et al.?¥ described
that bisphosphonate therapy appeared to impede
maturation of the fusion mass with an unclear
effect on mechanical strength but only improved the
radiographically defined fusion rate in the human
study. However, intermittent PTH treatment may
improve fusion rate.

Ohtori et al.?? reported that incidence of pedicle
screw loosening in the teriparatide group (7% to
13%: daily subcutaneous injection of 20 pg) was
significantly lower than that in the risedronate
(13% to 26%: daily oral administration 2.5 mg) or
the control group (15% to 25%: without medica-
tion for osteoporosis) after lumbar spinal fusion

surgery. In contrast, the extent of pedicle screw
loosening in the risedronate group was not signifi-
cantly different from that in the control group.
Inoue et al.®¥ has reported that teriparatide injec-
tions beginning at least 1 month prior to surgery
were effective in increasing the insertional torque
of pedicle screws during surgery in patients with
postmenopausal osteoporosis. Teriparatide of daily
subcutaneous injection of 20 ng also contributed to
significant decreasing of the new vertebral fracture
(3.1%) compared with placebo (14.5%) At 72 weeks,
teriparatide administration significantly increased
bone mineral density by 6.4 % at the lumbar spine
compared with the placebo.’?

If the patients have apparent sagittal imbalance with
or without coronal imbalance, we should perform
the spinal fixation getting the spinal balance to be
adapted to a given individual on the basis of their
respective realignment needs, because failure of the
proper correction of the total spinal balance cause
instrumentation-related complications. Minimally
invasive surgical technologies for the treatment of
degenerative conditions of the adult lumbar spine
continue to improve. We must perform the lumbar
fixation surgery using various techniques, using
drugs like PTH, improved instrument design or
material and sophisticated surgery based on our
experiences.

Conclusion

Like other studies, this series is limited by the
small numbers. Nevertheless, our conclusions related
to sagittal imbalance and surgical procedure are
significant findings. A multicenter setting based
on this study’s results may help further validate
these findings and other findings in this study
to provide surgeons with a better understanding
in choosing appropriate surgical strategies for
degenerative conditions of the adult spine. In
the cases with minimal sagittal imbalance with
or without coronal imbalance, short fusion by
mini-open TLIF or long fusion by corrective TLIF
contributes to good clinical results if the lesion is
short or easily correctable. However, in the cases
with prominent sagittal imbalance with or without
coronal imbalance, we should perform the spinal
fixation getting the spinal balance to be adapted
to a given individual on the basis of their respec-
tive realignment needs. Minimally invasive surgery
for the lumbar degenerative disorders should be
performed introducing various technologies, using
drugs like PTH, improved instrument material
and design, and sophisticated surgery based on
our experiences.
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