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Fusion : Focusing on Changes of Lordotic Curve
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Objective : Lumbar lordotic curve on L4 to S1 level is important in maintaining spinal sagittal alignment. Although there
has been no definite report in lordotic value, loss of lumbar lordotic curve may lead to pathologic change especially in
degenerative lumbar disease. This study examines the changes of lumbar lordotic curve after posterior lumbar interbody
fusion with wedge shape cage.

Methods : We studied 45patients who had undergone posterior lumbar interbody fusion with wedge shape cage and
screw fixation due to degenerative lumbar disease. Preoperative and postoperative lateral radiographs were taken and
one independent observer measured the change of lordotic curve and height of intervertebral space where cages were
placed. Segmental lordotic curve angle was measured by Cobb method. Height of intervertebral space was measured by
averaging the sum of anterior, posterior, and midpoint interbody distance. Clinical outcome was assessed on Prolo scale
at Tmonth of postoperative period.

Results : Nineteen paired wedge shape cages were placed on L4-5 level and 6 paired same cages were inserted on L5-S1
level. Among them, 18patients showed increased segmental lordotic curve angle. Mean increased segmental lordotic

curve angle after placing the wedge shape cages was 1.96°. Mean increased disc height was 3.21mm. No cases showed
retropulsion of cage. The clinical success rate on Prolo's scale was 92.0%.

Conclusion : Posterior lumbar interbody fusion with wedge shape cage provides increased lordotic curve, increased height
of intervertebral space, and satisfactory clinical outcome in a short-term period.
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Introduction widely, concerning on the recovery and elevation of lordotic

curve on the fused level, which was closely related with im-
provement of bony fusion rate between vertebral bodies and
postoperative outcome'”. The various shaped cages have been

umbar lordotic curve plays an important role to maintain
the spinal sagittal alignment. The lordotic curve between

14-S1 vertebral body was important because it bears the most
load of body weight and the loss of lordotic curve may be
closely related with low back pain*®. As well as, the loss of
lordotic curve after spinal fusion may cause the flat-back
syndrome that is responsible for continuous back pain, postu-
ral disproportion and gait disturbance'. The above-mentioned
reason has made the effort to plan reconstruction and preser-
vation of the lumbar lordotic curve'™'>", But, inspite of a
lot of efforts, the exact measured value of the lumbar lordotic
curve was not reported till now.

Posterior lumbar interbody fusion(PLIF) has been used

used in PLIF to recover the lordotic curve and the wedge sh-
ape cages were designed to make the cage more suitable to
the intervertebral shape recently. Although the wedge shape
cages may thought to be more available in recovery of the
lordotic curve on affected level than other cages theoretically,
the studies of lordotic curve recovery after using the wedge
shape cage on PLIF have been rarely reported'.

The purpose of the study was to investigate the change of
lordotic curve and height of affected intervertebral bodies
after PLIF with wedge shape cage in degenerative lumbar
disease.
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Materials and Methods

F orty five patients, who underwent PLIF with the wedge
shape cage of 8 degree angle for degenerative lumbar
spinal stenosis during October, 2002 to January, 2003, were
selected in the study.

The changes of
lordotic curve an-
gle and heights of
intervertebral sp-
ace were measur-
ed and the clinical
outcomes were I-
nvestigated using
Prolo scale retros-
pectively.

Measurement of
the changes of
lumbar lordotic
curve

The segmental
lumbar lordotic

Flg. 1. Measurement lines for segmental
lordofic curve of operative level using Cobb
method. Segmental lordosis is determined
by drawing lines parallel 1o the cephalad
vertebral body endplate and the caudad
vertebral body endpiate. A second line is
drawn perpendicular to each of the previ~
ously drawn parallel lines. The intersection
angle of the second set of lines defines as
the segmental lordotic angle (6).

curve angle was
defined as the a-
ngle between su-
perior and inferi-
or vertebral plates
of affected level.
The segmental lo-
rdotic curve angle
was measured by
calibrating the a-
ngle between the
lines drawn on t-
he lateral simple
radiographs per-
pendicularly to t-
he lines parallel to
each superior and
inferior vertebral
endplates of the
disc space, accor-
ding to Cobb m-
ethod(Fig. 1). By
this measurem-
ent procedure, pr-

eoperative and

Fig. 2. Measurement for height of interver-
tebral space, which is measured by dividing
the sum of anterior, posterior, and midpoint
interbody distance by 3.

1month postope-
rative segmental

lordotic curve angle were measured and calculated the changes

of segmental lordotic curve angle.

Measurement of height changes of the lumbar
intervertebral space

The height of intervertebral space was measured by avera-
ging the sum of affected anterior, posterior, and midpoint
interbody distance on lateral simple radiographs(Fig. 2).
Preoperative and 1month postoperative intervertebral heights
were measured and changes, affected by cage insertion, were
figured out.

Clinical outcome

Prolo scale was used to evaluate the surgery related clinical
outcome. Clinical outcome was expressed poor when patients
felt intolerable pain and excellent when patients participated
in premorbid activities without recurrence of pain. Clinical
outcome was evaluated at 1month after the operation.

Results

Age, sex and diagnosis

Thirty three female patients and 12male were operated.
Their mean age was 55.6years(range 42~64years). Twenty six
cases (57.7%) was operated for spinal stenosis, 12cases(26.6%)
for spondylolisthesis, Scases(11.1%) for recurred herniated
lumbar disc disorder and 2cases(4.4%) for essential scoliosis,
respectively.

Location and distribution of cages

Wedge shape cages with an angle of 8 degrees were inserted
to L4-5 intervertebral space in 33cases(73.3%), L5-S1 inter-
vertebral space in Geases(13.3%), L3-4 intervertebral space
in 4cases(8.8%) and 1.2-3 intervertebral space in 2cases(4.4%),
respectively.

Change of lordotic curve before and after operation
Preoperative mean lordotic curve angle was 11.6° and
Imonth postoperative mean lordotic curve angle was esti-
mated to be 13.31°. Mean lordotic curve angle was increased
to 1.71° after operation(Fig. 3).
Among total 45cases, 37cases (82.2%) showed increase
lordotic curve angle postoperatively.

Change of intervertebral height

43cases(95.5%) showed increased intervertebral space,
postoperatively. Preoperative and 1month postoperative
height of intervertebral space were 7.24mm and 10.3mm,
respectively. Mean elevated intervertebral height after insertion
of wedge shape cage was 3.06mm.
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Fig. 3. Example of segmental lordotic curve restoration. A : preo—
perative lateral simple radiograph shows degenerative spondylo—
listhesis on L4—5 level with decreased disc height. B : postoperative
film shows circumferential fusion using lordotic curve cage with
restoration of lordotic curve and increased disc height.

Clinical outcome of postoperative 1month

According to Prolo’s scale, excellent, good, fair and poor
outcomes were 18cases(40%), 23cases(51.1%), 3cases(6.6%)
and lcase(2.2%) respectively. Clinical successful outcome
including excellent and good outcomes was 91.1%.

Discussion

arious metalic cages have been developed together and

used widely with development of operation technique
of PLIE Shape and size of cage were designed for the purpose
of maintaing maximal stability and repairing the mechanical
defect by performing lumbar segmental fusion*”.

In the point of restoring of normal lordotic curve and pre-
vention of postoperative kyphosis, many wedge shape cages
have been developed and their uses of wedge shape cage have
been recently increased gradually in PLIE Theoretically wedge
shape cage would be fused better than other cage, since the
shape of intervertebral disc is wedge form between superior
and inferior vertebral bodies'”. However, a few has been stu-
died about wedge shape cage in the literatures, regarding not
only surgical outcome and bone fusion rate but changes of
lordotic curve and angle. From the viewpoint of lordotic curve
~and angle, lordotic curve contains many definitions, which
means that absolute value of lordotic curve and angle does not
confirmed actually. Moe et al."” reported normal range of
lordtic curve from —60° to —40°. Stagnara et al."” reported that
the range of lordotic curves measured between the first lumbar
and sacrum using Cobb method was —79° to —33°. The normal

lordotic curve range of people was reported —66° to —56° as
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average between the first lumbar and sacrum*®>'. In that
matter, every person has different normal range of lordotic
curve. Since these studies are not the measurement of adjacent
vertebrae but the measurement of the lordotic curve of whole
lumbar vertebrae, the precise comparison between the measu-
red segmental lordotic curve is difficult. Regarding segmental
lordotic curve, Gelb et al reported that angle of the lordotic
curve of 14-5 and L5-S1 in 100 normal people was estimated
to be 24 T 7°, which was 11.6° in our study. Though direct
comparison between above studies and our study would be
unreasonable, lordotic curve angle of normal person may be
more higher than that of our patients group. This result
would be the one of the proof that the decrease of lordotic
curve is closely related to the degenerative lumbar disease.
Our result would be similar to the assertion of Godde et al.”
that clinical improvement had the important relationship
with the lordotic curve of the fused segments.

There have been many literatures, emphasizing the lordosis
on fused segments. Brantigan et al.” reported 94.6% rates of
success in the group using wedge shape cage for 2years follow
up. Loss of lordosis or kyphosis of fused segments may not
only promote segmental degeneration but also induce insta-
bility or kyphosis. Umehara et al.*” also assumed that loss of
lordosis in the fused segments increased lordotic curve of the
adjacent segments. Therefore, maintenance of appropriate
lordotic curve is thought to prevent remarkable lordotic ch-
ange in the segments adjacent to the fused segments. This is
related to early degenerative change occurred in the segments
adjacent to the fused segments after posterior lumbar inter-
body fusion, hence recovery of lordosis is thought to take
effect in preventing postoperative junctional syndrome.

There also have been many comparative study, focusing
on cage shape. Wedge shape cages with an angle of 3 degrees
showed better recovery of lordosis and bony fusion than the
hexadral cages in the circumferential fusion on postoperative
elevation of lordotic curve”. Diedrich et al.” also reported that
the patients operated by the wedge shape cages with an angle
of 4 degrees appeared to be better clinical outcome and reco-
very of lordosis, comparing with the hexadral cages in their
40patients, though, they could not find out the statistical
difference between two groups in lordotic curve angle.

Regarding the 8 degrees wedge shaped cages that authors
studied, we used these cage on the supposition that large angle
of wedge shape cage would provide more lordotic curve than
small one. That is to say, increased lordotic curve would be
achieved more definitely. Gelb DE et al.” insisted that whereas
3° type cage was sufficient at L3-L4, an angulation of 3° was
not obviously appropriate to enhance segmental lordosis to
normal values at L4-L5. They also asserted that 8° type cage
leads to physiologic segmental lordosis at L4-L5. That is the
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reason why we used 8 degrees wedge shaped cages. However,
the important factors, which we failed to catch, are that reco-
very of lordosis was affected by not only the shape of cage
but also size of cage. Besides intraoperative position of patient
and the extent of discectomy for bony fusion were also im-
portant factors affecting the lordosis. In this study, time that
authors evaluated the lordotic curve angle was 1month after
operation. Since subsidence of interbody could appear during
Imonth period, we did not evaluate the lordotic curve angle
at immediate postoperative state.

However, there were the reports that lordotic curve did not
affect the clinical outcomes. Goldstein et al.¥ reported that
good clinical outcome with cylindrical cage was achieved
without relation of lordotic curve, which was decreased grad-
ually for 2years after interbody fusion. They also mentioned
that unnecessary effort for increasing lordotic curve could
aggravate clinical symptom and other factor is more impor-
tant to recovery of lordosis than shape of cage. This was direct
apposite to our results. This result would be closely related
to the shape of cages they used. Because cylindrical cages were
easy to encounter the subsidence, their lordotic curve may be
decreased'?.

Distinguishing mark of current study was identification
of increased lordotic curve angle after PLIF with 8 degree
wedge shape cages at postoperative 1month, though there
were shortcomings including short follow-up period, small
size of cases and absence of control group.

Long term follow-up about the change of the postoperative
lordotic curve is considered to be necessary.

Conclusion

Authors experienced the good clinical outcome with inc-
reased lordotic curve angle and increased intervertebral
height after PLIF with the 8 degrees wedge shape cage.

Compound studies about lordotic curve including the size
and shape of cage as well as intraoperative position, which are
the important factors of lordotic curve, are indispensable.
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