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™ Thoracolumbar Deformity Arthrodesis Stopping at L5

Fate of the L5-S1 Disc, Minimum 5-Year Follow-up

Craig A. Kuhns, MD,* Keith H. Bridwell, MD,T Lawrence G. Lenke, MD,t
Courtney Amor, BS,t Ronald A. Lehman, MD,¥ Jacob M. Buchowski, MD,t

Charles Edwards, Il, MD,§ and Baldus Christine, RNt

Study Design. A retrospective long-term follow-up
study.

Objective. Evaluate the fate of L5-S1 disc analyzing
subsequent disc degeneration and associated risk factors
for degeneration at minimum 5-year follow-up (average
9-year follow-up).

Summary of Background Data. Two previous studies
reported the results of long deformity fusions terminating
at L5 with minimum 2-year follow-up only.

Methods. Thirty-one consecutive patients with an av-
erage age of 45 years (range, 20-62 years) were fused
from the thoracic spine to L5 and were evaluated at a
mean follow-up of 9.4 years (range, 5-20.1 year). Patients
were evaluated before surgery, after surgery, and latest
follow-up with radiographs and Scoliosis Research Soci-
ety Patient Questionnaire-24 scores. Disc degeneration
using validated radiographic Weiner grades. Grade 0 to 1
discs were “healthy” and Grade 2 to 3 were degenerated.
Patients with “healthy” discs preoperative that subse-
quently degenerated were designated subsequent ad-
vanced degeneration (SAD).

Results. Two out of 31 patients had preoperative ad-
vanced degeneration of the L5-S1 disc (Weiner grade
2-3). Three additional patients had an early revision to the
sacrum secondary to sagittal imbalance not thought to be
related to SAD. Twenty-six out of 31 patients were as-
sessed as “healthy discs” preoperative (Weiner grade
0-1) and were evaluated for SAD. By latest follow-up,
L5-S1 SAD developed in 18 of these 26 patients (69%).
Risk factors for the development of SAD included long
fusions extending into the upper thoracic spine down to
L5 (P = 0.02) and having a circumferential lumbar fusion
(P = 0.02). Although preoperative sagittal balance was
not significantly different between the “healthy” and SAD
group, sagittal balance at follow-up was: C7 plumb >5 cm
in 67% of SAD patients and only 13% of “healthy” disc
patients (P = 0.009). There was a trend toward inferior
Scoliosis Research Society Patient Questionnaire-24 pain
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scores at follow-up in SAD patients (average score 4.1 vs.
3.4, P = 0.13). Eleven out of 30 patients (35%) had subse-
quent spinal surgery with 7 of 31 (23%) having extension
of their fusion to the sacrum. An additional 6 of 31 (19%)
were considered for extension to the sacrum but comor-
bidities precluded surgery (3 patients) or the patients de-
clined further surgery (3 patients).

Conclusion. Advanced L5-S1 DDD developed in 69% of
deformity patients after long fusions to L5 with 5 to 15
year follow-up. SAD frequently results in significant pos-
itive sagittal balance at a minimum 5-year follow-up.
Long fusions to the upper thoracic spine down to L5 and
circumferential fusion may further promote subsequent
L5-S1 disc degeneration.

Key words: deformity, adjacent segment disease, fusion,
instrumentation, revision surgery, outcomes measures. Spine
2007;32:2771-2776

Numerous studies report the results of long fusions for
adult spinal deformity,'™'? but the difficult decision of
whether to stop the fusion at L5 or the sacrum remains
controversial as documented in a recent debate by Polly
et al published in Spine.' There is concern about stop-
ping at L5 because of the potential for subsequent ad-
vanced L5-S1 disc degeneration developing, leading to
pain and possibly a second surgery. Other concerns
about stopping at LS5 include the potential for distal
screw loosening or loss of fixation because of the patu-
lous nature of the L5 pedicle. This can lead to loss of
correction as reported by Edwards et al'* in their study
of long adult deformity fusions stopping at LS.

Surgeons often choose to stop at L5 out of concern
that fusing to the sacrum requires a more extensive dis-
section, it takes away the last remaining spinal motion
segment which may alter biomechanics and it increases
the potential for pseudarthrosis. Reasons surgeons favor
fusing to the sacrum instead of stopping at LS5 include (1)
previous decompression at LS5; (2) spondylolysis or lis-
thesis at L5; (3) preoperative advanced disc degeneration
at L5-S1."" The previously cited study by Edwards et al'?
evaluated the fate of the L5-S1 disc after long fusions
stopping at L5 with a minimum 2-year follow-up, but the
question of whether to stop at L5 or S1 persists.

Our study is an extension of the Edwards et al'* study
with longer term follow-up (minimum 5-year follow-up)
of these patients with long fusions stopping at L5 in an
attempt to further improve our understanding of the fate
of the L5-S1 disc. The information gathered with longer
follow-up can provide useful information for surgeons
when deciding to stop a long fusion at L5 or the sacrum
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and provide patients with information on what they
might expect over time. In addition, this longer-term fol-
low-up can provide useful information regarding com-
plications, revision procedures, and outcomes measures.
The authors’ prestudy expectation was that the rate of
subsequent advanced disc degeneration (SAD) would not
increase with longer follow-up and that the C7 plumb
relative to the sacrum would not change significantly
with longer follow-up.

B Materials and Methods

A prospectively collected patient database which includes all
patients operated on by 2 senior surgeons at a single institution
was searched for all adult ambulatory patients fused from the
thoracic spine down to LS from 1985 to 2000. The surgical
database included all adult patients who had surgical fusion
and instrumentation of the thoracic and lumbar spine. All pa-
tients were included in the current study if follow-up was a
minimum 5 years from the time of surgery. All patients in the
database had routine standing radiographs preoperative, im-
mediately postoperative and at each follow-up, and Scoliosis
Research Society Patient Questionnaire (SRS-24) and Oswestry
questionnaires completed and at each of these time periods that
were entered into the database prospectively. Patients were ex-
cluded if they had a previous decompression or fusion involv-
ing L5 or S1, radiographic evidence of sacralization of L5, or
were diagnosed with a systemic neurologic or connective tissue
disorder. A total of 38 potential patients were identified from
the database. Two patients were deceased before having 5-year
follow-up and 5 other patients did not have 5-year follow-up
despite attempts to contact the patients by phone and having
letters sent to their previously known address. Thirty-one pa-
tients met the inclusion criteria and were evaluated in this
study whereas 34 patients were previously reported on in the
Edwards et al study.'? Thirty of the 31 patients in the current
study were patients previously included in the Edwards et al
study. One patient in the current study was not reported on in
the Edwards et al study because of the inability to obtain min-
imum follow-up at the time of their reporting, but was obtained
subsequently. Four patients from the Edwards et al'* study
were not included in the current study because of the inability
to obtain minimum S-year follow-up for the reasons men-
tioned.

In the current study, the average age at the time of surgery
was 435 years old (range, 20-62 years). Twenty-eight out of 31
patients were women with 18 out of 31 being primary surgeries
where 13 patients had a previous thoracic or lumbar spine
surgery. The principle diagnosis prompting surgical interven-
tion included adolescent or degenerative adult scoliosis (20
patients), sagittal imbalance related to flatback syndrome,
post-traumatic kyphosis or postlaminectomy kyphosis (8 pa-
tients), and extension of a previous deformity fusion for adja-
cent segment degeneration without sagittal imbalance (3 pa-
tients). Nineteen patients underwent circumferential fusion
procedures with the vast majority undergoing long circumfer-
ential fusions through a thoracoabdominal approach: T10-L5
(1 patient), T11-LS (6 patients), T12-LS (7 patients), L1-L5 (2
patients), L2-L5 (2 patients), L3-L5 (1 patient). Twelve pa-
tients underwent posterior only fusion. Twenty-six patients
had hybrid segmental fixation constructs with proximal hooks
and distal pedicle screws. Four patients had all screw constructs
and 1 patient had an all hook construct.

Table 1. Radiographic Scoring System for Osteoarthritis
of the Lumbosacral Spine Intervertebral Disc

Score Characteristic

0 No degeneration, defined by normal disc height, no spur
formation, no eburnation, no listhesis, no gas

1 Mild degeneration, defined by <25% disc space

narrowing, small spur formation, minimal eburnation,
no listhesis and no gas

2 Moderate degeneration, defined by 25% to 75% disc
space narrowing, moderate spur formation, moderate
eburnation, listhesis =3 mm and no gas

3 Advanced degeneration, defined by >75% disc space
narrowing, large spur formation, marked eburnation,
listhesis =5 mm, gas present

Degeneration severity was defined by the most severe radiographic compo-
nent at a particular level.

Radiographic Analysis
Standing long cassette posterior-anterior and lateral radio-
graphs from immediately before surgery, after surgery (1-6
weeks), and at latest follow-up were reviewed. A single ob-
server (the lead author who is not one of the operating sur-
geons) recorded global and segmental coronal and sagittal
measurements from each patient in the study. Global sagittal
balance was measured by dropping a C7 plumb line from the
middle of the C7 vertebral body and measuring the distance
from the posterior superior cortical margin of the S1 vertebral
body. This has been used because of the relative ease of identi-
fying this location on S1.

L5-S1 disc degeneration was evaluated at each time point in
the study using a radiographic classification system modified by
Weiner et al.'>'* Discs were graded from 0 to 3 using the
characteristic appearance of the disc as delineated in Table 1.
Each patient’s radiographs were evaluated by 3 surgeons (not
the operating surgeons) independently at each time point: pre-
operative, immediately postoperative, and at latest follow-up.
When there was a discrepancy in grading of a particular disc
which the reviewers conferenced, a consensus was achieved
and the disc was graded accordingly. For the purpose of anal-
ysis, discs assessed as grade 0 (no degeneration) or grade 1
(mild degeneration) were considered “healthy” discs and those
assessed as grade 2 or 3 (moderate to advanced degeneration)
were considered to have “degenerated” discs. Those patients
that before surgery had “healthy” L5-S1 discs that later devel-
oped “degenerated” discs were assessed as having SAD.

Loss of implant fixation at L5 was evaluated as had been
done in the previous study by Edwards et al.'? Postoperative
and latest follow-up radiographs were critically compared to
detect changes in implant position. If a change in implant po-
sition was noted then all interval postoperative radiographs
were also examined for verification.

Statistical Analysis

An analysis of variance was used for each dependent variable
comparing the preoperative radiographic data with that ob-
tained at the various postoperative time points. An analysis of
covariance was used to make specific comparisons of radio-
graphic criteria at 2 time points. The Fisher exact test was used
to compare dichotomous variables. Statistical significance was
setata P < 0.05 level.

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
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H Results

In the 31 patients evaluated in this study, the average
follow-up was 9.4 years (range, 5-20.1 year). Patients
had on average 10 levels (range, 5-15 levels) fused with
most having a circumferential approach (23 of 31 pa-
tients) whereas 8 patients underwent a posterior only
arthrodesis. For the 20 patients with significant coronal
deformity, the average improvement in the main thoracic
curve was 31% (15°) with an average preoperative Cobb
of 52° (range, 40°-69°) and an average Cobb at fol-
low-up of 37° (range, 7°-66°). The thoracolumbar/
lumbar Cobb improved 33% (21°) with an average pre-
operative Cobb of 62° (range, 42°-82°) and an average
Cobb at follow-up of 41° (range, 19°-72°). For the 7
patients with major sagittal imbalance, the average C7
plumb (as measured relative to the posterior superior
aspect of the S1) improved from +101 mm (range, +66—
165 mm) before surgery to 65 mm (range, +45-98 mm)
immediately after the operation and +106 mm (—11 to
+158 mm) at final follow-up. Seven patients underwent
osteotomies as part of the arthrodesis to LS to correct
sagittal imbalance [pedicle subtraction (3 patients), pos-
terior chevron (3 patients), and combined anterior/
posterior (2 patients)]. The average sagittal C7 plumb
measurement for the 7 patients who underwent osteoto-
mies was +79 mm (range, +18 to 165 mm) before sur-
gery, +39 mm (range, —33 to +85 mm) immediately
after surgery and +75 mm (range, —33 to +158 mm) at
the most recent follow-up.

Evaluation of L5-S1 Disc
The L5-S1 disc was analyzed for development of SAD.
Two patients were excluded from this analysis secondary
to having “degenerated” (grade 2) discs before surgery.
These 2 patients were thought to be physiologically un-
likely to successfully achieve a solid arthrodesis from the
thoracic spine to the sacrum and therefore fusion was
stopped at LS with the knowledge that further degener-
ation of the L5-S1 disc was likely. Three other patients
were excluded from the L5-S1 disc analysis because of
early extension of their fusion to the sacrum: each of the
3 patients were noted to have significant sagittal imbal-
ance in the early postoperative period with kyphosis at
the L5-S1 disc. Twenty-six of the 31 patients underwent
evaluation of the L5-51 disc with an average follow-up of
9.5 years (range, 5-20.1 year). Sixty-nine percent (18 of
26) of the patients developed SAD (grade 2 or 3 discs) at
L5-S1 with this minimum § year follow-up (Figure 1).
Rapid development of SAD did occur, but more com-
monly there was a gradual progression of disc degener-
ation over many years.

Risk factors for the development of SAD were evalu-
ated including age at the time of the index procedure,
preoperative sagittal balance, length of the fusion, and
whether a circumferential lumbar fusion made an impact
on the development of SAD (Table 2). Un-like what was
previously reported in the Edwards et al'? study, age did
not have a meaningful impact on the development of

Figure 1. Case of SAD at long-term follow-up. A, Standing long
cassette sagittal radiograph preoperative with cone down on
L5-S1. B, Standing long cassette sagittal radiograph at 4 months
postoperative with cone down on L5-S1. C, Standing long cassette
sagittal radiograph at 19 years postoperative with cone down on
L5-S1.

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
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Table 2. Risk Factors Associated With SAD

L5-S1 Disc
Length of fusion
Long (T1-T7 down to L5) 72% SAD
Short (T8-T12 down to L5) 28% SAD
P = 0.02
Fusion approach
Circumferential lumbar fusion 87% SAD
Posterior only fusion 45% SAD
P = 0.02

SAD in this study: average age in the “healthy” disc
group was 48.1 and the average age in the SAD group
was 44.3 (P = 0.25). Preoperative sagittal balance was
also not predictive of SAD: average C7 plumb in the
“healthy” disc group was +1.3 mm and the average in
the SAD group was +3.2 mm (P = 0.31). Despite the
finding that preoperative sagittal balance and the imme-
diately postoperative sagittal balance were not different
between the 2 groups, sagittal balance at latest follow-up
was different between the “healthy” and SAD group (Ta-
ble 3). Although age and preoperative sagittal balance
were not associated with the development of SAD, “long
fusions” (extending from T2-T7 down to LS5) and cir-
cumferential lumbar fusion procedures were associated
with the development of SAD (Table 2). Most of the
patients with “long fusions” had an upper-instrumented
vertebrae at or above T5 with only 1 patient at T7 and
none at T6. Most of the patients with “short fusions”
had a upper-instrumented vertebrae of T10, T11, or
T12, with 2 patients at T9 and only 1 patient at T8.
Twenty-six patients evaluated for SAD had a circumfer-
ential lumbar spine fusion with the vast majority of these
anterior fusions extending from T11 or T12 down to L5.
Two patients were fused anteriorly down to L4 and 1
patient was fused down to L3.

Outcomes Measures
SRS questionnaires were evaluated between the “healthy”
disc group and the SAD group. There was no significant
difference between the 2 groups before surgery, but at
latest follow-up there was a trend toward improvement
in the SRS-24 —in the pain domain the “healthy” disc
and the SAD group scores were 4.14 and 3.45, respec-
tively (P = 0.13), and the total score in the “healthy” disc
and SAD group were 4.20 and 3.71, respectively (P =

Table 3. Sagittal Balance at Latest Follow-up

Average C7 plumb at latest follow-up

“Healthy” group 0 mm
SAD group +64 mm
P =0.005
Percent of patients with C7 plumb =5 cm at latest
follow-up
“Healthy” group 13%
SAD group 67%

P =0.009

Preoperative sagittal imbalance was not a risk factor for SAD.

0.15). Oswestry scores were also evaluated and again
there was no difference between the 2 groups before sur-
gery (43.7 and 47.6, P = 0.79), but at latest follow-up
there was a trend toward more improvement in the
“healthy” disc than the SAD group Oswestry scores
which were 17.7 and 29.6, respectively (P = 0.21).

Subsequent Surgeries

Eleven of the 31 patients (35%) in the study had a sub-
sequent surgery of which 7 (7 of 31 or 23%) had their
arthrodesis extended to the sacrum. Three of these 7
were revised secondary to early sagittal imbalance
whereas the remaining 4 were revised secondary to the
development of symptomatic advanced degeneration of
the L5-S1 disc and sagittal imbalance. An additional 6
out of the 31 patients (19%) were noted to have symp-
tomatic advanced degeneration of the L5-S1 disc with
sagittal imbalance, but have not been revised: 3 of these
6 patients are being observed because of significant med-
ical comorbidities whereas the other 3 patients declined
further surgery. Four other patients had revision proce-
dures but were not extended to the sacrum. One of these
patients underwent 2 subsequent surgeries secondary to
pseudarthrosis. One patient underwent early revision
posterior spinal fusion for postoperative coronal decom-
pensation. Another patient had a pedicle subtraction os-
teotomy secondary to postoperative flat back syndrome.
The last patient developed a transition syndrome above
the previous arthrodesis and had the fusion subsequently
extended into the upper thoracic spine.

H Discussion

The fundamental goals of adult deformity surgery are to
maintain and/or restore optimal coronal and sagittal bal-
ance and alleviate symptomatic neural compression. At
the current time, optimal coronal and sagittal balance in
the adult deformity patient is achieved through arthro-
desis procedures that eliminate spinal motion segments
and increase the stress on the remaining motion segments.
Surgeons are often faced with the decision of where to stop
a long adult deformity arthrodesis: stop at L35, preserving
the last motion segment (L5-S1) or extend the fusion to the
sacrum. Previous studies have reported the challenges of
long fusions to the sacrum, but few have reported on the
results of stopping long fusions at LS.>*'* Edwards et al'*
reported on the fate of the L5-S1 disc after long adult
deformity fusions stopping at L5 with a minimum 2-year
follow-up, but it is important to know what happens to
that last remaining motion segment with longer term
follow-up as most surgeons expect results that last much
longer.

The purpose of this study was to provide a longer term
analysis of the Edwards et al'* study with a minimum
5-year follow-up. The goals of the current study were to
further elucidate the fate of the L5-S1 disc by looking at
the development of SAD and attempt to determine risk
factors that might be important in developing SAD de-
generation. It is also important to look at what subse-
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quent surgeries might be expected in this patient popu-
lation over time. This long-term follow-up study is
essential given the fact that it is usually the goal of the
surgeon and the patient for the surgical treatment to be
successful well beyond the 5 year mark.

Edwards et al'? reported SAD developing at L5-S1 in
61% of the patients after long fusions stopping at L5
with an average 5.6 year (range, 2.1-14.3 year) follow-
up. Using the same inclusion criteria for the SAD analysis
as the Edwards et al'? study, the rate of SAD in our study
demonstrated an overall SAD rate of 72% with an aver-
age 9.4 year (range, 5.0-20.1 year) follow-up. There
were 3 patients included in the SAD analysis by Edwards
et al'* that had early revision secondary to early sagittal
imbalance and therefore we excluded these 3 patients
from the minimum 5-year SAD analysis. The acute sag-
ittal decompensation observed in these 3 patients oc-
curred within the first 12 months after the surgical pro-
cedure performed to LS. Although the decompensation
occurred because of additional acute kyphosis at L5-S1,
we did not consider this change to be attributable to
advanced disc degeneration at L5-S1 per se. With these 3
patients excluded from the Edwards et al'? study, 57%
(16 of 28) of patients developed SAD instead of the 61%
that was reported in their study. In our current study,
with the same 3 patients excluded because of the early
sagittal imbalance, SAD developed in 69% (18 of 26) of
patients. This translates to an additional 12% of patients
developing advanced degeneration at the L5-S1 disc with
an average 3.8 years more follow-up. This clearly dem-
onstrates that we can expect marked L5-S1 disc degen-
eration in the majority of our patients with long fusion to
L5 if we follow them long enough. The main finding
between minimum 2-year follow-up and subsequent
minimum 5-year follow-up was not only further degen-
eration of the L5-S1 segment, but most importantly the
development of increasingly positive sagittal balance. If
degeneration occurs at the L2-L3 disc below a long fu-
sion that stops at L2, the patient may have back pain but
will probably be able to compensate through multiple
segments below. However, when disc degeneration ad-
vances at L5-S1, there is no capacity for the patient to
compensate through other mobile segments, therein,
sagittal imbalance is very likely to be the ultimate out-
come.

Subsequent surgeries are fairly common in this group
of adult deformity patients with long fusions down to L5
with a minimum 5-year follow-up: 35% (11 of 31) of the
patients. In the current study 23% (7 of 31) of the pa-
tients were revised with extension of their fusion to the
sacrum which is nearly twice as many patients when
compared with that in the Edwards et al'? study where
12% (4 of 34) were revised to the sacrum. Defining the
“revision rate” after these long fusions stopping at L5 is
difficult to accurately address because an additional 19%
(6 of 31) patients in the current study were considered for
revision to the sacrum because of symptomatic L5-S1
SAD and sagittal imbalance: 3 had medical comorbidi-

ties which precluded this treatment option and 3 other
patients declined subsequent surgery despite having ad-
vanced L5-S1 disc degeneration, positive sagittal imbal-
ance, and pain localized to the lumbosacral region. No
known infections or significant neurologic deficits oc-
curred in the group of patients studied. Complications
defined as a subsequent surgery occurred in 11 patients
as previously mentioned with 7 being revised to the sa-
crum. Four other patients had revision surgery for the
following diagnosis: pseudarthrosis (1 patient), flatback
(1 patient), coronal imbalance (1 patient), and transition
syndrome above the previous fusion (1 patient). Loss of
LS implant fixation as defined by Edwards et al'* was
noted in the same 6 patients without any changes in their
findings now with a minimum S-year follow-up. Four
patients had early loss of LS implant fixation that stabi-
lized and seems to be without clinical significance. As
they reported, 2 patients had early revision surgery re-
lated to the loss of fixation. Deep seating of L5 within the
pelvis still seems to be a significant risk factor for L5
implant loosening and needs to be considered.

The most significant objective clinical manifestation
of developing SAD was the development of a forward
shift in sagittal balance. Patients in the SAD group had an
average C7 plumb at follow-up of +64 mm whereas the
“healthy” L5-S1 disc group C7 plumb was 0 mm (P =
0.005). The SAD group also had a significantly greater
percentage of patients at follow-up with marked sagittal
imbalance (=+50 mm): 67% of SAD patients and only
13% of the “healthy” L5-S1 group (P = 0.009). Patient
related pain was evaluated with the SRS-24 Pain domain
and only demonstrated a trend toward increased pain in
the SAD group relative to the “healthy” L5-S1 group
(4.1 and 3.4, respectively, P = 0.13). Oswestry disability
index scores did not demonstrate a significant difference
between the 2 groups at follow-up: SAD group 29.6 and
“healthy” group 17.7, P = 0.21, respectively.

Potential risk factors for the development of SAD in-
cluded long fusions extending into the upper thoracic
spine down to L5 and having a circumferential fusion
procedure. Examination of the length of the fusion as a
potential risk factor for promoting L5-S1 disc degenera-
tion demonstrated that 28 % of the patients with “short
fusions” (T8-T12 down to LS5) demonstrated SAD
whereas 72 % of the patients with “long fusions” (T1-T7
down to LS5) demonstrated SAD (P = 0.02). Our pre-
study hypothesis was the relatively longer lever arm as-
sociated with longer fusions (from the upper thoracic
spine as opposed to from the distal thoracic or upper
lumbar spine) would not lead to more stress and more
subsequent disc degeneration at L5-S1. This hypothesis
was statistically refuted. It intuitively makes more sense
that a 12 or 13 segment fusion would put more stress on
L5-S1 than a 5 to 7 segment fusion. Also, with a longer
fusion there are fewer mobile segments above through
which the patient might be able to maintain sagittal bal-
ance. Given this association between “long fusions” and
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increased SAD at L5-S1, surgeons might be more in-
clined to stop at L5 with a short fusion than a long fusion
where fusing to the sacrum might be a better option.
Further examination of what characteristics of the arth-
rodesis may contribute to promoting advanced L5-S1
disc degeneration led us to analyze whether a circumfer-
ential fusion had an affect on the rate of SAD. Eighty-seven
percent of the patients who underwent a circumferential
lumbar fusion developed SAD whereas only 45% of the
patients in the posterior only group developed SAD (P =
0.02). Many have hypothesized that a circumferential fu-
sion creates a stiffer construct than a posterior only fusion
and therefore we expected that a circumferential fusion
might distribute more stress on the remaining L5-S1 mo-
tion segment leading to earlier disc degeneration. The
effect of a 1 or 2 level distal anterior fusion (at L4-L5
alone or L3-L4 and L4-L5) was not evaluated in this
study as nearly all of the patients in this study had mul-
tilevel anterior fusions through a thoracoabdominal ap-
proach. Based on this data, we believe that it is advisable
to avoid multilevel anterior surgery if trying to stop a
long fusion at LS. Although we do find great utility in
circumferential fusion procedures, because of enhanced
fusion rates and improved deformity correction, now we
rarely find multilevel anterior procedures necessary
when trying to stop a fusion at LS.

Age and preoperative sagittal balance were noted
to be risk factors for the development of SAD in the
Edwards et al'? study, but were not associated with an
increased risk of SAD in the current study. Two of the 3
patients which were dropped from the SAD analysis in
the current study were under the age of 50 and if in-
cluded in this analysis of SAD would have led to younger
age being a statistically significant risk factor for devel-
oping SAD.

H Conclusion

Long adult deformity fusions down to L5 were associ-
ated with a high rate of subsequent advanced degenera-
tion of the L5-S1 disc. Subsequent advanced degenera-
tion of the L5-S1 disc was associated with loss of lordosis
at that disc level and positive sagittal balance. Longer
fusions that extended from the upper thoracic spine and
circumferential lumbar fusions predisposed to subse-
quent degeneration of the L5-S1 disc after deformity fu-
sion to LS.

H Key Points

e SAD at L5-S1 developed in 69% of deformity
patients after long fusions to L5 with 5 to 20 year
follow-up.

e The development of SAD at L5-S1 was highly
correlated with the development of positive sagittal
balance.

e Twenty-three percent of the patients fused to L5
were subsequently revised to the sacrum, but this
underestimates the number of patients who actu-
ally developed symptomatic L5-S1 subsequent disc
degeneration.

e Long fusions that extend from the upper thoracic
spine down to L5 were associated with a higher
rate of subsequent L5-S1 disc degeneration when
compared with patients that were fused from the
lower thoracic spine to LS.

e Circumferential lumbar fusions were associated
with a higher rate of L5-S1 SAD when compared
with posterior only fusion.
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