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Study Design: Retrospective cohort study.

Purpose: This study aimed to demonstrate the advantages of preservation of the lumbosacral segment (LSS) in adult spinal deformity
(ASD) surgery.

Overview of Literature: Sacroiliac foundation enables sufficient restoration in ASD surgery; however, it could result in poor mobility.
Thus, whether LSS provides better activities is still unknown.

Methods: Among 399 patients who underwent ASD surgery, 62 (>5 levels fused, >2-year follow-up) underwent fusion from T9-10 to L5
(group L, n=21) or to S2—alar—iliac (group S, n=41). Spinal alignments, Scoliosis Research Society (SRS)-22 scores, performance of activi-
ties (clipping toenail, wiping buttock, and wearing socks), proximal and distal junctional failure (PJF+DJF), rod fractures (RFs), and overall
revision rates (RRs) were compared between the groups.

Results: Group L included younger patients and had longer follow-ups when compared with group S. Although the preoperative pelvic
incidence and SRS sagittal modifiers were better in group L, postoperative spinal restorations were nonpathological in both groups. Both
groups showed similar deformity progression at the 2-year follow-up; however, group L had lower SRS-22 pain scores. Although “wip-
ing buttocks” did not differ between the groups, the performance of “clipping toenails” and “wearing socks” was poorer in group S at 2
years (possible, group S; 40% vs. group L; 85%—90%). The RRs did not differ between the groups; however, the PJF+DJF rate was higher
in group L. DJF was not observed in group S, but occurrence of RFs was noted.

Conclusions: Although poorer SRS-22 pain scores might be related to lumbosacral mobility, sufficient restoration, equivalent deformity
progression, and similar RRs with better activity imply that lumbosacral preservation should be considered in younger patients with mod-
erate deformities.

Keywords: Lowest instrumented level; Activities of daily living; Reoperation; Adult spinal deformity; Surgery

Introduction the health-related quality of life (HRQOL) in older

patients. The sacroiliac foundation provides a solid
Recent advances in spinal surgery have enabled suf- foundation for adult spinal deformity (ASD) surgery
ficient restoration of spinal malalignment to regain and rigid anchor for the restoration of poor spinal
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alignment [1-4]. No differences were found in the clini-
cal outcomes or complication rates between sacroiliac
and lumbar foundations [2]. However, Kuhns et al.
[5] reported that 23% of the patients with a lumbar
foundation required revision surgery. Witiw et al. [6]
reported that fusion to the sacroiliac spine did not sig-
nificantly change the revision risk after long fusion with
a normal or mildly degenerated L5/S1 disc. Tan et al. [7]
also reported that 15% of the lumbar range of motion
(ROM) was related to the L5S disc. However, no studies
have focused on the differences in the performance of
activities by patients with or without sacroiliac fixation.
Considering the comparative advantages of activities
with lumbosacral preservation could help in achieving
better clinical results for ASD surgery, we hypothesized
that preserving the L5S disc after ASD surgery might be
related to better mobility and performance of activities,
such as wearing socks, wiping buttocks, and clipping
toenails. Preserving patients’ ability to perform these
activities might also reduce the need for postoperative
older adult care. Thus, this study aimed to compare the
advantages and disadvantages of the sacroiliac founda-
tions for ASD surgery in terms of spinal alignment,
clinical outcomes, mechanical complications requiring
revision surgery, and postoperative activity.

Materials and Methods
Study population

This retrospective cohort study was conducted in com-
pliance with the principles of the Declaration of Hel-
sinki. Our Institutional Review Board (IRB) at Akita
Kousei Medical Center approved this study (approval
IRB no., 193). Written informed consent was obtained
from the patients. Patients with spinal instrumentations
with =5 vertebral levels and at least 2 years of follow-
up (March 2004-December 2019) were included. In
total, 399 surgeries were selected from a prospectively
enrolled database at Akita Kousei Medical Center. The
inclusion criteria were as follows: patients with defor-
mity correction who suffered from ASD with one or
more Schwab-Scoliosis Research Society (SRS) sagittal
modifiers (SMs) (sagittal vertical axis [SVA] >40 mm,
pelvic incidence [PI]-lumbar lordosis [LL] >10°, and/
or pelvic tilt [PT] >20°). Patients with spinal tumors, in-
fections, or Parkinson’s disease were excluded. Among
the included patients, 62 who underwent fusion from
T9-10 to L5 (group L, n=21) or to S2-alar—iliac (group
S, n=41) were divided into two groups. Based on our
institutional retrospective receiver operating character-

700 nhttps://doi.org/10.31616/as].2024.0217

399 Patients underwent adult spinal deformity
surgery >5 vertebral levels and >2-year follow-up
period from March 2004 to December 2019

Excluded

« Instrumentation except T9—10 to L5 or to S2—alar—iliac (n=142)
« Incomplete data for activities (n=137)

« Parkinson’s disease, infection, and tumor (n=58)

\i

Y

62 Eligible patients
* T9-10 to L5 (n=21)
* T9-10 to S2—alar—iliac (n=41)

Fig. 1. Study flow chart.

istics analysis of preoperative and immediate postop-
erative spinal alignment in L5S-preserving deformity
correction surgery, the following cutoff values for pre-
serving the lumbosacral segment have been established:
SVA <90 mm, PI-LL <45°, and PT <30°, with a normal
L5S disc and without coronal lumbosacral tilt. We
recommend preserving the L5S segment for younger
patients because they typically engage in more physical
activities than older patients. Patients with incomplete
activity performance data or with spinal fusion at other
levels were excluded from the analysis (Fig. 1). The av-
erage age, proportion of female patients, and body mass
index (BMI) were 71.4+6.2 years (range, 57-82 years),
88.7%, and 23.6+3.9 kg/m’, respectively. The mean
postoperative period was 61.7+19.7 months. The total
levels of the fused and upper instrumented vertebra
(UIV) at T9/T10 were 8.47+0.95 and 9/53, respectively.

Radiographic measurements and clinical outcomes

PI, LL (L1-S1), thoracic kyphosis (TK: T5-T12), T1
pelvic angle (T1PA: the angle between the line con-
necting the center of the femoral heads to the center
of S1 and line from the femoral head to the center of
T1), SMs (PI-LL, PT, and SVA), and coronal vertical
axis (CVA) (the distance from the C7 plumb line to the
central sacral vertical line) were evaluated from upright
whole-spine radiographs preoperatively, immediately
after surgery, and at the 2-year follow-up. The CVA <40
mm was defined normally, as was performed in a previ-
ous study [8]. The Scoliosis Research Society-22 (SRS-
22) scores were evaluated preoperatively and at the
2-year follow-up to assess the clinical outcomes.

Activities of daily living

Activities of daily living (ADLs) related to spinal mo-
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bility, wearing socks, wiping buttocks, and clipping
toenails were evaluated. Possible rates for each activity
were considered for the deterioration and regaining of
the ability during the preoperative, postoperative, and
2-year follow-up periods.

Mechanical failures

Mechanical complications that required revision sur-
gery were evaluated for junctional failures (JFs) with
proximal and distal fractures (PJF and DJF, respec-
tively) and rod fractures (RFs). PJFs were mechanical
failures that required revision surgery between the
UIV and UIV+2. DJFs were mechanical failures that
required revision between the lower instrumented ver-
tebra (LIV) and surgery for the vertebra below the LIV,
such as a postoperative increase in kyphosis >10°, adja-
cent segment disease, pseudarthrosis, and instrumenta-
tion failure [9,10].

Statistical analysis

Statistical analyses were conducted using EZR (Saitama
Medical Center, Jichi Medical University, Saitama, Ja-
pan) [11], a modified version of R commander with a
graphical user interface for R (The R Foundation for
Statistical Computing, Vienna, Austria). Categorical
variable data are presented as numbers (%) and con-
tinuous variable data as meanststandard deviations. To
evaluate the factors that affected lumbosacral preserva-
tion, differences between continuous variables were
analyzed using Student t-test, and categorical data were
analyzed using Fisher’s exact probability test. Statistical
significance was set at p<0.05. In the power analysis,
with a sample size of 21 and 41 patients in groups L
and S, 85.7% and 43.9% of the patients wore socks and
90.5% and 41.5% clipped their toenails, respectively.
Using a two-sided significance level of p<0.05, the post-
hoc power values after 2 years were 97.1% and 88.1% in
groups L and S, respectively.

Results

Following the recommendation for L5S preservation
in younger patients, group L included younger patients
compared with group S (69.2 years versus 72.5 years,
p=0.046). However, the proportion of female patients
and BMI were not different between the groups (Table
1). The UIV was restricted and matched with T10 and
T9 to highlight the significant effect of L5S preservation
on activities. As a result, owing to lumbosacral preser-

Table 1. Demographic and baseline data with comparison between group L
and group S

Characteristic Group L (n=21) Group S (n=41) p-value

Age (yr) 69.2+7.6 72.5+5.1 0.046
Female 18 (85.7) 37(90.2) 0.680
Body mass index (kg/m’) 23.3£3.7 23.6+4.0 0.789
Level fused 7.2£0.4 9.1£0.3 <0.001
Follow-up (mo) 74.7422.4 55.0+14.4 <0.001
Upper instrumented vertebra 0.251

T10 16 (76.2) 37(90.2)

T9 5(23.8) 4(9.8)

Values are presented as meantstandard deviation or number (%).

Table 2. Comparison of radiographic parameters between group S and group
L preoperatively, postoperatively, and at the 2-year follow-up

Variable Group L(n=21) Group S (n=41)  p-value
Preoperative
PI(°) 45.0+12.4 52.8+10.3 0.011
PI-LL (°) 35.7€17.2 47.9+21.3 0.027
SVA (mm) 97.4+74.0 165.4+95.4 0.006
PT(°) 27.849.7 36.1+10.9 0.005
LL(°) 9.2£16.0 4.9+18.9 0.367
TK (°) 24.9+15.1 25.0+16.7 0.978
TI1PA (°) 30.9+13.3 44.5+15.2 0.001
CVA (mm) 12.3+23.2 31.3+28.6 0.010
Postoperative
PI-LL (°) 2.6+14.5 2.8+11.1 0.961
SVA (mm) 37.2+38.0 20.0+32.2 0.066
PT (°) 18.6+9.1 17.5+8.5 0.630
LL(°) 42.3+12.1 50.0+9.1 0.007
TK (°) 36.5¢12.5 38.1+10.6 0.599
T1PA (°) 17.748.5 13.5+8.0 0.063
CVA (mm) 14.1+14.7 10.749.5 0.280
2-yr follow-up
PI-LL (°) 524172 4.7+13.8 0.905
SVA (mm) 66.1£59.5 41.4+48.6 0.084
PT(°) 22.1+10.3 21.949.2 0918
LL(°) 40.5+14.3 48.1£9.4 0.014
TK (°) 42.1£14.2 46.1+£14.3 0.310
T1PA (°) 22.5+12.6 19.4£10.2 0.307
CVA (mm) 16.6+14.8 10.0+£9.5 0.038

Values are presented as mean+standard deviation.

PI, pelvic incidence; LL, lumbar lordosis; SVA, sagittal vertical axis; PT, pel-
vic tilt; TK, thoracic kyphosis; T1PA, T1 pelvic angle; CVA, coronal vertical
axis.
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vation, group L showed a shorter LF than group S (9.1
versus 7.2, p<0.001). Therefore, the UIV levels were not
different between the groups (Table 1).

Radiographic results

The preoperative radiographic parameters were bet-
ter in group L than in group S (Table 2). PI (45.0°
versus 52.8°, p=0.011), PI-LL (35.7° versus 47.9°,
p=0.027), SVA (97.4 mm versus 165.4 mm, p=0.006),
PT (27.8° versus 36.1°, p=0.005), T1PA (30.9° versus
44.5°, p=0.001), and CVA (12.3 mm versus 31.3 mm,
p=0.010) were significantly smaller in group L than
in group S (Table 2). Although the postoperative LL
was smaller in group L than in group S (42.3° versus
50.0°, p=0.007), the postoperative alignments in both
groups were within the nonpathological SMs and were
not different (Table 2). At the 2-year follow-up, group
L showed poorer LL (40.5° versus 48.1°, p=0.014) and
CVA than group S (16.6 mm versus 10.0 mm, p=0.038)
despite nonpathological PI-LL and CVA ranges. How-
ever, both groups progressed similarly, and moderate
deformities of the SVA and PT developed in the SMs
(Table 2). Out of 62 patients treated, most underwent
combined anterior and posterior surgery, with 15 in-
volving only posterior procedures. Regardless of the
procedure used, both groups demonstrated comparable
spinal restoration to normal parameters.

Clinical outcomes

The preoperative SRS-22 showed lower mental (2.8 ver-
sus 3.0, p=0.019) and higher self-image (2.4 versus 2.0,
p=0.031) scores in group L compared with group S. All
clinical outcomes significantly improved postoperative-
ly; however, only postoperative SRS-22 pain scores (3.4
versus 4.0, p=0.001) were significantly poorer in group
L than in group S (Table 3).

Activities of daily living

No difference in the preoperative performance of activi-
ties such as wearing socks, wiping buttocks, and clipping
toenails was observed between the groups, and 90.5%—
100% of the patients in both groups could perform these
activities (Fig. 2). The performance of wiping buttocks
was not different between the groups after surgery or at
the 2-year follow-up. However, the postoperative perfor-
mance of wearing socks (81.0% versus 46.3%, p=0.014)
and clipping toenails (71.4% versus 31.7%, p=0.006) was
higher in group L than in group S. The performance
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Table 3. Comparison of SRS-22 score between group L and group S preop-
eratively and at the 2-year follow-up

SRS score Group L (n=21) Group S (n=41) p-value

Preoperative
Mental health 2.840.3 3.0£0.4 0.019
Pain 3.0£0.5 3.0+£0.7 0.666
Self-image/appearance 2.4+0.5 2.0£0.6 0.031
Function/activity 2.6+0.3 2.7+0.4 0.629
Sub-total 2.840.3 2.740.3 0.939

2-yr follow-up
Mental health 3.2+0.4 3.2+0.4 0.894
Pain 3.4+0.7 4.0£0.5 0.001
Satisfaction 3.4+0.9 3.6£1.0 0.393
Self-image/appearance 3.3£0.5 3.6+£0.9 0.253
Function/activity 3.3+0.4 3.5+0.5 0.059
Total 2.840.5 3.0+£0.6 0.141

Values are presented as meantstandard deviation.
SRS, Scoliosis Research Society.

Table 4. Comparison of revision rate between group L and group S

Group L (n=21) Group S (n=41) p-value

Total 4(19.0) 3(7.3) 0.214
Junctional failure 4(19.0) 0 0.011°
Distal junctional failure 2(9.5) 0 0.111
Proximal junctional failure 2(9.5) 0 0.111
Rod fracture 0 3(7.3) 0.545

Values are presented as number (%).
"p<0.05.

of the activities of wearing socks (85.7% versus 43.9%,
p=0.002) and clipping toenails (90.5% versus 41.5%,
p<0.001) was better in group L than in group S at the
2-year follow-up (Fig. 2). In group S, only 41.5%-43.9%
of the patients could wear socks and clip their toenails at
the 2-year follow-up. However, 85.7%-90.5% of the pa-
tients could perform these activities at the 2-year follow-
up in group L (Fig. 2).

Mechanical failures

Four patients (19.0%) in group L and three patients
(7.3%) in group S required revision surgery, and the
overall revision rate (RR) was not different between the
groups (Table 4). Although the PJF or DJF rates were
not different between the groups, the overall JF rate
(PJF+DJF) was significantly higher in group L than in
group S (19.0% versus 0%, p=0.011). In contrast, RF oc-
curred only in group S (Table 4).



Asian Spine J 2024;18(5): 699-705

Wiping buttocks Wearing socks Clipping toenails
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Fig. 2. (A—C) Over 90% of patients could perform activities preoperatively. Group S showed a poorer ability to wear socks and clip toenails postoperatively.
Almost 90% of group L patients could perform all activities; however, 40%—-50% in group S could not wear socks and clip toenails at the 2-year follow-up (FU).

Preop, preoperative; Postop, postoperative.

Discussion

Reports are present on the comparative advantages
of the LIV at lumbar or sacroiliac foundations associ-
ated with HRQOL, mechanical failures, or complica-
tions [1-4,6]. According to Yao et al. [2], fusion to
the sacraltilium resulted in better sagittal alignment
restoration with greater PJK rates and PJK angles than
fusion to L4/5. However, comparable clinical outcomes,
RRs, and complications were found between the groups
[2]. According to their study, the indications for a sac-
roiliac foundation include severe spinal malalignment
and low PJK risk. Some studies did not report differ-
ences in patient outcomes with or without PJK in the
mean follow-up of 3.5-4.3 years [12,13]; however, a
recent study revealed differences in clinical outcomes
and revisions with PJK in an average of 5.6 years [14].
The PJF rates were not different between the groups in
the present study (Table 4). Restoring spinal alignment
was more effective using a sacroiliac foundation; how-
ever, the longer follow-up might affect the PJF rates.
Our institution recommends that patients should wear
a thoracolumbosacral orthosis for the rest of their life
after a long fusion. This might also explain the differ-
ence in the PJF rates in the present study from those in
previous studies.

Although the DJF or PJF rates were not different, the
DJF+P]JF rates differed between the groups. Moreover,
RF occurred only in group S, which implied that stress
concentration occurred anywhere in the long construct.
Although RF did not occur in group L, it was most fre-
quently located in the lumbosacral junction in group S.
The RF and JF appeared to be related to stress concen-
tration or mobility at the lumbosacral level.

This might also cause lumbosacral pain in group L.
The poor SRS pain score might result from lumbosacral

mobility. Compared with the lumbar LIV, the sacroiliac
LIV enabled better restoration with a rigid foundation.
Accordingly, moderate preoperative spinal malalign-
ment allows for a lumbar foundation with nonpatho-
logical postoperative SMs. Further analysis with longer
follow-ups may reveal specific preoperative misalign-
ment values for appropriate postoperative spinal align-
ment without a sacroiliac foundation.

Previous studies have not precisely described the
advantages of preserving the mobile segments of L5S.
Tan et al. [7] reported that the L5S disc was related to
15% of the lumbar ROM and suggested possible ADL
preservation while retaining the L5S disc. In the pres-
ent study, group L showed significant retention of the
ability to perform the activities of clipping toenails and
wearing socks postoperatively and at the 2-year follow-
up. In group S, more than half of the patients were
unable to perform activities related to reaching the toe
tips, with lumbosacral fusion. However, 2 years later,
5%-10% of patients regained the ability to perform
these activities, which might be related to the compen-
sation of the ROM with the lower extremities by cross-
ing the leg or increasing flexion or rotational thoracic
ROM. However, excessive motions may be associated
with mechanical complications.

Although this study did not show a difference in the
DJF rates between the groups, the RR with DJF was
9.5%. Kuhns et al. [5] also reported that preserving the
L5S disc was associated with 23% of RR with DJF for
ASD surgery. L5S disc preservation allows for spinal
motion despite the mechanical stress at the end of a
longer construct. Moreover, poor spinal restoration is
related to a higher stress concentration with a longer
lever arm from the center of gravity [15]. This study did
not show a significant difference in postoperative spinal
restoration between the groups. Accordingly, the indi-
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cations for lumbosacral preservation should be care-
fully planned preoperatively based on the possibility of
nonpathological postoperative spinal restoration. More-
over, we recommend preserving the L5S for younger
patients because they require more activity than older
patients. Wherever possible, losses and benefits should
be explained preoperatively based on the patients’ back-
grounds or lifestyles. Postoperative activity loss can also
be compensated using a self-help device. ADL limita-
tions do not negate the benefits of ASD surgery; how-
ever, a preoperative explanation is essential to achieve
better patient satisfaction.

Given the retrospective designs, this study may have
some limitations, such as selection bias and a small
sample. Matching the number of fused levels to the
control group reduced the total number of cases. The
sample size was too small to draw robust conclusions.
Therefore, a post hoc test was performed to estimate the
power of statistical analysis for ADLs. However, regard-
ing RR, the small sample size limited the generalizabil-
ity of the findings. Other activities such as sitting on the
ground or standing up from the floor were not assessed.
Nonetheless, a previous study found decreased activi-
ties after ASD surgery with sacroiliac fusion [16]. In ad-
dition, patient satisfaction was evaluated, and nearly all
patients expressed satisfaction with the surgery despite
a decrease in activity levels postoperatively. Activities
should be evaluated using the Barthel index or the lum-
bar stiffness disability index; however, old data were not
evaluated using these scores. Our cohort included older
patients who could not be followed up sufficiently be-
cause they moved to a nursing home or died. Although
all patients with a minimum of 2-year follow-up were
included in this study, longer follow-up periods could
be related to a higher RR with mechanical failure.
Older patients in their late 80s or 90s did not hope for
revisions or could not undergo revisions because of co-
morbidities. However, a 5-year follow-up period would
have provided more comprehensive data. Conducting a
prospective study, establishing clear practice guidelines,
and evaluating patient satisfaction would greatly aid in
choosing the appropriate fusion levels.

Conclusions

Lumbosacral preservation might have comparative
advantages for better postoperative activities, such
as clipping toenails and wearing socks. However, it
might limit the restoration of severe sagittal malalign-
ment. Revisions with RF were rare while those with JF
were higher. However, the overall RR was similar with
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or without lumbosacral fusion. Lumbosacral mobil-
ity might be related to poor SRS-22 pain scores at the
2-year follow-up due to sacroiliac pain. Comparative
advantages should be considered in the selection of a
foundation for the restoration of sufficient realignment,
ADL preservation, and characteristics of revisions for
ASD surgery.

* Sacroiliac foundation enables sufficient restora-
tion in adult spinal deformity surgery; however, it
could result in poor mobility.

Whether the lumbosacral segment allows for bet-
ter activities remains unknown.

Fusion from T9/10 to L5 (group L, n=21) or to S2—
alar-iliac (group S, n=41) were compared for spinal
alignments, Scoliosis Research Society (SRS)-22
scores, performance of activities, or revision rates.

Both groups exhibited similar deformity progres-
sion and overall revision rate at 2 years; however,
despite having lower SRS-22 pain scores, group L
performed better in activities involving reaching
toe tips.

Although poorer SRS-22 pain scores might be
related to lumbosacral mobility, sufficient restora-
tion, equivalent deformity progression, and simi-
lar revision rates with better activity imply that
lumbosacral preservation should be considered
in younger patients who underwent surgery for
moderate adult spinal deformity.
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