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Abstract
Purpose: Sagittal imbalance of severe adult degenerative deformities requires surgical correction to improve
pain, mobility and quality of life. Our aim was a harmonic and balanced spine, treating a series of adult degenerative
kyphoscoliosis by a nonposterior subtraction osteotomy technique. Extreme lateral (XLIF) and transforaminal (TLIF)
interbody fusion were used to restore lumbar lordosis and mobilize the coronal curve, while grade 2 osteotomy (SPO)
was useful to further decrease kyphosis.
Methods: We operated 22 thoraco-lumbar and lumbar degenerative deformities, characterized by a sagittal
compensated (hidden) imbalance (SVA<50 mm), with or without coronal deformity, and distinguished according to the
SRS-Schwab classification. All patients were submitted to X-ray screening during pre, post-operative and follow-up
periods.
Results: Mean age was 65.3 (50-74; M/F 1: 4). Sixteen deformities were type L and 6 type N. Loss of LL was
moderate (+) in 14 cases and marked (++) in 8. We performed 39 XLIFs, 8 TLIFs, 32 SPOs. Complication rate was
minimal. Pelvic tilt, lumbar lordosis, sagittal vertical axis and thoracic kyphosis improved (p<0.05), post-operative
values were similar to those pre-operatively calculated in 90% of cases and clinical follow-up (mean 20.5; range 1824), scored using VAS and ODI, was satisfactory in all cases, except for two due to sacro-iliac pain.
Conclusion: Current follow-up does not allow definitive conclusions. However, the surgical approach reported
seems to be a viable choice usable in these compensated adult deformities, avoiding risks and complications of more
aggressive pedicle subtraction osteotomies.
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Introduction
Over the past two decades, there has been an increasing recognition
of the importance of the sagittal balance restoration in the surgical
treatment of adult spine degenerative deformities [1,2]. Normal aspect
of the spinal sagittal profile have been described on asymptomatic
patients, measuring the reciprocal curves of thoracic kyphosis (TK) and
lumbar lordosis (LL), and the relationship between pelvis and spine,
described as spino-pelvic parameters [3]. In pathological conditions,
as degenerative diseases, modifications of these parameters have been
directly related to back pain and dysfunction [4]. Surgical correction
of severe and rigid sagittal imbalances, essentially characterized by
lumbar hypolordosis up to kyphosis and retroversion of the pelvis, is
feasible through surgical techniques such as the posterior subtraction
osteotomy (PSO) and the posterior vertebral column resection (PVCR)
[5,6]. Nevertheless, these techniques may expose patients to a high
incidence of short-term complications, up to 30% [7], overcorrection
[8] and different patterns of mechanical failures [9]. The anterior
column realignment (ACR) can be an alternative procedure, based on
the complete release of the anterior longitudinal ligament, which has
been recently introduced to effectively restore lordosis, as the PSO,
but with less risks of complications [10,11]. Aforementioned surgical
procedures to treat severe lumbar sagittal and/or coronal deformities,
associated to spinal rigidity, have been extensively reported in literature.
In particular, according to Berjano-Lamartina classification [12], they
seem absolutely required for uncompensated deformities that have the
sagittal vertical axis (SVA) >50 mm. We hypothesized that into those
deformities, generally more flexible, which maintain an SVA<50 mm
by means of the activation of compensatory mechanisms [13], less
aggressive surgical approaches may be proposed. So, according to this
setting, a series of 22 consecutive adult patients presenting lumbar
or thoraco-lumbar degenerative painful deformities, characterized
by a compensated sagittal imbalance, have been treated by multilevel
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XLIFs, TLIFs and multiple Grade 2 posterior osteotomies [14]. When it
needed, posterior decompression have been obtained to treat stenosis.
Radiological and clinical data have been recorded at a minimum of
eighteen months follow-up. In other words, opposing to PSO, we
propose a less aggressive, targeted surgical approach in selected cases
of degenerative adult sagittal misalignment, characterized by the
activation of some compensatory mechanisms that generate pain and
discomfort, but make these deformities less severe than those entirely
unbalanced.

Materials and Methods
Twenty-two adult patients affected by degenerative lumbar and
thoraco-lumbar deformities were prospectively and consecutively
enrolled for the present study. They suffered for back and/or radicular
pain, with or without claudication, unresponsive to conservative therapy,
based on bed rest, painkillers, brace and/or postural rehabilitation, for
at least 6 months. They did not present severe general comorbidities
or hip diseases. All patients were submitted to radiological protocol
based on full length postero-anterior and lateral standing x-rays and
MRI. Lateral bending and supine position projections completed the
pre-operative study to establish flexibility of the spine. Deformities
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were classified on the basis of SRS-Schwab Adult Spinal Deformity
classification [15]. Nineteen thoraco-lumbar kyphoscoliosis with
primary sagittal imbalance and 3 post-surgical lumbar kyphosis with
secondary sagittal imbalance were identified. All patients showed a
“compensated (hidden) deformity”, labeled by an SVA < 50 mm and
increased pelvic tilt (PT) more than 20 degrees or pathological femoral
shaft axis [16]. Decision-making process was established on the basis of
spino-pelvic parameters, coronal aspect of the deformity and severity
of clinical disorders. Surgery was proposed when Oswestry Disability
Index (ODI) and Visual Analogue Scale (VAS) respectively exceeded
50 percent and score 6.
According to literature data [15,17], to improve patient’s
impairment, the aim of our surgery was to achieve the following postsurgical sagittal values: - PT< 20°; - pelvic incidence (PI) - LL mismatch
within 10°; - TK < PI; - SVA < 25 mm. Two-stages surgery was adopted:
the first mininvasive stage resulted in the multilevel extreme lateral
interbody fusion (XLIFs), via transpsoas approach, by a 10° lordotic
cages. The second stage included transforaminal lumbar interbody
fusion (TLIF) at L4-L5 and/or L5-S1 and posterior instrumented
arthrodesis with pedicle screws. Two or 3 Smith-Petersen osteotomies
(SPOs) were performed when an higher correction of lordosis was
needed (from 8 to 10° for level) and posterior decompression of the
spinal canal was obtained in case of segmental stenosis. During the
follow-up period, patients were submitted to full-spine standing x-rays
performed at 3, 6, 12, 18 and 24 months. Visual analogue scale (VAS)
and Oswestry Disability Index (ODI) were recorded and compared
with those before surgery. Data analysis was conducted using the paired
t test and the Wilcoxon test to compare results within the group and
changes from baseline. Statistical significance was defined as p < 0.05.

Figure 2: Type L + deformity in a 51 ysr old female. (a) Coronal deformity with
value of 48°; (b) Improvement up to 36° after 3 XLIFs; (c) T6-L5 posterior fixation
plus L4-L5 TLIF and 2 SPOs. Residual scoliosis was 18° eighteen months
after surgery; (d) Sagittal pre-operative values: SVA=47 mm; PT=30°; PI=50°;
LL=32°; PI-LL=18°; (e) Changes from the baseline after XLIFs: SVA=20 mm;
PT=22°; LL=44°; (f) At follow-up, SVA was 5 mm, PT 16°, LL 50° and PI-LL=0°.

Results
Mean age was 65.3 (50-74) with sex ratio M/F 1: 4. Sixteen
deformities were type L and 6 type N. PI minus LL mismatch was
moderate (between 10 and 20 degrees) in 14 cases and marked (more
than 20 degrees) in 8 (Figure 1). Mean pre-op global alignment (SVA)
was 34 mm (range 20-48) and mean PT 27.7° (range 22-35). XLIFs
were 39 and TLIFs 8. The upper instrumented vertebra (UIV) was T10

Figure 3: Secondary sagittal deformity type N ++ treated by 2 XLIFs, 5 PSOs
and T7-S2 posterior fixation. (a) Pre-operatively, SVA=46m and PT=36°; (b)
Immediately after surgery, SVA improved up to 24 mm and PT was 23°; (c) At 2
years follow –up, SVA was 20 mm and PT 19°.

Figure 1: Type L ++ deformity in a 65 yr-old female. (a) Pre-operative scoliosis
(36°) with coronal imbalance; (b) After XLIFs, improvement up to 30°; (c)
Posterior T11-S1 fixation, L4-L5 TLIF and L3-L4 and L4-L5 SPOs. Residual
scoliosis was <10° (d) Sagittal preoperative parameters: SVA=48 mm; PT=35°;
PI 67°; LL=27°; PI-LL=40°; (e) After XLIFs, PT decreased to 29° and SVA to
40 mm; (f) Two years after surgery, we recorded the following values: SVA=0°,
PT=18°, LL=58° and PI-LL=9°.
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in 10 cases, T11 in 9, L2 in 1, T6 (Figure 2) or T7 in the residual 2
cases. The lower instrumented vertebra (LIV) was 14 times S1, 4 S2
(Figure 3), 3 L5 and 1 L4. Thirty-two SPOs were performed at min.
2-max 5 levels (mean 2.9). No major peri-operative complications or
permanent neurological injuries were observed. Complication rate was
18% (7/39) for XLIFs and 22.7% (5/22) for posterior surgeries. XLIFrelated complications were 1 pleural tear, 1 retroperitoneal hematoma,
2 transient quadriceps weaknesses, 3 transient psoas weakness. After
posterior surgery, we recorded 2 cases of severe anemia, 1 case of inferior
leg phlebitis, 1 case of transient radicular pain. One female showed
a monolateral scapolo-humeral decompensation at 1 mouth after
surgery due to temporary long thoracic nerve palsy. At FU (range 1824 mo; mean 20.5), we recorded no mobilization, junctional syndromes
or infections. Postoperative changes of spino-pelvic parameters were
summarized in Tables 1 and 2. After anterior surgery, improvements
were recorded but without statistical significance (p>0.05). After
posterior surgery, mean PI-LL decreased from 16° (range 12-28) to 7°
postoperatively (range 0-10) and 9° (range 0-13) at the final follow-
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Pts=22; 39 Xlifs

Mean SVA

Mean PT

Mean PI-LL

Mean TK

Mean Cobb
37°

Spino-pelvic parameters (mean)
Pre-op

34 mm

27.7°

16°

33°

Post-op

23 mm

21.8°

12°

37°

27°

P value

p>0.05

p=0.41

p>0.05

p>0.05

P=0.061

Table 1: Changes from baseline of spino-pelvic parameters after multilevel XLIFs.
Pts=22

Mean SVA

Mean PT

Mean PI-LL

Mean TK

Mean Cobb

Th

L1-L2

L2-L3

L3-L4

L4-L5

L5-S1

S2

Spino-pelvic parameters
Pre-op

34 mm

27.7°

16°

33°

37°

-

-

-

-

-

-

-

Post-op

15 mm

12°

7°

42°

17°

-

-

-

-

-

-

-

FU

18 mm

13°

9°

45°

19°

-

-

-

-

-

-

-

P value

0.034

0.027

0.041

0.030

0.021

-

-

-

-

-

-

-

14

17

-

-

-

-

5

1

-

Implants and techniques
XLIFs

-

-

-

-

-

2

6

TLIFs

-

-

-

-

-

1

1

SPOs

-

-

-

-

-

3

3

6

8

12

-

UIV

-

-

-

-

-

22

-

-

-

-

-

-

LIV

-

-

-

-

-

-

-

-

-

1

17

4

Table 2: Changes from baseline of spino-pelvic measurements after two stages surgery adopted in 22 adult thoraco-lumbar and lumbar “compensated” deformities. Type
of implants and techniques are reported in detail.
40
40

on average (range 50-78). Postoperatively, VAS and ODI decreased
respectively to 2.4 (range 2-4) and 31% (range 25-45), while their
values were 4 (range 2-6) and 35% (range 20-55) at final follow-up.
All changes of these clinical parameters were significant if compared to
baseline (p <0.05) (Figure 5).

p=0.021
p=0.021

35
35

p=0.027
p=0.027

30
30
25
25

pre-op
pre-op
post-op
post-op
FU
FU

p=0.041
p=0.041

20
20
15
15
10
10
5
5
0
0

mean SVA (mm)
mean SVA (mm)

mean PT (grades) mean PI-LL (grades)
mean PT (grades) mean PI-LL (grades)

mean cobb angle
mean cobb angle

Figure 4: Spino-pelvic parameters: changes from baseline to follow-up.
80

p <0.001

70
60
50

pre-op

40

post-op

30

FU

20
10

p <0.05

0
mean VAS score
1-10

mean ODI
percentage

Figure 5: Clinico-functional parameters: change from baseline to follow-up.

up. Post-operative SVA was on average 15 mm (range 5-22) and 18
mm (range 8-25) at follow-up, while PT decreased from baseline to 12°
(range 10-23) and 13° (range 12-23) in the postoperative and followup periods. Overall, we observed that final postoperative sagittal values
were similar to those preoperatively estimated in 20 cases (91%). All
changes from baseline parameters were statistically significant after
two-stage surgery (p<0.05) (Figure 4).
Mean preoperative VAS was 7.7 (range 6-10), while ODI was 67%
J Spine, an open access journal
ISSN: 2165-7939

Discussion
Adult spine degenerative deformity can be divided into coronal
(scoliosis), sagittal (kyphosis) and mixed. Balanced or imbalanced
scoliosis with lateral shift less than 40 mm seems to have little clinical
and functional consequences [2,4]. Contrarily, both compensated and
uncompensated sagittal imbalance is correlated with poorer quality
of life in the general population and mediocre outcomes in surgical
patients [15]. In fact, an ideal spinal alignment allows an individual to
assume standing posture with minimal muscular energy expenditure
[18]. Increase positive sagittal imbalance results in increased muscular
effort and energy expenditure causing pain, fatigue and disability.
Our series considered patients affected by a painful “compensated
sagittal deformity”, defined as SVA ≤ 50 mm, increased PT and/or
variation of femoral shaft axis [16], different grades of scoliosis and
loss of LL, responsible for intractable back and/or radicular pain and
functional disability. In these morphological and clinical conditions,
the goals of surgery should be to obtain improvement of PT and LL,
symptoms relief and solid fusion [19,20]. Different surgical approaches
and techniques were proposed: PSO technique seems to correct gross
uncompensated fixed deformity on both plans, but risks associated
are quite high; ACR procedure seems to have good ability to restore
lumbar profile, almost as PSO, but with lower risks. However, surgical
treatment of pathological loss of LL in the setting of SVA achieves
similar improvement as surgical treatment for elevated SVA [21].
Approaching a consecutive series of degenerative compensated
lumbar and thoraco-lumbar deformities, we proposed and applied
an alternative procedure based on the ability of multilevel XLIFs to
improve sagittal and coronal alignment [22], associated with posterior
screw fixation, grade 2 osteotomies to achieved more lordosis and TLIFs
in L4-L5 and/or L5-S1, levels at risk or not reachable, in our experience,
with direct minimally invasive lateral access. Decompressive surgery
was associated to treat spinal stenosis. XLIF and TLIF were usually
used to obtain lumbar interbody fusion. In this series, we performed
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targeted XLIFs and TLIFs to achieve three main goals: - intervertebral
fusion; - coronal curve mobilization; - lumbar lordosis restoration.
Radical discectomy and osteophytectomy were useful to mobilize the
apex of rigid deformity, while lateral lordotic cage can significantly
improve the lordosis of the lumbar or thoraco-lumbar spine.
The surgical planning was primarily decided on the basis of preoperative evaluation of sagittal imbalance. According to literature
[15,17], we considered, to achieve the spine into balance, PT<20°, PILL ≤ 10°and TK<PI. Our procedure was based on two-stage surgery,
with multilevel XLIFs as the first stage. Advantages of XLIF in terms
of peri-operative outcomes and complications were known [23].
Recently, this surgical strategy was also described by Hsieh et al. [24]
that, in a series operated by two-stage combined approach, reported
a significant improvement of sagittal and coronal deformity after a
multilevel anterior lumbar interbody fusion. In our hands, multilevel
XLIFs by use of lordotic cages, inserted after breakage of osteophytes
and mobilization of the apex, were be able to decrease PI-LL mismatch,
PT and scoliosis even if changes were not so relevant. Two-weeks later,
we re-calculated spino-pelvic parameters on new full length x-ray films,
to detect more appropriate levels to be treated by TLIFs and SPOs. Final
improvements of spino-pelvic parameters were statistically significant
after second stage posterior surgery.
In our series, the UIV most used was T10 or T11. The LIV ranged
from L4 to S2, with greater frequency in S1. There is no consensus on
the best UIV or LIV to be adopted. About the UIV, outcomes from
recent papers published by the International Spine Study Group (ISSG)
seem conflicting. Kim et al. [25] emphasizes that upper thoracic and
lower thoracic instrumented vertebrae achieve same results in terms
of clinical complications. Recently, Sheer et al. [26] reported that the
upper thoracic seems to maintain correction better than lower thoracic
at 2 years follow-up. Nevertheless, Fukumejad et al. clinical study [27]
shows that the upper thoracic is more effective than the lower only
for the SRS-22 self-image score. Even so, with regard to our choices,
we did not observe proximal junction failure (PJK) or pain above the
instrumentation at two years follow-up.
The choice of the LIV in adult scoliosis has been a subject of debate
in the past decades [28-30] and controversies still exist. Actually,
spine surgeons select the LIV on the basis of personal experiences
and preferences: therefore, in this study, our personal choice did
not consider the pelvic fixation as distal foundation. Bao et al. [31]
indicates that the unfused disc below the LIV may contribute to the
improvement in the coronal balance, while the LIV in S1 or the pelvic
fixation could be potential risk factors for persistent coronal imbalance,
particularly in patients with SPOs. In the surgical series reported by
Kuhns et al. [30], that had the LIV in L5, L5-S1 degenerative diseases
were frequently observed during the first 5 up to 15 years follow-up.
Berjano et al. [16] and more recently Koller et al. [32] suggested that
an insufficient distal foundation could be one factor influencing failure
and so they advocated an advanced lumbo-sacral fixation, including the
pelvic fixation. On the contrary, Guler and the European Spine Study
Group [33] underlined the high risk of failures of the pelvic fixation
in older patients, up to 35%. Our choice of the LIV was influenced
by the condition of the L5-S1 disk, age of patient and quality of bone
during screwing. In patients older than 65 years, with severe L5-S1
degenerative changes, we always preferred S1 as distal anchorage,
using bi-cortical screws with diameter 7-7.5 mm, or S2 as advanced
fixation if very poor bone quality was intra-operatively detected. In the
others, distal fixation included more frequently L5. Actually, we did
not recorded distal mechanical failures, but only two cases of sacro-
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iliac pain and, in our hands; coronal balance did not worsened by the
association between multilevel SPOs and S1 anchorage.
Comparing three or more SPOs to one PSO, correction of the
kyphosis may be nearly identical [31,34]. We applied SPO to obtain
a higher recovery of the LL. Considering, for example, a loss of LL of
about 40°: we could calculate that, by means of 2 XLIFs and 2 or 3 SPOs,
this improvement is possible. However, by this pure mathematical
approach, the risk that the post-operative condition is different from
the postulated one exists. Infact, Moal et al. [35] reported a percentage
of failure of the pre-operative planning up to 40%. We observed a poor
correction in 6 cases (27%), 4 (18%) on the coronal plane and 2 (9%)
on the sagittal plane.
No severe complications were recorded. Complication rate was
similar for XLIFs and posterior surgery. No neurological damages were
recorded, probably also for the continuous use of intraoperative neuromonitoring.
On the clinical point of view, we evaluated our patients by visual
analogue scale (VAS) and Oswestry Disability Index (ODI) that, as
reported in a very recent meta-analysis [36], are the parameters mainly
applied in literature. We recorded the significant improvement of pain
and disability scores in all patients, but two of them (9%), with LIV in
S1, suffered for a sacro-iliac pain. We can speculate an extension to the
pelvis if the pain will not improve by conservative treatments.

Conclusion
Adult scoliosis with sagittal misalignment is a condition that
decreases function and quality of life. Surgical correction of the spine
deformity allows clinical improvements. In recent years, there have
been major surgical advances in the treatment of sagittal imbalance and
studies outlining new ideas that can inspire further research. Especially,
different techniques of posterior vertebral osteotomy and anterior
fusion by direct lateral approach have become widely used. Satisfactory
SVA is strongly correlated with the improvement of LL and PT that
can be calculated pre-operatively. PSO or multiple SPOs seem to be
able to correct kyphosis without significant difference. We applied
SPOs with multilevel XLIFs and TLIFs to obtain anterior fusion, but
also to mobilize the deformity and restore an optimal lordosis with an
adequate PT in a series of painful and disabling adult spine imbalances
classified as compensated sagittal deformities. Posterior fixation with
pedicular screws was mainly realized including T10/T11-S1 levels.
When it needed, advanced lumbo-sacral fixation was achieved by S2
anchorage. No major vascular or neurological damage were observed.
At two years follow-up we did not recorded mechanical failures and no
revision surgery was required. Clinically, pain and functional scores
improved, except in two cases suffering from sacro-iliac pain. With the
limitations of this study, related to the follow-up and the small number
of patients enrolled, we propose multilevel targeted XLIFs, TLIFs and
SPOs, alternative to more aggressive and dangerous PSO or PVCR,
to correct loss of lordosis in such deformities with an SVA < 50 mm.
Further controls will be needed to detect proximal or distal mechanical
complications and the possible rate of revision surgery.
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