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Abstract

Background The aging population is experiencing a rising incidence of musculoskeletal problems and degenerative
spinal deformities. Adult spinal deformity (ASD) presents challenges, with associated risks in open surgery. Minimally
invasive surgery (MIS) is becoming increasingly popular due to its positive outcomes and potential benefits. This study
aims to explore the clinical outcome and complications of posterior approach MIS in patients with ASD.

Methods We conducted a retrospective analysis of patients with adult spinal deformity who underwent posterior
minimally invasive surgery. 46 patients meeting the criteria were identified between June 2017 and September 2023.
Comprehensive data were collected, including demographic details, surgical information, full-length radiographic
measurements, and visual analog scale (VAS) pain scores. These data were obtained preoperatively, postoperatively,
and at the final follow-up.

Results A total of 46 patients were included in the study, with a mean age of 68.58 years and a minimum follow-up
period of 6 months. The mean operative time was 327 min, and the mean blood loss was 307 ml. Preoperative
radiographic measurements were as follows: Coronal Cobb angle, 18.60+ 11.35° lumbar lordosis (LL), 22.79+21.87°
pelvic incidence (PI), 53.05+ 14.13% PI-LL mismatch, 30.26 + 23.48° pelvic tilt (PT), 32.53+10.38°% T1 pelvic angle
(TPA), 31,91 +12.39°% and sagittal vertical axis (SVA), 77.77 +60.47 mm. At the final follow-up, coronal Cobb angle

was 10.08+6.47° (P <0.0001), LL was 26.16+16.92° (P = 0.4293), Pl was 54.17+12.13° (P = 0.6965), PI-LL mismatch
was 28.00+17.03° (P =0.6144), PT was 27.74+10.24° (P = 0.0345), TPA was 25.10+10.95 (P = 0.0090) and SVA was
47.91+46.94 mm (P = 0.0129). Functional outcomes improved as well, with the mean Oswestry Disability Index (ODI)
decreasing from 34.9 to 23.6 and the Visual Analog Scale (VAS) score for back pain reducing from 8.4 to 3.4. Surgical
complications occurred in 39.1% of cases, with a low reoperation rate of 4.3%.

Conclusion Single-staged posterior MIS effectively corrects global alignment in adult spinal deformities, satisfying
patient demand and yielding positive clinical outcome with low re-operation rate.
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Introduction

People worldwide are living longer lives. In Taiwan, the
proportion of population aged over 65 in 2023 was 18.4%,
and according to projections, the proportion of the popu-
lation aged 65 and older is expected to reach 34.3% by the
year 2045, reflecting a trend of an aging demographic [1].
With the aging of the population, musculoskeletal dis-
eases and degenerative spinal deformities are on the rise.
[2-3] Adult spinal deformity (ASD) is a complex spinal
disorder caused by various factors such as uneven degen-
eration of spinal components, trauma, infection, rheu-
matoid arthritis, and medical procedures. This can result
in deformities in the coronal and/or sagittal planes, such
as an elevated sagittal vertical axis, excessive pelvic tilt,
or an increased coronal Cobb angle. [4—5] Adult spinal
deformity (ASD) is a prevalent and disabling condition
that affects many older adults. It is estimated to affect as
much as 32% of the general population and can be even
more prevalent, reaching up to 68%, among older indi-
viduals [6]. These conditions involve painful abnormali-
ties in muscles, tendons, joints, and nerves, affecting the
curvature of the spine. Symptoms may include tingling,
stiffness, or restricted movement in the upper back and
waist, higher risk of vertebral fractures and falls with
back or leg pain [7-9].

While open surgery is a successful approach to treat-
ing ASD, it frequently comes with a notable risk of medi-
cal complications and significant blood loss among older
patients [10]. Minimally invasive surgery (MIS) in spinal
deformity has gained widespread adoption in recent time,
and numerous studies have reported positive clinical and
radiological outcomes associated with its use [11-13]. It
is believed to decrease damage to tissues, minimize blood
loss, reduce reoperation rate, lower morbidity, decrease
infections at the surgical site, expedite patient recovery,
shorten hospital stays, reduce costs, and alleviate post-
operative pain and complications [14—17]. Anand et al.
shared their experiences from a single center regarding
the treatment of ASD using minimally invasive surgery
(MIS) over a 10-year follow-up period. Their findings
offer valuable insights into long-term outcomes and
demonstrate the effectiveness of the treatment protocol.
Additionally, these results underscore the accumulated
expertise and advancements in the learning curve over
the decade, which have contributed to optimizing surgi-
cal outcomes [18].

Due to the growing demand for ASD surgery in older
individuals, it is crucial to conduct regular follow-up in
clinical research. It is necessary to identify effective strat-
egies of optimal surgery for good outcome achievement

and complication prevention. The study objective is to
offer a thorough outcomes and complications evaluation
following single stage posterior minimally invasive sur-
gery for adult spinal deformity.

Methods

Patients

We conducted a retrospective review of patients with
adult spinal deformities who underwent single stage pos-
terior minimally invasive surgery between June 2017 and
September 2023. All procedures were performed by the
same surgeon. A total of 46 patients met the final criteria.
Demographic data that were collected included patient
age, gender, body mass index (BMI), bone mineral den-
sity (BMD), history of previous spine surgeries. Surgical
characteristics such as the indication for surgery, surgical
approaches, levels of spinal fusion, operative time, length
of hospital stay, estimated blood loss and uses of intraop-
erative blood salvage were recorded.

Inclusion and exclusion criteria

The criteria for inclusion in the study are: (1) Patients
over 50-year-old who clinically diagnosed with adult
spinal deformity. (2) Radiographic assessment showing
a Sagittal Vertical Axis (SVA) greater than 50 mm and
a Pelvic Incidence-Lumbar Lordosis (PI-LL) mismatch
greater than 10 degrees [19]. (3) Presence of noticeable
symptoms and receipt of one stage posterior MIS. (4)
Follow-up duration at least 6 months after the surgery.
The exclusion criteria are: (1) Insufficient information,
including demographics, surgical data, and radiographic
data. (2) Patients with deformities due to neuromuscular
issues, tumors, inflammation, or infections.

Surgical outcome parameter

Full-length free-standing radiographic parameters,
including lumbar lordosis (LL), pelvic tilt (PT), pelvic
incidence (PI), sagittal vertical axis (SVA), pelvic inci-
dence minus lumbar lordosis (PI-LL), and T1 pelvic angle
(TPA) were measured preoperatively, postoperatively,
and at the latest follow-up. Patient-reported outcome
measures (PROMs) included the Oswestry Disability
Index (ODI) and Visual Analogue Scale (VAS) score for
leg and back pain.

SRS-Schwab system & etiology classification

The most world-wild used radiography criteria for
diagnosing spinal deformity in adults is the Scoliosis
Research Society (SRS)-Schwab Classification [20]. The
SRS-Schwab system classifies adult spinal deformity by
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coronal curve types (T, L, D, N) based on curve location
and Cobb’s angle and sagittal modifiers (PI-LL mismatch,
PT, SVA) indicating alignment severity. Etiologies include
de novo scoliosis, progressive adolescent idiopathic sco-
liosis in adulthood, hyperkyphosis, iatrogenic sagittal
deformity, focal deformity due to multiple degenerative
disc disease with global deformity, and post-traumatic
spinal deformity [21].

Surgical technique

After induction of general anesthesia, the patient was
positioned in a prone posture, and posture reduction was
applied to partially correct hypo-lordosis. For patients
with significant scoliosis, lateral compression pads were
utilized. These pads were mounted on the side rails of
the operating table, enabling a strong compressive force
at the apex of the scoliotic curve, counteracted by cranial
and/or caudal forces on the opposite side of the trunk.
This technique achieved partial correction of the scoliotic
curvature while stabilizing the patient securely on the
surgical table. (Fig. 1)

After proper padding and positioning of the patient on
the surgical table, the O-arm imaging system was acti-
vated to assess its movement path, ensuring there were
no collisions with table accessories during navigation.
The surgical field was then draped in a sterile manner,
and the spinal processes were marked to evaluate the
severity of the deformity. Upon completion of naviga-
tion scanning, the surgeon will identify and delineate the
incision sites according to the most superior and inferior
pedicle screw locations. Utilizing the Wiltse approach,
the para-spinal muscles were carefully dissected to reveal

Fig. 1 Compression pads exert a strong force at the apex of the scoliotic
curve, countered by opposing forces to achieve partial correction
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the surgical field. Subsequently, a drill guide was utilized
to verify the trajectory of the pedicle screws (see Fig. 2).
For patients undergoing PPS correction, the connect rod
was pre-contoured to facilitate the anticipated harmoni-
ous alignment necessary for effective deformity correc-
tion. Various techniques, including de-rotation, in-situ
bending, and cantilever manipulation, were employed,
tailored to the patient’s bone quality and the pull-out
strength of the pedicle screws. For patients requiring a
combination of PPS and MIS-TLIF, pedicle screws were
inserted immediately following the drilling and taper-
ing process on the non-decompression side. Conversely,
on the decompression side, the insertion of screws was
postponed to prevent interference with decompres-
sion and interbody fusion procedures. A bone scalpel
was employed for osteotomy and nerve decompression,
which facilitated a more efficient surgical process and
reduced blood loss. Under navigational guidance, a cage
was inserted into the concave side and positioned within
the anterior interbody space to address scoliosis and
hypolordosis. In cases involving osteotomy, all pedicle
screws were implanted prior to the osteotomy to ensure
navigational accuracy. The angle and direction of the
osteotomy were meticulously planned with navigational
assistance, while preserving the spinal process and inter-
spinous ligament to maintain structural integrity. Despite
the minimal damage to the posterior ligamentous com-
plex and the well-maintained posterior spinal stability,
we still employed salvage rods on either side to prevent
potentially hazardous movements during the mini-PSO
procedure. Following the completion of mini-Ponte oste-
otomy or mini-pedicle subtraction osteotomy (PSO), a
contoured rod was affixed to the pedicle screws. The cor-
rection of predicted alignment was achieved through a
combination of posture reduction and the forces exerted
by the spinal implants.

In the Ponte osteotomy or MIS-TLIF group, we per-
formed TLIF exclusive to achieve solid anterior fusion for
our patients. In the percutaneous pedicle screw fixation
group, previous literature has reported numerous cases
of spontaneous facet arthrodesis following long-term
follow-up observed in long-segment spinal pedicle screw
fixation. In our cases, the minimally invasive procedure,
combined with the preservation of midline structures,
prolonged protective Boston bracing for 4 to 6 months,
and administration of anti-osteoporosis medication, may
enhance spinal stability and promote facet arthrodesis.

The surgical methods were categorized into four types
based on the patient’s etiology and Schwab classifica-
tion. All surgical patients undergo full-spine X-rays prior
to the operation and also receive a pillow test (Fulcrum
test). If the pillow test indicates that the patient’s kypho-
scoliosis is flexible, the patient can be successfully treated
with PPS alone. For patients with flexible kyphoscoliosis
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Fig. 2 The incision was planned according to the most superior and inferior pedicle screw locations and was deepened utilizing the Wiltse approach

and neurological compression symptoms, both PPS and
MIS-TLIF will be chosen to correct the deformity and
relieve the nerve compression. For patients who cannot
achieve satisfactory correction angles in the pillow test or
side-bending view, we prefer Ponte osteotomy with TLIF
to achieve adequate decompression and correction. For
those patients with rigid kyphoscoliosis requiring correc-
tion of more than 25 degrees, we will opt for mini-PSO to
achieve the necessary correction.

1. Percutaneous pedicle screw (PPS) implantation
correction is indicated for patients primarily with
sagittal imbalance due to kyphotic deformity and
mild scoliosis (Schwab Type N). (Fig. 3)

2. PPS combined with minimally invasive
transforaminal lumbar interbody fusion (MIS-TLIF)
is performed for patients with nerve compression
syndrome, mild lumbar scoliosis, hypo-lordosis, or
mild kyphosis (Schwab Type L or N). (Fig. 4)

3. PPS and MIS-TLIF combined with mini-Ponte
osteotomy is used for patients with nerve

compression syndrome associated with greater
lumbar scoliosis, hypolordosis, or kyphosis (Schwab
Type L or N). (Fig. 5)

4. PPS combined with mini-pedicle subtraction
osteotomy (PSO) is applied for patients with lumbar
kyphosis and scoliosis, presenting with a high PI-LL
mismatch and increased SVA (Schwab Type L or N).
(Fig. 6)

Complications

Our analysis of medical and surgical complications
adhered to the criteria outlined by the Klineberg et al.,
ISSG-AO ASD spine complications classification system
[22]. This classification system encompasses both medi-
cal and surgical complications, providing a comprehen-
sive framework for the assessment of complications
associated with spinal interventions in individuals with
adult spinal deformity.
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SVA| 16.5
LL | 32.5
PI |55.2
PT | 24.7

Pre-operation Post-operation

Fig. 3 A 72-year-old female with ASD from multiple degenerative disc diseases underwent PPS correction. X-rays showed satisfactory sagittal plane

correction, maintained at the 5-year follow-up

Pre-operation

Post-operation 2.5 years

Pre-operation Post-operation 2.5 years

Fig. 4 A 62-year-old female with de novo type ASD underwent PPS and MIS-TLIF surgery, showing satisfactory correction and stable alignment at the

2.5-year follow-up

Statistical analysis

Data for continuous variables were presented as mean
and standard deviation, while data for categorical vari-
ables were presented as count numbers (n) and percent-
ages (%). Analysis was conducted using a paired sample
T-test to investigate any potential significant differences
between perioperative, postoperative and last follow-up
radiographic parameters and patient-reported outcome.
All reported P-values were one-tailed, with a significance

level set at 0.05. P<0.05 was regarded as statistically
significant.

Results

Perioperative parameters were described in Table 1. A
total of 46 patients with adult spinal deformity who met
the inclusion criteria were included in the study. These
patients underwent posterior minimally invasive sur-
gery from June 2017 to September 2023. The average age
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. TPA| 22.6

Pre-operation Post-operation

Fig.5 A67-year-old female with kyphoscoliosis and sagittal imbalance underwent MIS-TLIF and mini-Ponte osteotomy, achieving satisfactory correction
after surgery and at the one-year follow-up

SVA |150.3
LL | 0.1
PI | 57.7
PT | 36.9

TPA| 42.8

Post-operation

Pre-operation Post-operation Pre-operation
Fig. 6 A 61-year-old female with post-traumatic kyphoscoliosis and nerve compression underwent mini-PSO and PPS surgery, achieving satisfactory

correction of sagittal and coronal planes at one-year post-operation

of all patients was 68.58 years (50-86). Among them, 15
patients were between 50 and 64.9 years old, 17 patients
were between 65 and 74.9 years old, and 14 patients
were 75 years old or older. There were 36 females and 10
males. The mean height was 153.82+10.77 cm with the
mean weight of 59.36 + 12.53 kg and the mean body mass
index (BMI) was 25.14+4.73 kg/m2. The mean bone
mineral density (T score) was —2.13 + 1.34. Patients were
classified using the SRS-Schwab system and etiology

classification, with corresponding surgical procedures
performed based on these classifications, as demon-
strated in Table 2.

The mean total operative time was 326.77 min (99—
722 min). The mean blood loss was 306.79 +249.66 cc
(30-1200 cc). During the surgery, an intraoperative blood
salvage system was used, 14 patients (30%) required allo-
geneic blood transfusion and the mean blood transfu-
sion amount was 191.50+121.58 cc (50-530 cc). Mean
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Variable Value
No. of patients 46
Male / female ratio 10:36

68.58+8.58 (51-86)
25.14 + 4.73 (16.02-36.53)
2.13+ 1.34 (-4.6 10 0.6)
17.85 + 12.97 (6-54)
8.23 + 3.06 (3-13)
326.77+143.17 (99-722)
306.79+249.66 (30-1200)
7.69 + 331 (4-19)

Mean age (years)

BMI (kg/m?)

BMD (T-score)

Mean follow-up (months)
No. of fixation levels
Operative time (min)

Blood loss (mL)

Length of hospital stay (day)
Discharge disposition

Home 46

Rehabilitation 0
Mean values are presented = SD (minimum-Maximum)

BMI: Body Mass Index; BMD: Bone Mineral Density

Table 2 Patients were classified using the SRS-Schwab system, with etiology determined from clinical and radiographic findings to

guide surgical procedures

Sagittal No. of Coronal No. of No. of No. of

modifier patients (%) | curves type  patients (%) patients (%) patients (%)
<[ PT modifier De-novo scoliosis 3 (6.5%) Extension across 31 (67.4%)
% 0: PT < 20° 6 (13%) T 0 (0%) Progressive adolescent TL junction 70
& |+ PT20-30° 11 (24%) idiopathic scoliosis 0 (0%) 2| Extension across 12 (26.1%
7|+ PT>30° 29 (63%) | in adulthood £ LS junction (26.1%)
S | PI-LL modifier L 7 (15.2%) 2| Hyper-kyphosis 0 (0%) E Iliac fixation 2 (4.3%)
‘§ 0: PI-LL < 10° 10 (22%) g latrogenic sagittal deformity 3 (6.5%) §| PPS 28 (60.9%)
£[+:PI-LL 10-20° 4 (8%) Focal deformity d 2 PPS +
@+ PILL>20°  32(70%) [D 0(0%) ocal deformity due to &| PPs
2| SAY modifier multiple degenerative 22 (47.9%) mini-Ponte + 4 (8.7%)
Al Q. disc disease MIS-TLIF

0:SVA<40mm 16 (35%)

+:SVA 40-95 mm 12 (26%) N 39 (84.8%) Post-traumatic spinal 18 (39.1%) PPS + mini-PSO 1 (2.2%)

++:SVA>95mm 18 (39%) deformity 7 PPS + MIS-TLIF 13 (28.3%)

PT: pelvic tilt; PI-LL: pelvic incidence minus lumbar lordosis; SVA: sagittal vertical axis; T: thoracic only L: thoracolumbar or

lumbar only; D: double curve; N: no major coronal deformity; TL: Thoracolumbar; LS: Lumbosacral; PPS: Percutaneous

pedicle screw; MIS-TLIF: minimally invasive transforaminal lumbar interbody fusion; PSO: pedicle subtraction osteotomy

number of fusion levels per patient was 8.23 +3.32 levels
(3-13 levels).

The mean preoperative and postoperative radio-
graphic parameters were summarized in Table 3. At
pre-operation, the coronal angle was 18.60+11.35°,
the LL was 22.79+21.87°, the PI was 53.05+14.13°,
the PI-LL mismatch was 30.26+23.48°, the PT was
32.53+10°, the SVA was 77.77 +60.47 mm, and the TPA
was 31.91+12.39°. At post-operation immediately, the
coronal angle was 9.71+6.99° (P=<0.0001), the LL was
28.24+17.26° (P=0.1997), the PI was 52.03+12.75°
(P=0.7220), the PI-LL mismatch was 23.79+15.95°
(P=0.1360), the PT was 25.17+10.20° (P=0.0012), the
SVA was 33.02+34.84 mm (P=<0.0001), and the TPA
was 22.11+£9.88° (P=0.0001). At the last follow up, the

coronal angle was 10.08+6.47° (P=<0.0001), the LL
was 26.16+16.92° (P=0.4293), the PI was 54.17+12.13°
(P=0.6965), the PI-LL mismatch was 28.00+17.03°
(P=0. 6144), the PT was 27.74+10.24° (P=0.0345), the
SVA was 47.91+46.94 mm (P=0. 0129), and the TPA
was 25.10+10.95° (P=0.009). Mean Oswestry Disability
Index (ODI) and Visual Analogue Scale (VAS) scores for
back pain at baseline and at last follow-up were 34.9 to
23.6 and 8.4 to 3.4, respectively.

Complications

In this study, a total of 23 patients developed one or more
complications, which were demonstrated in Table 4.
According to the ISSG-AO spine complications clas-
sification system, 5 patients had medical complications,
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Pre-op Post-op Last-f/u Pre/post P Pre/Last P

Coronal (°) 18.60+11.35 9.71£6.99 10.08+6.47 <0.0001 <0.0001
LL(°) 22.79+21.87 28.24+17.26 26.16:16.92 0.1997 0.4293
PI(°) 53.05+14.13 52.03£12.75 54.17+£12.13 0.7220 0.6965
PI-LL(°) 30.26+23.48 23.79+15.95 28.00+17.03 0.1360 0.6144
PT(°) 32.47+10.23 25.17+£10.20 27.74+10.24 0.0012 0.0345
SVA(mm) 77.77+60.47 33.02+34.84 4791+46.94 <0.0001 0.0013
TPA(®) 31.91+12.39 2211988 25.10£1095 <0.0001 0.0090

LL: lumbar lordosis; PI: pelvic incidence; PI-LL: pelvic incidence minus lumbar
lordosis; PT: pelvic tilt; SVA: sagittal vertical axis; TPA: T1 Pelvic Angle

Table 4 Postoperative complications, interventions, and the resolution of complications

Complication No. %  Readmission Reoperation
s UTI 3 6.5 0 0
g Nqn-surgical site 2 43 1 (resolved) 0
spine fracture
Rod breakage 1 22 1 1 (resolved)
Screw loosening 12 26.1 0 0
g Implant prominence 1 2.2 1 1 (resolved)
?50 Adjacent segment degeneration 2 43 0 0
2l rix 1 22 0 0
PJF 0 0 0 0
Neuropathy (right L5 palsy) 1 (unresolved) 2.2 0 0

PJK: Proximal junctional kyphosis; PJF: Proximal junctional failure

representing 10.9% of the patients, including UTI and
non-surgical spine site fractures unrelated to the spine
operation. Three patients developed UTIs after surgery,
accounting for 6.5% of the patients. One patient suffered
a sacral fracture after a motorcycle accident 2 months
after surgery. Another patient experienced a lacking
awareness compression fracture of L3 vertebra two years
after the spine surgery. 18 patients experienced surgical
complications, accounting for 39.1% of the patient pop-
ulation. Twelve patients exhibited halo sign of pedicle
screw without prominent symptoms and no revision sur-
gery was needed for the screw loosening. Among them,
two patients showed halo sign on both cranial and cau-
dal screws, while twelve patients showed the same halo
sign on caudal screws. In one case, a 55-year-old male
underwent navigation assisted MIS-TLIF at L2-3-4-5
for decompression and correction developed a right-
side drop foot after surgery. Another 49-year-old female
patient presented with subcutaneous irritation attributed
to the excessive length of the left cranial rod end. We

shortened the cranial rod’s end to alleviate subcutane-
ous irritation. Additionally, one patient presented with
asymptomatic PJK at T9 after PPS revision surgery from
T9 to L5 for previous morbidity of screw penetration at
L1 vertebra. Another Parkinsonism patient associated
kyphoscoliosis, experienced asymptomatic rod breakage
and PJF at T11 after PPS correction surgery from T11 to
S1. Due to only mild soreness on back, no additional sur-
gery was needed. One patient with previous surgery by
Dynesys and Coflex system on L1-5 level underwent PPS
implantation correction T6-L5 due to iatrogenic kypho-
scoliosis. This patient was noted with right rod broken
between L2-3 level in regular follow-up exam, a distal
broken rod was replaced and linked to the upper rod with
a longitudinal connector.

Discussion

MIS has garnered significant attention and acceptance,
particularly in recent decades, for its effectiveness in
treating degenerative spinal diseases. In our study,
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employing posterior MIS on 46 patients have consistently
shown that MIS techniques offer substantial benefits for
ASD. These advantages include restoring sagittal balance
and the coronal plane while simultaneously reducing
major surgical complications, with notably lower reoper-
ation rates observed in MIS patients. The positive impact
on patients’ quality of life is evident across various clini-
cal settings, mirroring findings from traditional open
ASD surgery and MIS procedures [12, 23, 24].

The concept of “ideal” sagittal alignment evolves with
age. Elderly patients naturally undergo changes in spinal
curvature, and their alignment goals differ from those of
younger individuals. For the elderly population, the pri-
mary focus of treatment should be on improving func-
tionality, alleviating pain, and enhancing quality of life,
rather than achieving perfect alignment. Although the
correctability of minimally invasive surgery (MIS) tech-
niques may not be as robust as that of open surgery,
the less invasive nature of MIS techniques provides an
advantage by facilitating individualized treatments that
prioritize symptom relief and functionality over rigid
alignment standards. In our patient cohort, based on
the radiological parameters observed shortly after sur-
gery and during subsequent follow-ups, it is acknowl-
edged that these parameters may not remain perfectly
stable over time. However, patient feedback, including
VAS and ODI scores, reveals favorable outcomes with an
average follow-up of two years (ranging from one to five
years), indicating that the surgical intervention effectively
meets patient expectations. Among the 46 patients of
this study, 40 were successfully followed up at the one-
year mark, with an average ODI score of 25.05, compared
to a preoperative ODI score of 35.1. At the two-year
follow-up, 36 patients were successfully assessed, reveal-
ing an average ODI score of 23.6, which corresponds to
a 32.3% reduction. Additionally, the mean VAS scores
for back pain decreased from 8.4 preoperatively to 3.5
at the one-year follow-up and further to 3.4 at the two-
year follow-up, resulting in a 59.5% reduction in pain
levels. Further longitudinal studies will be necessary to
yield additional insights in radiological and clinical out-
come. Currently, the surgical treatment for adult spinal
deformities involves an anterior procedure followed by
posterior instrumentation and fusion. The circumferen-
tial approach has been considered necessary to enhance
deformity correction especially in kyphosis correction
[25]. However, compared to circumferential MIS or the
anterior approach, many articles also mention the favor-
able outcomes of the posterior-only MIS approach. A
study illustrated that using a posterior-only approach for
the treatment of degenerative lumbar scoliosis, kypho-
sis, or both combined with spondylolisthesis showed an
improved positive correlation between the increase in
JOA score and the increase in the lumbar lordosis angle
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[26]. Kim et al’s published study demonstrated that pos-
terior segmental spinal instrumentation and fusion with-
out anterior apical release of lumbar curves resulted in
superior total SRS scores, comparable complication rates,
and analogous radiographic parameters [27]. Verde et
al. conducted both double-route and isolated posterior-
route procedures, achieving significant corrections in
both approaches [28]. Good et al. proposed that single-
way access is effective in correcting moderate and severe
curves, potentially reducing the side effects associated
with the double approach [29].

Compared to anterior or circumferential approaches,
the posterior only approach provides several advantages.
Firstly, the posterior only approach offers the conve-
nience of a single-stage procedure performed in a single
position, eliminating the need to reposition the patient,
which is a source of increased surgical time and poten-
tially patient risk correlation with anesthesia. Secondly,
the surgical technique outlined in this study combines
posterior decompression and correction, optionally
supplemented with other decompression methods such
as TLIE, PONTE, and PSO, as necessary. Thirdly, unlike
anterior fusion, which carries risks of injuring major
vessels and abdominal organs, posterior procedure only
minimizes the likelihood of damaging intra-abdominal
structures.

Despite the effectiveness of MIS techniques in address-
ing degenerative pathologies and their evident advantages
over open surgical approaches, significant challenges still
remain. For patients requiring extensive fusions into the
thoracic spine or those with prior instrumentation or
individuals with coronal deformities exceeding 20°may
not be suitable candidates for MIS techniques. [30-31]
Eastlack et al. found that patients selected for MIS had
smaller coronal deformity correction compared to those
eventually offered open surgery [32]. Anand et al. with
similar reported significant correction of the Cobb’s
angle from 18.93° to 6.19° through minimally invasive
multilevel percutaneous screw fixation [33]. In our study,
a retrospective review of radiographs revealed a notable
improvement resulting in a 45.8% decrease in the Cobb’s
angle (from 18.60 to 10.08). This surgical results dem-
onstrate that the posterior MIS procedure provides a
straight forward method for correcting not only improve-
ment of SVA but also coronal deformity.

In our study, utilizing the posterior MIS approach, sig-
nificant improvements (P-value<0.05) were observed
not only in the coronal angle but also PT, TPA, and SVA
after surgery. Kumar et al. published that lateral access
MIS (OLIF and PPS) for adult spinal deformity revealed
preoperatively, the measurement of initial SVA was
96.5 mm and improved to 24.1 mm postoperatively [34].
Another study, Park et al. revealed the circumferential
MIS approach for treating ASD, demonstrating that it



Yeh et al. BMC Musculoskeletal Disorders (2025) 26:318

led to an improvement of 3.0° in LL and an increase of
2.1 mm in the SVA, and a decrease of 2.2° in PI-LL [35].
Compared to our results from studies involving lateral
access or circumferential MIS, the single-stage posterior
MIS approach appears to offer similar corrective effects.
The improvement observed in SVA of this study, which
decreased from average 78 mm preoperatively to 33 mm
postoperatively, reflecting a 57.7% reduction, suggesting a
notable improvement. However, the effectiveness of each
approach can be influenced by various factors, includ-
ing, age, bone mineral density, medical comorbidity, the
extent of deformity and the surgical expertise involved.

The complication was higher in ASD surgery, espe-
cially in the cases need with aggressive deformity correc-
tion. Traditional open surgery, exemplified by osteotomy,
is effective in restoring sagittal balance but is prone to
various complications, including excessive blood loss,
neurological deficits, and pseudoarthrosis [36]. In our
surgical outcomes, 18 patients experienced surgical com-
plications, accounting for 39.1% of the patient population.
Although the complication rate still appears high, most
cases were only identified through radiographic findings.
Specifically, the majority of cases involve asymptomatic
(69.6%) or mild pain with low reoperation rate 4.3% for
revision surgery. Compared to traditional open surgery,
which is associated with relatively high perioperative and
postoperative complication rates and medical complica-
tions following surgery range from 35 to 40%, and the
reoperation rate varies between 10 and 50% [37-39]. At
the same time, we need to note that complications in MIS
techniques can vary depending on the surgical approach,
patient population, and follow-up duration. Regarding
the MIS, the diverse nature of approaches such as LLIF,
TLIF, PPS, OLIF, etc., introduces considerable variation
and contributes to the occurrence of different types of
complications. Chan et al. reported that those undergo-
ing cMIS had fewer overall complications compared to
hybrid techniques (p=0.006) [40]. Sleiman et al. found
that while both the combined approach and the poste-
rior-only approach had similar complication rates [41].

Regarding the reoperation rate, Scheer et al. reported
that data collected from a multicenter adult spinal defor-
mity database show an overall reoperation rate of 17%
among those who underwent open surgery [42]. Another
study published by Hamilton et al. reported an 11% revi-
sion rate for MIS, including lumbar interbody fusion
(LIF) or transforaminal lumbar interbody fusion (TLIF),
and percutaneous pedicle instrumentation [43]. Com-
pared to our statistics, there were two individuals (4.3%)
required reoperation, a rate consistent with the 6% reop-
eration rate reported in a meta-analysis of 10 studies on
posterior-MIS surgery, highlighting the alignment of our
findings with previously published data [44].
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Our study suggests that the posterior-only approach
combined with minimally invasive techniques may offer
effective clinical outcomes, with improvements observed
in various measures. Despite surgery-related complica-
tions, such as screws loosening, rod breakage, and PJK,
the technique appears to offer advantages in correct-
ing overall sagittal and coronal balance. Furthermore, it
boasts benefits, including minimal muscle damage, a low
risk of nerve injury, minimal bleeding, prompt post-oper-
ative recovery, and high patient satisfaction [45]. Several
adjunctive therapies have contributed to the low reopera-
tion rate observed in our patient cohort. First, we strictly
require patients to wear a Boston brace for a minimum
of 4 to 6 months postoperatively. Second, patients diag-
nosed with osteoporosis or osteopenia are treated with
anti-osteoporosis medications, including anabolic agents
when deemed necessary. Third, we have implemented
stringent regulations regarding their daily activities fol-
lowing surgery, emphasizing the importance of mini-
mizing bending and heavy lifting to mitigate the risk of
proximal junctional kyphosis (PJK) and proximal junc-
tional failure (PJF). A critical factor in our approach is the
implantation of high-density pedicle screws under navi-
gational assistance, which enhances the pull-out strength
of the pedicle screws, thereby allowing for more effective
in deformity correction and spinal fusion.

The utilization of a posterior-only minimally invasive
approach is a secure and effective strategy for managing
adult spinal deformity (ASD) and reducing the rate of
revision surgeries. As minimally invasive surgery (MIS)
for spinal deformities continues to be employed, the
inclusion of a larger patient population in future prospec-
tive studies will strengthen the validation and corrobora-
tion of the findings from this study.

Limitation

There are several limitations to the study. Firstly, it lacks
relatively long-term follow-up results. The majority of
patients were followed up for six months to five years,
lacking sufficient data for a long-term analysis. Since the
pattern of early functional improvement, followed by
maximal benefit, and then a slight decline, is observed
in many interventions for degenerative pathologies [46].
Secondly, this study represents a case series without a
comparator, either a younger group of patients undergo-
ing MIS or patients of all ages undergoing open surgery.
A relatively small number of patients and common biases
associated with retrospective studies, such as selection
and reporting biases, were also observed. Thirdly, this
study categorized complications based on the classifi-
cation proposed by the Klineberg et al., ISSG-AO ASD
spine complications classification system, making it com-
parable only with other studies using this classification.
Fourthly, the majority of patients are concentrated in the
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N and L type of coronal curve. Regarding T-type patients,
our series did not include any such case. Consequently,
we are unable to assess the outcomes associated with
the application of MIS correction for T-type patient. We
need further data to ascertain the feasibility of utilizing
Ponte or performing PSO procedures on T type patient.

Conclusion

While various surgical approaches efficiently correct
ASD disease with good results, they also carry higher
complication and re-operation rates compared to com-
mon degenerative disease surgery. The posterior-only
MIS approach provides an alternative method for reduc-
ing re-operation rates while yielding similar outcomes.
As MIS surgery for spinal deformities continues to be
utilized, including more patients in future studies will
strengthen and validate the results of this study. Further
research, including extended follow-up and multi-center
studies, is needed to confirm these findings.
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