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Abstract
Background  Anterior column realignment (ACR) is a novel surgical method for correcting spinal sagittal balance. 
meanwhile, oblique lumbar interbody fusion (OLIF) and anterior lumbar interbody fusion (ALIF) are considered 
minimally invasive surgical methods through natural anatomical space. This study aimed to explore the corrective 
effects and clinical outcomes of OLIF or ALIF combined with ACR technology in patients with adult spinal deformity 
(ASD).

Methods  We retrospectively analyzed patients with sagittal imbalance who received OLIF and/or ALIF and ACR 
treatment from 2018 to 2021. Surgical time and intraoperative bleeding volume are recorded, the corrective effect 
is determined by the intervertebral space angle (IVA), lumbar lordosis (LL), the sagittal vertical axis (SVA), clinical 
outcome is evaluated by preoperative and final follow-up visual analog pain score (VAS), Japanese orthopedic 
association scores (JOA) and complications.

Results  Sixty-four patients were enrolled in the study, average age of 65.1(range, 47–82) years. All patients completed 
173 fusion segments, for 150 segments of ACR surgery. The operation time of ALIF-ACR was 50.4 ± 22.1 min; The 
intraoperative bleeding volume was 50.2 ± 23.6 ml. The operation time and intraoperative bleeding volume of 
single-segment OLIF-ACR was 66.2 ± 19.4 min and 70.2 ± 31.6 ml. At the follow-up of 6 months after surgery, the 
intervertebral space angle correction for OLIF-ACR and ALIF-ACR is 9.2° and 12.2°, the preoperative and postoperative 
lumbar lordosis were 16.7° ± 6.4°and 47.1° ± 3.6° (p < 0.001), VAS and JOA scores were improved from 6.8 to 1.8 and 7.8 
to 22.1 respectively, statistically significant differences were observed in these parameters. The incidence of surgical 
related complications is 29.69%, but without serious complications.
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Background
Adult spinal deformity (ASD) is an increasingly serious 
health problem in the expanding portion of the global 
population aged older than 65 years. Meanwhile, Non-
operative management of adult spinal deformity has been 
demonstrably ineffective, perhaps only benefiting for 
milder spinal deformities [1]. Hence, surgical treatment is 
the most appropriate way for those who want to improve 
their quality of life. The conventional surgical procedures 
for adult spinal deformities are mostly osteotomies and 
orthopedic procedures, including Smith-Petersen oste-
otomy (SPO), pedicle subtraction osteotomy (PSO), and 
vertebral column resection (VCR). Although osteoto-
mies are widely performed in clinical practice and their 
effectiveness has been demonstrated by clinical studies 
[2]. However, osteotomy has many disadvantages, such as 
long operation time, high risk of nerve damage, and high 
blood loss [3–6]. The percentage of postoperative com-
plications increases significantly with the extent of the 
osteotomy, with studies showing a 28% complication rate 
for SPO and a 61% complication rate for VCR [7].

Recently, with the development of minimally invasive 
surgical techniques, numerous new surgical techniques 
have been employed in the treatment of spinal deformi-
ties in adults. Oblique lateral interbody fusion (OLIF) 
and anterior interbody fusion (ALIF) are currently the 
most popular procedures in spinal surgery [8]. The two 
procedures can restore the physiological lumbar lordo-
sis, return the height of the intervertebral space, and have 
low surgical complications [9, 10]. But, for severe spinal 
deformities, due to obstruction of the anterior longitu-
dinal ligament (ALL) and hypertrophic osteophytes, it 
is extremely difficult to restore sagittal balance through 
simple interbody fusion cage implantation, and even 
increases the possibility of endplate injury.

Anterior column realignment (ACR), as an alternative 
to osteotomy, corrects sagittal imbalance by releasing the 
ALL and inserting a wedge-shaped intervertebral fusion 
cage to increase the angle of the intervertebral space [11, 
12]. To the best of our knowledge, there are no relevant 
literature to reveal the corrective effects of OLIF and/or 
ALIF combined with ACR technology on patients with 
ASD. Therefore, our team combines ACR technology 
with ALIF or OLIF, believing that this technology can 
effectively restore sagittal balance while reducing surgi-
cal complications. In this study, we aimed to explore the 

corrective effects and clinical outcomes of OLIF or ALIF 
combined with ACR technology in patients with ASD.

Methods
Sample size
At the Second Affiliated Hospital of Dalian Medical Uni-
versity, since 2018, OLIF or ALIF is a routine surgical 
procedure for lumbar degenerative diseases, excluding ① 
Lumbar spinal stenosis caused by posterior bony struc-
ture hyperplasia, ② Lumbar spondylolisthesis of degree II 
or greater, ③ Dissociated disc herniation, ④ Local kypho-
sis deformity caused by fractures, tumors, etc. Mean-
while, for patient with PI-LL mismatch > 10°, the ACR 
technique is performed simultaneously with surgery.

In this study, we retrospectively analyzed patients with 
sagittal imbalance who received OLIF and/or ALIF and 
ACR treatment from 2018 to 2021 at our hospital. All 
patients were included in this study based on the follow-
ing inclusion and exclusion criteria.

Inclusion and exclusion criteria
The inclusion criteria include: ① Patients with clinically 
diagnosed adult spinal deformity. ② Radiographic assess-
ment: SVA > 40 mm, PI-LL mismatch > 10°. ③ Symptoms 
are obvious and received OLIF and/or ALIF and ACR 
treatment. ④ follow-up time than 6 months.

The exclusion criteria include: ① Lack of information 
including demographics, surgical data, radiographic data. 
② Adolescent idiopathic scoliosis patients who developed 
later in adulthood. ③ Trauma, inflammation, tumor, or 
neuromuscular origin; ④ Severely spinal sagittal imbal-
ance (SVA > 20 cm or PI-LL > 40°); ⑤ with previous lum-
bar surgery.

Surgical technique
The anterior longitudinal ligament (ALL) can enhance 
the stability of the spine and as a barrier to prevent ante-
rior dislodgement of the interbody cage. However, con-
cerning sagittal deformity correction, ALL is also the 
main obstacle to against anterior column lengthening 
and deformity correction. Therefore, ACR technology 
includes the release of ALL and lateral ligament complex, 
and the placement and fixation of a hyperlordotic cage to 
restore LL.

All the operations were performed by the same team 
in our hospital. All patients were given general anesthe-
sia and were performed by Minimally invasive hybrid 

Conclusion  ACR via a minimally invasive hybrid approach for ASD has significant advantages in restoring local 
intervertebral space angulation and correcting the overall sagittal balance. Simultaneously, it can achieve good 
clinical outcomes and fewer surgical complications.
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approach. All patients, excluding one or two segment 
surgeries, underwent ACR and posterior percutaneous 
screw fixation one stage.

In the pre-operative stage of the procedure, the patient 
was placed in the standard right lateral position (RLP). 
Take a 3–5 cm surgical incision at the anterior projection 
of the vertebral body (Fig.  1a). Use the retroperitoneal 
approach to access the intervertebral disc space, and then 
the retractor is placed to expose the intervertebral disc 
in front of the posterior retractor blade (Fig. 1b). Gentle 
dissection is performed to identify and separate the plane 
between ALL and the anterior structure. Two-thirds 
of all anterior intervertebral discs must be removed to 
facilitate ALL release. Release the anterior longitudi-
nal ligament and anterior vascular structure, a narrow 
abdominal retractor is inserted between them, and then 
release ALL with a long-handled scalpel. Use a reamer to 
break through and disconnect the contralateral annulus. 
After that, thoroughly expand the intervertebral space 
during the test model (Fig.  1c). Subsequently, the inter-
vertebral fusion cage (Medtronic Sofamor Danek USA, 
lnc) (Size:16 mm*50 mm*6/12/18 DEG) loaded with allo-
geneic bone (Shanxi Aurui) will be implanted using stan-
dard techniques.

For the obstruction of iliac crest, L5/S1 segment can-
not be performed at the same incision. Usually, the ante-
rior approach is via the abdominal or retroperitoneal 

approach, require the patient to take a supine position 
and make a new surgical incision in the middle of the 
lower abdomen, also need specialized anterior trac-
tion instruments to help expose the intervertebral space 
(Fig.  1d). ALL can be removed under direct vision, 
Considering that ALL release will make the fusion cage 
move forward, it is very important to Internal fixation 
the implants to the vertebral body with 1 or 2 screws to 
reduce the risk of implant movement (Fig. 1e and f ). For 
patients with lumbar spondylolisthesis who require pos-
terior reduction, fixing the cage to only 1 vertebral body 
is recommended.

The surgical decompression technique of ALIF is the 
same as anterior cervical discectomy and fusion (ACDF), 
posterior longitudinal ligament and disc herniation can 
be removed visually. For OLIF, intraspinal decompression 
can only be achieved through inclining working channel 
or inserting a camera system into the operating channel, 
such as percutaneous transforaminal endoscopic dis-
cectomy (PTED). Meanwhile, for patients with anterior 
fusion in the first stage, if the postoperative symptoms do 
not improve significantly, the posterior decompression 
can be performed in the second stage through the pedicle 
screw channel.

Posterior fixation usually uses percutaneous pedi-
cle screw fixation (PPSF). For patients who undergo-
ing multi-segmental surgery, due to anterior screw 

Fig. 1  (a) Surgical incision of OLIF (L3-5); (b) Working chanel of OLIF; (c) Test model to open the intervertebral space; (d) The retracter of ALIF (e, f) the 
cage fixed to adjacent vertebral body
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fixation, usually not requiring all surgical vertebral body 
to undergo posterior fixation, both ends and middle 1 or 
2 vertebrae are sufficient. Meanwhile It is necessary to 
supplement bone cement reinforcement for patients with 
osteoporosis, especially when the T-value of bone density 
is less than − 2.5.

Perioperative management
Pre-operation: All patients underwent X-ray, CT, and 
lumbar MRI examinations before surgery to determine 
the surgical strategy. Polyethylene glycol-electrolyte solu-
tion used in preoperative gut cleaning 24  h before sur-
gery, and if necessary, soap solution should be used to 
clean the enema 12  h before surgery For ALIF surgery 
patients.

Post-operation: On the first or second day after the 
operation, lumbar spine x-rays was repeated with the 
duration postoperative activity determined by the 
patient’s status. Most patients were able to walk after 
surgery day 1–3, protected by a lumbar brace, and dis-
charged on the 3rd day after surgery. Methylprednisolone 
(Pfizer Manufacturing Belgium NV) 120 mg intravenous 
drip once every day and continuous for 3 days. Non-ste-
roidal anti-inflammatory drugs are usually given as short-
term postoperative analgesics to patients when needed. 
prevention of lower limb venous thrombosis by using 
rivaroxaban, starting at 48  h after surgery, take 10  mg 
orally once a day until 2 weeks after surgery. For patients 
with osteoporosis, standardized treatment of osteopo-
rotic osteoporosis is necessary after surgery.

Data collection
The patient’s clinical and radiological information is 
obtained by accessing the electronic record system. The 
standard demographics, including age, sex. Several vari-
ables pertinent to the operative data were recorded for 
each patient, including operative time, estimated blood 
loss (EBL), method for interbody fusion. The imaging 
data mainly includes: pelvic incidence (PI), lumbar lor-
dosis (LL), Intervertebral space angle of the surgical seg-
ment (IVA); sagittal vertical axis (SVA). Intraoperative or 
postoperative complications were recorded.

At 1-, 3-, and 6-months postoperative follow-up, fron-
tal and lateral radiographs of the lumbar spine were 

obtained to measure IVA, LL, and SVA. CT examina-
tions were performed at 3 months postoperatively to 
assess fusion and internal fixation stability. Pre-operative 
and post-operative follow-ups were performed using the 
VAS score and lumbar JOA score to assess the clinical 
outcome.

Data analysis
The SPSS 25.0 software was used to analyze the data. The 
statistical results were described, with continuous vari-
ables shown as means and standard deviations, and clas-
sification shown as a percentage. Kolmogorov-Smirnov 
test was used to evaluate the normality of the variables, 
after that the paired t-test or Wilcox test was used to 
compare preoperative and last follow-up data. P < 0.05 
was regarded as statistically significant.

Results
A total of 64 patients (including 23 males and 41 females) 
were included the study, average age of 65.1(range, 
47–82) years. All patients suffer varying degrees of intrac-
table lumbago. Among them, 37 patients with 53 levels of 
lumbar disc herniation who conform to the symptoms of 
innervation zone. (L1-2 n = 2, L2-3 n = 5, L3-4 n = 9, L4-5 
n = 24, L5-S1 n = 13); 21 patients with 25 levels of lumbar 
spinal stenosis (L2-3 n = 3, L3-4 n = 6, L4-5 n = 15, L5-S1 
n = 1); 11 patients of 13 levels of degenerative spondylo-
listhesis (L3-4 n = 3, L4-5 n = 6, L5-S1 n = 3), according to 
the Meyerding classification of spondylolisthesis, 9 cases 
were grade I and 4 cases were grade II.

Analysis of surgical details
We performed ACR via a minimally invasive combina-
tion approach for ASD, ALIF-ACR for L5-S1 segment 
and OLIF-ACR for L1-L5, effectively combining the 
advantages of both approaches with significant results. 
All 64 patients in this group completed ACR via a mini-
mally, including 5 cases of OLIF-ACR alone and 3 cases 
of ALIF-ACR alone; In 56 cases of ALIF-ACR combined 
with OLIF-ACR, all patients completed 173 ALIF or 
OLIF fusion segments; A total of 150 segments of ACR 
were completed, including 91 segments of OLIF-ACR 
and 59 segments of ALIF-ACR.

Table  1 summarizes the bleeding and surgical time 
during different surgical approaches. The operation 
time of ALIF-ACR was 35–130  min, with an average of 
50.4 ± 22.1 min; The intraoperative bleeding volume was 
30–130 ml, with an average of 50.2 ± 23.6 ml. The opera-
tion time of single-segment OLIF-ACR was 42–100 min, 
with an average of 66.2 ± 19.4  min; The intraoperative 
bleeding volume was 30–150  ml, with an average of 
70.2 ± 31.6  ml. The operation time of two-stage OLIF-
ACR was 60–160 min, with an average of 96.2 ± 27.4 min; 
The intraoperative bleeding volume was 50–165  ml, 

Table 1  Surgery-related data
Variable Bleeding volume (ml) Operation time (min) n
ALIF-ACR 50.2 ± 23.6 50.4 ± 22.1 59

OLIF-ACR

1 70.2 ± 31.6 66.2 ± 19.4 24

2 87.2 ± 38.6 96.2 ± 27.4 29

3 117.2 ± 36.8 106.2 ± 37.3 3

PPSF 130.6 ± 98.2 78.9 ± 52.4 64
PPSF: Percutaneous pedicle screw fixation
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with an average of 87.2 ± 38.6 ml; The operation time of 
three-segment OLIF-ACR was 68-142.5  min, with an 
average of 106.2 ± 37.3  min; The intraoperative bleeding 
volume was 79-152.5 ml, with an average of (117.2 ± 36.8) 
ml. percutaneous pedicle screw fixation with an aver-
age of (4.6 ± 1.66)nail; The operation time of PPSF was 
40–250  min, with an average of (78.9 ± 52.4) min; The 
intraoperative bleeding volume was 40-470  ml, with an 
average of (130.6 ± 98.2) ml. All patients did not receive 
blood transfusions.

Analysis of radiographic and clinical results
Table  2 summarizes the radiological evaluations of pre-
operative and postoperative radiographic date. There 
were significant differences in LL, IVA (ALIF-IVA; OLIF-
IVA), SVA between before surgery and at the final obser-
vation. Among the 64 patients followed up, 55 underwent 
CT examination of the lumbar spine at 3 months postop-
eratively. In 53 of these cases, continuous trabecular for-
mation between the upper and lower endplates was seen, 
achieving a fusion with a 96.2% fusion rate at 3 months 
postoperatively. The remaining 2 cases achieved bony 
fusion at 6 months postoperatively.

As shown in Table 3 and 64 patients were followed up 
for 6–33 months with a mean of 17.7 ± 7.8 months. The 
mean preoperative VAS score was 6.8 ± 1.6, the mean 
postoperative score was 2.1 ± 0.7 and the mean score 
at the last follow-up s was 1.8 ± 0.8, achieving a 69.1% 
improvement rate before and after surgery, with a sta-
tistically significant difference (p < 0.01). The mean pre-
operative lumbar JOA score was 7.8 ± 2.9, the mean 
postoperative score was 19.1 ± 3.7 and the mean at the 
last follow-up s was 22 ± 3.9, achieving an improvement 
rate of 59.2% before and after surgery, a statistically sig-
nificant difference (P < 0.01).

Complications
In our study, a total of 19 patients developed one or 
more complications, representing 29.69% of the patients. 
According to the Glassman classification criteria [13], 

major postoperative complications include nerve dam-
age, vascular damage, and organ damage, and second-
ary complications included sensory impairment, motor 
impairment, hematoma, and incisional infection.

Four patients developed major complications after 
surgery, accounting for 6.25% of the patients. 2 patients 
presented with lower limb muscle weakness after surgery, 
one was a 58-year-old female who underwent L4-5 seg-
ment OLIF-ACR and developed right ankle muscle weak-
ness after surgery, (preoperative muscle strength grade 4, 
postoperative muscle strength grade 2) muscle strength 
recovered to grade 4 after 3 months of rehabilitation; The 
other case was a 49-year-old male who underwent L5-S1 
segmental ALIF-ACR and had lower extremity muscle 
weakness (preoperative grade 5, postoperative grade 1) 
which recovered to grade 3 after 9 months of rehabilita-
tion; two patients had vascular injuries, one underwent 
L4-5 segmental OLIF-ACR with intraoperative damage 
to the segmental artery and one underwent L4-5 OLIF-
ACR with an intraoperative partial tear of the common 
iliac artery which was repaired with silk sutures assisted 
by a vascular surgeon Repair.

There were 15 cases of secondary complications, 
accounting for 23.43% of the patients. 14 patients devel-
oped postoperative numbness in the inguinal region, 
anterior and lateral thighs, of which 11 recovered within 
1 month after surgery and 3 gradually recovered between 
3 and 6 months after surgery. 8 patients experienced left-
sided hip flexion weakness, all of which recovered within 
1 month after surgery. 11 patients developed temporary 
abdominal pain and bloating all of them recovered within 
1 week after surgery.

All patients had no screw breakage and cage shifting 
within six months, only 7 cases of endplate collapse, but 
it also meets the standard for bone fusion.

Case presentation
A 58-year-old woman with degenerative spinal deformi-
ties was indicated for anterior column reconstruction via 
a minimally invasive hybrid approach (Fig. 2). Figure 2a 

Table 2  Comparison of the preoperative and postoperative radiographic date
Preoperative Postoperative Final follow-up T/Z P dRM

LL (°) 16.7 ± 6.4 48.6 ± 10.7 47.1 ± 3.6 Z=-6.96 < 0.01 3.86

ALIF-IVA (°) 4.9 ± 2.5 22.7 ± 4.9 17.1 ± 3.6 T = 21.51 < 0.01 3.40

OLIF-IVA (°) 6.9 ± 3.1 18.8 ± 4.4 16.1 ± 3.3 T = 22.85 < 0.01 2.35

SVA (mm) 65.1 ± 10.1 29.5 ± 12.5 31.5 ± 14.3 Z = 6.95 < 0.01 -3.11
LL: lumbar lordosis; IVA: Intervertebral space angle of the surgical segment; SVA: sagittal vertical axis

Table 3  Comparison of the preoperative and postoperative clinical outcomes
Preoperative Postoperative Final follow-up T/Z P dRM

VAS 6.8 ± 1.6 2.1 ± 0.7 1.8 ± 0.8 Z = 6.98 < 0.01 -2.28

JOA 7.8 ± 2.9 19.1 ± 3.7 22.1 ± 3.9 Z=-6.97 < 0.01 5.68
VAS: visual analog scale
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and b are full-standing X-rays before operation. Preop-
erative SVA = 46  mm, PI = 56.3°, LL = 17.4°, Cobb (T12-
L3) = 22.8, | PI-LL |=42.9°. IVA (L2-3 = 5.8°; L3-4 = 8.3°; 
L4-5 = 12.0°; L5-S1 = 4. 2°)。Patients accepted L2-3 OLIF; 
L3-L5 OLIF-ACR; L5-S1 ALIF-ACR. Figure  2c, and 
Fig. 2d are full-standing X-rays after the operation. Post-
operative SVA = 4  mm, LL = 60.4°, Cobb (T12-L3) = 8.7°. 
IVA (L2-3 = 7.2°; L3-4 = 17.8°; L4-5 = 15.3°; L5-S1 = 25.4°).

Discussion
In this study, we combined OLIF and/or ALIF technol-
ogy with ACR. 64 patients underwent this surgical pro-
cedure. By comparing imaging and clinical parameters, 
it was found that the minimally invasive mixed approach 
has significant advantages in restoring sagittal balance for 
adult spinal deformities, while effectively reducing sur-
gical complications. And notably, due to the increase of 
contact area and the amount of bone grafting, the bone 
fusion rate reached 96.2% after 3 months.

ASD is a continuously progressive three-dimensional 
spinal deformity [14]. With the loss of lumbar lordosis 
as the disease progresses results in a forward shift of the 
patient’s trunk center of gravity and compensatory pel-
vic posterior rotation to maintain overall trunk balance, 
leaving the muscles of the low back in a state of chronic 
fatigue, resulting in intractable lower back pain and func-
tional impairment [15]. Therefore, it is crucial to restore 
sagittal balance in the treatment of ASD [16]. But, the 
traditional treatment modalities such as Smith-Petersen 
osteotomy or PSO osteotomy are effective in restoring 
sagittal balance, but osteotomy is prone to a variety of 
complications such as excessive blood loss, neurological 
deficits and pseudoarthrosis [17]. Meanwhile, degenera-
tive disease is often combined with spinal stenosis, The 

objective is to restore sagittal and coronal equilibrium 
while simultaneously decompressing the spinal canal and 
minimizing surgical complications [18].

In recent years, minimally invasive surgery has devel-
oped into an alternative method to avoid the complica-
tions of traditional open surgery, which can effectively 
reduce the incidence of complications related to the 
surgical approach and accelerate postoperative rehabili-
tation, and has become the development direction of sur-
gery [19]. ACR is a new alternative method to treat ASD. 
ACR technology includes lumbar discectomy, anterior 
longitudinal ligament (ALL) disconnection, and wedge-
shaped interbody fusion cage placement. If necessary, 
percutaneous, or open technology is used for posterior 
release and fixation to complete lumbar lordosis recon-
struction [20, 21]. A systematic review by Cheung ZB 
[22], showed that at each ACR level, the increased range 
of focal segmental lordosis was 1–34°, and the average 
improvement range of LL was 12.7–39°. In our study, the 
average sagittal correction angle of each ACR segment 
was 10.3°, lumbar lordosis increased from 16.7° to 77.1°, 
and SVA improved from 65.1 mm to 29.5 mm. All imag-
ing parameters were significantly improved, which was 
close to Cheung ZB.

ACR, as a minimally invasive alternative to osteotomy, 
achieved similar radiographic results as PSO and with 
significantly less estimated blood loss [23]. However, due 
to the release of anterior longitudinal ligament, there is 
a risk of injury to the autonomic nerve plexus, visceral 
organs, or large vessels. Although nerve injury may occur 
at any level, the femoral nerve injury rate is highest at 
the L4/5 level. It is important to distinguish between 
true motor weakness distributed along the femoral nerve 
and pain limiting weakness caused by hip flexion. The 

Fig. 2  (a, b) Preparative frontal and lateral view radiographs (c, d) Postoperative frontal and lateral view radiographs
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reported range of true motor weakness is 3.4–23.7%, the 
incidence of sensory abnormalities is 0.7–30%, and the 
reported range of numbness is 8.3–42.4% [24–26]. The 
commonly affected sensory nerves are the reproductive 
femoral nerve, the lateral femoral cutaneous nerve, and 
the anterior femoral cutaneous nerve. Most motor and 
sensory disorders are temporary and can be restored, 
with a recovery of 50% in 90 days and 90% in 1 year [27]. 
In this study, the incidence of complications was 29.69%, 
but most of them were secondary complications such 
as transient muscle weakness and abdominal distension 
(23.43%). Except for one case where muscle strength did 
not fully recover, the rest recovered within six months 
and no serious complications occurred.

ASD patients usually combined with lumbar spinal 
stenosis, intervertebral disc herniation and so on, nerve 
decompression is necessary during correction. Anterior 
approach interbody fusion is considered to be an effec-
tive treatment for degenerative disc disease (with or 
without neurological dysfunction) and lumbar spondy-
lolisthesis [28]. In this study, we first performed effective 
decompression of the spinal canal using ALIF or OLIF 
techniques before performing ACR surgery. The symp-
toms of patients have been improved to varying degrees, 
VAS and JOA scores were improved from 6.8 to 1.8 and 
7.8 to 22.1 respectively.

But OLIF and ALIF, as an indirect decompression 
technique, do not directly remove the posterior bony 
ligaments and hypertrophic ligaments, its decompres-
sion efficacy has been suspected. However, current meta-
analysis shows that indirect and direct decompression 
similarly effective in patients with lumbar spinal stenosis 
and instability. Meanwhile, Indirect decompression also 
has advantages such as surgical time and tissue damage 
[29]. But, ACR is different from simple indirect decom-
pression in that there is a possibility of accentuating 
foraminal or central stenosis during the expansion of the 
anterior column. Therefore, we advocate that all patients 
undergo anterior spinal canal decompression as much 
as possible, while avoiding excessive stretching of single 
segments, especially spinal canal stenosis caused by pos-
terior ligament hyperplasia. At the same time, distraction 
technique is necessary during the posterior instrument 
fixation, although there may be a loss of corrective effect. 
Additional posterior decompression is still clinically 
effective in patients with reduced stenosis but still with 
calf pain and a positive straight leg raise test or femoral 
nerve stretch test after lateral approach lumbar fusion 
[30].

For patients with a degenerative disease, We believe 
that posterior decompression is necessary in cases of 
lumbar stenosis of grade D in the Schizas [31] classifica-
tion, ligamentum flavum folding on MRI in overextension 
position, lumbar spondylolisthesis of degree II or greater 

and prolapsed lumbar disc herniation where effective 
disc removal is not possible anteriorly or laterally.

Study limitations
First, the study lacks long-term follow-up results. Second, 
all patients completed ACR technology based on spinal 
canal decompression and fusion, which has an impact on 
ACR correction ability. Third, the surgical procedure is 
performed within the abdominal cavity and require sur-
geons to understand the anatomical structure, which will 
have a long learning curve for spinal surgeon. Fourth, the 
study has not analysis the homogeneity of included cases, 
such as BMI, TK, osteoporosis, etc. Additionally, Imaging 
parameters were measured simultaneously by two dif-
ferent observers, inevitably results in systemic errors in 
manual measurements.

Conclusions
Our study confirms a minimally invasive hybrid access-
based ACR procedure with satisfactory clinical out-
comes. Although there are complications related to the 
surgical approach, such as such as vascular and anterior 
plexus injuries, but the surgical technique has significant 
advantages in restoring local intervertebral space angu-
lation and correcting the overall sagittal balance. It also 
has the advantages of minimal muscle damage, low risk 
of nerve injury, low bleeding, and rapid post-operative 
recovery. We are confident that the ACR via a minimally 
invasive hybrid approach is a safe and effective strategy 
for ASD.
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