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Abstract
Background

Recent studies have suggested the sagittal pro�les: SVA, PT, and PI-LL may be age dependent. However,
the clinical applications of the age-adjusted parameters remain inconclusive. This study aims to
investigate whether age-adjusted sagittal parameter is important for patients receiving short anterolateral
lumbar surgery since the recently increased adoption of this surgery.

Methods

Patients receiving ALIF and OLIF were prospectively collected. The severity of symptoms was measured
via the Health-related Quality of Life (HRQOL) score. After the operation, patients were divided into either
the “Su�cient group” or “Under group” in accordance with whether they achieved the three age-adjusted
parameters. Postoperative clinical outcomes were measured and compared to the pre-OP baselines
between the groups at one-year follow-up. Additionally, patients were strati�ed through the severity cut-off
value of each HRQOL score prior to surgery for subgroup analysis.

Results

All age-adjusted parameters and HRQOLs showed signi�cant improvement after receiving ALIF or OLIF.
The su�cient correction rate was 78%, 74%, and 70% in age-adjusted SVA, PT, and PI-LL, respectively. EQ-
5D and ODI demonstrated signi�cant improvements at one-year follow-up upon all patients. Su�cient
correction of age-adjusted SVA, PT, and PI-LL revealed better performance in EQ-5D, ODI, and VAS of pain
amongst patients with worse pre-OP disability. However, no difference in HRQOLs was observed despite
SVA, PT, and PI-LL being su�ciently corrected among the patients with moderate disability. ALIF offered
better improvement in EQ-5D compared to OLIF.

Conclusions

Both ALIF and OLIF can achieve satisfactory clinical results when targeting age-adjusted thresholds.
Patients with a worse disability status prior to surgery require su�cient rigorous correction in accordance
with age-adjusted targets to achieve better HRQOL.

Introduction
Spinal malalignment may accompany symptomatic complications, ranging from low back pain to
functional disability [1-5]. Mismatch of spinal parameters has been reported as being related to a worse
Health-related Quality of Life (HRQOL) [1-3, 6, 7]. Patients who require operative treatment for ASD have
suffered from worse spinal-pelvic parameters and clinical symptoms [3, 8, 9]. However, their HRQOL can
be signi�cantly improved after surgical correction.
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Disability in patients with ASD has been strongly related to deviation in sagittal alignment [8, 9]. Spinal-
pelvic alignment varies inconsistently with age and an increased compensation level over time [10]. Age-
adjusted sagittal alignment thresholds for the Sagittal Vertical Axis (SVA), Pelvic Tilt (PT) and Pelvic
Incidence minus Lumbar Lordosis (PI-LL) had been proposed based upon HRQOL in a multicenter
review [11]. Positively exceeding thresholds for spinal pro�les were correlated with moderate to severe
disability. The concept of an optimal correction goal involving the consideration of age in preoperative
(pre-OP) planning has been recently proposed. Scheer et al. reported that under-corrected age-adjusted
SVA offered a worse clinical outcome, with no signi�cant difference being observed between matched
and overcorrected SVA, as well as an increased potential risk for proximal junctional kyphosis (PJK).
Regarding both PT and PI-LL, there were no signi�cant differences in HRQOL amongst any correction
achievement [12, 13]. A Danish study found signi�cant change in Oswestry Disability Index (ODI) after
matching correction in the age-adjusted threshold for PI-LL and SVA groups [14].

Studies have shown a correlation between surgical failure and the severity of pre-OP malalignment.
Under-corrected patients require greater levels of lower body compensation to maintain postoperative
(post-OP) spinal balance [15]. However, those compensations may occur due to lack of a detailed pre-OP
assessment surrounding the patient’s disability condition and sagittal pro�les. Therefore, we assume that
patients with severe disability may require rigorous correction goals as compared to patients with
moderate disability.

There have been however, several treatment modalities for decompression and correction which have
been introduced, including the increasing adoption of the interbody fusion technique which is
implemented after failure of conservative strategies [16-18]. Anterolateral lumbar fusion, including
anterior lumbar interbody fusion (ALIF), direct lateral lumbar interbody fusion, and oblique lumbar
interbody fusion (OLIF) have all been proven to be effective in restoring lumbar lordosis, index disc height,
the central canal area, and foraminal area by inserting lordotic angular grafts during a minimally invasive
assessment [18, 19]. Moreover, the advantages which they offer over direct decompression procedures
have been established. The bene�t of decreased blood loss and the sparing of posterior musculature
destruction during surgery, along with post-OP pain being reduced, as well as shorter hospital stays for a
faster return to daily activities have all resulted in greater patient satisfaction. 

In this study, we aimed to investigate whether age-adjusted sagittal parameter is important for HRQOLs in
patients receiving short anterolateral lumbar surgery since the recently increased adoption of this surgery
after a full one-year follow-up. 

Methods

Study population
Patients receiving anterolateral lumbar short fusion, including ALIF and OLIF, for symptomatic lumbar
disorders from 2018 to 2021 were identi�ed as the study population from a tertiary medical center. The
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selection criteria for the patients were: (1) fusion levels less than 5 levels; (2) presence of symptomatic
low back pain or sciatica which were unresponsive to conservative treatment for more than 6 months (3)
spinal deformity de�ned as a Cobb angle >20˚, PT >25˚, or SVA >50mm (4) the pre-OP and post-OP
clinical imaging data and follow-up records being complete (5) complete HRQOL assessment at one-year
follow-up; (6) pre-OP HRQOL status should be met, including a Visual Analog Scale of Pain in Total
(VASP-Total) >4, The European Quality of life in 5-dimensional scale (EQ-5D) >9, and ODI >20%. Exclusion
criteria including: (1) Loss of follow-up; (2) Spinal deformity due to the presence of malignancy, and/or
neuromuscular disease etiology; (3) Patients without full-length lateral spine radiographs at pre-OP and
post-OP. 

Radiographic Assessment
Full-length lateral spine radiographs for the kyphosis series (36 inch) at pre-OP visits and the post-OP full
one-year follow-up period were analyzed by two well-trained doctors using validated Surgimap surgical
planning software (Nemaris Inc., New York, NY, United States) [20]. All radiographic measurements were
performed while positioned at a central location based upon standardized techniques, including the,
Lumbar Lordosis (LL, lordotic angle from the superior endplate of L1 to the superior endplate of S1),
Pelvic Incidence (PI), PI-LL, Pelvic Tilt (PT), Sacral Slope (SS), SVA, and Thoracic Kyphosis (TK) [5].

Outcome measurements
Standardized self-reported HRQOLs consisted of: (1) EQ-5D; (2) VASP measured in total (VASP-Total), in
Back (VASP-Back); and (3) ODI were obtained at pre-OP baseline and one-year follow-up. 

Subgroup analysis: the possible effect of pre-OP HRQOL
severity
In the subgroup analysis, patients were strati�ed by the severity cut-off value of each HRQOL score prior
to surgery, with EQ-5D ≥12, VASP ≥8, and ODI ≥60 considered as worse disabilities and will be stratify
into the severe symptom groups [21-24]. 

Surgical techniques

ALIF procedure
The ALIF was performed with the patient in the supine position. A longitudinal incision was performed for
appropriate spine level exposure. A blunt dissection for retroperitoneal exposure and securing of the
inferior epigastric, left common iliac vessels, and genitofemoral nerves was performed. The iliac vessels



Page 5/23

were then exposed and retracted laterally to reveal the �xation level. After x-ray positioning, the target
annulus �brosus was resected and intervertebral disc tissue scraped. Curettage and serial distractors
were used for e�cient disc removal and disc height evaluation. A bone graft was prepared with an
allograft or Actifuse. An Implant cage (TM-400 or the Depuy Synthes Syncage system) was inserted
under su�cient exposure. Position of the implant was con�rmed through x-ray �uoroscopy. The wound
was then closed, and adequate hemostasis was performed. 

OLIF procedure
The OLIF was performed with the patient positioned in the right-lateral position (Figure 1). A longitudinal
incision on the front line of the iliac crest was made for appropriate spine level exposure before the psoas
muscle was gently retracted posteriorly. After x-ray positioning, the target annulus �brosus was resected
and intervertebral disc tissue scraped. Serial trial was applied for optimal cage size. Endplate damage
was avoided during the procedure. The Implant cage (Medtronic CLYDESDALE spine system) was
inserted under su�cient exposure (Figure 2). Position of the implant was con�rmed by x-ray �uoroscopy
(Figure 3). The wound was then closed, and adequate hemostasis performed. 

Patient Age-Adjustment Grouping
Age-speci�c sagittal parameters were calculated according to a previously published formula by Lafage
et al. (Figure 4) [11]. After the operation, patients were divided into either the “Su�cient group” or “Under
group” in accordance with the achievement or under treatment of the three age-adjusted parameters: SVA,
PT, and PI-LL (Figure 5). Post-OP clinical outcomes were measured and compared to the pre-OP baseline
between groups at one-year follow-up.

Statistical Analysis
Demographics factors and clinical data, including age, body mass index (BMI), gender, operation
technique, and length of postoperative hospital stay were recorded. Normality of data was determined via
the Shapiro-Wilk test. Continuous variables were described with the mean and standard deviation. Intra-
group HRQOL means analyses were conducted via one-way analysis of variance (ANOVA), Kruskall-Wallis
test, or Mann-Whitney u test according to appropriate models. Statistical analyses were two-sided and P
<0.05 was considered statistically significant. All statistical analyses were performed using SPSS version
24 (IBM, Armonk, New York, USA).

Results

Patient Population Demographics



Page 6/23

We enrolled 50 patients at 72 levels with patients receiving anterolateral LIFs for symptomatic lumbar
disorders in the baseline and post-OP analysis (Table 1). The mean age of the patients was 59.5±13
years. Amongst the patients, 29 (58%) patients were female and 30 (60%) of them received ALIF. The
mean BMI was 25.9±3 kg/m2, and post-OP hospital stay was 7.9±2.9 days. Most of the patients were
diagnosed with spondylolisthesis (64%) and spondylosis (34%). Most of the patients received single-level
LIF (70%), targeting L5-S1 in ALIF and L4-5 in OLIF, respectively. All patients were successfully discharged
after the hospital course and followed up for a full one year after the operation. No patient received
revision spinal surgery during one-year follow-up. There was no spinal nerve, major vessel, peritoneal, or
urinary injury experienced after the operation.

Spinal-pelvic Parameters Analysis and HRQOL Analysis
amongst All Patients
The comparison of radiographic sagittal parameters and HRQOL between pre-OP and one-year were
made (Table 2). Sagittal parameters including LL, PI-LL, and SVA reached statistical improvement. All
HRQOLs were statistically improved. The mean of SVA decreased from 60.3±41.9 (pre-OP) to 32.5±35
(one-year) mm; PT decreased from 18.8°±9.2° to 18.3°±13.2°; and PI-LL decreased from 12.5°±17.6° to
8.3°±14.8°. The EQ-5D score decreased from 11.6±1.1 to 7.3±2.3; ODI score decreased from 53.9±12.7%
to 26.5±16.9%; VASP-Total decreased from 8.2±1.4 to 2.5±1.9; and the VASP-Back decreased from
7.7±2.5 to 2.6±2.1 (p <0.01 for all). 

Comparison of outcomes between the ALIF and OLIF  
The baseline demographics and surgical outcomes were compared between ALIF and OLIF at one-year
follow up and are displayed in Table 3. The ALIF group experienced better outcomes in EQ-5D (ALIF vs
OLIF: 6.8±2.2 vs 8.1±2.2, p =0.04) at one-year follow-up. No statistical signi�cance was reached in
sagittal alignment parameters, ODI, VASP-Total, or VASP-Back. 

Outcomes after achieving of age-adjusted thresholds
Patients achieving age-adjusted thresholds were 39 (78%), 37 (74%), and 35 (70%) in SVA, PT, and PI-LL
amongst the 50 patients, respectively (Table 4). Statistical differences were found in EQ-5D after
su�ciently corrected SVA and PT by targeting their age-adjusted threshold. The ODI was statistically
different only by achieving the age-adjusted SVA threshold. 

In the subgroup analysis considering the effect of severity of the symptoms prior to the surgery, there
were 76%, 68%, 74%, and 78% patients suffering from worse disability of EQ-5D, ODI, VASP-Total and
VASP-Back prior to the operation. Amongst patients with a worse disability, su�cient correction of age-
adjusted SVA, PT, and PI-LL showed statistically better outcomes in EQ-5D, ODI, VASP-Total and VASP-
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Back as compared to the Under group (Table 5). Although the EQ-5D and VASP-Total was better in PI-LL
and PT group after su�cient correction, no statistical signi�cance was reached. Contrarily, su�cient
correction of age-adjusted SVA, PT, and PI-LL in the moderately disabled group presented a general
improvement trend of HRQOLs without reaching statistically signi�cant differences (Table 6).

Discussion
In the current study, we found improvements of EQ-5D and ODI after su�cient correction targeting age-
adjusted SVA and PT amongst patients receiving short anterolateral LIFs for symptomatic lumbar
disorders at one-year follow-up. Moreover, subgroup analysis by stratifying patients with pre-OP HRQOL
status demonstrated a worse pre-OP HRQOL score could have their condition signi�cantly improved
whilst being su�ciently corrected in accordance with age-adjusted thresholds of SVA, PT, and PI-LL. We
have also proved the e�cacy of short anterolateral lumbar fusion with posterior instrumentation,
including the ALIF and OLIF techniques, by improving the HRQOL for those in the study cohort at full one-
year follow up. The ALIF group showed better EQ-5D at one-year follow up than the OLIF group. According
to our knowledge, this is the �rst study reporting the surgical outcomes of short anterolateral LIFs
targeting age-adjusted thresholds.

Previous studies had demonstrated the clinical e�cacy of anterior lumbar fusion. Patients receiving ALIF
experienced an 86% successful clinical outcome and an overall 94% fusion rate after two-year follow
up [25]. Despite the great heterogeneity between the radiographic outcomes which resulted from the
studies, the consensus that ALIF surgery offers satisfactory functional improvements in disability, pain,
and daily health has been established for years [26]. As for OLIF, signi�cant improvement in HRQOL with
marked advantages such as shorter surgery times, decreased intraoperative blood loss, and improved
post-OP pain relief when compared to traditional posterior lumbar fusion techniques have been reported.
These merits are in accordance with our surgical outcomes. Expectedly, both sagittal parameters and
HRQOL offered signi�cant improvement at one-year after surgery in the current study (Table 2), implying
that both ALIF and OLIF successfully mitigated the clinical symptoms. By comparing ALIF to OLIF, no
radiographic or HRQOLs results were signi�cantly different, except for EQ-5D in the ALIF group (Table 3). 

Sagittal radiographic parameters such as SVA, PT, and PI-LL mismatch are considered the key factors
which impact disability and are modi�ed in accordance with age [11]. However, surgical principles
regarding these thresholds remain controversial for their clinical application. Scheer et al. reported that
under-corrected age-adjusted SVA offered a worse clinical outcome, with no signi�cant difference being
observed between matched and overcorrected SVA, as well as an increased potential risk for proximal
junctional kyphosis (PJK). Regarding both PT and PI-LL, there were no signi�cant differences in HRQOL
amongst any correction achievement [12, 13]. A Danish study found signi�cant change in ODI after
matching correction in the age-adjusted threshold for PI-LL and SVA groups [14]. They suggested that the
age appropriate SVA target prior to surgery will be the most crucial implication for future practice. In our
study, we found a similar trend of improvement of EQ-5D, ODI, VASP in total and back by stratifying them
in accordance with the achievement of age-adjusted thresholds, including SVA and PT. The preliminary
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result for HRQOL outcomes targeting age-adjusted threshold in the current study (Table 4) is in line with
previous conclusions. However, this result was di�cult to apply in the clinical practice since SVA was
di�cult to be managed and monitored intraoperatively. Some studies challenged the overemphasize of
the SVA as being the most important quality-of-life parameter. They consider that SVA should only be
used to compare the balance situation of a patient over time, or before and after surgical treatment, not
between a series of patients due to the diversity of their pelvic incidence angles [5]. Additionally, not until
the compensating mechanisms of PT and PI-LL have been exhausted that the SVA will become clinically
imbalanced [14]. Intervention timing prior to complete compensation of SVA may provide more
opportunity for rescuing the spinal alignment [27, 28]. Hence, the role of age-adjusted PT and PI-LL
requires further evaluation regarding their involvement in this compensation mechanism and ideal target. 

On the other hand, we believe patients with different baseline symptoms may require alternative
correction principles. By stratifying our patients in accordance with the pre-OP severity of symptoms,
patients with a worse disability before surgery experienced better HRQOLs once they were su�ciently
corrected through targeting of the age-adjusted threshold (Table 5). However, it may remain unnecessary
for patients with moderate symptoms to target the age-ideal threshold since no signi�cance was reached
between the correction group (Table 6). In addition, PI-LL can be monitored and manipulated
intraoperatively, since PI is commonly used to de�ne spinopelvic morphotypes due to its constancy. By
adjusting LL during intraoperative imaging, we will be able to correct PI-LL mismatch during operation.
The correlation of PI-LL mismatch measurement between the intraoperative lumbar X-ray and post-OP
standing full spine X-ray has been assessed and adjusted, respectively. [28] We consider the consistently
baseline sagittal malalignment may be related to a worse baseline symptomatic condition. Patient-
speci�c thresholds mitigate failure risk by individualizing the surgical goal. Moreover, compensatory
recruitment such as posterior pelvic shift, knee �exion, and thoracic hypokyphosis were unable to regain
age-ideal curvature after under-correction of SVA, PT, and PI-LL mismatch [15]. The loss of �exibility and
consistently larger baseline sagittal malalignment explains the reason for under-correction. 

The limitations of the study are worth discussing. Firstly, the small sample size and short follow-up for
only one-year may inevitably affect the outcomes. However, the result of this study has proven the
e�cacy of short segments anterolateral LIFs in sagittal alignment and HRQOLs. Secondly, covariate
analysis was unable to be controlled since baseline comorbidities were not included in our analysis.
Finally, short segments LIFs may provide insu�cient contribution to the sagittal alignment. Moreover, the
surgical indication for L5-S1 LIF was con�ned only to the ALIF procedures. Nevertheless, we have
provided preliminary ideas for intraoperative age-adjusted alignment targets for anterolateral lumbar
fusion, and a further monitoring method will be conducted in a prospective design setting.

Conclusion
Short anterolateral LIFs, including ALIF and OLIF, can achieve satisfactory clinical results targeting age-
adjusted thresholds for symptomatic lumbar disorders patients, including SVA, PT, and PI-LL. Amongst
those patients with a worse disability prior to surgery, a rigorous su�cient correction may be required in
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accordance with age-adjusted targets to achieve better HRQOL. With due attention paid to intra-OP
manipulation for age-adjusted targets, adequate methods should continue to be studied in the future.
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Table 1
Demographic data of the study population strati�ed by lumbar interbody fusion types

  ALIF   OLIF   Overall   P value

Patient number 30   20   50    

Age 56.5 ± 15   64.2 ± 7.2   59.5 ± 13   0.11

BMI 25.5 ± 2.7   26.6 ± 3.4   25.9 ± 3   0.26

Gender              

Female 18 (60%)   11 (55%)   29 (58%)   0.66

Male 12 (40%)   9 (45%)   21 (42%)  

Hospital stays 8 ± 3.1   7.9 ± 2.6   7.9 ± 2.9   0.65

Pre-OP diagnosis              

Spondylolisthesis 18 (60%)   14 (70%)   32 (64%)   0.74

Spondylosis 12 (40%)   5 (25%)   17 (34%)  

Infection 0 (0%)   1 (5%)   1 (2%)  

Index fusion level              

L2-L3 1 (2.2%)   2 (7.4%)   3 (41.2%)   0.08

L3-L4 6 (13.3%)   11 (40.7%)   17 (23.6%)  

L4-L5 15 (33.3%)   14 (51.9%)   29 (40.3%)  

L5-S1 23 (51.1%)   0 (0%)   23 (31.9%)  

Total fusion levels 45   27   72    

Fusion level (per person)              

1 20 (66.7%)   15 (75%)   35 (70%)   0.41

2 6 (20%)   3 (15%)   9 (18%)  

3 3(10%)   2 (10%)   6 (12%)  

4 1 (3.3%)   0   0  

Continuous data are expressed as mean ± SD. Categorical data were expressed number and
percentage. *p < 0.05, **p < 0.01: consider statistically signi�cant between ALIF and OLIF. BMI: Body
Mass Index; Pre-OP: pre-operative.
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Table 2
Comparison of sagittal alignments and HRQOLs between one-year follow-up and pre-OP baseline

Parameters Pre-OP 1Y Pair-T value P value

LL 41.2 ± 18.9 45.3 ± 17.4 1.9 0.04*

PI 52.2 ± 13.2 52.2 ± 13.8 0.1 0.96

PI-LL 12.5 ± 17.6 8.3 ± 14.8 -2.0 0.03*

PT 18.8 ± 9.2 18.3 ± 13.2 -0.4 0.68

SS 33.3 ± 10.5 33.9 ± 13.6 0.4 0.69

SVA 60.3 ± 41.9 32.5 ± 35 -3.9 < 0.01**

TK 18.8 ± 12.6 21.2 ± 9.8 1.7 0.09

EQ-5D 11.6 ± 1.1 7.3 ± 2.3 -14.0 < 0.01**

ODI (%) 53.9 ± 12.7 26.5 ± 16.9 -12.6 < 0.01**

VASP-Total 8.2 ± 1.4 2.5 ± 1.9 -13.5 < 0.01**

VASP-Back 7.7 ± 2.5 2.6 ± 2.1 -19.1 < 0.01**

Continuous data are expressed as mean ± SD. Categorical data were expressed number and
percentage. *p < 0.05, **p < 0.01: consider statistically signi�cant for Paired Sample t-test. LL: Lumbar
Lordosis; PI: Pelvic Incidence; PI-LL: Pelvic Incidence minus Lumbar Lordosis; PT: Pelvic Tilt; SS:
Sacral Slope; SVA: Sagittal Vertical Axis; TK: Thoracic Kyphosis; EQ-5D: European Quality of life in 5-
dimensional scale; ODI: Oswestry Disability Index; VASP-Total: Visual Analog Scale of Pain in Total;
VASP-Back: Visual Analog Scale of Pain in back.
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Table 3
Comparison of sagittal alignments and HRQOLs between ALIF and OLIF at one-year follow-up

Parameters ALIF OLIF P value

N 30 20  

LL 44.6 ± 19.5 41.5 ± 13.8 0.39

PI 53.5 ± 13.2 50.2 ± 13.3 0.39

PI-LL 9 ± 15.9 7.2 ± 13.4 0.74

PT 19.6 ± 9.1 17.6 ± 9.6 0.36

SS 33.9 ± 12.1 32.5 ± 7.7 0.49

SVA 31.2 ± 35.7 34.5 ± 34.7 0.66

TK 21.4 ± 10.7 20.9 ± 8.6 0.87

EQ-5D 6.8 ± 2.2 8.1 ± 2.2 0.04*

ODI (%) 23.3 ± 17.9 31.1 ± 14.3 0.08

VASP-Total 2.5 ± 1.9 2.5 ± 2 0.99

VASP-Back 2.6 ± 2.2 2.5 ± 2 0.87

Continuous data are expressed as mean ± SD. *p < 0.05, **p < 0.01: consider statistically signi�cant
for comparison of ALIF and OLIF. LL: Lumbar Lordosis; PI: Pelvic Incidence; PI-LL: Pelvic Incidence
minus Lumbar Lordosis; PT: Pelvic Tilt; SS: Sacral Slope; SVA: Sagittal Vertical Axis; TK: Thoracic
Kyphosis; EQ-5D: European Quality of life in 5-dimensional scale; ODI: Oswestry Disability Index;
VASP-Total: Visual Analog Scale of Pain in Total; VASP-Back: Visual Analog Scale of Pain in back.
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Table 4
One-year HRQOLs for all patients targeting age-adjusted thresholds

  N EQ-5D ODI (%) VASP-Total VASP-Back

SVA

Under 11 8.6 ± 1.5 39 ± 15.8 3.5 ± 1.7 4.4 ± 1.3

Su�cient 39 6.4 ± 2.3 22.9 ± 17.1 1.8 ± 1.9 1.7 ± 1.9

p   0.04* < 0.01** 0.24 0.05

PT

Under 13 8.2 ± 1.6 37.7 ± 16.5 3.7 ± 2.2 3.4 ± 1.9

Su�cient 37 6.5 ± 2.3 22.6 ± 16.9 2 ± 2 2 ± 2.1

p   0.02* 0.12 0.68 0.34

PI-LL

Under 15 7.7 ± 1.9 33.7 ± 18.8 3.3 ± 2.3 3.1 ± 2.3

Su�cient 35 6.6 ± 2.4 24.7 ± 17.2 2.4 ± 2.1 2 ± 1.9

p   0.15 0.17 0.71 0.09

Continuous data are expressed as mean ± SD. *p < 0.05, **p < 0.01: consider statistically signi�cant.
EQ-5D: European Quality of life in 5-dimensional scale; ODI: Oswestry Disability Index; VASP-Total:
Visual Analog Scale of Pain in Total; VASP-Back: Visual Analog Scale of Pain in back.
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Table 5
One-year HRQOLs for patients being Under-, or Su�cient-corrected targeting age-adjusted thresholds with

severe pre-OP disability

  N EQ-5D N ODI (%) N VASP-Total N VASP-Back

SVA

Under 15 8.9 ± 1.4 12 35.6 ± 13.2 14 3.5 ± 1.6 16 4.3 ± 1.4

Su�cient 23 6.8 ± 2.5 22 25.8 ± 15.3 23 2 ± 1.8 23 2.1 ± 1.8

p   0.01*   0.04*   0.02*   < 0.01**

PT

Under 16 8.6 ± 1.6 13 36.6 ± 12.5 16 2.9 ± 1.6 16 4.1 ± 1.3

Su�cient 22 7 ± 2.6 21 24.7 ± 15.1 21 2.2 ± 2.1 23 2.3 ± 2

p   0.04*   0.02*   0.28   0.01*

PI-LL

Under 13 8.4 ± 1.9 11 39 ± 13.2 13 3.5 ± 1.6 14 4.4 ± 1.3

Su�cient 25 7.3 ± 2.5 23 24.5 ± 13.9 24 2 ± 1.9 25 2.2 ± 1.8

p   0.19   0.01*   0.03*   < 0.01**

Continuous data are expressed as mean ± SD. *p < 0.05, **p < 0.01: consider statistically signi�cant.
EQ-5D: European Quality of life in 5-dimensional scale; ODI: Oswestry Disability Index; VASP-Total:
Visual Analog Scale of Pain in Total; VASP-Back: Visual Analog Scale of Pain in back.
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Table 6
One-year HRQOLs for patients being Under-, or Su�cient-corrected targeting age-adjusted thresholds with

moderate pre-OP disability

  N EQ-5D N ODI (%) N VASP-Total N VASP-Back

SVA

Under 2 6 ± 0 5 23.1 ± 12.5 3 3.7 ± 1.2 1 1 ± 0

Su�cient 10 6.3 ± 1.8 11 13.5 ± 14.2 10 1.8 ± 2.1 10 1.4 ± 2.1

p   0.65   0.06   0.16   0.73

PT

Under 3 6.7 ± 1.2 6 20.4 ± 13 3 3.7 ± 1.2 3 0.3 ± 0.6

Su�cient 9 6.1 ± 1.8 10 14.2 ± 14.7 10 1.8 ± 2.1 8 1.8 ± 2.2

p   0.24   0.15   0.16   0.37

PI-LL

Under 4 6.8 ± 1.5 6 17.4 ± 15 4 2 ± 2.4 3 1.9 ± 2.1

Su�cient 8 6 ± 1.7 10 16 ± 14.2 9 2.3 ± 2 8 0 ± 0

p   0.32   0.74   0.81   0.09

Continuous data are expressed as mean ± SD. *p < 0.05, **p < 0.01: consider statistically signi�cant.
EQ-5D: European Quality of life in 5-dimensional scale; ODI: Oswestry Disability Index; VASP-Total:
Visual Analog Scale of Pain in Total; VASP-Back: Visual Analog Scale of Pain in back.
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Figure 1

In the OLIF procedure, patient was positioned in the right-lateral position before the incision marker was
made
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Figure 2

The implant cage was inserted under su�cient exposure. Arrow (→), the implant cage (Medtronic
CLYDESDALE spine system)
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Figure 3

Position of the implant was con�rmed by x-ray �uoroscopy after insertion. Arrow (→), implant cages in
position
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Figure 4

Age-adjusted formulas for PI-LL, PT and SVA
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Figure 5

Demonstration for patients categorized as the “Under” or “Su�cient” group. Measurements were
conducted using validated Surgimap surgical planning software (Nemaris Inc., New York, NY, United
States) [20]


