
Despite considerable advances in surgical techniques and 
instrumentation, nonunion at L5–S1 remains a significant 
challenge for spine surgeons due to poor bone quality of 
the sacrum, the complex regional anatomy, substantial 
biomechanical forces at the lumbosacral (LS) junction, 
and large cantilever effect of the long construct.1,2) To pre-
vent LS pseudarthrosis and fixation failure, several surgical 
strategies, including spinopelvic fixation (SPF) including 
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Background: The lumbosacral (LS) junction has a higher nonunion rate than other lumbar segments, especially in long-level fu-
sion. Nonunion at L5–S1 would result in low back pain, spinal imbalance, and poor surgical outcomes. Although anterior column 
support at L5–S1 has been recommended to prevent nonunion in long-level LS fusion, fusion length requiring additional spinopelvic 
fixation (SPF) in LS fusion with anterior column support at L5–S1 has not been evaluated thoroughly. This study aimed to determine 
the number of fused levels requiring SPF in LS fusion with anterior column support at L5–S1 by assessing the interbody fusion sta-
tus using computed tomography (CT) depending on the fusion length.
Methods: Patients who underwent instrumented LS fusion with L5–S1 interbody fusion without additional augmentation and CT 
> 1 year postoperatively were included. The fusion rates were assessed based on the number of fused segments. Patients were 
divided into two groups depending on the L5–S1 interbody fusion status: those with union vs. those with nonunion. Binary logistic 
regression analyses were performed to identify risk factors for LS junctional nonunion. 
Results: Fusion rates of L5–S1 interbody fusion were 94.9%, 90.3%, 80.0%, 50.0%, 52.6%, and 43.5% for fusion of 1, 2, 3, 4, 5, and 
≥ 6 levels, respectively. The number of spinal levels fused ≥ 4 (p < 0.001), low preoperative bone mineral density (BMD; adjusted odds 
ratio [aOR], 0.667; p = 0.035), and postoperative pelvic incidence (PI) – lumbar lordosis (LL) mismatch (aOR, 1.034; p = 0.040) were iden-
tified as significant risk factors for nonunion of L5–S1 interbody fusion according to the multivariate logistic regression analysis. 
Conclusions: Exhibiting ≥ 4 fused spinal levels, low preoperative BMD, and large postoperative PI–LL mismatch were identified 
as independent risk factors for nonunion of anterior column support at L5–S1 in LS fusion without additional fixation. Therefore, 
SPF should be considered in LS fusion extending to or above L2 to prevent LS junctional nonunion.
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iliac screw (IS) and S2–alar–IS (S2AIS), multiple sacral 
screws, four-rod technique, and anterior column support, 
have been recommended, especially for long-level fusion 
including the LS junction.2-5) The risk for nonunion and 
fixation failure at the LS junction is generally believed to 
increase as the number of fused levels increases.2,5,6)

Despite several studies investigating the fusion 
length requiring SPF, definite indications have yet to be 
established. While some authors have suggested that in-
strumented LS fusion extending to or above L2 requires 
additional stronger fixation,5,7) others have proposed it in 
cases of fusion extending to L3.8) Lee et al.5) reported that 
the nonunion rate at the LS junction increased significant-
ly for > 3 levels by evaluating fusion status in instrumented 
fusion with and without anterior column support using 
plain radiography.

To assess fusion status, plain radiography relies on 
segmental motion, progression of deformity, and fixation 
failure, including rod or screw breakage, screw loosening, 
screw pullout, or rod dislodgement, rather than bony fu-
sion itself.9,10) Moreover, it is difficult to clearly determine 
interbody fusion status inside the disc space using only 
plain radiography.11) Hence, there may have been patients 
who had pseudarthrosis before the occurrence of fixation 
failure at the time of evaluation in previous studies. Mean-
while, computed tomography (CT) is a more sophisticated 
and sensitive modality than plain radiography in assessing 
fusion.12) 

To the best of our knowledge, no previous study has 
evaluated the fusion length necessitating additional fixa-
tion among patients with instrumented LS fusion with 
anterior column support at L5–S1. Therefore, this study 
aimed to determine the number of fused levels requiring 
SPF by evaluating interbody fusion status at the LS junc-
tion using CT depending on fusion length in patients who 
underwent LS fusion without additional stronger fixation. 
We also aimed to analyze several factors that likely affect 
L5–S1 interbody fusion, including bone quality, spinal 
alignment, and quantified status of the paraspinal muscles.

METHODS
Study Patients 
This retrospective study was approved by the Institutional 
Review Board of the hospital (No. K2022-0948-001). Due 
to the retrospective design of the study and the use of 
anonymized patient data, requirements for informed con-
sent were waived. The medical records of all consecutive 
patients, who underwent instrumented fusion including 
interbody fusion at L5–S1 without any additional aug-

mentation, such as IS and S2AIS, between February 2011 
and October 2021 at a single institution, were reviewed. 
Patients who were followed up for ≥ 12 months and un-
derwent an LS CT scan ≥ 1 year postoperatively were in-
cluded. Individuals who underwent surgery for trauma or 
spinal infection, those with postoperative development of 
surgical site infection, those with ankylosing spondylitis, 
and those with incomplete medical record documentation 
were excluded. Moreover, patients with high-grade spon-
dylolisthesis, slippage of the vertebral body (VB) relative 
to the adjacent caudal VB > 50% (Meyerding grade III to 
V), were also excluded because it differs from other lum-
bar degenerative diseases (LDD) in terms of pathology, 
exceptional mechanical forces, and surgical planning.13,14) 
Included patients were divided into two groups: those with 
union and those with nonunion at L5–S1. 

Patients were treated for various LDD, including 
spinal stenosis without spondylolisthesis, spondylolisthe-
sis (degenerative or spondylolytic) with central and/or 
foraminal stenosis, adult spinal deformity, and posterior 
spinal surgery syndrome after previous lumbar surgeries 
not involving fusion at L5–S1. All patients underwent an-
terior lumbar interbody fusion (ALIF) or posterior lumbar 
interbody fusion (PLIF) at L5–S1. Polyetheretherketone 
cages filled with allogenic cancellous bone and demineral-
ized bone matrix for ALIF or autologous local bone plus 
demineralized bone matrix for PLIF were inserted. All 
fused segments were instrumented using pedicle screws.

Data Collection 
Data regarding patient demographics (sex, age, height, 
body weight, and body mass index), preoperative bone 
mineral density (BMD), current smoking status, comor-
bidities (diabetes mellitus, hypertension, and liver disease), 
degree of atrophy and fat infiltration of the paraspinal 
muscles, preoperative diagnosis, number of levels fused, 
and radiological parameters were collected. Regarding 
the number of levels fused, patients were classified into 
6 categories, from those with 1-level fusion to those with 
≥ 6-level fusion. Radiological parameters included pelvic 
incidence (PI), lumbar lordosis (LL), PI–LL mismatch, 
pelvic tilt (PT), sacral slope (SS), and sagittal vertical axis 
(SVA) using standing neutral plain radiographs obtained 
preoperatively and immediate postoperatively. Regarding 
the immediate postoperative radiological parameters, we 
assessed the postoperative 2- to 4-week radiographs to 
exclude the effect of the postoperative pain or decline of 
general condition right after the operation on the sagittal 
balance. Suboptimal SVA was defined as ≥ 4 cm.15) 
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Evaluation of Fusion Status and the Paraspinal Muscles
The L5–S1 interbody fusion status was classified into a 
4-grade system using LS CT performed at a minimum 
of 1 year postoperatively as follows: grade 1, fusion with 
complete remodeling and trabeculae across the disc space; 
grade 2, intact graft partially remodeled and incorporated 
without lucent lines; grade 3, intact graft with a definite 
lucent line between the graft and adjacent endplates; and 
grade 4, absence of fusion with resorption of the graft 
material (Fig. 1).16) Grades 1 and 2 were defined as bone 
union and grades 3 and 4 as nonunion. 

To evaluate the degree of atrophy and fat infiltration 
of the paraspinal muscles, axial T2-weighted magnetic 
resonance images (MRI) at the lower endplate of L3 were 
analyzed using a Picture Archiving and Communication 
System (Infinitt). After establishing the region of interest 
(ROI) by outlining the boundary of the paraspinal muscles 
(multifidus and erector spinae), the cross-sectional area 
(CSA) and signal intensity (SI) of the paraspinal muscles 
were measured to assess muscle atrophy and fat infiltra-
tion, respectively.17) To minimize the bias caused by differ-

ences in individual physiques, the relative CSA was mea-
sured by dividing the CSA of the paraspinal muscles by 
that of the VB at the same level.18) The SI of the fatty streak 
within the ROI was measured using a histogram, and the 
mean SI value was extracted. To minimize bias depending 
on the individual, relative fat infiltration was determined by 
dividing the mean SI of the paraspinal muscles by that of the 
subcutaneous fat and then multiplying by 100 (Fig. 2).17) 

Statistical Analysis
A comparative analysis was performed to identify any sta-
tistical differences between patients with union and those 
with nonunion at L5–S1 using Student t-test (mean ± stan-
dard deviation) or the Mann-Whitney test (median, inter-
quartile range) for continuous variables and chi-square test 
or the Fisher’s exact test for categorical variables. Univari-
ate analyses were performed for all variables using binary 
logistic regression analysis. A multivariate binary logistic 
regression analysis was performed to identify independent 
risk factors for L5–S1 nonunion using variables with p < 
0.2 according to univariate analysis. We used a stepwise 

Fig. 1. Four-grade system for interbody fusion status using computed tomography scan: grade 1, complete remodeling with trabeculae across the disc 
space; grade 2, intact graft without lucent lines between endplates and the graft; grade 3, intact graft with a lucent line between endplates and the 
graft; and grade 4, absence of fusion with resorption of the graft material.

Fig. 2. Assessment of the degree of atrophy and fat infiltration of the paraspinal muscles by establishing the region of interest. (A) Measurement of the 
relative cross-sectional area (CSA) by dividing the CSA of the paraspinal muscles (dotted line) by that of the vertebral body (solid line). (B) Measurement 
of the mean signal intensity (SI) of the paraspinal muscles (dotted line) using a histogram. (C) Measurement of the mean SI of the subcutaneous fat 
(dotted line).
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method and applied an entry condition of p < 0.05 and 
a removal condition of p > 0.1; the final model included 
only statically significant variables (i.e., those with p < 
0.05). The adjusted odds ratios (aOR) and corresponding 
95% confidence intervals (CI) were calculated. Statistical 
significance was set at p < 0.05. All statistical analyses were 
performed using IBM SPSS ver. 25.0 (IBM Corp.). 

RESULTS
Baseline Characteristics and Fusion Rates 
A total of 222 consecutive patients who underwent instru-
mented fusion surgeries including L5–S1 interbody fusion 
without SPF and were followed up for ≥ 12 months were 
identified. Patients who underwent surgery for trauma (n 
= 1) or spinal infection (n = 6), those who experienced 

surgical site infection postoperatively (n = 5), and those 
with ankylosing spondylitis (n = 1), high-grade spondylo-
listhesis (n = 2), and incomplete documentation (n = 32) 
were excluded, leaving 175 patients (130 women; mean 
age, 69.7 ± 8.9 years) (Fig. 3). Preoperative diagnoses in-
cluded the following: lumbar spinal stenosis without spon-
dylolisthesis (n = 89); degenerative spondylolisthesis (n = 
50); spondylolytic spondylolisthesis (n = 37); adult spinal 
deformity (n = 29), and posterior spinal surgery syndrome 
after previous lumbar surgery without fusion at L5–S1 (n 
= 30). Some of the patients had multiple preoperative di-
agnoses. 

The overall incidence of nonunion at L5–S1 was 

Table 1. Fusion Rates of Interbody Fusion at L5–S1 According to 
the Number of Levels Fused

Number of  
levels fused 

Number of patients Fusion  
rate (%)Union Nonunion

1 37 2 94.9 

2 56  6 90.3

3 16  4 80.0

4  6  6 50.0

5 10  9 52.6

≥ 6 10 13 43.5

Total 135 40 77.1

Table 2. Comparison of Baseline Characteristics between Patients 
with Union and Nonunion at L5–S1 

Variable Union
(n = 135)

Nonunion
(n = 40)

p- 
value

Age (yr) 69 ± 9 72 ± 8 0.160* 

Sex 0.906†

   Female 100 (74.1) 30 (75.0)

   Male  35 (25.9) 10 (25.0)

Height (cm) 1.56 (1.49–1.60) 1.54 (1.48–1.60) 0.596‡

Body weight (kg) 59.4 (51.9–67.9) 60.0 (54.6–73.7) 0.414‡

BMI (kg/m2) 25.2 (22.2–27.4) 26.0 (23.5–28.1) 0.214‡

BMD (T-score) –1.5 ± 1.3 –2.0 ± 1.1  0.023*,ΙΙ

Comorbidity

   Diabetes 50 (37.0) 10 (25.0) 0.159†

   Hypertension 91 (67.4) 24 (60.0) 0.386†

   Liver disease 1 (0.7) 2 (5.0) 0.131§

Current smoking 17 (12.6)  8 (20.0) 0.240†

Number of levels fused < 0.001†,ΙΙ

   1 37 (27.4) 2 (5.0)

   2 56 (41.5)  6 (15.0)

   3 16 (11.9)  4 (10.0)

   4 6 (4.4)  6 (15.0)

   5 10 (7.4)  9 (22.5)

   ≥ 6 10 (7.4) 13 (32.5)

Values are presented as mean ± standard deviation, number (%), or median 
(interquartile range).
BMI: body mass index, BMD: bone mineral density.
*Student t-test. †Chi-square test. ‡Mann-Whitney test. §Fisher’s exact 
test. ΙΙStatistically significant (p < 0.05).

47 Exclusion criteria
1 Trauma
6 Surgery for infection
5 SSI
1 AS
2 HGS

32 Incomplete record

222 Consecutive patients who underwent
lumbosacral fusion including interbody

fusion at L5 S1 without SPF

175 Included

135 L5 S1
union

40 L5 S1
nonunion

Fig. 3. Flow diagram for this study. SPF: spinopelvic fixation, SSI: surgical site 
infection, AS: ankylosing spondylitis, HGS: high-grade spondylolisthesis.
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22.9% (40/175). Fusion rates were 94.9%, 90.3%, 80.0%, 
50.0%, 52.6%, and 43.5% for fusion of 1, 2, 3, 4, 5, and ≥ 6 
levels, respectively (p < 0.001) (Table 1). The mean follow-
up duration was 28.8 ± 25.8 months.

Comparison of Patients with Union and Nonunion at 
L5–S1
Comparing patients with union (n = 40) and nonunion 
(n = 135) at L5–S1, the proportions of fusion length were 
significantly different (p < 0.001). Patients with nonunion 
at L5–S1 exhibited a significantly lower T-score for BMD 
than those with union (–2.0 ± 1.1 vs. –1.5 ± 1.3, respec-
tively; p = 0.023) (Table 2). 

Regarding preoperative radiological parameters, 
patients with nonunion at L5–S1 exhibited significantly 
smaller LL (15.2 ± 21.1 vs. 28.6 ± 18.6, p < 0.001) and larg-
er PI–LL mismatch (36.7 ± 19.0 vs. 23.3 ± 18.8, p < 0.001) 
and PT (28.7 ± 11.9 vs. 23.6 ± 10.9, p < 0.001) than those 
with union. Additionally, the nonunion group exhibited 
a significantly higher proportion of preoperative subop-
timal SVA than the union group (85.0% vs. 58.5%, p = 

0.002). The nonunion group also had significantly smaller 
postoperative LL (27.9 ± 15.6 vs. 33.6 ± 11.4, p = 0.034) 
and larger PI–LL mismatch (24.0 ± 16.0 vs. 18.3 ± 11.9, p 
= 0.040) and PT (20.9 ± 9.2 vs. 17.8 ± 8.0, p = 0.036) than 
the union group (Table 3). 

Table 3. Comparison of Radiological Parameters between Patients 
with Union and Nonunion at L5–S1

Variable Union
(n = 135)

Nonunion
(n = 40) p-value

Preoperative

   PI (°) 52.9 ± 10.9 51.9 ± 12.7  0.983*

   LL (°) 28.6 ± 18.6 15.2 ± 21.1 < 0.001*,‡

   PI–LL mismatch (°) 23.3 ± 18.8 36.7 ± 19.0 < 0.001*,‡

   PT (°) 23.6 ± 10.9 28.7 ± 11.9  0.012*,‡

   SS (°) 28.2 ± 11.5 23.1 ± 12.8  0.018*,‡

   Suboptimal SVA 79 (58.5) 34 (85.0)  0.002†,‡

Postoperative

   LL (°)  33.6 ± 11.4  27.9 ± 15.6  0.034*,‡

   PI–LL mismatch (°)  18.3 ± 11.9  24.0 ± 16.0  0.040*,‡

   PT (°) 17.8 ± 8.0 20.9 ± 9.2  0.036*,‡

   SS (°) 31.2 ± 8.9 29.6 ± 9.2 0.322*

rCSA of paraspinal muscle  3.6 ± 0.8  3.5 ± 1.1 0.683*

rFI of paraspinal muscle (%)  35.5 ± 11.4  39.3 ± 10.7 0.060*

Values are presented as mean ± standard deviation or number (%).
PI: pelvic incidence, LL: lumbar lordosis, PT: pelvic tilt, SS: sacral slope, 
SVA: sagittal vertical axis, rCSA: relative cross-sectional area, rFI: relative 
fat infiltration.
*Student t-test. †Chi-square test. ‡Statistically significant (p < 0.05).

Table 4. Univariate Analysis of Risk Factors for Nonunion of 
Interbody Fusion at L5–S1 

Variable Crude odds 
ratio 95% CI p- 

value

Age 1.031 0.988–1.076 0.160

Sex 1.050 0.466–2.367 0.906

Height 0.994 0.973–1.016 0.573

Body weight 1.010 0.989–1.031 0.345

BMI 1.000 0.995–1.006 0.922

BMD 0.691 0.500–0.955 0.025*

Diabetes 0.567 0.256–1.257 0.162

Current smoking 1.735 0.687–4.384 0.244

Number of levels fused < 0.001*

   2 vs.1 1.982 0.379–10.355 0.417

   3 vs.1 4.625 0.768–27.863 0.095

   4 vs.1 18.500 3.004–113.949 0.002*

   5 vs.1 16.650 3.091–89.686 0.001*

   ≥ 6 vs.1 24.050 4.645–124.534 < 0.001*

Preoperative PI 1.000 0.969–1.032 0.983

Preoperative LL 0.966 0.947–0.984 < 0.001*

Preoperative PI–LL mismatch 1.035 1.016–1.055 < 0.001*

Preoperative PT 1.040 1.008–1.074 0.015*

Preoperative SS 0.964 0.934–0.994 0.020*

Preoperative suboptimal SVA 4.017 1.580–10.211 0.003*

Postoperative LL 0.965 0.938–0.993 0.014*

Postoperative PI–LL mismatch 1.034 1.006–1.063 0.017*

Postoperative PT 1.047 1.002–1.094 0.038*

Postoperative SS 0.980 0.942–1.020 0.320

rCSA of paraspinal muscle 0.904 0.603–1.353 0.623

rFI of paraspinal muscle 1.029 0.998–1.061 0.063

CI: confidence interval, BMI: body mass index, BMD: bone mineral 
density, PI: pelvic incidence, LL: lumbar lordosis, PT: pelvic tilt, SS: sacral 
slope, SVA: sagittal vertical axis, rCSA: relative cross-sectional area, rFI: 
relative fat infiltration. 
*Statistically significant (p < 0.05).
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Logistic Regression Analysis: Risk Factor Analysis
Significant factors associated with the nonunion of the L5–
S1 interbody fusion, determined using univariate analyses, 
were the number of spinal levels fused (p < 0.001), BMD 
(crude OR [cOR], 0.691; p = 0.025), preoperative LL (cOR, 
0.966; p < 0.001), preoperative PI–LL mismatch (cOR, 
1.035; p < 0.001), preoperative PT (cOR, 1.040; p = 0.015), 
preoperative SS (cOR, 0.964; p = 0.020), preoperative sub-
optimal SVA (cOR, 4.017; p = 0.003), postoperative LL 
(cOR, 0.965; p = 0.014), postoperative PI–LL mismatch 
(cOR, 1.034; p = 0.017), and postoperative PT (cOR, 1.047; 
p = 0.038) (Table 4). Multivariate analysis using a stepwise 
method identified that the number of spinal levels fused ≥ 
4 (p < 0.001), preoperative BMD (aOR, 0.667; p = 0.035), 
and postoperative PI–LL mismatch (aOR, 1.034; p = 0.040) 
were significant risk factors for nonunion of the L5–S1 in-
terbody fusion (Table 5). 

DISCUSSION
The LS junction is known to exhibit higher nonunion rates 
than other lumbar segments, especially in long-segment 
fusion.9,19) Nonunion at the LS junction is associated with 
increased low back pain, spinal imbalance, metal failure, 
and poor surgical outcomes.2) By evaluating fusion status 
using CT in patients with instrumented LS fusion from the 
sacrum without SPF, we found that fusion to or above L2 
had significantly lower L5–S1 interbody fusion rates than 
those below L2.

There have been controversies regarding definite in-
dications for additional stronger fixation depending on the 

fusion length from the sacrum between levels 3 and 4. In 
addition, it may also be affected by the patient’s condition, 
bone quality, sagittal alignment, paraspinal muscle status, 
and surgeon preferences. In the current review of 175 pa-
tients, LS fusion extending to or above L2 was a significant 
risk factor for nonunion at L5–S1, which is consistent with 
several previous studies.5,7) While there was a tendency 
toward decreased fusion rates as fusion length increased in 
our results, fusion rates abruptly dropped between fusion 
lengths of 3 and 4 levels (Fig. 4). However, we also recom-
mend considering additional augmentation to achieve 
stronger fixation in patients with fusion extending cranial 
to L3, depending on the patient’s condition, because 20% 
of those also had pseudarthrosis at L5–S1 in our cohort. 

In the current study, the fusion status of the L5–S1 
interbody fusion was assessed using CT ≥ 1 year post-
operatively in all included patients. Previous studies that 
used plain radiography to evaluate fusion status generally 
depended on indirect findings, such as implant failure, de-
formity progression, and the presence of excessive motion, 
rather than the direct assessment of bone bridge forma-
tion.5,9) However, CT would be more efficient in assessing 
interbody fusion status because it enables the direct detec-
tion of the continuity of osseous trabeculation in the disc 
space.12,19) Therefore, our results are meaningful because 
they provide L5–S1 interbody fusion rates assessed by CT 
according to the number of levels fused. 

Although poor bone quality has been reported to 
be associated with nonunion after spinal fusion surgery in 
several previous studies,20,21) some authors have reported 
no correlation between bone quality and nonunion.2,12,22) 
Our results revealed that BMD had a noticeable effect on 
the development of pseudarthrosis at L5–S1. It appears 
reasonable to assume that the underlying bone quality 
of patients has a considerable effect on bone formation 

Table 5. Multivariate Analysis of Risk Factors for Nonunion of 
Interbody Fusion at L5–S1 

 Variable Adjusted 
odds ratio 95% CI p-value

Number of levels fused < 0.001*

   2 vs.1  1.609 0.299–8.644 0.579

   3 vs.1  3.300 0.526–20.718 0.203

   4 vs.1 20.947 3.149–139.350 0.002*

   5 vs.1 11.363 2.000–64.554 0.006*

   ≥ 6 vs.1 21.703 4.045–116.450 <0.001*

BMD  0.667 0.458–0.971 0.035*

Postoperative PI–LL mismatch  1.034 1.002–1.068 0.040*

CI: confidence interval, BMD: bone mineral density, PI: pelvic incidence, 
LL: lumbar lordosis.
*Statistically significant (p < 0.05).
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Fig. 4. Fusion rates based on the number of levels fused.
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and stability after instrumented fusion surgery. While 
several previous studies reporting no correlation between 
bone quality and nonunion included BMD scores of only 
some portion of the included patients or the presence of 
osteoporosis as a presumed risk factor,5,12,22) our study col-
lected BMD scores for all included patients. Therefore, we 
recommend meticulous surgical techniques and careful 
perioperative planning, such as additional SPF, restoration 
of optimal alignment, careful selection of implants and 
bone graft biological agents, and consideration of the peri-
operative use of bone-forming agents for patients with low 
preoperative BMD scores.

Many studies have investigated the relationship be-
tween sagittal alignment and surgical outcomes, including 
fusion rates and functional outcomes, after lumbar fusion 
surgery.2,23) Some authors have proposed that unsatisfac-
tory reconstruction of sagittal balance is associated with 
pseudarthrosis and fixation failure after long construct 
fusions for adult spinal deformity.4,9) Sagittal malalignment 
may induce an imbalance in mechanical forces, resulting 
in poor long-term surgical outcomes. Postoperative PI–LL 
mismatch was identified as an independent risk factor for 
nonunion of L5–S1 interbody fusion in this study, which is 
consistent with the literature. Although our study included 
not only long-level but also short-level fusion, postopera-
tive sagittal alignment still had a significant impact on in-
terbody fusion at L5–S1. Meanwhile, because whole spine 
radiography was not consistently performed at 4 weeks 
postoperatively in our retrospective cohort, analysis of 
postoperative SVA was not possible in our study despite its 
clinical significance. As such, a well-designed prospective 
study evaluating spinal alignment and L5–S1 interbody 
fusion rates in terms of fused levels is required for more 
clarity. 

Spinal sarcopenia is associated with pain, spinal 
alignment, and subsequent quality of life.24,25) Unlike pre-
vious studies evaluating nonunion at L5–S1, we included 
the quantified status of the paraspinal muscles as a pre-
sumed risk factor. Several studies evaluating paraspinal 
muscles reported that the CSA and fat infiltration at L3–4 
were most similar to the mean values of the entire lumbar 
area.18) Additionally, L3 was found to be the ideal level for 
CT-based sarcopenia evaluation.26) Therefore, the degree 
of atrophy and fat infiltration of the paraspinal muscles 
was assessed quantitatively using MRI at the lower end-
plate of the L3 level in the current study. However, the 
paraspinal muscle status was not a significant risk factor 
for nonunion at L5–S1. As the LS junction is at the end 
of the working length of the entire muscle, the effects of 
volume and quality of the paraspinal muscles may not be 

significant compared to the considerable impact of a large 
cantilever effect in long-level fusion. A well-designed bio-
mechanical study analyzing the association between para-
spinal muscle status and interbody nonunion is warranted. 

The present study has several limitations. First, ow-
ing to its retrospective nature, selection bias may have 
been introduced or some confounding factors may not 
have been considered. Second, our cohort was somewhat 
heterogenous because we included patients with various 
LDD, such as history of previous fusion surgery and adult 
spinal deformity. In addition, the number of patients with 
≥ 3-level fusion was relatively small because we tended 
to perform IS or S2AIS fixation for long-segment fusion. 
Third, although we attempted to quantitatively evaluate 
the volume and quality of the paraspinal muscles accord-
ing to previously reported methods, a more clinically 
relevant method may be required rather than using MRI. 
Finally, incomplete medical records or evaluations, such 
as consistent documentation of clinical outcomes and 
postoperative SVA, may have limited the interpretation of 
our results. Despite these limitations, to our knowledge, 
this study is the first to evaluate the fusion status of L5–
S1 interbody fusion using CT based on the number of 
levels fused with various potential factors in patients with 
instrumented fusion from the sacrum without additional 
augmentation. Our findings may help spine surgeons de-
termine whether to perform SPF in surgical planning for 
various LDD.

The number of levels fused ≥ 4, lower BMD, and 
larger postoperative PI–LL mismatch were identified as 
independent risk factors for nonunion of L5–S1 inter-
body fusion in patients with instrumented fusion from 
the sacrum. Therefore, SPF fixation, such as IS or S2AIS 
fixation, is required for LS fusion extending to or above L2 
and poor bone quality. In addition, meticulous preopera-
tive planning and consideration of SPF are recommended 
even for < 4-level fusion in patients with vulnerable factors 
for nonunion because a few patients exhibited nonunion 
of L5–S1 interbody fusion.

CONFLICT OF INTEREST
No potential conflict of interest relevant to this article was 
reported.

ORCID
Sung Cheol Park https://orcid.org/0000-0001-9389-5429
Sangjun Park https://orcid.org/0000-0002-0712-9152
Do-Hyung Lee https://orcid.org/0009-0006-5000-5274



93

Park et al. Fusion Length Necessitating Spinopelvic Fixation
Clinics in Orthopedic Surgery • Vol. 16, No. 1, 2024 • www.ecios.org

Jinew Seo https://orcid.org/0009-0007-0731-3826
Jae Hyuk Yang https://orcid.org/0000-0001-6949-6954
Min-Seok Kang https://orcid.org/0000-0002-9773-4486
Yunjin Nam https://orcid.org/0000-0003-2294-3280
Seung Woo Suh https://orcid.org/0000-0002-1536-4611

REFERENCES

1. Esmende SM, Shah KN, Daniels AH. Spinopelvic fixation. J 
Am Acad Orthop Surg. 2018;26(11):396-401.

2. Lee KY, Lee JH, Kang KC, et al. Strategy for obtaining solid 
fusion at L5-S1 in adult spinal deformity: risk factor analysis 
for nonunion at L5-S1. J Neurosurg Spine. 2020;33(3):323-
31.

3. Shen FH, Harper M, Foster WC, Marks I, Arlet V. A novel 
“four-rod technique” for lumbo-pelvic reconstruction: 
theory and technical considerations. Spine (Phila Pa 1976). 
2006;31(12):1395-401.

4. Cho W, Mason JR, Smith JS, et al. Failure of lumbopelvic 
fixation after long construct fusions in patients with adult 
spinal deformity: clinical and radiographic risk factors: 
clinical article. J Neurosurg Spine. 2013;19(4):445-53.

5. Lee CS, Chung SS, Choi SW, Yu JW, Sohn MS. Critical 
length of fusion requiring additional fixation to prevent 
nonunion of the lumbosacral junction. Spine (Phila Pa 
1976). 2010;35(6):E206-11.

6. Chaudhari R, Zheng X, Wu C, Mehbod AA, Transfeldt EE, 
Winter RB. Effect of number of fusion levels on S1 screws in 
long fusion construct in a calf spine model. Spine (Phila Pa 
1976). 2011;36(8):624-9.

7. Jain A, Hassanzadeh H, Strike SA, Menga EN, Sponseller 
PD, Kebaish KM. Pelvic fixation in adult and pediatric spine 
surgery: historical perspective, indications, and techniques: 
AAOS exhibit selection. J Bone Joint Surg Am. 2015;97(18): 
1521-8.

8. Cunningham BW, Sefter JC, Hu N, Kim SW, Bridwell KH, 
McAfee PC. Biomechanical comparison of iliac screws ver-
sus interbody femoral ring allograft on lumbosacral kine-
matics and sacral screw strain. Spine (Phila Pa 1976). 2010; 
35(6):E198-205.

9. Kim YJ, Bridwell KH, Lenke LG, Rhim S, Cheh G. Pseudar-
throsis in long adult spinal deformity instrumentation and 
fusion to the sacrum: prevalence and risk factor analysis of 
144 cases. Spine (Phila Pa 1976). 2006;31(20):2329-36.

10. Tsuchiya K, Bridwell KH, Kuklo TR, Lenke LG, Baldus C. 
Minimum 5-year analysis of L5-S1 fusion using sacropelvic 
fixation (bilateral S1 and iliac screws) for spinal deformity. 
Spine (Phila Pa 1976). 2006;31(3):303-8.

11. Yang EZ, Xu JG, Liu XK, et al. An RCT study comparing the 
clinical and radiological outcomes with the use of PLIF or 
TLIF after instrumented reduction in adult isthmic spondy-
lolisthesis. Eur Spine J. 2016;25(5):1587-94.

12. Park SJ, Lee CS, Park JS, et al. L5-S1 nonunion occurrence 
even after anterior column support combined with iliac 
screw fixation in long fusion for adult spinal deformity: CT-
based analysis at 2-year follow-up. J Neurosurg Spine. 2022; 
37(3):420-8.

13. Delgado-Fernandez J, Frade-Porto N, Blasco G, et al. Long 
term outcome and fusion rate of transdiscal fixation for L5-
S1 high grade spondylolisthesis. Clin Neurol Neurosurg. 
2021;208:106898.

14. Kerr HL, Gee A, Fernandes RJ, et al. Biomechanical com-
parison of 3 types of transdiscal fixation implants for fixing 
high-grade L5/S1 spine spondylolisthesis. Spine J. 2021; 
21(9):1587-93.

15. Schwab F, Ungar B, Blondel B, et al. Scoliosis Research 
Society-Schwab adult spinal deformity classification: a vali-
dation study. Spine (Phila Pa 1976). 2012;37(12):1077-82.

16. Bridwell KH, Lenke LG, McEnery KW, Baldus C, Blanke 
K. Anterior fresh frozen structural allografts in the thoracic 
and lumbar spine: do they work if combined with posterior 
fusion and instrumentation in adult patients with kyphosis 
or anterior column defects? Spine (Phila Pa 1976). 1995; 
20(12):1410-8.

17. Hyun SJ, Bae CW, Lee SH, Rhim SC. Fatty degeneration of 
the paraspinal muscle in patients with degenerative lumbar 
kyphosis: a new evaluation method of quantitative digital 
analysis using MRI and CT scan. Clin Spine Surg. 2016; 
29(10):441-7.

18. Jun HS, Kim JH, Ahn JH, et al. The effect of lumbar spi-
nal muscle on spinal sagittal alignment: evaluating muscle 
quantity and quality. Neurosurgery. 2016;79(6):847-55.

19. Kato S, Terada N, Niwa O, Yamada M. Factors affecting in-
complete L5/S posterior lumbar interbody fusion, including 
spinopelvic sagittal parameters. Asian Spine J. 2022;16(4): 
526-33.

20. Keaveny TM, Adams AL, Fischer H, et al. Increased risks of 
vertebral fracture and reoperation in primary spinal fusion 



94

Park et al. Fusion Length Necessitating Spinopelvic Fixation
Clinics in Orthopedic Surgery • Vol. 16, No. 1, 2024 • www.ecios.org

patients who test positive for osteoporosis by biomechanical 
computed tomography analysis. Spine J. 2023;23(3):412-24.

21. Khalid SI, Nunna RS, Maasarani S, et al. Association of os-
teopenia and osteoporosis with higher rates of pseudarthro-
sis and revision surgery in adult patients undergoing single-
level lumbar fusion. Neurosurg Focus. 2020;49(2):E6.

22. Dinizo M, Srisanguan K, Dolgalev I, Errico TJ, Raman T. 
Pseudarthrosis and rod fracture rates after transforaminal 
lumbar interbody fusion at the caudal levels of long con-
structs for adult spinal deformity surgery. World Neurosurg. 
2021;155:e605-11.

23. Byun CW, Cho JH, Lee CS, Lee DH, Hwang CJ. Effect of 
overcorrection on proximal junctional kyphosis in adult spi-
nal deformity: analysis by age-adjusted ideal sagittal align-

ment. Spine J. 2022;22(4):635-45.

24. Davies MR, Kaur G, Liu X, et al. Paraspinal muscle degen-
eration and regenerative potential in a Murine model of 
lumbar disc injury. N Am Spine Soc J. 2021;6:100061.

25. Zhang Y, Mandelli F, Mundermann A, et al. Association 
between fatty infiltration of paraspinal muscle, sagittal spi-
nopelvic alignment and stenosis grade in patients with de-
generative lumbar spinal stenosis. N Am Spine Soc J. 2021;5: 
100054.

26. Mourtzakis M, Prado CM, Lieffers JR, Reiman T, McCa-
rgar LJ, Baracos VE. A practical and precise approach to 
quantification of body composition in cancer patients using 
computed tomography images acquired during routine care. 
Appl Physiol Nutr Metab. 2008;33(5):997-1006.




