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Sacroiliac Joint Degeneration Following Lumbar Fusion:
What are the Risk Factors?
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Purpose: This study aims to identify risk factors and changes in spino-pelvic parameters associated with Sacroiliac (SI)
joint degeneration.

Materials and Methods: This multicenter retrospective study included 472 patients who underwent fusion
surgery at three hospitals between March 2021 and February 2024. SI joint degeneration was assessed using seven
indicators: sclerotic changes, erosion, osteophyte formation, intra-articular bone formation, joint space narrowing,
intra-articular gas formation, and subchondral cysts. CT scans were performed preoperatively and 6 months
postoperatively. The patients were divided into two groups: those with progression of SI joint degeneration and
those without. Standing whole spine lateral X-rays were used to measure a total of 10 spinopelvic parameters both
preoperatively and at 6 months postoperatively. Statistical analysis was performed using two-sample t-tests and
multivariable logistic regression.

Results: Among the 472 patients, 135 (28.6%) showed progression of SI joint degeneration. When comparing the
two groups, age (p=0.022), alcohol consumption (p=0.001), smoking (p<0.001), and S1 involvement (p=.04) were
associated with SI joint degeneration. Regarding spino-pelvic parameters, patients with SI joint degeneration
exhibited significant changes in thoracic kyphosis (p=0.017) and pelvic tilt (p=0.049).

Conclusions: Sacrum fixation, smoking, alcohol consumption, and age can be significant risk factors for SIJ
degeneration following lumbar fusion surgery.
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Introduction

Degenerative changes in the lumbar spine, including re-
current disc herniation, facet joint degeneration, spinal ste-
nosis, and spondylolisthesis, have become increasingly prev-
alent in the aging population. These degenerative conditions
often lead to chronic pain and functional impairment, par-
ticularly in patients over 50 years of age. When conservative
treatments such as physical therapy, medication, or injec-
tions fail to alleviate symptoms, surgical interventions such
as posterior decompression and lumbar fusion become well-
established treatment options. However, while lumbar fu-

sion aims to restore stability and improve function by fusing

9

the vertebrae, it also introduces new challenges and poten-
tial complications, including the development of degenera-
tive changes in adjacent segments. These adjacent segment
diseases (ASD) are of increasing clinical concern and have
prompted considerable research to better understand their
underlying mechanisms, risk factors, and potential treat-
ment strategies. ¥ Lumbar fusion, by its very nature, alters

the biomechanics of the lumbopelvic region. By immobiliz-
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ing the lumbar segments, fusion surgery inevitably increases
mechanical stress on the adjacent levels, which can acceler-
ate the degenerative process. These changes often manifest
in the form of disc degeneration, facet joint osteoarthritis,
or spinal stenosis in the segments adjacent to the fusion site.
Studies have shown that fusion can alter the natural range
of motion and load distribution across the spine, leading
to increased stress at the adjacent segments, which in turn
may contribute to further degeneration.”*” At the base of
the spine, the sacroiliac joint (SIJ) plays a critical role in
force transmission between the upper body and the lower
extremities. As the lowest component of the spinal axis, the
SIJ is integral in absorbing and distributing the mechanical
loads that are transferred through the spine. Although the
SIJ has approximately six times greater resistance to lateral
flexion than the lumbar spine, it is significantly weaker
when subjected to axial forces and rotational stress, with re-
sistance levels of only 1/12 and 1/2, respectively, compared
to the lumbar spine. Despite its primary function of contrib-
uting to stability rather than mobility, the SIJ still permits
small but essential movements, including approximately 4°
of rotational motion and 1.6 mm of translational motion.
These movements are crucial for shock absorption and the
distribution of forces during activities such as walking and
lifting.**” The small but critical movements of nutation and
counternutation of the sacrum are essential for maintain-
ing the proper function of the SIJ. Nutation refers to the
forward tilting of the sacrum in relation to the ilium, while
counternutation is the opposite motion, where the sacrum
tilts backward. These movements allow for the accommoda-
tion of changes in load distribution across the pelvis and
spine. However, when lumbar fusion is performed, particu-
larly when sacral fixation is involved, the natural motion
of the SIJ may be disrupted. The abnormal concentration
of mechanical stress in the SIJ due to altered lumbopelvic
kinematics can contribute to degeneration of the joint over
time.**"”

Although SIJ degeneration was once considered less
significant than degeneration in the proximal adjacent
segments of the lumbar spine, its clinical impact has be-
come increasingly recognized in recent years. Studies now
indicate that approximately 15% of patients with chronic

low back pain also report concomitant hip pain, which is

often attributed to dysfunction in the SIJ. This highlights
the relevance of SIJ health in post-fusion outcomes. The
increasing recognition of SIJ degeneration emphasizes the
need for a comprehensive understanding of its risk factors
and its potential to affect long-term outcomes following
lumbar fusion surgery. Recent research suggests that several
factors contribute to the development of SIJ degeneration,
particularly after lumbar or lumbosacral fusion. These fac-
tors include the type of fusion procedure (such as posterior
or anterior fusion), the number of vertebral levels fused,
the preoperative condition of adjacent spinal segments, and
the overall sagittal alignment of the lumbar spine. These
elements can influence the mechanical stress placed on the
SIJ and contribute to its degenerative process. Additionally,
preoperative assessment of SIJ integrity and alignment may
provide valuable insight into which patients are at greater

risk for developing SIJ degeneration post-surgery.*'”

1. Objective

This study aims to compare the spino-pelvic radiographic
parameters between patients who underwent lumbar and
lumbosacral fusion and developed postoperative degenera-
tive changes in the sacroiliac joint (SIJ) and those who did
not. Additionally, the study seeks to identify the risk factors
associated with SIJ degeneration following lumbosacral fu-

sion surgery.

Materials and Methods

1, Study data

This study included patients diagnosed with lumbar de-
generative spinal diseases, such as recurrent disc herniation,
spinal stenosis, disc degeneration, and spondylolisthesis,
between January 1, 2019, and February 28, 2024. These pa-
tients underwent posterior decompression and lumbar or
lumbosacral fusion due to persistent symptoms despite con-
servative treatments.

Patients who lacked preoperative MRI or CT scans of the
lumbar spine, those with poor imaging quality that rendered
analysis impossible, patients who underwent reoperation,
and those who received surgical treatment due to infection
or trauma were excluded from the study.

As a result, a retrospective analysis was conducted based
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on the medical records of 548 patients. Of these, 52 patients
were excluded due to failure to attend outpatient follow-
up visits, and 24 patients were excluded due to reoperation
or follow-up failure related to trauma, metastatic cancer, or

infection. Therefore, the final analysis included 472 patients.

2. Radiological criteria and diagnosis of sacroiliac
joint degeneration

CT scans were performed both preoperatively and 6
months postoperatively to evaluate radiological changes in
the sacroiliac joint. The relatively short follow-up period
minimized the potential bias from age-related degenerative
changes. The radiological assessment of degenerative chang-
es in the sacroiliac joint was based on seven factors: scle-
rotic changes, erosion, osteophyte formation, intra-articular
bone formation, joint space narrowing, intra-articular gas
formation, and subchondral cysts (Fig. 1). Postoperative
degeneration of the sacroiliac joint was diagnosed if one or
more of these CT findings were present. Each of the seven
factors was assigned a score: 1 point for unilateral presence,
2 points for bilateral presence, and 0 points for absence. The
total score, which could range up to 14 points, was treated
as a continuous variable. If the change in the continuous
score was 2 points or more at the 6-month CT scan, the
patient was diagnosed with postoperative sacroiliac joint
degeneration.”"”
The criteria for radiographic degenerative factors are as

follows'**?:

Sclerotic Changes: Sclerotic change in the ilium >5 mm,
and in the sacrum >3 mm.

Erosion: Lysis of subchondral bone >3 mm in the ilium or
sacrum.

Osteophyte Formation: Extra-articular bony fragments
crossing or forming within the SIJ space.

Joint Space Narrowing: The shortest distance of the SIJ <2
mm.

CT images were analyzed using Centricity (Enterprise
Web ver. 3.0; GE Healthcare, Chicago, Illinois, USA). Based
on these criteria, the degeneration group and the non-de-
generation group were compared in terms of demographic
data, surgery-related factors, and spinopelvic radiologic pa-

rameters.

3. Radiological parameter definitions
The entire spinal sagittal alignment was assessed using 36-
inch lateral radiographs, both preoperatively and 3 months
postoperatively. The measured parameters included the
sagittal vertical axis (SVA), thoracic kyphosis (TK), thora-
columbar kyphosis (TLK), lumbar lordosis (LL), pelvic tilt
(PT), pelvic incidence (PI), sacral slope (SS), global tilt (GT),
PI-LL, and T1 pelvic angle (T1PA).
o SVA was defined as the distance between the C7 plumb
line and the posterior-superior corner of the sacrum.
o LL was measured between the upper endplate of L1 and
the upper endplate of S1.

o TK was measured between the upper endplate of T5 and

Fig. 1. Evaluation factors for radiographic degeneration. Bone cyst (A). Bone erosion and intra-articular gas formation (B). Intra-articular bone
formation (C). Joint space narrowing (D). Osteophyte (E). Sclerotic change (F).
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the lower endplate of T12.

« TLK was measured between the upper endplate of T10
and the lower endplate of L2.

o T1PA was defined as the angle between the line from the
center of the femoral head to the center of the T1 ver-
tebral body and the line from the center of the femoral
head to the center of the sacral endplate.

o GT was the angle formed by the line from the center of
the sacral endplate to the center of the C7 vertebral body
and the line from the center of the femoral head to the
center of the sacral endplate.""”

Radiographic fusion was assessed using the grading sys-
tem described by Bridwell et al., based on anteroposterior
radiographs obtained with flexion and extension. Grade I
indicates complete fusion, with trabecular integration and
remodeling observed. Grade II shows an intact graft with-
out any radiolucent areas. Grade III reveals radiolucency
around the graft. Finally, Grade IV indicates nonunion,

characterized by graft resorption and collapse.””

4 Statistical analysis

Data analysis was performed using SPSS version 23
(IBM Corp., Armonk, NY). Data were expressed as
meantstandard error or percentages. Differences in con-
tinuous and categorical variables between subgroups were
analyzed using Student’s t-tests and chi-square tests. Mul-
tivariable Logistic regression analysis was performed to as-
sess the risk factors for the development of sacroiliac joint
degeneration after lumbar or lumbosacral fusion. A p-value

of <0.05 was considered statistically significant.

Results

Among the 472 patients, 225 (47.66%) underwent single-
level surgery, 166 (35.16%) had two-level surgery, and 81
(17.16%) underwent three or more levels of fusion. The
number of patients who underwent OLIF (Oblique Lat-
eral Interbody Fusion) was 66 (13.98%) (Table 1). Of the
472 patients, 337 (71.39%) developed sacroiliac joint (SIJ)
degeneration postoperatively, while 135 (28.60%) did not
(Table 2). A detailed analysis of demographic data between
the degeneration and non-degeneration groups revealed

no significant differences in gender, BMI, or BMD T-score.

Table 1. Enrolled patient demographics

Number 472
Age 69.52+8.49
Sex (F/M) 258/214
BMI 25.0945.02
Surgical time 224.47+482.22
Bleeding 682.56+503.84
S1involved 178 37.71%
1 level 225 47.66%
2 level 166 35.16%
more than 3 level 81 17.16%
OLIF 66 13.98%
Preoperative Back VAS 5.80+2.50
Preoperative Leg VAS 5.85+2.64
Preoperative ODI 50.45+22.77
Preoperative EQ5D 0.70+1.10
Table 2. Ratio of S joint degeneration
Scoring change No. percentage %
2> 337 71.39%
2< 135 28.60%
Total 472

These results suggest that the development of SIJ degenera-
tion may not be strongly influenced by basic demographic
factors such as sex or body mass index, nor by bone min-
eral density. Regarding surgery-related data, no significant
differences were found in terms of surgery duration, in-
traoperative blood loss, the approach used, or the number
of fused segments between the two groups. These factors,
typically considered key surgical variables, did not show
a clear association with SIJ degeneration. However, when
analyzing the spinopelvic parameters, none of the preopera-
tive measurements showed significant differences between
the degeneration and non-degeneration groups. In contrast,
a significant difference was found in the percentage of pa-
tients who underwent sacrum fixation. Specifically, 44.23%
of patients in the sacrum-fixed group developed SIJ degen-
eration, compared to 34.49% in the non-fixed group, with a

p-value of 0.04. This suggests that sacral fixation may play a
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Table 3. Comparison of demographic and radiologic parameter between si
degeneration group and non-degeneration group

Table 4. Changes in spinopelvic parameters after surgery due to Sl joint
degeneration

Degeneration Non-Degeneration

group group p-value
Sex (F/M) 179/137 79/77 0.217
Age (years) 70.15+8.33 68.25+8.70 0.022*
BMI 25.07+5.64 25.13+£3.47 0.882

Surgical time (min) 221.68 +83.96 230.09+78.56 0.296

Intra-operative Bleeding (cc) 669.07+531.08 709.80+444.16 0.381

fusion level 177+0.89 1774112 0.973
BMD (T-score) -1.438+1.227 -1.49+1.19 0.656
Alcohol 27.56% 15.19% 0.001*
Smoking 28.85% 12.97% <0.001*
S1involved 44.23% 34.49% 0.04*
OLIF 14.10% 13.92% 0.958
preT1PA 24.42+11.33 22.81£10.40 0.138
preGT 28.77+12.96 26.83+11.61 0.116
prePl 55.22+11.54 53.45+10.46 0.106
preSS 30.02+10.06 29.54+9.28 0.612
prePT 25.14+10.54 23.98+10.67 0.263
prelL 35.01+15.98 34.83+13.64 0.895
preTLK 9.98+8.32 9.48+8.80 0.547
preSVA 49.56+47.09 45.61+46.39 0.392
preTK 20.84+12.04 22.21£10.79 0.23
prePI-LL 20.26+16.98 18.16+£13.90 0.153

role in the development of SIJ degeneration postoperatively.
Moreover, there were significant differences in lifestyle fac-
tors, including alcohol consumption (p=0.001), smoking
status (p<0.001), and age (p=0.022), between the degenera-
tion and non-degeneration groups (Table 3). These factors
may represent important modifiable risk factors influencing
the progression of SIJ degeneration after lumbar fusion.
Interestingly, there was no significant difference in fu-
sion grade between the two groups when evaluated on
radiographs taken six months postoperatively. The aver-
age Bridwell fusion grade was 1.71+0.71 in the degenera-
tion group and 1.72+0.81 in the non-degeneration group
(p=0.872), indicating that the quality of fusion did not
significantly differ between patients who developed SIJ

degeneration and those who did not. Radiological analysis
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Degeneration group Non-Degeneration group  p-value
ATIPA 7.94+7.73 7.098.39 0.289
AGT 9.24+8.23 8.03+7.71 0.1
API 3.40+5.28 3.25£5.23 0.77
ASS 5.88+5.51 5.3145.33 0.28
APT 6.33+6.85 5.22+5.08 0.049*
ALL 9.26+9.26 9.03+8.10 0.77
ATLK 5.07+5.37 4.60 +4.59 0.32
A SVA 34.03+28.95 35.23+33.38 0.704
ATK 6.45+8.42 6.76+6.60 0.17
Table 5. Clinical outcome
Degeneration group Non-Degeneration p-value
group
back VAS 1.77+0.89 1.76£1.12 0.645
Leg VAS 2.64+3.69 2.70+3.47 0.88
0Dl 26.04+25.74 20.34+24.40 0.07
EQ5D 0.67+0.18 0.7120.16 0.09

of post-surgical spinopelvic parameters showed significant
differences in pelvic tilt (p=0.049) and thoracic kyphosis
(p=0.017). Specifically, the degeneration group exhibited a
higher pelvic tilt (6.33+6.85) compared to the non-degen-
eration group (5.22+5.08), and a higher thoracic kyphosis
(8.45+8.42 vs 6.7616.60) (Table 4). These findings suggest
that changes in spinopelvic alignment, particularly in pelvic
tilt and thoracic kyphosis, are associated with the develop-
ment of SIJ degeneration after lumbar fusion. These changes
could reflect compensatory adjustments in posture and spi-
nal alignment in response to altered biomechanical forces
following fusion surgery. No significant differences were
observed in clinical outcomes such as back pain, leg pain,
Oswestry Disability Index (ODI), and EQ-5D scores be-
tween the degeneration and non-degeneration groups (Table
5). This indicates that, despite the radiological evidence of
SIJ degeneration, there was no substantial impact on clinical

symptoms or functional outcomes at the 6-month follow-

up.
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Discussion

The sacroiliac joint (SI]) plays a crucial role in distribut-
ing loads applied to the body. Its unique L-shaped articular
surface and the thick surrounding ligaments primarily
contribute to the joint’s stability, enabling it to absorb and
transmit forces between the upper body and the lower ex-
tremities. However, these anatomical features, while essen-
tial for stability, also make it challenging to detect degenera-
tive changes through physical examination alone. As such,
early detection and accurate diagnosis of SIJ degeneration
are vital for managing postoperative outcomes. CT imaging
is indispensable in this regard, providing clear visualization
of radiographic features such as subchondral sclerosis, ero-
sions, osteophyte formation, intra-articular loose bodies,
joint space narrowing, intra-articular gas formation, and
subchondral cysts. These features are indicative of degenera-
tive changes and can be assessed with high accuracy using
advanced imaging techniques.”'>"*'**"

This study aimed to identify risk factors associated with
SIJ degeneration following lumbar fusion surgery. One of
the key findings of this study was the significant association
between sacrum fixation and SIJ degeneration. Specifically,
patients who underwent fusion surgery involving sacral
fixation showed a higher prevalence of SIJ degeneration.
This suggests that the use of instrumentation extending to
the sacrum may alter the biomechanics of the lumbopelvic
region, potentially increasing mechanical stress on the SIJ
and accelerating degenerative changes. These results are
consistent with previous studies, which have shown that
distal fixation, especially extending to the sacrum, alters
the lumbopelvic motion and increases shear forces at the
SI joint, contributing to its degeneration over time.”®” The
biomechanical changes resulting from sacral fixation can
significantly affect the natural movement of the SIJ, such as
nutation and counternutation, which are crucial for shock
absorption and load distribution. When these movements
are impaired due to surgical intervention, it could lead to
the progressive degeneration of the SIJ.

A major strength of this study lies in its relatively large
sample size, which increases the reliability of the findings
and provides a more comprehensive understanding of the

relationship between sacral fixation and SIJ degeneration.

Larger sample sizes generally offer more statistical power,
allowing for more robust conclusions and better generaliz-
ability of the results. The significant association between
sacrum fixation and SIJ degeneration, along with the ad-
ditional consideration of other risk factors, contributes
valuable insights to the clinical management of patients
undergoing lumbar fusion surgery. In addition to surgical
factors, lifestyle factors such as alcohol consumption and
smoking were also found to be significantly associated with
SIJ degeneration. This finding is consistent with prior re-
search that has demonstrated the impact of these factors on
the progression of degenerative conditions, including spon-
dyloarthritis. Smoking and alcohol consumption are known
to contribute to systemic inflammation and alter bone
metabolism, which can accelerate degenerative changes in
joints, including the SIJ. These lifestyle factors are potential-
ly modifiable, and their influence on post-surgical outcomes
underscores the importance of perioperative counseling.
Encouraging patients to modify their lifestyle, particularly
by reducing alcohol intake and quitting smoking, may help
mitigate the risk of SIJ degeneration following lumbar fu-
sion surgery.””*” Given that these factors can often be con-
trolled through patient education and behavioral changes,
they offer a practical avenue for improving patient outcomes
in clinical practice. Age was another significant factor asso-
ciated with SIJ degeneration, with older patients exhibiting
a higher prevalence of degeneration. This is consistent with
the natural progression of degenerative changes that occur
with aging, which can be accelerated by surgical interven-
tions like lumbar fusion. The findings suggest that older
patients are at an increased risk of developing SIJ-related
complications following lumbar fusion. This age-related
susceptibility may be attributed to the decreased regenera-
tive capacity of the joints in older individuals, as well as the
cumulative effects of prior degenerative changes in the spine
and pelvis.”*¥ As the aging population continues to grow,
understanding the impact of age on postoperative outcomes
becomes even more crucial. Surgeons should be particularly
cautious when performing lumbar fusion in elderly pa-
tients, taking into account their increased risk for adjacent
segment degeneration, including SIJ degeneration. Overall,
this study highlights the complex interplay between surgical
factors, lifestyle choices, and age in the development of SIJ

99



JOURNAL OF ADVANCED SPINE SURGERY
______________________________________________________________________________________________________________________|

degeneration following lumbar fusion surgery. The findings
suggest that a multifactorial approach is needed to address
this complication. Tailoring surgical approaches based on
individual patient factors, along with proactive lifestyle
interventions, could help minimize the risk of SIJ degenera-
tion and improve long-term outcomes for patients undergo-
ing lumbar fusion.

Sexual dimorphism in sacroiliac joint (SIJ) anatomy
and biomechanics has been well-documented. Generally,
women tend to exhibit a wider and less curved pelvis, a
more posteriorly tilted sacrum, and greater SIJ mobility
compared to men. These anatomical differences have been
implicated in an increased susceptibility to SIJ dysfunction
and pain. For instance, the greater SIJ mobility in women
is thought to contribute to higher stress concentrations in
the joint, making it more prone to degenerative changes
under certain conditions. However, despite these inherent
anatomical and biomechanical distinctions, our study found
no significant sex-based differences in SIJ degeneration fol-
lowing lumbosacral fusion surgery. This suggests that while
sexual dimorphism plays a role in the baseline structure
and function of the SIJ, pre-existing anatomical variations
may have a diminished influence when the biomechanics of
the entire lumbopelvic region are altered due to underlying
pathology that necessitates surgical intervention. Specifi-
cally, the structural changes induced by lumbar fusion, such
as altered load transmission and restricted sacral mobility,
may override baseline sex-related differences, resulting in a
comparable risk of SIJ degeneration in both sexes.”””” This
highlights the importance of considering the overall spi-
nopelvic alignment rather than just anatomical differences
when evaluating the risk of SIJ degeneration following sur-
gery.

Spinopelvic radiographic parameters offer critical insights
into sagittal alignment and its relationship with pelvic me-
chanics, both of which are essential for efficient load distri-
bution during normal activities. In this study, radiological
analysis revealed significant postoperative differences in
pelvic tilt (PT) and thoracic kyphosis (TK) between the
degeneration and non-degeneration groups. These differ-
ences suggest that changes in spinopelvic alignment may
play a role in the development of SIJ degeneration following

lumbar fusion[28]. Greater changes in PT in the degenera-
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tion group may indicate compensatory pelvic retroversion,
which could arise as an adaptive response to altered load
transmission through the sacrum and pelvis due to the fu-
sion. Pelvic retroversion can help offset changes in spinal
balance but may also increase stress on the SIJ, contributing
to its degeneration over time. Furthermore, a reduction in
sacral mobility due to SIJ degeneration could lead to sec-
ondary alterations in sagittal balance, which would further
contribute to the degenerative process by disturbing the
natural load distribution. Similarly, the differences in TK
observed between the two groups may reflect compensatory
adjustments in overall spinal alignment following lumbar
fusion. These adjustments, while necessary for maintaining
balance, may affect SIJ biomechanics, further exacerbating
degeneration.'*'"**”

From a biomechanical perspective, the role of sacroiliac
joint (SIJ) nutation and counternutation in degeneration
must also be considered. Nutation, the forward tilting of
the sacrum relative to the ilium, is essential for maintain-
ing lumbopelvic stability during weight-bearing activities.
It helps in the distribution of forces across the pelvis and
spine, contributing to shock absorption and maintaining
the normal posture of the lumbopelvic complex. In con-
trast, counternutation, the opposite motion, involves the
backward tilt of the sacrum, which provides the necessary
movement and flexibility for proper pelvic and spinal func-
tion. Both movements are crucial for mitigating mechanical
stress on the SIJ and ensuring optimal spinal alignment and
function.” When fusion surgery involves S1, it may restrict
the natural nutation-counternutation mechanism of the
sacrum. By immobilizing the sacrum, fusion alters its abil-
ity to adapt to changes in mechanical loading, resulting in
increased stress on the SIJ. This increased mechanical load
may lead to the accelerated degeneration of the SIJ. Specifi-
cally, the postoperative increase in pelvic tilt (PT) observed
in the SIJ degeneration group may reflect a compensatory
mechanism in response to the restricted sacral motion
caused by fusion. When the sacrum’s natural motion is
compromised, the pelvis may adjust by tilting backward to
maintain sagittal balance, which in turn increases the load
on the SIJ and contributes to its degeneration. Additionally,
the observed changes in thoracic kyphosis (TK) may sug-

gest alterations in overall spinal alignment following lumbar
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fusion. These changes could be linked to SIJ dysfunction, as
the imbalance in nutation-counternutation mechanics may
affect the overall spinal posture. The adjustment in TK could
be a compensatory response to altered load transmission
through the sacrum and pelvis, which may subsequently
impact SIJ biomechanics and lead to degeneration. Despite
these significant radiological findings, there were no sig-
nificant differences in clinical outcomes between the degen-
eration and non-degeneration groups, including measures
of back pain, leg pain, Oswestry Disability Index (ODI),
and EQ-5D scores. This suggests that, while radiographic
evidence of SIJ degeneration is present in a significant pro-
portion of patients, it does not necessarily correlate with
symptomatic deterioration in the short term. It implies that
some degree of degeneration may not immediately translate
into clinically significant symptoms. However, longer-term
follow-up studies are warranted to determine whether SIJ
degeneration might contribute to the progressive develop-
ment of pain, functional disability, or other long-term com-
plications over time. Such studies would help clarify the full
clinical implications of SIJ degeneration and its potential
role in chronic pain syndromes or disability in post-fusion

patients.

1. Limitations

This study has several limitations. First, its retrospective
design limits the ability to draw causal conclusions. While
retrospective studies can provide valuable insights, they do
not allow for the establishment of cause-and-effect rela-
tionships. Second, SIJ degeneration was assessed based on
radiological criteria without direct evaluation of SIJ-related
pain. As a result, the clinical relevance of the radiological
changes may not be fully captured, as degenerative changes
observed on imaging may not always correlate with symp-
tomatic presentation. Third, the follow-up period in this
study may not have been long enough to assess the long-
term impact of SIJ degeneration on functional outcomes. A
longer follow-up period would provide a better understand-
ing of how SIJ degeneration progresses over time and its
potential effects on pain and disability. Future prospective
studies with extended follow-up periods and more com-
prehensive clinical assessments are needed to clarify the

relationship between SIJ degeneration and patient outcomes

more conclusively.

Conclusions

Sacrum fixation, smoking, alcohol consumption, and age
may serve as significant risk factors for SIJ degeneration
following lumbar fusion surgery. Additionally, postopera-
tive changes in pelvic tilt and thoracic kyphosis appear to
be associated with the development of SIJ degeneration.
These findings suggest that optimizing surgical techniques
to minimize excessive stress on the SIJ, alongside proactive
management of perioperative risk factors, may help reduce
the incidence of SIJ degeneration and improve long-term

outcomes for patients undergoing lumbar fusion surgery.
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