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Introduction: To explore the incidence and predictive factors of new onset postoperative sacroiliac joint pain (PSJP) after posterior 
lumbar fusion surgery for degenerative lumbar disease.
Methods: Three hundred and sixty-seven patient medical records from January 2020 to December 2021 were retrieved. The patients 
were divided into two groups: PSJP group and N-PSJP (non-postoperative sacroiliac joint pain group). To investigate potential risk 
factors for PSJP, HU value (Hounsfield unit value) was assessed on CT scans. ImageJ software was used to assess the fat and muscle of 
the lumbar multifidus muscle (LMM) in the axial MRI image, the red area was marked as fat and the rest were muscles to calculate the 
ratio of fatty infiltration. Patient characteristics, surgical variables and radiographic parameters were analyzed statistically.
Results: Twenty of 367 patients were diagnosed with PJSP at postoperative follow-up. Patients with PSJP presented with significantly 
higher HU value. For surgical variables, PSJP patients received more operations including distal fusion level at sacrum than the 
N-PSJP group. For radiographic parameters, most of the patients in the PSJP group had more severe fatty atrophic muscle in the LMM 
compared to the N-PSJP group. There was no statistically significant difference between the two groups in preoperative and 
postoperative lumbar lordosis (LL), angle of lumbar lordosis of fixed lumbar vertebrae (FV-LL), pelvic incidence (PI), sacrum 
slope (SS). The bivariate logistic regression model revealed preoperative fat infiltration rate of the LMM, and higher HU value were 
independently associated with PSJP.
Conclusion: PSJP for degenerative lumbar disease was 5.4%, the predictive factors included preoperative severe infiltration of LMM, 
distal fusion level at sacrum and higher HU value.
Keywords: sacroiliac joint pain, lumbar instrumented fusion surgery, bone mineral density, paraspinal muscles

Introduction
Posterior decompression and instrumented fusion surgery, including posterior lumbar interbody fusion (PLIF) and 
transforaminal lumbar interbody fusion (TLIF), is the recommended routine surgical strategy for lumbar degenerative 
disease.1–3 Most of the patients gained neurological improvement and significant relief from low back and leg pain 
postoperatively, meanwhile some postoperative complications could occur and show a negative impact on the long-term 
efficacy of surgery. New onset postoperative sacroiliac joint pain (PSJP) is not rare.4–7 PSJP is a trigger of failed back 
syndrome, which may lead to decreased quality of daily life, increased use of analgesics and decreased patient 
satisfaction. Identifying potential risk factors and taking targeted preventive interventions are essential to reduce the 
occurrence of PSJP and improve the long-term effect after surgery.
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Few studies exist about predictive factors of new-onset postoperative PSJP after posterior lumbar surgery. Kalidindi 
et al revealed that the cephalad migration of the lumbar apex is significantly associated with new-onset PSJP based on a 
retrospective case-control study including 354 patients.8 Several reasons including lumbosacral fusion, iliac graft 
harvesting, adjacent segment disease and fusion hardware-related complication could contribute to the PSJP after 
posterior lumbar surgery.3,9–11 The number of PSJP cases collected in previous studies was relatively insufficient, the 
risk factors may make interactions and are not independent factors of the disease. The purpose of this study was to further 
explore the incidence and predictive factors about new onset PSJP after posterior lumbar fusion surgery. Applying timely 
intervention toward risk factors could reduce occurrence of PSJP, and improve the postoperative efficacy for lumbar 
spine patients.

Materials and Methods
Subjects
This study of cases was collected by reviewing and following-up postoperative patients, and was approved by the 
Institutional Review Board of the Third Hospital of Hebei Medical University before data collection and analysis. The 
inclusion criteria were: (1) diagnosis of lumbar degenerative disease and surgical treatment of PLIF or TLIF; (2) regular 
follow-up in outpatient clinic at 3-month postoperative, the sacroiliac joint pain was evaluated at this time; (3) pain in the 
sacroiliac joint area was not developed before operation; (4) diagnosis of sacroiliac joint pain is based on the following 
provocation tests, with positive results in three out of five tests: pain caused by sacroiliac ligament compression includes 
the Patrick test, Gaenslen test, shear test, Yeoman action test, and standing extension test.12

Patients were excluded if they met any of the following: (1) spinal scoliosis or kyphosis as the primary indication for 
surgery; (2) secondary postoperative infection, pseudarthrosis, inflammation, trauma, tumor; (3) presence of schizo-
phrenia, cognitive dysfunction or other psychotic disorder; (4) surgery under workman’s compensation claim or medical 
disputes.

By retrieving the clinical records from January 2020 to December 2021, 367 patients met both the inclusion and 
exclusion criteria were collected and all of them provided informed consent for the use of their data before enrollment. 
One hundred and eighty-seven females and 180 males, with mean age of 50.9±12.9 years (range from 22 to 82 years). 
209 patients underwent PLIF (150 patients had single level in surgical treatment, 53 patients had double level in surgical 
treatment, and 6 patients had three or more levels in surgical treatment) and 158 patients undertook TLIF (97 patients 
received single level in surgical treatment, 52 patients received double levels in surgical treatment, and 9 patients 
received three or more levels in surgical treatment). This study complies with the Declaration of Helsinki.

Clinical and Radiological Evaluation
New postoperative pain in the sacroiliac joint region indicated PSJP. All provocative tests (Patrick test, Gaenslen test, 
shear test, Yeoman maneuver test, and standing extension test) were performed by two groups of physicians. Each group 
was guided by a senior surgeon and implemented by a resident surgeon. Two groups of surgeons independently tested the 
patients. Patients with three or more positive tests and reproducible results were included in the PSJP group. According 
to the occurrence of PSJP at three-month (98.13±5.17 days) follow-up, patients were divided into two groups: the PSJP 
group and the N-PSJP group. To investigate potential risk factors for PSJP after surgery, all patients data about general 
information, surgical variables and radiographic parameters were contrasted and analyzed statistically between the PSJP 
and N-PSJP groups.

The study collected general information including age, gender, body mass index (BMI), main diagnosis (lumbar disc 
herniation, lumbar spinal stenosis, spondylolisthesis), comorbidity (diabetes, rheumatism), smoking (yes vs no), drinking 
(yes vs no), osteoporosis (Hounsfield unit value of L1 vertebrae).

Surgical parameters are being documented in detail, surgical strategy (TLIF vs PLIF), surgical segment, number of 
fusion levels, fusion to sacrum (yes vs no), incision size, perioperative complications (cerebrospinal fluid leakage, poor 
wound healing, infection, screw loosening, cage displacement).
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Radiographic parameters are included as important reference data, LL, FV-LL, PI, SS pre- and postoperatively 
(Figures 1 and 2). Lumbar multifidus muscle (LMM) atrophy can be identified in transverse planes of lumbar magnetic 
resonance imaging (MRI).13 PACS was used to calculate the L1 HU value by placing the region of interest (ROI) in an 
axial image in L1 (Figure 3), The ROI was traced as close as possible to 2 mm of the cortical bone of the vertebral body. 
Based on the studies of Parkkola et al14 and Kader et al,15 fat infiltration rate of the LMM was measured by ImageJ 
software (Figure 4). The LMM region was selected on the MRI image by ImageJ, and the fat in the LMM was marked in 
red (the threshold was set to 87% in our study), and the ratio of the red area to the unlabeled area was the fat infiltration 
rate. The above results were calculated by first and second authors independently, and the mean value was used for 
analysis.

Statistical Analysis
Statistical Package for Social Sciences software was used for analyzing all information and parameters of patient (SPSS v. 17, 
Chicago, IL). Continuous variables were measured as mean ±standard deviation, and categorical variables were expressed as 

Figure 1 X-ray film showing the measuring method of preoperative LL, FV-LL, PI, SS.
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frequency or percentages. The Mann–Whitney U-test and independent t-test was used to analyze the difference of continuous 
variables between two groups. An chi-squared analysis and Fisher’s exact test were used to examine the differences among 
categorical variables. Variables with p-values <0.05 in the univariate analyses, as well as a number of variables selected by 
experts, were entered into a logistic regression model. For each variable, we computed the odds ratio (OR) with its 95%CI.

Results
Twenty of 367 patients (5.4%) showed PJSP with at all postoperative follow-up times. For patient characteristics, no 
significant difference were detected between the two groups in age at operation, gender, BMI, comorbidity, smoke, drink 
(p>0.05) (Table 1).

For surgical variables, distal fusion level at sacrum was statistically difference between the PSJP and N-PSJP groups 
(p<0.05). In addition, 13 patients showed PSJP performed distal fusion level at sacrum (65%), 7 patients showed PSJP 
performed distal fusion level above sacrum (35%), there was no difference between the two groups in surgical strategy 
(TLIF vs PLIF), number of fusion level, and the size of incision compared to the N-PSJP group (p>0.05). There was no 
significant difference in the number of levels accepted sacrum fusion surgery between the two groups (p>0.05) (Table 2).

For radiographic parameters, patients with PSJP presented significantly higher HU value, most of the patients in PSJP 
group presented higher fat infiltration rate of the LMM compared to the N-PSJP group. There was no statistically 
significant difference between two groups in preoperative and postoperative LL, FV-LL, PI, SS (Table 3).

Age, HU value, fat infiltration rate of the LMM, distal fusion level at sacrum were entered into the bivariate logistic 
regression model. The model revealed fat infiltration rate of the LMM were independently associated with PSJP (p<0.05) 
(Table 4).

Figure 2 X-ray film showing the measuring method of postoperative LL, FV-LL, PI, SS.
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Discussion
The incidence of PSJP following posterior lumbar fusion surgery for degenerative lumbar disease was 5.4%, the predictive factors 
included distal fusion level at sacrum, higher HU value and preoperative fat infiltration rate of the LMM. These factors could be 
assessed before surgery, and were not confounded by other variables that potentially affect persistent postoperative sacroiliac joint 
pain. Meanwhile we found that there was no significant difference in age, body mass index, comorbidity, smoking, drinking, 

Figure 4 Fatty infiltration of LMM on MRI by ImageJ software.

Figure 3 L1 vertebrae HU value in ROI area by CT.
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preoperative LL, postoperative LL, FV-LL, PI, SS which failed to present statistical difference between the two groups. New onset 
PSJP do not show special correlation with surgical strategy, number of fusion level, and the size of incision.

HU Value and Sacroiliac Joint Pain
Our study found that the HU value in the PSJP group was higher than in the N-PSJP group. BMD that was presented by HU 
value could reduce the influence of scoliosis, degenerative arthritis, osteophyte formation, bone sclerosis to increase measured 

Table 1 The Relationship of Age at Operation, Gender, BMI, Comorbidity, Smoke, 
Drink Between PSJP Group (N=20) and N-PSJP Group (N=347)

PSJP Group N-PSJP Group t/χ2 p

Age 46.75±14.49 51.59±12.83 −1.748 0.081

Male 8, 40.0% 172, 49.57% 0.693 0.405

Female 12, 60.0% 175, 50.43%
BMI 25.01±2.97 25.72±5.59 −0.564 0.537

Comorbidity 6, 30.0% 161, 43.52% 1750 0.185

Non-comorbidity 14, 70.0% 196, 56.48%
Smoke 5, 25.0% 100, 28.82% 0.151 0.698

Non-smoke 15, 75.0% 247, 71.18%
Drink 5, 25.0% 108, 31.12% 0.333 0.564

Non-drink 15, 75.0% 239, 68.88%

Table 2 The Relationship of Surgical Strategy (TLIF vs PLIF), Number of Fusion 
Level, and the Size of Incision Between PSJP Group (N=20) and N-PSJP Group 
(N=347)

PSJP Group N-PSJP Group t/χ2 p

TLIF 6, 30.0% 152, 43.8% 1.470 0.225

PLIF 14, 70.0% 195, 56.2%
1-segment fusion 12, 60.0% 235,67.7% 1.363 0.444

2-segment fusion 8, 40.0% 97, 28.0%

3-segment fusion 0 15, 4.3%
Size of incision 6.47±0.61 6.44±0.64 0.207 0.838

Distal fusion level at sacrum 13,65.0% 133,38.3% 5.615 0.018

Nondistal fusion level at sacrum 7,35.0% 214,61.7%
L4-S1 4 50 0.480 0.489

L5-S1 9 73

Table 3 The Relationship of Imaging Parameters Between PSJP Group (N=20) and N-PSJP Group (N=347)

PSJP Group N-PSJP Group t/χ2 p

Lumbar lordosis Preoperative 30.96±14.76 37.68±36.40 −1.715 0.086

Postoperative 37.93±11.58 41.96±12.32 −1.429 0.154

Sacral slope Preoperative 28.67±12.01 30.54±10.55 −0.873 0.383
Postoperative 31.54±9.86 32.85±9.03 −1.301 0.193

FV-LL Preoperative 16.69±11.38 17.41±9.75 −0.355 0.722

Postoperative 18.35±7.00 19.23±9.22 −0.421 0.674
Pelvic incidence Preoperative 55.73±12.93 55.43±14.57 0.275 0.783

Postoperative 50.38±14.36 55.87±11.84 −1.453 0.146

Fat infiltration rate of the LMM Preoperative 14.95±10.68 10.65±9.17 2.017 0.044
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accuracy.16 Meanwhile, BMD showed a negative correlation with age significantly.16 High HU value is more likely to be 
detected in younger age groups, this assumption could explain our results of PSJP patients presented higher HU value and 
younger age concurrently. We further explored the age difference and found that there was no statistical difference in age 
between the two groups (t=−1.748, p=0.081), which may due to fewer cases being included in the PSJP group.

Younger patients with PSJP would bear heavier labor load after surgery than older people in current social environment. 
Heavier labor load could cause PSJP by stretching of the ligament and soft tissue attached the sacroiliac joint. Schneider et al 
believed that injection on sacroiliac joint could stimulate the ligament and cause higher pressure in the joint cavity regarded as 
potential pain triggers.17 Meanwhile, sacroiliac joint mobility is closely related to ligaments in anatomy. Kiapour18 proposed 
that the movement of the sacroiliac joint may cause pain of sacroiliac joint region. The sacroiliac joint rotates about two 
degrees around three axial planes (flexion and extension, rotation and translation), which causes deformation of the posterior 
sacroiliac ligament. This could support our hypothesis that the ligament may be the trigger of sacroiliac joint pain. We 
suspected that heavier labor load mostly occurs in young adults with higher HU value (>165.40 HU), and excessive movement 
of sacroiliac joint caused by heavier labor load could be the trigger for PSJP.

Distal Fusion Level at Sacrum
We found that distal fusion level at sacrum was a risk factor for PSJP in our study. There are three possible explanations 
for this discovery. First, the surgical exposure and intraoperative use of muscle retractor may damage the paraspinal 
muscles inevitably, and the postoperative muscle scar could induce or increase the back pain. The lumbosacral joint is the 
most important region in the vertebral column in terms of weight bearing and mobility, it is widely accepted that 
mechanical disorders of this region could cause pain.19,20–23 Second, sacral pedicle screw placement is one of the 
necessary surgical steps for distal fusion level at sacrum. The sacral pedicle screw requires an outward-inclined than 
other vertebral bodies, this required a larger range of surgical exposure and increased difficulty and time of the procedure. 
The long incisions, extensive detachment of muscle from the spinal processes and subsequently prolonged wide 
retraction could cause ischemic necrosis and denervation of the paraspinal muscles.24,25 Third, PLIF and TLIF may 
increase intervertebral pressure and movement at the adjacent disc levels and cause adjacent segment degeneration,26 we 
believe distal fusion level at sacrum may increase stress concentration and accelerate adjacent segment to degenerate at 
sacroiliac joint. These may lead to pain at region of the sacroiliac joint.

Paraspinal Muscle Degeneration
We found preoperative fat infiltration rate of the LMM showed more serious in patients with PSJP (t=2.017, p<0.05). Previous 
studies found that paraspinal muscle degeneration is associated with lower back pain,27 but there are few studies devoted to the 
association between PSJP and paraspinal muscles. LMM as the risk factor was included in our study because LMM showed a 
trend of rapid degeneration in the process of lumbar paraspinal muscle degeneration.28 Generally degenerative grade of 
paraspinal muscle was evaluated by the high signal performance of paraspinal muscle on T2 MRI.29,30 Our study evaluated 
LMM based on MRI T2 images and found that PSJP had more severe fatty infiltration. There are several possible explanations 
for this. The blood supply and nerves of paraspinal muscles suffered irreversible damage in invasive surgery, which manifests 
as muscle atrophy, fibrosis, and fat deposition.31 In addition, overstretching paraspinal muscles during surgery can also 
aggravate paraspinal muscles with serious preoperative degeneration to further degenerate. We believed invasive surgery 

Table 4 Age, HU Value, Fatty Atrophic in LMM, Distal Fusion Level at Sacrum of Between PSJP Group (N=20) 
and N-PSJP Group (N=347)

B SE Wald p OR 95%CI (lower) 95%CI (upper)

Age −0.01 0.03 0.16 0.69 0.99 0.94 1.05

HU value −0.02 0.01 6.39 0.01 1.02 1.00 1.03

Distal fusion level at sacrum −0.94 0.52 3.39 0.07 0.38 0.14 1.07
Fat infiltration rate of the LMM 0.09 0.03 11.75 0.00 1.10 1.04 1.15

Constants −5.67 2.14 6.99 0.01 0.00
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could cause further damage toward paraspinal muscle in patients with PSJP who already had poor paraspinal muscles. 
Preoperative serious fat infiltration of the LMM should be considered as a high risk factor for PSJP, surgeon should pay more 
attention to preoperative degenerated paraspinal muscles.

There are several potential limitations in this study. First, the number of patients is relatively small, and the study may 
be under powered to detect the significance of some risk factors. Second, the study was conducted retrospectively by case 
selection, and was not randomized or controlled.

Conclusion
Preoperative serious fat infiltration of the LMM, distal fusion level at sacrum and higher HU value are predictive factors 
of new onset postoperative PSJP. First we suggested that patients with preoperative degenerated paraspinal muscles 
should strictly consider whether to perform invasive surgery, it aims to reduce further damage to lumbar paraspinal 
muscles. Second, rehabilitation exercise with standard guidance in patients undergoing invasive lumbar surgery can 
reduce the incidence of PSJP.
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