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Abstract 

Background The interbody fusion apparatus is a key component of the operation and plays a key role in the post‑
operative efficacy. Cage subsidence is one of the common complications after lumbar fusion and internal fixation. 
Clinical studies on the risk factors of cage subsidence are incomplete and inaccurate, especially paravertebral muscle 
atrophy and intervertebral bone fusion time.

Methods Among the patients who underwent PLIF surgery in our hospital from January 2016 to January 2019, 30 
patients with  cage subsidence and 30 patients without cage subsidence were randomly selected to be included 
in this study. The differences between the two groups were compared, and the relevant factors of  cage subsid‑
ence were explored by single factor comparison and multiple logistic regression analysis.

Results Bone mineral density (T) of the subsidence group [(− 1.84 ± 1.81) g/cm2 vs (− 0.87 ± 1.63) g/cm2, P = 0.018] 
was significantly lower than that of the  normal group. There were 4 patients with end plate injury in the subsidence 
group (P = 0.038). Preoperative end plate Modic changes [I/II/III, (7/2/2) vs (2/5/8), P = 0.043] were significantly dif‑
ferent between the two groups. In the subsidence group, preoperative rCSA of psoas major muscle [(1.43 ± 0.40) vs 
(1.64 ± 0.41), P = 0.043], CSA of paravertebral muscle [(4530.25 ± 776.55) mm2 vs (4964.75 ± 888.48)  mm2, P = 0.047], 
paravertebral muscle rCSA [(3.03 ± 0.72) vs (3.84 ± 0.73), P < 0.001] and paravertebral muscle rFCSA [(2.29 ± 0.60) vs 
(2.89 ± 0.66), P < 0.001] were significantly lower than those in normal group. In the subsidence group, the vertebral 
body area [(1547.81 ± 309.89) mm2 vs (1326.48 ± 297.21) mm2, P = 0.004], the height of the immediately corrected 
vertebral space [(2.86 ± 1.10) mm vs (1.65 ± 1.02) mm, P = 0.020], immediately SL corrective Angle [(5.81 + 4.71)° vs 
(3.24 + 3.57) °, P = 0.009), postoperative PI—LL [(11.69 + 6.99)° vs (6.66 + 9.62) °, P = 0.029] and intervertebral fusion 
time [(5.38 ± 1.85) months vs (4.30 ± 1.49) months, P = 0.023] were significantly higher than those in the normal group. 
Multivariate logistic regression analysis showed that the time of intervertebral fusion (OR = 1.158, P = 0.045), the height 
of immediate intervertebral space correction (OR = 1.438, P = 0.038), and the Angle of immediate SL correction 
(OR = 1.101, P = 0.019) were the risk factors for cage subsidence. Bone mineral density (OR = 0.544, P = 0.016) and pre‑
operative paravertebral muscle rFCSA (OR = 0.525, P = 0.048) were protective factors.

Conclusion Intervertebral fusion time, correctable height of intervertebral space, excessive Angle of immediate SL 
correction, bone mineral density and preoperative paravertebral muscle rFCSA are risk factors for cage subsidence 
after PLIF.
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Introduction
Lumbar interbody fusion is a recognized treatment 
for a variety of spinal disorders, including trauma, 
infection, and tumors. It involves placing an implant 
(spacer, bone graft, or fusion apparatus) in the 
intervertebral space after discectomy. Often, the deci-
sion to fuse lumbar segments is based on instability 
or severe symptomatic degeneration. The main goals 
of lumbar fusion include symptom relief and segmen-
tal stabilization. Posterior lumbar interbody fusion 
(PLIF) is the most common surgical method in lum-
bar interbody fusion and plays an important role in 
lumbar surgery. The posterior spinal approach avoids 
vascular and nerve damage associated with the ante-
rior approach and allows a single incision for bilateral 
decompression and interbody fusion. Compared with 
other fusion techniques, PLIF has a wide surgical field 
of view and is less difficult to operate, and the fusion 
rate during follow-up is better. It also has good clini-
cal results, including pain reduction, but the disadvan-
tages of PLIF include large open incisions, large blood 
loss, and a long surgical time, which are likely to cause 
neuro-related complications. Complications associated 
with this approach include adjacent segment degen-
eration, failure of internal fixation, fusion cage dis-
placement, and foraminal stenosis due to fusion cage 
subsidence. Current studies on PLIF focus on improv-
ing the effect of surgery while avoiding complications.

At present, surgical treatment is a better choice for 
patients with lumbar degenerative changes who have 
failed conservative treatment, and the surgical effect of 
posterior lumbar surgery is worthy of recognition (1). 
The interbody fusion apparatus is a key component of 
the operation and plays a key role in the postoperative 
efficacy. Fusion instrument subsidence is one of the 
common complications after lumbar fusion and inter-
nal fixation. In recent years, the incidence of fusion 
instrument subsidence after posterior lumbar fusion 
surgery has been reported to be 26–50%, mostly within 
1  year after surgery (2). cage subsidence  appears on 
radiographs as the fusion implant is embedded into 
the end plate or cancellar bone, resulting in loss of 
intervertebral height, reduced anterior column sup-
port, reduced local lordosis and lumbar lordosis, 
leading to progressive spinal deformities, neurologi-
cal deterioration, and non-fusion (3). In severe cases, 
secondary surgery is required. It is very important to 
treat the high risk factors of fusion device subsidence 
in advance and reduce the probability of subsidence 
for the success of surgery. Clinical studies on the risk 
factors of  cage subsidence  are often incomplete and 
inaccurate, especially paravertebral muscle atrophy 
and interbody bone fusion time were not included in 

the analysis. Therefore, the purpose of our study was 
to comprehensively explore the risk factors of cage 
subsidence, conduct correlation analysis of risk fac-
tors, and clarify the independent risk factors of fusion 
and their critical thresholds.

Information and methods
General information
From January 2016 to January 2019, patients who 
underwent L4/5 single-stage posterior decompression 
interbody bone graft fusion and internal fixation were 
followed up in Shandong Hospital of Traditional Chi-
nese Medicine (the surgery was performed by experi-
enced surgeons with the same years of experience). 30 
patients with cage subsidence and 30 patients without 
cage subsidence  were randomly selected and divided 
into subsidence group and normal group. In the subsid-
ence group, there were 30 cases, including 11 males and 
19 females, aged 56.95 ± 10.23 years. The follow-up time 
was 30.34 ± 5.19  months. The bone mineral density was 
− 1.84 ± 1.81 g/cm2. 2; In the  normal group, there were 30 
cases, 14 males and 16 females, aged 52.91 ± 12.97 years. 
The follow-up time was 28.98 ± 4.79  months. The bone 
mineral density was − 0.87 ± 1.63  g/cm2. This study 
was approved by the hospital Ethics Committee and all 
patients gave their informed consent.

Inclusion criteria: (1) Patients underwent L4/5 single-
level surgery for lumbar degenerative diseases (lumbar 
spinal stenosis, lumbar disc herniation, lumbar spon-
dylolisthesis); (2) The surgical method was posterior 
lumbar interbody fusion; The clinical data and follow-up 
data were complete and the follow-up time was at least 
2 years. (4) Voluntarily accept surgical treatment and sign 
informed consent.

Exclusion criteria: (1) multi-segmental surgery; (2) the 
patient did not have scoliosis, kyphosis and other factors; 
(3) postoperative infection, broken nails and rods; (4) the 
patient had a history of spinal surgery for various rea-
sons; (5) patients with tuberculosis, tumor, compulsory 
spondylitis and other special diseases; (6) patients suf-
fering from mental illness, depression, etc., who do not 
cooperate with treatment; (7) The follow-up data were 
incomplete.

Surgical methods
After successful general anesthesia, the patient was 
placed in a prone position and the patient’s abdomen 
was suspended. C-arm fluoroscopy was used to locate 
the pedicle body surface projection of the vertebral body 
during the operation, and a median incision was made at 
the back of the waist. The electroknife was removed layer 
by layer to the lamina, and the facet joints and transverse 
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process were expanded to both sides. The insertion point 
of the pedicle screw was located, the positioning needle 
was placed, and the accurate position was confirmed 
by C-arm perspective. The orientation of the position-
ing needle was twisted into the pedicle nail, and the 
spinal canal decompression was performed. Directly, 
the nucleus pulposus forceps removed the prolapsed 
nucleus pulposus tissue. In addition, the lateral recess 
and nerve root canal were enlarged, and the nerve root 
lysis was complete. After the nucleus pulposus tissue 
was removed, the cartilaginous end plate was alternately 
scraped with a tooth scraper, and the interdisk tissue was 
completely removed. The soft tissue of the bitten lam-
ina was removed and then trimmed into granular bone 
pieces and implanted into the vertebral space. The inter-
body fusion cage of appropriate size was inserted into the 
space, and the Cage was filled with bone fragments. Place 
the pre-bent titanium rod at the nail tail and tighten the 
nut to cut off the tail. Check instruments, built-in drain-
age tube, layer by layer suture.

Observation indicators
General information: Age, sex, BMI, course of disease, 
follow-up time, disease diagnosis, diseased segment, his-
tory of alcohol abuse, smoking history, history of hyper-
tension, history of diabetes and bone mineral density 
measured by ultrasound were recorded in both groups.

Imaging data: Cross sectional area (CSA), vertebral 
body CSA, paravertebral muscle CSA, functional para-
vertebral muscle cross sectional area (FCSA) and para-
vertebral fat CSA were measured before operation using 
Image J software (National Institutes of Health, USA). 
The gray threshold was set to 120, and the percentage of 
pixels representing fat in paravertebral CSA was calcu-
lated, namely fat infiltration degree (5). Relative lumbar 
major cross sectional area (rCSA), paravertebral rCSA, 
relative functional paravertebral cross sectional area 
(rFCSA), and fat infiltration degree (fat infiltration, FI) 
were calculated. rCSA, that is, the ratio of muscle CSA at 
the same level to disc CSA (changed to vertebral CSA due 
to disc herniation) was calculated to control the influence 
of body type, weight, and height on muscle CSA (6). The 
patient’s endlaminitis was recorded before surgery, and 
the intraoperative SL correction Angle, intraoperative 
vertebral space height, PT, LL, SS and PI-LL were meas-
ured 2 days after surgery. CT scan was performed peri-
odically after surgery to observe the intervertebral fusion. 
The success of bone fusion could be judged by the con-
tinuous bone bridge connecting vertebral cartilage end 
plate on CT film, and the intervertebral fusion time of 
each patient was recorded.

Perioperative data: Operation time, incision length, 
intraoperative blood loss, intraoperative end plate injury, 
time of departure, and complications were recorded. 
Lumbar pain Scale (VAS) and Oswestry Disability Index 
(ODI) were evaluated for all patients before surgery, 
2  days after surgery, 3  months after surgery, and at the 
last follow-up. The time of postoperative intervertebral 
fusion, postoperative adjacent level degeneration, and 
failure of internal fixation were recorded.

Statistical analysis
SPSS20.0 software was used for statistical analysis. Meas-
urement data were represented by (x ± s). When data 
were normally distributed, independent sample t test 
was used for comparison between the two groups. When 
the data is not normally distributed, the rank sum test is 
used. Counting data were tested by 2 test or Fisher exact 
test. Mann–whitney U test was used to compare the 
grade data between the two groups. P < 0.05 was consid-
ered statistically significant. Multivariate logistic regres-
sion analysis was performed for statistically significant 
indicators to determine the independent risk factors 
for fusion subsidence after PLIF. Intra-class correlation 
(ICC) was used to assess the agreement between the 
two observers, ICC is equal to the individual variability 
divided by the total variability, so its value is between 0 
and 1. 0 indicates untrusted and 1 indicates fully trusted. 
It is generally believed that a reliability coefficient lower 
than 0.4 indicates poor reliability, and a reliability coef-
ficient greater than 0.75 indicates good reliability.

Results
Consistent results
In order to evaluate the inter-observer and inter-
observer consistency, ICC values were calculated. The 
intra-observer ICC values and inter-observer ICC val-
ues were 0.869 and 0.834, respectively, showing a good 
consistency.

General information
There were no statistically significant differences between 
the two groups in age, sex, BMI, course of disease, follow-
up time, disease diagnosis, pathological segment, history 
of alcohol abuse, smoking history, history of hyperten-
sion and history of diabetes, etc. There were significant 
differences in bone mineral density and the number of 
osteoporosis patients between the two groups (P = 0.018, 
P = 0.028) (Table 1). The bone mineral density in the sub-
sidence group was significantly lower than that in the 
normal  group, and the number of osteoporosis patients 
in the subsidence group was significantly higher than that 
in the normal group.
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Table 1 Univariate comparison between the subsidence group and the non‑sunk group

Index subsidence group (n = 30) normal group (n = 30) P values

General information

Age (years, x ± s) 56.95 ± 10.23 52.91 ± 12.97 0.195

Gender (e.g., male/female) 11/19 14/16 0.432

BMI (kg/m2, x ± s) 25.41 ± 6.74 25.30 ± 2.92 0.913

Alcoholic (e.g., yes/no) 5/25 1/29 0.197

Smoking (e.g., yes/no) 7/23 2/28 0.148

Diabetes (e.g., yes/no) 4/26 7/23 0.505

Hypertension (e.g., yes/no) 13/17 9/21 0.422

Osteoporosis (e.g., yes/no) 10/20 3/27 0.028

Bone mineral density (T value, g/cm2, x ± s) − 1.84 ± 1.81 − 0.87 ± 1.63 0.018

Duration of disease (months, x ± s) 5.67 ± 5.13 6.21 ± 3.98 0.376

Etiology (e.g., DH/SS/LS) 13/10/7 9/9/12 0.351

Follow‑up time (months, x ± s) 30.34 ± 5.19 28.98 ± 4.79 0.793

Image data

End plate Modic change (e.g., I/II/III) 7/2/2 2/5/8 0.043

Postoperative LL (º, x ± s) 40.01 ± 11.25 42.43 ± 9.37 0.984

Postoperative PT (º, x ± s) 20.28 ± 7.27 17.13 ± 9.89 0.181

Postoperative SS (º, x ± s) 30.54 ± 9.55 31.89 ± 7.23 0.491

Postoperative PI‑LL (º, x ± s) 11.69 ± 6.99 6.66 ± 9.62 0.029

Preoperative vertebral space height (mm, x ± s) 9.20 ± 1.76 8.68 ± 1.62 0.212

Preoperative psoas major muscle CSA  (mm2, x ± s) 2226.90 ± 700.27 2149.01 ± 646.44 0.637

Preoperative rCSA of psoas major ( x ± s) 1.43 ± 0.40 1.64 ± 0.41 0.043

Preoperative paravertebral muscle CSA  (mm2, x ± s) 4530.25 ± 776.55 4964.75 ± 888.48 0.047

Preoperative paravertebral muscle rCSA ( x ± s) 3.03 ± 0.72 3.84 ± 0.73  < 0.001

Preoperative vertebral body CSA  (mm2, x ± s) 1547.81 ± 309.89 1326.48 ± 297.21 0.004

Preoperative paravertebral muscle FI (%, x ± s) 24.29 ± 6.23 24.67 ± 8.40 0.770

Preoperative paravertebral fat CSA  (mm2, x ± s) 559.48 ± 197.30 630.39 ± 219.32 0.258

Preoperative paravertebral muscle FCSA  (mm2, x ± s) 3434.61 ± 689.50 3751.29 ± 884.98 0.137

Preoperative paravertebral muscle rFCSA ( x ± s) 2.29 ± 0.60 2.89 ± 0.66  < 0.001

Intervertebral fusion time (months, x ± s) 5.38 ± 1.85 4.30 ± 1.49 0.023

Immediate correction of vertebral space height (mm, x ± s) 2.86 ± 1.10 1.65 ± 1.02 0.020

Immediate SL correction Angle (°, x ± s) 5.81 ± 4.71 3.24 ± 3.57 0.009

Fusion settling height (mm, x ± s) 2.87 ± 0.77 0.93 ± 0.53  < 0.001

Adjacent stage degeneration (e.g., up/down/down) 7/4/0 6/2/1 0.605

Failure of postoperative internal fixation 2 0 0.150

Surgical data

Operation time (h, x ± s) 1.92 ± 0.33 1.94 ± 0.32 0.863

Total incision length (cm, x ± s) 10.57 ± 1.86 10.10 ± 1.92 0.309

Intraoperative blood loss (ml, x ± s) 288.10 ± 86.47 266.18 ± 90.79 0.331

Intraoperative end plate injury (e.g., yes/no) 4/26 0/30 0.038

Ground travel time (d, x ± s) 2.76 ± 0.70 2.74 ± 0.59 0.863

Wound healing (e.g., A/B/C) 29/1/0 30/0/0 0.313

Length of stay (d, x ± s) 10.62 ± 2.18 10.82 ± 2.47 0.738

Follow‑up data

VAS score for low back pain

Before operation 7.43 ± 0.60 7.57 ± 0.63 0.354

2 days after surgery 5.29 ± 1.01 4.84 ± 0.64 0.066

3 months after surgery 2.05 ± 0.67 2.06 ± 0.64 0.945

Last follow‑up 1.33 ± 0.80 1.35 ± 0.97 0.933
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Perioperative situation
All operations were successfully completed. One patient 
in the subsidence  group had delayed incision healing, 
while the other patients had no abnormal incision, and all 
patients were healed. The perioperative data are shown in 
Table 1. After comparative analysis, there were 4 patients 
with end plate injury in the subsidence group (P = 0.038). 
There were no significant differences in operation time, 
incision length, intraoperative blood loss, ground time, 
hospital stay and walking time between the two groups 
(P > 0.05) (Table 1).

Preoperative degeneration of paravertebral muscle 
and psoas major muscle
rCSA of psoas major muscle, CSA of paravertebral mus-
cle, rCSA of paravertebral muscle and rFCSA of para-
vertebral muscle in subsidence group were significantly 
lower than those in normal group, with statistical signifi-
cance (P = 0.043, P = 0.047, P < 0.001, P < 0.001). CSA in 
the  subsidence group was significantly higher than that 
in the normal group, and the difference was statistically 
significant (P = 0.004). There were no significant differ-
ences in psoas major muscle CSA, paravertebral mus-
cle FI, paravertebral muscle fat CSA and paravertebral 

muscle FCSA between the two groups (P > 0.05). See 
Fig. 1 for specific data (Table 1).

Visual data
The  subsidence  height of the fusion in the subsid-
ence  group was (2.87 ± 0.77) mm, and the subsidence 
height of the fusion in the  normal group was (0.93 ± 0.53) 
mm. The intervertebral fusion time in the subsidence 
group was significantly longer than that in the nor-
mal  group, with statistical significance (P = 0.023). The 
height of immediately corrected intervertebral space in 
the subsidence group was significantly higher than that 
in the normal group, and the difference was statistically 
significant (P = 0.020). The immediate SL correction 
Angle in the  subsidence  group was significantly higher 
than that normal  group, and the difference was statisti-
cally significant (P = 0.009). The difference of PI-LL in the 
subsidence group was significantly higher than that in the 
normal  group (P = 0.029). In the subsidence group, there 
were 2 cases of type I, 10 cases of type II and 8 cases of 
type III. In the normal group, there were 3 cases of type I, 
8 cases of type II and 1 case of type III, and the difference 
was statistically significant (P = 0.043). There were no sig-
nificant differences in preoperative L4/5 intervertebral 
space height, postoperative LL, postoperative PT, post-
operative SS, postoperative internal fixation failure and 
adjacent segment degeneration between the two groups 
(P > 0.05). See Fig. 1 for specific data (Table 1).

Follow‑up data
There were no significant differences in VAS scores and 
ODI scores between the two groups before surgery, 
2 days after surgery, 3 months after surgery and at the last 
follow-up (P > 0.05), and the specific data are shown in 
Table 1.

Binary multi‑factor logistic regression analysis
Multivariate logistic regression analysis showed that the 
classification ability of the model was 87.7%, and the 
Chi-square test model was valid (× 2 = 5.857, P = 0.663). 
The time of intervertebral fusion (OR = 1.158, P = 0.045), 
the height of immediate intervertebral space correction 

Table 1 (continued)

Index subsidence group (n = 30) normal group (n = 30) P values

ODI score

Before operation 47.11 ± 5.87 48.28 ± 8.06 0.538

2 days after surgery 34.71 ± 4.11 35.61 ± 4.98 0.456

3 months after surgery 24.29 ± 4.68 24.24 ± 4.15 0.962

Last follow‑up 15.95 ± 5.15 16.25 ± 4.85 0.809

Fig. 1 Schematic diagram of muscle measurement
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(OR = 1.438, P = 0.038), and the Angle of immediate SL 
correction (OR = 1.101, P = 0.019) were the risk factors 
of cage subsidence. Bone mineral density (OR = 0.544, 
P = 0.016) and paravertebral muscle rFCSA (OR = 0.525, 
P = 0.048) were protective factors for the cage subsidence 
(Table 2).

Discussion
Posterior lumbar fusion surgery (PLIF) is a very mature 
technique that has been applied to clinical treatment by 
many spine surgeons (7). It is suitable for patients with 
minimally invasive and difficult operation and com-
plicated conditions, and full visual field exposure can 
ensure the safety and operability of surgery. Today, 
PLIF and related fusion methods are the gold standard 
of spinal fusion, a technique first proposed by Briggs H 
and Milligan P (8), the earliest use of excised laminae as 
intervertebral space plant fusion, with the development 
of technology and the rise of various materials, The use 
of different materials and different types of fusion appa-
ratus and internal fixation in clinical treatment, such as 
surgical titanium and polyether ether ketone (PEEK), has 
reduced the failure of internal fixation. In our study, all 
patients underwent PLIF surgery, pedicle nail rod system 
fixation and interbody implant fusion device, which was 
made of polyether ether ketone (PEEK). Titanium cages 
can improve the rate of bone fusion, but also increase the 
settlement caused by the hardness of titanium relative to 
bone. PEEK materials have more skeletal elasticity and 
exhibit less settling than titanium cages (9). Cage made 
of different PEEK materials can be selected according 
to the patient’s condition to stretch the vertebral space 
recovery height (10). Indirect decompression is achieved 
by stretching the ligaments of the surrounding tissue 
through the intervertebral height recovered by the fusion 
apparatus. At the same time, the interbody fusion device 
was used as a bone graft carrier to achieve interbody 
fusion and restore stability to the unstable segment (11). 
From this point of view, the cage apparatus plays a crucial 
role in interbody fusion surgery.

Cage subsidence  is the most common complica-
tion after PLIF. However, the development process of 
cage subsidence is not very clear. Generally speaking, 
the most direct impact of cage subsidence is that it can 
cause the intervertebral height to drop, thus weakening 
the supporting force of the anterior column of the spine, 
indirectly causing changes in the soft tissue structure 
reconstructed during surgery, such as ligament relaxa-
tion and hypertrophy and compression of the spinal 
cord or nerve root, thus affecting the decompression 
effect of surgery. It can affect the improvement of post-
operative clinical symptoms and the long-term prog-
nosis of surgery, but there are still many opinions and 
opinions about the relationship between postoperative 
clinical symptoms and fusion device subsidence. When 
exploring the correlation between fusion sink and clini-
cal outcome during posterior lumbar interbody fusion, 
Oh et  al. (12) retrospectively analyzed 102 patients and 
followed them up for 1 year. They found that fusion sink 
was correlated with bone mineral density, but there was 
no significant correlation between fusion sink and dete-
rioration of clinical symptoms. In a study conducted by 
Choi et al. (13) on the stage of postoperative subsidence, 
the relationship between fusion, symptom recurrence 
and subsidence development was evaluated on imag-
ing data, and the conclusion was that subsidence had no 
direct relationship with symptom recurrence and imag-
ing fusion. The results of these studies are the same as the 
results of this study. During the follow-up period, fusion 
device sedimentation did not significantly affect the VAS 
score and ODI score, which may be directly related to 
drug treatment, small sample size and short follow-up 
period of patients. However, there are also many schol-
ars who believe that the interbody fusion device subsid-
ence will significantly affect the postoperative results 
of patients. Marchi et  al. (14) pointed out in the study 
report that after fusion, fusion device subsidence would 
lead to transient low back pain in the early postopera-
tive period, and this symptom would be relieved as the 
fusion device gradually stabilized. Lewandrowski et  al. 

Table 2 Results of multi‑factor logistic regression analysis of cage subsidence

Influencing factor B value S.E Wald value OR value 95% CI P value

Psoas major rCSA − 0.069 0.583 2.513 0.933 0.804–7.889 0.475

Intervertebral fusion time 0.147 3.22 4.002 1.158 0.832–1.962 0.045

Paravertebral muscle rFCSA − 0.644 0.931 3.107 0.525 0.280–0.987 0.048

Bone mineral density − 0.609 0.151 5.760 0.544 0.305–0.968 0.016

Immediate vertebral space correc‑
tion height

0.363 0.294 4.290 1.438 1.069–1.935 0.038

Instant SL correction height 0.096 0.094 5.521 1.101 1.019–1.323 0.019

Postoperative PI‑LL − 0.008 0.039 3.208 1.008 0.863–1.007 0.073
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(15) reported a patient with interbody fusion organ sub-
sidence. They believed that the subsidence reduced DH, 
resulting in soft ligament relaxation and further com-
pression of nerve roots, leading to symptom recurrence. 
In a meta-analysis, Macki reported that the rate of sur-
gical revision due to interbody fusion vessel subsidence 
was 2.8%. Athan et  al. (16), when studying the risk fac-
tors of subsidence after anterior lumbar interbody fusion, 
pointed out that fusion sink was significantly correlated 
with adjacent segment degeneration and the incidence 
of secondary surgery. Postoperative fusion subsidence 
can affect the effect of indirect decompression and spi-
nal stability, and may cause local inflammation resulting 
in postoperative low back pain (14). It can be seen that 
regardless of the influence of fusion device subsidence, 
preventing the occurrence of postoperative subsidence is 
still of great clinical significance for maintaining sagittal 
balance and optimizing surgical prognosis. By analyzing 
various factors, this study further analyzed the high-risk 
factors causing fusion device subsidence and clarified 
their correlation.

At present, the clinical research on the  cage subsid-
ence  mostly starts from the stress balance and biome-
chanics between the fusion device and the end plate. At 
present, it is believed that the settling of the fusion plate 
is mainly caused by the uneven pressure of the fusion 
plate between the vertebrae. Once the bearing capacity 
of the vertebrae is exceeded, the end plate will be dam-
aged and the fusion plate will migrate. The uneven load 
is an important factor leading to the settling of the fusion 
plate. The settlement does not progress. In terms of its 
own factors, bone mineral density is generally consid-
ered to be an important factor affecting the settlement 
of the fuse, and the relationship between bone mineral 
density and end plate strength has become more and 
more clear. Hou et  al. (17) found through biomechani-
cal tests that bone mineral density was closely related to 
the destructive load of the end plate of the vertebral body, 
and the decrease in bone mineral density could lead to 
the decrease in the destructive load of the end plate, thus 
increasing the risk of interbody fusion. Liu Lei et al. (18) 
also found that bone density was closely related to the 
height of fusion sink, and the lower the bone density, the 
greater the possibility and height of fusion sink. In this 
study, it was also found that bone density was closely 
related to fusion sink, and the better the bone density, 
the lower the possibility of fusion sink. Rafael et al. (19) 
found in their experiments that anti-osteoporosis treat-
ment could significantly promote bone fusion and reduce 
the risk of fusion sink. Therefore, it is recommended that 
surgeons conduct bone mineral density detection before 
interbody fusion, and apply anti-osteoporosis treatment 
to reduce the incidence of postoperative interbody fusion 

subsidence when osteoporosis is found. In addition, BMI, 
gender and age are also considered to be relevant self-
influencing factors. Chen et al. (20) pointed out in their 
study that women and body mass index are also risk fac-
tors for fusion device subsidence. Yao et al. (21), in a study 
of fusion after minimally invasive transforaminal lumbar 
interbody fusion, found that the BMI of patients in the 
sedimentation group was higher than that in the control 
group. Marchi et al. (14) pointed out in their report that 
they believed there was a certain correlation between the 
age of patients and the severity of subsidence, but did not 
clearly point out whether age was associated with the 
occurrence of subsidence. However, in this study, it was 
found that gender, BMI, and age were not significantly 
correlated with the fusion chamber settlement. Similarly, 
Beutler et al. (22) said in a study of 104 patients that the 
patient’s BMI, age, gender and other factors could not 
significantly affect the fusion chamber settlement, and 
there was no statistical significance. At the same time, the 
smoking history, alcohol history and basic diseases of the 
patients were also studied in this study, and there was no 
significant significance to the fusion chamber subsidence. 
Although the relationship between self-factors such as 
BMI, gender, age and underlying diseases and fusion sub-
sidence is not clear, overweight or obesity may affect the 
prognosis of surgery, the influence of age on bone min-
eral density should not be ignored, and smoking affects 
interbody fusion time, which may indirectly affect fusion 
subsidence. Therefore, in the perioperative evaluation, 
we should pay attention to the patient’s age, weight and 
other factors, and make good preparation for preopera-
tive education and operation.

In addition to the patient’s own factors, surgical skills 
and methods are also the key factors of fusion device 
subsidence. Intervertebral height can also affect the out-
come of fusion surgery. Arun-Kumar et al. (23) found in a 
study on the factors affecting the early disc height decline 
after lateral lumbar interbody fusion that the greater the 
increase in interbody height during surgery than before 
surgery, the greater the loss of interbody height during 
the entire early follow-up. Therefore, they believed that 
the optimal disc height, for example, by referring to the 
height of the interbody space before surgery, should be 
obtained. It is an important surgical strategy rather than 
an excessive pursuit of increased vertebral space height. 
Yang et al. (24) pointed out in their study that excessive 
spacing of the vertebral space would increase the stress 
in the fusion stage and accelerate the onset of settle-
ment. Intraoperative vertebral space correction height 
should be selected according to the patient’s preoperative 
degeneration and vertebral space height. In this study, 
it was found that when the vertebral space correction 
height was too large, the probability of fusion would be 
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increased, especially in patients with more severe degen-
erative diseases and more rigid anatomical structure. 
Based on these findings, surgeons should emphasize 
optimizing the size and intervertebral height adjustment 
of the fusion vessel to reduce the risk of end plate injury 
and fusion vessel subsidence. In addition, it is generally 
believed that how to deal with the end plate in fusion 
surgery is a powerful factor that cannot be ignored. The 
ultimate goal of interbody fusion is to release the nerve 
or spinal cord compression from intraspinal lesions 
and restore the intervertebral high-maintenance spinal 
sequence. The integrity of the vertebral end plate is an 
important condition to ensure the support strength of the 
end lamin-fusion contact surface, and excessive damage 
to the bony end plate will increase the risk of subsidence. 
Intraoperative end plate damage reduces the end plate 
failure load, resulting in fusion sink (25). WEWEL et al. 
(26) pointed out in their study the importance of intra-
operative end plate protection to prevent fusion device 
subsidence, and this study also found that end plate dam-
age is a risk factor for fusion device subsidence. Current 
mainstream studies support reducing end plate damage 
during surgical operations as much as possible in order to 
reduce the risk of fusion device subsidence. The relation-
ship between the Modic parting and the fusion settle-
ment is not clear, but considering the different end plate 
failure load under different parting may have an effect on 
the fusion settlement. Among them, type III is the hard-
ening of end plate cartilage, which hardens the vertebral 
body and increases the destructive load of the end plate, 
which may reduce the probability of fusion. Clinical stud-
ies have also pointed out that segmental lordosis can be 
an independent risk factor for fusion sink (18). Excessive 
correction of segmental lordosis can lead to separation 
of the front half of the fusion and the end plate. Biome-
chanical studies have shown that the small contact area 
between the fusion and the end plate is one of the rea-
sons for fusion sink (27). The excessive correction seg-
mental convex Angle causes the stress to be concentrated 
in the rear part of the fusion plate, resulting in a high risk 
of fusion settlement. However, the Angle of segmental 
lordosis correction is not clear in clinical studies. In this 
study, it was found that attention should be paid to the 
reconstruction of local lordotic Angle and lumbar lor-
dotic Angle during surgery to avoid excessive extension 
of the intervertebral space and construction of excessive 
SL Angle, so as to avoid the stress affecting the fusion seg-
ment and the acceleration of sedimentation (28). Proper 
handling of the intervertebral space during surgery and 
finding the appropriate degree of SL improvement can 
reduce the rate of reoperation. In addition, studies have 
found that PI-LL is also a risk factor for fusion device 
subsidence. Schwab et al. (29) proposed that PI-LL < 10° 

is spinal pelvic matching, which has important signifi-
cance for spinal stability. Clinically, PI-LL was divided 
into three degrees: < 10°, 10°–20° and > 20°. The higher 
the PI-LL value, the greater the likelihood of postop-
erative complications of lumbar spine. The incidence 
of the latter two degrees was 1.1 times and 5.3 times of 
PI-LL < 10°, respectively (30). In addition, Masevnin et al. 
(31) reported that PI-LL mismatch is a risk factor for spi-
nal sagittal instability, and patients with high PI value and 
low LL value have a significantly increased risk of fusion 
instrument subsidence after short-segment fusion. After 
operation, unreasonable sagittal position parameters will 
affect the stability of the spine and the mechanical struc-
ture will change, which will affect the fusion device set-
tlement, but there is still a lack of clinical research in this 
aspect. The surgeon should reasonably restore the height 
of the intervertebral space and correct the segmental lor-
dosis Angle according to the patient’s degeneration and 
sagittal position parameters, so as to reduce the probabil-
ity of fusion device subsidence.

Clinical studies on the risk factors of fusion are 
detailed, but the correlation between paravertebral 
muscle and intervertebral bone fusion time and fusion 
has not been reported. In this study, the CSA and FI of 
the paravertebral and psoas major muscles were meas-
ured, which are key parameters for evaluating para-
vertebral atrophy (32). The paravertebral muscle is an 
important muscular system that helps stabilize the 
spine during the maintenance of normal lumbar physi-
ological lordosis and dorsal extension (33). In severe 
paraspinal atrophy, spinal stability is reduced and stress 
between the fusion plate and the end plate is constantly 
changing, resulting in fatigue damage to the end plate 
resulting in fusion plate subsidence (34). Singhatan-
adgige et  al. (2) found paravertebral muscle atrophy 
to be a risk factor for fusion sink in the follow-up of 
patients undergoing MIS-TLIF surgery. In this study, 
it was found that paravertebral muscle rFCSA was an 
independent risk factor for fusion. The pulling effect 
of paravertebral muscle on the posterior structure 
of the vertebral body could reduce the stress on the 
fusion, and the stress between the fusion and the end 
plate increased when the paravertebral muscle atrophy. 
Wang Sinian et  al. (35) also pointed out that paraver-
tebral muscle degeneration is closely related to sagit-
tal position parameters, and the paravertebral muscle 
affects the sagittal position force line to maintain spinal 
sagittal balance through a compensatory mechanism. 
The larger the paravertebral muscle rFCSA was, the less 
likely the fusion sink was to occur. However, the biome-
chanical relationship between the paravertebral mus-
cle and the fusion apparatus needs further study. The 
functional exercise of paravertebral muscle is related to 



Page 9 of 11Liu and Li  Journal of Orthopaedic Surgery and Research            (2024) 19:7  

the prognosis of surgery. Having good muscle strength 
can obtain better curative effect and fewer complica-
tions after surgery. In addition to drug assisted treat-
ment, clinicians should also give reasonable muscle 
function exercise methods. In addition, the time of 
interbody fusion is also closely related to fusion sink. 
Lee et  al. (36) found in the follow-up of 79 patients 
undergoing spinal fusion surgery that when interbody 

fusion occurred and the new bone could withstand the 
load at the interbody fusion-vertebral end plate inter-
face, the settlement would no longer progress. Pro-
longed intervertebral fusion can lead to osteolysis and 
absorption in the implanted bone of the intervertebral 
space (37). After osteolysis and absorption, the stress 
between the fusion organ and the end plate of the ver-
tebral body increases, and the fusion organ subsidence 

Fig. 2 A 64‑year‑old female patient was admitted to hospital with "lumbar disc herniation". Her bone mineral density (BMD) was − 1.7 g/cm2. 
PLIF surgery was performed, and the fusion device settlement was 4.46 mm after surgery. a: Preoperative CT of lumbar spine showed that the SL 
of L4/5 was 2.63°, and the upper and lower endplates were intact. b: Preoperative horizontal MRI under L4 end plate showed that the rCSA 
of the psoas major was 1.32, the rCSA of the paravertebral muscle was 3.18, the rFCSA of the paravertebral muscle was 1.77, and the vertebral 
area was 1367.28mm2. c: Sagittal CT scan of lumbar spine 1 day after surgery showed intraoperative end plate destruction, the correction height 
of intervertebral space was 1.71 mm, the correction Angle of SL was 7.13°, and the PI‑LL was 23.76°. d: Sagittal CT scan of the lumbar spine 
8 months after surgery showed poor intervertebral fusion, osteolysis and absorption, and significant fusion sink

Fig. 3 A 74‑year‑old female patient was admitted to hospital with "lumbar spinal stenosis". Her bone mineral density (BMD) was − 2.6 g/cm2. 
She underwent PLIF surgery and the fusion sink was 3.14 mm after surgery. a: Preoperative CT of the lumbar spine showed that the SL of L4/5 
was 12.85°, and the upper and lower endplates were intact. b: Preoperative end plate horizontal MRI under L4 showed that the rCSA of the psoas 
major muscle was 1.29, the rCSA of the paravertebral muscle was 3.31, the rFCSA of the paravertebral muscle was 2.28, and the vertebral area 
was 1254.19  mm2. c: 1 day after surgery, sagittal CT of lumbar spine showed that the height of intervertebral space correction was 4.01 mm, 
the Angle of SL correction was 3.61°, and the PI‑LL was 3.74°. d: 1 year after surgery, sagittal CT of the lumbar spine showed good intervertebral 
fusion and significant fusion sink
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occurs when the load exceeds the end plate failure. 
When the fusion apparatus sinks, the instability of the 
intervertebral space will further affect the interverte-
bral fusion time. The two can influence each other and 
cause and effect each other. When the intervertebral 
fusion time is prolonged, the intervertebral bone fusion 
is poor, and good bone support cannot be formed, and 
the load will be too much relied on the installation of 
the pedicle internal fixation to bear the load. Long-
term high load will lead to the fatigue of the metal 
internal fixation, resulting in the fracture of the screw 
or rod (38). Failure of internal fixation will also increase 
the stress between the fusion-end plate of the vertebral 
body, resulting in the settlement or even displacement 
of the fusion, which will affect the surgical effect and 
require a second surgical repair in severe cases. There-
fore, osteogenic drugs should be actively used after sur-
gery to reduce the time of intervertebral bone fusion 
and reduce the possibility of fusion sink.

The surgeon should reasonably avoid or reduce the 
influence of high risk factors before surgery, reduce the 
probability of postoperative fusion device subsidence, 
and achieve better surgical efficacy and prognosis.

Limitations
The patients included were all undergoing single-stage 
fusion surgery, and the effect of the number of fusion 
segments on the fusion sink was not studied. Because the 
width and other specifications of the fusion device used 
by the patients are the same, the influence of the fusion 
device specifications on the settlement is not clear. This 
study is a single-center study with a small sample size, 
and the results are accidental and less persuasive.

Conclusions
In summary, the risk factors for lumbar fusion are com-
plex and diverse. Among them, the height of immediate 
intervertebral space correction, the Angle of immediate 
SL correction and the time of intervertebral bone fusion 
can all be independent risk factors for fusion, while good 
bone density and paravertebral muscle rFCSA can play 
a preventive role in fusion. Surgeons should consider 
the high risk factors before operation and in operation 
design, and actively treat the symptoms. Intraopera-
tive technical practice to reduce intraoperative end plate 
injury (Figs. 2, 3).

Acknowledgements
Not applicable.

Author contributions
YL contributed to methodology, software, investigation, and writing—original 
draft. NL contributed to conceptualization, resources, supervision, and project 
administration.

Funding
This work was supported by the 2021 Science and Technology Research Pro‑
ject approved by Shandong Geriatrics Society (No.: LKJGG2021Z009).

Availability of data and materials
The datasets generated and analyzed during the current study are available 
from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
This study was performed in line with the principles of the Declaration of Hel‑
sinki. The studies involving human participants were reviewed and approved 
by the Human Research Ethics Committee of Affiliated Hospital of Shandong 
University of Traditional Chinese Medicine.

Consent to publication
Not applicable.

Competing interests
The authors declare no competing interests with regard to this manuscript.

Author details
1 Shandong University of Traditional Chinese Medicine, Jinan, China. 2 Depart‑
ment of Orthopedics, Affilited Hospital of Shandong University of Traditional 
Chinese Medicine, Jinan, China. 

Received: 10 November 2023   Accepted: 14 December 2023

References
 1. Zou HB, Wang YM. Effect of posterior lumbar interbody fusion on intra‑

operative blood loss and postoperative drainage volume. Chin J Orthop. 
2019;27(2):145–8. https:// doi. org/ 10. 3977/j. issn. 1005‑ 8478. 2019. 02. 11. (in 
Chinese).

 2. Singhatanadgige W, Sukthuayat A, Tanaviriyachai T, et al. Risk fac‑
tors for polyetheretherketone cage subsidence following minimally 
invasive transforaminal lumbar interbody fusion. Acta Neurochir (Wien). 
2021;163(9):2557–65. https:// doi. org/ 10. 1007/ s00701‑ 021‑ 04923‑y.

 3. Zhou QS, Chen X, Li S, et al. Effect of fusion apparatus subsidence on 
sagittal surface morphology of lumbar spine after single level lum‑
bar interbody fusion through foraminal foramina. Chin J Spinal Cord. 
2019;29(6):536–43. https:// doi. org/ 10. 3969/j. issn. 1004‑ 406X. 2019. 06. 09.

 4. Yao YC, Chou PH, Lin HH, et al. Risk factors of cage subsidence in patients 
received minimally invasive transforaminal lumbar interbody fusion. 
Spine. 2020;45(19):E1279–85. https:// doi. org/ 10. 1097/ BRS. 00000 00000 
003557.

 5. Ropponen A, Videman T, Battié MC. The reliability of paraspinal muscles 
composition measurements using routine spine MRI and their associa‑
tion with back function. Man Ther. 2008;13(4):349–56. https:// doi. org/ 10. 
1016/j. math. 2007. 03. 004.

 6. Chen YY, Pao JL, Liaw CK, et al. Image changes of paraspinal muscles and 
clinical correlations in patients with unilateral lumbar spinal stenosis. Eur 
Spine J. 2014;23(5):999–1006. https:// doi. org/ 10. 1007/ s0058 6⁃013⁃3148⁃z.

 7. Schnake KJ, Rappert D, Storzer B, et al. Lumbale Spondylodese – Indi‑
kationen und Techniken [Lumbar fusion‑Indications and techniques]. 
Orthopade. 2019;48(1):50–8. https:// doi. org/ 10. 1007/ s00132‑ 018‑ 03670‑
w. (in German).

https://doi.org/10.3977/j.issn.1005-8478.2019.02.11
https://doi.org/10.1007/s00701-021-04923-y
https://doi.org/10.3969/j.issn.1004-406X.2019.06.09
https://doi.org/10.1097/BRS.0000000000003557
https://doi.org/10.1097/BRS.0000000000003557
https://doi.org/10.1016/j.math.2007.03.004
https://doi.org/10.1016/j.math.2007.03.004
https://doi.org/10.1007/s00586⁃013⁃3148⁃z
https://doi.org/10.1007/s00132-018-03670-w
https://doi.org/10.1007/s00132-018-03670-w


Page 11 of 11Liu and Li  Journal of Orthopaedic Surgery and Research            (2024) 19:7  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 8. Fenton‑White HA. Trailblazing: the historical development of the poste‑
rior lumbar interbody fusion (PLIF). Spine J. 2021;21(9):1528–41. https:// 
doi. org/ 10. 1016/j. spinee. 2021. 03. 016.

 9. Verma R, Virk S, Qureshi S. Interbody fusions in the lumbar spine: a review. 
HSS J. 2020;16(2):162–7. https:// doi. org/ 10. 1007/ s11420‑ 019‑ 09737‑4.

 10. Yang HL, Zhong YM, He QB, et al. Comparison of nano‑hydroxyapatite 
and polyether ether ketone interbody fusion apparatus. Chin J Orthop 
Surg. 2022;30(16):1473–7. https:// doi. org/ 10. 3977/j. issn. 1005‑ 8478. 2022. 
16. 07.

 11. Zhao L, Zeng JC, Xie TH, et al. Research progress of interbody fusion 
sink after lumbar interbody fusion. Chin J Prosthoplast Reconstr Surg. 
2021;35(8):1063–7. https:// doi. org/ 10. 7507/ 1002‑ 1892. 20210 4036.

 12. Oh KW, Lee JH, Lee JH, Lee DY, Shim HJ. The Correlation between cage 
subsidence, bone mineral density, and clinical results in posterior lumbar 
interbody fusion. Clin Spine Surg. 2017;30(6):E683–9.

 13. Choi JY, Sung KH. Subsidence after anterior lumbar interbody fusion 
using paired stand‑alone rectangular cages. Eur Spine J. 2006;15(1):16–22.

 14. Marchi L, Abdala N, Oliveira L, Amaral R, Coutinho E, Pimenta L. Radio‑
graphic and clinical evaluation of cage subsidence after stand‑alone 
lateral interbody fusion. J Neurosurg Spine. 2013;19(1):110–8.

 15. Lewandrowski KU, Ransom NA, Yeung A. Subsidence induced recurrent 
radiculopathy after staged two‑level standalone endoscopic lumbar 
interbody fusion with a threaded cylindrical cage: a case report. J Spine 
Surg. 2020;6(Suppl 1):S286–93.

 16. Zavras AG, Federico V, Nolte MT, Butler AJ, Dandu N, Munim M, et al. Risk 
factors for subsidence following anterior lumbar interbody fusion. Global 
Spine J 2022:21925682221103588.

 17. Hou Y, Yuan W. Influences of disc degeneration and bone mineral 
density on the structural properties of lumbar end plates. Spine J. 
2012;12(3):249–56. https:// doi. org/ 10. 1016/j. spinee. 2012. 01. 021.

 18. Liu L, Liu GZ, Zhang SD, et al. Effect of osteoporosis on the settlement 
degree of fusion apparatus after posterior single level lumbar fusion. Chin 
J Spinal Cord. 2020;30(2):111–7. https:// doi. org/ 10. 3969/j. issn. 1004‑ 406X. 
2020. 02. 03.

 19. Buerba RA, Sharma A, Ziino C, Arzeno A, Ajiboye RM. Bisphosphonate 
and teriparatide use in thoracolumbar spinal fusion: a systematic 
review and meta‑analysis of comparative studies. Spine (Phila Pa 1976). 
2018;43(17):E1014‑e23.

 20. Chen E, Xu J, Yang S, et al. Cage subsidence and fusion rate in extreme 
lateral interbody fusion with and without fixation. World Neurosurg. 
2019;122:e969–77. https:// doi. org/ 10. 1016/j. wneu. 2018. 10. 182.

 21. Yao YC, Chou PH, Lin HH, Wang ST, Liu CL, Chang MC. Risk factors of cage 
subsidence in patients received minimally invasive transforaminal lumbar 
interbody fusion. Spine. 2020;45(19):E1279–85.

 22. Beutler WJ, Peppelman WC Jr. Anterior lumbar fusion with paired BAK 
standard and paired BAK Proximity cages: subsidence incidence, subsid‑
ence factors, and clinical outcome. Spine J. 2003;3(4):289–93.

 23. Kaliya‑Perumal AK, Soh TLT, Tan M, Oh JY. Factors influencing early disc 
height loss following lateral lumbar interbody fusion. Asian Spine J. 
2020;14(5):601–7.

 24. Yang JJ, Yu CH, Chang BS, et al. Subsidence and nonunion after anterior 
cervical interbody fusion using a stand‑alone polyetheretherketone 
(PEEK) cage. Clin Orthop Surg. 2011;3(1):16–23. https:// doi. org/ 10. 4055/ 
cios. 2011.3. 1. 16.

 25. Lowe TG, Hashim S, Wilson LA, et al. A biomechanical study of regional 
endplate strength and cage morphology as it relates to structural inter‑
body support. Spine (Phila Pa 1976). 2004;29(21):2389–94. https:// doi. org/ 
10. 1097/ 01. brs. 00001 43623. 18098. e5.

 26. Wewel JT, Hartman C, Uribe JS. Timing of lateral lumbar interbody subsid‑
ence: review of exclusive intraoperative subsidence. World Neurosurg. 
2020;137:e208–12. https:// doi. org/ 10. 1016/j. wneu. 2020. 01. 134.

 27. Santoni BG, Alexander GE 3rd, Nayak A, Cabezas A, Marulanda GA, 
Murtagh R, Castellvi AE. Effects on inadvertent endplate fracture fol‑
lowing lateral cage placement on range of motion and indirect spine 
decompression in lumbar spine fusion constructs: A cadaveric study. Int J 
Spine Surg. 2013;1(7):e101–8. https:// doi. org/ 10. 1016/j. ijsp. 2013. 09. 001.

 28. Tempel ZJ, Gandhoke GS, Okonkwo DO, Kanter AS. Impaired bone 
mineral density as a predictor of graft subsidence following mini‑
mally invasive transpsoas lateral lumbar interbody fusion. Eur Spine J. 
2015;24(Suppl 3):414–9.

 29. Schwab FJ, Blondel B, Bess S, et al. International Spine Study Group (ISSG). 
Radiographical spinopelvic parameters and disability in the setting of 
adult spinal deformity: a prospective multicenter analysis. Spine (Phila 
Pa 1976). 2013;38(13):E803–12. https:// doi. org/ 10. 1097/ BRS. 0b013 e3182 
92b7b9.

 30. Yilgor C, Sogunmez N, Yavuz Y, et al. European Spine Study Group. Rela‑
tive lumbar lordosis and lordosis distribution index: individualized pelvic 
incidence‑based proportional parameters that quantify lumbar lordosis 
more precisely than the concept of pelvic incidence minus lumbar 
lordosis. Neurosurg Focus. 2017;43(6):E5. https:// doi. org/ 10. 3171/ 2017.8. 
FOCUS 17498.

 31. Masevnin SV, Ptashnikov DA, Volkov IV, Konovalov NA. Vliianie pozvon‑
ochno‑tazovykh parametrov na chastotu razvitiia nestabil’nosti smezh‑
nogo segmenta pri monosegmentarnoĭ fiksatsii v poiasnichnom otdele 
[The impact of spinopelvic parameters on the rate of adjacent segment 
instability after short‑segment spinal fusion]. Zh Vopr Neirokhir Im N N 
Burdenko. 2019;83(2):80–4. https:// doi. org/ 10. 17116/ neiro 20198 302180. 
(in Russian).

 32. Mu YM, Yan CN, Cui SQ, et al. Imaging analysis of paravertebral muscle 
in patients with single level degenerative lumbar spondylolisthesis and 
lumbar spinal stenosis. Chin J Orthop. 2021;41(9):568–75. https:// doi. org/ 
10. 3760/ cma.j. cn121 113⁃20210 222⁃00193. (in Chinese).

 33. Sun D, Liu P, Cheng J, et al. Correlation between intervertebral disc 
degeneration, paraspinal muscle atrophy, and lumbar facet joints 
degeneration in patients with lumbar disc herniation. BMC Musculoskelet 
Disord. 2017;18(1):167. https:// doi. org/ 10. 1186/ s1289 1⁃017⁃1522⁃4.

 34. Li DC, Lu X, Xu GY, et al. Correlation between paravertebral muscle atro‑
phy, facet joint morphological changes and adjacent segment disease 
after lumbar fusion. Orthop J. 2022;19:1292–300. https:// doi. org/ 10. 3760/ 
cma.J. c. n1211 13‑ 20220 819‑ 00452.

 35. Wang SN, Qiu Y, Zhu ZZ, et al. Relationship between sagittal position of 
spine and pelvis and cross‑sectional area of paravertebral muscle group 
based on Roussouly classification. Orthop J. 2021;9(22):1614–22. https:// 
doi. org/ 10. 3760/ cma.J. c. n1211 13‑ 20210 205‑ 00135.

 36. Lee YS, Kim YB, Park SW. Risk factors for postoperative subsidence of 
single‑level anterior cervical discectomy and fusion: the significance of 
the preoperative cervical alignment. Spine. 2014;39(16):1280–7. https:// 
doi. org/ 10. 1097/ BRS. 00000 00000 000400.

 37. Liu ZD, Sihe Q. Evidence analysis of abruption bone resorption in the 
broken end of fractures. Chin J Orthop Surg. 2015;23(12):1147–52 (in 
Chinese).

 38. Xuan J, Zhang D, Jin HM, Chen JX, Xu DL, Xu HM, Wu YS, Wang XY. Mini‑
mally invasive cortical bone trajectory screws placement via pedicle or 
pedicle rib unit in the lower thoracic spine: a cadaveric and radiographic 
study. Eur Spine J. 2016;25(12):4199–207. https:// doi. org/ 10. 1007/ 
s00586‑ 016‑ 4730‑y.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.1016/j.spinee.2021.03.016
https://doi.org/10.1016/j.spinee.2021.03.016
https://doi.org/10.1007/s11420-019-09737-4
https://doi.org/10.3977/j.issn.1005-8478.2022.16.07
https://doi.org/10.3977/j.issn.1005-8478.2022.16.07
https://doi.org/10.7507/1002-1892.202104036
https://doi.org/10.1016/j.spinee.2012.01.021
https://doi.org/10.3969/j.issn.1004-406X.2020.02.03
https://doi.org/10.3969/j.issn.1004-406X.2020.02.03
https://doi.org/10.1016/j.wneu.2018.10.182
https://doi.org/10.4055/cios.2011.3.1.16
https://doi.org/10.4055/cios.2011.3.1.16
https://doi.org/10.1097/01.brs.0000143623.18098.e5
https://doi.org/10.1097/01.brs.0000143623.18098.e5
https://doi.org/10.1016/j.wneu.2020.01.134
https://doi.org/10.1016/j.ijsp.2013.09.001
https://doi.org/10.1097/BRS.0b013e318292b7b9
https://doi.org/10.1097/BRS.0b013e318292b7b9
https://doi.org/10.3171/2017.8.FOCUS17498
https://doi.org/10.3171/2017.8.FOCUS17498
https://doi.org/10.17116/neiro20198302180
https://doi.org/10.3760/cma.j.cn121113⁃20210222⁃00193
https://doi.org/10.3760/cma.j.cn121113⁃20210222⁃00193
https://doi.org/10.1186/s12891⁃017⁃1522⁃4
https://doi.org/10.3760/cma.J.c.n121113-20220819-00452
https://doi.org/10.3760/cma.J.c.n121113-20220819-00452
https://doi.org/10.3760/cma.J.c.n121113-20210205-00135
https://doi.org/10.3760/cma.J.c.n121113-20210205-00135
https://doi.org/10.1097/BRS.0000000000000400
https://doi.org/10.1097/BRS.0000000000000400
https://doi.org/10.1007/s00586-016-4730-y
https://doi.org/10.1007/s00586-016-4730-y

	Factors associated with intervertebral cage subsidence in posterior lumbar fusion
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Information and methods
	General information
	Surgical methods
	Observation indicators
	Statistical analysis

	Results
	Consistent results
	General information
	Perioperative situation
	Preoperative degeneration of paravertebral muscle and psoas major muscle
	Visual data
	Follow-up data
	Binary multi-factor logistic regression analysis

	Discussion
	Limitations
	Conclusions
	Acknowledgements
	References


