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Abstract
Background Cage subsidence is a very common complication after lumbar interbody fusion. It may compromise vertebral 
interbody fusion through progressive spinal deformity and consequently cause compression of neural elements. Clinical 
relevance remains, however, unclear, with few studies on this subject and even less information regarding its correlation 
with clinical findings. The aim of this study was to identify risk factors for cage subsidence and clinical evaluation after 
transforaminal (TLIF) and posterior (PLIF) lumbar interbody fusion.
Methods A retrospective study in patients submitted to TLIF and PLIF between 2008 and 2017 was conducted.
Results A total of 165 patients were included (123 TLIF and 42 PLIF). Univariate analysis showed an increased risk of cage 
subsidence in spondylolisthesis comparing with degenerative disk disease (p = 0.007). A higher preoperative lumbar lordosis 
angle (p = 0.014) and cage placement in L2-L3 (p = 0.012) were associated with higher risk of subsidence. The posterior 
cage positioning on vertebral endplate was associated with a higher risk of subsidence (p = 0.028) and significant subsid-
ence (p = 0.005), defined as cage migration > 50% of cage height. PLIF presented a higher risk when comparing with TLIF 
(p = 0.024). Hounsfield unit (HU) values < 135 (OR6; 95% CI [1.95–34]) and posterior positioning (OR7; 95% CI [1.7–27.3]) 
were independent risk factors for cage subsidence and significant subsidence, respectively, in multivariate analysis. There was 
a tendency for significant subsidence in degrees ≥ 2 of Meyerding spondylolisthesis (OR4; 95% CI [0.85–21.5]). Significant 
cage subsidence was not associated with worse clinical results. Other analyzed factors, such as age (p = 0.008), low bone 
mineral density (BMD) (p = 0.029) and type of surgery (TLIF) (p = 0.004), were associated with worse results.
Conclusion The present study shows that lower BMD and posterior cage positioning are relevant risk factors for lumbar cage 
subsidence. Low BMD is also a predictor of poor clinical results, so it must be properly evaluated and considered, through 
HU values measurement in CT scan, a feasible and reliable tool in perioperative planning.

Keywords Cage subsidence · Transforaminal lumbar interbody fusion · Posterior lumbar interbody fusion

Introduction

Lumbar interbody fusion using an interbody cage is an effec-
tive treatment for patients with degenerative lumbar spine 
diseases. It adds an additional fusion interface and may aid 
in sagittal and coronal balance correction.

Cage subsidence is a very common complication and may 
compromise interbody fusion. Progressive spinal deformity 

and compression of neural elements [1] are possible addi-
tional consequences of subsidence. Despite being a relevant 
point, its clinical significance remains unclear as it has been 
infrequently studied and does not always correlate with 
clinical findings [2]. To prevent cage subsidence, it must 
be properly positioned since the supporting capacity on the 
vertebral platform is not homogeneous [3]. The center of the 
endplate is the weakest part and the posterolateral region 
the strongest, according to biomechanical and anatomical 
studies [1, 4].

Low bone mineral density (BMD) is a factor frequently 
implicated in early postoperative cage subsidence [5]. Dual-
energy x-ray absorptiometry (DXA) is the “gold standard” to 
assess BMD and to diagnose osteoporosis. However, DXA 
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is rarely performed before spinal fusion due to its additional 
cost and radiation exposure as a separate examination [6]. 
Recently, a new technique to assess BMD by using the ver-
tebral body Hounsfield units (HU) from computed tomogra-
phy (CT), has been described [7] and HU values have been 
associated with the BMD measured by DXA [8].

The main goal of this study was to evaluate patient and 
procedure-related risk factors for cage subsidence and its 
clinical implication after transforaminal and posterior lum-
bar interbody fusion.

Methods

All adult patients submitted to one or two-level open lum-
bar fusion with one or two-level transforaminal (TLIF) and 
posterior (PLIF) lumbar interbody fusion between January 
2008 and December 2017 in a single institution were ret-
rospectively reviewed. Patients were operated by a team of 
four experienced spine surgeons.

The protocol was approved by the institutional review 
board of the hospital and the study is in agreement with the 
Declaration of Helsinki.

Data collection

Electronic and paper medical records were retrospectively 
reviewed for all patients.

Indications for surgery were lumbar degenerative disease 
(spondylolisthesis and spondylosis/ spinal stenosis). Patients 
submitted to long spinal fusions (3 or more levels), scoliosis 
correction were excluded and those who had postoperative 
surgical site infection, or those who underwent early revi-
sion were excluded. Minimum radiographic follow-up was 
6 months.

Patient‑related analysis included

Demographic data (age and gender), body mass index 
(BMI), diabetes mellitus, tobacco use, chronic corticosteroid 
treatment, rheumatoid arthritis, previous lumbar spine frac-
tures or other osteoporotic fractures (distal radius, proximal 
humerus or femur), primary or revision surgery, preoperative 
diagnosis (spondylolisthesis or spondylosis/ spinal stenosis).

Preoperative lumbar BMD measurement by DXA was 
collected from medical records. Based on the World Health 
Organization (WHO) classification, patients were classi-
fied as normal or with decreased lumbar BMD, osteopenia 
and osteoporosis, defined as a T-score less than -1 and -2.5, 
respectively [9].

Procedure‑related analysis included

Type of lumbar interbody fusion (transforaminal or pos-
terior), cage insertion level, number of levels and surgical 
complications.

Clinical outcomes were collected by telephone inter-
view. Pain was assessed using Oswestry Disability Index 
(ODI), visual analog scales (VAS) for back and leg pain, 
and self-report improvement of back and leg pain, ques-
tioning “How is your lower back pain/leg pain after the 
surgery? Better, worse or equal?”. Patient return to previ-
ous work and daily activities and overall satisfaction were 
also evaluated.

Radiographic analysis

All radiographic measurements were taken independently 
by two surgeons. Disagreements were solved through 
discussion.

Preoperative disk height index (average of the anterior 
and posterior margins of the intervertebral space, normal-
ized with the anteroposterior diameter of the lower verte-
bral body endplate), segmental lordosis angle (between the 
superior endplate of the superior vertebra and the inferior 
endplate of the inferior vertebra of each treated level) and 
lumbar lordosis angle (between the superior endplate of 
the L1 vertebral body to the superior margin of the S1 
vertebral body) were measured on standing lateral radio-
graphs. Intraoperative disk height index and segmental 
lordosis angle were also measured.

Hounsfield units were measured using standard picture 
archiving and communication system software. A region 
of interest (ROI) was drawn at three points on axial images 
that are obtained as parallel to the endplates as possible: 
just inferior to the superior endplate, midvertebral body, 
and just superior to the inferior endplate. The ROI is drawn 
encapsulating only cancellous bone and avoiding cortical 
edges and osseous abnormalities. The software calculates 
the average HU in the ROI for each image. An average of 
the three measurements determines the HU for individual 
vertebral levels [10] (Fig. 1). Patients with lumbar HU 
values < 135 and < 110 were classified as having lumbar 
osteopenia or osteoporosis, respectively [11].

Cage positioning on lateral radiographs, for both TLIF 
and PLIF, was evaluated according to the positioning of 
the center of the cage (defined as the midpoint between 
the anterior and posterior radiomarkers) in the anterior, 
middle or posterior third of the lower vertebral endplate 
[12]. PLIF cage was also evaluated in the anteroposterior 
radiograph according to the symmetrical positioning of the 
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cage in the vertebral endplate—if the cage had crossed the 
vertebral midline it was classified as misplaced (Fig. 2).

Patients were divided in two groups: with and without 
subsidence. Subsidence was defined as any degree of vertical 
migration on follow-up radiographs compared with immedi-
ate postoperative radiographs. Furthermore, patients were 
also analyzed for significant subsidence defined as cage 
vertical migration more than 50% of cage height [13]. The 
vertebral endplate (upper, lower or both) where the cage 
migration occurred was also recorded.

Regarding bone fusion, static lumbar and dynamic lumbar 
flexion–extension radiographs were evaluated. A segment 
was considered to be fused in case of: a visible bridging 
bone between the endplates of the fused vertebral bodies 
outside the cage in plain static radiographs, no visible radio-
lucency around the cage and no visible segment instability in 
the dynamic flexion–extension radiographs (i.e., ≥ 5° move-
ment on lateral flexion and extension views) [3].

Surgical procedures

A midline skin incision exposed the posterior elements 
and facet joints. Primarily, bilateral pedicle screws were 
placed. For PLIF, after bilateral laminotomy (medial to the 

facet joint), the dural sac was retracted to expose a corridor 
to the intervertebral disk space. In case of TLIF, follow-
ing laminotomy, facetectomy was performed to expose the 
intervertebral disk. For both procedures, the intervertebral 
disk was excised and the foramina were thoroughly decom-
pressed. The endplate was carefully prepared with dedicated 
instruments (i.e., rasps and curettes). Autologous bone graft 
harvested from posterior spinal elements was packed into 
the intervertebral space and inside the cage. Following cage 
insertion, rod fixation with axial compression was per-
formed. Cage height and lateral dimension were determined 
intraoperatively with trials according to the dimensions of 
the index level.

All PLIF and TLIF cages were made of polyether ether 
ketone (PEEK). For PLIF, bilateral cages were used in all 
cases and for TLIF banana-shaped cages were used.

Statistical analysis

Statistical analysis was performed using SPSS 25.0. A uni-
variate analysis was conducted to identify the potential 
risk factors for cage subsidence and to analyze its clinical 
outcomes. A Chi-square test and Fisher’s exact test were 
used to compare categorical parameters and Independent 

Fig. 1  A region of interest (ROI) was drawn at three points on axial images. The software calculates the average HU in the ROI for each image. 
An average of the three measurements determines the HU for individual vertebral levels

Fig. 2  a Cage positioning on lateral radiographs, for both TLIF and 
PLIF according to the predominant positioning in the anterior, mid-
dle or posterior third of the vertebral endplate. b PLIF cage was also 

evaluated in the anteroposterior radiograph according to the symmet-
rical positioning of the cage in the vertebral endplate
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t-tests for continuous variables between groups. Multivari-
ate logistic regression analysis was performed to deter-
mine the independent risk factors by systematically prun-
ing the least significant variables out of a multiple logistic 
regression model that initially included all variables. A 
significant difference was set as  p < 0.05.

Results

Risk factors for cage subsidence

From a total of 203 patients, 34 (17%) patients without 
appropriate imaging and/ or follow-up were excluded. Two 
patients (1%) with surgical site infection and another two 
patients (1%) with early (less than 2 weeks) cage retro-
pulsion causing neurological compression that underwent 
early revision surgery were also excluded. Ultimately, a 
total of 165 patients were included: 122 TLIF, 21 (17%) 
of which, via minimally invasive surgery, and 43 PLIF. 
Any degree of cage subsidence was identified in 83 (50%) 
patients and significant subsidence in 36 (22%) patients. 
Three patients (2%) did not fulfill the fusion criteria: 
one patient with and two patients without significant 
subsidence.

A univariate analysis (Table 1) for preoperative patient 
demographic data showed no significant differences. 
Spondylolisthesis was associated with an increased risk 
of cage subsidence (p = 0.007) comparing with degenera-
tive disk disease. However, it was not related to significant 
subsidence. A higher preoperative lumbar lordosis angle 
was associated with higher risk of subsidence (p = 0.014), 
although cage subsidence was not related to this angle 
obtained intraoperatively, as neither were lumbar segmen-
tal lordosis angle nor disk height index. Positioning of the 
cage in the posterior third of the vertebral endplate was 
associated with a higher risk of subsidence (p = 0.028) 
and significant subsidence (p = 0.005) and PLIF presented 
a higher risk when comparing with TLIF (p = 0.024). 
Regarding TLIF, no differences in cage subsidence were 
found between open and minimally invasive. Cage place-
ment in L2–L3 was associated with a higher risk of cage 
subsidence, compared to other lumbar levels (p = 0.012).

Hounsfield unit values < 135 (Odds Ratio 6; 95% Con-
fidence Interval [1.95–34]) and predominant posterior 
positioning of the cage on the vertebral endplate (OR 7; 
95% CI [1.7–27.3]) were presented as independent risk 
factors for cage subsidence and significant subsidence, 
respectively, by performing a multivariate analysis model 
(Table 2). There was also a tendency for significant sub-
sidence in Meyerding ≥ 2 spondylolisthesis (OR 4; 95% 
CI [0.85–21.5]).

Clinical outcomes in cage subsidence

Out of the 165 patients included in the cage subsidence pri-
mary analysis, only 108 patients answered the telephone 
questionnaire. The follow-up time was 96 (SD ± 38) months.

The presence of cage significant subsidence was not 
associated with worse clinical results (Table 3). However, 
other variables as age and lower BMD seem to correlate 
with higher ODI (p = 0.008 and  p  = 0.029, respectively). 
Higher BMD (p = 0.045) was associated with more return to 
work ( p = 0.013). Patients undergoing PLIF reported signifi-
cantly less VAS back pain (p = 0.004) than those undergoing 
TLIF, and would more likely undergo the same procedure 
(p = 0.012).

Discussion

While some authors advocate that neither fusion rates nor 
final clinical outcomes are affected by radiographic sub-
sidence [2, 14], clinical significance of cage subsidence is 
far from being clarified, with other authors reporting cases 
of progressive malalignment and neural compression [15] 
Therefore, understanding the risk factors associated with 
cage subsidence is essential in order to minimize its occur-
rence. On the other hand, its clinical repercussion must be 
thoroughly evaluated.

In this study, the authors found that patients with HU val-
ues < 135, meaning osteopenia or osteoporosis, were 6 times 
more likely to have cage subsidence. This finding is consist-
ent with other studies in the literature, namely in patients 
submitted to TLIF, whose lower preoperative HU values 
were associated with cage subsidence, as well as iatrogenic 
fractures, and overall radiographic complications [16, 17]. 
Furthermore, studies in human cadaveric models found a 
correlation between BMD and cage subsidence, concluding 
that the density of vertebral cancellous bone is more impor-
tant for the biomechanics of the segment stabilized with a 
cage, and its eventual clinical success, than the cage material 
or the applied load [5, 18, 19]. Therefore, the preoperative 
plan of these patients must take into account the effects of 
poor bone quality. HU measurement is a simple and feasible 
way to assess it. Multiple studies have explored the ability 
of diagnostic CT scan to identify osteopenia and osteopo-
rosis, both based on HU values obtained from the spine [7, 
20], with several benefits comparing with DXA [11, 21, 22]. 
Thus, HU measurement in preoperative CT can be useful for 
appropriate patient counseling regarding surgical risks, or to 
identify the need for additional studies, appropriate referral 
or treatment initiation for osteoporosis.

Here, the authors found that predominant posterior posi-
tioning of the cage is 7 times more likely to lead to cage 
subsidence, comparing with anterior or central positioning. 
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Table 1  Univariate analysis for patient and procedure-related risk factors for cage subsidence

BMI, Body Mass Index; DXA, Dual-energy x-ray absorptiometry; DDD,  Degenerative Disc Disease; PLIF  Posterior Lumbar Interbody Fusion; 
TLIF Transforaminal Lumbar Interbody Fusion
*p < 0.05

Subsidence Significant subsidence

No Yes p No Yes p

Gender Male 28 (17%) 32 (19%) – 47 (28%) 13 (8%) –
Female 54 (33%) 51 (31%) 82 (50%) 23 (14%)
Age 49 (± 12) 52 (± 16) – 51 (± 14) 50 (± 15) –
BMI 27 (± 5) 27 (± 6) – 27 (± 6) 26 (± 5) –

Tobacco Yes 13 (8%) 13 (8%) – 19 (12%) 7 (4%) –
No 69 (42%) 70 (42%) 110 (66%) 29 (18%)

Diabetes mellitus Yes 7 (4%) 10 (6%) – 14 (8%) 3 (2%) –
No 75 (46%) 73 (44%) 115 (70%) 33 (20%)

Corticosteroids treatment Yes 2 (1%) 5 (3%) – 6 (4%) 1 (1%) –
No 80 (49%) 78 (47%) 123 (75%) 35 (20%)

Rheumatoid arthritis Yes 2 (1%) 3 (1%) – 124 (75%) 5 (3%) –
No 80 (49%) 80 (49%) 36 (22%) –

Previous lumbar fractures Yes – – – –
No 82 (49,7%) 83 (50,3%) 129 (78,2%) 36 (21,8%)

Other osteoporotic fractures Yes – – – –
No 82 (49,7%) 83 (50,3%) 129 (78,2%) 36 (21,8%)

DXA Normal 70 (42%) 69 (42%) – 111 (67%) 28 (17%) –
Low BMD 12 (7%) 14 (9%) 18 (11%) 8 (5%)
Hounsfield units 167 (± 48) 149 (± 48) – 157 (± 50) 157 (± 47) –

Revision surgery Yes 19 (12%) 15 (9%) – 25 (15%) 9 (6%) –
No 63 (38%) 68 (41%) 104 (63%) 27 (16%)

Type of pathology DDD 25 (15%) 11 (6%) 0.007 30 (18%) 6 (4%) –
spondylolisthesis 57 (35%) 72 (44%) 99 (60%) 30 (18%)

Spondylolisthesis grade 1 45 (39%) 46 (39%) – 74 (63%) 17 (15%) –
 ≥ 2 8 (7%) 18 (15%) 17 (15%) 9 (7%)

Type of procedure PLIF 15 (9%) 28 (17%) 0.024 35 (21%) 8 (5%) –
TLIF 67 (41%) 55 (33%) 94 (57%) 28 (17%)
Number of levels fused 1.35 (± 0.5) 1.23 (± 0.6) – 1.29 (± 0.5) 1.28 (± 0.6) -

Cage lumbar level L2-L3 1 (1%) 2 (1%) – – 3 (2%) 0.012
L3-L4 11 (7%) 9 (6%) 16 (10%) 4 (2%)
L4-L5 38 (23%) 36 (22%) 59 (36%) 15 (9%)
L5-S1 32 (19%) 36 (22%) 54 (32%) 14 (9%)

Surgical complications Yes 5 (3%) 9 (6%) – 10 (6%) 4 (3%) –
No 77 (47%) 74 (44%) 119 (72%) 32 (19%)

Lateral cage positioning Posterior 17 (10%) 30 (18%) 0.028 30 (18%) 17 (10%) 0.005
Anterior/Middle 65 (40%) 53 (32%) 99 (60%) 19 (12%)

AP cage positioning Normal position 7 (16%) 21 (49%) – 12 (28%) 3 (7%) –
Cage malposition 7 (16%) 8 (19%) 22 (51%) 6 (14%)

Successful fusion Yes 81 (49%) 81 (49%) – 127 (77%) 35 (21%) –
No 1 (1%) 2 (1%) 2 (1%) 1 (1%)
Disk height index pre-op 0.23 (± 0.07) 0.22 (± 0.06) – 0.22 (± 0.07) 0.21 (± 0.07) –
Segmental lordosis angle pre-op 24 (± 13) 24 (± 11) – 24 (± 12) 25 (± 10) –
Lumbar lordosis angle pre-op 48 (± 10 + 5) 55 (± 15) 0.014 51 (± 15) 55 (± 16) –
Disk height index post-op 0.34 (± 0.08) 0.37 (± 0.3) – 0.37 (± 0.27) 0.32 (± 0.05) –
Segmental lordosis angle post-op 23 (± 10) 25(± 10) – 24 (± 10) 23 (± 9) –
Superior – 34 (39%) – – 11 (31%) –

Endplate with subsidence Inferior – 37 (42%) – 17 (47%)
Both – 16 (19%) – 8 (22%)
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Mapping the structural properties of the lumbosacral verte-
bral endplates in a human cadaveric model [4] has shown 
that regional rigidity of lumbar and sacral endplates var-
ies significantly. In general, the lumbar and sacral posterior 
endplate regions are stronger than the anterior ones and the 
lumbar lateral regions are stronger than the central ones. 
However, “in vivo” loads of the lumbosacral spine are com-
plex and biomechanical investigations in cadaveric models 
do not fully reflect the real loading conditions [1], with the 
posterior positioning of the cage being more prone to subsid-
ence as seen in patients undergoing PLIF in which central or 
posterior cage positioning on vertebral endplate were also 
associated with the highest rates of cage subsidence [3].

Cage positioning in the vertebral body has also been asso-
ciated with fusion rates, with posterior cage positioning hav-
ing lower fusion rates [3, 23] than anterior positioning. Here, 
however, fusion rates were not affected by cage positioning.

The tendency for a higher risk of subsidence in the pres-
ence of degrees ≥ 2 of Meyerding spondylolisthesis may be 
explained by the higher lumbar instability in these patients, 
compared with patients with degenerative disk disease.

Regarding univariate analysis, higher degrees of pre-
operative segmental lumbar lordosis were associated with 
cage subsidence. We argue that as pressure exerted on the 
posterior region of the vertebral endplates is higher in these 
patients, in case of posterior positioning of the cage,

the overload in the vertebral endplates will be even 
greater, leading to cage subsidence.

Higher cage subsidence in L2–L3 level can be explained 
by less efficient cage positioning and inadequate endplate 
preparation, due to greater access difficulty compared to 
other lumbar levels.

We found a greater risk of cage subsidence in PLIF 
comparing to TLIF. This is in contrast with other studies in 
the literature where a greater risk of subsidence was found 
in TLIF, putatively due the potentially need for broader 

facetectomy and decompression, compared to a more ade-
quate area for fusion axial support provided by the two PLIF 
cages [24].

In this study, there was no relation between cage sub-
sidence and worse clinical outcomes. Theoretically, cage 
subsidence could lead to worse clinical outcomes, due to 
loss of lumbar lordosis, decreased intervertebral height and 
consequent neurological compression. However, there is 
insufficient clinical evidence to support these claims and 
correlations between subsidence and clinical outcomes have 
reported no significance [2, 25–27]. Additionally, patients 
submitted to PLIF reported lower VAS scores for back pain. 
The literature shows the divergent results on clinical out-
comes, but a recent systematic review with meta-analysis 
including 990 patients found no clinical difference between 
procedures [28].

The two patients excluded due to posterior migration of 
the cage were both submitted to TLIF in L5-S1 for spon-
dylolisthesis grade 2. Both patients had HU greater than 
135. The position of the cage was placed in the middle 
third and in the anterior third, respectively. They were not 
included in the analysis because the cage was removed 
prior to the required 6-month follow-up due to neurological 
compression.

Since there are few studies in the literature about the risk 
factors for cage subsidence, further investigation must be 
carried out to reinforce or refute the results discussed on 
this work.

This study has some limitations. Cage positioning and 
subsidence were evaluated using X-rays and postoperative 
CT scans would have been a more reliable method. However, 
X-rays have often been used for this type of assessment. 
Another limitation concerns to the non-evaluation of the 
cage type and size influence on cage subsidence. Studies in 
the literature show that wider implants with larger footprints 
provide more resistance to subsidence [13, 29–31]. Finally, 
the retrospective nature of this study, and the lack of stand-
ardized preoperative clinical evaluation in these patients, 
weakened a more valid clinical assessment.

Conclusion

The present study highlights patient and procedure risk fac-
tors, as lower BMD and posterior cage positioning, for cage 
subsidence in lumbar interbody fusion. No clinical differ-
ences were found between patients with and without cage 
subsidence. BMD, which can be evaluated through HU val-
ues in CT scans, should be considered in the preoperative 
planning of patients undergoing spine fusion.

Table 2  Multivariate logistic regression for independent risk factors 
of cage subsidence

OR,  Odds Ratio; CI, Confidence Interval
*p < 0.05

p OR 95% CI

Subsidence
Hounsfield units (< 135) 0.05 6 [1.95–34]
Significant subsidence
Spondylolisthesis grade (≥ 2) 0.08 4 [0.85–21.5]
Lateral cage positioning (posterior) 0.006 7 [1.7–27.3]
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