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Study Design: Retrospective radiological analysis.
Purpose: To analyze the factors influencing early disc height loss following lateral lumbar interbody fusion (LLIF).
Overview of Literature: Postoperative disc height loss can occur naturally as a result of mechanical loading. This phenomenon is 
enabled by the yielding of the polyaxial screw heads and settling of the cage to the endplates. When coupled with cage subsidence, 
there can be significant reduction in the foraminal space which ultimately compromises the indirect decompression achieved by LLIF.
Methods: Seventy-two cage levels in 37 patients aged 62±10.2 years who underwent single or multilevel LLIF for degenerative spinal 
conditions were selected. Their preoperative and postoperative follow-up radiographs were used to measure the anterior disc height 
(ADH), posterior disc height (PDH), mean disc height (MDH), disc space angle (DSA), and segmental angle. Correlations between the 
loss of disc height and several factors, including age, construct length, preoperative lordosis, postoperative lordosis, disc height, cage 
dimensions, and cage position, were analyzed.
Results: We found that the lateral interbody cages significantly increased ADH, PDH, MDH, and DSA after surgery (p<0.0001). How-
ever, there was a loss of disc height over time. All postoperative disc height parameters, especially the amount of increase in MDH 
(r=0.413, p<0.0001) after surgery, showed a significant positive association with early disc height loss. The levels demonstrating a sig-
nificant (≥25%) height loss were those that exhibited a substantial height increase (128.3%, 4.6±3.0 to 10.5±5.6 mm) postoperatively. 
However, the levels that showed less than 25% height loss were those that exhibited, on average, only a 57.4% height increase post-
operatively.
Conclusions: The greater the postoperative increase in disc height, the greater the disc height loss throughout early follow-up. 
Therefore, achieving an optimal disc height rather than overcorrection is an important surgical strategy to adopt when performing 
LLIF.
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Introduction

Lumbar interbody fusion is a long-established procedure 
that can generally be classified as posterior, lateral, or an-

terior depending on the approach being used. The most 
commonly used approach is the posterior one, with which 
either transforaminal lumbar interbody fusion (TLIF) or 
posterior lumbar interbody fusion can be performed [1,2]. 
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In the recent past, lumbar interbody fusion via the lateral 
retroperitoneal approach has gained popularity and has 
been widely adopted as an alternative (stand-alone mo-
dality) or a supplement to posterior surgery [3-7].

Using a lateral approach, interbody cage placement can 
be conducted either from the front of the psoas muscle 
(oblique lumbar interbody fusion, OLIF) or through the 
psoas muscle (direct lateral interbody fusion, DLIF) [8,9]. 
Both techniques facilitate the insertion of a wide-bodied 
interbody cage via a minimally invasive approach. Wide-
bodied cages not only rest on the thinner central area of 
the endplate but also occupy the thicker periphery, there-
by creating a stronger bone–cage–bone interface [10,11]. 
These cages have a large area for bone graft incorporation 
so that there can be effective interbody fusion [3,12]. Ad-
ditionally, better coronal and sagittal correction can be 
achieved in patients with degenerative deformities [13-16].

The foremost advantage reported by most authors is the 
indirect decompression that can be achieved without the 
risk of injury to posterior neural elements [17]. There-
fore, stand-alone lateral interbody fusion is performed, 
although it must be supplemented with posterior instru-
mentation and decompression when necessary [18]. We 
generally perform lateral interbody fusion along with 
posterior instrumentation. Even though this is associ-
ated with the morbidity of a second procedure, additional 
stability can be achieved by building a circumferentially 
strong construct [18].

Despite these advantages, disc height loss following 
lateral lumbar interbody fusion (LLIF) is a potential prob-
lem, especially during the early follow-up period when 
fusion has not yet taken place. We consider this period to 
be the first 6 months after surgery, during which only the 
posterior construct and the interbody cage offer actual 
resistance against mechanical loading. Even though mini-
mal postoperative disc height loss can occur naturally as 
a result of mechanical loading (settling of the cage or the 
entire construct facilitated by the polyaxial screw heads), 
when coupled with cage subsidence, it becomes a worri-
some phenomenon. It could be an indicator for the loss of 
indirect decompression that can subsequently lead to the 
recurrence of radicular symptoms, especially if posterior 
decompression was not performed. Additionally, it could 
also compromise stability and lead to implant loosen-
ing. Therefore, to study the factors influencing early disc 
height loss, we conduct a retrospective radiological analy-
sis.

Materials and Methods

1. Patients and methods

After obtaining approval from the institutional review 
board, the records of patients who underwent single or 
multilevel DLIF or OLIF along with posterior stabilization 
for various degenerative lumbar spine conditions between 
2012 and 2016 were retrospectively reviewed. This also 
included some patients in whom TLIF was conducted as 
part of the multilevel construct due to unfavorable lateral 
access at a particular level. We shortlisted the patients 
whose preoperative, immediate postoperative, and follow-
up (1 month, 3 months, and 6 months, respectively) true 
lateral-view standing X-rays were available for analysis. 
Among these patients, only those cage levels that did 
not demonstrate any endplate violation or intraoperative 
subsidence were selected. Cage levels that did not show 
neutral endplates were excluded when the measurements 
were conducted. All initial measurements were conducted 
digitally in the workstation of our picture archiving and 
communication system by a study team member and were 
later reviewed by the principal investigator.

The demographic characteristics of the study sample 
were then tabulated. Preoperative global (L1–S1) lordosis 
was measured from lateral-view X-ray images. Postopera-
tive X-rays were reviewed to note the postoperative global 
lordosis, posterior construct length, and number of DLIF 
and OLIF instances in each patient. Then, each DLIF or 
OLIF cage level was independently analyzed by measur-
ing the preoperative anterior disc height (ADH), posterior 
disc height (PDH), disc space angle (DSA), and segmental 
angle (SA) (Fig. 1). The mean disc height (MDH) was de-

Fig. 1. Measurements of the ADH, PDH, DSA, and SA at a single level. ADH, 
anterior disc height; PDH, posterior disc height; DSA, disc space angle; SA, 
segmental angle.
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rived using ADH and PDH measurements. Cage dimen-
sions, including length, breadth, height, and lordosis, were 
noted from operative records. Preoperative measurements 
were compared to corresponding postoperative measure-
ments using t-tests to identify significant changes. Simi-
larly, postoperative measurements were compared with 
corresponding measurements at the 1-month, 3-month, 
and 6-month follow-ups to check for variation.

ADH, PDH, and MDH measured using the immediate 
postoperative standing lateral-view X-rays were consid-
ered as baseline disc heights after indirect decompression. 
Any loss in MDH during early follow-up in comparison 
with the baseline MDH was measured. Based on this data, 
disc height loss was divided into four grades: grade 0, 
0%–24% loss; grade 1, 25%–49% loss; grade 2, 50%–74% 
loss; and grade 3, 75%–100% loss. The strength of the 
correlation between disc height loss and all the collected 
parameters was analyzed by calculating the correlation 
coefficient (r). In addition, sagittal cage placement was di-
vided into anterior, middle, and posterior according to the 
visual assessment of the area occupied by the cage. A chi-
square test was performed to check whether there was any 
significant difference in the occurrence of disc height loss 
with respect to sagittal cage placement.

2. Statistical analysis and ethics statement

All statistical analyses were performed using PASW SPSS 
ver. 18.0 for Windows (SPSS Inc., Chicago, IL, USA). A 
probability value (p) less than 0.05 was considered statisti-
cally significant. A Pearson’s correlation coefficient r-value 
(representing the strength of correlation) greater than 
zero was considered a positive association, and values 
closer to +1 were considered a strong positive association. 
This study was approved by the Domain Specific Review 
Board, National Healthcare Group, Singapore (reference 
no., 2018/00714) and a waiver of informed consent was 

granted. The study was performed in accordance with the 
ethical standards mentioned in the most recent version of 
the 1964 Declaration of Helsinki. 

Results

A total of 56 patients were shortlisted for this study. Based 
on our inclusion criteria, 37 patients aged 62±10.2 years 
(15 males, 22 females) with 72 DLIF or OLIF cages were 
selected. All patients were operated on for single or multi-
level degenerative spondylosis with or without instability. 
The mean preoperative global lordosis was 35.7°±13.2°. Of 
the 72 cages, nine were of a single level, and the rest were 
multilevel constructs. Regarding the levels, there were five 
cages in L1–L2, 12 cages in L2–L3, 30 cages in L3–L4, and 
25 cages in L4–L5. The mean construct length was 4.2±1.5 
segments.

Upon the independent analysis of each cage level, there 
was no statistically significant change in global L1–S1 
lordosis (p=0.23) immediately after surgery; however, 
the ADH, PDH, MDH, and DSA significantly increased 
(p<0.0001) (Table 1, Fig. 2). This increase was not sus-
tained as we noted a significant decrease in the MDH 
(p=0.049) and DSA (p=0.03) at 1 month. More pro-
nounced decreases in the ADH, PDH, MDH, and DSA 
were observed at 3 months and 6 months (Table 2). How-
ever, the mean SA remained unchanged throughout the 
first 6 months.

Based on the above results, it is evident that the lateral-
access cages significantly increased the ADH, PDH, 
MDH, and DSA after surgery; however, this correction 
was not sustained as there was a notable decrease in these 
parameters over time. In total, we had 58 cage levels with 
grade 0 disc height loss, 13 cage levels with grade 1 disc 
height loss, and one cage level with grade 2 disc height 
loss. We did not encounter any grade 3 disc height loss.

There was no correlation between disc height loss and 

Table 1. Comparison between preoperative and immediate postoperative measurements

Variable Preoperative Immediate postoperative Significance of difference (p-value)

Anterior disc height (mm) 6.7±3.9 10.8±2.4 <0.0001

Posterior disc height (mm) 3.8±2.4   7±5 <0.0001

Mean disc (mm) 5.2±2.9 8.8±2.9 <0.0001

Disc space angle (°) 4.7±4.9 8.1±4.1 <0.0001

Segmental angle (°) 7.5±7.6 8.7±6.4 0.10

Values are presented as mean±standard deviation. A probability value “p” of less than 0.05 was considered statistically significant.
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several factors, including age, construct length, preopera-
tive lordosis, postoperative lordosis, cage length, cage 
breadth, cage height, cage lordosis, DSA, or SA. However, 
postoperative ADH (r=0.279, p=0.018), PDH (r=0.452, 
p<0.0001), MDH (r=0.4999, p<0.0001), and the amount of 
increase in MDH (r=0.413, p<0.0001) after surgery were 
found to influence the disc height loss by demonstrating 
an uphill positive correlation (Table 3). No significant 
difference in the occurrence of disc height loss was noted 
with respect to sagittal cage placement.

A subgroup analysis was performed, in which our sam-
ple of 72 cage levels was divided into two groups accord-
ing to the grading of disc height loss. Group 1 included 
those levels that showed grade 1 or above (≥25%) disc 

height loss. Group 2 included those levels that showed 
grade 0 (<25%) disc height loss. For interpretation, group 
1 will be considered levels with significant disc height loss 
and group 2 those without significant disc height loss.

Of those with significant disc height loss (n=14), 
we noticed that there was a large increase in the ADH 
(p<0.0001), PDH (p=0.03), and MDH (p=0.0006) after 
surgery. The MDH increased from 4.6±3.0 mm preopera-
tively to 10.5±5.6 mm postoperatively (128.3%). However, 
there was a continual decrease in the MDH throughout 
early follow-up, and by the end of 6 months, 37.6% of the 
gained disc height was lost. This was in contrast to that 
of the other group (n=58, <25% disc height loss), which 
demonstrated a 57.4% increase in postoperative disc 
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Fig. 2. Graph showing the preoperative, postoperative, 1-month, 3-month, and 6-month FU measurements of the ADH, PDH, MDH, and DSA. ADH, 
anterior disc height; PDH, posterior disc height; MDH, mean disc height; DSA, disc space angle; FU, follow-up.

Table 2. Comparison between immediate postoperative and follow-up measurements

Variable
Postoperative measurements

Significance of difference (p-value)
Immediate 1-mo 3-mo 6-mo

Anterior disc height (mm) 10.8±2.4 10.4±2.2 1 0±2.3 9.9±2.3 0.0005

Posterior disc height (mm) 7±5 6.2±2.4 5.8±2.2 5.6±2.3 0.021

Mean disc height (mm) 8.8±2.9 8.3±1.8 7.9±1.7 7.8±1.8 0.0006

Disc space angle (°) 8.1±4.1 7.4±3.6 7.3±3.9 7.2±4.2 0.023

Segmental angle (°) 8.7±6.4 8.7±6.1 8.1±7.2 8.7±6.2 0.94

Values are presented as mean±standard deviation. A p-value of less than 0.05 was considered statistically significant; “p” represents the significance of difference 
between immediate postoperative and 6-month follow-up measurements.
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height and only a minimal decrease by the end of early 
follow-up (Fig. 3).

Discussion

DLIF and OLIF are lateral-access techniques for lumbar 
interbody fusion [19]. These fusion techniques can be 
performed with or without posterior instrumentation 

[20,21]. However, stand-alone lateral interbody fusion is 
not advised when there is coexisting facet arthropathy, 
instability or deformity where high mechanical stress is 
expected, and when multi-segment fusion is indicated 
[6,13]. In such cases, when coupled with posterior instru-
mentation, a circumferentially strong construct that could 
potentially withstand mechanical forces can be achieved 
[6,18]. Therefore, considering the available evidence and 
based on our clinical experience, we always performed 
lateral interbody fusion along with posterior instrumenta-
tion and decompression whenever necessary [22].

In addition to the mechanical stability that lateral-access 
cages can offer, another significant advantage is the indi-
rect decompression that can be achieved [23]. This is due 
to the opening up of the foraminal space by the placement 
of a larger cage. However, there may be a risk of post-
operative disc height loss for two main reasons: (1) the 
settling of the cage construct facilitated by the polyaxial 
screw heads and (2) cage subsidence [24]. In our study, we 
noticed that the disc height correction achieved by lateral 
interbody fusion was not sustained, and there was a sig-
nificant correction loss during the early follow-up period. 
Such correction loss may tend to progress, leading to the 
loss of indirect decompression and subsequent radicular 
symptoms [24]. Therefore, it is crucial to avoid this com-

Table 3. Influence of various factors over disc height loss during early follow-up

Variable Mean±standard deviation Strength of correlation with disc 
height loss (r)

Significance of correlation 
(p-value)

Age (yr)      62±10.2 -0.092 0.440

Construct length (segments)   4.2±1.5 -0.185 0.119

Preoperative lordosis (°)   35.7±13.2 -0.132 0.269

Postop lordosis (°)   33.8±12.3 0.086 0.474

Cage height (mm)   9.5±1.2 -0.078 0.514

Cage length (mm) 50.5±4.7 0.164 0.168

Cage breath (mm) 18.3±1.1 0.126 0.291

Cage lordosis (°)      4±3.2 -0.220 0.064

Postop anterior disc height (mm) 10.8±2.4 0.279 0.018

Postop posterior disc height (mm)    7±5 0.452 <0.001

Postop MDH (mm)    8.8±2.9 0.499 <0.001

Increase in MDH after surgery (mm) 3.6±3 0.413 <0.001

Postop disc angle (°)    8.1±4.1 0.086 0.475

Postop segmental angle (°)    8.7±6.4 0.035 0.772

An r-value (correlation coefficient) of greater than 0 was considered as a positive association, and the closer it is to +1 was considered as a strong positive associa-
tion; a probability value “p” of less than 0.05 was considered statistically significant.
Postop, postoperative; MDH, mean disc height.
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Fig. 3. Line chart comparing disc height variations throughout early FUs be-
tween levels with and without a significant disc height loss. FU, follow-up.
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plication.
In order to assess the risk factors causing early disc 

height loss, a correlation analysis was performed. We in-
ferred an uphill positive correlation between disc height 
loss and the amount of increase in disc height after sur-
gery. Our subgroup analysis showed that the levels with 
significant disc height loss during early follow-up were 
those that had exhibited a substantial increase in post-
operative disc height. Based on this finding, achieving 
an optimal disc height rather than overcorrection is an 
important surgical strategy when placing lateral-access 
cages. Hence, the selection of an appropriate cage size is 
crucial.

Therefore, when placing lateral-access cages, surgeons 
should concentrate on indirect decompression and also be 
aware of the optimal disc height that needs to be achieved. 
This way, stability and fusion can be achieved without the 
complication of early disc height loss. However, we fre-
quently encountered circumstances in which a substantial 
increase in disc height was absolutely necessary, especially 
when there was bone on bone (no measurable disc height) 
preoperatively. In such cases, because disc height loss was 
anticipated, we always performed primary posterior de-
compression along with stabilization to avoid the risk of 
recurrent symptoms. With this strategy, even though disc 
height loss occurred, we did not encounter recurrent or de 
novo radicular symptoms during early follow-up among 
those included in this study.

Overall, we strongly believe that our findings are of 
clinical importance, especially in circumstances when 
surgeons opt not to perform posterior decompression and 
rely entirely on the indirect decompression offered by the 
cage. In such cases, progressive disc height loss can cause 
refractory radicular symptoms that may require an ad-
ditional decompression procedure [22,25]. This study will 
be the first to consider disc height loss instead of cage sub-
sidence as a potential complication and will be the first to 
quantify an optimal postoperative increase in disc height 
that does not lead to subsequent significant disc height 
loss. However, given that this is a retrospective study, 
there are a few methodological shortcomings. Because 
of its limited cohort, potential conclusions should not be 
drawn from this study. We did not assess the bone min-
eral density, which may have influenced the occurrence 
of early disc height loss in the selected elderly population 
due to osteoporosis. We excluded patients without true 
lateral-view X-rays from the analysis, which may have 

led to an underestimation of the rate of disc height loss. 
In addition, the use of a computed tomography scan to 
evaluate disc height loss would have been more empirical; 
however, it was not obtained routinely for all patients.

Conclusions

It is important to recognize the factors influencing early 
disc height loss following LLIF, as this may affect the out-
comes of successful indirect decompression. From this 
study, we noted that the amount of increase in postopera-
tive disc height was strongly associated with the occur-
rence of early disc height loss. Therefore, achieving an 
optimal disc height rather than overcorrection seems to 
be an important surgical strategy to adopt when placing 
lateral-access cages.
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