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Abstract

Background: Transforaminal lumbar interbody fusion (TLIF) is a surgical procedure indicated in the
treatment of degenerative disc disease, spinal stenosis, spondylolisthesis, and other lumbar spinal
pathologies. Interbody cages used within TLIF provide structural support, but when expandable cages are
utilized, collapse over time can compromise correction achieved intraoperatively. Understanding the
progression of expandable cage collapse over time is critical for optimizing long-term outcomes in spinal
fusion surgeries.

Objective: This study aims to assess the rate and progression of collapse of screw-based expandable
cages used in TLIF procedures.

Methods: A retrospective chart review was conducted on patients who underwent a transforaminal
lumbar interbody fusion (TLIF) at a single academic institution between January 2021 and January 2024.
The study focused on cases utilizing the screw-based Altera” titanium expandable cages (Globus
Medical, Audubon, Pennsylvania, USA) placed along the vertebrae's anterior apophyseal rim.
Radiographic measurements were taken from intraoperative and postoperative lumbar spine x-rays, both
from the anteroposterior (AP) and lateral views. ImagelJ software was used to calculate cage area (mm?)
and perimeter. The data was categorized into six time-groups (1-100, 101-200, 201- 300, 301-400, 401-
500, and 501-600 days) to track collapse progression. Cage collapse was noted as the differentials
calculated during each time group's previously reported periods.

Results: The study included a total of 79 patients, with an average collapse rate of 1.27 mm?*day from the
AP view and 0.17 mm?*day from the lateral view. Collapse was highest in the early postoperative period
(1-100 days) and decreased in the subsequent time groups, indicating that collapse slowed as the fusion
construct stabilized.

Conclusion:

The findings suggest that the screw-based expandable cage experienced the most significant collapse
early in the postoperative period, with a reduction in collapse rates following the first 100 days. This
emphasizes the need for careful postoperative monitoring and highlights the potential for improving cage
design to promote long-term stability in TLIF procedures and minimizing early cage collapse.

Abbreviations: TLIF = Transforaminal Lumbar Interbody Fusion; ODI = Oswestry Disability Index;
VAS = Visual Analog Score.

l. Introduction

Surgical management of lumbar spinal pathology has become increasingly prevalent over the past few
decades in the United States, with cases of elective lumbar fusion increasing 62.3% between 2004 and
2015 [19]. Lumbar interbody fusion (LIF) is a frequently utilized surgical procedure in the management
of various lumbar spinal pathologies including degenerative disc disease, spinal stenosis, and
spondylolisthesis [1]. LIF procedure involves removal of the intervertebral disc at the involved spinal
level, implantation of an interbody cage, and filling of the intervertebral space with a bone graft [2]. This
intervention induces bone growth and subsequent fusion of the adjacent superior and inferior vertebral
bodies with the intent of restricting motion and reducing associated symptoms.

Various lumbar interbody fusion approaches have been developed over the years with five primary



approaches most commonly used - anterior lumbar interbody fusion (ALIF), interbody fusion anterior or
oblique to psoas (OLIF/ATP), lateral or extreme lateral lumbar interbody fusion (LLIF/XLIF),
transforaminal lumbar interbody fusion (TLIF), and posterior lumbar interbody fusion (PLIF) [1].
Amongst the various lumbar interbody fusion approaches, TLIF has become favored in many cases due to
published evidence of higher fusion success rate, improved foraminal decompression, and efficacious
discogenic pain management [2, 4, 14, 20, 21]. It should be noted however, that these proposed
advantages are not universally substantiated and have been found to lack statistical significance by some
studies comparing TLIF against other LIF approaches [3].

In addition to assessing clinical outcomes by surgical approach, an increasing focus has been placed on
evaluating features of the implanted cage. A particular measure which has garnered notable attention is
mechanical interbody cage collapse. Due to the articulating and actuating TLIF cage design, subsidence
with regard to erosion of the interbody cage into adjacent vertebral bodies, has been well discussed in the
literature [5, 6, 7, 8, 11]. There is, however, minimal data on cage collapse with regard to mechanical
collapse of the cage itself. The dynamic nature of the lumbar spine and the mechanical forces exerted on
expandable cage implants raise questions about the long-term stability of these devices and their potential
for collapse within the disc space [9, 10].

This study aimed to investigate cage collapse over time as a result of mechanical cage collapse in a cohort
of patients who underwent TLIF at a single institution. Results from this study provide insights into the
temporal progression of cage collapse and its implications for spinal stability and fusion outcomes.
Although there are numerous methods for comparing the advantages and drawbacks of various cage
types, this study focuses on rates of cage collapse by mechanical collapse. Results from this study aim to
provide greater insight into factors affecting interbody cage stability and contribute to the optimization of
cage design and surgical techniques in an attempt to enhance long-term TLIF outcomes.

I1. Methods

Data Collection

A retrospective chart review was conducted, assessing patients that underwent transforaminal lumbar
interbody fusion (TLIF) at a single academic institution from January 2021 to January 2024. There were a
total of 103 patients, of which 92 had the screw-based Altera" cages, and 11 had non-screw-based
expandable cages placed. Of the patients identified, 81 screw-based cages were included in the
radiographic analysis. Patients were excluded if they had fewer than two postoperative lateral and
anteroposterior lumbar spine x-rays or if the cages were not visible in the available radiographs. The 11
non-screw-based cases were excluded from the final data set due to small sample size.

Reviewers utilized ImagelJ software for radiograph image analysis due to its accessibility as an open-
source program and popularity for the processing and analyzing scientific images[ 22]. We calibrated the
radiographic image scales using the known diameter of a placed pedicle screw shank for each procedure.
We subsequently used the analysis function of ImageJ to measure the area and perimeter by outlining
each visible cage present in the patient. Each cage served as a separate data point regardless of the patient
in which it was placed. At various postoperative time points, these measurements were performed on all
available lumbar radiographs, including lateral and anteroposterior lumbar views.

Since it cannot be assumed that the cage in the anteroposterior view is parallel to the plane of the image,
or the lateral view perpendicular, the maximum area error was calculated using the largest possible angle
offset between a patient and the x-ray machine. The maximum angle offset was measured as 15°. Using a
designated research x-ray machine, the maximum area error was calculated by tilting the cage by 15° and
calculating the percentage area change. The maximum area error was calculated as 24%.



I11. Results:

The average rate of cage collapse following the TLIF procedure was observed to be 1.665 mm?/day from
the anteroposterior (AP) view and 0.184 mm?/day from the lateral view. Concerning the proportion of the
original area, the average rate of collapse was 0.21mm?/day from the AP view, compared to
0.04mm?/day from the lateral view. These values indicate the relative progression of collapse assessed
from different radiographic angles.

Due to variability in the timing of postoperative imaging, with follow-up X-rays occurring on different
days for each patient, the data was categorized into groups based on elapsed time to facilitate consistent
comparison across cases. The postoperative X-rays were categorized into six groups based on total time
elapsed from the day of surgery: 1-100 days, 101-200 days, 201-300 days, 301-400 days, 401-500 days,
and 501-600 days. A stratified analysis of collapse progression over time was performed. Results
demonstrated that the magnitude of collapse decreased as the postoperative period lengthened. The rate of
collapse was highest in the 1-100 days groups and progressively declined across each subsequent group.
Although the rate reduced with time, collapse was observed in every group. This implies a positive
second derivative, suggesting that the rate of cage collapse slowed as the healing process advanced. This
gradual decrease in cage collapse rate from early postoperative periods may result from progressive
stabilization of the fusion construct over time.

IV. Discussion:

Although static cages were once the preferred cage type in spinal fusion, recent literature supporting equal
or superior outcomes for expandable cages have led to decreased use. Outcomes based on

the number of implanted cages (unilateral versus bilateral) and cage features such as expandable versus
static screw-based cages or straight versus banana-shaped cages have also been reported [11, 10, 12, 13,
23]. One of the primary clinical outcomes studied when comparing cage types is the rate of

successful lumbar interbody fusion, with expandable cages representing a safe and effective alternative to
static cages [24]. When determining which cage type to implement, superior clinical outcomes and ease
of surgical implantation are frequently cited as major determining factors [16]. Expandable cages are
becoming more popular due to improvements seen in clinical outcome measures including Oswestry
disability index (ODI), visual analog score (VAS) for leg and back pain, and maintenance of
neuroforaminal height over time [17]. TLIF procedures performed with static cages are also associated
with iatrogenic nerve root injury induced during intervertebral distraction. Expandable cages do not
usually require intervertebral distraction as they are introduced in their compressed, smaller profile form,
consequently reducing their risk for nerve root injury. The ease of expandable cage implantation
compared to static cages has also played an important role in surgeon preference over time [21].

Limitations:

Postoperative imaging is a fluctuating procedure dependent on the patient’s schedule and

hospital availability. Therefore, direct comparison of cage imaging proved challenging as patients
had scans performed at various post-operative periods. Additionally, because the study was
conducted at a single academic institution, patient sample size was limited to 103.

V. Conclusion:

Cage collapse is a vital contributor to spinal instability over time and warrants close postoperative
monitoring to improve long-term spinal stability in spinal fusion surgery. This study described a
novel method for measuring postoperative collapse rates of expandible cages in TLIF cases. We also
provided screw-based expandable cage collapse rates in a cohort of TLIF patients treated at a single
academic

institution. Findings from this comparative analysis help elucidate patterns in expandable cage



collapse across the postoperative timeline. This study ultimately aims to contribute to understanding
the dynamics of screw-based expandable interbody cages in TLIF procedures and their stability and
functionality over time.
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