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ABSTRACT
Background: Degenerative spinal diseases resulting in neuropathic backache are managed by nerve root
decompression with instrumented interbody fusion is the treatment of choice for these groups of patients when not
managed conservatively.
Methods: Hospital based, comparative, retrospective study was carried out in such patients who underwent
transforaminal lumbar interbody fusion (TLIF) with either cage with bone graft or stand-alone autologous morselized
bone graft. The clinical and radiological outcomes were compared in these two methods of interbody fusion to assess
any significant difference between them. A total of 20 patients with lumbar canal stenosis and degenerative grade 1/2
spondylolisthesis who failed conservative management were operated by TLIF approach and were evaluated for postoperative improvement in Oswestry disability index (ODI) and interbody fusion on imaging at 6 months and 1 year
postoperatively. Vertebral level of surgical intervention, intra-operative blood loss and duration of surgery were
recorded for each patient along with complications, if any.
Results: In our study there was no significant difference in the clinical and radiological outcome between the two
methods of interbody fusion. Although the group which was offered morselized bone graft with cage showed slightly
better clinical outcome at 6 months of follow up, both showed no significant difference in ODI at 1 year of follow up.
Conclusions: With this study, we can conclude that both the methods have similar clinical and radiological outcome
with similar patient satisfaction and can be interchangeably employed for interbody fusion according to surgeon’s and
patient’s preferences.
Keywords: Transforaminal lumbar interbody fusion, Morselized bone graft, Cage, Oswestry disability index

INTRODUCTION
With advancement of age, degenerative spinal diseases
have become a common problem. Once called as a disease
of aging, its incidence is gradually increasing in younger
adults. Its spectrum includes degenerative disc disease,
spinal stenosis, degenerative spinal scoliosis, facet joint

arthritis and spondylolisthesis.1 Most commonly, patients
present with backache, radicular pain and stiffness which
results in variable degree of morbidity and are one of the
most frequent causes of disability. Conservative
management like physiotherapy, analgesics and life style
modifications are usually advised as the 1st line of
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treatment. Surgery is indicated in patients with
symptomatic spondylolisthesis and spinal canal stenosis.2,3
The goal of surgery in degenerative spine disease is
decompression of the involved nerve root with or without
solid bony fusion. Instrumented lumbar fusion has become
a common surgical practice for management of
degenerative lumbar spine disease.4 It stabilizes the painful
motion segment, and may provide indirect decompression
of the neural elements. Success of the surgery depends
upon adequate neural decompression, instrumentation,
bone graft and proper disc space preparation. Various
surgical
techniques
regarding
approaches,
instrumentation, graft material and site of lumber fusion
are described in the literature.5 Various approaches for
lumber interbody fusion are posterior lumbar interbody
fusion (PLIF), transforaminal lumbar interbody fusion
(TLIF), minimally invasive transforaminal lumbar
interbody fusion (MI-TLIF), oblique lumbar interbody
fusion/anterior to psoas (OLIF/ATP), lateral lumbar
interbody fusion (LLIF) and anterior lumbar interbody
fusion (ALIF).
TLIF is the most widely accepted procedure which was
originally put forward by Harms and Rolinger in 1982.6
We conducted a retrospective comparative study between
TLIF with stand-alone morselized impacted bone graft and
TLIF with cage and bone graft to compare the clinical,
functional and radiological outcomes. There is literature
available describing advantages and disadvantages of
TLIF with cage and bone graft, and only morselized bone
graft, but there is limited literature comparing the two.
METHODS
Patient selection
We retrospectively studied 20 patients treated with TLIF
between March 2016 and May 2017 with an average
follow up of 12 months at the tertiary care government
hospital SMS medical college in Jaipur, Rajasthan. 10
patients received TLIF with local morselized bone graft
with cage (group 1) and the other 10 patients received the
TLIF with local morselized bone graft without cage (group
2). The inclusion criteria for our study were severe spinal
canal stenosis (based on pre-operative MRI showing more
than 2/3rd times reduction in AP diameter of canal and
walking distance of less than 100m based on self-paced
walking test [SPWT] records), grade 1/2 listhesis and
failed conservative management. Degenerative listhesis
and lumbar canal stenosis can co-exist. Plain AP and
lateral radiograph and MRI were used for identifying the
involved motion segment and to evaluate the orientation,
and width of the vertebral pedicle. The exclusion criteria
in our study were spinal infection, severe osteoporosis,
multilevel involvement and previous spinal surgery.
Written and informed consent was taken from all patients
for inclusion in the study.

Surgical techniques
All surgeries were performed by the same team of
surgeons in the same clinical setting. Patient was placed in
a prone position with adequate release of intra-abdominal
pressure to decrease intra-operative bleeding and allow
proper care of skin overlying the bony prominences.
Before making the incision, correct level of involved
vertebrae was assessed by help of fluoroscopic guidance.
The lumbar spine was approached through a posterior
midline incision. Paraspinal muscles were retracted from
caudal to cephalad direction, from spinous process and
lamina up to the transverse process. Identification of
lamina, pars, facet joint and transverse process was done.
Pedicle screws of appropriate size were then inserted under
C-arm guidance bilaterally. Rod was applied on the contralateral side and the disc space was distracted. Entry into
the spinal canal was made after laminectomy and
facetectomy on the side of the radicular pain. Resection of
inferior facet of superior vertebrae and superior facet of
inferior vertebrae was done to gain access to the disc and
decompress the foramina. Exiting nerve route was then
exposed. Epidural bleeding was commonly encountered at
this point which was easily controlled using gel foam and
bipolar cautery. Discectomy was performed and end plate
preparation was done as follows. Using curettes, the
cartilaginous coats of the end plates was removed
intraoperatively without destroying the osseous structure
of the end plates. Bone graft already harvested from local
site was then cut into small pieces. In group 1, cage filled
with local bone graft was inserted into the intervertebral
disc space while in group 2, only bone graft was inserted
into the intervertebral disc and impacted snugly. Then
pedicle screw was inserted and rod system was applied on
the contra-lateral side and compression achieved
bilaterally. Wound closure was done in layers after
placement of a drain which was removed after 2 days.
Assessment
Plain AP and lateral radiograph were taken at the
preoperative, immediate post-operative and during follow
up at 1.5, 6, and 12 months post-operatively. Radiographs
were assessed for evidence of interbody fusion, screw
loosening, and assessment of cage position and
maintenance of disc height. Integrity of the pedicle screw
-rod system was observed. Screw loosening was defined as
a radio-luscency of 1 mm or greater at bone screw surface,
and cage loosening was defined as a radiolucency of 1 mm
or greater around the cage7. CT scan was used for
assessment of bony fusion and each case was graded
according to the fusion criteria, as described by Brantigan
et al8, done at 1 year post-operatively. CT scan was also
assessed for maintenance of disc height and implant
loosening, fracture or subsidence. The radiological
assessment was done by a single radiologist who was
blinded to the clinical outcome.
Pre-operative, 6 months and one-year post-operative
assessment of pain and disability was done. Pain was
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quantitatively assessed at each visit by VAS score.
Duration of pain killer intake and time to return to normal
physical activity was documented. Patient assessment
questionnaires included Oswestry disability index (ODI)
which was used to evaluate clinical improvements and
daily functional outcome during follow up of the patients.
ODI was calculated pre-operatively, at 6 months and 1
year post-operatively.
Intra-operative blood loss, duration of surgery, postoperative complications and duration of hospital stay was
recorded for each case.
Statistical analysis for relevant data was done using SPSS
software version 25. Mann Whitney test was employed to
compare result in group 1 and group 2.
RESULTS
Demographic data
Out of the 20 cases, ratio of male: female was 3:2 in the
first group (cage with bone graft) and 7:3 in the second
group (morselized bone graft only). Average age of the
patients was in 47.3 years (39-61 years) the group 1 and
52.4 years (34-63 years) in the group 2. The most common
level involved in patients was L4-L5 in both the groups
(Table 1 and 2).
Radiological outcome
Plain radiographs showed maintained disc heights in all
patients with no evidence of screw loosening. Grade 5
solid bony fusion was achieved in all but 2 cases in both
the groups. There was no implant fracture or subsidence
(Figure 1). 8 out of 10 cases with cage with bone graft
(group 1) had complete union on CT with 1 patient each
having grade 3 and grade 4 fusion. In the case of
morselized bone graft, 7 had complete fusion while three
showed grade 4 fusion (Figure 2 and 3). Disc height was
maintained in both the groups without any evidence of
clinically significant collapse at 12 months of follow up.
Clinical outcome
Oswestry disability index showed relatively greater
improvement in cases with cage with bone graft than
morselized bone graft at 6 months post-operative follow
but the difference was statistically insignificant (p>0.05).
However, at 1 year of follow up, both groups showed equal
improvement in ODI. All patients showed decrement in
VAS score at 1-year follow-up.
Per-operative outcome
Average surgical time for cage with bone graft was 141
minutes while that for morselized bone graft was 122
minutes (Table 1 and 2). Average per operative blood loss
in cases with cage with bone graft was 371.5 ml. Those
with morselized bone graft had marginally lesser blood

loss, averaging 308 ml. There was no clinically significant
complication in any of the 20 cases. Two out of 10 cases
in the first group and one out of 10 in the second group had
a dural tear which was repaired intra-operatively and
patient was place in Tredelenburg position. No superficial
or deep infection was found in any patient post operatively
and during follow up.
Table 1: Demographic data and outcome in group 1
(morselized bone graft with cage) (n=10).
Variable
Average age
Sex distribution
Males
Females
Level involved
L4-L5
L5-S1
Grade of listhesis
Grade I
Grade II
Average intraoperative time
Average blood loss
Grade of fusion achieved at 1
year follow up
Grade 3
Grade 4
Grade 5
ODI pre-operative
ODI at 6 months
ODI at 12 months

Values
47.3 years
6
4
7
3
8
2
141 minutes
371.5 ml

1
1
8
53.6 (SD 8.527)
22.8 (SD 4.237)
21 (SD 4.546)

Table 2: Demographic data and outcome in group 2
(morselized bone graft without cage) (n=10).
Variable
Average age
Sex distribution
Males
Females
Level involved
L4-L5
L5-S1
Grade of listhesis
Grade I
Grade II
Average intraoperative time
Average blood loss
Grade of fusion achieved at 1
year follow up
Grade 3
Grade 4
Grade 5
ODI pre- operative
ODI at 6 months
ODI at 12 months

Values
52.4 years
7
3
7
3
7
3
122 minutes
308 ml

Nil
3
7
53.8 (SD 7.39)
26 (SD 5.416)
22.8 (SD 3.55)
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ODI score assessment
The mean pre-operative ODI in group 1 was 53.6 (SD8.527) while in group 2 was 53.8 (SD-7.39). Postoperative assessment at 6 months showed no significant
difference between the two with mean value of 22.8 (SD4.237) in group 1 and 26 (SD- 5.416) in group 2. At 1 year
of follow up, the mean ODI value in group 1 was 21 (SD4.546) and in group 2 was 22.8 (SD- 3.55) (Figure 1).
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Figure 2a: Post-operative plain radiograph of patient
from group 2 showing complete solid bony fusion
(black arrowhead) with maintained disc height. There
is no evidence of screw loosening.

0
Pre-operative

6 weeks

1 year

Figure 1: Comparative ODI in the two groups: group
1 (cage with bone graft) and group 2 (only morselized
autologous bone graft).
Cost
Patients who underwent TLIF with cage with bone graft
had a higher financial burden due to the cost of cage
involved, averaging INR 10000 in our setup.
DISCUSSION
Degenerative lumbar spinal problems are commonly
encountered in the aging population. Conservative
management is the 1st line of treatment. Surgery is
indicated when conservative management is ineffective.
The goal of surgery is decompression of nerve root, solid
fusion and restoration of disc space height. Solid fusion
results in better functional outcome and patient
satisfaction.9

Figure 2b: Post-operative plain radiograph of patient
from group 1 showing grade 3 fusion with solid new
bone (black arrowhead) showing partial bridging of
the intervertebral disc space.

There are various types of fusion techniques practiced postero-lateral inter-transverse, anterior inter-body fusion
and posterior interbody fusion. Posterior interbody fusion
and posterolateral fusion are the most common treatment
methods for lumbar spondylolisthesis. Studies have shown
that PLIF exhibits a higher rate of fusion than does lumbar
posterolateral fusion (PLF) and may produce better
clinical outcomes. In this study, we have performed interbody fusion in all cases. Approaches available for
interbody fusion technique range from anterior, oblique,
transforaminal, posterior to minimally invasive lumbar
interbody fusion.
Prior studies show better outcome in TLIF (transforaminal
lumbar interbody fusion) in terms of decreased surgery
time, blood loss and complication rates, and is thus our
choice for all cases in this study.10

Figure 3a: Sagittal CT of patient from group 2
showing complete solid grade 5 bony fusion (white
arrowhead) with maintained disc height.
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Figure 3b: Sagittal CT of patient from group 2
showing grade 4 fusion with almost complete bridging
of the vertebral disc space (white arrowhead).

Figure 3c: Sagittal CT of patient from group 1
showing grade 5 fusion with complete bridging of the
vertebral disc space (white arrowhead) by new bone
formed within the cage.

Figure 3d: Sagittal CT of patient from group 1
showing grade 3 fusion with solid new bone (white
arrowhead) showing partial bridging of the
intervertebral disc space.

Figure 4a: 3D reconstructed CT image showing grade
4 fusion with almost complete bridging of the
vertebral disc space (white arrowhead) in a patient
from group 1.

Figure 4b: 3D reconstructed CT image showing grade
3 fusion with solid new bone (white arrowhead)
showing partial bridging of the intervertebral disc
space in a patient from group 1.
Surgical success depends upon adequate neural
decompression, instrumentation, and bone graft material
and disc space preparation.11 Advancements in
instrumentation like using pedicle screw along with bone
graft/cage helps in increased fusion rate decreased
rehabilitation time and improved functional outcome.12
Ideal bone graft material is one which has the least donor
morbidity and provides maximum efficacy of bone growth
by combining osteoinduction, osteoconduction and
osteoblastic properties.13 Since the inception of the TLIF
procedure, iliac crest bone graft was considered as an ideal
graft material both in terms of quality and quantity and has
traditionally been used for degenerative spine disease but
it had complications like donor site pain, pelvic instability,
infection, pelvic fracture, increased surgery time and blood
loss. Morselized local bone graft has also proved to be as
beneficial as autologous iliac bone graft, it also circumvent
the complications and morbidity of harvesting bone graft
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from iliac crest, hence it is the preferred choice of bone
graft in author’s practice.14
According to isolated studies on cases of spondylolisthesis
managed with interbody fusion with cage and bone graft,
cage provides immediate anterior interbody support
improves lumbar lordosis and provides better maintenance
of disc height until bony fusion occurs due to the structural
integrity.15,16 However, there is possibility of root injury,
more intra-operative blood loss, retropulsion or migration
of cage in the post-operative period, immunological issues
due to foreign body reactions and lower fusion rate due to
decreased available contact area for bony fusion.17-20
Implantation of cage in interbody space may demand
greater resection of facets. Also, cage adds to the cost of
implants leading to higher surgical packages.

on ODI score. However, usage of cage added to extra
financial burden to the patient which is a significant factor
for consideration of use in TLIF surgery in a developing
country. In summary, morselized bone grafts is as effective
as cage with bone graft in providing improvement in
symptoms and have similar clinical outcomes. Either can
be used as an effective method for spinal fusion in single
level TLIF surgery. The choice may depend on the
operating surgeon, the patient’s financial status and
hospital protocols.
Funding: No funding sources
Conflict of interest: None declared
Ethical approval: The study was approved by the
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