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Is local autogenous morselized o

bone harvested from decompression
through a posterior-transforaminal approach
sufficient for single-level interbody fusion

in the lower lumbar spine?

JinYang', Yong Yang'?, Gaoju Wang', Shuang Xu', Guangzhou Li', Shuai Zhang', Chaohua Yang',
Song Wang'” and Qing Wang'"

Abstract

Background To determine the volume and applicability of local autogenous morselized bone (LAMB) harvested and
used during posterior-transforaminal lumbar interbody fusion (P-TLIF) in the lower lumbar spine.

Methods Clinical and radiographic data of 147 patients (87 males) undergoing P-TLIF from January 2017 to Decem-
ber 2019 for lumbar degenerative diseases were retrospectively analyzed. Computed tomography was used to assess
the fusion status (at 6months, 1year, and the last follow-up postoperatively), restored disc height, graft fusion area
and volume, and the minimum required bone volume (MRBV). Clinical outcomes of P-TLIF were assessed using the
Oswestry Disability Index (ODI) and visual analog scale (VAS) for low back pain (LBP) and leg pain (LP).

Results The mean follow-up period was 28.4 +4.49 months. The patient’s age and diagnosis were correlated to the
volume and weight of LAMB (mean volume and weight: 3.50+ 0.45mL and 3.88 +-0.47 g, respectively). The ratio of
actual fusion area to the total disc endplate and the ratio of actual fusion volume to the total volume of the disc space
were >40%. MRBV ranged from 1.83 £0.48 cm? to 2.97 £ 0.68 cm?. The proportion of grade 4 or 5 fusions increased
from 60.6% at 6 months to 96.6% at the last follow-up. The ODI, VAS-LP, and VAS-LBP scores significantly improved
after surgery and remained unchanged during the follow-up.

Conclusion When combined with a cage, the volume of LAMB harvested from decompression through the unilat-
eral approach at a single-level is sufficient to achieve a solid interbody fusion in the lower lumbar spine with excellent
clinical and radiographic outcomes.
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Background

Spinal fusion is a commonly performed surgical proce-
dure to treat various spinal morbidities, such as trauma,
degenerative disc diseases, deformity, tumor, and infec-
tive pathologies [1, 2], of which, the majority are per-
formed on the lumbar spine [3]. Solid fusion achieved
using an excellent grafting material is the key to long-
term spinal stability, as well as satisfactory clinical out-
comes and quality of life [4, 5].

The ideal bone graft material should have inherent
osteogenic, osteoinductive, and osteoconductive prop-
erties in addition to good mechanical strength [6]. An
autologous iliac crest bone graft (ICBG) is considered
the gold standard in terms of the aforementioned prop-
erties [4]; however, its use is limited due to the associ-
ated donor site pain, a limited supply of bone graft, and
the need for additional surgical invasion [5, 6]. There-
fore, alternative grafting materials, such as allografts,
ceramics, demineralized bone matrix, and recombinant
human bone morphogenetic proteins 2 and 7 (thBMP-2
and 7) have been used in the clinical practice [7-9].
Although some of these materials are highly effective,
their widespread use is hampered by certain limita-
tions, such as the absence of osteogenic properties, the
transmission risk for blood-borne pathogens, adverse
or fatal events, and tremendous medical costs [7—10].

Recent studies have reported successful fusion in
posterior lumbar interbody fusion and tansforami-
nal lumbar interbody fusion achieved using local bone
grafts (LBG) derived from laminectomies, with fusion
rates comparable to those using ICBG [11-14]. This
may allow the patient to avert the need for an addi-
tional ICBG or other grafting materials while achieving
the required solid fusion. However, to the best of our
knowledge, no study has quantified the volume of local
bone harvested from decompression through the uni-
lateral approach and the amount of bone required for
a single-level interbody fusion. Therefore, the present
study aimed to quantify the volume of the local autog-
enous morselized bone (LAMB) harvested and the
amount of bone used, to explore its applicability and
clinical outcomes in posterior-transforaminal lumbar
interbody fusion (P-TLIF) in the lower lumbar spine.

Materials and methods

Study population

We retrospectively analyzed patients undergoing
P-TLIF for single-level lumbar degenerative diseases at
our department between January 2017 and December
2019. In this study, the lower lumbar spine was defined
as from L4 to S1. Ethical approval for the study was
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obtained from the Medical Ethics Review Committee of
our hospital (Approval No: KY2022082).

Inclusion and exclusion criteria
Patients with complete follow-up data who underwent
P-TLIF for the following etiologies were included in this
study: (1) single-level lumbar degenerative disease as
confirmed by imaging characteristics and clinical symp-
toms, and decompressed unilaterally; (2) lumbar spinal
stenosis (LSS), involving the lateral recess, foraminal
stenosis, and central stenosis (Schizas grades B and C)
[15, 16]; (3) lumbar segmental instability; (4) discogenic
lower back pain (LBP) with a score>5 measured using a
visual analog scale (VAS) and confirmed by discography;
(5) lumbar spondylolisthesis (Meryerding grade I and II),
including degenerative or isthmic types; (6) lumbar disc
herniation —highly migrated herniation, >50% loss of
disc height, and having chronic LBP (VAS>5); (7) after
more than 3 months of failed conservative treatment.
Patients with extreme LSS (Schizas grades D) [16]; a
history of lumbar spinal surgery; osteoporosis (< —2.5
standard deviation [SD] measured using dual-energy
X-ray bone mineral density scan); or any other patholo-
gies such as metabolic bone disorders, infections, or
tumors were excluded from this study.

Surgical intervention

The surgical technique comprised a P-TLIF performed
via a midline approach. After instrumentation, the
lower facet and inferior two-thirds of the lamina of the
upper vertebra, the upper one-fourths to one-thirds of
the lamina and the medial half of the upper facet of the
lower vertebra on the symptomatic side were removed
to perform decompression (Fig. 1A and B). The LAMB
harvested from the decompression was collected. The
spinous process and interspinous ligaments remained
intact. A nanohydroxyapatite/polyamide-66 cage (HA/
PA66, Sichuan Guona Tech Co., Chengdu, China) was
filled with LAMB (Fig. 1C). After achieving satisfactory
decompression and thorough preparation of the graft
bed, the remaining LAMB was inserted into the anterior
part of the disc space and tamped gently. Next, the cage
was placed into the disc space. Moe’s fusion technique
[17] was used for the contralateral facet joint.

Measurement of LAMB

All soft tissues were cleared from the harvested LAMB
to ensure good bony fusion and cut of the appropriate
size. The bone was put into a 40-mL sputum/specimen
catch-cup (Fig. 1D) and weighed on a scale. Next, the cup
was filled with normal saline, and the bone volume was
calculated by subtracting the total volume of saline used
from 40mL. As the calculation of bone volume was based
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Fig. 1 AThe Schema indicates the extent of bony resection; B
The extent of bony resection based on the three-dimensional
reconstruction of computer tomography after surgery; C A cage
filled with local autogenous morselized bone and the remaining
bone; D A 40 mL sputum/specimen catch-cup containing bone for
measurement

on the volume of saline used, we defined the volumetric
ratio of the bone as equal to that of the saline. The bone
was prepared by wrapping it with a piece of wet gauze
until the graft was needed. The entire bone was used only
for lumbar interbody fusion for each patient.

Clinical evaluation

Clinical outcomes were assessed using the Oswestry Dis-
ability Index (ODI) and VAS scores for LBP and leg pain
(LP) evaluated preoperatively and postoperatively (at
7 days, 6 months, 1year after surgery, and on the last fol-
low-up) by two independent reviewers (spinal surgeons).

Radiographic evaluation

All radiographic parameters were evaluated by three
independent reviewers (including two spinal surgeons
and one senior radiologist). Any disagreements regarding
non-quantitative parameters between the reviewers were
resolved by reassessment and discussion. X-ray of the
lumbar spine—lateral views including neutral, flexion and
extension images, were used to evaluate the fusion seg-
mental height, segmental stability, and the cage sinking
condition. In this study, the segmental height was defined
as the distance between the midpoint of the upper and
lower endplates of the upper and lower fixed vertebrae.
A change in the distance of >3 mm was considered to be
indicative of cage sinking.
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Fusion area and fusion status

Thin slice (1 mm) computed tomography (CT) scans and
multi-planar reconstructions were used to assess the
fusion condition. All measurements were conducted on
a CT Advanced Workstation 4.4 (GE, USA). The graft
fusion area was evaluated based on the pre and postop-
erative CT scans. The metal artifact reduction technique
was used in post-operation CT scan after instrumented
spinal surgery. The restored disc height, graft fusion area,
and graft fusion volume, including results of the preop-
erative plan and the actual surgery, were measured and
calculated. All parameters of the preoperative plan were
calculated based on a 30% area of the target fusion disc
[18]. Additionally, these parameters were compared using
a stratification analysis according to different disc heights
and different levels. The minimum required bone volume
(MRBV) was calculated by subtracting the volume of the
cage used from the planned graft fusion volume. The
volume parameters of the cage of different model num-
bers were provided by Sichuan Guona Tech Co. Fusion
status was assessed using the Brantigan classification
[19] at 6 months, 1year, and the last follow-up postopera-
tively. Successful fusion was defined as 4th and 5th fusion
grades.

A representative case is presented in Fig. 2.

Statistical analysis

All statistical analyses were conducted using SPSS (ver-
sion 24.0, IBM Corp., Armonk, NY, USA). The normal-
ity of the data was tested using the Shapiro-Wilk test.
Normally distributed continuous data were expressed as
mean and SD and compared using the Student’s t-test.
Between-group comparisons were made using a 1-way or
repeated-measures ANOVA, followed by a pairwise com-
parison. The Chi-square (x2) or Fisher’s exact tests were
used to compare the frequencies of categorical data. A
p-value of <0.05 was considered statistically significant.

Results

Patient characteristics

We included 158 patients undergoing P-TLIF at our
hospital during the study period, of which 11 were lost
to follow-up (10 were lost due to a change in the con-
tact details or address, 1 was lost due to death caused
by a heart attack) and these patients with incomplete
data were excluded from the study. The remaining 147
patients (males: =287, 59.1%; females: n=60, 40.9%)
were included in the final analysis. The demographic
characteristics of these 147 patients are presented in
Table 1. The mean operative time for all patients was
128.07+18.93 minutes and the mean intraoperative
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Fig. 2 A series of post-operative computed tomography (CT) images of a 52-year-old female patient with L4-5 spinal stenosis reflecting the fusion
progress over time. A Post-operative CT scan showing the fusion area; B the fusion grade of 3 at postoperative 6 months; C fusion grade of 4 at

postoperative 12 months; and (D) fusion grade of 5 at the last follow-up

Table 1 Demographic characteristics of 147 Patients

Mean £ SD (range) or n (%)

59.76 £8.02 (44-79)

87 (59.1)

60.22 £ 10.76 (45-90)
167.27 £6.94 (149-183)
2147 +£3.18 (15.9-29)
51.19+£38.16 (4-120)

Age (years)

Sex male (%)

Body weight (kg)

Height (cm)

BMI (Body Mass Index)

Duration of symptoms (months)
Level involved

L4-5 86 (58.6)
L5-S1 61 (41.4)
Sides left (%) 65 (44.2)
Diagnosis
Lumbar spinal stenosis 63 (42.9)
Spondylolisthesis 40 (27.2)
Discogenic lower back pain 21(14.3)
Lumbar segmental instability 13(8.8)
Lumbar disc herniation 10 (6.8)
Comorbidities
Hypertension 16 (10.8)
Diabetes 26(17.7)
Chronic pulmonary disease 5(34)
Smoking 35(23.8)
Other surgery history 13(8.8)

128.07 £18.93 (100-170)
248.78+107.31 (110-700)
721£0.94 (6-10)
28411449 (24-52)

Surgical time (min)
Intra-operative blood loss (ml)
Hospital stay after surgery (d)
Follow-up (month)

blood loss was 248.7+107.31 mL. On average, the hos-
pital stay after surgery was 7.21+0.94days. The mean
follow-up period was 28.41 +4.49 months.

The VAS score for LP decreased from 6.52+0.68 pre-
operatively to 1.73 +0.74 postoperatively and 1.40+0.94
at the last follow-up (p=0.00). Likewise, the VAS score

for LBP changed from 4.18+1.57 preoperatively to
2.09+0.94 postoperatively and 2.23+0.68 at the last
follow-up (p=0.00). The ODI values decreased from
50.54+7.17 preoperatively to 22.78+6.62 postopera-
tively and 17.95+3.62 at the last follow-up (p=0.00)
(Fig. 3).

Measurement of LAMB
The mean volume and weight of the LAMB obtained
from  decompression was 3.50+£045mL  and

3.88+0.47 g, respectively. Stratification analysis showed
that the patient’s age and diagnosis were related to the
volume and weight of LAMB (p <0.05), i.e., the elder the
patient, the more LAMB could be harvested. The maxi-
mum amount of bone was harvested from patients who
underwent surgery for spondylolisthesis (3.62+0.43mL,
4.04£0.44 g). Sex, body mass index (BMI), pathological
levels, and side were not associated with LAMB volume
and weight (p>0.05) (Table 2).

Evaluation of bone graft and fusion status

Regarding the comparison between the preoperative plan
and the surgical results, we found that the graft fusion
area and volume were statistically significant (p<0.05),
whereas the restored disc height was not significant
(Table 3). Also, the stratification analysis revealed that
the planned graft fusion area and volume were statisti-
cally correlated with actual results in terms of the dif-
ferences in disc height and levels (Table 4). The ratio of
actual fusion area to the total disc endplate ranged from
40.5 to 42%; whereas, the ratio of actual fusion volume to
the total disc space volume ranged from 40.6 to 46.1%.
The volumes and weights of bone harvested from decom-
pression under the different disc heights and at differ-
ent levels are presented in Table 4. MRBV ranged from
1.83+0.48 cm® to 2.97 +0.68 cm® (Table 4).
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Fig. 3 The improvement in visual analog scale score for low back pain (A) and leg pain (B), and the improvement in Oswestry Disability Index (C)
after surgery along with the change in each outcome over time. *statistical significance between the preoperative and any postoperative value

Table 2 Local autogenous morselized bone obtained from decompression and related stratification analysis

N Bone Weight (g) P value Bone Volume (cm?3) P value
Local autogenous morselized bone 147 388+ 047 350 £ 045
Age (years)
<50 27 367 +£042 0.028 3344038 0.015
51-69 92 3911045 3.51+£045
>70 28 398 £0.55 3.64+£0.50
Sex
Male 87 3.83 +£045 0.116 3454£042 0.112
Female 60 395+050 357 +£049
BMI (Body Mass Index)
<239 111 3.87+£048 0.752 349+ 046 0.575
>24 36 390+ 047 354+ 044
Level involved
L4-5 86 393+050 0.145 353+049 0370
L5-S1 61 3.81+£042 346 £0.39
Sides
Left 65 381 +£0.50 0.934 350+ 047 0.951
Right 82 3.88 £ 046 3504044
Diagnosis
Lumbar spinal stenosis 63 3.92 £ 046 0.010 3.59 £ 040 0.001
Spondylolisthesis 40 404 £ 044 3621043
Discogenic lower back pain 21 368+ 044 3204+042
Lumbar segmental instability 13 3624051 3424052
Lumbar disc herniation 10 376 +048 3244047
Table 3 The comparison between the preoperative plan and actual results of the surgery for 147 patients
Preoperative plan Actual result Pvalue t value
Restored disc height (mm) 10.81 £ 146 10.90 £ 143 0.628 —0.485
Graft fusion area (mm?) 42360 + 62.77 576.85 £+ 10547 0.000 —15.139
Graft fusion volume (cm?) 458 4+ 095 6.29 + 141 0.000 —12.196

The bone graft area and bone graft volume in the preoperative plan were calculated based on the bone graft area of 30% endplate of the target segment
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Table 4 Comparison between the planned required bone volume and the actual results of different disc heights achieved using the

bone harvested from decompression

Disc Height (mm) 8(n=18) 10 (n=54) 12(n=72)

Level L4-5(n=8) L5-S1(n=10) L4-5(n=33) L5-S1 (n=21) L4-5(n=44) L5-S1 (n=28)
Planned graft fusion area (mm?) 460.804+5294 41505+6132 41581+71.20 400.89+57.73 4314045512 431.194+70.13
Actual graft fusion area (mm?) 64548 483.62 565.13£131.34 562.184+111.17 540.72+£10253 594.37+£100.05 586.974100.10
PValue 0.000 0.004 0.000 0.000 0.000 0.000

The ratio of actual fusion area to the total disc  42.0 40.8 406 40.5 413 40.8

endplate (%)

Planed graft fusion volume (cm?) 3.68+044 3311048 4154072 4014057 5.18+0.68 5.17+0.85
Actual graft fusion volume (cm?) 5.65+0.96 462+1.11 5744130 5454098 711E£121 6994+1.13
PValue 0.000 0.003 0.000 0.000 0.000 0.000

The ratio of actual fusion volume to the total ~ 46.1 419 415 40.8 412 40.6

volume of the disc space (%)

Bomse volume harvested from decompression  3.53+0.57 3644037 3494040 3404040 3544053 3454039
(cm?)

Bone weight harvested from 3.994+0.56 4.02+£0.39 3891047 3734043 393+£0.52 3.81+043
decompression (g)

Minimum required bone volume (cma) 220+£044 1.83+048 231+0.72 2.17+£057 297 +0.68 2.96+0.85

The minimum required bone volume (MRBV) was calculated as: MRBV = planed graft fusion volume - the volume of the cage; Fusion area included the area of bone
graft and the cage; Fusion volume included the volume of bone graft and the cage; Planed fusion area, Planed Fusion volume, MRBV were all calculated based on the

bone graft area of 30% endplate of the target segment

Approximately 39.4% (n=58) of the patients had grades
1, 2, or 3 fusion, whereas, the majority (n=389, 60.6%) of
the patients had grade 4 or 5 fusion at 6 months post-
operatively. Notably, the number of grade 4 or 5 fusions
increased to 87.1% (n=128) at 1year and 96.6% (n=142)
at the last follow-up. The difference in the fusion rates of
grades 4 and 5 between the three time points (6 months,
1year, and the last follow-up) was statistically significant
(p<0.05) (Fig. 4).

% Fusion Degree
100+

90+
804
704
60+
50+
404
304
20
104

Hl Grade 5
Bl Grade 4
mm Grade 3
Grade 2
Grade 1

Complications

An intraoperative dural tear occurred in three patients
(2%); and nerve root edema was noted in 4 patients
(2.7%); however, these nerve injuries did not cause any
severe complications. Grade 1 fusions were developed
in three patients (2%), including two at the L5-S1 level
and one at L4-5, due to pseudoarthrosis, graft bone
absorption, cage sinking, or screw breakage. Two of
them underwent revision surgery, while the third refused

%
100+

B Grade5
B Grade 4

Fig.4 AThe degree of fusion progress and B the comparison of fusion rates between different time points after surgery
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and was under follow-up. Two patients (1.4%) with cage
sinking and one (0.7%) with pedicle screw displace-
ment without neurologic deficit at 6 months postopera-
tively underwent conservative treatments and eventually
achieved grade 4 fusion. Adjacent segment disc degener-
ation was found in five asymptomatic patients (3.4%) who
did not receive any additional treatment.

Discussion

To the best of our knowledge, this is the first study to
quantify the volume of local bone harvested from decom-
pression through a unilateral approach and the amount of
bone required for interbody fusion at a single level of the
lower lumbar spine. Excellent fusion status and satisfac-
tory clinical outcomes were observed after using LAMB
during P-TLIF for an average of 28 months of follow-up.

The extent of bony resection and LAMB
We found that the volume of LAMB harvested from
unilateral decompression (mean volume and weight:
3.50+£0.45cm® and 3.8840.47¢g, respectively) was suf-
ficient for a single-level interbody fusion in the lower
lumbar spine. The mean volume of bone harvested in the
present study was significantly less than that of bone har-
vested in a previous study (mean: 25cc) [20]; this differ-
ence may be attributed to the extent of bony resection. In
the previous study using posterolateral fusion, half of the
cranial and caudal spinous processes, the entire lamina,
and the bilateral facets were removed; in contrast, we
did not perform such a wide bony resection and decom-
pression. Furthermore, in contrast to the previous study
[20], we did not include patients with extreme LSS [16]
because these patients always need a total laminectomy
to achieve complete posterior decompression. In most
patients, unilateral direct decompression combined with
indirect decompression achieved by restoring disc height
using a cage could be sufficient to achieve satisfactory
decompression. Additionally, our procedure was primar-
ily aimed at preserving the integrity of the spinal struc-
tures and maintaining stability to minimize the risk of
LBP and adjacent disc degeneration after surgery.
Currently, lumbar interbody fusion is one of the main-
stream fusion methods to achieve superior clinical out-
comes and higher fusion rates. Theoretically, the volume
of required bone graft for interbody fusion is smaller
than that of posterolateral fusion [20], which was also
confirmed by our results. A previous study reported that,
from a biomechanical perspective, the area of interver-
tebral fusion should be greater than 30% [18]; therefore,
we defined the 30% of the target disc area as the mini-
mal bone graft area in the preoperative plan. Further-
more, our results showed the actual graft fusion area
was significantly larger than that in the preoperative plan
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(p=0.00). Moreover, the stratification analysis for dif-
ferent disc heights and spinal levels also showed similar
results. Furthermore, the ratio of the actual fusion area
to the total disc endplate ranged from 40.50 to 42%.
These results suggest that the volume of LAMB and cor-
responding graft fusion area exceed the need for fusion
based on 30% fusion area of the target disc.

Age was positively associated with the volume of
LAMB harvested. Spondylolisthesis and LSS had the
largest volume of LAMB. We hypothesized that this addi-
tional bone volume was associated with the degree of
spinal degeneration and secondary hyperplasia of bone.
The more the age, the more severe is the lumbar degen-
eration. Additionally, lumbar spondylolisthesis and LSS
always cause more severe degenerative changes than dis-
cogenic LBP, lumbar segmental instability, and lumbar
disc herniation. Moreover, severe arthritis, hyperplasia
of the facets, and thickened lamina were more frequently
seen in these two pathologies. Therefore, these changes
increased the volume of resultant LAMB. Other patient
characteristics, such as sex, BMI, sides, and spinal levels
were not related to the LAMB volume, which is unlike a
previous study that reported a trend of greater local bone
graft volumes in men [20].

Fusion status

Previous studies had proved the ability of LBG for lum-
bar interbody fusion with a fusion rate of 94.5 to 100%
for at least 2years of follow-up. In the present study, the
final fusion rate of grade 4 or 5 was achieved in 96.6% of
patients, which was comparable with previous studies
[12, 13, 21, 22]. Our results also concur with the findings
of studies using other bone grafts and biologics to achieve
comparable fusion rates: 89.6% using bioactive glass-
local autograft mixtures, 91.6% using autograft, 95.8%
or 98.3% using iliac crest, and 94.1% using rhBMP-2 and
local bone graft at 1-year follow-up [9, 12, 13, 22]. These
results establish not only the applicability of LAMB
for interbody fusion in the lower lumbar spine but also
the fact that the volume of LAMB harvested from the
decompression is sufficient to achieve fusion at a single
level.

Moreover, the CT-based fusion grade and fusion rate
increased significantly over time. The proportion of
cases estimated as grade 4 or 5 increased from 60.6% at
6 months to 87.1% at 1year and 96.6% at the last follow-
up (p<0.05). Therefore, we agreed that spinal fusion is an
ongoing process and radiological nonunion after 1 year
should not be regarded as definitive failure [23]; accord-
ingly, these patients should be followed up diligently. The
complication rate associated with fusion and instrumen-
tations in this study was only 7.5% which is much better
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than previous studies that used LBG or using other bone
grafting materials [9, 12, 13, 22].

Clinical outcomes

Clinically, the patients’ condition continued to improve
and maintained the improvements up to an average of
28 months in terms of ODI and VAS for LBP and LP.
We believe that these excellent clinical outcomes can
be attributed to the high fusion rate, minimal surgical
invasion during the procedure, and maintenance of the
maximum integrity of the posterior ligament complex.
However, the relationship between the radiographic and
clinical outcomes of lumbar fusion surgery remains con-
troversial [23-27]. Several studies have reported that
higher fusion rates did not significantly improve the
clinical outcomes, whereas others have demonstrated the
long-term clinical benefits of solid fusion over pseudar-
throsis [23, 25-27].

Limitations

This study has several limitations. First, only single-level
P-TLIF cases with unilateral decompression in the lower
lumbar spine were studied. Whether this procedure will
be applicable for the treatment of multilevel P-TLIF or
upper lumbar P-TLIF is yet to be established. Second,
the time point of the last follow-up was different due to
patient compliance. Third, the bone volume measure-
ment putting the bone in a cup with saline may lose oste-
oprogenitor cells. Finally, the retrospective nature of the
study may have introduced selection bias.

Conclusion

This novel study reported that when combined with a
cage, the volume of LAMB harvested from decompres-
sion through the unilateral approach at a single-level is
sufficient to achieve solid interbody fusion in the lower
lumbar spine with excellent clinical and radiographic
outcomes.

Abbreviations

BMI Body mass index

cT Computed tomography

ICBG lliac crest bone graft

LBG Local bone grafting

LAMB Local autogenous morselized bone
LBP Low back pain

LP Leg pain

LSS Lumbar spinal stenosis

MRBV Minimum required bone volume
ODlI Oswestry disability index

P-TLIF Posterior transforaminal lumbar interbody fusion

rhBMP Recombinant human bone morphogenetic protein
VAS Visual analog scale
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