INTERNATIONAL

JOURNAL

SPINE

SURGERY

A Prospective, Randomized Study Evaluating Clinical and
Radiographic Efficacy of Lumbar Interbody Fusion
Performed Using a Truss Technology—Based | nter body Fusion
Device With Homologous Bone or Bone Marrow Aspirate

BENJAMIN CHATTERJEE, MICHAEL RAUSCHMANN, CHRISTOPH FLEEGE,
MOHAMMAD ARABMOTLAGH, SVEN SCHMIDT, KIMBERLY MARTIN and MARCUS
RICKERT

Int J Spine Surg 2020, 14 (6) 924-935
doi: https:.//doi.org/10.14444/7141
https://www.ijssurgery.com/content/14/6/924

Thisinformation is current as of May 17, 2025.

Email Alerts Receive free email-alerts when new articles cite this article. Sign up at:
http://ijssurgery.com/alerts

The International Journal of Spine Surgery
2397 Waterbury Circle, Suite 1,
Aurora, IL 60504, Phone: +1-630-375-1432

© 2020 ISASS. All Ri gmlm\/@ﬁ’https://www.ijsurgery.com/ by guest on May 17, 2025

; ol INTERNATIONAL

SOCIETY f ADVANCEMENT of

SPINE SURGERY


https://doi.org/10.14444/7141
https://www.ijssurgery.com/content/14/6/924
http://jpm.iijournals.com/alerts
https://www.ijssurgery.com/
https://www.ijssurgery.com/

International Journal of Spine Surgery, Vol. 14, No. 6, 2020, pp. 924-935

https://doi.org/10.14444/7141
©International Society for the Advancement of Spine Surgery

A Prospective, Randomized Study Evaluating Clinical and
Radiographic Efficacy of Lumbar Interbody Fusion
Performed Using a Truss Technology—Based Interbody
Fusion Device With Homologous Bone or Bone Marrow

Aspirate

BENJAMIN CHATTERJEE, MD,' MICHAEL RAUSCHMANN, MD,?> CHRISTOPH FLEEGE, MD,'

MOHAMMAD ARABMOTLAGH, MD,? SVEN SCHMIDT, MD,> KIMBERLY MARTIN, PhD,> MARCUS

RICKERT MD!

'Orthopidische Universititsklinik Friedrichsheim, Frankfurt, Germany, > Academic University Hospital Sana Clinic, Offenbach, Germany, * Boulder Clinical

Science, Fort Collins, Colorado

ABSTRACT

Background: Our group used vertebral bone marrow aspirate (BMA) with an anterior truss-based interbody
implant to promote fusion. This implant has biomechanical characteristics that may enhance bone on-growth and
through-growth and allow for the use of BMA clot alone. The primary end point was comparison of the proportion of
patients who achieved fusion with the implant packed with either crushed cancellous homologous bone chips (CCB)
alone or with BMA clot alone.

Methods: Patients were randomized to receive either BMA clot or CCB in the implant. Both groups also had
supplemental fixation. Clinical assessments were performed preoperatively and postoperatively at 3, 6, and 12 months,
including for the Oswestry Disability Index, leg and back visual analog scale, EQS5-D, reoperations, complications, and
adverse events. Radiographs were obtained prior to discharge and at 3, 6, and 12 months postoperatively. A computed
tomography scan was performed 3 months postoperatively. Radiographs were assessed by an independent radiologist to
determine fusion status and evidence of subsidence.

Results: Between January 2015 and February 2016, 42 consecutive patients were randomized into 1 of the 2 study
groups. There were significant postoperative changes within both groups in pain improvement across all outcome scales.
There were no significant differences between groups in change scores from preoperative to assessments at any follow-
up time point, with the exception of the change in EQ-5D and visual analog scale at 6 months; however, there was no
difference at 3 or 12 months. There were no device-related adverse events in either group. All patients achieved grade II
fusion at 3 months postoperatively. There was no significant difference in implant subsidence between groups or

smokers versus nonsmokers.
Conclusions:

truss-based implant with either CCB or BMA alone.
Level of Evidence: 2.

Lumbar Spine

The clinical outcomes of this study suggest that reliable fusion can be obtained using an anterior

Keywords: ALIF, fusion, anterior truss based interbody implant, crushed cancellous bone, bone marrow aspirate

INTRODUCTION

Degenerative disease of the lumbar spine is highly
prevalent, and as such, is a significant contributor to
overall health care spending and lost productivity
worldwide.! Interbody lumbar spinal fusion is a very
common treatment for resolving back pain and leg
pain due to degenerative disc disease, postlaminec-
tomy syndrome, spondylolisthesis, stenosis, failed

discectomy, and recurrent disc herniation following
failed nonoperative treatment. There are numerous
efficacious implant and graft options available for
this surgical procedure, including implants of various
shapes and materials, autograft and allograft (ho-
mologous) bone chips, bone morphogenic proteins
(BMPs), demineralized bone matrix, bone marrow
aspirate (BMA), and many others; however, these
add to the overall cost of the procedure.'* Rising
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global health care costs have driven the need for the
development of technologies that maintain or im-
prove results for spinal fusion while minimizing
ancillary costs. Biologics such as BMP have im-
proved fusion but have also increased per case costs,
and some clinicians have concerns about safety with
high dosage and off-label use.'*!* In an effort to
reduce costs while maintaining or improving clinical
and radiologic outcomes, our group has used clotted
BMA from the vertebral body in conjunction with an
anterior truss-based interbody implant (4WEB Med-
ical, Frisco, TX; Figure 1) to promote fusion. Prior
evidence indicates that this design type allows equal
loading along all of the trusses, suggesting that this
may increase initial implant stability and induce
osteointegration allowing for the use of BMA clot
alone."® To our knowledge, there are no published
results with BMA clot used alone, without bone graft
or a carrier, in this or any other interbody implant.
The primary end point of this prospective random-
ized controlled trial was to compare the proportion
of patients who achieved fusion with an anterior
truss-based lumbar interbody implant used with
either crushed cancellous homologous bone chips
(CCB) alone or BMA clot alone. Fusion was defined
in a binary fashion according to Bridwell scale, with
levels I and II considered fused, and levels 3 and 4
considered unfused. Our primary hypothesis was that
there would be no difference between the groups in
terms of the proportion of patients achieving fusion.
Secondary outcomes included subsidence, Oswestry
Disability Index (ODI),' visual analog scales
(VAS)"® separately assessing back and leg pain,
EQ5-D,'® reoperations (including lumbar level,
reason for subsequent surgery, type of surgery, and
length of time after index surgery). In addition,
postoperative complications were recorded, including
but not limited to infection, neurologic injury, dural
tears, hospital stay extended beyond typical duration,
vascular injury, and vascular complications. We
further hypothesized that there would be no differ-
ence in any of these secondary outcomes.

MATERIALS AND METHODS

This prospective randomized controlled trial was
conducted in accordance with the local Institutional
Review Board authority under ethics committee
number 178/14, at the Goethe University (Frank-
furt, Germany) facility. All patients gave informed
consent before entering the trial, and there was no

Figure 1. 4WEB Anterior Spine Truss Syste (ASTS) interbody fusion implant
(4WEB Medical, Frisco, TX, USA).

external financial support for the conduct of the
clinical trial.

Inclusion/Exclusion Criteria

Inclusion Criteria

Patients with indications for dorsoventral/ventro-
dorsal fusions of segments L2-L.3 to L5-S1 of the
lumbar spine to treat one or more of the following
preoperative diagnoses:

Painful degenerative disc disease
Postlaminectomy syndrome
Spondylolisthesis

¢ Stenosis

Failed discectomy

Recurrent disc herniation

Older than 18 years

Exclusion Criteria

e Patients with abdominal scarring and adhe-
sions from previous abdominal surgery

e Patients with prior fusion procedures of the
lumbar spine

e Patients unable to undergo an operative
procedure

e Patients who were pregnant or planning to
become pregnant during the study

Statistical Analysis Plan

The sample size of 21 patients per group for this
study was selected based on practical and not on
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statistical considerations. Given that we did not
expect a difference between the 2 groups, the sample
size would be prohibitively large to detect a small
and clinically irrelevant difference. After patients
gave consent, simple random allocation to 2 groups
in which either CCB or BMA was used in the
implant was carried out with a random number-
generating table. All patients randomized and
treated were included in the analysis according to
the principle of intention to treat.

Data were extracted for analyses conducted using
SAS version 9.4. Descriptive statistics were calcu-
lated on all study variables, and variables were
tested in terms of response distributions. Data from
all patients were collected and reviewed for the
primary outcome, adverse events (AEs) and severe
adverse events (SAEs), and secondary measures.
The primary end point was evaluated as the
proportion of patients meeting criteria for fusion.
The proportion and 95% confidence intervals
around the proportion were calculated.

Secondary measures included were ODL,'* VAS'?
separately assessing back and leg pain, EQS5-D
including the German index,'® work status, and
reoperations (including lumbar level, reason for
subsequent surgery, type of surgery, and length of
time after index surgery). In addition, all postoper-
ative complications were recorded, including but not
limited to infection, neurologic injury, dural tears,
hospital stay extended beyond typical duration,
vascular injury, and vascular complications.

Descriptive statistics (means, standard errors,
minimum, maximum, range, and upper and lower
95% confidence interval around the mean) were
tabulated for all variables. Graphical methods,
including frequency histograms and box plots, were
used to check for outlying observations and to
graphically characterize variable distributions dur-
ing administration of treatment and the study
follow-up period. Values from each patient were
plotted and overlaid with mean values (i.e., spa-
ghetti plot). Data points were monitored in terms of
clinical outcomes, well as in terms of individual
fluctuations over time that reflect safety concerns.
Missing data at follow-ups were reported and
analyzed descriptively. Within-patient changes in
ODI, VAS, and EQ5-D from preoperative scores to
scores reported at each follow-up visit (3, 6, and 12
months), as well as preoperative and postoperative
subsidence measures, were analyzed with a 2-sided,
paired Student ¢ test with o = .05. Changes in

patient-reported outcomes were compared between
the 2 groups during the 12-month follow-up period
using a 2-sided, independent Student 7 test with o =
.05.

Analysis Populations

The following analysis population was used:
intent-to-treat population—all patients who provid-
ed informed consent and were randomized.

Patient Completion/Disposition

Every possible effort was made by the study site
personnel to contact the patient, obtain assessments,
and determine the reason for discontinuation. Each
patient who failed to attend the follow-up visit was
first contacted by phone. Three phone contact
attempts were made during a 2-week period. If
phone contact attempts failed, a letter sent via
registered mail was sent to the patient’s last known
address. If there was no response to the registered
letter, or the patient was reported as being deceased,
the patient was declared lost to follow-up.

The AEs and SAEs were monitored throughout
the 12-month follow-up period, in the event that
patients may have needed to be terminated from the
study early in the event of safety concerns.

Device

The 4WEB Anterior Spine Truss System (ASTS)
Interbody Fusion Device was used in conjunction
with supplemental spinal fixation (Figure 1). The
implants used were manufactured from titanium
using 3-dimensional additive manufacturing tech-
nology to produce a network of intersecting struts
or trusses. This design maintains biomechanical
strength by distributing the axial load throughout
the implant, while preserving an open architecture
for bone incorporation. The geometric configura-
tion of the truss design distributes axial forces along
the individual strut members throughout the entire
cage such that the graft material within the cage
experiences microstrain, stimulating bone growth
and remodeling. Additionally, the truss structure of
the end plate contact area distributes load evenly
across a larger cross-sectional area, resulting in
decreased point loading and more adjacent bone
stimulation. We hypothesized that this design may
facilitate fusion better than traditional implant
designs and allow us to use BMA alone.
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Figure 2. (a) Cage with crushed cancellous bone (CCB) alone packed into the cage. (b) Cage with bone marrow aspirate (BMA) clot packed into the cage. (c) CCB

being packed into the cage.

Surgical Procedure

Patients requiring anterior lumbar interbody
fusion were randomized into 1 of 2 treatment groups,
with either CCB alone (Figure 2a) or with the
maximum available volume (5-10 mL) of vertebral
BMA alone (Figure 2b) packed into the 4WEB ASTS
Interbody Fusion Device used in conjunction with
supplemental spinal fixation with either an anterior
plate, or posterior screws and rods.

The BMA was taken from the adjacent vertebra
using a biopsy needle. The Anterior Lumbar Inter-
body Fusion (ALIF) cage was placed into a bowl with
BMA or filled with a syringe. Because of the special
truss design of this device and the roughness of every
strut within the cage, the bone marrow could easily
clot inside of the cage. On average, 5-10 mL of BMA
and 5-10 cm® of CCB were used (Figure 2 depicts the
cages with BMA and CCB).

Clinical Assessment

Clinical assessments were performed preopera-
tively and postoperatively at 3, 6, and 12 months.
Preoperative data collection included general demo-
graphics, such as age, sex, body mass index,
previous lumbar spine surgery, and smoking status.
The clinical outcome measures used for the study
included the ODI'* VAS'> separately assessing
back and leg pain, and EQ-5D."'® The EQ-5D scores
were compiled into a single utility index weighted
specifically for Germany, because the study took
place in Germany.'” In addition, postoperative
complications and any AEs, such as infection,
neurologic injury, dural tears, hospital stay extend-
ed beyond typical duration, vascular injury, and
vascular complications, were recorded.

Radiographic Assessment

Radiographs were obtained prior to hospital
discharge following surgery and at 3, 6, and 12

months postoperatively (Figure 3). At 3 months a
computed tomography (CT) scan was also obtained
to assess fusion per standard practice in our
department. Bridwell classification of progressive
fusion grades was used to evaluate bone consolida-
tion (Table 1).'® Determination of fusion status and
evidence of subsidence was also assessed via
radiographic images by an independent radiologic
reviewer. Radiographic assessments were based on
lateral, anterior-posterior (AP), and flexion-exten-
sion X-rays after 12 months. CT scans were
obtained (1-mm axial native slice thickness, with
3- to 5-mm slices for sagittal and coronal recon-
structions) at the 3-month follow-up. All quantita-
tive analyses were produced by trained analysts, per
established standard operating procedures using
Quantitative Motion Analysis (QMA), a proprie-
tary radiographic image analysis software.'” The
QMA system has been previously validated to
produce measurements of intervertebral rotation,
translation, and change in disc height accurate to
within 1 degree of rotation and 0.5 mm spatially.

RESULTS

Between January 2015 and February 2016, 42
consecutive patients were recruited and randomized
into 1 of 2 previously defined study groups and
underwent the index study procedure. One patient
randomized to the BMA group withdrew from the
study prior to surgery. There were 2 patient deaths
due to cardiac events, 1 in each group, and they
were determined not to be related to the surgical
procedure. Two additional patients were recruited
due to the cardiac patient deaths, increasing the
total recruitment to 42 patients. One patient with an
adjunctive posterior construct greater than 4 levels
also died and was counted in both the adjunctive
fusion and death groups.

Both groups were evenly distributed for patient
age (P =.93). The proportion of males and females
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Figure 3. (a) Preoperative X-ray, bone marrow aspirate (BMA) group. (b) Six-month postoperative X-ray, BMA group. (c)12 months postoperative X-ray BMA group
(functional). (d) 12 months postoperative X-ray BMA group. (e) Pre-operative X-ray CCB group. (f) 6 months postoperative X-Ray CCB group. (g) 12 months
postoperative X-ray CCB group (functional1). (h) 12 months postoperative X-ray CCB group (functional2). (i) 12 months postoperative X-ray CCB group.

was significantly different between the 2 groups,
because 81% of the patients in the CCB group were
female, whereas 49% of the patients in the BMA
group were female (P =.04). Most of the patients in
both groups smoked—66% in the CCB group and
75% in the BMA group—but the proportion of
smokers was not significantly different between the
groups (P = .56). Complete patient demographics
are listed in Table 2.

Patient-Reported Outcomes: ODI, VAS, and EQ-
5D

There were significant changes at follow-up
compared with preoperative scores within groups,
particularly with regard to improvement in pain
across all outcome scales (Tables 3-7).

Table 1. Bridwell grading system for radiographic assessment of anterior
interbody fusion.

Grade Description
1 Fusion with remodeling and trabeculae present
11 Intact graft with incomplete remodeling and no lucency present

111 Intact graft with potential lucency at the cranial or caudal end
v Absent fusion with collapse/resorption of the graft

There were no treatment-related AEs that required
unscheduled clinical visits or subsequent surgery in
either study group. There were no statistically
significant differences between groups in the change
scores from preoperative assessments to assessments
at any follow-up time point, with the exception of the
change in EQ-5D and VAS at 6 months; however,
this appears to be an outlier, and there were no
differences at 3 and 12 months (Table 8).

Radiographic Outcomes

At 3 months postoperatively, all patients
achieved radiographic evidence of grade II fusion

Table 2. Patient demographics.

P Value

Patients CCB BMA Between Groups
Males, n (%) 4 (19.0) 10 (51) .04
Females, n (%) 17 (81) 11 (49)

Average age = SD,y 5895 = 14.6 58.33 = 33.99 93
Smokers, n (%) 14 (66) 15 (75) .56
Nonsmokers, n (%) 7 (33) 5(25)

BMI 2547 =44 2736 *53 23

Abbreviations: BMA, bone marrow aspirate; BMI, body mass index; CCB,
crushed cancellous homologous bone chips.
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Table 3. Oswestry Disability Index (ODI) preoperative (preop) scores versus follow-up scores for the bone marrow aspirate (BMA) group at 3, 6, and 12 months.

BMA Mean SD N Lower 95% CL for Mean Upper 95% CL for Mean Paired ¢ Value P Value

Preop
Pain 3.89 0.80 19 3.50 4.28 —
Body care 2.63 0.76 19 2.26 2.99 —
Lifting 3.47 1.12 19 2.93 4.01 —
Ambulate 3.25 1.20 20 2.68 3.81 —
Sit 3.30 0.92 20 2.86 3.73 —
Stand 4.10 1.02 20 3.62 4.57 —
Sleep 2.50 0.88 20 2.08 291 —
Sex life 3.58 2.06 12 2.27 4.89 —
Social life 4.00 1.10 19 3.46 4.53 —
Travel 3.68 1.41 19 3.00 4.36 —
ODI % 69.02 13.36 20 62.76 75.28 —

3 mo
Pain 3.05 0.97 19 2.58 3.52 2.73 <.01°
Body care 2.55 1.46 18 1.82 3.28 0 1
Lifting 4.15 1.46 19 345 4.86 —1.53 .14
Ambulate 2.23 1.48 17 1.47 2.99 3.25 <.01°
Sit 2.73 1.194 19 2.16 3.31 1.93 .06
Stand 3.57 1.16 19 3.01 4.14 2.19 .04°
Sleep 2.23 1.14 17 1.64 2.82 1.29 22
Sex life 3.90 2.02 10 2.45 5.34 0.28 18
Social 3.47 1.50 19 2.74 4.19 1.49 15
Travel 3.29 1.611 17 2.46 4.121 1.62 12
ODI % 62.43 20.53 19 52.51 72.35 1.62 12
% Change 7.21 21.59 21 —0.57 19.07

6 mo
Pain 2.88 0.90 18 2.44 3.33 3.39 .004°
Body care 2.22 1.30 18 1.57 2.87 1.33 .20
Lifting 3.66 1.41 18 2.96 4.36 —0.50 .62
Ambulate 2.22 1.43 18 1.50 2.93 3.52 <.01°
Sit 2.66 1.13 18 2.10 3.23 1.83 .09
Stand 3.22 1.16 18 2.64 3.80 2.47 .02°
Sleep 2.22 1.06 18 1.69 2.74 1.76 .09
Sex life 4.28 2.21 7 2.23 6.33 0.78 47
Social 3.17 1.50 17 2.40 3.95 1.72 .10
Travel 2.43 1.15 16 1.82 3.05 2.38 .03°
ODI % 55.87 17.98 18 46.93 64.81 2.71 <.01°
ODI % change 17.84 27.40 21 5.36 30.32

12 mo
Pain 3.15 0.95 19 2.69 3.61 2.13 .05
Body care 2.36 1.46 19 1.66 3.07 0.92 .36
Lifting 3.36 1.46 19 2.66 4.07 0.16 .87
Ambulate 2.36 1.460 19 1.66 3.07 3.52 .002°
Sit 2.36 0.955 19 1.90 2.82 2.69 <.01°
Stand 3.31 1.33 19 2.67 3.95 2.06 .05°
Sleep 2.42 0.96 19 1.95 2.88 0.25 .08
Sex life 3.40 2.11 10 1.88 491 0.63 .55
Social 3.27 1.22 18 2.66 3.8 1.65 12
Travel 2.33 1.08 18 1.79 2.87 2.58 .02°
ODI % 56.35 17.91 19 47.7 64.99 2.51 .02°
ODI % change 14.74 26.19 21 2.82 26.66

Abbreviations: CL, confidence limit; —, not applicable.

“Paired ¢ test. A higher score indicates more disability.
PStatistically significant P = .05.

(probable fusion, graft intact [CCB group], not fully
remodeled, no areas of radiolucency). There was no
subjective radiographic evidence of bone-to-implant
radiolucency, implant migration, or marked implant
subsidence at any follow-up in any patient. Average
subsidence in the CCB group was 0.4 = 0.4 mm at 6
months and 0.6 = 0.5 mm at 12 months postoper-
atively (P = .613). In the BMA group, the average
subsidence was 1.0 = 1.7 mm at 6 months and 1.1 =

1.7 mm at 12 months (P =.797; Table 9). There was
no statistically significant difference across groups
at 6 months (P = .184) or at 12 months (P = .235)
postoperatively (Table 9). The average subsidence in
smokers was 0.5 = 0.6 mm at 6 months and 0.7 =
0.6 mm at 12 months postoperatively (P =.278). In
nonsmokers, the average subsidence was 0.8 * 1.2
mm at 6 months and 0.9 = 1.2 mm at 12 months (P
= .944). There was no statistically significant
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Table 4. Oswestry Disability Index (ODI) preoperative (preop) scores versus follow-up scores for the crushed cancellous homologous bone chips (CCB) Group at 3,

6, and 12 months.?

ODI CCB Mean SD N Lower 95% CL for Mean Upper 95% CL for Mean Paired ¢ Value P Value
Preop
Pain 3.90 0.79 20 3.53 4.27 — —
Body care 1.90 0.91 20 1.47 2.33 — —
Lifting 3.60 1.10 20 3.09 4.11 — —
Ambulate 2.32 1.11 19 1.78 2.85 — —
Sit 3.00 1.34 20 2.37 3.63 — —
Stand 3.80 1.15 20 3.26 4.34 — —
Sleep 2.55 0.89 20 2.13 2.97 — —
Sex life 3.21 1.53 14 2.33 4.10 — —
Social life 3.50 1.19 20 2.94 4.06 — —
Travel 345 1.57 20 2.71 4.19 — —
ODI % 62.68 15.27 20 55.53 69.82 — —
3 mo
Pain 3.10 1.18 21 2.56 3.63 271 <.01°
Body care 2.05 1.36 21 1.43 2.67 —0.33 .75
Lifting 3.84 1.54 19 3.10 4.58 —1.36 .19
Ambulate 2.48 1.69 21 1.71 3.25 —0.74 47
Sit 3.00 1.18 21 2.46 3.54 0 1.0
Stand 2.95 1.36 21 2.33 3.57 3.11 <.01®
Sleep 2.52 1.12 21 2.01 3.04 0 1.0
Sex life 2.44 1.59 16 1.59 3.28 1.59 .14
Social 343 1.29 21 2.84 4.01 1.49 15
Travel 3.10 1.65 20 2.33 3.87 0.66 Sl
ODI % 58.54 24.01 20 47.30 69.77 1.62 12
% Change 4.14 25.73 20 -7.90 16.18 — —
6 mo
Pain 2.86 1.15 21 2.33 3.38 4.07 <.01°
Body care 2.00 1.34 21 1.39 2.61 —0.30 77
Lifting 3.40 1.39 20 2.75 4.05 0.45 .65
Ambulate 2.20 1.47 20 1.51 0.36 0.36 72
Sit 2.55 1.23 20 1.97 3.13 1.29 21
Stand 2.90 1.52 20 2.19 3.61 3.14 <.01°
Sleep 2.29 1.10 21 1.78 2.79 1.0 33
Sex life 2.47 1.73 15 1.51 342 1.69 12
Social 2.90 1.61 21 2.17 3.64 1.68 11
Travel 2.50 1.64 20 1.73 3.27 2.31 .03°
ODI % 51.26 24.21 21 40.24 62.28 2.29 .03°
ODI % change 12.06 23.55 20 1.04 23.07 — —
12 mo
Pain 2.74 1.24 19 2.14 3.33 4.11 <.01°
Body care 2.05 1.39 19 1.38 2.72 —0.18 .86
Lifting 3.42 1.57 19 2.66 4.18 0.82 42
Ambulate 2.16 1.42 19 1.47 2.84 0.34 .73
Sit 2.42 1.07 19 1.91 2.94 2.41 .03°
Stand 2.79 1.47 19 2.08 3.50 4.89 <.01°
Sleep 2.32 1.06 19 1.81 2.83 1.19 .25
Sex life 2.21 1.76 14 1.20 3.23 1.92 .08
Social 2.68 1.57 19 1.93 3.44 3.13 <.01°
Travel 2.44 1.62 18 1.64 3.25 2.92 <.01°
ODI % 50.74 23.96 19 39.19 62.28 2.81 <.01°
ODI % change 17.88 23.17 20 7.03 28.72 — —

Abbreviations: CL, confidence limit; —, not applicable.
“Paired ¢ test. A higher score indicates more disability.
®Statistically significant P = .05.

difference across smokers versus nonsmokers at 6
months (P = .365) or at 12 months (P = .511)
postoperatively (Table 10).

One patient presented with bilateral sacral
fractures related to osteoporosis. Another patient
presented postoperatively with a sacral fracture
following a fall. In both fracture patients, the ASTS
implants were unaffected and the sacral fractures
were surgically fixed using iliac bone screws without

further complication. These patients remained in the
study and achieved all follow-up assessments.

DISCUSSION

Lumbar fusion for degenerative disease is one of
the most common surgical procedures in the
Western world, and as such, contributes substan-
tially to health care spending.! Goals of lumbar
interbody fusion include the creation of a stable
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Table 5. EQ-5D preoperative (preop) scores versus follow-up scores for the bone marrow aspirate (BMA) group at 3, 6, and 12 months.*

BMA EQ5-D Mean SD N Lower 95% CL for Mean Upper 95% CL for Mean Paired ¢ Value P Value
Preop
Mobility 3.47 0.96 19 3.01 3.94 — —
Self-care 2.74 1.05 19 2.23 3.24 — —
ADL 3.58 0.61 19 3.29 3.87 — —
General pain 3.63 0.68 19 3.30 3.96 — —
Preop anxiety 2.37 1.12 19 1.83 291 — —
Health today 33.37 19.51 19 23.97 42.77 — —
Index 0.47 0.21 19 0.37 0.57 — —
3 mo
Mobility 2.75 1.21 20 2.18 3.32 2.17 .04°
Self-care 2.40 1.23 20 1.82 2.98 0.97 .34
ADL 2.95 1.23 20 2.37 3.53 2.12 0P
General pain 3.15 0.88 20 2.74 3.56 1.92 .07
Anxiety 2.10 1.17 20 1.55 2.65 1.24 .23
Health today 61.42 20.99 19 51.30 71.54 —5.06 <.01°
Index 0.58 0.27 20 0.46 0.70 —1.53 .14
6 mo
Mobility 2.33 1.08 18 1.79 2.87 3.36 <.01°
SelfOcare 2.22 1.26 18 1.59 2.85 1.0 28
ADL 2.61 1.24 18 1.99 3.23 3.11 <.01®
General pain 2.72 0.89 18 2.28 3.17 4.24 <.01°
Anxiety 1.88 0.99 17 1.37 2.39 2.67 02°
Health today 66.72 18.88 18 57.33 76.11 —6.19 .00°
Index 0.71 0.23 17 0.60 0.84 -3.50 <.01°
12 mo
Mobility 2.32 1.11 19 1.78 2.85 4.24 <.01°
Self-care 2.00 1.05 19 1.49 2.51 0.92 37
ADL 2.67 1.19 18 2.08 3.26 3.05 01°
General pain 2.95 0.78 19 2.57 3.32 2.83 <.01°
Anxiety 1.89 1.28 18 1.25 2.52 1.37 .19
Index 0.70 0.20 17 0.60 0.80 —2.66 .02°
Health today 61.84 23.13 19 50.69 72.99 —4.10 <.01°

Abbreviations: ADL, activities of daily living; CL, confidence limit; —, not applicable.
“Paired ¢ test. A higher score for the “health today” measure indicates better health. A lower score for all other measures indicates better health.

®Statistically significant P = .05.

spine segment and the formation of a solid and
durable bone union between the affected vertebral
bodies.?® This prospective randomized clinical study
suggests that BMA clot with no carrier or bone,
used in conjunction with the 4WEB Medical ASTS
Interbody Fusion Device, results in similar clinical
and radiographic outcomes compared with the same
device used in conjunction with CCB, despite the
inclusion of complex, multilevel cases. To our
knowledge, there are no other studies published in
which native BMA clot with no carrier or bone was
used in an interbody device to promote fusion. Use
of BMA in conjunction with the ASTS Interbody
Fusion Device allowed a reduction in overall cost of
the surgery, with a cost for Tutoplast of approxi-
mately 350€-400€ for 10 cm® compared with
approximately 50€—60€ for a biopsy needle, with
equivalent clinical and radiologic outcomes.

It is unclear if the same results could be achieved
with traditional lumbar interbody fusion devices
which typically consist of solid or porous/roughened
surfaces with annular designs. These implants
generally have a large central fusion window for

packing a variety of bone or bone substitute
materials for enhancing fusion. A number of
patient-specific factors, such as body mass index,
smoking, age, American Society of Anesthesiolo-
gists level and other comorbidities affect fusion;
however, these were controlled with randomization
in this study. Benzel?' identified 4 device- and
procedure-related variables that are necessary for
successful lumbar interbody fusion, including sur-
face area contact of the bone graft to end plate,
surface area contact of the implant to end plate,
construct integrity, and endplate preparation. The
authors also suggest that balancing the area of graft
to end plate contact versus the area of implant to
graft contact may affect fusion. An anterior truss-
based implant design with its open architecture
creates a multidimensional load-bearing scaffold for
structural support, fixation, and incorporation
(Figure 1). This design allows for adequate support
without compromising BMA or bone graft surface
area contact at the end plate. The truss structure of
the end plate contact area also distributes load
evenly across a larger cross-sectional area, resulting
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Table 6. EQ-5D Preoperative (preop) scores versus follow-up scores for the crushed cancellous homologous bone chips (CCB) group at 3, 6, and 12 months.?

CCB EQ-5D Mean SD N Lower 95% CL for Mean Upper 95% CL for Mean Paired ¢ Value P Value

Preop
Mobility 3.04 0.86 21 2.65 3.44 — —
Self-care 2.00 1.00 21 1.54 2.45 — —
ADL 3.19 0.81 21 2.82 3.56 — —
General pain 3.57 0.67 21 3.26 3.87 — —
Anxiety 2.00 1.00 21 1.54 2.45 — —
Health today 47.38 20.25 21 38.15 56.60 — —
Index 0.55 0.162 21 0.47 0.62 — —

3 mo
Mobility 3.90 6.54 21 0.92 6.88 —0.58 .56
Self-care 2.09 1.13 21 1.57 2.61 —0.33 74
ADL 2.90 1.22 21 2.34 3.46 0.97 .34
General pain 2.85 1.01 21 2.39 3.31 2.75 <.01°
Anxiety 1.95 1.16 21 1.42 2.48 0.24 .81
Health today 62.95 21.08 21 53.35 72.54 —2.56 02°
Index 0.64 0.25 21 0.53 0.76 —1.57 13
Index change —0.09 0.27 21 —0.21 0.03

6 mo
Mobility 2.42 1.26 19 1.81 3.02 2.25 04°
Self-care 1.89 1.10 19 1.36 2.42 0.38 .70
ADL 2.63 1.42 19 1.94 3.31 1.87 .07
General pain 2.57 1.07 19 2.06 3.09 4.47 <.01°
Anxiety 2.00 1.20 19 1.42 2.57 0 1.0
Today 57.78 28.79 19 4391 71.66 —1.68 .10
Index 0.68 0.29 19 0.54 0.822 —2.01 .06
Index change —0.13 0.28 19 —0.26 0.00

12 mo
Mobility 2.11 1.27 18 1.47 2.74 4.03 <.01°
Self-care 1.72 0.89 18 1.27 2.16 1.32 2
ADL 2.44 1.24 18 1.82 3.064 2.73 <.01°
General pain 2.72 1.07 18 2.18 3.25 3.5 <.01°
Anxiety 2.05 1.16 18 1.47 2.63 0 1.0
Health today 63.94 27.34 18 50.34 77.54 —2.07 05°
Index 0.70 0.25 18 0.58 0.83 —3.24 <.01
index change —0.17 0.23 18 —0.29 —0.061

Abbreviations: CL, confidence limit; —, not applicable.

“Paired ¢ test. A higher score for the “health today” measure indicates better health. A lower score for all other measures indicates better health.

PStatistically significant P =.05.

in decreased point loading and more adjacent bone
stimulation.

The results of this study are similar to those of
other reports of ALIF procedures with supplemen-
tal fixation as well as stand-alone ALIF in the
current literature. Mobbs et al** reported clinical
and radiographic outcomes of a titanium-coated
polyetheretherketone ALIF implant in 1-, 2-, and 3-
level procedures, with 15 of 20 patients available for
assessment. Clinical and radiographic outcomes
through 12 and 15 months were similar to those in
this study for improvement in ODI, relief of pain,
restoration of function, and fusion. However, in all
cases, the patients received an implant of allograft
and bone morphogenic proteins (BMP-2) to en-
hance the probability of fusion.”?> A systematic
review of stand-alone ALIF fusion rates by Manzur
et al*® of 55 studies with 5517 patients revealed an
overall fusion rate of 88.2%. The fusion rate of
patients (n = 889) treated with rhBMP-2 was 94.4%
compared with 88.4% for patients (n = 3102) who

were not treated with rhBMP-2; however, this
difference was not significant (P = .106). Fusion
rates of smokers versus nonsmokers were also
evaluated. Three cohorts with more than 50%
smokers (n = 178) had a fusion rate of 68.8%
compared with 81.8% for 4 cohorts with more than
50% nonsmokers (n = 2382).>> We did not observe
any differences in either fusion or subsidence in
smokers versus nonsmokers; however, our sample
size was comparatively small, and we used supple-
mental fixation.

Implant subsidence due to the loading patterns of
the device on the prepared vertebral end plate is a
frequent complication in anterior spine surgery,
which may result in a loss of correction, increased
pain, and/or recurrence of preoperative symptoms.
We observed very little implant subsidence or
migration in this study in either group. This may
be due to the roughened surface and larger footprint
of this implant and the truss design, which may help
to maximize implant stability while distributing the
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Table 7. Visual analog scale (VAS) preoperative (preop) back and leg scores versus follow-up scores at 3, 6, and 12 months.*

Group Mean Std Dev N Lower 95% CL for Mean Upper 95% CL for Mean Paired t value p value
BMA
Pre Op
Back Pain 6.85 1.78 20 6.01 7.68 — —
Leg Pain 5.05 2.93 19 3.63 6.47 — —
3 Months
Back Pain 4.15 2.52 19 2.94 5.37 4.01 <.01*
Back change 2.76 2.98 21 1.40 4.11 — —
Leg Pain 2.84 2.40 19 1.68 4.00 3.66 <.01*
leg change 2.00 3.16 21 0.56 3.43 — —
6 Months
Back Pain 3.88 2.34 17 2.67 5.08 4.74 <.01*
back change 3.38 2.87 21 2.07 4.68 — —
Leg Pain 3.27 3.04 18 1.76 4.79 2.13 .05%*
leg change 1.76 4.36 21 -0.22 3.75 — —
12 Months
Back Pain 4.05 2.41 18 2.85 5.25 4.03 <.01*
back change 3.04 3.12 21 1.62 4.46 — —
Leg Pain 3.63 2.69 19 2.33 4.92 1.59 3%
Leg Change 1.28 3.9 21 -0.49 3.06 — —
CCB
Pre Op
Back Pain 7.04 1.28 21 6.46 7.63 — —
Leg Pain 4.95 3.13 21 3.52 6.38 — —
3 Months
Back Pain 3.66 2.55 21 2.50 4.83 7.27 <.01*
Back change 3.38 2.13 21 241 4.35 — —
Leg Pain 2.90 2.46 21 1.78 4.02 2.86 <.01*
leg change 2.04 3.27 21 0.55 3.53 — —
6 Months
Back Pain 4.14 3.00 21 2.77 5.51 4.86 <.01*
back change 2.90 2.73 21 1.65 4.1 — —
Leg Pain 3.28 3.25 21 1.80 4.7 2.57 .02%
leg change 1.66 2.97 21 0.31 3.01 — —
12 Months
Back Pain 3.50 3.07 18 1.97 5.02 4.96 <.01*
back change 4.04 3.12 21 2.62 5.46 — —
Leg Pain 2.77 3.09 18 1.23 4.31 1.79 .09
Leg Change 2.57 3.69 21 0.88 4.25 — —

Abbreviations: CL, confidence limit; —, not applicable.
“Paired ¢ test. A higher score indicates more pain.
PStatistically significant P =.05.

Table 8. Comparison of changes from preoperative patient-reported outcome scores to scores at 3-, 6-, and 12-month follow-up between bone marrow aspirate
(BMA) and cancellous homologous bone chips (CCB) groups.?

Mean Change BMA Mean Change CCB Mean Change Independent
Preoperative Scores Preoperative Scores = SD; n Preoperative Scores = SD; n t Value P Value
ODI
3 mo 7.21 * 20; 21 4.14 = 26; 20 0.42 .67
6 mo 16.21 = 26; 19 12.06 = 23; 20 0.52 .60
2 mo 14.74 = 26; 21 17.88 = 23; 23 0.41 .69
EQ5D Index
3 mo —0.11 = 0.31; 19 —0.09 = 0.27; 21 0.17 .87
6 mo —0.15 = 0.31; 18 —0.13 = 0.28; 19 0.26 .80
12 mo —0.19 + 0.34; 18 —0.18 = 0.23; 18 0.11 91
EQ5SD VAS
3 mo —244.99 = 26.37; 19 —15.57 = 28.85; 21 1.09 .82
6 mo —26.9 + 42.3; 19 —4.9 + 37.2; 21 2.01 .05%*
12 mo —24.8 = 29.5; 19 —7.42 = 38.5; 21 1.61 12
Back VAS
3 mo 2.76 = 2.98; 21 3.38 £2.13; 21 0.77 44
6 mo 34 £2.1;21 29 2721 0.55 .58
12 mo 3.0 = 3.2; 21 4.0 = 3.1; 21 1.04 31
Leg VAS
3 mo 2.0 £3.2;21 2.04 = 3.3; 21 0.05 .96
6 mo 1.8 = 4.4; 21 1.7 = 3.0; 21 —0.08 93
12 mo 1.2 £3.9;21 1.3 £3.9;21 1.09 28
“Independent 7 test.
PStatistically significant P =.05.
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Table 9. Independent radiographic reviewer results of postoperative
subsidence reported as mean = SD (range: minimum, maximum).?

Group 6 mo, mm 12 mo, mm P Value

CCB —04 +04 —0.6 £ 0.5 613
(—=1.2t0 0.0) (—=1.7 to =0.1)

BMA -1.0 = 1.7 —-1.1+1.7 197
(=7.2t0 0.4) (=7.3t00.4)

P Value 184 235

Abbreviations: BMA, bone marrow aspirate; CCB, cancellous homologous bone
chips.
“Independent 7 test.

load across the implant/end plate interface, creating
a stable environment for bone cell adhesion, on-
growth and through-growth.*?°

As a small, single-center clinical trial, a major
limitation of this study is the extrapolation of this
case series across a large patient population. Further
limitations of the study might include the lack of a
third control group with a traditional interbody
implant packed with BMA, quantitative control and
assessment of the graft amounts across both groups,
and control of supplemental spinal fixation. In
addition, there were 7 patients who underwent large,
corrective spine procedures that spanned between 7
and 14 levels that were included in the analysis per
the intent-to-treat study design. More well-defined
inclusion criteria would have eliminated this subset
of patients from the study. In addition, bone
mineral density was not assessed prior to surgery
and may be an important variable in the consider-
ation of mechanical performance of the implant-to-
bone interface.

In conclusion, the results of this prospective,
randomized clinical trial suggest that the use of
BMA with the 4WEB ASTS Interbody Fusion
Device results in similar clinical and radiographic
results compared with use of the same implant with
CCB. Further study is warranted to assess efficacy
of the BMA with traditional interbody implants, the
ASTS implant in combination with BMA across
multiple surgeons/sites, and the reproducibility of

Table 10. Independent radiographic reviewer results of postoperative
subsidence for smokers versus nonsmokers reported as mean + SD (range:
minimum, maximum).?

6 mo, mm 12 mo, mm P Value
Smokers —-0.5 = 0.6 —-0.7 £ 0.6 278
(—2.8 to 0.0) (—2.8 to —0.0)
Nonsmokers -08 1.2 -09 1.2 944
(=3.0t0 0.4) (=3.0t0 0.4)
P value 365 Sl

“Independent 7 test.

these results across other spine truss systems
implants (cervical, lateral, and posterior).

REFERENCES

1. Ravindra VM, Senglaub SS, Rattani A, et al. Degener-
ative Lumbar Spine Disease: Estimating Global Incidence and
Worldwide Volume. Global Spine J. 2018;8(8):784-794. doi:10.
1177/2192568218770769.

2. Yeager MS, Cook DJ, Cheng BC. In Vitro Comparison of
Dynesys, PEEK, and Titanium Constructs in the Lumbar
Spine. Adv  Orthop. 2015;2015:895931. doi:10.1155/2015/
895931.

3. Wang G, Han D, Cao Z, Guan H, Xuan T. Outcomes of
autograft alone versus PEEK+ autograft interbody fusion in the
treatment of adult lumbar isthmic spondylolisthesis. Clin
Neurol Neurosurg. 2017;155:1-6. doi:10.1016/j.clineuro.2017.
01.020

4. Vadapalli S, Sairyo K, Goel VK, et al. Biomechanical
rationale for using polyetheretherketone (PEEK) spacers for
lumbar interbody fusion-A finite element study [published
correction appears in Spine. 2007 Mar 15;32(6):710]. Spine
( Phila Pa 1976). 2006;31(26):E992-E998. d0i:10.1097/01.brs.
0000250177.84168.ba

5. Schimmel JJ, Poeschmann MS, Horsting PP, Schonfeld
DH, van Limbeek J, Pavlov PW. PEEK Cages in Lumbar
Fusion: Mid-term Clinical Outcome and Radiologic Fusion.
Clin Spine Surg. 2016;29(5):E252-E258. doi:10.1097/BSD.
0b013e31826¢caf74

6. Rousseau MA, Lazennec JY, Saillant G. Circumferential
arthrodesis using PEEK cages at the lumbar spine. J Spinal
Disord  Tech.  2007;20(4):278-281.  doi:10.1097/01.bsd.
0000211284.14143.63

7. Murphy ME, Mccutcheon BA, Grauberger J, et al.
Allograft versus autograft in cervical and lumbar spinal fusions:
an examination of operative time, length of stay, surgical site
infection, and blood transfusions. J Neurosurg Sci.
2019;63(1):11-18.

8. Liao Z, Wang CH, Cui WL. Comparison of allograft and
autograft in lumbar fusion for lumbar degenerative diseases: a
systematic review. J Invest Surg. 2016;29(6):373-382. doi:10.
3109/08941939.2016.1166534

9. Lee DD, Kim JY. A comparison of radiographic and
clinical outcomes of anterior lumbar interbody fusion per-
formed with either a cellular bone allograft containing
multipotent adult progenitor cells or recombinant human bone
morphogenetic protein-2. J Orthop Surg Res. 2017;12(1):126.
Published 2017 Aug 25. doi:10.1186/s13018-017-0618-8.

10. Kim BJ, Kim SH, Lee H, Lee SH, Kim WH, Jin SW.
Demineralized Bone Matrix (DBM) as a Bone Void Filler in
Lumbar Interbody Fusion: A Prospective Pilot Study of
Simultaneous DBM and Autologous Bone Grafts. J Korean
Neurosurg Soc. 2017;60(2):225-231. doi:10.3

11. Epstein NE, Schwall GS. Costs and frequency of “off-
label” use of INFUSE for spinal fusions at one institution in
2010. Surg Neurol Int.2011;2:115. d0i:10.4103/2152-7806.83929.

12. Epstein NE. Complications due to the use of BMP/
INFUSE in spine surgery: The evidence continues to mount.
Surg Neurol Int. 2013;4(Suppl 5):S343-S352. Published 2013 Jul
9. doi:10.4103/2152-7806.114813

Downloaded from https://www.ijssurger¥.com/ by guest on May 17, 2025

nternational Journal of Spine Surgery, Vol. 14, No. 6 934


https://www.ijssurgery.com/

Chatterjee et al.

13. Caffrey JP, Cory E, Wong VW, et al. Ex vivo loading of
trussed implants for spine fusion induces heterogeneous strains
consistent with homeostatic bone mechanobiology. J Biomech.
2016;49(16):4090-4097. doi:10.1016/j.jbiomech.2016.10.051

14. Fairbank JC, Couper J, Davies JB, O’Brien JP. The
Oswestry low back pain disability questionnaire. Physiothera-
py. 1980;66(8):271-273

15. Carlsson AM. Assessment of chronic pain. I. Aspects of
the reliability and validity of the visual analogue scale. Pain.
1983;16(1):87-101. doi:10.1016/0304-3959(83)90088-x.

16. EuroQol Group. EuroQol-a new facility for the
measurement of health-related quality of life. Health Policy.
1990;16(3):199-208. doi:10.1016/0168-8510(90)90421-9

17. van Hout B, Janssen MF, Feng YS, et al. Interim scoring
for the EQ-5D-5L: mapping the EQ-5D-5L to EQ-5D-3L value
sets. Value Health. 2012;15(5):708-715. doi:10.1016/j.jval.2012.
02.008

18. Bridwell KH, Lenke LG, McEnery KW, Baldus C,
Blanke K. Anterior fresh frozen structural allografts in the
thoracic and lumbar spine. Do they work if combined with
posterior fusion and instrumentation in adult patients with
kyphosis or anterior column defects?. Spine (Phila Pa 1976).
1995;20(12):1410-1418.

19. Derrick SM, Raxter MH, Hipp JA, et al. Development
of a computer-assisted forensic radiographic identification
method using the lateral cervical and lumbar spine. J Forensic
Sci. 2015;60(1):5-12. doi:10.1111/1556-4029.12531

20. Rao PJ, Phan K, Giang G, Maharaj MM, Phan S,
Mobbs RIJ. Subsidence following anterior lumbar interbody
fusion (ALIF): a prospective study. J Spine Surg.
2017;3(2):168-175. doi:10.21037/js5.2017.05.03

21. Benzel EC. Interbody device footprint and endplate
engagement characteristics: biomechanical implications. Spine
J. 2009;9(7):607-608. doi:10.1016/j.spinee.2009.04.013

22. Mobbs RJ, Phan K, Assem Y, Pelletier M, Walsh WR.
Combination Ti/PEEK ALIF cage for anterior lumbar
interbody fusion: Early clinical and radiological results. J Clin
Neurosci. 2016;34:94-99. doi:10.1016/j.jocn.2016.05.028

23. Manzur M, Virk SS, Jivanelli B, et al. The rate of fusion
for stand-alone anterior lumbar interbody fusion: a systematic
review. Spine J. 2019;19(7):1294-1301. doi:10.1016/j.spinee.
2019.03.001

24. Caffrey JP, Alonso E, Masuda K, et al. Strains in trussed
spine interbody fusion implants are modulated by load and
design. J] Mech Behav Biomed Mater. 2018;80:203-208. doi:10.
1016/j.jmbbm.2018.02.004.

25. Caffrey JP, Cory E, Wong VW, et al. Ex vivo loading of
trussed implants for spine fusion induces heterogeneous strains
consistent with homeostatic bone mechanobiology. J Biomech.
2016;49(16):4090-4097. doi:10.1016/j.jbiomech.2016.10.051

Disclosures and COI: The authors received no
funding for this study and report no conflicts of
interest.

Corresponding Author: Kimberly Martin
Boulder, Clinical Science, 302 Urban Prairie St,
Fort Collins, Colorado 80524. Phone: 303-261-7891;
Email: kimberly.martin@ucdenver.edu.

Published 22 January 2021

This manuscript is generously published free of
charge by ISASS, the International Society for the
Advancement of Spine Surgery. Copyright © 2020
ISASS. To see more or order reprints or permis-
sions, see http://ijssurgery.com.

Downloaded from https://www.ijssurger¥.com/ by guest on May 17, 2025

nternational Journal of Spine Surgery, Vol. 14, No. 6 935


https://www.ijssurgery.com/

