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Figure 4-22 C. A stained section and microradiograph of animal R165 L5 LT cut 4 (ACS
alone 12 weeks) with a thick fibrous tissue on the peri-implant interface both ventrally
and dorsally (yellow pointer) and a well defined radiolucent zone around the implant (red
pointer). Unincorporated bony fragments (star) are also visible in the cannula and peri-
implant area

of the screw around its entire diameter. No association of blood-filled cysts was observed in

relation to the screw.
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C) rhBMP-2/ACS 12 weeks group:

In this group, four screws were available for analysis. Two out of four screws
were placed ventral to the ventral cortex of the vertebral body. In general, no bone
contact was seen along the entire length- neither ventrally nor dorsally; and within the
cannulated and fenestrated aspect of the regions of the sections (Figure 4-23 A-C).
Fibrous connective tissues were present at the screw interface with the bone.

In three of the four screws, remodeled bone was seen in the fenestration and
cannulation region. The amount of bone was good in one screw. The other two screws
had only minute amounts on bone within the cannula and fenestration (Figure 4-23 A).
One screw had a small (1.5 mm diameter) blood-filled cyst ventral and left lateral to the
tip of the pedicle screw (Figure 4-23 B). In another screw, a large radiolucent void on the
order of 10-12 mm in diameter was seen centered around the ventral and fenestrated
aspect of the screw (Figure 4-23 C). There appeared to be three smaller cysts filled within
this void and the entire periphery of this void showed an accumulation of blood.
Microradiographs showed isodense bone for the above screws, except for the trabeculae
found in the outer aspect of the radiolucent void, where the trabeculae were hypodense
with respect to native bone (Figure 4-23 A, C).

In one of the four screws, a thick (> 1 mm) dense fibrous capsule was seen around
the entire outer diameter of the screw, indicating a loose screw (Figure 4-22 D). No bony
remodeling was seen, although some unincorporated loose bony fragments were present in
the peri-implant tissues and within the cannula or fenestrations. This is shown in Figure 4-

22 D. There is no evidence of bone contact on any aspect of the screw (inner diameter, outer
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Figure 4-23 A. A stained section and microradiograph of animal R155 L4 RT cut 5
(rhBMP-2/ACS 12 weeks) showing lack of bone contact and intervening fibrous tissue on
the peri-implant interface both ventrally and dorsally (yellow pointer) and blood filled
cyst (red pointer). Good amount of isodense dense bone can be seen in the cannulated and
fenestrated aspect of the screws (yellow and red stars)

Figure 4-23 B A stained sectin and microradiographof animal R155 L4 RT cut 5
(rhBMP-2/ACS 12 weeks) showing a 1.5 mm diameter blood-filled cyst ventral and left
lateral to the tip of the pedicle screw (yellow pointer)
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Figure 4-23 C. A stained section and microradiograph of animal R163 L4 LT cut 4
(rhBMP-2/ACS 12 weeks) showing lack of bone contact and intervening fibrous tissue on
the peri-implant interface both ventrally and dorsally (yellow pointer). Three small cysts
can be seen (red pointer) within a large 10-12 mm radiolucent void, with blood on the
periphery (red star). Minute amount of bone can be seen in the cannulated and fenestrated
aspect of the screws (green stars). Microradiograph shows hypodense bone on the outer
aspect of the radiolucent void (yellow stars)

diameter, fenestrations). Microradiographs showed radiolucencies surrounding the entire

screw length all around its diameter (Figure 4-22 D).
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Figure 4-23 D. A stained section and microradiograph of animal R165 L2 RT cut 5
(rhBMP-2/ACS 12 weeks) showing a thick band of fibrous tissue (>1 mm) on the peri-
implant interface both ventrally and dorsally and a well defined radiolucent zone around
the implant (yellow pointers). Unincorporated bony fragments (red pointers) are also
visible in the cannula and in the peri-implant area
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the bone quality at the early time period for the rhBMP-2 group. The characteristic
finding was the presence of extremely thin (440 um) and loosely arranged remodeled
bony trabecuale, which were hypodense bone in comparison to the native bony
trabeculae. Areas of remodeling were also observed in the rhBMP-2/ACS 12 weeks
group. However, most of the trabeculae were slightly osteopenic (530 pum) and isodense.
This indicated that the thin bony trabecuale had undergone progressive healing with time.

No evidence of cysts, radiolucencies or formation of fibrous capsules was seen in
any of the 16 screws in the Empty 6 weeks by both biomechanical testing and histology. For
the ACS alone 12 weeks group, radiolucency was seen on the microradiograph of one screw
tested by biomechanics. Two screws analyzed by histology showed a 1-2 mm thick fibrous
capsule along the entire length of the screw, with the screw lying loosely in the pedicle of
the vertebral body. This might point to some infection associated with the screw. Interesting
and characteristic findings in the current study were the presence of signs of previous bone
resorption and radiolucencies and cysts in association with the rhBMP-2/ACS group. In the
rhBMP-2/ACS 6 weeks group, radiolucencies or cysts or both were seen in eight of the 16
screws tested in the study. Cysts were either filled with blood (hematoma) or with fluid
(seroma). For the rhBMP-2/ACS 12 weeks group, one screw from biomechanical testing
showed radiolucency and two out of 8 screws from histology showed blood filled cysts.
Two screws within this group showed a 1-2 mm thick uniform radiolucent zone along the
entire length and were almost completely loose screw.

The first study to report areas of rarefaction in relation to rhBMP-2/collagen carrier
was a posterolateral intertransverse canine spine fusion model by David et al [160]. In this

study, the group with a higher dose of rhBMP-2 (860 ug) showed radiolucencies extending
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from the fusion masses into the vertebral bodies, although the 3 month post-operative fusion
rates did not differ from the two lower dose rhBMP-2 groups (54 pg and 215 pg). To
determine the safety of the application of rhBMP-2 or autologous graft onto a laminectomy
defect, Meyer et al conducted a randomized, blinded trial in skeletally mature beagles [185].
An important finding was an increase in the size of the laminectomy defects 3 months after
surgery in the rhBMP-2 group. The authors concluded that this effect was produced due to a
stimulation of bony remodeling by rhBMP-2 along the edges of the defect which resorbed
some of the bone immediately adjacent to the site.

In another study, Pradhan et al [163] used rhBMP-2/ACS filled FRAs in 9 of the 36
patients who underwent ALIF. Radiographs and CT scans revealed early and aggressive
resorption of the FRAs and end plates when used with rhBMP-2. Non-unions were
diagnosed in 5 of 9 (56%) patients in whom extensive osteolysis of the FRA and adjacent
bone resulted in fracture, fragmentation, and collapse of the graft. McClellan et al [161]
conducted a clinical study using rhBMP-2 for transforaminal lumbar interbody fusion
(TLIF). CT scans were done for analysis of 32 lumbar levels from 26 patients starting 3
months post operatively. They observed bone resorption defects in 69 % levels (22/32).
These defects were further classified on the basis of the size and extent of involvement of
the vertebral body: mild in 50% (11 of 22), moderate in 18% (4 of 22), and severe in 31% (7
of 22). Severe defects were often associated with subsidence of graft and loss of integrity of
endplate.

Vaidya et al [186] evaluated the clinical and radiographic outcomes in patients with
anterior cervical discectomy fusion and instrumentation (ACDFI) using rhBMP-2 with

PEEK cages against allograft interbody spacers with demineralized bone matrix. They
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observed end plate resorption as early as 6 weeks in 100% of the levels treated with rhBMP-
2. However, a progressive increase in radiographic density was observed at the
intervertebral space from 6 weeks to 12 months that was presumably associated with new
bone formation. In another prospective study, Vaidya et al [187] reviewed the effect of
rhBMP-2 /allograft spacer and demineralized bone matrix /allograft on the rate of cervical
and lumbar intervertebral body fusion. The results showed that although the rhBMP-2
/allograft group had a high rate of fusion (100%), end-plate erosion and allograft resorption
with subsidence was a common finding in this group.

The occurrence of cystic lesions like hematomas and seromas with rhBMP-2 similar
to those seen in the current study, have also been reported in previous studies. Shields et al
[188] reviewed 151 patients- 138 patients for anterior cervical discectomy (ACDF) and 13
patients for anterior cervical vertebrectomy and fusion. These patients received high dose
rhBMP -2 (2.1 mg per level) delivered thought a resorbable poly (D,L-lactic acid) cage (for
ACDF) or titanium mesh cage (for vertebrectomy). Hematomas were observed in 15
patients (9.9%), and presented as a cervical swelling associated with difficulties in breathing
or swallowing. Surgical evacuation was required in 8 patients. The authors concluded that
these complications were a consequence of using high doses of rhBMP-2 and placement of
rhBMP-2 outside of the implant. In a similar clinical retrospective study, 200 patients with
single- or multilevel ACDF using PEEK spacers filled rhBMP-2/ACS were evaluated by
Tumiahan et al [189]. Three doses of rhBMP-2 were evaluated. Hematoma was observed in
2 of the 117 patients who received the higher dose of rhBMP-2 (2.1 mg per level and 1.05
mg per level). In the remaining 93 patients who received 0.7 mg of rhBMP-2 dose per level,

hematomas and seromas were seen in 2 patients and required repeated surgeries. The lower
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complication rate seen in that study was attributed to the lower dose of rhBMP-2 contained
within a PEEK spacer, without placement of any extraneous sponges anterior to the plate or
lateral to the graft.

Various in vivo animal studies have also demonstrated the relationship between the
doses of rhBMP-2 and the related transient resorptive effects. In one such study, Miyaji et al
examined the effect of two doses of rhBMP-2 on dentin resorption and formation of
cementum-like tissue in an in vivo rat model [190]. Dentin blocks prepared from rat roots
were soaked in 0, 100, or 400 pug/ml rhBMP-2 and implanted into palatal connective tissue
of rats. Histologic and histomorphometric analyses were done at 2, 4 and 8 weeks after
surgery. A significantly greater dentin resorption was observed in the 100 and 400 pg/ml
groups than 0 pg/ml groups. Also, the cementum formation at 8 weeks in the low dose
100 pg/ml (41.8%) group was significantly greater than the 400 pg/ml (16.2%). This was
associated with overdose related inhibitory action of rhBMP-2 for induction of
cementum-like tissue. In one of the most recent studies, Toth et al [165] evaluated the
cellular events related with varying rhnBMP-2/ACS concentrations and volumes in the
ovine corticocancellous distal femur defect model. Five treatment groups with increasing
effective concentrations of rhBMP-2/ACS (0x, 1X, 2x, 3.5x and 7x) were formed by
altering the volume of ACS carrier and dose of rhBMP-2 at the site of defect. The
animals were evaluated by both CT scanning, histology and histomorphometry at survival
periods of 1, 4, or 8 weeks postoperatively. The results showed a highly interesting dose
dependent osteoclastic activity and resorption zones adjacent to the original defect and

extending into peri-implant cancellous bone. However, the defects were transient and
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cessation of osteoclastic activity was observed at 4 weeks with progressive bone healing
in the 8-week rhBMP-2/ACS treatment groups.

Based on the findings from previous studies and their comparison with the current
study, it can be concluded that the use of 0.43 mg/ml rhBMP-2 soaked in ACS carrier with
the pedicle screws was associated with early transient bone resorption in the peri-implant
area. These defects were reduced and replaced by remodeled bony trabeculae, which were
seen as far as 3-10 mm away from the screw. The initially formed de novo bone was
hypodense and osteopenic in relation to the normal trabeculae, however this was
progressively replaced by isodense bone at the later time period in the rhBMP-2/ACS 12
weeks. Thus, with the current carrier and release kinetics, rhBMP-2 on ACS may not be an
ideal carrier for procedures which demand immediate stability, like in case of pedicle screw
instrumentation.

The cysts and transient resorption regions in this study were almost exclusively
found in relation to the fenestrations where the rhBMP-2/ACS was delivered. It can be
speculated that these defects were related to localized hyperconcentration of rhBMP-2. This
might have occurred due to placement of rhBMP-2 both within and around fenestrations and
cannulations; or due to squeezing out of the rhBMP-2 in to the peri-implant area during
surgical placement procedures. Future studies can be directed towards modification of the
placement, concentration and dose of rhBMP-2 and finding alternative carriers with

different handling and release kinetics for induction of peri-implant bone.
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APPENDIX A

Approval letter for exemption from the Institutional Animal Care and Use
Committee (IACUC), Marquette University, Milwaukee, W1

RE: Information regarding documentation for IACUC
McDonough, Elizabeth

Sent: Monday, September 08, 2008 4:53 PM
To:  Jeffrey M. Toth - MCW [jtoth@mcw.edu]; Arora, Akshi

Cc: Piacsek, Bela

Hello Dr. Toth and Dr. Arora,
Thanks for your patience in this matter. The IACUC discussed this case and has
determined that the project is not subject to IACUC review. The decision is based on
the following: because the animals are not killed specifically for your research, because
the animals are dead when the tissue is harvested, because you will not receive a whole
USDA-regulated animal, and because no killing or pre-killing procedures are modified to
accommodate the conditions of your studies. The IACUC did recommend that you verify
that the tissue comes from Q fever negative animals.
A few changes were proposed to the drafted policy, discussed at the meeting. When the
final version is approved by the IACUC, it will be posted on the ORC website. Until
then, for additional inquiries it may be helpful to include the following information:

1. What kind of tissue will be used?

2. What is the source of the tissue (name of the academic

institution/slaughterhouse)
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3. Will animals be killed/ slaughtered regardless of the study/need for tissue?
4. Are the animals alive or dead when the tissue is harvested?
5. Will you receive a whole USDA-regulated animal?
6.  Will the killing/slaughtering procedure be modified to accommodate the
conditions of your studies?
Thank you for your patience. Please don’t hesitate to contact me with any questions or
comments.

Beth

Elizabeth M. McDonough

Director of Research Compliance

Office of Research Compliance

Marquette University

Schroeder Complex, Room 102

560 N. 16th Street

P.O. Box 1881

Milwaukee, WI 53201-1881

Phone: (414) 288-1479 Fax: (414) 288-6281

URL: http://www.marguette.edu/researchcompliance

Date: Sun, 31 Aug 2008 07:14:16 -0500

From:Arora, Akshi <akshi.arora@marquette.edu>


https://emarq.marquette.edu/owa/redir.aspx?C=e2a8029383404566992e8aa854f92096&URL=http%3a%2f%2fwww.marquette.edu%2fresearchcompliance

154

To: McDonough, Elizabeth <elizabeth.mcdonough@marquette.edu>

CC:Toth, Jeffrey <jeffrey.toth@marquette.edu>

Dear Madam,

| am a graduate student at Marquette University, and would be starting work on my
Master’s thesis with Dr. Jeffrey Toth. The study that I would be working on is entitled
"Effects of Biologics on Pedicle Screw Fixation in a Sheep Model: Histologic &
Biomechanical Analysis". The study will not involve live animals. | was wondering if |
need to complete any paperwork with the IACUC.
Thanks a lot for your time and efforts, | appreciate it.
Best Regards,

Dr. Akshi Arora



APPENDIX B

A list of animal number, vertebral level and orientation of pedicle screw for

biomechanical testing and undecalcified histology

155

Animal # | Level Pull-out Orsig(rgltclgtri]on Histology Orsig(r:lttg)tri‘on
R155 L2 L R axial
R155 L3 L R longitudinal
R155 L4 R L longitudinal
R155 LS L R axial
R156 L2 R axial L longitudinal
R156 L3 L R axial
R156 L4 R L axial
R156 L5 L R longitudinal
R157 L2 R L axial
R157 L3 L R longitudinal
R157 L4 L R axial
R157 L5 R L longitudinal
R160 L2 L axial R longitudinal
R160 L3 L longitudinal R axial
R160 L4 R axial L longitudinal
R160 L5 L longitudinal R axial
R161 L2 R L axial
R161 L3 R L longitudinal
R161 L4 L R longitudinal
R161 L5 L R axial
R162 L2 L R longitudinal
R162 L3 R longitudinal L axial
R162 L4 R longitudinal L axial
R162 L5 L axial R longitudinal
R163 L2 L R axial
R163 L3 L R longitudinal
R163 L4 R L longitudinal
R163 L5 R L axial
R165 L2 L R longitudinal
R165 L3 R L axial
R165 L4 R L axial
R165 L5 R L longitudinal




APPENDIX C

Schedule for processing vertebral

Methacrylate

Protocol title: MSB BMP Pedicle Screw Study

bodies and embedding them

156

in  Methyl

Sheep Spines Numbered: R155, R156, R157, R160, R161, R162, R163, R165

(AXIAL & LONGITUDINAL)

Fixative: 10% neutral buffered formalin

Osteobed Solution 111

Date | Solution Function Time Temperature
10 % neutral buffered formalin | Fixation PRN 22°C
Rinse out fixative in tap water | Rinsing 2 hours 22°C
70 % ETOH 3-6 days Ambient

Graded Ambient
% ETOH . 2
BO%ETO dehydration days _
95 % ETOH of the tissue | 3-4 days Ambient
sample _
100 % ETOH 3-4 days Ambient
Xylene Clearing 3-4 days Ambient
Osteobed Solution | 7 days 4°C
Osteobed Solution 11 Infiltration | 7 gays 4°C

4°C




