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Proper surgical procedures and techniques are the responsibility of the medical professional.
The following guidelines are furnished for information purposes only as techniques used by the
design surgeons. Each surgeon must evaluate the appropriateness of the procedures based
on his or her personal medical training and experience. Prior to use of the system, the surgeon
should refer to the product package insert for complete warnings, precautions, indications,
contraindications and adverse effects. Package inserts are also available by contacting Wright
Medical Technology, Inc.

Please contact your local Wright representative for product availability.



Medical Grade
Calcium Sulfate
Bone Grafts and Bone Graft Substitutes

An estimated 300,000 or more surgeries in the U.S. annually require bone
grafting, thus making bone the second most frequently transplanted
material after blood.1,2 Bone grafts are needed to fill bone cavities resulting
from infections, tumors, surgically created voids and trauma, and to fuse
joints or fracture non-unions. Bone grafts are also frequently used in implant
revision, dentistry, and plastic surgery.

Autograft (the patient’s own bone) is generally considered to be the clinical
standard in bone graft surgery because of its great osteogenic capacity and
minimal immune response. As the autograft resorbs and is revascularized
osteoprogenitor cells differentiate into osteogenic cells.1,2 This osteogenic
cell activity results in new bone generation and healing of the bony defect.
Issues related to autograft surgeries are:

¢ A limited quantity of autogenous bone can be harvested.

¢ The secondary surgery at the harvest site (generally the iliac crest) adds
an additional degree of morbidity, results in more blood loss and pain,
and increases the potential for infection risks.

* The harvesting surgery increases the anesthesia time and treatment
costs.

¢ The harvest site may present post-operative instability, fatigue fracture
or heterotopic bone formation.?

Allograft (cadaveric or bank bone) is the second most widely used grafting
material.4 The main advantage of allografts are that they are relatively
available and come in a wide variety of shapes and forms (cortical,
cancellous, and demineralized bone). Allografts are osteoconductive and
can have structural strength. Demineralized bone matrix has been shown

to have osteoinductive properties promoted by certain non-collagen
proteins.1,5 Although allografts result in generally acceptable clinical results,
they present the following issues:

e Structural allografts are not readily bioresorbable and serve only as
passive scaffolding.6 Poor revascularization and integration of
the graft can result in increased incidence of non-union and fatigue
fracture.7,8

» Allografts can generate an immunogenic response to the graft
recipient.1

e Although allografts have been sterilized, the possibility can still exist for
the transmission of viral contamination to the graft recipient.?

Wright Medical Technology, Inc., has introduced a calcium sulfate-based
bone graft substitute, medical grade OSTEOSET® pellets. This biocompatible
product provides surgeons with a bone graft substitute solution free of
biological contamination.3,9
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The issues related to both autograft and allograft materials have stimulated
research for acceptable bone graft substitute alternatives. Some synthetic
or animal-based materials can provide appropriate surfaces for osteoblast or
osteoblast-like cells to form bones.

Calcium Sulfate and Bone Graft Requirements

One of the first functions of a bone graft substitute is to provide a stable
tridimensional structure allowing new bone formation. It is important that
this void-filling matrix can be remodeled or replaced by the newly formed
bone. The new bone formation should have the same quality, strength and
dimension as the original bone it is replacing.

However, mechanical strength is not a prerequisite for a bone graft
substitute because the load is supported by the remaining healthy bone or
a screw-plate or nail fixation system. High-strength materials can even be
problematic because most are not bioresorbable and would not provide
proper biomechanical stimuli to new forming bone. Currently, no bone
graft substitutes, including human bone, can be used singularly for load-
bearing applications without secondary support.

In addition to being biocompatible, the ideal bone graft substitute should
stimulate new bone formation. The material can be osteoinductive and/
or osteoconductive. Osteoinductive materials support the mitogenesis of
mesenchymal cells from the graft site or from revascularization, that leads
to the formation of osteoprogenitor cells with the capacity of new bone
formation. Osteoconductive materials do not induce new bone formation,
but allow the ingrowth of vessels and osteoprogenitor cells from the graft
bed into the implant.

Calcium sulfate is a biocompatible material that resorbs in aqueous

media without generating dissolution products that could impede bone
formation." The medical grade calcium sulfate used to make OSTEOSET®
pellets was designed to have a rate of absorption that corresponds with the
rate of new bone growth.” This material creates an environment for new
bone formation that, with time, can provide normal bone structure.’
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Mechanism of Action

Calcium sulfate has been shown not to stimulate osteoinduction without
the presence of bone or periosteum.*"* Peltier and Speer confirmed that
calcium sulfate is an osteoconductive material that allows ingrowth of
blood vessels and osteogenic cells.” Also, a recent in vitro study has shown
that osteoblasts attach to calcium sulfate and that osteoclasts resorb
calcium sulfate.” This in vitro study delineates a preliminary mechanism for
the osteoconductive attributes of calcium sulfate.

Medical grade calcium sulfate acts primarily as a space filler that restores
morphological contour and prevents the ingrowth of soft tissue.""*** The
implant provides an osteoconductive matrix for ingrowth of blood vessels
and osteogenic cells. Calcium sulfate absorption corresponds with the rate
of new bone growth. As the calcium sulfate implant resorbs, new bone
restores anatomical features and structural properties of the site.

Mechanism of Calcium Sulfate Dissolution

Calcium sulfate dissolution in aqueous solution generates the ions described
in the following diagram:*

lons and undissociated calcium sulfate are metabolized or excreted.” The
consistent properties of OSTEOSET® medical grade calcium sulfate result

in a more reproducible implant dissolution rate.” OSTEOSET® pellets

aqueous solution
CaSO,*2 H,0 Ca”, SO, CaSO,
Calcium sulfate dehydrate ——»

typically dissolve in vivo within weeks to months, depending on the amount
implanted and the implant location.*”

Biocompatibility

Wright Medical Technology, Inc. has successfully tested the biocompatibility
of OSTEOSET® medical grade calcium sulfate following ISO and ASTM
guidelines as shown in the following table:"**

= RESULTS

Cytotoxicity PASS
Sensitization PASS
Genotoxicity PASS
Implantation PASS
Systemic Toxicity PASS
Intracutaneous reactivity PASS

Many published reports by Peltier, Coetzee, Bahn and others also
demonstrate the biocompatibility of calcium sulfate in clinical uses.”"""
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Calcium Sulfate Properties
OSTEOSET Medical Grade Calcium Sulfate

Calcium sulfate can be found in its natural state as gypsum. Wright

Medical Technology, Inc. has an exclusive agreement with the world leader
in calcium sulfate technology, United States Gypsum Corporation. The
medical grade calcium sulfate from United States Gypsum Corporation

is processed using proprietary manufacturing methods. These methods
produce a consistent, high-quality material with minimal lot-to-lot variation
in chemical and material properties. The consistency of this high-quality
medical grade calcium sulfate allows for reproducible biological responses
in bone graft applications.

Chemical Properties

The high quality of OSTEOSET® medical grade calcium sulfate is controlled
through selective sourcing and careful quality analysis. This comparative
chemical analysis of OSTEOSET® medical grade calcium sulfate and a regular
calcium sulfate material is given in the table below:

Typical Chemical OSTEOSET Medical Commercial
Analysis Grade Calcium Sulfate Calcium Sulfate
CaSO4 ¢ H20 98%-+ 80-94%+
CaCO3 ¢ MgCO3 0.5% 5.1%
CaCO3 0.3% 1.0%
Aggregate 0.3% 4.5%

Mechanical and Physical Properties

The mechanical properties of calcium sulfate material and human bone are
given in the table below. These values are for reference only since bone
graft substitutes are not typically indicated for load bearing applications.
Calcium sulfate implants are designed to bioresorb and be replaced by new
bone which will provide mechanical strength for the graft site.

Typical Mechanical Wet Calcium Dry Calcium Cancellous Cortical

Properties Sulfate” Sulfate” Bone™* Bone*
Compressive Strength (psi) 1,500 3,340 800 23,500
Tensile Strength (psi) 300 600 1,000 22,000

Calcium sulfate is also naturally radiopaque which allows X-ray observation
of the implant location and its replacement by bone.

OSTEOSET' Bone Graft Substitute



Historical use of Calcium Sulfate as Bone Graft Substitute

The history of calcium sulfate use as bone implant material has been reviewed
by many authors including Peltier, Bahn, Hulbert, Smith, Mackey and
Damien.**"**?" Clinical use of calcium sulfate as a bone substitute for dental
and orthopedic applications has been reported in literature for more than a
century. In recent years, numerous authors have published reports confirming
the safety and efficacy of calcium sulfate in oral and Maxillofacial applications,
alone or in association with hydroxylapatite.®* In the 1980's, Coetzee
reported clinical results on 100 patients in whom diseased and destructed
cranial bones were restored to healthy normal bone using calcium sulfate.”
He reported an excellent primary procedure success rate (greater than 90%),
and no complications were reported for the secondary operations. He stated
his opinion: “Calcium sulfate is an outstanding bone substitute, ensuring bone
formation and giving results comparable to autogenous bone, if not better.""

From 1960 to 1980, Lebourg, Alderman, and Shaffer reported excellent
clinical results with the use of calcium sulfate in the treatment of periodontal
infrabony defects.** Bahn also described positive clinical results on 75
patients treated for various oral defects with sterile calcium sulfate pellets.”

From 1957 to 1978, Peltier used calcium sulfate clinically as a bone void filler
for a variety of cases including traumatic defects of tibia, femur fractures,
bone cysts, fibrous dysplasia, enchondromas, aneurismal bone cysts and giant-
cell tumors.**** He observed that bone regeneration occurred in association
with the implant resorption. He did not observe any increase in blood calcium
level even in patients treated for large defects. He described the calcium
sulfate as “a simple, inexpensive, available, stable material for use in filling
cavities in bone.” A summary of his conclusions based on clinical experience
were:

1. Calcium sulfate can be used safely and conveniently in a wide
variety of bony defects encountered in patients.

2. The resorption of calcium sulfate and the subsequent
regeneration of bone occurs rapidly over a period of weeks or
months.

3. The presence of calcium sulfate does not inhibit the normal
growth or healing of bone.

4. The use of calcium sulfate in infected cavities does not give rise to
hazards or complications.’

In 1925, Kofmann, in a review by Bahn, reported the successful use of calcium
sulfate to fill many osseous cavities, including one with a tibial abscess

seven years post-op." From 1925 to 1945, Oehlecker, Nordmann, Edberg

and Nielson reported many successful uses of calcium sulfate to fill bone
cavities including resection of benign tumors, aseptic necrosis, dentigerous
cysts, giant-cell tumors, ostitis fibroses, and chodroma falangis.**' In 1892,
Dreesmann was the he first to report the results of filling osseous defects with
this material in eight patients (one patient with two cavities).” Four of seven
tuberculous cavities healed, and complete bone regeneration was observed
in the two remaining cavities. Stachow and Martin reported treated operative
defects in sheep and dogs, respectively, which showed complete material
absorption and regeneration of normal bone."
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Conclusion

Calcium sulfate material has had long and successful clinical experience
in a variety of bone defect applications. These successful applications
demonstrate the safety and efficacy of this material. As Bahn and
Peltier stated: “The material is stable, readily available, and can be

easily sterilized.”" Endochondral and intermembranous refer to bone
regeneration pathways as opposed to defect types. A rapid rate of
resorption, which corresponds with the rate of new bone growth, makes
calcium sulfate especially useful in repairing large defects. Little or no
stimulation of foreign-body, giant-cell activity and usefulness for the
treatment of infected osseous defects are other attractive characteristics.”

OSTEOSET® pellets are made from an exclusive specially formulated and
proprietary medical grade calcium sulfate with highly controlled and
reproducible properties. OSTEOSET® pellets have a predictable dissolution
rate which varies between 30 and 60 days, depending upon the amount
implanted and the implant location.
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