Section 3

COLLAGEN F

Soft tssue augmentation dates back more than 100 years,
and over the past few decades, many agents and tech-
niques have been introduced to cosmetically enhance soft
tissue defects. With more patients now seeking aesthetic
improvements without major surgery, the emphasis on soft
tissue augmentation has received widespread acceptance
among patients and physicians. With aging, reduced subcu-
taneous fat and dermal collagen results in soft tissue volume
depletion, which may be superficial, as with facial rhytids,
or involve deeper planes.

Collagen is the major insoluble fibrous protein in con-
nective tissue and is the most abundant protein in the
body. It provides the major structural component of the
dermis, comprising 70% of dry skin mass. There are at
least sixteen types of collagen, each denoted by a Roman
numeral. Eighty to 90% of the collagen in the body con-
sists of types I, II, and III. Type I collagen was the first
to be isolated and characterized. Its fundamental struc-
tural unit is a long (300 nm), thin (1.5 nm diameter) pro-
tein that consists of three coiled subunits: two al chains
and one «2 chain. Each chain contains 1,050 amino acids
wound around one another in a characteristic right-handed
triple helix. The collagen triple-helical structure contains
an abundance of three amino acids, glycine, proline, and
hydroxyproline, making up the characteristic repeating
motif Gly-Pro-X, where X can be any amino acid. Colla-
gen is synthesized by fibroblasts as a procollagen, and the
posttranslational hydroxylation of proline residues is per-
formed by propyl hydroxylase in the presence of ascorbic
acid (vitamin C). About 96% of the chain length is helical,
with nonhelical telopeptides at the amino- and carboxylter-
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mini. These telopeptides contain important antigenic loci.
Hydrogen bonds linking the peptide bond NH of a glycine
residue with a peptide carbonyl (C=0) group in an adja-
cent polypeptide help hold the three chains together. Many
three-stranded type I collagen molecules pack together side
by side, forming fibrils with a diameter of 50-200 nm.
These fibrils, roughly 50 nm in diameter and several mi-
crometers long, are packed side by side in parallel bundles,
called collagen fibers. All collagens were eventually shown to
contain three-stranded helical segments of similar struc-
ture; the combination of 3a chains determines the type of
the resulting collagen molecule.

During the embryonic period, collagen type IT1 predom-
inates in human skin. After birth, the ratio of collagen type
[ increases. Dermal collagen in adult skin is composed of
type I (80 to 85%) and type I1I (10 to 15%), in addidon
to glycosaminoglycans and elastin fibers. Type I collagen
remains the predominant type during childhood and early
adulthood, but the proportion of type I will increase with
aging. Overall, collagen production by fibroblasts decreases
withage, accounting for an overall 20% reduction in dermal
thickness in aged skin. Ultraviolet radiation will increase
the level of matrix metalloproteinases (e.g., collagenase),
which will accelerate collagen degradation and skin aging.

The first attempt at soft tissue augmentation was in
1893, when Neuber transplanted fat from the arm into
facial defects. In 1899, Gersuny became the first to use
an injectable material for a cosmetic deformity, when he
injected paraffin into a patient’s scrotum to create a testic-
ular prosthesis. Although paraffin initially gained popular-
ity as a filler material, the associated risk of foreign body
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granulomas resulted in abandonment of its use in the 1920s,
Liquid silicone was later developed in the 1960s as a filler
agent and was utilized widely for superficial and deep soft
tissue deformities, despite lack of Food and Drug Admin-
istration (FDA) approval. Its use, however, was burdened
with risks of permanent beading, migration, and granu-
loma formation. Silicone was largely abandoned in the early
1980s. Because of the obvious defect in collagen in aged
skin, the use of collagen as a filler became popular with
the introduction and FDA approval of Zyderm, a bovine
collagen, in 1981. An abundance of agents were introduced
over the past two decades in a continuing quest for the ideal
dermal filler (Table 13.1).

XENOGENIC MATERIALS

Bovine collagen was first extracted from fresh calf skin in
1958 by Gross and Kirk at the Harvard Medical School.
They later demonstrated that under physiologic condi-
tions, collagen has the property of precipitating into a rigid
gel composed of fibrils with the characteristic axial period-
icity of native collagen. Studies in the 1960s demonstrated
that the major immunogenic sites in native tropocolla-
gen are the telopeptides, and as such, sclective removal of
the nonhelical amino- and carboxylterminal segments of
the collagen molecule significantly reduced its antigenic-
ity. Investigators at Stanford University began work in
the early 1970s on developing a clinically useful collagen
implant material. In 1977, they injected purified human,
rabbit, and rat collagen into rats and studied the evolu-
tion of the implants over time using light and scanning
electron microscopy. In that same year, they published
the results of their initial clinical trials using allogenic
and xenogenic (bovine) collagen injection in twenty-eight
patients, involving more than six hundred individual injec-
tions. Of twenty-eight patients, there was moderate to pro-
found improvement in twenty-four, with follow-up periods
exceeding one year.

Injectable bovine collagen was first introduced to the
market as Zyderm (Collagen Corp.) in 1976 and was ap-
proved by the FDA in 1981 for the treatment of facial lines
and wrinkles. It is a purified, enzyme-digested bovine colla-
gen with the telopeptide regions of the molecule removed
to reduce product antigenicity. The collagen is extracted
from the hides of a closed American herd to protect
against the possibility of bovine spongiform encephalopa-
thy virus or prion contamination. Zyderm I, the initial
product released, comprised 96% type I collagen, with the
remainder being type III collagen, suspended in phosphate-
buffered physiologic saline with 0.3% lidocaine. It is 3.5%
bovine dermal collagen by weight. Due to quick resorption
of the collagen, Zyderm II was thereafter introduced with
an increased collagen concentration of 6.5% bovine der-

mal collagen by weight. Zyderm II gained FDA approval
in 1983.

In an effort to produce a material with a Jonger-
lasting effect, the collagen in Zyderm was cross-linked
through glutaraldehyde processing by forming covalent
bridges between 10% of available lysine residues, effec-
tively inhibiting degradation by collagenase. The resulting
product, Zyplast, was FDA approved in 1985. It is 3.5%
bovine dermal collagen by weight and is more viscous,
more resilient to biodegradation, and less immunogenic
than Zyderm.

Zyderm and Zyplast are prepackaged in 1- or 2-mL
syringes, and Zyderm IL is packaged in 0.5-mL syringes; all
are administered through a small-gauge needle. The prod-
ucts are stored at low temperature (4 degrees Celsius) and
consolidate into a solid gel once implanted at body tem-
perature. Zyderm I is injected into the superficial papillary
layer, Zyderm I into the middermis layer, and Zyplast into
the deep dermis. Zyderm I and II are used for correction
of soft distensible lesions in the face with relatively smooth
margins. These would include glabellar, forehead, and peri-
orbital rhytids as well as fine perioral rhytids, acne scars,
traumatic and surgical scars, and steroid-induced atrophy.
Zyderm 11 has more collagen and is therefore more effec-
tive in moderate to deep wrinkles. Zyplast is more valuable
in treating deeper lines often unresponsive to Zyderm such
as nasolabial folds, deep acne scars, and the vermilion bor-
der of the lips. With Zyderm I, overcorrection by 100%
is required as it is diluted with phosphate-buffered phys-
iologic saline, which is reabsorbed typically over two to
three months. With Zyderm I1, 50% overcorrection is rec-
ommended. No overcorrection is required with Zyplast.
As the saline is absorbed, host connective tissue cells grow
into the collagen, giving the appearance of normal tissue.
Eventually, the injected collagen is detected as a foreign
substance, with an ensuing inflammatory response. Overall,
results, albeit variable and dependent on the facial anatomic
region, injection depth, and agent used, typically last two to
three months for Zyderm, with Zyplast lasting about three
to four months.

Prior to the administration of these products, intra-
dermal skin testing is required. Approximately 3 to 5%
of people will display a delayed hypersensitivity response
to the skin challenge, generally by forty-eight to seventy-
two hours. 1 to 2% of people may be sensitized following
the skin challenge, and as such, many practitioners as well
as the American Academy of Dermatology recommend a
second skin test a few weeks following the first. Repeated
injections may result in the development of hypersensitivity
to bovine collagen. In general, skin testing is necessary for
any patients new to bovine collagen as well as for patients
who have not received treatment with bovine collagen for
over one year.

Bovine collagen injections are contraindicated in pati-
ents undergoing treatment with steroids, in those with a
history of allergy to other bovine products or meat or to
lidocaine, or in those with a history of an autoimmune
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TABLE 13.1: Summary of Collagen Fillers
Duration
of Effect Rhytid Size: Degree ot
Name FDA Ingredient (months)  Allergy Tests Needed Storage: Shelf Life Sizes Avallable Indicated Overcorrection
Zyderm | yes bovine collagen 3-4 two skin tests 2—4 weeks 35 mg/mL; refrigerated 0.5,1.0,and 1.5¢cc fine lines 1.5-2.0 times
apart; may treat 4 weeks after 3 years syringes
second skin test
Zyderm Il yes bovine collagen 34 two skin tests 2—4 weeks 65 mg/mL; refrigerated 0.5 and 1.0 cc syringes fine lines 1.5-2.0 times
apart; may treat 4 weeks after 3 years
second skin test
Zyplast yes cross-linked bovine 3-5 two skin tests 2-4 weeks 35 mg/mL; refrigerated 05,1020 and25¢cc large folds no overcorrection
collagen apart; may treat 4 weeks after 3years syringes
secorid skin test
Cosmoderm | yes human collagen 3-4 no skin test 35 mg/mL,; room 1.0 cc syringes fine lines 100% overcorrection
temperalure shelf life
unknown
Cosmoderm il yes human collagen no skin test 65 mg/mL 0.5 cc only fine lines
Cosmoplast yes cross-linked human 34 no skin test 35 mg/mL; refrigerated 1.0 and 1.5 cc syringes large tolds no overcorrection
collagen 3 years
R
% Autologen yes autologous collagen 4-9 no skin test 50-120 mg/mL; frozen 3 mL syringes moderate to 20% to 30%
o fibrils, elastin, (kept with manutacturer) deep defects overcorrection
- fibronectin, and 5 years
glycosaminoglycans
Isolagen no autologous cullured unclear test dose done 2 weeks priorio  frozen (kept with 1-1.5 mL. syringes superficial to
fibroblasts treatment manufacturer) moderate
defects
Dermalogen no cadaveri¢ suspension 1.0 mL syringes 20% to 30%
of types | and Il overcorrection
coliagen
Alloderm yes allogenic matrix of 12-24 sheets of different sizes sheets deep defects up 1o 200%
collagen, elascin, and (1 x 2cm; 4 x 12 cm); and scars overcorrection
glycosaminoglycans room temperature 2 years
Cymetra yes injectable form of 36 330-mg powder in 5-cc 5 cc syringes deep defects 30% overcorrection
Alloderm syringe: room temperature and scars
2 years
Fascian yes allogenic preserved 3-6 contraindicated with gentamicin 80 mg/2 mL; room 0.25,0.5,1.0,and20ug  deep defects
particulate fascia allergy temperature 2 years particles; 80 mg in each and scars
3 cc syringe
Evolence no cross-linked porcine 12 no skin test 35 mg/ml; room 1.0 cc syringe moderate to no overcorrection
collagen temperature 3 years deep lines and

folds, lips







