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Background: Keloid management can be difficult and frustrating, and the
mechanisms underlying keloid formation are only partially understood.
Methods: Using original and current literature in this field, this comprehensive
review presents the major concepts of keloid pathogenesis and the treatment
options stemming from them.
Results: Mechanisms for keloid formation include alterations in growth factors,
collagen turnover, tension alignment, and genetic and immunologic contribu-
tions. Treatment strategies for keloids include established (e.g., surgery, steroid,
radiation) and experimental (e.g., interferon, 5-fluorouracil, retinoid) regi-
mens.
Conclusion: The scientific basis and empiric evidence supporting the use of
various agents is presented. Combination therapy, using surgical excision fol-
lowed by intradermal steroid or other adjuvant therapy, currently appears to be
the most efficacious and safe current regimen for keloid management. (Plast.
Reconstr. Surg. 117: 286, 2006.)

Keloidal scarring is one of the most frustrat-
ing clinical problems in wound healing.
Keloids form following dermal injury and

exhibit exuberant, indefinite growth of collagen
(Fig. 1).1,2 They tend to occur in darker skinned
individuals with a familial tendency and not in
the extremes of age. Keloid formation has been
ascribed to altered growth factor regulation, ab-
errant collagen turnover, genetics, immune dys-
function, sebum reaction, and altered mechan-
ics. No single unifying hypothesis adequately
explains keloid formation. The numerous treat-
ments for keloids—surgical excision, steroid in-
jection, radiation therapy, laser, silicone, and
pressure therapy, among others—underscore
how little is understood about this disease pro-
cess (Figs. 2 through 5).

This article reviews the history of keloidal scar-
ring, differentiates keloids from hypertrophic
scars, explains the theories of pathogenesis, ex-
amines the various treatments, and suggests fu-
ture directions for research.

HISTORY
The first written description of keloids was

attributed to the pyramid age in ancient Egypt.3 In
1806, Alibert coined the term “cheloid” from the

Greek word “crab claw.”4 Cosman et al. docu-
mented the presentation, characteristics, and
treatment of keloids in the first systematic review
of keloids in 1961.5 Mancini and Quaife, and later
Peacock et al., delineated the clinical difference
between keloids and hypertrophic scars.6,7

KELOID VERSUS HYPERTROPHIC SCAR
Keloids and hypertrophic scars are separate

clinical and histochemical entities. Clinically, hy-
pertrophic scars remain within the confines of the
original scar border, whereas keloids invade adja-
cent normal dermis.7 Hypertrophic scars generally
arise within 4 weeks, grow intensely for several
months, and then regress. In contrast, keloids may
appear later following the initial scar and then
gradually proliferate indefinitely.5,8,9 Although
both keloids and hypertrophic scars show in-
creased fibroblast density, only keloids have in-
creased fibroblast proliferation rates.10 Collagen
fibers in keloids are larger, thicker, and more wavy
than those found in hypertrophic or normal
scars11 and assume a random orientation, whereas
those in hypertrophic scars orient parallel to the
epidermal surface.12 Enzyme concentrations, such
as alanine transaminase and metabolic activities
marked by adenosine triphosphate, are elevated
in keloids compared with normal scar tissue and
hypertrophic scars.13,14 Fibroblasts isolated from
keloid and hypertrophic scar tissue exhibit in-
creased gene transcription of �1(I) procollagen.
However, the increased mRNA concentration is
compensated at the posttranscriptional level in
hypertrophic scars, but not in keloids. The post-
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transcriptional difference results in an increased
ratio of type I to type III collagen found in keloids,
but not in hypertrophic scars.15

PATHOGENESIS
The following hypotheses have been proposed

for keloid formation and growth.

Altered Growth Factor Milieu
The exuberant scar tissue found in keloids

has been attributed to augmented growth factor
activity (transforming growth factor-� and plate-
let-derived growth factor) and alterations in ex-
tracellular matrix (fibronectin, hyaluronic acid,
and biglycan).

Growth Factor Differences
Transforming growth factor (TGF)-� and

platelet-derived growth factor are growth factors
normally produced during the proliferative phase
of wound healing16 and whose activities are both
significantly abnormal in keloids. Keloid fibro-
blasts have heightened sensitivity to and dysfunc-
tional regulation of TGF-�.17–19 Areas of enhanced
proliferation and collagen deposition within ke-
loid tissue have distinctly elevated levels of
TGF-�.20 Similarly, keloid fibroblasts have four- to
five-fold increased levels of platelet-derived
growth factor receptor, and the growth-stimula-
tory effects are synergistic with TGF-�.21

Extracellular Matrix Differences
The components of the extracellular matrix

regulate growth factor activity. The extracellular

Fig. 1. Clinical samples of normal and keloid scar tissue stained with hematoxylin and eosin. Microscopic anatomy reveals
markedly increased, disordered collagen bundles in the keloid specimen, which contribute to its clinical phenotype. (Above,
left) Normal scar (hematoxylin and eosin; original magnification, �40). (Above, right) Normal scar (hematoxylin and eosin;
original magnification, �200). (Below, left) Keloid (hematoxylin and eosin; original magnification, �40). (Below, right) Keloid
(hematoxylin and eosin; original magnification, �200).
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matrix of keloids is abnormal, with elevated levels
of fibronectin and certain proteoglycans and de-
creased levels of hyaluronic acid.22 Fibronectin
and hyaluronic acid are proteins expressed during
normal wound healing, and their dysfunctional
regulation in keloid contributes to the fibrotic
phenotype.23,24 Biglycan and decorin are proteo-
glycans that bind collagen fibrils and influence
collagen architecture. Keloids have aberrant pro-
duction of these proteoglycans, resulting in dis-
organized extracellular matrix and collagen
architecture.25

Why is the growth factor milieu in keloids ab-
normal? Three concepts address why the environ-
ment is altered.

Concept 1: Epithelial-mesenchymal interactions
likely play a fundamental role in keloid patho-
genesis. Studies using keratinocyte-fibroblast in
vitro coculture systems have revealed that ke-
loid keratinocytes can induce the keloid phe-
notype in normal fibroblasts. Furthermore, his-
tologic changes in the epidermis of abnormal
scars in vivo correlate with dermal fibroblast
activity.26

Concept 2: Proliferative pathways active in fetal
cells and disabled in the adult possibly re-
emerge in the keloid. Unlike normal adult skin
fibroblasts, fetal and keloid tissue can survive
and proliferate in vitro in a reduced serum
environment.19

Concept 3: Hypoxia found in keloid tissue could
trigger the release of angiogenic growth fac-
tors, spurring endothelial proliferation, de-
layed wound maturation, and increased colla-
gen production by fibroblasts.16,27,28 The
hypoxia appears to be caused by endothelial
overgrowth partially to fully occluding the mi-
crovessel lumens in the keloids.29

Collagen Turnover Hypothesis
Abnormal regulation of the collagen equilib-

rium leads to the characteristic physical appear-
ance of a keloid, the large collagenous mass that
distinguishes it from normal scar.7

Fig. 2. Keloids classically occur on certain parts of the body, spe-
cifically, on the shoulder, anterior chest wall, and earlobes. Sur-
face tension and sebaceous gland density are among the char-
acteristics that have been hypothesized to predispose these
anatomical sites to keloid formation. Image shows keloid on the
shoulder.

Fig. 3. Keloid on anterior chest wall.

Fig. 4. Keloid on earlobe.
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Collagen content in keloids is elevated com-
pared with normal tissue or scar.17 Light and elec-
tron microscopic studies demonstrate that colla-
gen in keloids is disorganized compared with
normal skin. The collagen bundles are thicker and
more wavy, and the keloids contain hallmark “col-
lagen nodules” at the microstructural level.30,31

The ratio of type I to type III collagen is increased
significantly in keloids compared with normal skin
or scar, and this difference results from control at
both the pretranscriptional and posttranscrip-
tional levels.15

Collagen is produced mainly by fibroblasts and
also by endothelial cells.6,32–34 Keloid fibroblasts
have a greater capacity to proliferate because of a
lower threshold to enter S phase and produce
more collagen in an autonomous fashion.2,17,34–39

Matrix metalloproteinases and their inhibitors
(tissue inhibitors of matrix metalloproteinases)
potentially play a major role in keloid formation.
Collagen is degraded by collagenase produced in
fibroblasts and in inflammatory cells.32,34 Enzymes
that inhibit or degrade collagenase exert an ad-
ditional level of collagen regulation.34,40 Concen-
trations of collagenase inhibitors, �-globulins and
plasminogen activator inhibitor-1, are consistently
elevated in both in vitro and in vivo keloid sam-
ples, whereas levels of degradative enzymes are
frequently decreased.34,40 Steroid-treated and irra-
diated keloids exhibit a decrease in collagenase
inhibitors and an increase in apoptosis of fibro-

blasts, leading to normalization of net collagen
levels.31,34 Furthermore, matrix metalloproteinase
activity differs between keloid and normal fibro-
blasts, and these differences appear to directly
affect phenotype.41 Because collagen predomi-
nates in the phenotypic appearance of keloids,
collagen metabolism and particularly modulation
of matrix metalloproteinases serve as valuable tar-
gets of therapeutic intervention.

Tension Hypothesis
Mechanical tension placed on the healing

wound misaligns the orientation of collagen for-
mation and results in keloid formation.

Mechanical tension drives fibroblast prolifer-
ation and collagen synthesis.42,43 In vitro and in
vivo studies have suggested that stretch and ten-
sion not only promote collagen production but
also dictate collagen architecture and orientation
and affect dermal remodeling.44 Collagen is ori-
ented perpendicular to the muscle contraction;
therefore, incisions perpendicular to the muscle
fibers theoretically heal with collagen oriented
naturally.45 Anecdotal evidence suggests that inci-
sions created parallel to skin tension lines rarely
form abnormal scars, whereas those placed at sites
of joint motion frequently do.46,47 Keloid and hy-
pertrophic scar formation can also be minimized
through the use of absorbable subcuticular suture
closure instead of interrupted nonabsorbable su-

Fig. 5. “Dumbbell” keloid on earlobe.
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turing, thereby limiting suture trauma to the
skin.47 Furthermore, abnormal scarring rarely de-
velops in elderly patients, whose skin characteris-
tically has poor tension.7

This hypothesis implies that nonaligned ten-
sion forces disrupt scarring into an abnormal path-
way. Without objective evidence, there is disagree-
ment regarding whether sites of frequent keloid
formation, such as the earlobe and the chest wall,
are under tension or not.7,48,49 Indeed, although
stretch and tension are important determinants of
final scar appearance, they may play a more dom-
inant role in the pathogenesis of hypertrophic
scarring than they do in keloid formation.7,44

Nonetheless, stretch and tension forces must be
carefully considered in all models of skin healing,
and future research may reveal more complexity
to this hypothesis than the current two-dimen-
sional paradigm.

Genetic Immune Dysfunction
An inherited abnormal immune response to

dermal injury may cause keloid formation, as ke-
loids are associated with particular human leuko-
cyte antigen subtypes.

Keloids tend to occur in darker skinned indi-
viduals, and familial tendencies suggest a poly-
genic inheritance pattern. However, darker com-
plexion does not correlate directly with a higher
rate of keloid formation, as seen in a study of 175
Malaysian keloid patients.50 A genetic influence is
probably directed through an immune pheno-
type. Studies suggest association of group A blood
type and human leukocyte antigen B14, 21, BW35,
DR5, and DQW3 in patients with a keloid
diatheses.51–54 Patients who develop keloids have a
disproportionately high incidence of allergic dia-
thesis and elevated levels of serum immunoglob-
ulin E.55,56 Multiple reports have found trends in
patterns of serum complement, immunoglobulin
G, and immunoglobulin M levels in patients with
keloids,51,57,58 suggesting a systemic immune state
genetically predisposed to keloid formation.

Keloid formation could be considered an au-
toimmune connective tissue disease.58 Circulating
non–complement-fixing antifibroblast antibodies
could bind to fibroblasts and stimulate prolifera-
tion and collagen production, similar to antithy-
roid antibodies in Hashimoto’s thyroiditis.59 Ke-
loids have been found associated with a number of
other genetic connective tissue diseases, including
Rubinstein-Taybi syndrome, Ehlers-Danlos syn-
drome, progeria, osteopoikilosis, scleroderma,
and pachydermoperiostosis.60–64 Clinical evidence

also suggests that patients who develop keloids
have an inherently hypersensitive cell-mediated
immune system.57,65,66

The growth of keloids, characterized by a slow
initial phase followed by rapid secondary growth,
suggests the occurrence of a local immune
reaction.55 Use of monofilamentous suture mate-
rial in closure of surgical incisions results in fewer
abnormal scars compared with multifilamentous
suture, presumably attributable to less local
inflammation.67 Furthermore, actively growing ke-
loid explants, placed into nude mice that lack an
immune system, grow initially and then regress
despite revascularization. Keloid regression in
nude mice supports the theory that a systemic
immune response directed their growth before
explantation.68–70

Sebum Reaction Hypothesis
Keloids could arise from an immune reaction

to sebum. Dermal injury exposes the piloseba-
ceous unit to systemic circulation, and in individ-
uals who retain T lymphocytes sensitive to sebum,
a cell-mediated immune response is initiated.

Release of cytokines, in particular interleukins
and TGF-�, stimulates mast cell chemotaxis and
fibroblast production of collagen. As the keloid
expands, further pilosebaceous units on the ad-
vancing border are disrupted, and the process
propagates.71–73 Keloids preferentially occur on
anatomical sites with high concentrations of se-
baceous glands, such as the chest wall, shoulder,
and pubic area (Fig. 6), and rarely occur on an-
atomical sites lacking sebaceous glands, such as
the palm and sole. The sebum reaction hypothesis
explains why an individual with two otherwise
identical incisions could develop one keloid and
one normal scar.72,73 The sebum reaction hypoth-
esis also explains why only human beings, the only
mammals with true sebaceous glands, are affected
by keloidal scarring. Patients with keloids demon-
strate a positive skin reaction to intradermal se-
bum antigen71 and tend to have a greater resultant
weal size than patients without a keloid diathesis.74

Furthermore, keloids can form following immu-
nization with autologous skin,75 and a sebum vac-
cine can successfully desensitize patients from ke-
loid recurrence following excision.71

The success of radiation therapy and steroids
in the treatment of keloids, the former reducing
sebum production76 and the latter inhibiting local
lymphocyte activity, is consistent with a sebum re-
action as the cause. It has been speculated that
ablation of the pilosebaceous unit before elective
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surgical excision may provide prophylaxis against
the later formation of keloids.72

TREATMENT STRATEGIES
Steroids

Intralesional steroid (triamcinolone) is the
most effective and widely used treatment for ke-
loids.

Intralesional triamcinolone acetonide, a po-
tent anti-inflammatory hydrocortisone fluori-
dated at its ninth carbon, is first-line therapy for
keloids (Fig. 7).77–79 Large trials in the 1960s and
1970s demonstrated that the efficacy of triamcin-
olone against keloids exceeds 80 percent.80 – 85

Triamcinolone acetonide (Kenalog, 10 mg/cc;
Bristol-Myers Squibb, Princeton, N.J.) is in-
jected intralesionally, typically 10 mg per linear
centimeter of keloid every 2 to 6 weeks, until clinical
resolution or until side effects prohibit use.

Triamcinolone inhibits the proliferation of
normal and keloid fibroblasts, inhibits collagen
synthesis, increases collagenase production, and
reduces levels of collagenase inhibitors.83,86–89

Working through fibroblast glucocorticoid recep-
tors, steroids also induce ultrastructural changes
in collagen synthesis that enhance the organiza-
tion of collagen bundles and degenerate the char-
acteristic keloidal collagen nodules.88,90

Adverse effects, including subcutaneous atro-
phy, telangiectasis, and pigment changes, occur in
approximately half of all patients treated with tri-
amcinolone but frequently resolve without
intervention.77,78,84,91–93 Systemic effects of steroids
(Cushing’s syndrome) generally do not occur with
intralesional triamcinolone treatment, but rare
cases have been reported.94,95

Surgery
Surgical excision of keloids by itself generally

results in lesion recurrence.
Surgical excision of keloids alone has consis-

tently shown poor results, with recurrence rates of
40 to 100 percent.5,7,48,96 Simple excision is be-
lieved to stimulate additional collagen synthesis,
resulting in rapid regrowth and often a larger
keloid.48,97

Subtotal excision along with lateral undermin-
ing has been credited with improved outcome and
fewer recurrences (Fig. 8). Because the rim of the
keloid scar serves to splint the wound and relieve
tension, the stimulus for collagen synthesis is
decreased.92 However, an earlier study comparing

Fig. 6. Spontaneous keloid formation in the pubic area of male
(above) and female (below) patients.

Fig. 7. An earlobe keloid is injected with steroid (triamcinolone
acetate) using a syringe with a 25-gauge needle.
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different excisional strategies did not find merit in
subtotal excision,96 and currently both subtotal
and complete surgical excision are practiced.

Surgical excisions can be closed either primar-
ily or through a number of reconstructive tech-
niques. In general, sutures are removed as early as
possible and intradermal, subcuticular closure is
preferred, to avoid suture marks that subsequently
develop keloids.47 Monofilamentous suture is pre-
ferred to braided suture to minimize local inflam-
matory reaction.67 If primary closure does not suf-
fice, the wound from the surgical excision of
keloids can be closed with flap advancement, au-
tograft, or composite allografts, including Integra
(Life Sciences, Plainsboro, N.J.).98

Radiation
Radiation therapy effectively reduces keloid

recurrence rates. Its use has been limited by the
theoretical risk of inducing malignancy.

Radiation therapy as an adjunct to keloid ex-
cision has efficacy rates of 65 to 99 percent in
long-term follow-up, with results consistently bet-
ter than matched controls of surgical excision
alone.93,99–102 Radiation therapy is generally ad-
ministered immediately after keloid excision, us-
ing fractionated therapy with a total dose of 10 to
15 Gy.

Radiation of keloids damages the fibroblasts
directly and affects collagen structure and
organization.31,100 In vitro studies demonstrate

that radiation increases the rate of apoptosis in
keloid fibroblast to normal, reestablishing cell
population equilibrium.31 One study suggests ad-
juvant radiation should be used selectively in early
keloids,103 reflecting the increased number of pro-
liferating fibroblasts in younger keloids.

Skin pigmentation changes and ulceration oc-
casionally occur and frequently resolve without
treatment.5,49,93,96,99–101,103,104 Wound dehiscence
has not been noted with early postoperative ra-
diotherapy of keloids.49,100,102 Radiotherapy is con-
traindicated for keloids in pediatric patients and
pregnant women and on sites with underlying vis-
ceral structure. Despite the theoretical risk of can-
cer and a few documented cases, there has been
no association of radiation therapy for keloids and
carcinogenesis in multiple large clinical trials, to-
taling thousands of patients treated.49,99-102,104 Ra-
diation therapy should probably be used more
frequently in the management of keloids when
exposure of visceral structures can be avoided.

Silicone Gel
Silicone gel is effective in the management of

keloids, although its mechanism of action is un-
known. The use of silicone gel, especially as sheets,
is limited by daily patient compliance.

Silicone gel, a U.S. Food and Drug Adminis-
tration–approved, cross-linked polymer of dim-
ethylsiloxane, is an effective adjunct to keloid ex-
cision and a prophylaxis to abnormal scarring in

Fig. 8. Serial views of a subtotal surgical excision of a large keloid around the left ear. (Left) Preoperatively; (center) after surgical
excision; and (right) postoperatively after primary closure.
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elective incisions.105–110 Use of silicone gel either as
a topical gel or impregnated elastic sheet requires
covering the entire scar for at least 12 hours each
day, and ideally 24 hours per day except when the
skin is being cleaned (Fig. 9). Silicone gel can be
used alone or as adjuvant therapy after excision
and is effective after 4 to 6 months of
treatment.109,111,112 Use of silicone gel has resulted
in more rapid healing and can be used in con-
junction with carbon dioxide laser excision to de-
crease recurrence rates.111,112

Silicone gel probably acts as an impermeable
membrane that keeps the skin hydrated, function-
ing in a manner analogous to the stratum
corneum.113–115 In vitro experiments have docu-
mented that silicone is inert, with no effect on
fibroblast function or survival, but enhanced ker-
atinocyte hydration alters growth factor secretion,
which in turn affects fibroblast function and col-
lagen production.115 The clinical effects of silicone
gel do not appear to be mediated by changes in
pressure, temperature, tissue oxygenation,106,107 or
silicone entry into the dermis.106,107,109,116

Adverse effects of silicone gel include occa-
sional skin maceration, erosion, rash, and pruri-
tus, all of which resolve with removal of the gel for
several days followed by reapplication.109–112,116,117

Silicone gel is comfortable, but it requires active
patient compliance and long-term application
that can be especially challenging on mobile and
angled anatomical sites such as the neck.111

Pressure Therapy
Pressure therapy following excision is effective

with minimal adverse effects, but its practical use
is limited to earlobes.

Pressure therapy is an effective therapy for
keloids and has found its widest use as a postop-
erative adjunct for earlobe keloids. Recurrence-
free rates of excision followed by earlobe pressure
therapy generally exceed 80 percent.118–126 In a
controlled trial in 1942, Nason found that adju-
vant postoperative pressure reduced recurrence
rates of keloids excised from various parts of the
body from 67 percent to 18 percent.127 The mech-
anism of pressure therapy has not been deter-
mined. Because tension affects collagen produc-
tion and organization,42,43 some of the therapeutic
benefit of pressure might be a result of altered
wound tension. An additional mechanism may be
through pressure-induced ischemia that promotes
collagen degradation and modulates fibroblast
activity.128 Because compression earrings should
be worn 24 hours per day after suture removal,
patient compliance can be an issue. Nevertheless,
whether used on the earlobe or for keloids on
other parts of the body, pressure therapy is simple
and highly efficacious, with minimal adverse ef-
fects.

Laser
Laser therapy has been advocated but has not

been shown to be effective in keloid management.
The carbon dioxide laser has the reported

advantages of reduced blood loss, decreased post-
operative pain, and less scarring.129–131 However,
carbon dioxide laser excision alone yields unre-
markable results, with over 50 percent recurrence
rate, suggesting no advantage over scalpel
excision.103,129 Some investigators combined the
carbon dioxide laser with modalities including in-
terferon, triamcinolone, and silicone gel,103,112,132

and reported success rates similar to scalpel exci-
sion with respective adjuvant therapy. The cost of
the carbon dioxide laser and the recurrence rate
prohibit its use over the scalpel.

Fig. 9. Silicone gel can be used either alone or in combination
therapy, including postresection, and can be applied to the scar
as a gel (above) or as an impregnated sheet (below).
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In numerous studies, keloids respond to the
585-nm flashlamp-pumped pulsed-dye laser with
efficacy exceeding 75 percent and minimal mor-
bidity in selected patients.133–137 The mechanism
of the flashlamp-pumped pulsed-dye laser is se-
lective thermolysis of hemoglobin molecules,
which results in microvascular damage and co-
agulative necrosis, and ultimately tissue hypox-
ia; the laser may also cause dissociation of col-
lagen bundles.134,136,138 The main problem with
the 585-nm flashlamp-pumped pulsed-dye laser
is that melanin is a competing chromophore.
Therefore, the flashlamp-pumped pulsed-dye la-
ser loses efficacy in darker skinned individuals,
who are at risk for keloids.

5-Fluorouracil
Intralesional 5-fluorouracil is an experimental

therapy for keloids that has shown some potential
in preliminary trials.

5-Fluorouracil is an antimetabolite that in-
hibits fibroblast proliferation and modestly im-
proves keloidal scarring.139 –141 5-Fluorouracil
has been successfully used to inhibit postsurgi-
cal scarring in glaucoma surgery.142 Intrale-
sional administration of 5-fluorouracil as single
therapy for keloids has been reported in one
retrospective study of more than 1000 patients
where an initial response was almost uniformly
present but was followed by recurrence, neces-
sitating serial administrations.139 5-Fluorouracil
(50 mg/ml) was injected at 0.05 ml per linear
centimeter or until blanching appeared every 3
weeks up to 10 times. A small placebo-controlled
prospective trial of surgical excision followed by
topical administration of 5-fluorouracil sug-
gested clinical improvement in the treatment
arm after 6 months of follow-up, along with a
trend toward normalization of immunohisto-
chemical markers.140 Wounds were exposed to a
pledget soaked with 5-fluorouracil (50 mg/ml)
for 5 minutes, then closed. Adverse effects have
been rare and include superficial skin irritation
without any discernible hematologic changes.139–141

Interferon
Intralesional interferon is an experimental

therapy with considerable systemic adverse effects.
Its efficacy in keloid management has not been
demonstrated.

Interferons are cytokines secreted mainly by
T-helper lymphocytes that produce an antifi-
brotic profile.143–146 Interferon-� and interferon-
�2b have been used in the experimental treat-

ment of keloids. Interferon-�2b has a more
comprehensive effect on enzymes that modulate
collagen levels.145 Three trials of intralesional
interferon-� only demonstrated keloid soften-
ing or modest size reduction.147–149 Interferon-
�2b was demonstrated to decrease keloid sur-
face area following serial intralesional
injections.144 However, three subsequent clini-
cal trials using intralesional interferon-�2b
alone failed to demonstrate any efficacy.150 –152

After carbon dioxide laser excision, a small trial
of adjuvant intralesional interferon-�2b sug-
gested a 66 percent cure rate with 3 years of
follow-up; one arm of the study group with ear
keloids had no recurrences.132 However, a clin-
ical trial of postexcisional interferon-�2b versus
triamcinolone therapy was prematurely termi-
nated because of a 46 percent recurrence in keloids
treated with interferon-�2b versus 15 percent with
triamcinolone (p � 0.05) (this issue, p. 247).

Unlike other treatment modalities for keloids,
intralesional interferon produces adverse systemic
effects. Dose-dependent flu-like symptoms, in-
cluding pyrexia, headache, and myalgias, may de-
velop after therapy. Patients can be either treated
or prophylactically pretreated with acetamino-
phen for relief of symptoms.144,147,148,153

Retinoids
Retinoids, an experimental therapy, have pro-

duced responses in limited clinical trials, but there
has been no general acceptance in clinical prac-
tice.

Topical and intralesional vitamin A and its
retinoid derivatives enhance new wound healing
and promote regression of pathologic scar
tissue.154–156 Two clinical trials show significant re-
sponses of established keloids to 0.05% topical reti-
noic acid applied twice daily for 3 months.59,157,158

Retinoids enhance epidermal proliferation
while inhibiting that of fibroblasts and shift the heal-
ing process to normal regeneration.154,155 In vitro
data have suggested that retinoids can modulate pro-
liferation of normal and keloid fibroblasts and mod-
ulate collagen production.87,155,159,160 Interestingly,
retinoids also suppress sebum production,161

which could have a role in keloid pathogenesis.
Adverse effects included photosensitivity, skin ir-
ritation in 50 percent, and slight skin atrophy in
10 percent of patients.59,157

Other Therapies
Additional strategies for keloid manage-

ment have been reported in the literature, in-
cluding the following.
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Calcium Channel Blockers
Intralesional injection of phenylalkylamine

calcium channel receptor antagonists after keloid
excision has shown promising early results in three
clinical trials.124,162,163 Intralesional verapamil was
also successfully used in one of these trials with
pressure therapy and in another with topical sili-
cone. No significant adverse events of intralesional
verapamil were reported in these trials. The mech-
anism of action likely involves inhibition of calci-
um-dependent reactions involved in extracellular
matrix production and enhancement of extracel-
lular matrix degradation.164–166

Cryosurgery
Cryosurgery uses rapid, repeated cooling and

rewarming of tissue, leading to cell death and
tissue sloughing. The efficacy of cryosurgery on
keloids has been reported to range from 50 to 85
percent, with moderate flattening and symptom-
atic relief.167,168 Unlike surgical excision, cryosur-
gery also has a direct beneficial effect on the ke-
loidal collagen, resulting in improved collagen
bundle organization.168 Cryotherapy can cause hy-
popigmentation or depigmentation.

Antihistamine
Histamine antagonists, particularly those spe-

cific to the H1 subtype receptor, can relieve some
of the burning and pruritus associated with ke-
loids and may modulate keloid size.169–172 The
problematic pruritus of keloids5 probably results
from mast cell degranulation and histamine
release.96 Histamine may also contribute to keloid
formation through stimulation of collagen synthe-
sis and other processes.169,170

Penicillamine, �-Aminopropionitrile, and
Colchicine
Penicillamine and �-aminopropionitrile are

lysyl oxidase inhibitors that interfere with collagen
crosslinking, making collagen more susceptible to
collagenases. These oral agents are used in con-
junction with colchicine, which increases collage-
nase activity. This strategy shifts the collagen turn-
over ratio by manipulating extracellular enzymes.
In a small case series, no keloids recurred after 18
months and there were no documented adverse
effects.173

Experimental Therapies
Several other experimental therapies for ab-

normal scarring have been attempted in single
case reports or small trials, some of which will
likely undergo further investigation on keloids in
the future. These therapies include bleomycin,
imiquimod, and cyclosporine.174–179

Combination Therapy
The most effective management for keloids

uses combination therapy, generally excision with
adjuvant treatment.

Surgery Plus Steroids
Scalpel excision of the lesion followed by in-

jection of triamcinolone (10 mg per linear centi-
meter) into the wound bed, often with repeat
injection at follow-up, is the most successful man-
agement for keloids. Cure rates exceeding 80 per-
cent have been consistently reported using this
combination regimen.80,83–85 The same adverse ef-
fects found with steroid treatment alone (atrophy,
telangiectasias, and pigment changes) can be seen
following this combination therapy, and tend to
resolve themselves.

Carbon Dioxide Laser Plus Steroids
Excision of keloids using carbon dioxide laser

followed by postoperative injection of steroids into
the wound bed yields cure rates comparable to
those of scalpel excision followed by steroid
injection.103 Use of the carbon dioxide laser has
been reported to result in decreased postoperative
pain.129,130

Surgery Plus Radiation Therapy
Surgical excision with immediate postopera-

tive radiotherapy can be used for keloids without
any underlying visceral structures, particularly the
extremities. This combination therapy yields cure
rates ranging from 65 to 99 percent, with minimal
adverse effects of occasional skin pigment changes
and ulceration.93,100–102,104,180,181 Radiation therapy
should not be used in the treatment of keloids in
the pediatric population or pregnant women, be-
cause of the theoretical risk of malignancy.

Surgery Plus Compression Earrings
Surgical excision of earlobe keloids followed

by the use of compression earrings results in cure
rates exceeding 80 percent, with minimal adverse
effects.118,120 This combination regimen is the pre-
ferred method of managing earlobe keloids.

Surgery Plus Silicone Gel Sheeting
Excision of the keloid followed by application

of a silicone gel sheet for up to 24 hours per day
for 4 to 6 months results in recurrence-free rates
exceeding 80 percent.109,111,112 Adverse effects of
this treatment regimen include minor skin irrita-
tion and occasional maceration. Patient compli-
ance is frequently a problem.

Surgery Plus 5-Fluorouracil
Injection of 5-fluorouracil into the wound bed

after surgical excision of the keloid is an experi-
mental treatment resulting in cure rates exceed-
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ing those with surgical excision alone, with rare
adverse effects including minor skin irritation.140

FUTURE DIRECTIONS
Current research aims to determine the mo-

lecular basis of wound healing and keloid patho-
genesis. Four topics deserve special attention in
future keloid research.

Animal Model
No adequate animal model has been devel-

oped for keloids. Humans are the only mammals
that develop keloids, and attempts to create an
animal model such as the nude mouse have failed.
Even though increased knowledge of keloid
pathogenesis suggests a systemic immune compo-
nent to their cause, the nude mouse continues to
be used to study the molecular effects of experi-
mental therapeutics.68–70,182 Animal models using
explanted human tissue would likely require trans-
genic technology to produce a permissive host
environment, and the components of such an en-
vironment are poorly understood.

Immunologic Factors
There is a strong immunologic component to

keloid formation. Investigation of the role of the
immune system could result in a paradigm shift
from viewing keloids as a local phenomenon to
considering them a systemic autoimmune disease.
Furthermore, immunologic research could clarify
the genetic component of keloid formation. In-
terestingly, a propensity to form keloids may con-
fer immunity against melanoma and other skin
malignancies65; potential insight into any such
mechanism would have enormous implications.

TGF-� Subtype Agonists and Antagonists
TGF-� appears to be the growth factor most

central to keloid pathogenesis. Increased under-
standing of the role of TGF-� signaling in fibrotic
diseases and elucidation of the characteristics of
the different TGF-� subtypes make manipulation
of these molecules an attractive therapeutic
strategy.146,183 TGF-�1 and TGF-�2 promote fi-
brotic scarring in in vivo animal models, and
TGF-�3 has the opposite effect of enhancing phys-
iologic healing.184–187 Investigation into novel
TGF-�3 agonists and TGF-�1 and TGF-�2 antag-
onists may produce new therapeutic tools with
enhanced efficacy and specificity.

Mesenchymal-Epidermal Interactions
Keratinocytes play a critical role in keloid

pathogenesis. The role of epidermal components
such as keratinocytes and Langerhans cells has
probably been underestimated, because keloids
have been perceived as a dermal, fibroblastic dis-
ease. The keratinocyte-fibroblast coculture tech-
niques in the Longaker Laboratory and the rabbit
ear scarring models in the Mustoe Laboratory will
allow investigation into mesenchymal-epidermal
interactions.188–191 Knowledge of the mesenchy-
mal-epidermal interaction will likely drive devel-
opment of future therapies.

CONCLUSIONS
No ideal therapy exists for keloids, reflecting

our poor understanding of keloid pathogenesis.
Although evidence supports each of the hypoth-
eses presented, the cause of keloids and a targeted
therapy remain elusive. Optimal treatment con-
tinues to be various combinations of triamcino-
lone, surgical excision, pressure therapy, silicone
gel, and occasionally radiotherapy. Current com-
bination therapies appear to decrease recurrence
rates as compared with monotherapy. The most
effective combination needs to be identified in
future clinical trials. Ideally, a regimen of surgical
excision minimizing tissue trauma, inflammation,
and tension could be combined with an injectable
modulator, steroids, and 5-fluorouracil, external
beam radiation when applicable, and a hydrating
pressure dressing to address the cellular mecha-
nisms. Furthermore, an oral adjuvant therapy (an-
tihistamine, colchicines) to modify host response
may improve outcomes. The ideal combination of
intradermal, extradermal, and systemic treat-
ments will provide keloid patients more reliable
and effective therapy.

Steven P. Davison, M.D., D.D.S.
Department of Plastic Surgery

Georgetown University Medical Center
1st Floor PHC Building

3800 Reservoir Road, NW
Washington, D.C. 20007

spd2@gunet.georgetown.edu

REFERENCES
1. Cohen, I. K., Keiser, H. R., and Sjoerdsma, A. Collagen synthesis

in human keloid and hypertrophic scar. Surg. Forum 22: 488,
1971.

2. Craig, R. D. Collagen biosynthesis in normal human skin, nor-
mal and hypertrophic scar and keloid. Eur. J. Clin. Invest. 5: 69,
1975.

3. Breasted, J. H. The Edwin Smith surgical papyrus, Vol. 1. (hiero-
glyphic translation and commentary). Chicago: University of
Chicago Press, 1930. Pp. 403–406.

Plastic and Reconstructive Surgery • January 2006

296



4. Alibert, J. L. M. Description des maladies de la peau observees
a l’hopital Saint-Louis et exposition des meilleures methodes
suives pour leur traitment. Barrois l’aine et fils 113, 1806.

5. Cosman, B., Crikelair, G. F., Ju, D. M. C., Gaulin, J. C., and
Lattes, R. The surgical treatment of keloids. Plast. Reconstr. Surg.
27: 335, 1961.

6. Mancini, R. E., and Quaife, J. V. Histogenesis of experimentally
produced keloids J. Invest. Dermatol. 38: 143, 1962.

7. Peacock, E. E., Jr., Madden, J. W., and Trier, W. C. Biologic basis
for the treatment of keloids and hypertrophic scars. South. Med.
J. 63: 755, 1970.

8. Murray, J. C. Keloids and hypertrophic scars. Clin. Dermatol. 12:
27, 1994.

9. Muir, I. F. On the nature of keloid and hypertrophic scars. Br. J.
Plast. Surg. 43: 61, 1990.

10. Nakaoka, H., Miyauchi, S., and Miki, Y. Proliferating activity of
dermal fibroblasts in keloids and hypertrophic scars. Acta Derm.
Venereol. 75: 102, 1995.

11. Ehrlich, H. P., Desmouliere, A., Diegelmann, R., et al. Mor-
phological and immunochemical differences between keloid
and hypertrophic scar. Am. J. Pathol. 145: 105, 1994.

12. Blackburn, W. R., and Cosman, B. Histologic basis of keloid and
hypertrophic scar differentiation: Clinicopathologic correla-
tion. Arch. Pathol. 82: 65, 1966.

13. Hoopes, J. E., Su, C. T., and Im, M. J. Enzyme activities in
hypertrophic scars and keloids. Plast. Reconstr. Surg. 47: 132,
1971.

14. Ueda, K., Furuya, E., Yasuda, Y., Oba, S., and Tajima, S. Keloids
have continuous high metabolic activity. Plast. Reconstr. Surg.
104: 694, 1999.

15. Friedman, D. W., Boyd, C. D., Mackenzie, J. W., Norton, P.,
Olson, R. M., and Deak, S. B. Regulation of collagen gene
expression in keloids and hypertrophic scars. J. Surg. Res. 55:
214, 1993.

16. Pierce, G. F., Tarpley, J. E., Yanagihara, D., Mustoe, T. A., Fox,
G. M., and Thomason, A. Platelet-derived growth factor (BB
homodimer), transforming growth factor-beta 1, and basic fi-
broblast growth factor in dermal wound healing: Neovessel and
matrix formation and cessation of repair. Am. J. Pathol. 140:
1375, 1992.

17. Younai, S., Nichter, L. S., Wellisz, T., Reinisch, J., Nimni, M. E.,
and Tuan, T. L. Modulation of collagen synthesis by transform-
ing growth factor-beta in keloid and hypertrophic scar fibro-
blasts. Ann. Plast. Surg. 33: 148, 1994.

18. Bettinger, D. A., Yager, D. R., Diegelmann, R. F., and Cohen, I.
K. The effect of TGF-beta on keloid fibroblast proliferation and
collagen synthesis. Plast. Reconstr. Surg. 98: 827, 1996.

19. Russell, S. B., Trupin, K. M., Rodriguez-Eaton, S., Russell, J. D.,
and Trupin, J. S. Reduced growth-factor requirement of keloid-
derived fibroblasts may account for tumor growth. Proc. Natl.
Acad. Sci. U. S. A. 85: 587, 1988.

20. Peltonen, J., Hsiao, L. L., Jaakkola, S., et al. Activation of col-
lagen gene expression in keloids: Co-localization of type I and
VI collagen and transforming growth factor-beta 1 mRNA. J. In-
vest. Dermatol. 97: 240, 1991.

21. Younai, S., Venters, G., Vu, S., Nichter, L., Nimni, M. E., and
Tuan, T. L. Role of growth factors in scar contraction: An in vitro
analysis. Ann. Plast. Surg. 36: 495, 1996.

22. Kischer, C. W., Wagner, H. N., Jr., Pindur, J., et al. Increased
fibronectin production by cell lines from hypertrophic scar and
keloid. Connect. Tissue Res. 23: 279, 1989.

23. Pearlstein, E., Gold, L. I., and Garcia-Pardo, A. Fibronectin: A
review of its structure and biological activity. Mol. Cell. Biochem.
29: 103, 1980.

24. Alaish, S. M., Yager, D. R., Diegelmann, R. F., and Cohen, I. K.
Hyaluronic acid metabolism in keloid fibroblasts. J. Pediatr. Surg.
30: 949, 1995.

25. Hunzelmann, N., Anders, S., Sollberg, S., Schonherr, E., and
Krieg, T. Co-ordinate induction of collagen type I and biglycan
expression in keloids. Br. J. Dermatol. 135: 394, 1996.

26. Andriessen, M. P., Niessen, F. B., Van de Kerkhof, P. C., and
Schalkwijk, J. Hypertrophic scarring is associated with epider-

mal abnormalities: An immunohistochemical study. J. Pathol.
186: 192, 1998.

27. Knighton, D. R., Hunt, T. K., Scheuenstuhl, H., Halliday, B. J.,
Werb, Z., and Banda, M. J. Oxygen tension regulates the ex-
pression of angiogenesis factor by macrophages. Science 221:
1283, 1983.

28. Kischer, C. W. The microvessels in hypertrophic scars, keloids
and related lesions: A review. J. Submicrosc. Cytol. Pathol. 24: 281,
1992.

29. Kischer, C. W., Thies, A. C., and Chvapil, M. Perivascular myo-
fibroblasts and microvascular occlusion in hypertrophic scars
and keloids. Hum. Pathol. 13: 819, 1982.

30. Kischer, C. W. Contributions of electron microscopy to the
study of the hypertrophic scar and related lesions. Scanning
Microsc. 7: 921, 1993.

31. Luo, S., Benathan, M., Raffoul, W., Panizzon, R. G., and Egloff,
D. V. Abnormal balance between proliferation and apoptotic
cell death in fibroblasts derived from keloid lesions. Plast. Re-
constr. Surg. 107: 87, 2001.

32. Milsom, J. P., and Craig, R. D. Collagen degradation in cultured
keloid and hypertrophic scar tissue. Br. J. Dermatol. 89: 635, 1973.

33. Sollberg, S., Peltonen, J., and Uitto, J. Combined use of in situ
hybridization and unlabeled antibody peroxidase anti-peroxi-
dase methods: Simultaneous detection of type I procollagen
mRNAs and factor VIII-related antigen epitopes in keloid tissue.
Lab. Invest. 64: 125, 1991.

34. Diegelmann, R. F., Bryant, C. P., and Cohen, I. K. Tissue alpha-
globulins in keloid formation. Plast. Reconstr. Surg. 59: 418, 1977.

35. Craig, R. D., Schofield, J. D., and Jackson, D. S. Collagen bio-
synthesis in normal and hypertrophic scars and keloid as a
function of the duration of the scar. Br. J. Surg. 62: 741, 1975.

36. McCoy, B. J., Galdun, J., and Cohen, I. K. Effects of density and
cellular aging on collagen synthesis and growth kinetics in ke-
loid and normal skin fibroblasts. In Vitro 18: 79, 1982.

37. Matsuoka, L. Y., Uitto, J., Wortsman, J., Abergel, R. P., and
Dietrich, J. Ultrastructural characteristics of keloid fibroblasts.
Am. J. Dermatopathol. 10: 505, 1988.

38. Nakaoka, H., Miyauchi, S., and Miki, Y. Proliferating activity of
dermal fibroblasts in keloids and hypertrophic scars. Acta Derm.
Venereol. 75: 102, 1995.

39. Calderon, M., Lawrence, W. T., and Banes, A. J. Increased
proliferation in keloid fibroblasts wounded in vitro. J. Surg. Res.
61: 343, 1996.

40. Tuan, T. L., Zhu, J. Y., Sun, B., Nichter, L. S., Nimni, M. E., and
Laug, W. E. Elevated levels of plasminogen activator inhibitor-1
may account for the altered fibrinolysis by keloid fibroblasts.
J. Invest. Dermatol. 106: 1007, 1996.

41. Uchida, G., Yoshimura, K., Kitano, Y., Okazaki, M., and Harii,
K. Tretinoin reverses upregulation of matrix metalloprotein-
ase-13 in human keloid-derived fibroblasts. Exp. Dermatol. 12
Suppl. 2: 35, 2003.

42. Sussman, M. D. Effect of increased tissue traction upon tensile
strength of cutaneous incisions in rats. Proc. Soc. Exp. Biol. Med.
123: 38, 1966.

43. Curtis, A. S., and Seehar, G. M. The control of cell division by
tension or diffusion. Nature 274: 52, 1978.

44. Brody, G. S., Peng, S. T., and Landel, R. F. The etiology of
hypertrophic scar contracture: Another view. Plast. Reconstr.
Surg. 67: 673, 1981.

45. Courtiss, E. H., Longarcre, J. J., Destefano, G. A., Brizic, L., and
Holmstrand, K. The placement of elective skin incisions. Plast.
Reconstr. Surg. 31: 31, 1963.

46. Reiffel, R. S. Prevention of hypertrophic scars by long-term
paper tape application. Plast. Reconstr. Surg. 96: 1715, 1995.

47. Anate, M. Skin closure of laparotomy wounds: Absorbable sub-
cuticular sutures vs. non-absorbable interrupted sutures. West
Afr. J. Med. 10: 150, 1991.

48. Brody, G. S. Keloids and hypertrophic scars. Plast. Reconstr. Surg.
86: 804, 1990.

49. Ogawa, R., Mitsuhashi, K., Hyakusoku, H., and Miyashita, T.
Postoperative electron-beam irradiation therapy for keloids and
hypertrophic scars: Retrospective study of 147 cases followed for
more than 18 months. Plast. Reconstr. Surg. 111: 547, 2003.

Volume 117, Number 1 • Keloid Pathogenesis and Treatment

297



50. Alhady, S. M., and Sivanantharajah, K. Keloids in various races:
A review of 175 cases. Plast. Reconstr. Surg. 44: 564, 1969.

51. Cohen, I. K., McCoy, B. J., Mohanakumar, T., and Diegelmann,
R. F. Immunoglobulin, complement, and histocompatibility an-
tigen studies in keloid patients. Plast. Reconstr. Surg. 63: 689,
1979.

52. Ramakrishnan, K. M., Thomas, K. P., and Sundararajan, C. R.
Study of 1,000 patients with keloids in South India. Plast. Re-
constr. Surg. 53: 276, 1974.

53. Castagnoli, C., Peruccio, D., Stella, M., et al. The HLA-DR beta
16 allogenotype constitutes a risk factor for hypertrophic scar-
ring. Hum. Immunol. 29: 229, 1990.

54. Laurentaci, G., and Dioguardi, D. HLA antigens in keloids and
hypertrophic scars. Arch. Dermatol. 113: 1726, 1977.

55. Placik, O. J., and Lewis, V. L., Jr., Immunologic associations of
keloids. Surg. Gynecol. Obstet. 175: 185, 1992.

56. Smith, C. J., Smith, J. C., and Finn, M. C. The possible role of
mast cells (allergy) in the production of keloid and hypertro-
phic scarring J. Burn Care Rehabil. 8: 126, 1987.

57. Bloch, E. F., Hall, M. G., Jr., Denson, M. J., and Slay-Solomon,
V. General immune reactivity in keloid patients. Plast. Reconstr.
Surg. 73: 448, 1984.

58. Kazeem, A. A. The immunological aspects of keloid tumor
formation. J. Surg. Oncol. 38: 16, 1988.

59. Janssen de Limpens, A. M. The local treatment of hypertrophic
scars and keloids with topical retinoic acid. Br. J. Dermatol. 103:
319, 1980.

60. Murray, J. C., Pollack, S. V., and Pinnell, S. R. Keloids: A review.
J. Am. Acad. Dermatol. 4: 461, 1981.

61. Curth, W., and McSorley, J. Multiple keloids. Arch. Dermatol. 104:
106, 1971.

62. Siraganian, P. A., Rubinstein, J. H., and Miller, R. W. Keloids and
neoplasms in the Rubinstein-Taybi syndrome. Med. Pediatr. On-
col. 17: 485, 1989.

63. Hambrick, G. W., Jr., and Carter, D. M.Pachydermoperiostosis:
Touraine-Solente-Gole syndrome. Arch. Dermatol. 94: 594, 1966.

64. Akintewe, T. A., and Alabi, G. O. Scleroderma presenting with
multiple keloids. Br. Med. J. (Clin. Res. Ed.) 291: 448, 1985.

65. Hazrati, E., and Hoomand, A. The keloidal diathesis: A resistant
state to malignancies? Plast. Reconstr. Surg. 59: 555, 1977.

66. Mukherjee, A., Mukherjee, A., and Saha, K. C. Delayed type
hypersensitivity reaction to cutaneous antigen in keloid. Indian
J. Dermatol. 27: 125, 1982.

67. Niessen, F. B., Spauwen, P. H., and Kon, M. The role of suture
material in hypertrophic scar formation: Monocryl vs. Vicryl-
rapide. Ann. Plast. Surg. 39: 254, 1997.

68. Shetlar, M. R., Shetlar, C. L., Hendricks, L., and Kischer, C. W.
The use of athymic nude mice for the study of human keloids.
Proc. Soc. Exp. Biol. Med. 179: 549, 1985.

69. Estrem, S. A., Domayer, M., Bardach, J., and Cram, A. E. Im-
plantation of human keloid into athymic mice. Laryngoscope 97:
1214, 1987.

70. Waki, E. Y., Crumley, R. L., and Jakowatz, J. G. Effects of phar-
macologic agents on human keloids implanted in athymic mice:
A pilot study. Arch. Otolaryngol. Head Neck Surg. 117: 1177, 1991.

71. Yagi, K. I., Dafalla, A. A., and Osman, A. A. Does an immune
reaction to sebum in wounds cause keloid scars? Beneficial
effect of desensitisation. Br. J. Plast. Surg. 32: 223, 1979.

72. Fong, E. P., Chye, L. T., and Tan, W. T. Keloids: Time to dispel
the myths? Plast. Reconstr. Surg. 104: 1199, 1999.

73. Fong, E. P., and Bay, B. H. Keloids: The sebum hypothesis
revisited. Med. Hypotheses 58: 264, 2002.

74. Fasika, O. M. Keloids: A study of the immune reaction to sebum.
East Afr. Med. J. 69: 114, 1992.

75. Chytilova, M., Kulhanek, V., and Horn, V. Keloids as a form of
auto-aggression in the scar. Rozhl. Chir. 39: 393, 1960.

76. Strauss, J. S. Radiation therapy of acne. Conn. Med. 23: 654, 1959.
77. Niessen, F. B., Spauwen, P. H., Schalkwijk, J., and Kon, M. On

the nature of hypertrophic scars and keloids: A review. Plast.
Reconstr. Surg. 104: 1435, 1999.

78. Mustoe, T. A., Cooter, R. D., Gold, M., et al. International
clinical recommendations on scar management. Plast. Reconstr.
Surg. 110: 560, 2002.

79. Bayat, A., Arscott, G., Ollier, W. E., Ferguson, M. W., and Mc-
Grouther, D. A. “Aggressive keloid”: A severe variant of familial
keloid scarring. J. R. Soc. Med. 96: 554, 2003.

80. Hollander, A. Intralesional injections of triamcinolone ace-
tonide: A therapy for dermatoses. Antibiot. Med. Clin. Ther. 8: 78,
1961.

81. Murray, R. D. Kenalog and the treatment of hypertrophied scars
and keloids in Negroes and whites. Plast. Reconstr. Surg. 31: 275,
1963.

82. Griffith, B. H. The treatment of keloids with triamcinolone
acetonide. Plast. Reconstr. Surg. 38: 202, 1966.

83. Ketchum, L. D., Smith, J., Robinson, D. W., and Masters, F. W.
The treatment of hypertrophic scar, keloid and scar contracture
by triamcinolone acetonide. Plast. Reconstr. Surg. 38: 209, 1966.

84. Ketchum, L. D., Robinson, D. W., and Masters, F. W. Follow-up
on treatment of hypertrophic scars and keloids with triamcin-
olone. Plast. Reconstr. Surg. 48: 256, 1971.

85. Griffith, B. H., Monroe, C. W., and McKinney, P. A. follow-up
study on the treatment of keloids with triamcinolone acetonide.
Plast. Reconstr. Surg. 46: 145, 1970.

86. McCoy, B. J., Diegelmann, R. F., and Cohen, I. K. In vitro
inhibition of cell growth, collagen synthesis, and prolyl hydrox-
ylase activity by triamcinolone acetonide. Proc. Soc. Exp. Biol.
Med. 163: 216, 1980.

87. Cruz, N. I., and Korchin, L. Inhibition of human keloid fibro-
blast growth by isotretinoin and triamcinolone acetonide in
vitro. Ann. Plast. Surg. 33: 401, 1994.

88. Boyadjiev, C., Popchristova, E., and Mazgalova, J. Histomor-
phologic changes in keloids treated with Kenacort. J. Trauma 38:
299, 1995.

89. Kauh, Y. C., Rouda, S., Mondragon, G., et al. Major suppression
of pro-alpha1(I) type I collagen gene expression in the dermis
after keloid excision and immediate intrawound injection of
triamcinolone acetonide. J. Am. Acad. Dermatol. 37: 586, 1997.

90. Gadson, P. F., Russell, J. D., and Russell, S. B. Glucocorticoid
receptors in human fibroblasts derived from normal dermis and
keloid tissue. J. Biol. Chem. 259: 11236, 1984.

91. Friedman, S. J., Butler, D. F., and Pittelkow, M. R. Perilesional
linear atrophy and hypopigmentation after intralesional corti-
costeroid therapy: Report of two cases and review of the liter-
ature. J. Am. Acad. Dermatol. 19: 537, 1988.

92. Tang, Y. W. Intra- and postoperative steroid injections for ke-
loids and hypertrophic scars. Br. J. Plast. Surg. 45: 371, 1992.

93. Darzi, M. A., Chowdri, N. A., Kaul, S. K., and Khan, M. Evalu-
ation of various methods of treating keloids and hypertrophic
scars: A 10-year follow-up study. Br. J. Plast. Surg. 45: 374, 1992.

94. Ritota, P. C., and Lo, A. K. Cushing’s syndrome in postburn
children following intralesional triamcinolone injection. Ann.
Plast. Surg. 36: 508, 1996.

95. Teelucksingh, S., Balkaran, B., Ganeshmoorthi, A., and Arthur,
P. Prolonged childhood Cushing’s syndrome secondary to in-
tralesional triamcinolone acetonide. Ann. Trop. Paediatr. 22: 89,
2002.

96. Cosman, B., and Wolff, M. Correlation of keloid recurrence with
completeness of local excision: A negative report. Plast. Reconstr.
Surg. 50: 163, 1972.

97. Henderson, D. L. The effect of carbon dioxide laser surgery on
the recurrence of keloids (Discussion). Plast. Reconstr. Surg. 87:
50, 1991.

98. Orgill, D. P., Straus, F. H., and Lee, R. C. The use of collagen-
GAG membranes in reconstructive surgery. Ann. N.Y. Acad. Sci.
888: 233, 1999.

99. Levy, D. S., Salter, M. M., and Roth, R. E. Postoperative irradi-
ation in the prevention of keloids. A.J.R. Am. J. Roentgenol. 127:
509, 1976.

100. Borok, T. L., Bray, M., Sinclair, I., Plafker, J., LaBirth, L., and
Rollins, C. Role of ionizing irradiation for 393 keloids. Int. J.
Radiat. Oncol. Biol. Phys. 15: 865, 1988.

101. Klumpar, D. I., Murray, J. C., and Anscher, M. Keloids treated
with excision followed by radiation therapy. J. Am. Acad. Der-
matol. 31: 225, 1994.

102. Ragoowansi, R., Cornes, P. G., Moss, A. L., and Glees, J. P.
Treatment of keloids by surgical excision and immediate post-

Plastic and Reconstructive Surgery • January 2006

298



operative single-fraction radiotherapy. Plast. Reconstr. Surg. 111:
1853, 2003.

103. Norris, J. E. Superficial x-ray therapy in keloid management: A
retrospective study of 24 cases and literature review. Plast. Re-
constr. Surg. 95: 1051, 1995.

104. Kovalic, J. J., and Perez, C. A. Radiation therapy following ke-
loidectomy: A 20-year experience. Int. J. Radiat. Oncol. Biol. Phys.
17: 77, 1989.

105. Perkins, K., Davey, R. B., and Wallis, K. A. Silicone gel: A new
treatment for burn scars and contractures. Burns Incl. Therm. Inj.
9: 201, 1983.

106. Quinn, K. J., Evans, J. H., Courtney, J. M., Gaylor, J. D., and Reid,
W. H. Non-pressure treatment of hypertrophic scars. Burns Incl.
Therm. Inj. 12: 102, 1985.

107. Quinn, K. J. Silicone gel in scar treatment. Burns Incl. Therm. Inj.
13 (Suppl.): S33, 1987.

108. Ahn, S. T., Monafo, W. W., and Mustoe, T. A. Topical silicone
gel: A new treatment for hypertrophic scars. Surgery 106: 781,
1989.

109. Ahn, S. T., Monafo, W. W., and Mustoe, T. A. Topical silicone
gel for the prevention and treatment of hypertrophic scar. Arch.
Surg. 126: 499, 1991.

110. Clugston, P. A., Vistnes, M. D., Perry, L. C., Maxwell, G. P., and
Fisher, J. Evaluation of silicone-gel sheeting on early wound
healing of linear incisions. Ann. Plast. Surg. 34: 12, 1995.

111. Sproat, J. E., Dalcin, A., Weitauer, N., and Roberts, R. S. Hy-
pertrophic sternal scars: Silicone gel sheet versus Kenalog in-
jection treatment. Plast. Reconstr. Surg. 90: 988, 1992.

112. Gold, M. H. A controlled clinical trial of topical silicone gel
sheeting in the treatment of hypertrophic scars and keloids.
J. Am. Acad. Dermatol. 30: 506, 1994.

113. Davey, R. B., Wallis, K. A., and Bowering, K. Adhesive contact
media: An update on graft fixation and burn scar management.
Burns 17: 313, 1991.

114. Sawada, Y., and Sone, K. Hydration and occlusion treatment for
hypertrophic scars and keloids. Br. J. Plast. Surg. 45: 599, 1992.

115. Chang, C. C., Kuo, Y. F., Chiu, H. C., Lee, J. L., Wong, T. W.,
and Jee, S. H. Hydration, not silicone, modulates the effects of
keratinocytes on fibroblasts. J. Surg. Res. 59: 705, 1995.

116. Fulton, J. E., Jr., Silicone gel sheeting for the prevention and
management of evolving hypertrophic and keloid scars. Derma-
tol. Surg. 21: 947, 1995.

117. Cruz-Korchin, N. I. Effectiveness of silicone sheets in the pre-
vention of hypertrophic breast scars. Ann. Plast. Surg. 37: 345,
1996.

118. Brent, B. The role of pressure therapy in management of ear-
lobe keloids: Preliminary report of a controlled study. Ann.
Plast. Surg. 1: 579, 1978.

119. Mercer, D. M., and Studd, D. M. “Oyster splints”: A new com-
pression device for the treatment of keloid scars of the ear. Br.
J. Plast. Surg. 36: 75, 1983.

120. Pierce, H. E. Postsurgical acrylic ear splints for keloids. J. Der-
matol. Surg. Oncol. 12: 583, 1986.

121. Hurtado, A. J., and Crowther, D. S. Methyl methacrylate stent
for prevention of postexcisional recurrent ear keloid. J. Prosthet.
Dent. 54: 245, 1985.

122. Linares, H. A., Larson, D. L., and Willis-Galstaun, B. A. Histor-
ical notes on the use of pressure in the treatment of hypertro-
phic scars or keloids. Burns 19: 17, 1993.

123. Snyder, G. B. Button compression for keloids of the lobule. Br. J.
Plast. Surg. 27: 186, 1974.

124. Lawrence, W. T. Treatment of earlobe keloids with surgery plus
adjuvant intralesional verapamil and pressure earrings. Ann.
Plast. Surg. 37: 167, 1996.

125. Agrawal, K., Panda, K. N., and Arumugam, A. An inexpensive
self fabricated pressure clip for the ear lobe. Br. J. Plast. Surg. 51:
122, 1998.

126. Russell, R., Horlock, N., and Gault, D. Zimmer splintage: A
simple effective treatment for keloids following ear-piercing. Br.
J. Plast. Surg. 54: 509, 2001.

127. Nason, K. H. Keloids and their treatment. N. Engl. J. Med. 226:
883, 1942.

128. Kischer, C. W., Shetlar, M. R., and Shetlar, C. L. Alteration of
hypertrophic scars induced by mechanical pressure. Arch. Der-
matol. 111: 60, 1975.

129. Norris, J. E. The effect of carbon dioxide laser surgery on the
recurrence of keloids. Plast. Reconstr. Surg. 87: 44, 1991.

130. Henderson, D. L., Cromwell, T. A., and Mes, L. G. Argon and
carbon dioxide laser treatment of hypertrophic and keloid
scars. Lasers Surg. Med. 3: 271, 1984.

131. Kaplan, I. Current CO2 laser surgery. Plast. Reconstr. Surg. 69:
552, 1982.

132. Conejo-Mir, J. S., Corbi, R., and Linares, M. Carbon dioxide
laser ablation associated with interferon alfa-2b injections re-
duces the recurrence of keloids. J. Am. Acad. Dermatol. 39: 1039,
1998.

133. Alster, T. S. Improvement of erythematous and hypertrophic
scars by the 585-nm flashlamp-pumped pulsed dye laser. Ann.
Plast. Surg. 32: 186, 1994.

134. Alster, T. S., and Williams, C. M. Treatment of keloid sternot-
omy scars with 585 nm flashlamp-pumped pulsed-dye laser.
Lancet 345: 1198, 1995.

135. Goldman, M. P., and Fitzpatrick, R. E. Laser treatment of scars.
Dermatol. Surg. 21: 685, 1995.

136. Dierickx, C., Goldman, M. P., and Fitzpatrick, R. E. Laser treat-
ment of erythematous/hypertrophic and pigmented scars in 26
patients. Plast. Reconstr. Surg. 95: 84, 1995.

137. Alster, T. S. Laser treatment of hypertrophic scars, keloids, and
striae. Dermatol. Clin. 15: 419, 1997.

138. Anderson, R. R., Margolis, R. J., Watenabe, S., Flotte, T., Hruza,
G. J., and Dover, J. S. Selective photothermolysis of cutaneous
pigmentation by Q-switched Nd: YAG laser pulses at 1064, 532,
and 355 nm. J. Invest. Dermatol. 93: 28, 1989.

139. Fitzpatrick, R. E. Treatment of inflamed hypertrophic scars
using intralesional 5-FU. Dermatol. Surg. 25: 224, 1999.

140. Uppal, R. S., Khan, U., Kakar, S., Talas, G., Chapman, P., and
McGrouther, A. D. The effects of a single dose of 5-fluorouracil
on keloid scars: A clinical trial of timed wound irrigation after
extralesional excision. Plast. Reconstr. Surg. 108: 1218, 2001.

141. Manuskiatti, W., and Fitzpatrick, R. E. Treatment response of
keloidal and hypertrophic sternotomy scars: Comparison
among intralesional corticosteroid, 5-fluorouracil, and 585-nm
flashlamp-pumped pulsed-dye laser treatments. Arch. Dermatol.
138: 1149, 2002.

142. Blumenkranz, M. S., Ophir, A., Claflin, A. J., and Hajek, A.
Fluorouracil for the treatment of massive periretinal prolifer-
ation. Am. J. Ophthalmol. 94: 458, 1982.

143. Harrop, A. R., Ghahary, A., Scott, P. G., Forsyth, N., Uji-Fried-
land, A., and Tredget, E. E. Regulation of collagen synthesis and
mRNA expression in normal and hypertrophic scar fibroblasts
in vitro by interferon-gamma. J. Surg. Res. 58: 471, 1995.

144. Berman, B., and Duncan, M. R. Short-term keloid treatment in
vivo with human interferon alfa-2b results in a selective and
persistent normalization of keloidal fibroblast collagen, glycos-
aminoglycan, and collagenase production in vitro. J. Am. Acad.
Dermatol. 21: 694, 1989.

145. Tredget, E. E., Nedelec, B., Scott, P. G., and Ghahary, A. Hy-
pertrophic scars, keloids, and contractures: The cellular and
molecular basis for therapy. Surg. Clin. North Am. 77: 701, 1997.

146. Tredget, E. E., Shankowsky, H. A., Pannu, R., et al. Transform-
ing growth factor-beta in thermally injured patients with hy-
pertrophic scars: Effects of interferon alpha-2b. Plast. Reconstr.
Surg. 102: 1317, 1998.

147. Larrabee, W. F., Jr., East, C. A., Jaffe, H. S., Stephenson, C., and
Peterson, K. E. Intralesional interferon gamma treatment for
keloids and hypertrophic scars. Arch. Otolaryngol. Head Neck Surg.
116: 1159, 1990.

148. Granstein, R. D., Rook, A., Flotte, T., et al. A controlled trial of
intralesional recombinant interferon-gamma in the treatment
of keloidal scarring: Clinical and histologic findings. Arch. Der-
matol. 126: 1295, 1990.

149. Broker, B. J., Rosen, D., Amsberry, J., et al. Keloid excision and
recurrence prophylaxis via intradermal interferon-gamma in-
jections: A pilot study. Laryngoscope 106: 1497, 1996.

Volume 117, Number 1 • Keloid Pathogenesis and Treatment

299



150. Espinassouze, F., Heid, E., and Grosshans, E. Treatment of
keloid by intralesional injections of interferon alfa-2B (in
French). Ann. Dermatol. Venereol. 120: 629, 1993.

151. Wong, T. W., Chiu, H. C., and Yip, K. M. Intralesional interferon
alpha-2b has no effect in the treatment of keloids. Br. J. Dermatol.
130: 683, 1994.

152. al Khawajah, M. M. Failure of interferon-alpha 2b in the treat-
ment of mature keloids. Int. J. Dermatol. 35: 515, 1996.

153. Berman, B., and Flores, F. Recurrence rates of excised keloids
treated with postoperative triamcinolone acetonide injections
or interferon alfa-2b injections. J. Am. Acad. Dermatol. 37: 755,
1997.

154. Prutkin, L. Wound healing and vitamin A acid. Acta Derm. Ve-
nereol. 52: 489, 1972.

155. Christophers, E. Growth stimulation of cultured postembryonic
epidermal cells by vitamin A acid. J. Invest. Dermatol. 63: 450,
1974.

156. Christophers, E., and Wolff, H. H. Differential formation of
desmosomes and hemidesmosomes in epidermal cell cultures
treated with retinoic acid. Nature 256: 209, 1975.

157. Daly, T. J., Golitz, L. E., and Weston, W. L. A double-blind
placebo-controlled efficacy study on tretinoin cream 0.05% in
the treatment of keloids and hypertrophic scars. J. Invest. Der-
matol. 86: 470, 1986.

158. Daly, T. J., and Weston, W. L. Retinoid effects on fibroblast
proliferation and collagen synthesis in vitro and on fibrotic
disease in vivo. J. Am. Acad. Dermatol. 15: 900, 1986.

159. Nelson, D. L., and Balian, G. The effect of retinoic acid on
collagen synthesis by human dermal fibroblasts. Coll. Relat. Res.
4: 119, 1984.

160. Abergel, R. P., Meeker, C. A., Oikarinen, H., Oikarinen, A. I.,
and Uitto, J. Retinoid modulation of connective tissue metab-
olism in keloid fibroblast cultures. Arch. Dermatol. 121: 632,
1985.

161. Sporn, M. B., Roberts, A. B., Roche, N. S., Kagechika, H., and
Shudo, K. Mechanism of action of retinoids. J. Am. Acad. Der-
matol. 15: 756, 1986.

162. D’Andrea, F., Brongo, S., Ferraro, G., and Baroni, A. Prevention
and treatment of keloids with intralesional verapamil. Derma-
tology 204: 60, 2002.

163. Copcu, E., Sivrioglu, N., and Oztan, Y. Combination of surgery
and intralesional verapamil injection in the treatment of the
keloid. J. Burn Care Rehabil. 25: 1, 2004.

164. Lee, R. C., and Ping, J. A. Calcium antagonists retard extracel-
lular matrix production in connective tissue equivalent. J. Surg.
Res. 49: 463, 1990.

165. Lee, R. C., Doong, H., and Jellema, A. F. The response of burn
scars to intralesional verapamil: Report of five cases. Arch. Surg.
129: 107, 1994.

166. Doong, H., Dissanayake, S., Gowrishankar, T. R., LaBarbera,
M. C., and Lee, R. C. The 1996 Lindberg Award: Calcium
antagonists alter cell shape and induce procollagenase synthesis
in keloid and normal human dermal fibroblasts. J. Burn Care
Rehabil. 17: 497, 1996.

167. Layton, A. M., Yip, J., and Cunliffe, W. J. A comparison of
intralesional triamcinolone and cryosurgery in the treatment of
acne keloids. Br. J. Dermatol. 130: 498, 1994.

168. Har-Shai, Y., Amar, M., and Sabo, E. Intralesional cryotherapy
for enhancing the involution of hypertrophic scars and keloids.
Plast. Reconstr. Surg. 111: 1841, 2003.

169. Sandberg, N. Accelerated collagen formation and histamine.
Nature 194: 183, 1962.

170. Topol, B. M., Lewis, V L., Jr., and Benveniste, K. The use of
antihistamine to retard the growth of fibroblasts derived from
human skin, scar, and keloid. Plast. Reconstr. Surg. 68: 227, 1981.

171. Cohen, I. K., Beaven, M. A., Horakova, Z., and Keiser, H. R.
Histamine and collagen synthesis in keloid and hypertrophic
scar. Surg. Forum 23: 509, 1972.

172. Bairy, K. L., Rao, C. M., Ramesh, K. V., and Kulkarni, D. R. Effect
of histamine on wound healing. Indian J. Physiol. Pharmacol. 35:
180, 1991.

173. Peacock, E. E., Jr., Pharmacologic control of surface scarring in
human beings. Ann. Surg. 193: 592, 1981.

174. Bodokh, I., and Brun, P. Treatment of keloid with intralesional
bleomycin (in French). Ann. Dermatol. Venereol. 123: 791, 1996.

175. Carnero, L., Silvestre, J. F., Guijarro, J., Albares, M. P., and
Botella, R. Nuchal acne keloidalis associated with cyclosporin.
Br. J. Dermatol. 144: 429, 2001.

176. Espana, A., Solano, T., and Quintanilla, E. Bleomycin in the
treatment of keloids and hypertrophic scars by multiple needle
punctures. Dermatol. Surg. 27: 23, 2001.

177. Berman, B., and Kaufman, J. Pilot study of the effect of post-
operative imiquimod 5% cream on the recurrence rate of ex-
cised keloids. J. Am. Acad. Dermatol. 47: S209, 2002.

178. Berman, B., and Villa, A. Imiquimod 5% cream for keloid
management. Dermatol. Surg. 29: 1050, 2003.

179. Duncan, J. I., Thomson, A. W., and Muir, I. F. Topical cyclo-
sporin and T lymphocytes in keloid scars. Br. J. Dermatol. 124:
109, 1991.

180. Craig, R. D., and Pearson, D. Early post-operative irradiation in
the treatment of keloid scars. Br. J. Plast. Surg. 18: 369, 1965.

181. Doornbos, J. F., Stoffel, T. J., Hass, A., et al. The role of kilo-
voltage irradiation in the treatment of keloids. Int. J. Radiat.
Oncol. Biol. Phys. 18: 833, 1990.

182. Polo, M., Smith, P. D., Kim, Y. J., Wang, X., Ko, F., and Robson,
M. C. Effect of TGF-beta2 on proliferative scar fibroblast cell
kinetics. Ann. Plast. Surg. 43: 185, 1999.

183. Border, W. A., and Noble, N. A. Transforming growth factor
beta in tissue fibrosis. N. Engl. J. Med. 331: 1286, 1994.

184. Shah, M., Foreman, D. M., and Ferguson, M. W. Control of
scarring in adult wounds by neutralising antibody to transform-
ing growth factor beta. Lancet 339: 213, 1992.

185. Shah, M., Foreman, D. M., and Ferguson, M. W. Neutralising
antibody to TGF-beta 1,2 reduces cutaneous scarring in adult
rodents. J. Cell Sci. 107: 1137, 1994.

186. Shah, M., Foreman, D. M., and Ferguson, M. W. Neutralisation
of TGF-beta 1 and TGF-beta 2 or exogenous addition of TGF-
beta 3 to cutaneous rat wounds reduces scarring. J. Cell Sci. 108:
985, 1995.

187. Tyrone, J. W., Marcus, J. R., Bonomo, S. R., Mogford, J. E., Xia,
Y., and Mustoe, T. A. Transforming growth factor beta3 pro-
motes fascial wound healing in a new animal model. Arch. Surg.
135: 1154, 2000.

188. Lim, I. J., Phan, T. T., Song, C., Tan, W. T., and Longaker, M.
T. Investigation of the influence of keloid-derived keratinocytes
on fibroblast growth and proliferation in vitro. Plast. Reconstr.
Surg. 107: 797, 2001.

189. Lim, I. J., Phan, T. T., Bay, B., et al. Fibroblasts cocultured with
keloid keratinocytes: Normal fibroblasts secrete collagen in a
keloidlike manner. Am. J. Physiol 283: C212, 2002.

190. Phan, T. T., Lim, I. J., Bay, B., et al. Differences in collagen
production between normal and keloid-derived fibroblasts in
serum-media co-culture with keloid-derived keratinocytes. J.
Dermatol. Sci. 29: 26, 2002.

191. Morris, D. E., Wu, L., Zhao, L., et al. Acute and chronic animal
models for excessive dermal scarring: Quantitative studies. Plast.
Reconstr. Surg. 100: 674, 1997.

Plastic and Reconstructive Surgery • January 2006

300


