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INTRODUCTION

The term keloid is derived from the Greek word cheloides, 
meaning “crab’s claw.”[1,2] This description was as a result of  

the extension of the lesion into normal tissues. Keloids are elevated 
fibrous scars that extend beyond the borders of the original wound 
do not regress, and usually recur after excision.[1] They present as 
benign, fibrous proliferations of tissue that develop in predisposed 
individuals at sites of cutaneous insult or irritation.[2‑4]

Keloids affect only humans, occur in all races, but the African 
of  negroid origin is particularly susceptible.[5] Though the 
dermis of  the skin[1,5] is commonly affected, keloids of  the 
cornea[6‑8] have been reported. The various and multiple 
modalities of  treatment available are a pointer to the fact that 
there is still no perfect modality of  treatment.

EPIDEMIOLOGY

Keloids are found all over the world, and there is a 
preponderance in Africans with darkly pigmented skin.[5,9] 

The primary risk factor for keloids is a darkly pigmented 
skin, perhaps because of  melanocyte stimulating hormone 
anomalies.[1,3]

Black, Hispanic and Asian persons are far more likely to 
develop keloids than Caucasians.[9‑11] It is rare in albinos of  
all races.[9,12] Familial predisposition, with both dominant and 
recessive modes of  inheritance have been recognized.[1,9,13] 
The younger age group, persons <30 years, are more prone to 
develop keloids with risk peaking between 10 and 20 years of  
age[1] in patients with elevated hormone levels as occurs during 
puberty or pregnancy.[14] It affects both sexes equally[5,12,15] with 
a greater prevalence in women probably because of  piercing 
of  ears.[9] Keloid scars affect all age groups, but they are rare 
in the extremes of  life.[5,9] Sternal skin, shoulders and upper 
arms, earlobes, and cheeks are most susceptible to developing 
keloids.[16] Keloids on the palms and soles are rare[5,9] but 
keloid on the sole has been reported.[17‑19] Keloids on the very 
lax skin like the upper eyelids, penis, scrotum, and areola of  
the breast are very rare,[5] but the pubic area, such as the chest 
wall and shoulder areas, is an area of  preferential occurrence 
due to the high concentrations of  sebaceous glands in these 
sites.[20] A similar lesion is a hypertrophic scar. Hypertrophic 
scars are red and elevated scars characterized by prolonged 
chronic inflammation and excessive collagen deposition.[21]
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HYPERTROPHIC SCARS VERSUS 
KELOIDS

Clinical characteristics
Keloids and hypertrophic scars are separate clinical and 
histochemical entities.[15,20,22] The difference between keloids 
and hypertrophic scars is that while hypertrophic scars can 
mature and improve over time, keloids rarely improve over a 
natural course.[21] Hypertrophic scars usually develop within 
4–8  weeks following wound infection, wound closure with 
excessive tension or other traumatic skin injury,[23] have a rapid 
growth phase for up to 6 months, and then gradually regress 
over a period of  few years, finally resulting in flat scars with no 
further symptoms.[24] In contrast, keloids may develop several 
years after minor injuries and may even form spontaneously 
in the absence of  any known injury.[12] Keloid formation may 
complicate minor skin lesions such as acne, septic spots, 
or insect bites.[5] Furthermore, keloids usually persist for 
long periods of  time and do not regress spontaneously,[5,25] 
They appear as firm, mildly tender, bosselated tumors with 
a shiny surface and sometimes telangiectasia and thinned 
epithelium.[12] They remain raised and thick[5] and gradually 
proliferate indefinitely.[25,26] Keloids and hypertrophic scars 
are commonly pruritic, but keloids may be associated with 
significant pain[17] and hyperesthesia.[23,27] Keloids tend to recur 
after excision, whereas recurrence of  the hypertrophic scar 
after excision of  the original scar is rare.[26]

HISTOLOGY

Histologically, both hypertrophic scars and keloids contain 
an overabundance of  dermal collagen.[12] Keloids appear 
as fibrotic collections of  excessive thick collagen bundles, 
elastin, fibronectin, and proteoglycans along with atypical 
fibroblasts.[21] The fibroblasts in keloids have increased prolyl 
hydroxylase activity, which is involved in collagen synthesis, 
at levels much higher than that of  normal skin or hypertrophic 
scar.[28] In normal scars, collagen forms regular cross‑links, 
whereas in keloids the collagen is arranged irregularly, forming 
nodules in the dermis.[21] In normal wound healing, the 
immature type III collagen of  the early wound can be modified 
into mature type  I collagen.[29] Hypertrophic scars contain 
primarily type III collagen oriented parallel to the epidermal 
surface with abundant nodules containing myofibroblasts, 
large extracellular collagen filaments, and plentiful acidic 
mucopolysaccharides.[29] In contrast, keloid tissue is mostly 
composed of  disorganized type I and III collagen, containing 
pale‑staining hypocellular collagen bundles with no nodules 
or excess myofibroblasts.[29,30] Both lesions demonstrate 
overproduction of  multiple fibroblast proteins, including 
fibronectin, suggesting either pathological persistence 
of  wound healing signals, or a failure of  the appropriate 
down‑regulation of  wound healing cells.[30]

GENETICS OF KELOIDS

The increased prevalence of  keloids in dark‑skinned races, 
the increased concordance among identical twins and 

the increased familial clustering suggest a strong genetic 
predisposition to the formation of  keloids.[31] Patients with 
a keloid diathesis have been associated with group A blood 
type and human leucocyte antigen B14, 21, BW35, DR5, 
and DQW3.[9,15,32] The mode of  inheritance is not definitely 
known, but several theories have been proposed including 
autosomal recessive,[13] autosomal dominant with incomplete 
penetrance[33,34] and variable expression. Elevated levels of  
serum immunoglobulin E and a disproportionately high 
incidence of  allergic diathesis have been observed in patients 
who develop keloids.[35] A systemic immune state genetically 
predisposed to keloid formation is suggested by trends in 
patterns of  serum complement, immunoglobulin G and 
immunoglobulin M levels in patients with keloids.[32,36] Some 
genetic connective tissue disease have been associated with 
keloids including Rubinstein–Taybi syndrome, Ehlers–Danlos 
syndrome, progeria, osteopoikilosis, scleroderma, and 
pachydermoperiostosis.[20,37‑40] The significance of  this 
association between congenital connective tissue diseases and 
keloid formation is unknown.[37] In a study[34] of  some families 
with keloids, syndromes associated with keloids, namely 
Rubinstein–Taybi and Goeminne syndrome were not found.

TREATMENT

The management of  keloids continues to be a challenge, and no 
single therapeutic modality is best for all keloids.[9,21] Prevention 
is important[21] as the lesion is notoriously recurrent.[5,41,42] 
Some modalities of  treatment include occlusive dressings, 
compression therapy, intralesional corticosteroid injections, 
excision, cryosurgery, radiation therapy, laser therapy, 
5‑fluorouracil  (5‑FU), bleomycin, verapamil, retinoic acid, 
imiquimod 5% cream, tacrolimus, botulinum toxin, and 
over‑the‑counter treatments (e.g. onion extract, combination 
of  hydrocortisone, silicon, and Vitamin E). Other methods of  
treatment are an ultrasound and heat therapy or a combination 
of  techniques.[43] A combination of  silicone gel sheeting and 
intralesional steroids was recommended (by an International 
Advisory Panel on Scar Management) as the first‑line 
therapy,[44] with the use of  localized pressure therapy if  possible. 
For resistant cases, second‑line therapy includes specific 
wavelength laser therapy and surgery with adjunctive silicone 
gel sheeting, if  required.

STEROIDS

Intralesional steroid (triamcinolone) is the most effective and 
widely used treatment for keloids,[20] and perhaps first‑line.[44,45] 
The main effects of  corticosteroids are thought to result 
primarily from their suppressive effects on the inflammatory 
process in the wound.[21] Other proposed mechanisms of  action 
include inhibition of  nitric oxide synthase transcription with 
subsequent inhibition of  collagen synthesis in fibroblasts,[46] 
inhibition of  keloid fibroblast growth, fibroblast degeneration, 
and downregulation of  collagen gene expression in keloids.[47] 
Various steroid preparations that can be used for intralesional 
injection include hydrocortisone acetate, methylprednisolone, 
and dexamethasone.[21] Triamcinolone acetonide  (TAC) 
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(10–40 mg/ml per course every 4 weeks) is the most commonly 
used.[48] Depending on the type of  lesions, two or three 
doses of  TAC injections may suffice but some may require 
injections for 6  months or more with 4–6  weeks interval 
between injections.[49] Intralesional steroids can be used alone 
or as an adjunct therapy following surgical excision.[42,48] 
The most efficacious treatment of  keloid scars is combined 
therapy involving steroids and surgical excision with cure 
rates of  80–100%.[42,44,48,49] Complications include atrophy, 
telangiectasia formation, and pigmentary alteration, noted 
more in darker‑skinned individuals.[21]

SURGERY

Surgical excision is a common management option,[43] but it 
is generally not recommended for keloids without adjunctive 
treatment.[21] Extreme caution is necessary as recurrence rate 
is between 45% and 100% and can result in a larger and more 
aggressive keloid.[50,51] The recurrence rate has been reduced to 
8% with the use of  combination therapy with surgical removal 
and an additional treatment modality,[11] including corticosteroid 
injection, pressure dressings, interferon  (IFN) injections, or 
radiation therapy.[11,52] Small lesions can be excised and primary 
closure done while larger lesions may require skin grafting[43] and 
complex surgical techniques such as flaps to reduce tension in the 
surrounding skin.[20,53] Tissue trauma at surgical excision should 
be minimal[43] because regardless of  the surgical technique, the 
dermis is further injured and this leads to the proliferation of  
fibroblasts and extreme amounts of  collagen formation which 
results in keloid scar formation.[54] Other factors that enhance the 
possibility of  recurrence include dead space, foreign material, 
hematoma, infection, and wound tension.[49]

RADIATION

The treatment of  keloids with radiotherapy remains 
controversial, although studies have shown efficacy and 
decreased recurrence rates, the safety of  radiotherapy has been 
questioned.[21] Radiotherapy has been used as monotherapy or 
as an adjuvant after surgical excision.[44] Radiation could be by 
tele‑ or brachy‑therapy.[55,56] When indicated, keloids should 
be first excised and to prevent recurrence, the resulting scar is 
irradiated.[57,58] Primary radiotherapy is only effective during the 
first 6 months after keloid development.[59] Radiation is thought 
to reduce rate of  fibroblast and endothelial cell proliferation[42] 
resulting in a decreased amount of  collagen production.[60] 
Superficial X‑rays, electron beam, and low‑ or high‑dose‑rate 
brachytherapy have been used primarily as an adjunct to surgical 
removal of  keloids with good results.[61] The adverse effects 
of  radiation therapy include pigmentary alteration, radiation 
dermatitis, and potential risk of  carcinogenesis.[21,41] Adjuvant 
radiotherapy is not recommended for pregnant patients, keloids 
located close to the thyroid gland, or the female breast.[55]

LOCALIZED PRESSURE THERAPY

Localized pressure therapy or mechanical compression has 
been shown to be effective in preventing recurrence after 

surgical excision, especially of  earlobe keloids.[21,62] Positive 
pressure therapy is thought to reduce oxygen availability, 
increase underlying temperature, increase skin hydration, and 
inhibit angiogenesis and formation of  new telangiectasias.[21] 
Compression earrings may be worn on the lobules of  the 
ears during the wound healing phase to avoid excessive scar 
formation[21] and the pressure should be maintained between 
24 and 30 mmHg for 6–12 months.[44] Whether used on the 
earlobe or for keloids on other parts of  the body, pressure 
therapy has minimal adverse effects and though simple, is 
highly efficacious.[20] Good results have also been obtained 
when the earrings are combined with silicone gel sheeting.[63]

SILICONE GEL SHEETING

This is a noninvasive approach to the prevention and treatment 
of  keloids and hypertrophic scars.[1] Silicone sheets are thought 
to work by increasing the temperature, hydration, and perhaps 
the oxygen tension of  the occluded lesion, causing it to soften 
and flatten.[14,64] To be effective, the silicone sheets must be 
worn over the scar for 12–24 h/day for 2–3 months.[65] The use 
of  silicone gel sheets is limited by daily patient compliance.[20] 
Silicone sheets may also be used as an adjunct to surgical 
excision, intralesional corticosteroids, and laser therapy.[41]

LASER

Laser therapy for keloids has yielded varying success.[21] 
Lasers such as carbon dioxide  (CO

2
) and erbium:  Yttrium 

aluminium garnet  (YAG) are ablative nonselective lasers 
that target water molecules while those like 585 and 595‑nm 
pulsed dye and neodymium (Nd):YAG lasers are nonablative 
and chromophore (usually oxyhemoglobin) selective.[66] The 
585‑nm pulsed‑dye laser  (PDL) currently gives the most 
encouraging results.[67] It targets oxyhemoglobin causing 
selective photothermolysis to the scar vasculature, with 
subsequent ischemia and necrosis.[51] The main problem with 
the 585‑nm PDL is that melanin is a competing chromophore, 
it, therefore, loses efficacy in darker skinned individuals, who 
are at risk for keloids.[20] For dark‑skinned patients, the 595‑nm 
PDL is an alternative vascular specific laser.[21] Improvement 
rates of  83–88% efficacy have been reported.[68,69] Transient 
hyper‑ or hypopigmentation and blistering are some of  the 
adverse effects.[67‑69] Postoperative purpura is the most common 
side effect of  585‑nm PDL treatment.[21]

CRYOTHERAPY

Cryosurgery is widely used for the treatment of  keloid and 
hypertrophic scars.[43] The mechanism of  action is the rapid, 
repeated cooling and rewarming of  tissue, leading to cell death 
and tissue sloughing.[20] It has been used as monotherapy and in 
conjunction with other forms of  treatment for bigger scars.[21] 
Cryosurgery has been reported to have an efficacy of  50–85% 
on keloids, with moderate flattening and symptomatic relief.[70] 
Acute adverse effects of  cryotherapy include pain, necrosis, 
edema and infections while the chronic effects include atrophy, 
hyperpigmentation, and hypopigmentation.[12,20]
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EMERGING THERAPIES

Emerging therapies with limited studies[1,12] include intralesional 
IFN, bleomycin, FU, and verapamil injections.

Interferon therapy
IFNs are cytokines with antiproliferative, antifibrotic, and 
antiviral effects.[71] They decrease the synthesis of  collagen types 
I and III.[52] The antifibrotic effect is thought to be mediated 
through the antagonizing effects on transforming growth 
factor‑beta  (TGF‑β) and histamine.[72] IFN alfa‑2b injected 
intralesionally (1.5 million IU twice daily for 4 days) reduced 
keloid size by 50% over 9 days, proving superior to intralesional 
corticosteroids.[22] It was also found that after excision of  
keloid IFN alfa‑2b was more effective than corticosteroids for 
preventing recurrence.[1] Some other clinical studies, however, 
have not demonstrated a long‑term efficacy of  intralesional 
IFN in the management of  keloidal scars.[72,73] IFN therapy 
is costly (about $100 per treatment)[1] and has adverse effects 
which include painful injections requiring local anesthesia and 
dose‑dependent fevers, chills, night sweats, fatigue, myalgia, 
headaches, and flu‑like symptoms for 48–72 h postinjection.[74]

Bleomycin
Bleomycin directly inhibits collagen synthesis through 
decreased stimulation by TGF‑β1.[75] Bleomycin has antitumor, 
antiviral, and antibacterial activity and is a secondary 
metabolite of  a strain of  streptomyces obtained from soil.[21] 
Intralesional injections of  bleomycin resulted in significant 
improvement in scar height and pliability as well as a reduction 
in erythema, pruritus and pain.[75,76] Dermal atrophy and 
hyperpigmentation may occasionally occur as side effects.[12]

5‑Fluorouracil
5‑FU is a pyrimidine analog with antimetabolite activity 
used in cancer chemotherapy.[77] Intralesional 5‑FU among 
other actions inhibits fibroblast proliferation and decreases 
fibrogenetic markers and TGF‑alpha.[78] 5‑FU produces 
better results in combination with steroids or lasers[79] than as 
monotherapy.[78,80] Adverse side effects of  intralesional 5‑FU 
include pain, ulceration, and burning sensations.[81]

Verapamil
Verapamil is a calcium channel antagonist which inhibits 
the synthesis and secretion of  extracellular matrix molecules 
(e.g., collagen, fibronectin) and increases fibrinase.[21] It has 
been demonstrated that intralesional verapamil is effective 
in reducing the size of  keloids relative to intralesional 
triamcinolone without the side effects of  pain at the injection 
site or hypopigmentation.[82] In conjunction with silicone 
sheeting, intralesional verapamil yielded better results when 
compared with silicone sheeting alone.[83]

OTHER THERAPEUTIC MODALITIES

Imiquimod
Imiquimod is an agent that induces the local production 
of  proinflammatory cytokines  (e.g.,  IFN‑a, tumor necrosis 

factor‑a) and other mediators and causes a T‑helper (Th) type 1 
immune response, resulting in antifibrotic, and proapoptotic 
effects.[84,85] Imiquimod, 5% cream, has been shown to have 
the potential to prevent recurrence after excision of  keloids.[66]

Retinoids
Topical and intralesional Vitamin A and its retinoid 
derivatives aid in wound healing and reduce pathologic 
scar tissue.[86] Retinoic acid solution  (0.05%) applied daily 
on scars demonstrated a reduction in size and a decrease in 
itching.[87] Another study with topical 0.05% tretinoin showed 
a significant decrease in scar size.[88] Adverse effects included 
photosensivity, skin irritation and skin atrophy.[87‑89]

Other agents that have produced various results include 
tacrolimus, an immunosuppressor,[90] Botulinum toxin A, a 
neurotoxin,[91] ultrasound therapy,[92] and nonprescription agents 
such as onion extract[93] and topical Vitamin E.[94] Some of  the 
successes recorded with some of  these agents are anecdotal.

CONCLUSION

The multiple modalities of  treatment available for the treatment 
of  keloids suggest that there is still no single method that is 
completely satisfactory. The fact remains that prevention is 
the best treatment. Unnecessary surgeries should be avoided. 
It has been suggested that parents from keloid‑prone families 
should consider their children’s ears pierced in infancy or 
early childhood or perhaps not at all.[95] This last option of  
not piercing at all should be considered because bilateral 
ear lobe keloids have been reported in a 9‑month‑old patient 
following earlobe piercing that had been performed at the age 
of  3 months.[96] Nevertheless, combination therapies yield the 
best results. Steroidal therapy with TAC alone for small lesions, 
or combined with surgery or other modalities of  treatment 
for bigger lesions, have been useful in controlling the growth 
of  keloids.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of  interest.

REFERENCES

1.	 Juckett  G, Hartman‑Adams  H. Management of  keloids and 
hypertrophic scars. Am Fam Physician 2009;80:253‑60.

2.	 Jackson IT, Bhageshpur R, DiNick V, Khan A, Bhaloo S. Investigation 
of  recurrence rates among earlobe keloids using various postoperative 
therapeutic modalities. Eur J Plast Surg 2001;24:88‑95.

3.	 Kelly AP. Keloids and hypertrophic scars. In: Parish LC, Lask GP, 
editors. Aesthetic Dermatology. New  York: McGraw‑Hill; 1991. 
p. 8‑69.

4.	 Jemec GB. Linear atrophy following intralesional steroid injections. 
J Dermatol Surg Oncol 1988;14:88‑9.

5.	 Datubo‑Brown DD. Keloids: A review of  the literature. Br J Plast 
Surg 1990;43:70‑7.

6.	 Shukla  IM, Arora  NP, Arora  MM. Corneal keloid. Indian J 



Onyenyirionwu and Agu: Keloids: A review

Journal of Medical Investigations and Practice / Vol 10 / Issue 1 / Jan-Mar 201528

Ophthalmol 1975;23:18‑9.
7.	 LeMasters  WC, Notz  RG. Corneal keloids. Trans Pa Acad 

Ophthalmol Otolaryngol 1986;38:286‑8.
8.	 Jung JJ, Wojno TH, Grossniklaus HE. Giant corneal keloid: Case 

report and review of  the literature. Cornea 2010;29:1455‑8.
9.	 Painstil  AB. Superficial soft tissue swellings. In: Badoe  EA, 

Archampong  EQ, da Rocha‑Afodu  JT, editors. Principles and 
Practice of  Surgery including Pathology in the Tropics. 4th ed. Tema, 
Ghana: Ghana Publishing Corporation; 2009. p. 245‑63.

10.	 Brissett AE, Sherris DA. Scar contractures, hypertrophic scars, and 
keloids. Facial Plast Surg 2001;17:263‑72.

11.	 Butler  PD, Longaker  MT, Yang  GP. Current progress in keloid 
research and treatment. J Am Coll Surg 2008;206:731‑41.

12.	 Gauglitz  GG, Korting  HC, Pavicic  T, Ruzicka  T, Jeschke  MG. 
Hypertrophic scarring and keloids: Pathomechanisms and current 
and emerging treatment strategies. Mol Med 2011;17:113‑25.

13.	 Omo‑Dare  P. Genetic studies on keloid. J  Natl Med Assoc 
1975;67:428‑32.

14.	 Berman B, Perez OA, Konda S, Kohut BE, Viera MH, Delgado S, 
et al. A review of  the biologic effects, clinical efficacy, and safety of  
silicone elastomer sheeting for hypertrophic and keloid scar treatment 
and management. Dermatol Surg 2007;33:1291‑302.

15.	 Davidson S, Aziz N, Rashid RM, Khachemoune A. A primary care 
perspective on keloids. Medscape J Med 2009;11:18.

16.	 Niessen  FB, Spauwen  PH, Schalkwijk  J, Kon  M. On the nature 
of  hypertrophic scars and keloids: A review. Plast Reconstr Surg 
1999;104:1435‑58.

17.	 Onyenyirionwu E, Adisa AC, Mbanaso AU. Plantar keloid – A case 
report. J Med Investig Pract 2004;5:74‑5.

18.	 Aslan G, Terzioglu A, CigSar B. A massive plantar keloid. Ann Plast 
Surg 2001;47:581.

19.	 Osswald SS, Elston DM, Vogel PS. Giant right plantar keloid treated 
with excision and tissue‑engineered allograft. J Am Acad Dermatol 
2003;48:131‑4.

20.	 Al‑Attar A, Mess S, Thomassen JM, Kauffman CL, Davison SP. Keloid 
pathogenesis and treatment. Plast Reconstr Surg 2006;117:286‑300.

21.	 Viera MH, Caperton CV, Berman B. Advances in the treatment of  
keloids. J Drugs Dermatol 2011;10:468‑80.

22.	 Atiyeh  BS. Nonsurgical management of  hypertrophic scars: 
Evidence‑based therapies, standard practices, and emerging methods. 
Aesthetic Plast Surg 2007;31:468‑92.

23.	 Wheeland  RG. Keloids and hypertrophic scars. In: Amdt  KA, 
Robinson JK, Leboit PE, Wintroub BU, editors. Cutaneous Medicine 
and Surgery. Philadelphia: Saunders Elsevier; 1996. p. 900‑5.

24.	 Alster TS, West TB. Treatment of  scars: A review. Ann Plast Surg 
1997;39:418‑32.

25.	 Murray  JC. Keloids and hypertrophic scars. Clin Dermatol 
1994;12:27‑37.

26.	 Muir IF. On the nature of  keloid and hypertrophic scars. Br J Plast 
Surg 1990;43:61‑9.

27.	 Hawkins HK. Pathophysiology of  the burn scar. In: Herndon DN, 
editor. Total Burn Care. Philadelphia: Saunders Elsevier;2007. 
p. 608‑19.

28.	 Abergel  RP, Pizzurro  D, Meeker  CA, Lask  G, Matsuoka  LY, 
Minor RR, et al. Biochemical composition of  the connective tissue 
in keloids and analysis of  collagen metabolism in keloid fibroblast 
cultures. J Invest Dermatol 1985;84:384‑90.

29.	 Slemp AE, Kirschner RE. Keloids and scars: A review of  keloids 
and scars, their pathogenesis, risk factors, and management. Curr 
Opin Pediatr 2006;18:396‑402.

30.	 Sephel GC, Woodward SC. Repair, regeneration, and fibrosis. In: 
Rubin E, editor. Rubin’s Pathology. Baltimore: Lippincott, Williams 
and Wilkins; 2001. p. 84‑117.

31.	 Brown JJ, Ollier W, Arscott G, Ke X, Lamb J, Day P, et al. Genetic 
susceptibility to keloid scarring: SMAD gene SNP frequencies in 
Afro‑Caribbeans. Exp Dermatol 2008;17:610‑3.

32.	 Cohen  IK, McCoy  BJ, Mohanakumar  T, Diegelmann  RF. 
Immunoglobulin, complement, and histocompatibility antigen 
studies in keloid patients. Plast Reconstr Surg 1979;63:689‑95.

33.	 Bloom D. Heredity of  keloids; review of  the literature and report of  
a family with multiple keloids in five generations. N Y State J Med 
1956;56:511‑9.

34.	 Marneros  AG, Norris  JE, Olsen  BR, Reichenberger  E. Clinical 
genetics of  familial keloids. Arch Dermatol 2001;137:1429‑34.

35.	 Placik OJ, Lewis VL Jr. Immunologic associations of  keloids. Surg 
Gynecol Obstet 1992;175:185‑93.

36.	 Kazeem AA. The immunological aspects of  keloid tumor formation. 
J Surg Oncol 1988;38:16‑8.

37.	 Murray JC, Pollack SV, Pinnell SR. Keloids: A review. J Am Acad 
Dermatol 1981;4:461‑70.

38.	 Siraganian PA, Rubinstein JH, Miller RW. Keloids and neoplasms in 
the Rubinstein‑Taybi syndrome. Med Pediatr Oncol 1989;17:485‑91.

39.	 Hambrick GW Jr, Carter  DM. Pachydermoperiostosis. 
Touraine‑Solente‑Golé syndrome. Arch Dermatol 1966;94:594‑607.

40.	 Akintewe  TA, Alabi  GO. Scleroderma presenting with multiple 
keloids. Br Med J (Clin Res Ed) 1985;291:448‑9.

41.	 Mafong E, Ashinof  R. Treatment of  hypertrophic scars and keloids. 
Aesthetic Surg J 2000;20:114‑20.

42.	 Donkor P. Head and neck keloid: treatment by core excision and 
delayed intralesional injection of  steroid. J Oral Maxillofac Surg 
2007;65:1292‑6.

43.	 Mofikoya  BO, Adeyemo  WL, Abdus‑salam AA. Keloid and 
hypertrophic scars: A review of  recent developments in pathogenesis 
and management. Nig Q J Hosp Med 2007;17:134‑9.

44.	 Mustoe  TA, Cooter  RD, Gold  MH, Hobbs  FD, Ramelet  AA, 
Shakespeare PG, et al. International clinical recommendations on 
scar management. Plast Reconstr Surg 2002;110:560‑71.

45.	 Shockman  S, Paghdal  KV, Cohen  G. Medical and surgical 
management of  keloids: A review. J Drugs Dermatol 2010;9:1249‑57.

46.	 Schäffer MR, Efron PA, Thornton FJ, Klingel K, Gross SS, Barbul A. 
Nitric oxide, an autocrine regulator of  wound fibroblast synthetic 
function. J Immunol 1997;158:2375‑81.

47.	 Kauh  YC, Rouda  S, Mondragon  G, Tokarek  R, diLeonardo  M, 
Tuan RS, 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 1997;37:586‑9.

48.	 Jalali  M, Bayat  A. Current use of  steroids in management of  
abnormal raised skin scars. Surgeon 2007;5:175‑80.

49.	 Murray JC, Pollack SV, Pinnell SR. Keloids and hypertrophic scars. 
Clin Dermatol 1984;2:121‑33.

50.	 Darzi MA, Chowdri NA, Kaul SK, Khan M. Evaluation of  various 
methods of  treating keloids and hypertrophic scars: A 10‑year 
follow‑up study. Br J Plast Surg 1992;45:374‑9.

51.	 Lawrence WT. In search of the optimal treatment of keloids: Report of  
a series and a review of  the literature. Ann Plast Surg 1991;27:164‑78.

52.	 Leventhal D, Furr M, Reiter D. Treatment of keloids and hypertrophic 
scars: A meta‑analysis and review of  the literature. Arch Facial Plast 
Surg 2006;8:362‑8.

53.	 Kelly AP. Medical and surgical therapies for keloids. Dermatol Ther 
2004;17:212‑8.

54.	 Sanders KW, Gage‑White L, Stucker FJ. Topical mitomycin C in 
the prevention of  keloid scar recurrence. Arch Facial Plast Surg 
2005;7:172‑5.

55.	 van de Kar  AL, Kreulen  M, van Zuijlen  PP, Oldenburger  F. 
The results of  surgical excision and adjuvant irradiation for 
therapy‑resistant keloids: A prospective clinical outcome study. Plast 
Reconstr Surg 2007;119:2248‑54.

56.	 De Lorenzi  F, Tielemans  HJ, van der Hulst  RR, Rhemrev  R, 
Nieman FH, Lutgens LC, et al. Is the treatment of  keloid scars still 
a challenge in 2006? Ann Plast Surg 2007;58:186‑92.

57.	 Ogawa R, Mitsuhashi K, Hyakusoku H, Miyashita T. Postoperative 



Onyenyirionwu and Agu: Keloids: A review

Journal of Medical Investigations and Practice / Vol 10 / Issue 1 / Jan-Mar 2015 29

electron‑beam irradiation therapy for keloids and hypertrophic scars: 
Retrospective study of  147 cases followed for more than 18 months. 
Plast Reconstr Surg 2003;111:547‑53.

58.	 Ragoowansi R, Cornes PG, Moss AL, Glees JP. Treatment of  keloids 
by surgical excision and immediate postoperative single‑fraction 
radiotherapy. Plast Reconstr Surg 2003;111:1853‑9.

59.	 Panizzon RG. Dermatologic radiotherapy. Hautarzt 2007;58:701‑10.
60.	 Reish  RG, Eriksson  E. Scar treatments: Preclinical and clinical 

studies. J Am Coll Surg 2008;206:719‑30.
61.	 Guix B, Henríquez I, Andrés A, Finestres F, Tello JI, Martínez A. 

Treatment of  keloids by high‑dose‑rate brachytherapy: A seven‑year 
study. Int J Radiat Oncol Biol Phys 2001;50:167‑72.

62.	 Brent B. The role of  pressure therapy in management of  earlobe 
keloids: Preliminary report of  a controlled study. Ann Plast Surg 
1978;1:579‑81.

63.	 Fulton JE Jr. Silicone gel sheeting for the prevention and management 
of  evolving hypertrophic and keloid scars. Dermatol Surg 
1995;21:947‑51.

64.	 Akaishi  S, Akimoto  M, Hyakusoku  H, Ogawa  R. The tensile 
reduction effects of  silicone gel sheeting. Plast Reconstr Surg 
2010;126:109e‑11e.

65.	 Gold MH, Foster TD, Adair MA, Burlison K, Lewis T. Prevention 
of  hypertrophic scars and keloids by the prophylactic use of  topical 
silicone gel sheets following a surgical procedure in an office setting. 
Dermatol Surg 2001;27:641‑4.

66.	 Mrowietz U, Seifert O. Keloid scarring: New treatments ahead. Actas 
Dermosifiliogr 2009;100 Suppl 2:75‑83.

67.	 Alster TS, Handrick C. Laser treatment of  hypertrophic scars, keloids, 
and striae. Semin Cutan Med Surg 2000;19:287‑92.

68.	 Goldman MP, Fitzpatrick RE. Laser treatment of  scars. Dermatol 
Surg 1995;21:685‑7.

69.	 Shaffer  JJ, Taylor  SC, Cook‑Bolden  F. Keloidal scars: A review 
with a critical look at therapeutic options. J Am Acad Dermatol 
2002;46 2 Suppl: S63‑97.

70.	 Layton  AM, Yip  J, Cunliffe  WJ. A  comparison of  intralesional 
triamcinolone and cryosurgery in the treatment of  acne keloids. Br 
J Dermatol 1994;130:498‑501.

71.	 Edwards L. The interferons. Dermatol Clin 2001;19:139‑46, ix.
72.	 Berman B, Duncan MR. Short‑term keloid treatment in vivo with 

human interferon alfa‑2b results in a selective and persistent 
normalization of  keloidal fibroblast collagen, glycosaminoglycan, 
and collagenase production in  vitro. J  Am Acad Dermatol 
1989;21 (4 Pt 1):694‑702.

73.	 Davison  SP, Mess  S, Kauffman  LC, Al‑Attar  A. Ineffective 
treatment of  keloids with interferon alpha‑2b. Plast Reconstr Surg 
2006;117:247‑52.

74.	 Poochareon VN, Berman B. New therapies for the management of  
keloids. J Craniofac Surg 2003;14:654‑7.

75.	 España A, Solano  T, Quintanilla  E. Bleomycin in the treatment 
of  keloids and hypertrophic scars by multiple needle punctures. 
Dermatol Surg 2001;27:23‑7.

76.	 Naeini  FF, Najafian  J, Ahmadpour  K. Bleomycin tattooing as a 
promising therapeutic modality in large keloids and hypertrophic 
scars. Dermatol Surg 2006;32:1023‑9.

77.	 Robles  DT, Berg  D. Abnormal wound healing: Keloids. Clin 
Dermatol 2007;25:26‑32.

78.	 Uppal RS, Khan U, Kakar S, Talas G, Chapman P, McGrouther AD. 
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 2001;108:1218‑24.

79.	 Fitzpatrick  RE. Treatment of  inflamed hypertrophic scars using 
intralesional 5‑FU. Dermatol Surg 1999;25:224‑32.

80.	 Apikian M, Goodman G. Intralesional 5‑fluorouracil in the treatment 
of  keloid scars. Australas J Dermatol 2004;45:140‑3.

81.	 Nanda  S, Reddy  BS. Intralesional 5‑fluorouracil as a treatment 
modality of  keloids. Dermatol Surg 2004;30:54‑6.

82.	 Margaret Shanthi  FX, Ernest  K, Dhanraj  P. Comparison of  
intralesional verapamil with intralesional triamcinolone in the 
treatment of  hypertrophic scars and keloids. Indian J Dermatol 
Venereol Leprol 2008;74:343‑8.

83.	 D’Andrea  F, Brongo  S, Ferraro  G, Baroni  A. Prevention and 
treatment of  keloids with intralesional verapamil. Dermatology 
2002;204:60‑2.

84.	 Berman B. Biological agents for controlling excessive scarring. Am 
J Clin Dermatol 2010;11 Suppl 1:31‑4.

85.	 Schön MP, Schön M. Imiquimod: Mode of  action. Br J Dermatol 
2007;157 Suppl 2:8‑13.

86.	 Prutkin L. Wound healing and Vitamin A acid. Acta Derm Venereol 
1972;52:489‑92.

87.	 Janssen de Limpens AM. The local treatment of  hypertrophic scars 
and keloids with topical retinoic acid. Br J Dermatol 1980;103:319‑23.

88.	 Hansen  DA. Treatment of  hypertrophic scars with retinoic acid. 
S Afr Med J 1979;56:1114.

89.	 Daly TJ, Golitz LE, Weston WL. Adouble‑blind placebo‑controlled 
efficacy study on tretinoin cream 0.05% in the treatment of  keloids 
and hypertrophic scars. J Invest Dermatol 1986;86:470.

90.	 Kim A, DiCarlo J, Cohen C, McCall C, Johnson D, McAlpine B, 
et al. Are keloids really “gli‑loids”?: High‑level expression of  gli‑1 
oncogene in keloids. J Am Acad Dermatol 2001;45:707‑11.

91.	 Zhibo X, Miaobo Z. Intralesional botulinum toxin type A injection 
as a new treatment measure for keloids. Plast Reconstr Surg 
2009;124:275e‑7e.

92.	 Walker JJ. Ultrasound therapy for keloids. S Afr Med J 1983;64:270.
93.	 Hosnuter  M, Payasli  C, Isikdemir  A, Tekerekoglu  B. The effects 

of  onion extract on hypertrophic and keloid scars. J Wound Care 
2007;16:251‑4.

94.	 Baumann LS, Spencer J. The effects of  topical Vitamin E on the 
cosmetic appearance of  scars. Dermatol Surg 1999;25:311‑5.

95.	 Lane  JE, Waller  JL, Davis  LS. Relationship between age of  ear 
piercing and keloid formation. Pediatrics 2005;115:1312‑4.

96.	 Tirgan  MH, Shutty  CM, Park  TH. Nine‑month‑old patient with 
bilateral earlobe keloids. Pediatrics 2013;131:e313‑7.


