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A comparative study between the efficacy of phenol and
trichloroacetic acid in the treatment of ingrown toenail

Dr Manal Mouhamad*

Abstract
Background & Aim: Ingrown nails are a very common problem. There are different
stages of disease and diverse therapeutic options. Phenol and trichloroacetic acid (TCA)
are commonly used agents for chemical matricectomy.
This prospective study aimed mainly to evaluate the efficacy of selective chemical
cauterization of the matrix using TCA or phenol in the treatment of the ingrowing nail.
METHODS: fifty two patients with fifty eight ingrown toenails were included in this
study. Preoperatively, we tried to find predisposing factors to the disease. In the
postoperative period, patients were evaluated for potential complications at days 5, 15,
20, and at months 3, 6,9,12.
RESULTS: There were 2 case (out of 27) of ingrown nail recurrence with phenol, and
there were only 1 case (out of 31) of ingrown nail recurrence with TCA. preoperatively,
we found the pain drainage, and infection were better with TCA en comparison with
phenol. The most frequent predisposing factors for the ingrown nail were excessive
trimming of the lateral nail plate (48.07%b).
Conclusion: our results demonstrated quick recovery by using TCA for selective
matricectomy in the ingrown toenail more than phenol, and it is an effective, quick and
easy method.
Key words: Nail diseases; Nails; Nails, ingrown; surgical procedures.

* Member of department of dermatology and venereology Faculty of medicine / Damascus University

2



s .o

2020k — Gt aaall = )y el dlaall dplal) oslall Gied daals Alaa

oBley Gan 1ol oye duals SARN s Gapall Jsla
ALy

G By uhay) dhie B casus g S
S-éé‘)ﬂ R0 Ol Sigamy iy adiyn Sl
dlalag cuilll) ikl g gl

sl e Ll jalall Jalye DG Gdila

(ol et ecledl s A1 Alasal

g U5 B Y 36 e call ccalgall Al da )
Gaad Cliie dsa (Bl e Slad A Ayl
elad) (il G b ey 35l

sliie) e Taldie) 3 0 1 e Jaball (sl llia
3ad e dalled) ALYl )
67, Ly

:Treatment Aallaall

LS

@ Bue daba ey daba 3l @bk Cwasil
O Aalledl gl cabidl M, calll ikl e
GVl sai e laldel cabally ailad)l #al
s3a aline 8 lghalas a0 ) (gl CulS (dls yally
5.0l all it sae Joh oo L

lee gy Sl Lkl e b dadidl) SEhhl) Sh Led
toaballs sl

Conservative Approach :Blaall z3al) .1

obul e as sl Akl dashel G ) D
Akl s Gl copsladl) Anndll Akl Asgical)
oo ey lall gl AR Ale o adil
Lilugy @y 3dal (Sayy ¢ pihall Ball dulgally ula)
? 3%

tol Lo S Tadladll 0l ik g
-3l Lailadll #3all . Taping

-Agilad §gdia auia g Ladlall ~Dall Packing

-

1daddall
ool O ol aaili sl el dulayl A
Cilide & Gaad o S Sl sy
55 depd AN Gabad S 0e ay et
oY) Juaii ge ) adil) sl b 5ol LY
bl

ol e %20 s il el oy JSG
s ol (& A Gageads ] il (pralal
2oy asyall duasdl slall b gy i

@3 Aanlall ekl Akl 2kl dagiiall Jaal o)
Qs gy il auall QS5 Eigaa )
JEY) pdsall g adll Sl anaV) Bl LSH LS
il e s

Y Gapall busay meje @il il #3e G LS
o5 ISl oalitie) (e b cal saal daljind iy
I jalal

Aetiopathogenesis dua)py) dpad)

tlgie auasa Jalge clllia

dngall Gaje o canliill aaaS eyl cildgaal
Gigyalall dadall ASlaw alyy ¢ ANy dgalal)
Gaalall Lol Jualy dpalll dagieall s
glal) 4 ekl Al dalai

Gy Al Y ads ()l s AS ) Ll
flie ye JSE Y

Ll (g8l ) i Jie g)al dalse llia
ARl saml Llgll 8 el el 4 alaY) fas
S ofieall B Gl R B el (il
sie ) S cBuall o)l auaYl 3550 hian
AVl Jalall dila Gursi Cua Jile JS3 ilall (a8
(eiall die 3l AV Chle 13 didapmall osa )



i) axil il Aadles 3 JRY S D5 il Aillad (s A5lEe Al

DAL Taahya) Glally 38hy by S chaY) s
Asgiall (mpe e QN ) e ha¥l 13 ga% casll
Sy akal)

B ity ol 10 (e S8 Argpes ¢ 081 AU 52
any) Ayl gl G e Adll) s3gd sl ol
LalS S gapat amall D ey an ddec ikl
e SN Ll aay (el 330 3k aladiul (Sa
sl (s dsdlly ( Slpesll paaally 5l
4 Jal)

swddll Segmental Matrix Horn Cauterization
BN aa )l adlad) ¢ Al adidal)

Ll S D Janal) zaladnly Slld S
:Phenol Jsidl . 1

Aaulys DAl aa)l alal) ol S il Sy
sam leailing ccaslil) Al 2 el Aadld dagla Jsndl)
%o 2.1 oa oSl A &) Y laa

Pt Al el Jsuall

(Ol i e i e WU ha ik
cayll Ggan Jlgy G

LAY s e Iy Gae ¢ pasall 08 e Sl
danley Jsudll Bk dihie e Gfalll g Juady
sl Bl A Qllyg ¢ Joasily Ansiie Al

ve il alll M 4 Jaall Hasia) oS
aaukh e dealil) Glielad) Jae IS 284 ¢Sl
g Y A LS MKl e ) e 4l Siles
s e Qs ol papall die bkl alas
Al S LS oulid) bl b A Aalys
7, 0k aie Gl gl

oy) g Jame 33y (A das s o tas

0 oall s ey LAl all e 3 Bae «gsil)

dpaal) Jasadl) aladiuly dadlaal) 23l Dental Floss
BB
O el alaziuly Jailaall ~Mall . Gutter Treatment

Antibiotics 4gall clalal) .
vie dygnll clalall dalledll LY o i WL
1 0sS Y S asmal) il Sl QL) s
b osmnll s Gl Cun Y e ehal)
G ey dalall Bl Al dsgal i)

Bbe e o8 lgilled CuilS Loga Ay gal) ilaliall

2 gall Ghlall Cuag gahall e HES a0
o bl Bl 5 T 13 oS 8 daball el
il DU dajee 4ilaie 3

Alall Cauidnl sjehae dillae plasinly (ulalie eyl ()
sl x5l asipall SIS e oLoailly Aglely)
Pl @5 dls g gaball desl U Lege

Surgical Treatments 4a)all dallzall . 2

S 8 Lalal) dalledl Glylidl e oles Gl
HEENL |

Q) Akl A QR A uilall ey Siey 115V
Sl ) aeadl ed AN Ll (gl l) A
coha) (g satt Ay yalal) A Al

Apall)l dagall A galsdl e S ey Al
(Gpall Al e Lla dlagise dujriall dayyel)
(13) Apall Aol sy 0 Jall Hb e
Sl 2N b deasiidl Lalall Gllall 2
B Gn CBERY) 58 Ulaly das s aslil
SRR IEIR It IUN TN

Juaiiuy) Surgical Segmental Matrix Excision

: ABY anyl akial) Lalad)



2020k — Gt aaall = )y el dlaall dplal) oslall Gied daals Alaa

sy} Caon

anl Y] R Allad api ) Aalpal) o2 G
Jswly Ljlie %80 Jall 5K DG aadiuly )
aaat Alglae (e Slmd cdlill ikl 2Me b %88
Jaall amy A1 iy cmpalls Lladl Lngall Jalsall
oSl Janas mpall o ladl LaDU) saall ¢ ahal
tARihhag Cal) alga

LYl e gl pll pmpall s Aulall due
Gpa3lly Balall (mbel) el @ gaalyall cudlil) kil
2017.2016 ouhall alall

(sl e

SIS el gl Gl (3 Ld A 14 el ]
a1 2y Gllg eyl 50 Ala dagliddly A5 deaY
cagrian (el (e b psiucall 438 gall

352 Aage cuslill Al Al & o 2

pms dla el ol L. LY o< T3
Aaball e salll U8 allas i)

Al 8 Jeaall e dsalsd) . 4

saladuly) julaa

cJaall

sl 5l iaill saliae dadlas o (50 sumsall (anjall
iy bl Al ) (Aas Gl

— Afla - Aagiye) ddle ARE Lmase Llal
(&) .. Al

asesasd) o Lelia gsimcadl Gand dgles gl
Aclial dafie ilade e

OS5l s lad dpbiall (e (g gilay (Al (aayall—
Jadim cla e IS8 i

144, ylal)

Al sl jalal) dlaye E0AA, il bl Gad
Aasall Jalsally (gl

o Hled AT o) Galdt e Y Jsidll Gl
Bslaall Aaudy)y AL

Coell 8 (Jadl) padiuly G5 Jaeay Gl Lad
G 3 2 (] duie) sae Judl) Gadai vie 43 caludjal
ton il (S Gl Jana Bla

. %1.2 « %3.9 %12.9

GGkl sae (sl e adi s AV IS Ly
3 502 Gulall sae cilS Jla ST ) IS e
18.55@:

Trichloroacetic Acid: Jal) jgls A3 . 2

a5 «Jall Gmes cliabae sl s Jal) K 0
WAl a0 oy s ¢AslS 3aleS i JSGy g p2e
Ol (B 0il DA G Ligas

Aples bl Caey ¥ ) Tl Aot 3ay.

o Aald Al Jae (B ady Blai e G
Pt Gl e il e

(bl sl K B Al aes aadiuy
paeall 585 e adey @l tGaaadly Jansiall
Easy %25_10 3855 Frosting (dlall (aliay)
rlens (oadaw i

luis & 8 Gaeall i L Wy B 45 s
se e Ll Toldie) aday judsl) Jolaa il S
Bald) Gul o caall e

V) L aeally Jacagiall Jufiill %350 55 adiion
: S 0sS0 lie Laddl Eigan 355k A

() i) La iy il

%100 . 50 385 Jall < DB Ups aadiey
gl dws culS il aa)) aladl Al hanl
Cul€ 3 By copesmd DA Ll ol oSy %95
D alatiuly il ikl gl ades s AL
20, 58T il o liadg ey diyyla Jal)) K




i) axil il Aadles 3 JRY S D5 il Aillad (s A5lEe Al

20 15 <5 A1 & Gyl daliall el siagliadl |
(s ¢l e IS il @llg ¢ aball Jeall 4000
Laa o) @AY @Y WY

aril 12¢ 90 6 3 el Anlidl g & (e
Lol o lal)

:AiBlial)y il

2e Gy s 58 sl alall eVl aae &l
oilal) Al Llay) ol Cua Loaye 52 eyl
c a6 sl

33 QY e gl pundly peall b el 555
(%36.53)19 <3 sac s ((%63.4)

Giagli Cua diw 2345 g jee daugie K.
A (47 515) o o) leed

sl JRaN e e sana (B (opall g5

O8 Al 27 clad Joudll degana 1 d9Y) de sandll

tofie gana I Lilsie el £33

%88 Jsudll lgd axiing 1Y) de sanall

%80 Jall 5K D L aadins Al Ae sanall
HPENJEN g Pesi

OES sl alasinly Al sl o))

esmal) ) Cappal ddaalall ladiuly 63y 0l
e sl aally Al Adlll dagdall Al
sl %80 Jall K M e ekl
COBL (pplSall ojppmy BN s Adhaie (1o%088
AT Qs Gs Al 30 g IS AdEe s
VS P O P LT TR TSNS -V EWE i
B L Y s ale oy il i 5
¢ GSadl Jgall b AY Jeaslly x Jal K
e da Guli 2 aleal) (55305

S sl e Teas Lagy slacall I3 (amad i)

e e NRIR!
%92.59 JSis L 2 dlaydl b Alls 25 liw o ; :
- alall Gyylally Lygm claba ) B0 CliSie Jaad V.
(1)Jsa)l %74 IS L 3 dlaya) b Lid lallag
- rsnball daadl any
(1) dgsad
231l . o s
syl saall e gandll S Jsf’ﬁ s o ’T el s
oyl e -
929 W 25 |y a7 | g 39,8 15 | (%63.4)33 &)
Jidll de &by %63.4)33 &l
B4 3 A2 Jyidl) e pane 258395 ( ) )
58 52
t%78 2“&)« 27 )}Eu,—“‘v‘-’a.c}m Al ))Sﬂ\ 2345 LA-})A
. 31 - ' 2553105 & 18
%12.9 3 dlaye 4 Jal) (%36.53)19
(oially anll b oyl g557)




s .o

2020k — Gt aaall = )y el dlaall dplal) oslall Gied daals Alaa

45 %78 IS L 2 Aayal) 8 Alls 27 e e OIS clla 31 ciles J3I 5l< JD0 Ao gana AN Ae ganal

(1) Jsaadl .%12.9 (S Lo 3 alayall b L oy la

t V) ISl e dejse il alall ¢gand Aasall Jalgal) cils
6 syl %5.76 <NV 3 duayyil ciAal (%25 Al 13 Al LAY (%48.07 Ala 25 Al il
(2)dsaal) .%3.84 olalla dgyalall cldsAl %5.76 <NV 3 Sl @l (%11.53 <

(2) doaa
. < . Con | s s 4 Jalsad)
dgpals cads | Al Gyl | Gl | dasadl) a3l | oAl 431 | el Ladl il
2 3 6 3 13 25 el 2
%3.84 %5.76 %11.53 %5.76 %25 %48.07 A giall dpl)

tel LS e panall oy il i 3N (3l Lagh

1 sY) As panall

15 2235 «%33.33 <V 9 3 oL 7 2 i) e
Vs 4 8 a5 20 a5 %5185 Ala 14 8 Ly
%14.81

A0l de ganal)

Losy 15 anys %87 Ala 27 o ol 7 aay 5l s
%0 Ula 0 b Losy 20 25 %12.9 <V 4 b
3 a8y Jsadl

On oY) S JAN I D e gana O 2a3 138y
eyl oo v ) GG M ocelaall lall Gus
@ Ly 20 V15 G el g b opad Dl
LIl de sana

Sl Ao sanall Al 2 s QUYL gl Led
dicsaadl OVl e A gl 4 Gasy Wy %74
b ol g Aoy Al e G oS (%0 At
Do) deje & ey Al K DB e gens
(3) Jsasd

(Al 4l Jalsal)

e dale aal QIS dlall el il Gl adle
My 3 Ll

Jaall Ju) ¥l 3illy ) (e O Aaglie cas .
t ol LS il i€y i sanal) WS & sl
Ol cedg ddell U AL ghl L
t V) sadl) e e sendll

(A9 Asganall

it ol VA 7 %1851 Al aag¥ VS5
-%55.55 awssie ol Aal5 <%25.92

Al ds ganall

4 %29 caga Al <N 9 (%58 Al s s 18
%12.9 haugie ol Yl

(3) dsaall

G o8 aball Jell ol ) s Bl 1,
O Y el (U2 58 D e san) gl e sandl)
it ol e 588 ) Al gl (S ol ol plana
L el ddlle 15 Al Jsidl) A gene i o
ccidd ) dawsia ol

cofie senall (e gl 8 2l A Gl (%)



i) axil il Aadles 3 JRY S D5 il Aillad (s A5lEe Al

(3) Jsaad
oy 0 i R
icganal
. . W7 2 | ans Y
Ly 20 a0 | L 15 0 | i | e | O
N\ 2 oY\ 4 N\ 14 ada 9 da 15 N 7 aa s 27) gl 4
%74 | %1481 | %5185 | %3333 | %5555 | %2592 | %18.51 (27) 548l des0ae
Nl 4
0 0 %12.9 s 27 oY\ 4 ada 9 Aa18 1) S
%0 %0 ° %87 | %129 | %29 %sg | OV O R

CulS eladll daw Jall eSO aladiuly 458 1Sa
sl A3ylie J8 S Aty

$45)ad) caluyall

rouiad) ey Al A

DSl e ST LY Al S Ly

S %36.53 5 Gl %63.4 Jara

Juve DU A0 Laf culs byl ) b
U (%50.68 5S¢ %49.32

%64.60 30 sSA Adall il Adlaspl) Ayl 4
L&) %35.33 5 ¢y Sall

Alay) jes Jaugia

A 23,45 pdl e Jawgie O Ll
35.59 (sl ee hausie G Llhal Aubal
A 27 el e dawsie G iyl Auhl) b
A(5) Jsaal

(Raslad) Y UDERY)

ey Apijes B Abweadll Lalill e damll culS
cOfie sanal) UGS 8 i jal) s

il o e seadl (8 Sl 2l Jaee oIS
Y

(A9 Asganall

& oS Gaay (%92.59 Ala 25 8 cladl) Gaa
Jaodl e edl 9 amy Gl K (%74 oala
ceaball

Al ds ganall

& oSl Gng (%96.77 Als 30 & cladll s
Jaddl e il 8 oy @y IS5 (%3.22 saaly Al
(4) dsasdl L sl

(4) Jdsaa
oSl A 1 sendll
(%7.4) 2 | (%92.59) 25 (27) Jsidl) e yana
(%3.22) 1 | (%96.77) 30 | (31) Jall LslS 3 e pana

(oeSilly £ i)l Jan)



dana .o 2020pke — SBH saall = ¢ DN ualud) alaall dudall o lall Giies daals dlas
(5) Jsaad
L) aall Ayl
%63.4 & %36.53 55 1w 23.45 L]y
%50.68 ) %49.32 3 1w 35.59 2011 byl dud,)
% 35.33 &l %64.66 s8> i 27 2013 Azl Al

%94 ool Jano &y 4yl Al .
YW e %4 B spicule JSiny (%2 Sill

[(6) Jsxal)
(6) Joxad
sl slal) Ll
bl Lyl
%S %95 bl
(Jsal)
ic i
%7.4 %92,59 ) b2
(sl
e %4_’ o %2 %94 tcaidla ) A,
spicule
%3.22 %96.77 (tca Ae sana) Liiuly
(3l L)
:&lua gillg Glﬁﬁu‘i\

SARN Giadle ol a8 ] 138 Dpaal (1
OIS Jall g D aladiad G ) Vs el
O Y capall Jasdy cladll Jaee Cus (e Juadd)
A J8 oyl Cgan AlSe) S ey Ji Sl W)

(3l bl

G oaally Guinll (B il eda agas o oSa
(Jaadl danb cleaal o33 e ) cludal
clele dacy dleadinal LAY degiy Al
NN P QAR

rousilly ¢ BAD Jaray (3laty Lagh

2 SNy dedll G i) e L)y GS))
Cun e Juadl JAI S DB il calSy (Jal)
ceaball daall aey dxglially (uSilly £ LGl Jana

lem A3yl sl alally dileial) byl aas o
ALball Auhally a8 Jsidll e sene BB 4o
O desanas 2all 4 Jsidll e el
Gadel G Al duall Wy 4 Jall K
gkl A dal s A0 e

92.95 cladll Jare gy :(UJsidl) e gene) Ly b
%7.4 L&ills %

2lasl Jane &y A5l Ayl b

%5 ol % 95

%96.77 i) Jare &Ly :(tca de sana) Liiuhys i
%3.22 LSl ¢



i) axil il Aadles 3 JRY S D5 il Aillad (s A5lEe Al

References
1. C.Rounding, S.Bloomfield. Surgical treatments for ingrowing toenails. Cochrane Database Syst
Rev. 2005; 18:CD001541.
2 C Grover, A Khurana, SN Bhattacharya, A Sharma. Controlled trial comparing the efficacy of 88%
phenol versus 10% sodium hydroxide for chemical matricectomy in the management of ingrown
toenail. Indian J Dermatol VVenereol Leprol. 2015;81(5):472—477.
3. Di N Chiacchio, Di NG Chiacchio. Best way to treat an ingrown toenail. Dermatol Clin.
2015;33(2):277-282.
4. MB DeBrule. Operative treatment of ingrown toenail by nail fold resection without matricectomy.
J Am Podiatr Med Assoc. 2015;105(4):295-301.
5. NM. DeLauro, TM .DeLauro. Onychocryptosis. Clin Podiatr Med Surg. 2004; 21:617-30.
6. A. Mart'mez-Nova, R. S'anchez-Rodr’iguez, and D. Alonso-Pe™na, “A new onychocryptosis
classification and treatment plan,” Journal of the American Podiatric Medical Association,vol. 97, no.
5, pp. 389-393, 2007.
7. H. Arai, T. Arai, H. Nakajima, and E. Haneke, “Improved conservative treatment of ingrown nail—
acrylic affixed gutter treatment, sculptured nail, taping, sofratulle packing, super elastic wire, plastic
nail brace and nail ironing,” Japanese Journal of Clinical Dermatology, vol. 57, no. 5, pp. 110-119,
2003.
8. S. H.Woo and 1. H. Kim, “Surgical pearl: nail edge separation with dental floss for ingrown
toenails,” Journal of the American Academy of Dermatology, vol. 50, no. 6, pp. 939-940, 2004.
9. H. Arai, T. Arai, H. Nakajima, and E. Haneke, “Formable acrylic treatment for ingrowing nail with
gutter splint and sculptured nail,” International Journal of Dermatology, vol. 43,n0. 10, pp. 759-765,
2004.
10. M. Ishibashi, N. Tabata, T. Suetake et al., “A simple method to treat an ingrowing toenail with a
shape-memory alloy device,”Journal of Dermatological Treatment, vol. 19, no. 5, pp. 291-292, 2008.
11. H. Arai, T. Arai, and E. Haneke, “Treatment methods of pincer and ingrown nails using a
newshape memory alloy (Cu—Al-Mn) nail clip, 40% urea paste and anchor taping,” in(PO776) Annual
Congress European Academy of Dermatology and Venereology, pp. 20-24, Lisbon, Portugal, october
2011.
12. R. Ogur, O. F. Tekbas, and M. Hasde, “Managing infected ingrown toenails,” Canadian Family
Physician, vol. 51, pp.207-208, 2005.
13. N. Rueff and C. Gapany, “A rare ischemic complication of ingrowing toenail surgery in a child:
communications and brief reports,” Dermatologic Surgery, vol. 36, no. 2, pp. 250-252, 2010.
14. H. Chapeskie and J. R. Kovac, “Soft-tissue nail-fold excision: a definitive treatment for ingrown
toenails,” Canadian Journal of Surgery, vol. 53, no. 4, pp. 282-286, 2010.
15.N. Shaath, J. Shea, . Whiteman, and A. Zarugh, “A prospective randomized comparison of the
zadik procedure and chemical ablation in the treatment of ingrown toenails,” Foot and Ankle
International,vol. 26, no. 5, pp. 401405, 2005.
16. J.C.Hassel, A. J.Hassel,and C. Loser, “Phenol chemical matricectomy is less painful, with shorter
recovery times but higher recurrence rates, than surgical matricectomy: a patient’s
view,”Dermatologic Surgery,vol. 36, no. 8, pp. 1294-1299, 2010.
17. B.No"el, “Surgical treatment of ingrown toenail without matricectomy,”Dermatologic Surgery,
vol. 34, no. 1, pp. 79-83, 2008.
18. S. Tatlican, B. Yamangokt urk, C. Eren, F. Eskioglu, and S. Adiyaman, “Comparison of phenol
applications of different durations for the cauterization of the germinal matrix: an efficacy and safety
study,” Acta Orthopaedica et Traumatologica Turcica, vol. 43, no. 4, pp. 298-302, 2009.
19. G Gualdi, P Monari, S Crotti, PG Calzavara-Pinton. Surgical treatment of ingrown toe nail: the
Monaldi technique, a new simple proposal. Dermatol Surg. 2014;40(2):208-210.

10



dana .o 20205l — B aaad) — ¢l (ualul) alaall dudall o slell (B5ad daala dlae

20. S. H. Kim, H. C. Ko, C. K. Oh, K. S. Kwon, and M. B.Kim, “Trichloroacetic acid matricectomy in
the treatment of ingrowing toenails,” Dermatologic Surgery, vol. 35, no. 6, pp.973-979, 2009.

21. H. Barreiros, D. Matos, J. Gouldo, P. Serrano, Jodo A, FM. Branddo, Using 80% trichloroacetic
acid in the treatment of ingrown toenails, An Bras Dermatol. 2013 Nov-Dec; 88(6):889-93.

22.G. Tassara, MA. Machado, MA. Gouthier, Treatment of ingrown nail: comparison of recurrence
rates  between the nail matrix phenolizationclassical ~ technique  and phenolization associated
with nail matrix curettage - is the association necessary? An Bras Dermatol. 2011 Sep-Oct;
86(5):1046-8. English, Portuguese.

11


https://www.ncbi.nlm.nih.gov/pubmed/24474095
https://www.ncbi.nlm.nih.gov/pubmed/24474095
https://www.ncbi.nlm.nih.gov/pubmed/22147058
https://www.ncbi.nlm.nih.gov/pubmed/22147058
https://www.ncbi.nlm.nih.gov/pubmed/22147058

