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It has never been shown that \tearing surgical Cace masks decreases

postoperative wound infections. On the contra~, a 50C7C decrease has
beeo reponed after omitting Cace masks. The present study was d~igned
to reveal any JOo/c or ~realer difl'erence in general ,urgery ..uund
infection rales by using Cace masks ur noto

During 115 weeks, a total of 3,088 patients "ere included in Ihe study.
\Veeks were denoted as "masked" or .'unmasked" according to a
random listo After 1,537 operalions performed "ith Cace masks, 73 ("0 7C7c)
"ound infections were recorded and, after 1,551 operations performed
\tithout Cace masks, 55 (3.5Ctc I infections occurred. This dilrerence ..as
not statistically significant (p > 00051 and the bacterial 'pecies cultured
from Ihe wound infections did not difl'er in any "a~, \thich ..ould ha ve
supponed Ihe fact Ihat Ihe numerical difl'erence was a slalislicall~
o'missed" dilrerence.

These results indicale Ihal Ihe use of face masks mighl be reconsideredo
( , \Iasks may be used lo prolect Ihe operaling leam from drops of infecled

blood and from airborne infeclions, but have not been proven lo prolecl
Ihe palienl operaled by a heallhy uperaling leam.

In 1897. Mikulicz. professor of surgc:ry in Breslau. was the first
to mc:ntion the use of a Cace mask [1). One year later. his
assistant Hübener published a study sho~ing that ~c:aring a
Cace mask dimini~hed droplet spread from the mouth of a te~t

p<rson (21. After thi~. many 'itudic:s (3-71 havc: bec:n publi'ihed

comparing dilferc:nt 'iurgical fa~c: ma'ik~ and how to wc:ar thc:m.
Thc: history of the usc: of Cace ma'iks d'i tolJ by Rock~ood anJ

O'~noghuc: [81 is impre'i'iivc: and they 'ipeak in favorofthe U'ie
of Cace masks in thc: opc:rating room. It ha'i never been 'ihown.

ho~ever. that wl:aring fa~l: ma'iks ~au'i':s f.:~c:r po'itopc:rativc:
wound infections unless wom to protect from a ~ore throat [91.

Letts and Do.:rmer [10) ,howeJ that wearing a complc:te hood

overlapping the facc: ma~k. with no gap~ at the 'iides or boltom
uf thc: ma'ik. Jimini'ih.:J thc: fall.out uf mi~ro'ipherc:s applied

unJer thc: ma'ik ~md in the no'itrll~. Ritt.:r dnJ a'i'iociatc:~ (11 J
luund a 33-fold in~rease in .:ount'i uf airborne ba~t.:ria ~hen 5
~r'ion'i l:ntl:rl:d an c:mpty upl:ratlng ro()m. huI thl:re was no
Jllfc:ren~c: in rl:gard tu ~hl:th.:r ma'ik~ ~.:rl: ~()rn or noto It
'i.:c:m, that any dilfl:r.:n.:c: in ha~terlal fall-out b.:t~een a ma'iked
dnd an unma~kcd pcr'ion dr()wn'i in rh.: fall-out from thc rC'it of
the body.

Later. Orr [12) reported a 5O'k decrease of wound infections
after omitting face masks: however. this report was not based
on a controlled study. Chamberlain and Houang [13) made a

cuntroll~d study during gynecological operations to t~st the
results reported by Orr. Their study was discontinued after 3
infections in the unmask~d group. although they found no
correlatiun between bacteria found in the infected wounds and
those isolated from the staff.

In a study uf infection rates after suture of laceration wounds
in an emergency department. Ruthman and colleagues [14)
found nu dilfer~nc~ in r~gard tu wh~ther cap and mask w~re
used or nut.

Th~ r~ductiun uf postuperative wuund infections reported by
Orr cuuld be ~xplained by the findings uf Letts and Duermer.
Th~ hyputhesis might be that a face mask. by friction. rel~ases
skin scales carrying bacteria. most uften staphylocucci. from
the faces ufthe surgical team. This frictiun would be avoided by
umitting Ih~ mask. In..t~ad ufbeing cuntaminated by palhugenic
skin staphylucucci. the wuund would be contaminat~d by an
incr~ased number uf alpha-streplocucci. not knuwn Iu cause
wuund infecliuns in gen~r..1 ,urgery [15.161. It must. however.
be remembered that alpha-'lreptococci are found in wuund
infe¡;liun, afler ,urgery \\ith implanlaliun uf prosthetic devices
as described by. ~.g.. Fitzgerald and Washingtun [17).

Orr's r~purt uf a 50'; de¡;rease in wuund inf~¡;lion rates after

umilting la¡;~ mask~ is 'p~¡;tacular. The present study was
d~,igned tu reveal any 3(Yf ur gr~al~r diff~rence in wuund
infe¡;tiun rates u,ing la¡;e masks or nut. This luw~r perc~nlage
was seto sin¡;e it ,.:.:med a mure r~alistic figure and still uf
~Iini¡;al importan~~. Any dilf~ren~e less than 30% would be
impo,sibl~ lu verify from Ih~ number uf operatiuns peñorm~d
(.¡ruund :!.(~XJ¡y~ar) during a :!-y~ar I.:,t p.:riud in uur ho,pital.

In ord~r lo 1.:..1 Ihe hypothc.:,is that fa¡;t: mask~ signifi¡;antly
in~rt:a'c Ih~ ha¡;lc.:rial fall-out into Ihc.: ,urgi¡;al wuund. th~
ha¡;lc.:rial cullure, l"rum [h~ \\uund infe¡;tiuns w.:rt: compared. If
a fa~e ma,k ,ignifi¡;antly In¡;rc.:a~t:d Ihe fall-uut uf ba~tt:ria intu
the wound. it should in¡;rease the number uf inlc~tions ¡;aused
hy ha¡;tc.:ria nurmally luund un the ,kin.

SuPP<Jrted by a grant Irom (he SIIJ\:kholm ('ounty Loun.:il.
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continuously since 1981. The hospital serves a region with
about 260,OCK> inhabitants. Registration has included around
~ of all patients and around ~ of all infections. shown by
an independent controller, during several test periods. AII
general surgery patients operated on through intact skin. anal
procedures excluded. and sutured by primary intention were
registered. Outpatient. orthopedic. or urologic operations were
not included.

Preoperatively, all"elective" patients had 2 or 3 whole-body
washes with a detergent containing 4l/C chlorhexidine (Hibi-
scrub. ICl). Most of the "acute" patients had at least one wash.
Depilation. when needed. was performed with a depilatory
cream. The area around the incision site was disinfected with
chlorhexidine in alcohol just prior to the operation. Three
different face masks were in use during the time of the study
(Comfort Clinimask. Mólnlycke: Surgine II Antifogmask. Sur-
gikos; and Aseptex. 3M, in order of numbeN used).

After 115 weeks. a total of 3.088 patients had been included
according to the criteria and the study was closed (March. 1984
to May. 1986). During 1.537 operations. Cace masks were worn
by everyone in the operating room according to the "normaJ"
routine. During 1.551 operations. masks were not worn, except
on 277 occasions when they were wom by I or 2 persons
because of a common cold or an aJlergic rhinitis. There were no
conscious changes in behavior during operations (talk. laughter.
etc).

During the 115 weeks. more than 250 different persons took
pan in the operations. Two surgeons. 1 nurse. 1 staff nurse. 1-3
students. and 2 anesthetists often take part in the team work,
meaning that about 8 persons are present during standard
operations. This great number of persons was thought to assure
a challenge by most common bacteria found in the respiratory
tract in a healthy S\\edish surgical staff. Therefore. no culture..
were taken to establish the bacterial carrier rates among the
personnel during the study. Antibiotics were used for prophy-
laxis during aJl colorectaJ operations and many other non-crean
operations according to the guidelines of the clinic.

Definitivn

A postoperative wound intection was defined as pus, visible to
Ihe naked eye, or cellulitis without pus, both requiring de-
bridement or percutaneous drainage andlor antibiotic therapy.
This definition was chosen lO make it easy to determine what lo
report as an infection-if measures have to be taken it i~ J
clinical inlection.

t.-thi{'s

The study was approved by the ethical committee of Ih.:
Karolinska lnstitute.

Clinical Results

In all, during the 115 ~'eeks, a total of 184 (4.6%) postoperatlvc:
wound infections ~ere recorded after 3,967 operation~. ()I'
the~e infections, 56 belonged to the group of 879 operati\ln'
156/879 = 6.4'7i) not included in the study because of in.:rea,.:J
ri\k of int"ection (n = 199), lack of patient consent (n = ~43), \Ir

lack of information to the patient because of senility or al.:UIC:
,tales (n = 437).

()f the remaining 3,OH8 operations, a total of 699 were a~ulc
and ~,389 were elective. A further ~ubdivision into 18 typ'-" ".

operations was performed (Table 1) without revealing ;In)
o¡ignificant ditference\ between the "masked" and "unma\kcJ'.
groups. The average age in the groups was ~imilar: for a~ul(
op.:ration'i, 3M ycar\ in both group~. and for ele.:tive op.:rall"I1'.
5H y.:ar'i in Ihe ..ma\kcd" and 57 years in the "unma,kI:J"
group. In Table ~, the numbers of inl"ection~ per numb\:r ",

op.:ration\ are given for acute, .:Ie.:tive .:Iean, and 1:11:1.:11\1:
non.:lcan opcration~. As ~an be \een, no o¡tati'itically ,ignllí\..lnt
ditference~ in wound infection rate~ w.:re rcached (p .¡)II~I
comparing "ma'ikcd" and "unma'iked" operation~. In Ihc
"mao¡ked" group, the infcction rate wa~ 4.7';( (3. 7-5.M';, '1" ¡

contidence limiN as compared to 3.5% (~.6-4.5{;;) In Ihc

"unma~ked" group. During m "unma'iked" operationo¡ ¡IK':
of all "unmao¡k.:d"I, ~h.:n I-~ pl:r'on~ wore fa.:e m;,..k.. 1'4.".

Re,~istration ,\;Iethod

A blue registration forro followed the patient from the day of
admission to the ~ard during his 'itay in the hospital. Diagnosis.
operations. whether acute or elective. and the degree of con-
tamination were registered as ~ell as postoperative wound
infections. In case of a wound infection. a second forro (yellow)
was immediately sent to the secretariat to make it possible to
intervene or at least search for a common source of infections
when there were several infections in a shon period of time.
The yellow torm ~as also used to repon infections evident after
discharge from the ward. From every wound infection a swab
~as taken for bacterial culture. Copies of the results of these
bacterial cultures were collected separately at the laboratory of
clinical bacteriology ando together ~'ith the blue and yellow
forros. they gave a '.triple" control of the number of infections.

During the study. the ordinary registration forros were sup-
plemented with the follo~ing facts about the .,tudy:

t. Patient informed in writing and "erbally about the study and

patient's consent given--to be included in the study.
2. Patient not informed or consent not given.. or not included

because of increased risk of infection (!iynthetic graft to be
insened or hematologic disea'ieJ-not to be included in the

study.
3. Number of persons. if any. ~earing a face mas k during an

..unma~kc.-d" operation, and the reason for this (common
cold or allergic rhinitisl.

4. ..Masked" operation performed.
5. ..Unmasked" operation performed.

In order to confirm that the use of face masks gives a
Jc:crc.-ase of 30'::" in po.,toperati"c: ~ound infection rate, i.e.. lo
today'~ 5':i (ma.,ked) from 7.2':f (unma~ked). 1.500 palient~
wc.-re needed in c.-ach group. Therefore. it ~a~ decided lO include
;lt lea~t 3,000 paticnt~ in Ihe study.

A random list was set up for l year. dc.-noling weeks as
..ma~ked" or ..unmasked..' To ;lvoid .,ea~onal dilference~
belwcen Ihe group~. the list was inver.,ed for the !iecond and for
pan uf the Ihird year. Tu randomile week~ instead uf day~ or
.,ingle uperation~ wa~ a way tu a.,!iure a !iimilar number uf majur
and minur !iurgery in the :2 group~ !iince elective majur !iurgery
1., mo.,t oftcn rcrt'ormcd at the heginning of the wcc:k.
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Without face masks

Acute Elective

Without face
maskWith face mas k

73/1.537
Single MixedInfectionSioperations

55/1.551
Single ~i'ed

12 (1) 149 (14) 9
3

4 (1) 132 (8) 6
3

31 (2) 49/11 30 (4) 51 (2)

458101 661 (01

6/0)
5/3)

8
~2
22

4511,
5315)

:1 lO}

7 (I}
3

12
16

4313)

4514)

-
4
I

4 (1) 35131
36 (01

.$ (O) 37 (31
28 (1)

2 17
5
4

4

I

11
3
I~6 101

~3 18)
:!8 lO)
1913)

9 (O.
7 (01

I (O)
3 (11

-
3 (O)

11 (O)

6 (O) I

Inguinal hernias
Appendectomies
Cholecystectomies
'fammary!axillar)

operations
Intestina!

resections
E.'ploratory

laparotomies
Ino resection)

Th}Toidiparathyroid
operations

Other hernias
Esophageaugaslric

operations
Enterostomies
Other clean

operations
Varicose "eins
Pancreatic bile

ducts
Splenectomies
Other non-clean

operations
Vascular (nongraft

operations)
Liparoscopies
T esticular

hydrocc:le
Total

AII operations

3 (O) 5 (:!) 3101 6 (01

Slaphylococcus aureus
Slaphylococcus

epidermidis
Pyogenic Group A

slreplOCoccu~
Pyogenic non-Group A

slreplOCoccus
Slreplococcus viridans
Escherichia coli
Olher aerobic gram

negalives
Bacleroides fragilis
Bacleroides ~pecies
Anaerobic gram posilive

COCCI

CloslriJium pert"ringens
Group A

PseuJomonas aeruginosa
CanJiJa albican~
Anaerobic gram pusilive

roJs
F~lcullalive anaerobic

gram posilive sIr.
Haemophilu\

par~lint1uenla
Propionibaclerium
Bacillu\ \ublili~
Pneumococci
No gro~1h
No cullure

J 101
3 fOI

6/0)
2 (O)

~50(:!1) 1.187IS:!)
1.537 Ci31

3491191 1.202 (361
1.551 /55) -

I
I

"'Nos. in parentheses are nos. of infections.

3
7

rabie 2. No. of infection~ (Inl) and no. llf l1peration~ IOpl in relation
tu dcute and elective clean and non-clean upera[iun~. gesics in acute conditions \\ere (he most common reasons for

not being included.

Without face
With lace ma,k ma,k

¡;ause of a I:ommon I:old or an allo:rgil: rhiniti'i. only 4 infel:tion'i
\'l:l:urred. During Ihe remaining 1,274 .'unma,ked'. operation'i.
no une in Ihe operaling Io:am. inl:luding Ihe ane,lhO:lil: Io:am.
'-'ore a lal:e ma,k (5-8 per'on~). In addítion. 1-3 'tudenl~
followed the routine,

The 879 operar ion, not inl:luded in the 'tudy al:l:ording lo tho:
I:riteria had an inl"t:l:tion rate of 6,~{;'; I:omparo:d to ~,I '1 lur
tho'e inl:luded in the ,tudy /p <: U,/)II, Thí, rel1el:t, the higher
age and more acute ,tate'i among Iho,e not inl:luded, In the
"nut inl()rmo:d'. group. ,o:nility ~md th.: adminí,lraliun of ~lnaJ.

Bacteriological Re~ults

íhe rc.:'iult'i vf o.:ulturc.:'i frum the I 28 ~'uund infection~ are

pre~ented in Table 3. Infections after "ma~ked" and .'un-
ma~ked" operatiun~ are pre'iented 'ieparately and mi.xl:d infc.:c-
tiun~ havl: bl:en 'il:paratl:d frum thu~e where a 'iingle bactl:rial
'itrain ~a~ found. In order to make Tanll: 3 ea~il:r to rc:ad, 'iume
nacterial ~pecil:~ have pre~ented as groups, e.g., Protl:us and
Kleb'iiella and other gram negativl:s are pre~ented as "uther
al:robic gram negative." There wl:re 6 cultures without growth
and lO infection~ where no cultures were taken. That Ic:ave'i 112
o.:ulture~ lor evaluation. Staphylocucci ~c:re lound in 21 o.:ulturl:~
after upc:ration~ without Cace ma'ik~ and in 21} culturl:~ aftc:r

upl:ratiun~ wlth facl: ma'ik'i. After currc:ction for the dilferc:nce
in mi~'ic:d o.:ulture~, thi'i givl:'i 'it,lphylocoo.:o.:al infc:o.:liun r,ltc:'i uf
I.)'~ ,Ind 2.2';", rl:'ipeo.:tively. Thi~ mean~ that 43'1 of Ihe
o.:ulturc:~ frum infections aftl:r operation~ without facc: ma'ik~
rl:vc:alc:d 'itaphylucucci, a~ o.:omparc:d to 46~ aftl:r upl:raliun\
wilh 1;lcc: ma~k~. Thi~ dilfl:rt:ncc: i~ clt:arly not ~ignitio.:ant tI' .
U.U)I.

Hl:la.ht:molytic \Irc:ptocul:o.:i (iruup A ~I:rc: tilund in :! o.:ul-
(url:'i. hoth ,Ifll:r ma\kl:J !Ipl:ralion'i, ~hlll: I infl:o.:!I!,n ~ilh

With face masks
~

Acute Elective
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sin máscara se informaron 55 O.5Q) infecciones. Esta diferen-
cia no es estadísticamente significativa (p > 0.05); las especies
de bacterias aisladas de las heridas no exhibieron diferencias
que puedieran hacer pensar que la diferencia númerica en favor
de las operaciones sin máscara tenga importancia.

Tales resultados indican que el uso de máscaras faciales
puede ser reconsiderado. Las máscaras pueden ser utilizadas
para proteger al personal quirúrgico de gotas de sangre in-
fectada y de infecciones en el ambiente. pero no han demos-
trado que protejan al paciente que es operado por un equipo
quirúrgico sano.
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Invited Commentary Purulent infection in cleanly-made surgical wounds is infre-
quent In most centers. If a wound infection should develop. it is

P I Q B' M O F A C S usually not a cause of death; however. it u~ually does increasea mer .essey. ." morbidity. length of stay. and cost of careo Therefore. preven-

Depanment of Surgery. Wa.,hington L:niversity School of Medicine. tion of surgical wound infection continues to be a major goal for
SI. Louis. Missouri 63110. L: .S.A. surgeons and their hospital stalfs. One of the most elfective

stratcgies to this end is the dcvelopment of an a~tive wound
surveillance program in ~.hich all surgical wounds are inspectedThe ability of surgeons to perform operations with the full by a trained observer. the presence or absence of wound

expectation that the surgical wound ~ill heal primarily without infection documented. and the information given to individual
infection is a remarkable a~hievement of Twentieth Century surgeons and to ~hiefs uf service [2. 31. This approach leads to
,urgery. In the last ~entury. ,urgical opt:rations were ~ommunly changes in b~havior by surg~ons and th~ir associat~s that
followed by wound suppuration. Purulent infection ~'as a major reduce the in~idence ofwound infection. thereby indicating that
.::ause of hospital death. and if the pati~nt survived at all. the attentiun to the d~tails of pt:rioperativ~ management still makes
wuund h~al~d by '~~ondary int~ntiun. With the apprc~iatiun of a dilfercnce in patient uut~ume.
the microbiologic and transmissible nature of infection~. prin- It is Icss ~Icar which uf the myriad dctails of pcriuperative

..:iples of antisepsis and as~p,i, ~~re dev~loped by Lister in careo both uld and new. have an important determining role in
Scotland and Bergmann in Germany. In accord with these the inciden~e of po,tuperative ,urgical wuund infe~tion. These

principle~. elaburate surgical rituals were developed to mini- often ritualistic pra~tices add to the complexity and ~ost uf
mize the risk uf exposure of ~uund~ to bacteria from the surgical careo and might be well abandoned if shown to be

()perating surgeun. the a"j,tants. the Instrum~nts. the cnvirun- inclfe..:tive. Thu,. Dr. Tuncvall and his ~ollcagues at the Karo-
mento or the patient him,elf. rh~,e techniques were dramati- linska In,titute. Danderyd Huspital. in Stockholm evaluated the

..:ally elfective. Bloodguud [11. at the Johns Hopkins Huspital. cl1i~acy of surgi~al fa~e masks. Not only does the widespr~ad
r.:ported a r~du~tiun in hi, uwn wuund Inf~~tion rate fulluwing u,e of fa~e ma,ks ~Idd to the ~u,t uf medical ~are. but ,ume
.:Ie~tive hernia rcpair frum ~if( to l ';{ ~ith the ~onsi,tent use of studies suggest that ,urgi~al face masks might actually increa'~
gloves and other a,eptic te~hniques. Our ~urrent pra~ti~es of the in~idcnce uf wuund infe~tiun.
(Iperating room manageml:nt and ,tl:rile te~hnil.lue. in~luding A.~ ]~h;~\f.pr~fk.'l.:ti\L-"\ 'ltidy nl:gan ~~, I 'J:H4.,lInd-;w¡e~1!~,ignl:d tu
the u~e uf Cace ma,k,. ar~ dire~t dt:'~l:ndant~ of thl:se I:arly ,)i!n,,~l:r"a '!traightt'u~;¡rd4u.:,tiop: ~~:clul:~tf1e~'cof ,urgil:al
"urgi~al ritual~. "i..l.¡I~I;:~\!~!~~ i?lll!~,~e ~h~j~,l;il,1'Tnf:oe ~f; ,pu:to~l:ratlve, wl~und

In the past 100 years. thl:re hav~ bl:~n trl:mendous advance'i l~tl:~t\°!:1 ~..r,~~ ~,\~dOml/atlun pro~l:'s aJd:l:"l:d known \Oom-
in all ~I'pl:..:ts of thl: -:~lfl: uf 'I-:k ,.nd -:riti-:.llly ill patl.:nts. pon'::"1!' ,ir \;írí:¡oilíty Otnd thl: 'tlldy d':'lgn W¡¡, ulllvl:r,.III~

¡; (~f;::(;:;3
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