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IN TRO DUC TION

The effi cacy of non ster oi dal anti- inflammatory drugs
(NSAIDs) for acute and chronic pain is well rec og nized 
but is often accom pa nied by unde sir able effects sec on -
dary to sys temic dis tri bu tion. Epi de mi ol ogic stud ies,
for exam ple, dem on strate that NSAIDs increase the
risk of ulcera tions and per fo ra tion in the small intes -
tine in long- term NSAID users and result in more fre -
quent ulcera tions even in short- term users of this drug
class.1 The rela tive risk of upper GI bleed ing is
increased five fold by inges tion of NSAIDs,2 is ele vated
in the eld erly,3 and may be even higher for cer tain
NSAIDs.4,5 Altera tions in renal func tion asso ci ated
with NSAID inges tion are esti mated to occur in
approxi mately 1% of exposed patients6 and may
include a wide array of unto ward renal effects

result ing in sig nifi cant abnor mali ties.7 The risk of end
stage renal dis ease requir ing dialy sis is attrib uted to a
high cumu la tive inges tion of NSAIDs,8 with rec og ni -
tion that non pre scrip tion use of NSAIDs, par ticu larly
in com bi na tion with other simi lar drugs, rep re sents a
poten tial renal risk.9

One approach to over com ing these thera peu tic
limi ta tions is to maxi mize drug lev els at the site of
action and mini mize sys temic expo sure by admin is -
ter ing the drug directly to the site of tis sue injury. Local 
appli ca tion of aspi rin and aceta mino phen at subthera -
peu tic doses (50 mg) has been dem on strated to pro -
duce anal ge sia in com pari son to the pla cebo and sys -
temic admini stra tion of the same dose.10 An aspi rin
solu tion applied topi cally in the oral cav ity pro duces
an anal ge sic effect on experi men tal and clini cal pain,
which appears to be medi ated locally and not by sys -
temic absorp tion.11 Topi cal appli ca tion of ketoro lac
trometh amine for ankle sprain results in anal ge sia and
reduced swel ling supe rior to both pla cebo and oral
admini stra tion of an NSAID12 while result ing in
plasma drug lev els lower than those asso ci ated with
oral admini stra tion of a 10 mg dose of ketoro lac.
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A series of three clini cal tri als in the oral sur gery model evalu -
ated the anal ge sic effi cacy and phar ma coki net ics of keto pro -
fen admin is tered locally as a strat egy for decreas ing sys temic
expo sure to non ster oi dal anti- inflammatory drugs (NSAIDs).
A gel for mu la tion was admin is tered directly into extrac tion
sites 1 hour fol low ing oral sur gery, and pain inten sity was
evalu ated for 6 hours. Sig nifi cantly less pain was seen fol low -
ing periph eral admini stra tion of both 10 and 30 mg keto pro fen 
in com pari son to the pla cebo. In a sec ond study, periph eral
admini stra tion of the 10 mg dose resulted in greater anal ge sia

than oral admini stra tion of the same dose for mu la tion or the
pla cebo. The third study dem on strated lower plasma drug lev -
els fol low ing the periph eral route of admini stra tion in com -
pari son to oral admini stra tion of the same dose or inges tion of
a 25 mg oral cap sule. These data indi cate that admini stra tion
of an NSAID to a periph eral site of tis sue injury results in
greater anal ge sia than oral admini stra tion and sug gests the
poten tial for less drug tox ic ity through lower cir cu lat ing drug
lev els.
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Topi cal NSAIDs have also been evalu ated for experi -
men tal gin gi vi tis in humans,13 acute soft tis sue inju -
ries,14 and as a route of admini stra tion for rheu ma toid
arthri tis.15

In this study, we evalu ated the admini stra tion of
keto pro fen in a pro prie tary gel for mu la tion directly
into sur gi cal extrac tion sites fol low ing the removal of
two impacted third molars to deter mine the anal ge sic
effi cacy and safety of periph eral admini stra tion. The
results of three stud ies done in series pro vide evi dence 
for a periph eral site of action, greater anal ge sia in com -
pari son to the same dose given orally, and lower
plasma drug lev els sug ges tive of less poten tial for sys -
temic tox ic ity.

METH ODS

Sub jects for this inves ti ga tion were oral sur gery out pa -
tients under go ing the sur gi cal removal of two man -
dibu lar impacted third molars with par enteral
seda tion and local anes the sia. The first two stud ies
con sisted of a single- dose, double- blind, par al lel
groups com pari son to evalu ate the anal ge sic effi cacy
of keto pro fen admin is tered directly into the sur gi cal
site in com pari son to a pla cebo con trol. A third open-
 label study evalu ated the phar ma coki netic prop er ties
of the keto pro fen gel for mu la tion in com pari son to oral 
keto pro fen cap sules. Sub jects were 16 years of age or
older, free of sys temic dis ease, with out his tory of psy -
chi at ric ill ness, and had no his tory of allergy to aspi rin
or NSAIDs. Addi tional exclu sion cri te ria included
con comi tant medi ca tion with NSAIDs or anti his ta -
mines and preg nant or lac tat ing females. Sub jects
were informed of pos si ble risks of oral sur gery and the
inves ti ga tional treat ments and signed a con sent form
approved by the NIDR Insti tu tional Review Board.

The first study com pared sup pres sion of post op era -
tive pain with 10 mg and 30 mg doses of keto pro fen in a 
pro prie tary gel for mu la tion to a pla cebo gel for mu la -
tion when placed sub mu cosally into the extrac tion
sock ets. Three groups were ran dom ized to receive one
of the fol low ing treat ments: 10 mg keto pro fen gel, 30
mg keto pro gen gel, or pla cebo gel admin is tered bilat er -
ally into two man dibu lar extrac tion sites. The drugs
were for mu lated such that 0.5 ml of the pla cebo, 0.5 ml 
of 1% keto pro fen gel, or 0.5 ml of 3% keto pro fen gel
were admin is tered into each extrac tion site for a total
admin is tered vol ume of 1.0 ml. The sec ond study com -
pared sub mu co sal admini stra tion of 10 mg of drug at
the site of injury to oral admini stra tion of the same
dose and pla cebo admin is tered both orally and at the
sur gi cal site. Three groups were ran dom ized to receive 
either 0.5 ml of 1% keto pro fen gel into each extrac tion

socket (10 mg total dose) and 1 ml of the pla cebo gel
swal lowed, 1 ml of the active drug swal lowed (10 mg
dose) and the pla cebo sub mu cosally, or the pla cebo via 
both routes. The third study was open- label to avoid
the com plex ity of admin is ter ing the pla cebo via three
dif fer ent routes of admini stra tion. Sub jects were ran -
domly allo cated to receive either 10 mg keto pro fen
admin is tered into the two man dibu lar extrac tion sites, 
10 mg keto pro fen placed topi cally onto the extrac tion
sites, 10 mg keto pro fen gel for mu la tion placed on the
base of the tongue and swal lowed, or a 25 mg keto pro -
fen oral cap sule. Drug and pla cebo were sup plied by
the manu fac turer (Block Drug Com pany, Jer sey City,
NJ) as iden ti cally appear ing gel for mu la tions ran -
domly allo cated by the NIH Phar ma ceu ti cal Devel op -
ment Serv ice to con secu tive sub jects.

Two par tial or full bony impacted man dibu lar teeth
were extracted using 2% lido caine with 1:100,000 epi -
neph rine and intra ve nous seda tion with mida zo lam.
Pri mary clo sure was obtained using 3-0 chro mic gut
suture and gauze placed bilat er ally. One hour post op -
era tively, patients were evalu ated for hemo sta sis.
Patients were excluded from par tici pa tion if there was
a lack of hemo sta sis or pain requir ing imme di ate medi -
ca tion as reported by the patient. The drug for mu la -
tions were admin is tered by insert ing a 14- gauge plas -
tic cathe ter under the muco sal flap raised for the
extrac tion and gen tly extrud ing 0.5 ml of the gel from a
1 ml tuber cu lin syringe. The gel for mu la tion was
admin is tered orally by express ing the gel from a
syringe onto the base of the tongue and hav ing the
patient swal low. In the first study, a cus tom acrylic
stent was placed over the extrac tion sites for 1 hour to
pre vent leak ing of the gel from the extrac tion sites. In
the sec ond study, gauze was placed bilat er ally and
held in place with firm bit ing pres sure for 1 hour. Res -
cue anal ge sia was pro vided upon patient request con -
sist ing of either 100 mg of flur bi pro fen p.o. for mod er -
ate pain or ketoro lac 30 to 60 mg IM for severe pain.

Pain was rated at base line, at 15 min utes postdrug,
and at 30- minute inter vals for up to 6 hours using a 100 
mm vis ual ana log scale (VAS) with anchors of no pain
and worst pos si ble pain. Dura tion of anes the sia was
evalu ated to ensure that post op era tive pain was not
influ enced by resid ual man dibu lar anes the sia.
Patients were instructed to tap their lower lip and cate -
go rize the sen sa tion as nor mal (0), tin gling (1), or
numb (2). The pres ence of side effects was also evalu -
ated at each obser va tion.

Blood sam ples in the third study were col lected into 
chilled, hepar inized tubes prior to drug admini stra tion 
(0 time) and at 15, 30, 60, 90, 120, 150, 180, 240, 300,
and 360 min utes fol low ing drug and cen tri fuged under 
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refrig era tion (4°C). The plasma was decanted and fro -
zen in dry ice for stor age at –70°C until shipped on dry
ice for analy sis (Hazle ton Wis con sin, Inc., Madi son,
WI). Keto pro fen plasma lev els were meas ured fol low -
ing extrac tion of the drug and an inter nal stan dard into 
ethyl ether made acidic by the addi tion of potas sium
phos phate mono ba sic. The organic layer was evapo -
rated to dry ness and the resi due recon sti tuted in the
mobile phase prior to analy sis by reversed- phase
high- pressure liq uid chro ma tog ra phy with ultra vio let
absor bance detec tion.

Patients were con tacted by tele phone on the sev -
enth post op era tive day to evalu ate the inci dence of
com pli ca tions. In the first study, 34 patients under -
went oral sur gery as can di dates for inclu sion in the
study. Four patients were not evalu ated for the fol low -
ing rea sons: only one obser va tion after the off set of
man dibu lar anes the sia (2), only one lower extrac tion
done (1), and patient did not receive study drug (1). In
the sec ond study, 52 patients under went oral sur gery
as can di dates for inclu sion in the study. Eight patients
were not evalu able: per sis tent pares the sia (1 patient),
con found ing medi ca tion given intraop era tively (1
patient), exces sive sur gi cal dif fi culty with pro longed
dura tion of sur gery (1 patient), or requested res cue
anal ge sic less than 1 hour after study drug admini stra -
tion (4 pla cebo patients, 1 keto pro fen in extrac tion
site). A total of 51 patients were placed in the third
study, with evalu able data from 50 sub jects included
in the analy ses; 1 patient in the topi cal keto pro fen
group was with drawn from the study for treat ment of
per sis tent bleed ing requir ing local anes the sia admini -
stra tion and place ment of an addi tional suture.

Pain inten sity over the entire 6-hour obser va tion
period was evalu ated by repeated meas ures analy sis of 
vari ance. Post hoc com pari son between treat ment
groups was based on the total pain scores for the entire
6 hours, as meas ured by a VAS (adjusted for the inter -
val of the time period) using a one- way analy sis of vari -
ance and Dun can’s multiple- range test. The inci dence
of com pli ca tions for the dif fer ent routes of admini stra -
tion was com pared by Fisch er’s exact test for groups
col lapsed across the three stud ies.

RE SULTS

The dura tion of man dibu lar anes the sia was simi lar
across groups, with vir tu ally all patients report ing the
return of nor mal sen sa tion by 120 to 150 min utes from
the end of sur gery. Treat ment groups were also simi lar
for the doses of local anes thetic and mida zo lam, the
dif fi culty of the sur gi cal pro ce dure, and demo graphic
char ac ter is tics (Table I).

Pain onset in the first study occurred over the first 2
hours (Fig ure 1, upper panel). Pain inten sity over the
course of the 6-hour obser va tion period was sig nifi -
cantly dif fer ent between the three drug groups (F =
6.32, p < 0.01), with mean pain inten sity for the 10 mg
keto pro fen group reach ing a maxi mum on the VAS of
one- third of the pla cebo group. Admin istra tion of 10
mg keto pro fen gel sig nifi cantly sup pressed the sum of
the pain inten sity val ues (Fig ure 1, lower panel) in
com pari son to the pla cebo gel ( p < 0.01). Pain in the 30 
mg keto pro fen group was less than the pla cebo over
time but some what higher than the 10 mg group. The
sum of the pain inten sity scores, how ever, was also sig -
nifi cantly less than the pla cebo ( p < 0.01). There was
no dif fer ence between the two doses of keto pro fen for
the sum of the pain inten sity scores.

To con trol for pos si ble absorp tion from the site of
admini stra tion at the sur gi cal wound, a sec ond study
com pared the 10 mg dose of keto pro fen given into the
extrac tion sites or swal lowed orally. The pla cebo
resulted in pain, which increased over the first 2 to 3
hours postdrug admini stra tion to reach 70% of maxi -
mal lev els (Fig ure 2, upper panel). Admin istra tion of
10 mg into the sur gi cal sites sig nifi cantly reduced total
pain scores ( p < 0.01) in com pari son to pla cebo and
oral admini stra tion of the same dose for mu la tion (Fig -
ure 2, lower panel). Oral admini stra tion of the 10 mg
keto pro fen for mu la tion did not result in any sig nifi -
cant dif fer ence in com pari son to the pla cebo for the
sum of the pain inten sity val ues.

In the third open- label study, the plasma drug lev els 
of keto pro fen result ing from admini stra tion at the sur -
gi cal site were com pared to oral admini stra tion of the
same for mu la tion, topi cal appli ca tion of the gel for mu -
la tion to the oral mucosa over ly ing the extrac tion sites, 
or oral admini stra tion of a 25 mg keto pro fen cap sule.
Plasma drug con cen tra tions fol low ing oral inges tion of 
the 10 mg gel for mu la tion were sig nifi cantly ele vated
at the 15- minute blood sam ple in com pari son to 10 mg
at the sur gi cal site, peaked at 30 min utes, and then
gradu ally decreased over the remain der of the obser va -
tion period (Fig ure 3). Admin istra tion of a stan dard 25
mg keto pro fen cap sule resulted in a sig nifi cantly
greater plasma drug con cen tra tion than the 10 mg sur -
gi cal site dose from 60 min utes postdrug to the last
obser va tion at 360 min utes. Topi cal admini stra tion of
the 10 mg dose for mu la tion resulted in plasma drug
con cen tra tions com pa ra ble to admini stra tion into the
sur gi cal site.

Adverse events reported across the three stud ies are
sum ma rized by route of admini stra tion in Table II. The 
inci dence of post op era tive bleed ing, usu ally mani fest -
ing as an ooze from the extrac tion site, was simi lar
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across treat ment groups, with keto pro fen admin is -
tered into the sur gi cal site (15%) hav ing the iden ti cal
rate of post op era tive bleed ing as oral keto pro fen
(15%). The rate of infec tion was non sig nifi cantly ele -
vated for both keto pro fen admin is tered into the sur gi -
cal site and for oral keto pro fen in com pari son to the
pla cebo. The inci dence of impaired heal ing at the
extrac tion site, char ac ter ized as alveo lar ostei tis, was
simi lar across groups. Com pli ca tions asso ci ated with
the sur gi cal pro ce dure itself, such as per sis tent pares -
the sia to the lin gual or man dibu lar nerve, were also
simi lar in occur rence between treat ment groups. Pain
at the extrac tion site occurred more fre quently fol low -
ing admini stra tion of keto pro fen at the sur gi cal site,
but the over all inci dence (9%) was too low to dif fer en -
ti ate sta tis ti cally from admini stra tion of the pla cebo to
the sur gi cal site (3%). Other non spe cific adverse
events such as drowsi ness, diz zi ness, fatigue, nau sea,
and sore throat were reported equally across groups.
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Fig ure 1. Pain in ten sity as meas ured by vis ual ana log scale over time
(up per panel) and the sum of pain in ten sity at all time points (lower
panel) for pla cebo, 10 mg ke to pro fen, or 30 mg ke to pro fen ap plied to
the sur gi cal ex trac tion sites.

Fig ure 2. Pain in ten sity as meas ured by vis ual ana log scale over time
(up per panel) and the sum of pain in ten sity at all time points (lower
panel) for pla cebo, 10 mg ke to pro fen ap plied to the sur gi cal ex trac tion
sites, or the same dose for mu la tion placed on the tongue and swal lowed.

Fig ure 3. Plasma con cen tra tions of ke to pro fen fol low ing oral ad mini -
stra tion of a 25 mg ke to pro fen cap sule, 10 mg of ke to pro fen gel ad min -
is tered orally, 10 mg ke to pro fen gel placed into the sur gi cal ex trac tion
site, or 10 mg ke to pro fen gel topi cally ad min is tered over the ex trac tion
sites.



DIS CUS SION

Periph eral admini stra tion of a 10 mg for mu la tion of
keto pro fen was more effec tive than oral admini stra -
tion of the same dose, sug gest ing a local site of action.
Absorp tion from the sur gi cal wound and dis tri bu tion
to some other site of action would have resulted in
anal ge sia com pa ra ble to the oral for mu la tion. The
greater anal ge sic effect with the periph eral route is
pre suma bly due to achiev ing a higher effec tive drug
con cen tra tion at the site of injury with out loss due to
dis tri bu tion to other com part ments or the onset of
elimi na tion. The area under the drug con cen tra tion
curve over the first 120 min utes indi cates that a larger
por tion of the orally admin is tered keto pro fen gel was
in the cir cu la tion longer than the locally admin is tered
drug, sug gest ing a higher drug con cen tra tion at the
sur gi cal site for the periph er ally admin is tered keto pro -
fen. Topi cal admini stra tion of 10 mg of the keto pro fen
gel for mu la tion resulted in plasma drug lev els simi lar
to the same dose admin is tered into the socket. While
the effi cacy of the topi cal for mu la tion was not assessed 
in the third open- label study, it is likely that most of the 
admin is tered drug was absorbed by the gauze that was
placed over the extrac tion sites fol low ing local
admini stra tion.

Admin istra tion of the keto pro fen 30 mg gel for mu la -
tion in the first study resulted in greater anal ge sia than
the pla cebo gel but dem on strated a trend toward less
effi cacy than the 10 mg dose. The small sam ple size for
this dose range study mag ni fied the effect of one sub -
ject in the 30 mg group who did not achieve relief with
the locally applied drug and reported maxi mal pain
inten sity requir ing remedi ca tion. The low mean lev els
of pain for the 10 mg dose, approxi mately 10-20 on 100
mm VAS for the first 5 hours, would have made it

dif fi cult to dem on strate any greater anal ge sic effect for
the 30 mg dose, even in the absence of this sub ject’s
data.

Keto pro fen, like other NSAIDs, inter feres with the
for ma tion of prod ucts of the ara chi donic acid cas -
cade.16 How ever, assess ment of keto pro fen’s effect on a 
spi nally medi ated reflex in both nor mals and para ple -
gic patients is sug ges tive of a cen tral site of action.17

Simi larly, the antino cicep tive actions of NSAIDs in the 
for ma lin test are 100 to 1000 times more potent when
admin is tered intrathe cally in com pari son to intrape ri -
to neal admini stra tion,18 also sug ges tive of a cen tral site 
of action for NSAID anal ge sia. The results of this study
are sup por tive of a periph eral site of action but do not
con tra dict a cen tral site of action fol low ing sys temic
absorp tion and dis tri bu tion. The slow time course of
drug action in the oral sur gery model under these con -
di tions, in which the drug was given 60 to 90 min utes
prior to the onset of pain as the effects of the local anes -
thetic dis si pated, does not per mit evalua tion of any
early effects of NSAIDs that might occur at cen tral sites 
prior to the cumu la tion of a suf fi cient con cen tra tion in
the periph ery to inhibit pros ta glan din for ma tion.

A recent study in an oral sur gery model dem on -
strated that oral admini stra tion of a high dose of flur bi -
pro fen (200 mg) did not result in drug con cen tra tions
at the extrac tion sites exceed ing the IC50 dose for
cyclooxygenase-2 activ ity until 90 min utes postdrug.19

Admin istra tion of a dose in the nor mal thera peu tic
range (50-100 mg) would likely have taken even longer
to achieve inhibi tory con cen tra tions of cyclo-
oxygenase-2 at the pre sumed site of action. Anal ge sic
onset fol low ing oral admini stra tion of 25 to 100 mg
flur bi pro fen occurs as early as 30 min utes postdrug20,21

and is sub stan tial by 60 min utes.20-22 The early anal ge -
sic onset fol low ing oral admini stra tion of NSAIDs
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Ta ble II Ad verse Events Re ported on Day of Sur gery or at 7- Day Post sur gery Follow- Up

Al veo lar Pain at Drug
Treat ment n None Bleed ing In fec tion Os tei tis Pares the sia Head ache  Ad min istra tion Other

Ke to pro fen sur gi cal
 sitea 55 19 8 (15%) 10 (18%) 4 (7%) 2 (4%) 8 (15%) 5 (9%) 21 (38%)
Pla cebo sur gi cal 
 siteb 22 13 3 (10%) 1 (3%) 1 (3%) 1 (3%) 2 (7%) 1 (3%)  6 (20%)
Ke to pro fen topi cal 13 5 3 (23%) 1 (8%) 2 (15%) 1 (8%) 1 (8%) 0 3 (23%)
Ke to pro fen oralc 47 19 7 (15%) 10 (21%)d 2 (4%) 4 (9%) 9 (19%) 0 18 (38%)

In cludes all sub jects ex posed to drug. Mul ti ple ad verse events re ported by some pa tients.
a. 10 mg or 30 mg doses from all three stud ies.
b. Pla cebo from first and sec ond stud ies.
c. 10 mg or 25 mg doses from sec ond and third stud ies.
d. p < 0.05 ver sus pla cebo sur gi cal site.



such as flu ribi pro fen com pared to the time course for
achiev ing inhibi tory con cen tra tions in the periph ery
is sug ges tive of an early anal ge sic action at some other
site, pre suma bly the cen tral nerv ous sys tem. The abil -
ity of NSAIDs to sup press edema in the oral sur gery
model23 and their well- documented effects in patients
with rheu ma toid arthri tis are con sis tent with a periph -
eral site of anti- inflammatory action.

The admini stra tion of a drug with the abil ity to
inter fere with plate let adhe sion into a sur gi cal extrac -
tion site raises con cerns regard ing the poten tial for
post op era tive bleed ing or inter fer ence with nor mal
heal ing. By admin is ter ing the keto pro fen gel for mu la -
tion at 1 hour post sur gi cally, we were able to admin is -
ter the drug fol low ing the estab lish ment of a sta ble clot 
in the extrac tion sites yet prior to pain onset, which
usu ally occurs 2 to 3 hours after sur gery. The inser tion
of a cathe ter for admini stra tion of the gel ini ti ated
slight bleed ing in most sub jects, but vis ual obser va tion 
of the extrac tion sites at 15- minute inter vals did not
reveal any signs of pro longed bleed ing asso ci ated with
the NSAID admini stra tion. Post op era tive moni tor ing
at 7 days also did not reveal any increase in the inci -
dence of delayed heal ing, nor mally mani fest ing as an
increased inci dence of alveo lar ostei tis in oral sur gery
patients. These find ings and the well- documented
safety record for orally admin is tered keto pro fen24,25

sug gest that admini stra tion of this dose for mu la tion is
safe even when admin is tered into a sur gi cal wound.

The inci dence of post op era tive infec tions was ele -
vated fol low ing admini stra tion of keto pro fen into the
sur gi cal site and orally, either as the 10 mg gel for mu la -
tion or the 25 mg cap sule. The rate of infec tion was
sub stan tially higher (18%-21%) than that nor mally
seen in our clinic (approxi mately 5%) and was coin ci -
dent with oral sur gery per formed by one less expe ri -
enced resi dent among the six who per formed sur gery
for this study. The simi lar ity in the fre quency of infec -
tion when keto pro fen was admin is tered either orally
or directly into the sur gi cal site sug gests that the ele -
vated inci dence of infec tion in these groups is not
attrib ut able to the place ment of the drug into the
extrac tion sites.

The renal and gas tro in tes ti nal adverse effects asso -
ci ated with NSAIDs are related to dis tri bu tion to these
sites as a con se quence of the oral or par enteral routes
of admini stra tion. While not directly assessed in this
single- dose study, the dem on stra tion of much lower
drug lev els for the locally admin is tered drug for mu la -
tion in com pari son to a nor mal thera peu tic dose of
keto pro fen (25 mg) implies a decreased poten tial for
drug tox ic ity. The plasma con cen tra tions fol low ing
admini stra tion into the sur gi cal site were com pa ra ble

to topi cal admini stra tion of the drug for mu la tion, a
less effi cient approach in the oral envi ron ment due to
sali vary dilu tion of the drug away from the site of
admini stra tion and pos si ble adhe sion to the gauze
placed over the extrac tion site fol low ing admini stra -
tion. The greater anal ge sic effi cacy achieved by
admini stra tion of the 10 mg dose into the sur gi cal sites
in com pari son to oral admini stra tion of the same for -
mu la tion resulted in lower blood con cen tra tions pre -
dic tive of less tox ic ity than the usual oral route of
admini stra tion, likely by achiev ing higher drug con -
cen tra tions at the site of intended drug action. No
direct com pari son was made of the bioa vail abil ity of
the gel for mu la tion to the oral cap sule. The dem on stra -
tion that the 10 mg gel for mu la tion achieved approxi -
mately the same peak lev els as the 25 mg cap sule and
resulted in mean plasma lev els that were dou ble the
cap sule at 30 min utes sug gests that the gel for mu la tion 
had com pa ra ble or greater bioa vail abilty.

The results of this study pro vide a basis for the
periph eral admini stra tion of NSAIDs such as keto pro -
fen in lower than usual doses to achieve effi cacy com -
pa ra ble or greater than sys temic admini stra tion.
Admin istra tion to a sur gi cal site was well tol er ated,
sug ges tive of tis sue com pati bil ity at other sites less
dis rupted than a fresh sur gi cal wound. The lower
blood con cen tra tions seen fol low ing periph eral
admini stra tion are also pre dic tive of less tox ic ity at
sites nor mally asso ci ated with NSAID tox ic ity, the kid -
neys and GI tract, although repeated dos ing is needed
to be com pa ra ble to chronic admini stra tion.
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