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Statement of problem. Epinephrine is a frequently used agent for impregnation of the retraction cord.
Removal of retraction cord from the gingival sulcus has been shown to elicit a hyperemic response that could
be prevented by epinephrine. However, the epinephrine may cause local or systemic adverse effects in the
circulation.

Purpose. The aim of this study was to identify the effective concentration of epinephrine that may prevent the
hyperemic response and consequently keep the crevicular fluid production low after cord removal without local
or systemic side effects.

Material and methods. Seventeen healthy human subjects had their crevicular fluid volume and gingival
blood flow measured by Periotron and laser Doppler flowmetry, respectively, before and after cord removal
at the left maxillary central incisor. The right maxillary incisor served as the control. Retraction cords were pre-
soaked in physiological saline or various concentrations (0.001%, 0.01%, and 0.1% w/v) of epinephrine solution.
Double repeated-measures analysis of variance with the Fisher Least Significant Difference post hoc test was used
to statistically evaluate the blood flow values (mean 6 SE, a=.05), and the Wilcoxon matched pair test was used
for crevicular fluid values, given as median (25-75 percentile, a=.01).

Results. In the saline group, cord removal resulted in elevated blood flow (140% 6 11%, P,.001) and crevic-
ular fluid production (300% (130%-470%), P,.05). After cord removal in the 0.01% and 0.1% epinephrine
groups, blood flow remained low for the measured period (43%-70%, P,.05). The crevicular fluid production
transiently increased in the 0.01% epinephrine group (170% (140%-380%), P,.001), but then returned to base-
line level and remained low as for the 0.1% group. No systemic vascular effect was detected in any groups.

Conclusion. The prolonged increase in crevicular fluid production and hyperemic response after cord removal
can be prevented by application of 0.01% epinephrine solution without systematic changes. (J Prosthet Dent
2007;97:6-11.)

CLINICAL IMPLICATIONS

It seems reasonable to use low-concentration epinephrine solution for gingival retraction due to
its superior effect in keeping the gingival sulcus relatively dry during the impression procedure.
Within the limitations of this study it was found that the short-term vasoconstriction, with a lack
of excess crevicular fluid production and any detectable impact on systemic circulation, may be
achieved with 0.01% epinephrine concentration during gingival retraction.
To accurately separate the prepared and unprepared
surfaces of the tooth before the impression procedure,
the gingiva should be retracted and kept moisture-free
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in the sulcus. Techniques available for vertical and hori-
zontal retraction of the subgingival sulcus include
mechanical, surgical, and chemical methods, or a combi-
nation of these. The chemo-mechanical technique is the
most popular, since it is fairly predictable in achieving
the necessary requirements—that is, creating sufficient
lateral and vertical space between the gingival finish
line and the gingival tissue. Furthermore, the chemo-
mechanical technique provides control of gingival fluid
seepage and hemorrhage, does not cause significant irre-
versible soft or hard tissue damage, and does not pro-
duce any potentially dangerous systemic effects.1,2

Astringents and vasoconstrictors are commonly used
for presoaking retraction cords. Astringents exert their
action topically on the injured mucosal surface, whereas
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the hemostatic effect of vasoactive molecules is ac-
complished through a direct vascular action. A previous
study3 demonstrated that removal of retraction cords
impregnated with physiological saline, aluminum chlo-
ride, or ferric sulphate elicited enhanced responses in
gingival blood perfusion that may adversely influence
the quality of impression. The application of 0.1% epi-
nephrine as a soaking fluid resulted in long-standing
gingival vasoconstriction rather than hyperemia.3 Cord
impregnated with epinephrine proved to be effective
on gingival retraction and in controlling bleeding.4-7

Tissue injury and prolonged healing may occur, espe-
cially with electrosurgery and rotary gingival curettage,2

but may also occur with other techniques, such as those
using cords or string packs impregnated by epinephrine
or various astringent solutions.4,6,8-10 The application of
epinephrine or another adrenergic agonist in high con-
centration could also affect the systemic blood pressure
or pulse rate.6,11-13 Reducing the total amount of epi-
nephrine in contact with the gingiva may attenuate the
adverse effects. However, no documented investigation
was identified that determined the optimal epinephrine
concentration for chemo-mechanical retraction tech-
nique without causing any systemic effect.

The volume and composition of the crevicular fluid is
under the influence of mechanical and biological factors
such as inflammation.14,15 Upon mechanical stimula-
tion, the production of crevicular fluid increases.2,14

The accumulation of the crevicular fluid may create un-
favorable conditions for impression making. Since the
origin of the crevicular fluid is blood plasma,14 it is fea-
sible to presume that local hyperemia would increase the
production of crevicular fluid.

In the present study, the noninvasive techniques of
laser Doppler flowmetry and Periotron measurement
were combined to allow observation and comparison
of changes in blood flow and crevicular fluid production
following application of retraction cords in human
subjects. Laser Doppler flowmetry has been used by
others16-18 to study dynamic changes in the human
gingival microvasculature. The laser Doppler technique
measures blood flow in the very small blood vessels of
the microvasculature, such as the low-speed flows asso-
ciated with nutritional blood flow in capillaries close to
the mucosal surface (the tissue thickness sampled is typ-
ically 1 mm). The technique depends on the Doppler
principle, whereby low-power light from a monochro-
matic stable laser, incident on tissue, is scattered by mov-
ing red blood cells and, as a consequence, is frequency
broadened. The frequency-broadened light, together
with laser light scattered from static tissue, is photode-
tected, and the resulting photocurrent is processed to
provide a blood flow measurement. Where laser light
is scattered for tissue with a low red blood cell con-
centration, the average Doppler frequency shift is pro-
portional to the average speed of red blood cells. The
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purpose of the present study was to determine the lowest
effective epinephrine concentration in terms of prevent-
ing a hyperemic response after removal of the retraction
cord.

MATERIAL AND METHODS

This study was performed on healthy, nonsmoking
patients with good oral health conditions. Gingival
Index,19 Plaque Index,20 and gingival Bleeding Indexes
were charted.21 Only patients with clinically healthy
gingiva were involved (n=17). All participants were pro-
vided with a complete explanation of the procedures and
gave informed consent. The study was performed in
accordance with the Helsinki declarations of 1975 and
1983 and was approved by the Regional and Institutional
Ethics Committee of Semmelweis University.

The retraction cords (Ultrapak #00; Ultradent
Products, South Jordan, Utah) were saturated with the
test solution according to the protocol proposed by
Csempesz et al22 and placed labially in the gingival sulcus
along the distance from the mesial to distal papilla at the
left maxillary central incisors (test side). Physiologic,
saline, and 3 different concentrations (0.001%, 0.01%,
and 0.1%) of epinephrine (Tonogen; Richter Gedeon
Rt, Budapest, Hungary) were tested on each subject.

Blood flow to the gingival margin (GBF) was mea-
sured by laser Doppler flowmetry (780 nm; Laser
Doppler Flowmeter; Oxford Optronix Ltd, Oxford,
UK). Blood perfusion readings were made in a room
with steady ambient temperature under calm conditions.
During the study, each patient was placed comfortably in
the supine position in a dental chair. Lips were retracted
with a set of cheek retractors. Care was taken that the mu-
cosal surface adjacent to the recording side remained un-
strained. A straight laser Doppler probe (outer diameter:
0.9 mm; Laser Doppler Probe; Oxford Optronix Ltd)
was attached to the flowmeter and directed 1 mm apical
to the gingival margin of the maxillary left central incisor
(test side) at right angles, without touching the gingiva.
The probe was positioned using a manipulator (made of
steel by a technician) and fixed by an individually pro-
cessed occlusion block made of silicone impression mate-
rial (Express; 3M ESPE, St. Paul, Minn). The laser
Doppler flowmeter was connected to a computer (HP
Compaq dx6100; Hewlett-Packard, Palo Alto, Calif),
and the data were stored in it. Values were expressed in
blood perfusion units (BPU). The systemic blood pres-
sure (systolic and diastolic) and heart rate were recorded
by automated blood pressure monitor (Omron M4;
Omron Healthcare Inc, Kyoto, Japan).

Crevicular fluid (CF) production was measured using
a gingival crevice fluid meter (Periotron 6000 device;
Harco Electronics Ltd, Manitoba, Canada) by means
of measuring the change in electrical capacitance of the
filter strips (Periopaper; Ora Flow, Inc, Plainview, NY)
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Table I. Mean values for circulatory parameters before cord insertion (bsl), during cord in situ (cord), and after cord removal
(mean 6 SE)

bsl cord post2 post7 post12 post17

Blood flow (BPU)

Physiological saline 478 6 37 338 6 70y 654 6 50y 599 6 51* 590 6 49* 561 6 54

0.001% epinephrine 440 6 25 285 6 26y 385 6 58 407 6 58 432 6 44 471 6 36

0.01% epinephrine 450 6 30 258 6 22y 328 6 62* 259 6 39z 252 6 27z 282 6 31z

0.1% epinephrine 431 6 25 251 6 21y 249 6 26y 189 6 16z 180 6 15z 214 6 23z

Systolic pressure (mm Hg)

Physiological saline 100 6 5.5 101 6 5.1 105 6 4.7 103 6 4.6 101 6 4.9 105 6 5.1

0.001% epinephrine 102 6 4.3 100 6 4.5 102 6 4.1 102 6 3.9 107 6 4.1y 103 6 4.5

0.01% epinephrine 93 6 7.6 99 6 3.8 100 6 3.7 101 6 3.6 101 6 3.8 103 6 3.7

0.1% epinephrine 107 6 5.0 109 6 5.2 109 6 5.1 111 6 6.1 111 6 5.3 115 6 5.8*

Diastolic pressure (mm Hg)

Physiological saline 62 6 4.1 64 6 3.8 60 6 3.3 61 6 3.1 59 6 3.4 60 6 4.2

0.001% epinephrine 57 6 3.6 57 6 2.9 57 6 2.7 56 6 2.7 58 6 2.9 58 6 3.3

0.01% epinephrine 57 6 3.1 56 6 2.9 58 6 2.9 57 6 2.7 57 6 2.5 59 6 3.0

0.1% epinephrine 56 6 3.2 57 6 3.1 59 6 4.1 59 6 2.7 59 6 4.0 63 6 4.3

Heart rate (beat min–1)

Physiological saline 72 6 3.1 70 6 2.4 70 6 3.3 69 6 2.9 70 6 2.7 71 6 2.7

0.001% epinephrine 71 6 2.6 69 6 2.4 68 6 3.1 69 6 2.4 66 6 2.9 70 6 2.6

0.01% epinephrine 68 6 3.0 70 6 2.5 69 6 2.4 70 6 2.6 69 6 2.5 68 6 2.4

0.1% epinephrine 70 6 4.1 68 6 3.9 68 6 4.2 65 6 4.6 68 6 4.2 68 6 4.2

Number of subjects in groups: 9 in physiological saline, 16 in 0.001% epinephrine, 14 in 0.01% epinephrine, and 12 in 0.1% epinephrine. Post2, post7, post12,

and post17 indicate periods 2, 7, 12, and 17 minutes after cord removal.

Cord and post periods versus bsl: *P,.05, yP,.01, zP,.001 (Fisher LSD test).
and expressed in Periotron units (PU). Before the exper-
iment, the meter was calibrated with human saliva, bo-
vine serum, and physiological saline, according to the
manufacturer’s recommendation. The Periopaper (Ora
Flow, Inc) was gently inserted into the gingival sulcus
of the maxillary right central incisor (control side) and
the maxillary left central incisor (test side) for 5 seconds.

The blood perfusion was recorded with a sampling
rate of 1 measurement per second. The baseline for per-
fusion to the marginal gingiva was recorded for approx-
imately 5 minutes. The control GBF value was obtained
after averaging the readings (120 values) recorded in the
last 2 minutes of the baseline period. During this period
the CF production was also measured once. Systemic
circulatory parameters were recorded 3 times, and the
3 values were averaged. Thereafter, the retraction cord
impregnated with the medicament was placed into the
gingival sulcus with no interruption of recording of
flow values. During this period (cord in situ), the CF
production was not recorded. The systemic circulatory
parameters were measured 3 times, and the 3 values
were averaged. After a 5-minute recording period, the
retraction cord was removed by grasping its free end.
After this procedure, recording of gingival perfusion
was continued for an additional 17 minutes, as this
time is adequate for impression making. In a preliminary
experiment, a short (approximately 1 minute) elevation
in GBF values was observed after insertion of the paper
8

strip into the sulcus; thus, the GBF values were recorded
just 5 minutes after each CF sampling. Consequently,
crevicular fluid production was measured at 2 (post2),
7 (post7), 12 (post12), and 17 minutes (post17) after
cord removal. The systemic circulatory parameters were
recorded parallel to the CF sampling 3 times at each
time point (post2 - post17), and the 3 values were
averaged.

The circulatory parameters (GBF, systolic and dia-
stolic blood pressure, and heart rate) were determined
as mean 6 standard error of the mean (SEM), and the
CF production was determined as median (quartile

Table II. Results of ANOVA (double repeated measurement,
2-way ANOVA) for parameters of GBF and systolic blood
pressure. Data were analyzed as function of time (6 levels)
and as function of soaking fluid (4 levels)

Sum of

squares df

Mean

square F P

Blood flow

Soaking fluid 2323371 3 774457 8.34 ,.001

Time 551512 5 110302 7.92 ,.001

Soaking fluid 3 Time 862302 15 57487 5.07 ,.001

Systolic blood pressure

Soaking fluid 2624 3 874.8 1.78 ,.187

Time 708 5 141.7 6.59 ,.001

Soaking fluid 3 Time 788 15 52.5 1.50 ,.123
VOLUME 97 NUMBER 1
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Fig. 1. Effects of application of retraction cord on crevicular fluid (CF) production (PU). Cords were treated with physiological
saline (A) or 0.001% (B), 0.01% (C), or 0.1% (D) epinephrine solution. CF values are shown before cord insertion (bsl) and 2, 7,
12, and 17 minutes after cord removal (post2, post7, post12, post17) at maxillary left central incisors and on maxillary right cen-
tral incisor. Medians with 25-75 percentiles (3, P,.01 for test side compared to control side).
range, 25-75 percentile). Alterations in the circulatory
parameters as a function of time (repeated measurement
factor: 6 levels) and as a function of the soaking fluid
(repeated measurement: 4 levels) were statistically eval-
uated by analysis of variance (ANOVA) (double
repeated measurement, 2-way ANOVA). The circula-
tory values of various periods within and between
groups (pairwise post hoc comparisons) were compared
by the Fisher Least Significant Difference (LSD) test.
The CF values of the test side were compared to the re-
spective data of the control side using the Wilcoxon
matched paired test. An alpha value of .05 was used
for all statistical analyses. After CF values were analyzed
by the Wilcoxon test, a Bonferroni correction of the
P value was used; therefore, a=.01 was used for the
pairwise comparison. The statistical evaluation was
done using statistical software (Statistica; StatSoft Inc,
Tulsa, Okla).

RESULTS

Values for overall mean circulatory parameters are
shown in Table I. Significant differences were found
between groups (soaking fluid) and time points
(ANOVA) in values of the blood flow (Table II);
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therefore, these data were further analyzed by pairwise
comparison using the Fisher LSD post hoc test (Table
I). At 1 minute after the insertion of the retraction
cord, a marked decrease in perfusion occurred in com-
parison to the baseline value for all of the medicaments
tested (P,.05). The extent of decrease in gingival perfu-
sion was almost the same with each of the various med-
icaments. The test substances can be classified in 3
groups on the basis of GBF responses observed after
the cord removal. The decrease in perfusion for the 2 ep-
inephrine groups (0.1% and 0.01%) was not essentially
altered until study termination (17 minutes).
However, with the physiologic saline and 0.001% epi-
nephrine treatments, there was a prompt increase in per-
fusion after removal of the retraction cord (post2 versus
cord, P,.001). In the physiologic saline group, the GBF
of the post-cord period was significantly higher than the
baseline value (P,.001). With the 0.001% epinephrine
treatment, the increment of GBF attained the baseline
value and remained unaltered as time passed.

The values of systolic blood pressure were changed
significantly as a function of time according to the
ANOVA (Table II). In the 0.1% epinephrine group at
17 minutes after cord removal, and in the 0.001%
9
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epinephrine group at 12 minutes after cord removal,
systolic blood pressure was slightly but significantly
(P,.05) higher than in the baseline period (Table I).
The diastolic blood pressure and heart rate remained un-
altered over the entire observation period for all groups
(the saline, 0.001%, 0.01%, and 0.1% epinephrine-treated
groups) as tested by ANOVA (analysis not shown).

The CF production on the control side was essentially
unchanged over the entire observation period for all
groups (Fig. 1). Changes in median values at each
time point were given as a ratio of the test side value
and the control side value. The CF values of the test
side were compared to the respective data of the control
side using the Wilcoxon matched paired test. After re-
moval of the cord (post2 period) presoaked in physio-
logical saline, the CF values were an average of 3.0
(1.3-4.7) times higher (P,.01) on the test side than
on the control side (Fig. 1, A). Similarly, in the
0.001% epinephrine solution group, the CF values
were an average of 3.2 (1.0-16.7) times higher
(P,.01) on the test side than on the control side
(Fig. 1, B). The increase in CF production could be ob-
served for all phases of this period (post2-17, P,.01).
The CF production on the test side was elevated in the
post2 phase in the 0.01% epinephrine group (1.7 [1.4-
3.8] times higher than control side, P,.01). In the
other phases of the 0.01% and all phases of the 0.1%
groups, CF production was not significantly different
from the corresponding values of the control side
(Fig. 1, C and D).

DISCUSSION

Epinephrine used clinically in higher concentrations
may elicit systemic responses after entering the general
circulation.8,11,12 Donovan et al13 speculated that the
limit of epinephrine dose per patient (0.2 mg for healthy
adults and 0.04 mg for patients at risk) can be easily
reached. Systemic effects can be caused by marketed ep-
inephrine-impregnated retraction cords that contain 0.2
to 1 mg of the drug per 2.5 cm of cord length. Also, ep-
inephrine can accumulate from different sources, such
as endogenous secretion in an anxious patient, the lo-
cal anesthetic solution, and a retraction cord used si-
multaneously for several teeth. In the present study,
retraction cords soaked in 0.1% epinephrine solution
were used, containing approximately 2.24 mg of epi-
nephrine.21 This is below the frequently used concentra-
tion (8%).11,12 To reduce the possibility of accumulation
effect from the different sources, the epinephrine was
diluted further to a concentration (0.01%) that was still
effective in lowering the blood flow. In the present
study, a slight change (5-7 mm Hg) in the systolic blood
pressure was registered at a later phase of the measure-
ments in the epinephrine groups. This may be due to
the difficulty of the subjects maintaining a relaxed
10
condition during the 30-minute measuring period.
However, direct effect of epinephrine on blood pressure
cannot be excluded either.

Epinephrine-containing retraction cord may cause
immediate local necrosis which influences healing,4-6,10

indicating that a strong ischemic response may evoke de-
generation of gingiva. Therefore, one of the objectives
of the present study was to reduce the duration of the va-
soconstriction. Since impression making immediately
follows the gingival retraction procedure, long-standing
ischemia that may cause tissue necrosis is unnecessary
and should be avoided. A previous study3 demonstrated
that upon removal of the cords impregnated with saline
or various astringents, the ensuing hyperemia may inter-
fere with the impression procedure. The hyperemic re-
sponse could be prevented by epinephrine, but this
treatment may produce ischemia of longer duration.3

After insertion of the cord into the gingival sulcus, the
perfusion to the marginal gingiva drops, presumably
due to the mechanical compression, independently of
the type of medicaments used. Upon removal of the
cords presoaked in saline, an increased blood flow was
recorded that steadily decreased over the 17-minute ob-
servation period (post-cord period). This elevation in
blood flow was presumably caused by the reactive hyper-
emia on removal of the cord. With cords impregnated in
0.1% epinephrine, during the post-cord period there was
an ischemia of longer duration, prevailing over the
course of the 17-minute observation period. Use of
cords pretreated with either 0.01% or 0.001% epineph-
rine solutions could prevent hyperemia in the marginal
gingiva after cord removal with no long lasting ischemia.
Under such conditions, the occurrence of tissue micro-
necroses is less probable and systemic blood pressure
responses can be also avoided.

A limitation of this study was trying to maintain the
patient in a relaxed and still position. A slight change
in patient activity resulted in a sudden change in the laser
Doppler signal and in blood pressure. When this oc-
curred, measurement was stopped and the data were ex-
cluded from the analysis. An attempt was made to
prolong measurement for 2 hours, but this failed due
to the previously mentioned difficulties. Blood flow
did not return to the baseline during the 17-minute ob-
servation period in the 0.1% epinephrine group, but no
data were available regarding the longevity of the ische-
mia. It can only be speculated as to whether the ischemia
induced by 0.1% epinephrine solution could cause
necrosis.

The quality of the impression may be considerably
influenced by the presence of crevicular fluid. The place-
ment of retraction cord in the crevicular sulcus before
impression making exerts substantial effect on the
tissues.4,6,8-10 The accumulation of crevicular fluid in
response to cord removal can be the sign of activation
of the gingival defense mechanisms and hyperemia,
VOLUME 97 NUMBER 1
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which in turn impair the conditions for the impression
procedure. With the use of saline, upon removal of the
cord there was an increase in the crevicular fluid when
compared to the initial value or the control side. The
presence of moisture, however, deteriorates the quality
of the impression and creates unfavorable conditions
for the impression of the abutment. The use of cords
presoaked in 0.1% epinephrine could prevent the accu-
mulation of the crevicular fluid, but due to the long-
term ischemic response, may cause necrosis. Retraction
cords impregnated with 0.001% epinephrine yielded a
significant increase in crevicular fluid when compared
to the control side and, thus, are not recommended
either. The application of retraction cords pretreated
with 0.01% epinephrine seems to be ideal, since this
cord provided a dry sulcus over the course of the impres-
sion procedure and the ischemic action seemed short-
lived. In spite of the fact that the patients involved in
the study had good oral hygiene and healthy gingiva,
there was a marked difference in basal CF production
per patient, resulting in a relatively large standard error.
The changes in CF volume during the course of this
study indicate trends with respect to what occurs when
different soaking fluids are applied, but the basal condi-
tion of the gingiva may affect the actual result. Further
systemic comparisons are necessary to investigate the
effect of epinephrine-impregnated retraction cord on
impression quality in comparison to other retraction
agents, such as astringents, and to reveal possible toxic
or long-lasting side effects.

CONCLUSION

Within the limitations of this study, it seems advisable
to use epinephrine for gingival retraction without con-
cern for the side effects. A low concentration of 0.01%
may prevent both hyperemia and production of crevicu-
lar fluid in the marginal gingiva after cord removal with-
out affecting systemic circulatory parameters and
without causing prolonged ischemia.
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MIKSZÁTH K. TÉR 5
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