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Occupational Exposures to Blood in A Dental
Teaching Environment: Results of a Ten-Year
Surveillance Study
Fariba S. Younai, D.D.S.; Denise C. Murphy, Dr.P.H.; David Kotelchuck, Ph.D., M.P.H.
Abstract: Evaluation of occupational exposures can assist with practice modifications, redesign of equipment, and targeted
educational efforts. The data presented in this report has been collected as part of a ten-year surveillance program of occupational
exposures to blood or other potentially infectious materials in a large dental teaching institution. From 1987 to 1997, a total of
504 percutaneous/non-intact skin and mucous membrane exposures were documented. Of these, 494 (98 percent) were percutane-
ous, and 10 (2 percent) were mucosal, each involving a splash to the eye of the dental care worker (DCW).  Among the 504
exposures, 414 (82.1 percent) occurred among dental students, 60 (11.9 percent) among staff, and 30 (6 percent) among faculty.
One hundred ninety-one (37.9 percent) exposures were superficial (no bleeding), 260 (51.6 percent) were moderate (some
bleeding), and 53 (10.5 percent) were deep (heavy bleeding). Regarding the circumstances of exposure, 279 (54.5 percent) of the
injuries occurred post-operatively (after the use of the device), and most were related to instrument clean-up; 210 (41.0 percent)
occurred intra-operatively (during the use of the device); and 23 (4.5 percent) occurred when a DCW collided with a sharp object
in the dental operatory (eight cases involved more than one circumstance).  The overall exposure rate for the college was
2.46±0.11 SD per 10,000 patient visits.  The average rate for the student population was 4.02±0.20 SD per 100 person-years, with
the highest rates being observed among junior year students. The observed rates of occupational exposures to blood and body
fluids in this report are consistent with published reports from several other educational settings. Dental teaching institutions are
faced with the unique challenge of protecting the student and patient populations against bloodborne infections.  Educational
efforts must go beyond mere teaching of universal precautions and should include the  introduction of safer products and clinical
procedures that can minimize the risks associated with the hands-on aspects of the students’ learning process.
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Although adherence to universal precautions
and routine use of appropriate barriers pro-
vide protection against most microorgan-

isms, health care workers (HCW) are still at risk for
infections due to accidental exposures. In the dental
environment, compared to many other health care
settings, sharps injuries are more likely due to a small
operating field, frequent patient movement, and the
variety of sharp dental instruments used in everyday
practice.1  It has been established that occupational
blood exposures carry a certain risk of transmission
for bloodborne infections to the health care worker.
The risk of HIV seroconversion following an occu-
pational blood exposure has been estimated to be 0.2–
0.3 percent for parenteral exposures and 0.1 percent
or less for mucosal exposures.2-5 The risks associ-

ated with a percutaneous exposure to the hepatitis B
virus (HBV) are estimated to be 2 percent for HBeAg
negative and about 30 percent for HBeAg positive
blood.2,6 The same risk has been reported as 1.8 per-
cent for hepatitis C virus (HCV).7-10

Studies of HIV seroprevalence rates among
dentists have established that dentistry is associated
with a relatively small risk of HIV transmission (0 to
0.08 percent),3,11,12 and to date, no dental practitioner
has been documented by the Centers for Disease Con-
trol and Prevention (CDC) to have acquired HIV
through an occupational contact.13 Compared to HIV,
seroprevalence studies among dentists have resulted
in higher rates for serologic markers of HBV (9 per-
cent),14 and HCV (1.4 percent)12 infection.

Milieu in Dental Schools and Practice
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There are several published reports of occupa-
tional blood exposures in dentistry.1,15-25 These stud-
ies vary significantly in their data collection meth-
ods, ranging from surveys of practicing dentists/
dental residents and dental schools, to cross-sectional
analyses of the existing surveillance records, to pro-
spective studies of exposures. Analyses of data col-
lected through these reports and future surveillance
systems of dental occupational exposures are cru-
cial to the development of safer dental products, prac-
tice modifications, and eventually the creation of a
standardized method of data collection.

The main objective of an effective infection
control program in a health care environment is to
devise and implement policies and procedures that
will protect both workers and patients against trans-
mission of a variety of infectious diseases. Although
the ultimate goal of such a program may be to create
an environment of no risk, in reality, minimizing the
risk to the extent possible is the practical goal.  Medi-
cal and dental schools are faced with an even greater
challenge in developing their infection control pro-
grams. These teaching institutions have not only the
responsibility of protecting the patients but must also
provide reasonable safety measures for the students,
who have not yet mastered the technical skills nec-
essary for their professions yet are engaged in pa-
tient-related activities. Evidence suggests that medi-
cal and dental students may be at increased risk of
exposure to bloodborne infections.19,25-29 Close ob-
servation of the students’ infection control practices
and studying the circumstances involved in their oc-
cupational blood/infectious body fluids exposures
will lead to introduction of safer devices and work
practices that will offer students the best possible
protection.

In 1987, the New York University College of
Dentistry (NYUCD) began to gradually develop a
system of documentation, management, and follow-
up of occupational exposures to blood and other po-
tentially infectious materials (BOPIM). This surveil-
lance system has resulted in a database consisting of
504 percutaneous and mucosal exposures involving
dental students, faculty, and staff over a ten-year pe-
riod. This is one of the largest databases of its kind
from one institution and represents the results of a
dynamic post-exposure management and infection
control program. Throughout the surveillance period,
the ongoing analysis of the data has been followed
by appropriate interventions and risk reduction ac-
tivities. Therefore, the data collection instrument, the
management strategies, and the intervention pro-

grams have gradually evolved over time. Our aim in
this report is to describe the experience of our insti-
tution in occupational blood exposures and to pro-
vide a comparison between our data and those pub-
lished by other investigators. We also report the
specific intervention activities over the project pe-
riod.

Methods

The Post-Exposure Protocol

Since its inception, the post-exposure manage-
ment program at NYUCD has consisted of several
key elements: immediate evaluation and counseling
of the exposed health care worker, investigation of
the circumstances of the exposure, evaluation and/or
testing of the source patient whenever possible, as-
sessment of risk, and prophylactic measures, as well
as periodic follow-up of the health care worker. Ac-
cording to college policy, exposures were immedi-
ately reported to the faculty Infection Control Liai-
son in the clinical area where the injury occurred.
The faculty then supervised the appropriate wound
care and initiated an immediate referral to one of the
college’s counselors, either the Infection Control Of-
ficer (ICO, the first author) or the Infection Control
Coordinator (ICC, the second author). The counse-
lors investigated the details of exposure and docu-
mented the results on the college’s standard survey
form. Based on the assessment of risk for disease
transmission, the counselor proceeded to make spe-
cific recommendations for prophylactic measures and
explained the rationale for these recommendations
to the injured party. In all cases the injured employee/
student made his or her own informed decisions.

The survey form used for the surveillance pro-
gram described in this paper was initially developed
in 1987. This form gradually evolved over time from
a mostly narrative description of the exposure to a
form with check boxes establishing the details of the
exposure to a statistical program-based customized
software program. Although the data collection sur-
vey form underwent transformation over the years,
the type of information recorded throughout the sur-
veillance program remained relatively constant. This
was possible because for a large portion of the sur-
veillance period, most of the data collection was ac-
complished by the same individuals (the first two
authors of this paper). Therefore, a great deal of de-
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tail is available on each exposure even during the
early years of the program. Further, reliable follow-
up serologic data is available for all the exposure cases
because all the bloods necessary for the serologic
tests were drawn on-site, at the College of Dentistry
by a licensed phlebotomist, the ICC or the ICO. The
blood samples were sent directly to a contracted labo-
ratory which reported all the results back to the ICO.
In addition, to accommodate the appropriate medi-
cal intervention when necessary, a close working re-
lationship was established with an infectious diseases
specialist at Beth Israel Hospital (within walking dis-
tance from the College of Dentistry). This physician
was available for immediate consultation and follow-
up of all unusual exposure cases (e.g., pregnant den-
tal care worker and high-risk source case), any source
case referrals, and all the necessary follow-ups after
AZT/multi-regimen prophylaxis of the dental care
worker (DCW).

Several strategies were used over the years to
maximize compliance with the reporting require-
ments. These included: a) wide dissemination of the
post-exposure management protocol throughout the
school in the form of clinic manuals and prominent
posting in all clinical areas; b) a detailed description
of the protocol during the college’s mandatory an-
nual bloodborne pathogens standard training for all
faculty and staff; c) discussions with students dur-
ing several infection control-related lectures and
small group seminars; and d) the semi-annual infec-
tion control newsletters focussing on infectious dis-
ease-related topics.

Data Collection and Analysis

The college’s standard survey form recorded
the DCW’s name, position title, work area, type of
exposure (percutaneous, mucosal, human bite),
DCW’s vaccination status, the use of personal pro-
tection equipment (PPE), the circumstance of expo-
sure, and the source case data. We base our institu-
tional definition of an “occupational exposure” on
the OSHA Bloodborne Pathogens Standard (29 CFR
1910.1030),30 which is “a specific eye, mouth, other
mucous membrane, non-intact skin, or parenteral
contact with blood or other potentially infectious ma-
terial that results from the performance of an
employee’s [student’s] duties.” The exposure was de-
scribed in detail and included information on the
depth of the stick/cut, type of instrument used, cir-
cumstances of use (intra- or post-operatively, that is
during and after the use of the device, respectively),

and the type of practice modification that could have
prevented the injury. Data for each case was then
coded, and the results tabulated and analyzed using
standard statistical procedures incorporated into the
SPSS/PC+ program.31 Standard deviations were es-
timated from the observed number of events in each
observation category, using the Poisson approxima-
tion.32 Data on persons at risk and the number of
hours of clinical activities for each position category
(i.e., first- to fourth-year and postdoctoral students,
faculty, staff), used as denominators in calculating
rates, were obtained from the official records of the
college, the rosters and registries, and was supple-
mented by information from the dean’s office. The
overall clinical hours of responsibility were computed
as 333 hours per year for the second-year students,
793 hours for the third-year students, and 1,045 hours
for the fourth-year students. The first-year students
do not have clinical responsibilities.

Results
From 1987 to 1997, when approximately 2.05

million patient visits were made to NYUCD, a total
of 504 occupational BOPIM exposures were re-
corded. There were relatively few exposures reported
during the first two years (6.5 per year). The number
of exposures (Figure 1) gradually rose for about the
next five years (1989-1994), averaging 50.6 per year.
During the last three years (1994-1997), the num-
bers were steady at 79.3 per year. During the ten-
year period, a total of 14,857 person-years (one indi-
vidual for one academic year) at risk was documented
by the college (Tables 1 and 2). Personnel categories
at the college during the ten academic years (1987-
1997) are shown in Table 1.

Rates and Categories of Exposures

Occupational exposures may be broadly clas-
sified into two large groups: a) parenteral/percuta-
neous/non-intact skin, and b) mucous membrane ex-
posures. Of the total 504 occupational exposures
recorded, 494 (98 percent) were percutaneous and
10 (2 percent) were mucosal, each involving a splash
to the eye of the DCW. The overall accidental BOPIM
exposure rate/10,000 patient visits ± standard devia-
tion (SD) was 2.46 ± 0.11. In view of the lower rate
of reporting in the early years of the surveillance pro-
gram, we considered exposures limited to the last
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three years and calculated the rate. During the 1994-
1997 period, the rate was shown to be 3.59 ± 0.23
per 10,000 patient visits. In order to provide com-
parison with other published reports, we also calcu-
lated the rates as exposures/100 person-years. The
rates for the predoctoral students was shown to be
4.07 ± 0.22 /100 person-years, while the same rate
for the faculty and staff was 1.97 ± 0.21 /100 per-
son-years (Table 2). A significantly higher rate of
exposures was observed for third-year students com-
pared to fourth-year [P< .001].  Indeed fourth-year

students had half the reported case rate (3.42 ± 0.37
exposures/100 person-years) despite spending 32 per-
cent more hours in the clinic, compared to the third-
year students (7.18 ± 0.52 exposures/100 person-
years).

A total of 412 (81.7 percent) of the injuries
occurred in the teaching clinics, 38 (7.5 percent) in
the Central Sterilization Unit, 24 (4.8 percent) in the
emergency clinic, 14 (2.8 percent) in the student labo-
ratories, and 16 (3.2 percent) in other areas such as
the student lockers and the supply areas. The latter

Figure 1. Annual number of patient visits and exposure rates per 10,000 visits

Table 1. Number of dental school personnel by year (students, faculty, and staff)

87-8 88-9 89-0 90-1 91-2 92-3 93-4 94-5 95-6 96-7

First-year PDS * (152) 152 161 158 153 166 159 156 226 202
Second-year PDS (171) (147) (164) (158) (153) (141) (178) (165) (150) (217)
Third-year PDS (165) 165 226 318 397 332 314 259 257 270
Fourth-year PDS (153) 153 160 222 301 389 315 303 258 257
Postdoctoral (40) (40) (40) (40) (40) 38 (40) 43 44 46
International scholars — — — — — — — 72 69 59
Dental hygiene — — — 40 48 64 70 63 73 63
Dental assisting 73 53 45 42 54 70 75 77 85 139
STUDENT SUBTOTAL 754 710 796 978 1146 1200 1151 1138 1162 1253
Full-time faculty 102 100 109 113 122 125 124 125 122 125
Part-time faculty 340 397 423 522 507 510 504 497 365 379
Faculty (FTE)** 170 179 194 217 223 227 225 224 195 201
Staff (227) 227 236 240 236 261 265 271 275 275
GRAND TOTAL: 1151 1116 1226 1435 1605 1688 1641 1633 1632 1729

* PDS = Predoctoral students
** Based on five faculty (part-time) = 1 faculty (full-time)
NOTE: Parentheses indicate estimated or interpolated values where actual data was unavailable. For the student categories,
extrapolation was necessary because an Advanced-Standing program was instituted at the college affecting the overall
enrollment rate while adequate record of the actual dropouts was unavailable. A national attrition rate published by the
American Association of Dental Education was used to estimate the number of students in several categories.
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two categories involved injuries related to contami-
nated instruments that were not returned properly to
the supply area for processing. The majority of ex-
posures (279 or 54.5 percent) occurred post-opera-
tively, and most (159) occurred during instrument
clean-up. Of all exposures, 31 percent occurred dur-
ing instrument clean-up, almost 10 percent were re-
lated to poor instrument handling (picking up a large
number of contaminated instruments at once), 7 per-
cent occurred during the needle recapping process
(not using a one-handed technique, or trying to re-
cap a bent needle), and nearly 7 percent were due to
other handling problems such as careless disassem-
bling or disposal of the anesthetic needle, the cap
falling off a recapped needle, or touching broken

culture/specimen tubes (Table 3). Of the 41 percent
of incidents that occurred during instrument use, al-
most 23 percent were during the normal use of an
instrument, 8.4 percent occurred when an instrument
was being used with excessive force, 6.5 percent
occurred during needle injection or withdrawal, 2.6
percent because of sudden patient movement, and
less than 1 percent while the instrument was being
passed between the dental assistant and the dentist/
dental student. A relatively small proportion of ex-
posures (4.5 percent) occurred as a result of collid-
ing with an object such as the bur on a hand-piece or
with a sharp object held by a co-worker or due to
dropping instruments. In terms of the types of in-
strument involved, hollow bore needles (mostly the

Table 2.  Exposure rates among dental college personnel

JOB TITLE # DCW Cases Recorded Person-Years at Risk Rate/100 Person-Years ± SD **

First year PDS 14 1,685 0.83 ± 0.22
Second year PDS 54 1,644 3.28 ± 0.45
Third year PDS 194 2,703 7.18 ± 0.52
Fourth year PDS 86 2,511 3.42 ± 0.37
TOTAL PRE-DOCTORAL 348 8,543 4.07 ± 0.22
Post-doctoral Students* 21 611 3.44 ± 0.75
Dental Hygiene Students 12 421 2.85 ± 0.82
Dental Assisting Students 33 713 4.63 ± 0.81
STUDENT SUBTOTAL 414 10,288 4.02 ± 0.20
Faculty 30 2,056 1.46 ± 0.27
Staff 60 2,513 2.39 ± 0.31
FACULTY/STAFF SUBTOTAL 90 4,569 1.97 ± 0.21
TOTALS 504 14,857 3.39 ± 0.15

* Includes one-year International Scholars Program
** SD = Standard Deviation

Table 3. Circumstances resulting in exposures (1987-1997)

HOW DID THE INJURY OCCUR TYPE OF ACTIVITY NUMBER OF EXPOSURES PERCENT

Intra-operative
N=210 (41.0%) Performing procedure 117 22.9%

Using instrument under force 43 8.4%
Inserting needle in tissue 27 5.3%
Patient moved 13 2.6%
Needle withdrawal 6 1.2%
Passing/transferring instrument 4 0.8%

Collided with sharp object
N=23 (4.5 %) Collided with object in dental unit 12 2.3%

Dropped object 7 1.4%
Collided with co-worker 4 0.8%

Post-operative
N=279 (54.5%) Clean-up 159 31.1%

Picking up instrument by handful 50 9.8%
Needle recapping 36 7.0%
Other handling accidents 23 4.5%
Disassembling device 7 1.4%
Manipulating specimen 4 0.8%

TOTAL CIRCUMSTANCES 512* 100.0%…

* For eight cases, the injury resulted from more than one circumstance.
� Individual percentages may not add up to subtotal percentages due to round-off errors
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anesthetic needle) accounted for 36.7 percent of ex-
posures (Table 4). Periodontal instruments accounted
for another 24 percent of exposures, while restor-
ative and endodontic instruments comprised 9.7 per-
cent and 5 percent of exposures, respectively. No in-
formation was collected in regard to the specific
anatomic area involved (i.e., dominant vs. non-domi-
nant hand).

Severity of Exposure

Exposures were classified as superficial (no
bleeding)—191 (37.9 percent); moderate (some
bleeding)—260 (51.6 percent); and deep (heavy
bleeding)—53 (10.5 percent). The presence or ab-
sence of visible blood on the instrument was recorded
in 320 cases. Of these, 286 (89 percent) cases in-
volved instruments that were visibly contaminated
with blood, and 34 (11 percent) that were not.

Source Case Data

Thirty-eight patient source cases (7.5 percent)
reported being HIV-positive at the time of exposure.

In addition, among source cases who consented to
HIV testing following the accidental exposure, an-
other twenty (4.0 percent) were later confirmed as
HIV-positive, resulting in a total of fifty-eight (11.5
percent) known HIV-positive source cases. A total
of six source cases were asymptomatic carriers for
hepatitis B, one was an active hepatitis B carrier, and
two cases were reported to be hepatitis C antibody
positive.

Providers’ HBV Immunity

Among all exposures, 316 (62.7 percent) of the
504 DCWs exposed had completed the HBV vacci-
nation series before the exposure. Of these, 277 were
students (66.9 percent of the student cases), 23 were
staff (38.3 percent of the staff cases), and 16 were
faculty (53.3 percent of the faculty cases). Ninety-
five individuals (18.8 percent), including 65 students
(15.7 percent of the student cases), 23 staff (38.3
percent of the staff cases), and 7 faculty (23.3 per-
cent), had not been vaccinated. Ninety-three persons
(18.3 percent) had started but not yet completed the
HBV vaccination series, including 72 students (17.3

Table 4. Types of instruments involved in exposures

Class of Instrument Type Number of Exposures Percent

Hollow Bore Needle
N=185 (36.7%) Anesthetic 170 33.7%

Irrigation 14 2.8%
Other 1 0.2%

Periodontal  Instruments
N=121 (24.0%) Scaler 52 10.3%

Explorer 49 9.7%
Curette 11 2.2%
Probe 5 1.0%
Knife 2 0.4%
Cavitron tip 2 0.4%

Miscellaneous
N=109 (21.6%) Waxing instrument 89 17.7%

Orthodontic wire 18 3.6%
Utility knife 2 0.4%

Restorative Instruments
N=49 (9.7%) Bur 46 9.1%

Matrix band 3 0.6%

Endodontic Instruments
N=25 (5.0%) File 12 2.4%

Explorer 10 2.0%
Spreader 4 0.8%

Surgical
N=11 (2.2%) Scalpel 10 2.0%

Surgical wire 1 0.2%

Solid Needle Suture 3 0.6%

TOTAL INSTRUMENTS 504 (100%)
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percent of the total student cases), 14 staff (23.3 per-
cent of the total staff cases), and 7 faculty (23.3 per-
cent of the total faculty cases).

Serological Testing of the DCWs

According to the college protocol, testing for
antibody to HB surface antigen (anti-HBs) was rec-
ommended for any DCW who did not have prior se-
rological proof of immunity against HB. A total of
162 individuals (32.2 percent of all exposures) were
tested for the evidence of HBV immunity.  Of these,
126 (25.0 percent of the total) were shown to be anti-
HBs positive, 14 (2.8 percent of the total) were low
positive, and 22 (4.4 percent of the total) were nega-
tive. HBsAg testing was not performed on those in-
dividuals with negative anti-HBsAg.

HCV antibody testing became a component of
the college’s post-exposure management in 1994, and
was only recommended for known HCV-antibody
positive or very high risk source cases (such as in-
jection drug users or recipients of transfusions or
organ transplants prior to 1992). The anti-HCV test-
ing was recommended at baseline and at six months
follow-up. Two exposures led to HCV antibody test-
ing, with no evidence of seroconversion at six-month
follow-up.

HIV testing was recommended and offered at
baseline and repeated at six weeks, three months, and
at six months following the exposure. If the exposed
DCW did not consent to HIV testing at baseline, then
the blood sample obtained was stored for a period of
ninety days to allow for future testing if appropriate
consent could later be obtained. Ninety (17.9 per-
cent) of the DCWs were tested for HIV. Of these,
eighty-two were students (19.8 percent of the stu-
dent cases), five were faculty (16.7 percent of the
faculty cases) and three were staff (5 percent of the
staff cases). For those tested, including the 58 (11.5%)
DCWs exposed to an HIV-positive source case, there
were no HIV seroconversions up to six months after
their exposures.

Number Receiving Prophylactic
Measures

Three cases with no HB immunity (negative
anti-HBs) who were exposed to HBV-positive or
high-risk source cases received hepatitis B immuno-
globulin (HBIG). Twenty-six cases (5.2 percent, in-

cluding twenty-two students and four staff) who had
inadequate levels of immunity against hepatitis B
(low or negative anti-HBs) received booster doses of
the HBV vaccine. Four students (1.0 percent of the
total student cases) and four staff (6.7 percent of the
total staff cases) received tetanus toxoid following
their occupational exposure.

Thirteen individuals (2.6 percent of all expo-
sures, including twelve students and one staff) who
had moderate to deep exposure to HIV-positive or
high-risk source cases received zidovudine (AZT)
prophylactically following their exposure. The AZT
was administered anywhere from one to twenty-four
hours after the exposure. Of these, two individuals
received AZT as part of the multiple anti-retroviral
drug regimen that became the recommended stan-
dard of care after 1996.33,34 All the cases of prophy-
laxis with AZT were managed and followed by the
college’s consulting infectious disease physician. The
length of time for prophylactic AZT coverage varied
significantly (from twenty-four hours to six weeks),
mostly as a result of the DCW’s personal decision
and in consultation with the supervising physician.
One exposed worker discontinued the AZT after the
source case testing indicated that he was HIV-nega-
tive. No other details are available on the exact rea-
son for discontinuation of the anti-HIV medication
by the other individuals who did not complete the
regimen.

Discussion
Because a standardized data collection tool is

not currently available in dentistry, dental schools or
private practice environments must develop a method
of documenting occupational BOPIM exposures that
is suitable for their worker population. Within any
health care setting, periodic analysis of the occupa-
tional exposures and comparison with similar work
environments are critical to assessing the effective-
ness of the intervention programs. At the College of
Dentistry, we have attempted to develop and refine a
data collection tool that best represents the minute
details of dental exposures (copies of this survey form
are available upon request from the first author).
Utilizing the information collected, we have also cre-
ated a computerized database of the exposures that
enables us to periodically analyze the circumstances
leading to exposures and plan the intervention ef-
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forts accordingly. Accordingly, our goal for this ar-
ticle was to compare our experience to that published
by other investigators and to describe our ongoing
intervention programs.

The Post-Exposure Protocol

Investigating and documenting circumstances
of exposure are critical elements in determining
source case risk factors, performing necessary sero-
logic testing, initiating appropriate prophylactic mea-
sures, and providing medical follow-up for the den-
tal care worker (DCW). Although it is difficult to
quantify the risk for seroconversion, the risk assess-
ment process will allow quantitative determination
of the severity of risk. Moreover, analysis of the col-
lected data may assist in evaluating and modifying
current practice or engineering controls, which will
reduce the possibility of future incidents for all
DCWs.

Systematic investigation of each occupational
BOPIM exposure should involve documentation of
several key elements: the nature of the procedure,
the type of instrument involved, the depth of injury,
the amount of BOPIM involved (the size of inocu-
lum), the time elapsed between the use of the instru-
ment and the exposure, the type of first aid adminis-
tered, and the kind of personal protection worn at
the time of exposure. Other factors critical to the risk
assessment process are the source case’s disease state
(infectivity and viral titer) and the health care worker’s
immune status.34 Current CDC guidelines call for
postvaccination testing for antibody to hepatitis B
surface antigen (anti-HBs) response for health care
workers who are at risk for injuries with sharp in-
struments or needlesticks.35  Knowledge of antibody
response of the health care worker as well as the in-
fectious status of the source case aid in determining
appropriate postexposure prophylaxis. The source
person should be tested for hepatitis B and hepatitis
C and HIV infections.34  If the source is known to
have an HIV infection, available information about
this person’s stage of infection (i.e., asymptomatic
or AIDS), CD4 T-call count, results of viral load test-
ing, and current and previous anti-retroviral therapy
should be gathered for consideration in choosing an
appropriate prophylaxis regimen.34 In the event that
the source patient is infected with the hepatitis B vi-
rus and the exposed health care worker does not have
the protective anti-HBs response, then hepatitis B

immunoglobulin (HBIG) and an appropriate dose of
the hepatitis B vaccine are strongly recommended.
The rate of compliance with hepatitis B vaccination
among dentists increased during the ten-year period
from 22 percent to 85 percent.14 In the same study,
the rate of HBV infectivity among dentists declined
from 14 percent to 9 percent and was highly corre-
lated with the number of years of experience in prac-
tice, emphasizing the need for vaccination of all den-
tists early in their training. In this study, we found
that 19 percent of the exposed DCWs had not been
vaccinated (mostly faculty and staff) and 18 percent
had started the vaccination series but not completed
it by the time of exposure. Although the number of
vaccinated DCWs appears to be low, it does reflect
the cumulative data over the ten-year period. Some
of incidents occurred in the early years of the sur-
veillance program, prior to the implementation of
OSHA Bloodborne Pathogen standard. In 1992, to
address the problem of incomplete vaccination
among the students, the student HBV vaccination
policy was modified so that the students would be-
gin the HBV vaccination process during the summer
prior to the beginning of the first academic year in
the fall.

To date, the practice of universal precautions
including the use of barrier techniques has been
shown to be the only prevention strategy against oc-
cupational transmission of hepatitis C in health care
settings, including dentistry.36 We report two expo-
sures to hepatitis C-infected source cases with no
seroconversion in the DCW after six months of fol-
low-up.

Post-exposure prophylaxis against HIV after
exposure to an HIV-positive or high-risk source
person’s BOPIM consists of either the basic regimen
of AZT and lamivudine (3TC) for exposures involv-
ing a small inoculum size or the expanded regimen
of AZT, 3TC and indinavir (IND) for a larger inocu-
lum size and/or for a higher HIV titer in the blood of
the source case.34 We report 2.6 percent of all expo-
sures involving anti-retroviral prophylaxis including
individuals receiving AZT and two DCWs receiving
the extended regimen. We have inadequate data in
terms of the reason for discontinuation of the regi-
men as it relates to the drugs’ side effects, but fully
support the universal use of rapid HIV testing of the
source person, whenever possible, in order to reduce
the need for prescription of the regimen.39
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What Are the Most Common Types
of Injuries?

Percutaneous injuries are considered the most
probable portal of entry for microorganisms during
accidental occupational exposures. This is docu-
mented by the surveillance data compiled by the CDC
from 1981 to 1999. During that nineteen-year pe-
riod, there were a total of fifty-six documented cases
of occupationally acquired HIV infections reported
in the United States. Forty-eight of these (86 per-
cent) were confirmed as due to percutaneous expo-
sures, while only five (9 percent) were confirmed
from mucous membrane contacts.13 We report that,
out of 494 percutaneous exposures, almost 63 per-
cent were related to instrument punctures or cuts and
38 percent to needlesticks. This breakdown appears
to be consistent among all the published reports from
dental teaching institutions. In a recently released
study of 428 parenteral exposures to blood or other
body fluids, conducted at four teaching clinics in San
Francisco (three clinics affiliated with UCSF and one
clinic affiliated with UOP), 60 percent resulted from
instrument punctures or cuts, and 36 percent were
due to needlesticks.17 In another recently released
study of eighty-one percutaneous BOPIM exposures
at the UMDNJ school, 69 percent of exposures were
puncture wounds or cuts from a variety of instru-
ments (burs, explorers, scalers, laboratory knives,
etc.), and 31 percent were needlesticks.18 In a 1994
report of fifty percutaneous exposures at Marquette
School of Dentistry, the breakdown of punctures/cuts
versus needlesticks was 64 percent and 36 percent
respectively.19

In terms of the severity of dental exposures,
information on the depth of injury and presence or
absence of visible blood on the instrument is not con-
sistently available from the published reports. It ap-
pears that the majority of exposures in the dental
environment are of a superficial nature (51.6 per-
cent in this report and 83 percent in the Ramos-
Gomez et al. study).17 Deep exposures are relatively
uncommon (10 percent in this report and 5 percent
reported previously).17 We also report that 89 per-
cent of exposures involved instruments visibly con-
taminated with blood. It must be emphasized that
collecting information on the details of exposure is
crucial to the process of risk assessment. Epidemio-
logic and laboratory studies suggest that factors such
as the depth of an injury or the volume of blood in-
volved in an exposure affect the risk of HIV trans-
mission after an occupational exposure.37,38

Which Instruments Are More
Likely to Cause Exposures?

When comparing the types of instruments in-
volved in each published report, there are signifi-
cant inconsistencies in the way authors categorize
dental instruments or present circumstances of ex-
posures. These inconsistencies are most probably
related to the variable methods of data collection
among dental institutions or the recollection of the
practicing dentists in the survey studies. These varia-
tions in reporting underscore the need for develop-
ment of a nationwide standard method of data col-
lection.

In reviewing reports from various dental
schools, the rate of injuries from anesthetic needles
are consistent: 36 percent,19 34 percent (by us), 33
percent,17 and 31 percent.18 Burs are reported to be
involved in 26 percent,8 17 percent,17 9 percent (in
this report), and 8 percent.19  We report scalers and
curettes to be involved in 12 percent of cases (10
percent and 2 percent, respectively); in the Ramos-
Gomez et al. data set, these instruments are catego-
rized together as causing 8 percent of exposures.17

An unexpected finding in our data was the rate of
exposure related to the waxing instruments (17.7
percent), used during chair-side or laboratory pros-
thetic procedures.

What Are the Reported Rates of
Exposure?

The occupational exposure rates reported in the
dental literature are expressed either in terms of the
number of exposures per 10,000 patient visits or the
number of exposures per 100 person-years (or varia-
tions of these). In a recently published report,
Kennedy and Hasler attempted to establish a bench-
mark for the rate of occupational exposures within
dental schools in the United States.25 In that report,
in which twenty-eight of fifty-three U.S. dental
schools responded to the mailed survey, the average
exposure rate was reported as 4.0/10,000 patient visits
for the third- and fourth-year dental students and 1.30/
10,000 patient visits for the faculty in the faculty
practice clinics. Other rates described in the litera-
ture include 3.53/10,000 visits reported by Ramos-
Gomez and colleagues (a prospective study of 428
documented exposures over a five-year period at four
dental teaching clinics in San Francisco),17 and 12.5/
10,000 patient visits reported by Cleveland and col-
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leagues (an observational study of 45 dental residents
over a six-month period in New York City).22 In this
report, there were approximately 2.05 million patient
visits made to NYUCD during the study period. The
overall accidental BOPIM exposure rate/10,000 pa-
tient visits ± standard deviation (SD) was 2.46 ± 0.11.
This rate, however, encompasses the entire ten-year
period. As the number of reported cases increased
over the years, the rates also showed a gradual in-
crease. Thus during 1994-1997 the rate was 3.59 ±
0.23 per 10,000 patient visits, similar to that reported
by other centers.

The annual total number of students, faculty,
and staff working at NYUCD clinics during the study
period ranged from 1,116 to 1,729 persons (Table
1). The calculated exposure rate per 100 person-years
for all dental students was 4.07/100 person-years. The
rate for third- and fourth-year students only was 5.37/
100 person-years. Both rates are lower than the na-
tional average for dental schools as reported by
Kennedy and Hasler (10.6 per 100 person-years for
dental students)25 and that reported by Ramos-Gomez
and colleagues (8.4/100 person-years for dental stu-
dents and 5.3/100 person-years for the residents),17

and is significantly lower than the rates reported by
Cleveland and colleagues (396/100 person-years for
the dental residents)22 and by Siew and colleagues
(280/100 person-years for the practicing dentists).15

The variations observed among these reports may
be related to the differences in the methods of data
collection. The study reported by Siew and colleagues
consisted of self- reports of exposures documented
in a diary over a twenty-day period by participating
dentists. The data reported by Cleveland et al. was
based on the actual observation of dental residents
during the exposures. In both studies the rate of ac-
curate reporting of exposures may have been higher
than some of the reports from dental school environ-
ments which rely on the exposed DCW’s compliance
with oftentimes complicated post-exposure manage-
ment protocols.

Fifty-seven percent of the student exposures
during 1987-1997 were reported by female students
while females comprised only 38 percent of the total
student population during this period. Gender dif-
ferences in the reported rate of exposures were also
noticed by Siew and colleagues in the practicing den-
tists survey study.15  It is unclear whether the female
DCWs experienced more blood borne exposures than
their male counterparts, whether they were more

likely to report an exposure, or both. This is an area
that future investigations should explore more care-
fully.

The Risk of HIV Seroconversion

Based on the results reported in this study as
well as other published reports, the risk of HIV trans-
mission in dentistry remains very low. To date, there
are no dentists reported by the CDC to have devel-
oped an occupationally acquired HIV infection.13 In
this report, 11.5 percent of exposures involved an
HIV seropositive source case, with no
seroconversions of the DCW after six months of fol-
low-up. This percentage of HIV seropositive source
cases is similar to that recorded among all the new
patient registrations at the college (11 percent to 13
percent annually). Similarly, the Ramos-Gomez et
al. report involved 17 percent of exposures with HIV-
positive BOPIM, also with no report of DCW
seroconversions.

General Intervention Efforts

It is widely recognized that many occupational
BOPIM incidents are not appropriately reported. In
large institutional settings, the underreporting prob-
lem may be related to the perceived low severity of
the exposure, the complexity of the process involved
in reporting an incident, or the perceived low risk of
the source case.25 The relatively small number of re-
ported exposures in 1987 and 1988 at the college is
likely attributable to underreporting. Cognizant of
the possible underreporting problems and in an at-
tempt to improve the work practices in general, sev-
eral intervention programs were instituted at
NYUCD:
• Since 1989 a series of specifically targeted train-

ing programs focusing on infection-control-related
issues had been offered during student and fac-
ulty orientations.

• In 1990, vaccination or demonstration of proof of
immunity against HBV became a requirement for
admission to the dental school. In the same year a
network of faculty Infection Control Liaisons was
developed. Through intense in-service training and
regular monthly meetings, these individuals be-
came the backbone of the clinical infection con-
trol activities at the college.
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• In 1991 and 1992, the passage and implementa-
tion of the OSHA Bloodborne Pathogens Standard
provided the impetus for a series of engineering
controls and practice modifications at the college.
In addition, a full-time infection control coordi-
nator position was created at the college, which
greatly facilitated the on-site post-exposure sero-
logic testing, the follow-ups, and the periodic
monitoring of students’ infection-control practices.
In general, these activities resulted in a heightened
college-wide awareness of safety issues.

• In 1993, an extensive infection control curricu-
lum was developed and integrated into the
predoctoral and postgraduate programs. This cur-
riculum consists of specific infection control lec-
tures incorporated into Microbiology, Oral
Medicine, Oral Pathology, and the behavioral sci-
ences courses (first through third year). Interac-
tive small group discussions were added to the
Special Patient Care clinic rotations (during the
fourth year). Similar changes were made in the
postgraduate training programs.

• In 1994, infection control training became a re-
quirement for obtaining and renewing professional
licenses in New York state. This new requirement
forced professionals in the fields of medicine,
dentistry, and nursing to seek such training at aca-
demic institutions. NYUCD provides this train-
ing to all the dental and dental hygiene faculty, in
addition to the ongoing annual bloodborne patho-
gens training.

• 1n 1995, a central sterilization facility was built
at the college that eliminated the need for indi-
vidual student’s instrument clean-up. In the same
year, an infection control certification process be-
came a requirement for the second-year students
prior to the beginning of their clinical responsi-
bility.

Due to the relatively small number of annual
exposures, a definite correlation between the reported
rates of BOPIM exposures and specific infection
control activities cannot be established. However, the
time trends in the rate of reported exposures may in
part be related to the overall improvement of work
practices. One of the shortcomings of the NYUCD
surveillance program was that the reporting compli-
ance was never specifically measured. Based on the
authors’ s day-to-day interactions with the students,
it was our impression that the reporting compliance
improved over time. This was likely because the re-
porting protocol became less and less complicated
over the years and also because the students and col-

lege employees gained confidence in the confidenti-
ality of the entire reporting process. In order to de-
velop an estimate for the reporting rate of occupa-
tional BOPIM exposures at the college, strategies
have been developed to conduct a voluntary survey
of all the members of this academic year’s graduat-
ing class for their level of compliance with the re-
porting requirements.

Practice Modifications

In conjunction with the general improvements
in the didactic aspects and clinical procedures re-
lated to infection control, several specific interven-
tion programs were instituted at the college in re-
sponse to the reported injuries. For example, as it
became clear (Table 3) that a large percentage of all
exposures (41 percent) occurred post-operatively,
during instrument clean-up and transport, major new
efforts were made to adequately train the students in
the correct instrument handling process. This train-
ing also addressed the 13 percent of exposures that
were related to anesthetic needle-handling accidents,
such as the cap coming loose while on the bracket
table (7 percent) or during disassembling, transport,
and disposal (6 percent). Also to address these prob-
lems, individual sharps containers were installed in
each student cubicle, which eliminated the need for
transporting the recapped needles to a central loca-
tion for disposal. Finally, because accidental injuries
continued to occur related to instrument clean-up, a
decision was made to eliminate the need for the stu-
dents performing their own instrument clean-up and
packaging all together. Therefore, a central steriliza-
tion unit (CSU) was built in 1995 that exclusively
utilized an instrument cassette system. Although the
new unit resulted in a slight increase in the number
of exposures experienced by the staff during the first
three months of operation, with adequate observa-
tion and training the rate of staff exposures was re-
duced to levels lower than those recorded for the
1987-1995 period.

To further minimize injuries related to contami-
nated anesthetic needles, another policy change was
immediate disposal of all anesthetic needles follow-
ing an injection. The use of a fresh sterile needle for
all re-injections during the procedure eliminated the
possibility of accidental exposure to a poorly capped
contaminated needle because of clutter on the oper-
ating surface.  At the same time, because 7 percent
of exposures were related to the recapping process,
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extensive training efforts, including hands-on prac-
tices, were instituted to reinforce the correct one-
handed recapping technique. To prevent needlesticks
following injection with a bent needle (i.e., a palatal
injection), the use of a forceps for this recapping was
advised. At the same time, self-sheathing needles and
recapping devices introduced to the market were con-
tinually evaluated for use as alternatives.

To address exposures that occurred during op-
erating procedures, during needle insertion or with-
drawal, and when using instruments under force
(Table 3), work practice modifications such as alter-
native positioning of the non-dominant hand during
these procedures were adopted. Furthermore, there
were 4.5 percent of exposures resulting from collid-
ing with a sharp object in the cublicle. Instances in-
volving the bur on a handpiece not in use included
grazing one’s forehead on the bur while bending over,
backing into the bur, injuries sustained while attempt-
ing to remove an item from the bracket table, and
scratching one’s hand on the bur. To prevent these
types of injuries, the correct placement of the hand
piece in the bracket table (i.e., sideways and away
from the operator or the operating field) was in-
structed and required.

The Level of Experience of DCWs

Evaluation of the accidental BOPIM exposures
at the college showed a significantly higher rate of
exposures for third-year students compared to fourth-
year. Although this may in part represent differences
in the reporting habits between the third- and fourth-
year students, it would appear largely to reflect dif-
ferences in the levels of clinical competence between
these two classes. It is important to note that, although
Siew and colleagues did not find a relationship be-
tween the number of years of clinical experience and
the rate of injuries among practicing dentists, a num-
ber of other investigators have documented a relatively
higher rate of reported blood exposures among dental
students compared to residents or faculty.17-19,25  We
also noted a difference in the rate of exposure be-
tween faculty and students as well as the predoctoral
and postgraduate students, although these differences
did not reach statistical significance. Even though it
is possible that the apparent differences observed
between dental students and faculty, dental students
and residents, or the significantly higher rates of ex-
posure recorded for the third-year students compared
to the fourth-year students may be entirely related to

the level of compliance with the reporting require-
ments, it seems likely that the level of clinical expe-
rience during predoctoral training does have an im-
pact on the rate of accidental injuries. This has
significant implications in the design of the dental
curriculum as well as the nature of predoctoral clini-
cal responsibilities and warrants further investiga-
tion.
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