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Abstract

A simulation model of private dental practice has been

developed to evaluate the effects of introducing ex-

panded function auxiliary personnel.

The model permits

the experimental investigation of a variety of staffing

patterns and facility configurations.

Results of these

experimenis indicate that a solo practice can expand its

patient volume 169X and increase net revenue by 233%

by adding expanded function suxiliaries while simultane-

ously reducing patient waiting time and the time spent

at chairside by the denti

st.

Fleld vglidations of the

simulation results are described.

All segments of the American health care
system are confronted tuday by the multiple chal-
lenges of increasing demand for serwvices, rising
costs, and a shortage of primary manpower. [ue
to social forces as well as population increase,
the expected number of patieni visits demanded
per year in dentistry will increase by 100% from
1970 to 1980 [1]. However, the net increase of
dentists in active practice is expectad to be

only 20.3% [2]}. The cost {to the dentist) of

160

providing care has risen from an average of $3.21
per patient visit in 1962 to $8.01 per patient
visit *n 1971 [3,4)]. This rat=s of increasing cost
is expected to continue into the future. Clearly,
if adequate care is to be provided at a cost the
average citizen car afford, new patterns of dental
care delivery must be implemented on a wide scale
basis.

One frequently proposed solution to these

problems is the introduction of expandea function




auxiliaries (EFA's) into private dental practice.
The EFA is trained to perform many of the rou-
tine tasks now done by the dentist but not re-
quiring his extended formal training. Empirical
studies have sh;wn the EFA's can perform select-
ed tasks as quickly as the dentist with no re-
duciion in quality [5,6,7,8]. The increases in
dental practice productivity (humber of proce-
dures completed per unit time) resulting from
employing EFA's are reported as ranging from 92%
[9] (going from two operatories, nne assistant
to three operatories, two assistants and one EFA)
to 150% [10] (going from one operatory, one as-
sistant to three operatories, two assistants
and one EFA).

These prior studies have established the
EFA as a potential solution to the problem of
increasing the capacity of the dental care de-~
livery system. However, many basic questions
remain to be answered before implementation can
be expected. Specific task assignments need to
be determined. Also it is Lot clear from pre-
vious recearch what staffing patterns are hest
in given practice settings. Further, no guide-
lines are avaliable to permit the private prac-
ticioner to evaluate the economic and patient
flow effects of introducing EFA's into his prac-
tice. Analyses indicating the tradeoffs between
protential lucreases in patient volume and gross
revenues and increases ir requixed physical
plant and personnel ccsts are required.

To provide adequately the snswers to thesa

questions through empirical experimentation
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would be inordinately time consuming and expen- !
sive; there are too many feasible combinations of

staffing patterns, task assignments, facility con-

figurations and variations in panagement practices L
which need investigation. Further, it has been ;T
observed [8] that the variation between operators 'li
in pace is frequently greater than productivity

Jifferences resulting from small variations in

staffing patterns and task assignments thus fur- ,?
ther complicating empirical experiments. Also,
some promising staffing patterns and task assign-
ments are nrohibited from being incorporated into
field trials by existing state Dental Practice
Acts.

To overcome these problems, withcut eliminat-
ing feasible alternatives, a computer simulation
of dental practice was developed. ' “e simulation
model represents dental practice .n sufficiert de-~
tail so that sub-tasks can be reassigned to per-
sonnel with various assumed levels of training.
Decision rules on peirsonnel assignment are also
incorporated. The model does not, however, ex-
plicic'y consider the micro-motion g¢ffecte of .‘
variations in instrument location, operator pos-
Thesc effects are subsumed

ture, and sc forth.

in the activity time distributions.

Model Development

The simulation model consists of three basic
parts: the patient generator, the logical net-
work of the treatment procees, and the coet model. -
The patient generator produces the input patient
stream according to the specificarions desired for

a given run of the simulator, Prasent input




apecifications include: the mean arrival rate; resyect to: the number of personnel, the staff- -

random, scheduled, or scheduled arrivals with ing pattern, ihe task inventories of amsistants, 52y
random deviacions from the sppointment time; the number of operatories, the pace rsting for "
reason for visilt mix; reason for visit sequences procedure time distributions, the physical con- (
(acheduled input patterns); and no<ghow and walk- figuration of the facility, and certain decieion ,V\
in rates., The model currently uses 98 ‘''reason rules for patient management. f‘ }
for visit" codes; a typical visit mix 18 shoun A portion of the logical network isshown in

in Tabie 1. Figure 1. The development of this network was a ‘

critical part of the model construction. it was &
Table 1 Typical zesssa for visil aix B :

based on several sources. The basic structure
Resaca for visit Parcentage Reason for visit Poromiage

Pilltag .0 Seaz Bridge " followed that developed at the Dental Manpower ';-,'r'

Pepice Looshylerts, . Piek Up Deatures 0.8 Development Cemter in Louisville, Kentucky [8]. B ’
Stemncus Pluorida .8 Iridge Frep 2.3 ; ! S

Chack Up 107 Lost Filltsg &5 Also, specifications of standaxd dental procedures s

o' agese 3.2 ik © . 0.4 e~
st - . : as in Bell and Grainger [11], Guralnick {12}, R

Seat Cruwa 4,7 Chnck Wedon Teeth 0.3

Txtractions 4.2 Owage Pack 0.2 and Kilpatric! {13] were used. Further, the

oot Cansl 3.2 Inlay Prep 0.2

Noa~Coded 3.0 Giagevectosy 0.2 networks were compared to procedures used in pri- )

, Toothache a7 foat Taley o2 vate dental practices located in the Southeast. .
Crova Prep 4.3 G Surgery 3.07 : ‘.
X-Raye 1.3 Scaling 007 Finally, dental faculty from the Universfty of °
Srokes Tooth 13 Chack Ialay .07
curretcge 2.8 Mjeat Seidge 507 Florida, College of Dentistry and dental officere c0
Punctional Meline 1.3 fom Root Canel o.07 of the U.S. Public Health Service reviewed the ,\
Pumice Prophylasts L1 Gun Treatmest 0.0?7 e :
Inpressions 1.0 procedure netwurks and made many valuable contri- S
Sest e L0 I 3.3 .

e Rechetinas butions. Thus, the networks ewployed in the fi- SR
Sutore Remaval 0.8 v -
kéjuet Deatirer 0.4 nal model are representative of high quality dea-
Check Dentures 0.3 ’
fhade asd Mowld 0.7 tal care as practiced with curr. t technology in &
¥
ek o o ' the United States. - >
The logical network of the treatment pco- Event time probability distributions have

cess dictates the flow of the patients through been determzined for 135 procedure codes. A par-
the dental care fscility. Aithough the treat- tial list of procedure codes is shovn in Table o
ment pattern for any dentsl procedure is fixed, 2. A typical pstieat will be processed through .
the task assignments and branch points within approximetely a docen procedures during any one N

\J

a given procedure mey be alteved through input simulated visit. Again severa! sour.es of dats :
pazameters. Apy:oximately 300 input parameters were mployed. to develop the event time probabil- :

e
ity distributions. During the five yesr
determine the configuration of the model with y 8 y IS
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Table 2 o

Dental Procedures and Code Numbers A‘
i
ADMISSTON PROCIDURES
001  Tatient Preprration 205  Fluoride Applicatios -~
002 Med. dist. & Orul Exem. 206  Desenaltization -~
003 Charting 207  touch Guard Delivery AR
004 Photography 208 Vincent‘s Traatment ! -
(1)) Adult Radiographs 210 Gingivecromy
006 Pedodontic Radlographs 211 Pack Replacenent
a07 Edentulous Radiographs 213 Rquiltdeation
008  Bitewing Radicgraphs
0090 Single Pertiapical Radiographs OPERATIVE DENTIZTRY
010 Special Radlograpric Servica ML Stmple Amalgan Prepatration
L \ .0 Consultation Requeste 302 Compound Amalgim Prepsration N
_“‘f—"'%'\“““““' 021  Oral Cytology 303 Couplex imalgsz Preparation
022 Caries Testing 304 Cement 8aze
023 lmeding Time 303  Mavrix Placenment "
024 Vitality Testing 306 Amalgmas Plscement S
— 025 Vitamin C Testing 311 Simple Amalgan Carved >
1 026  Allargy Testirg 312 Comgound Amalgam Carved
4 027  Allecrgy Incarpretation 313 Complex Amalgaa Carved
028 Preparation of Smear 315 Temporary Fitling
029 Swear Inteipretation 321-9 Une to Ntne amilgam Poitshed
050 Treatment Planning 330 Symthetic Prrparation
060  Latoratory Orders 331 Base for Synthetic R
N, O 332 Syuthetic 7lacement *
BASIC PROCEDURES 341-5 One to Nine Synth. Finished
166 Anesthosia 362 Compound Inlay Cavity Prep. -
161  Rubber Dam Application 363 Complex Inlay Cavity Prep. b .
162 Vac-ejector Application 363 Dirget Inlay Wax Pattern e
¥ximine 163  Renoval of Temporary Filling 370 Iniay Adaptaiton :
Sravs 170 Tray Selection 372 Ialsy Cementation & Polishing
172  Alginace Impression
Anesthesta | L T 173 Rubber Impression CROWZ AND BRIDGE
176  Stadbiliuing Rudbder lapression 401 Fll Crown Preparation R
177  Solvite lmprassion 402 Th-eu-quarter Preparaciod . \
. 403  ‘ac :et Preparation T
PREVENTIVE DENTISTRY 404  Dowvel Prepacation -
301 Oral Health lnstructicns 411 Temporsry Crown . .
202  Sceling 412 Temporacy Shell
203 Pumic: Prophylaxis 417 Try=in of Bridge
204  Recontouring
Wait .
g -
ahber Louievilie study [8], event times were recorded e
ban
= ¥ for over 250,000 observed procedures. Event time ‘

probability distributions were derived from a 10(%

sasple of these data [14]; typical distributions

Preparation

are shown in Figure 2. The Louisville data,

x ?
Hatxt although the largest eveat time data bank avail-

abie, suffer from the fact that they were col-

lected in a clinical facility of unique design i

Matrix
Placcnent employing Public Health Service dentists. Thus,

the Louisville data were found to be statistically

different from private practice procedurc times. i

e eut Two steps were taken to augment the Luuisville .
et ot data with data more representative of private o

Bote: Toam eha

petlorod by oaCHr cout ine, practice. First, time-lapse video tape recordfngs
The naete routioe may be

veecutsd at aav poatat_in

fhon (ot there $a 8 57, were made of J496 procedures in a private prac-

tice in Gainesville, Florida. Second, seven psi-
vate practices in Cleveland, Tennessee had ten

Figure 1 Portion of Treatment Network veeks of patieat visits recorded on super-8
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time-lapse film. An additional 50,000 procedures
were znalyzed from these data. The statiscical
analysis of these data indicated that for most
procedures the time distributions were of the
same form (i.e., gamma probabillty distributions
of oxder 1 to 4) but showed significantly lower
mean times than the Louieville data. The final
distributions used in the model were then of two
types: those determined directly from private
practice data; and those, for which the private
practice sample sizes were insufficient, which
were based on the Louisville distributions with
sh’fts of mean. Branch probabilities within the
model, and proportiona of subprocedures (e.g.,
the proportion of filling patients receiving
anesthesia) were based on private practice sta-
tistics.

An important feature of the treatment model
is the classificatiorn of auxiliary personnel by
skill level. In addition to a deatist, and an
optional receptionist, the model can employ eny
wix of EFA's of any of four assumed skill levels.
The dutjies assigned to cach skill level are shown
in Table 3. The assignment was based upon renk-
ings of task difficulty determined by expert
Judgment [15]. This structure allowvs conlidet-.
able flexibility in developing staffing patterns
for any givea siiLulation run. The increased
knowledge assumed for the higher skill devels is
translated intc higher salacies in the cost model.
7he assumption is xade that all persons posseas-
ing the requiasite skill will perform a given
procedure with the same quality and time dis-
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tributions This assumption has been borne out
in field studies [5,6,8].

The cost model permits the evaluation of the
economic consequences of alternative staffing
patterns, facility configurations, and management
practices. More accurately, the ‘cost' model
should be termed a 'net revenue' model since this
is the resultant figure of merit. The wodel can
be summarized as:

Net Revenue = Revenue - variable costs - fixed
costs

[uy'(x+Y) +S'(X+Y) + e]
[“Sn"(“c**‘L) (RAY) + (0HU)' (XAY)

+ PV + 1y' (X+Y)]

[NTQW)-F (%, )]

118 4
The model components are listed in Table 4. Cost
and fee data are entered as input parameters for

the particular practice or region being studied.

Ecoromic data have been obtained from the private
practices studied, from ADA sources and from var-
ious state and federal sources.

Tadle 3 Procedures assigned to aaaieténta
of various skill levels

RANKED LIST OF PRGCEDURES ASSIGNED
TO LEVEL 1 ASSISTANTS

£

DESCEIPTION
Patient Preparation
Release Patient frow Chair
Informal Introduction
Vac-ejector applicaticn
Matrix Placement

Amalgam Placement
Synthetic Placement
Suture Removal

Folish Denture

Rvbber Dam Applicetion

CQWDNOWMEWN =

[

RANKED LIST OF PROCEDURES ASSIGNED
TO LEVEL 2 ASSISTANT

RANK DESCRIPTIOR
1-10 All Level L Duties
11 Charting




RANK DESCRIPTION )
12 Fluoride Application
13 Denture Patient Instruction
14 Post Surgical Irnstructioms
15 Folish Amalgams
16 Radiography
17 Placement of Base

RANKED LIST OF PROCEDURES ASSIGNED
TO LEVEL 3 & & LSSISTANTS

RANK DESCRIPTION
i=x7 All Level 1 & 2 Duties
18 Alginate lmpression
19 P:mice Prophylaxis
20 Oral Health Instruction
21 Simple Amalgam Carved
22 Synthetic Finished
23 Compd/Complex Amalgam Carved
1-23 All Level 1, 2, & 3 Duties
24 Scaling (Incl. Subgingival)
25 Medical History and Oral Exam

Table 4 COST MOLZL COMPONENTS

a == collection ratio on fees charged
X -~ vector of annual procedure frequencies by
dentist (column vector)

Y - vector of annual procedure frequencies by
assistauts (coluxan vector)

-- fees charged for procedures (column vector)

-- vector of externally provided fees for ser-
vice (column vector)

e -~ external funding not related %o service

N -- aumber of assistants (column vector)

SD - salary paid per assistant (row vector)

Hc - material cost per procedure (column vector)
HL - lab cosrs per procedure (column vector)
0

-~ migcellaneous overhead per procedure
(column vector)
U -~ utilities cost per procedure (column vector)
v_ - fair sale value of dental care facility

P, - Jocal tax rate

i -- insurance rate

T(L) training and hiring cost as a function »of
skill level

- number of operatories constructed and
equipped

- construction and equipment cost per opera-
tory

F__{*) =~ eannual mortgage payment based on

pPyT

years at p percent interest

The present version of the model is coded
in GPSS/360 version 2.

The model reported on

here consists of over 60 functions; there are

720 blocke and two schedule routines written in
PL/1, several macros and & FORTRAN help block.
The GPSS language was chosen for the initial
coding and model development because it is flow
related and economical of programiing time. Con-
sideration is being given to recoding the fully
developed model into SIMSCRIPT prior to running
the full range of experiments to reduce the éom~

puter time.

Model Validation

Several approaches to validation werc used.
The logical validity of the treatment network was
determined through judgment of a panel of Univer-
sity of Florida, College of Dentistry faculty.
This same panel re. iewed the operation of the mod-
el in detail to verify that the patient flow pat-
terns corresponded to realistic expections. It
should be noted that since the model was'eimulat-
ing some staffing patterns not yet available in
actual practice, direct compat}son between model
performance and actual performance is possible
over a limited range only.

The most n.aningful validation would be to
compare the predicted performance of s given
facility - staffing pattern configuration with
the performance of an equivalent actual system.
iwo approaches of this type are presently being
pursued. A private practice, not used in the
original datas base, will be observed using the
same video time liapge techniques referred to
earlier. These data will permit the development

of frequency distributions on patient waitir-

time, dentist optional time, the idle time of




assistants, total procedures completed, patient
throughput time, costs and revenue. These dis-
tributions will then be compared to those gener-
ated by the model. A shortceming of this ap-
proach is that it tests the model against caly
one facility - staffing pattern configuration.
Further, since EFA's are not generally available
in private practice, a crucial part of the mod-
el's predictive ability will not be tested.

To overcome this problem, arrangements have
been made to participate in a National Imstitutes
~nf Nealth study [16] in which EFA's will be in-
tr:.duced in seven private practices with varying
physical configurations. Baseline data have been
collected on these same practices. Hence, the
ability of the model to predict the performance
changes resulting from the introduction of the

EFA's will provide a gocd test of model validity.

Measures of Effectiveneas

The development of appropriate, comprehen-
sive measures of ' :alth systems effectiveness
and cost effectiveness is always a difficult
problem. An attempt should be made to balance
the needs and coavenience of the patient popula-
tion with the needs and motivations of the pri-
mary care providers. A typical procedure is to
produce multi-dimensional system performance
and effectivensss weasures and attempt to strike
a workable balance between conflictiug measures;
this approach was taken here.

Measures of system periormance considered
were:

system capacity (maximum patient arrival

volume), patient vaiting time, personnel utiliza-
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tion, gross revenue, and net revenue. No attempt
wus made to assign a cost to patient waiting time.
Rather, this atatistic was produced to zllow the
decision maker (whether an individual dentist or
national health planner) to determine a judgmentsl
balance between patieat waiting time and other
performance statistics. The net revenue figure
was viewed in two ways. First, since 91% of ali
active dentists are in private practice [2] the
net revenue figure provides a motivator to serve
increasing numbers of patients when it increases
as assistants are added. Second, the net revenue
was set at a certain arbitrary figure (say
$40,000) and the fee schedule adjusted to achieve
thig figure exactly. This permitted an analysis
of the potential savings to the consumer popula-
tion when EFA's were a2dded but allowed the den-
tist to maintain a reasonable income level. Both
approaches are reported in the results scction

below.

Experimental Results

The results reportad in this section repre-
sent a small subsct of all possible experiments
that could be performed with this highly flexible
model. The experimental phase of this project
will continue through )974. The results given
here are therefore illustrative oniy and conclu-
sions drawn from them should be viewed as tenta-
tive.

a typical experlment analyzes the effects of
varying two fnctors: the number of EFA's in o

four operatory facility (1, 2, 3, or 4) ard the

skill levels (1, 2, 3, or 4) possessed by the




auxiliaries. Jach realization of the sixteen re-
sulting combinations consisted of processing 500
patients through the treatment facility. The
patient arrival rate (3 patiente per hour) was
such that the probahility of no patients being
available in the waiting room was negligible
except at high levels of capacity. Overflow
patieats were assumed lost to the system.

Table 5 indicates the summary results. As
can be seen in Figure 3 the greatest marginal
galn in capacity is achieved in going from level
2 to level 3. Also note that with one assistant,
the level of training has no effect on produc~
tivity. This is because the assistant is tied
to the dentist as a chairside assistant and can
not function autonomously.

The utilization of the dentist (Figure &)
iancreases and the utilization of the assistaats
(Figure 5) decreases #8 the system capacity in-
creases. The dentist is working full time to
keep up with his portions of the procedures and
provide necessary supervision to the assistants
as the staff size increasea. However, since the
level 4 auxiliary can do many of the tasks for-
werly done by the dentist, even at high patient
volumes, the dentist has more optional time with
level 4§ assistants than with level 1.

Gross revenues (Figure 6) follow the same
pattern as the number of patient visits, as ex-
pected. Because of the low marginal gains in
capacity in going from a level 3 to a level 4

auxiliary and the attendant increase in salary,

the net revenue (Figure 7) picture indicates that
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level 3 auxiliaries dominate the level 4's. On

a purely econcmic basis, the best staffing pat-

tery: appears to be three level 3 auxiliaries.

This also provides the dentist with 42% optional,

time and keeps patient walting time to reasonable

levels (an average of 6 minutes from the scheduled

apbointment time until the patient is seated in b
the operatory). The computer running time for |

a 2000 patient experiment (lncluding compilation)

was .94 minutes on an IBM 360/65.

Table 5 Simulation Summary Results

PRIVATE OFFICE: OWE DENTIST, Foua Rx univs *
> 3 &
- & N &
f«.f god o8 &£ & £ 5
FES 47 S5 F¥ Y B & &
IFF W FE FF TS & 4
l' 1 | 2.0t T 100 | 52 |.8@ | L
17 el s | eS| ass 1.2
(3] 287 | L0 39 %78 | V.62 L3
a f 24 {100 ) 29 | 6 |l | lwm
11 2,00 | 1] 100 | sam | 2m | LR
2 | 0| 9| 68| mzs | Baw | LS
2 s|asw Liw | w | net | 2@ |11
A |25 100 | 8| oS3 | waw LY
1f 2009 ) 20| 100 | S | a2 |13 o
2 | J.% W | 65 | wmos | mws | Ly -
3 3| 530 S8 | .8 | meaw | ram 7 R
N | SAN S8 1 .68 | 1em | s | A R
1 {2009 | as ] 100 | s | 2@ | 0¥
\ 2 | 3.9 38 9 | s | Sa@ | @ ‘
3| 537 53 2| wx | mm 7 v
X So b 6 | meew | .19 &

o\ .
*Fee schedule used in the revenue calculations ‘ .
must be multiplied by the factor indicated to

achieve a $40,000 net revenue.
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Conclusions and Implementation

Even in their preliminary state the fore-
going results indicate that EFA's can signifi-
cantly expand the capacity of a solo private
practice. In addition, rather than overburdening
the dentist, the proper utilization of EFA'3 will
provide him with wore optional time which can be
ugsed for continuing education, treatwent planning,
or other activities of direct benefit to the  1a-
tient population. Further, there exits an appar-
ent economic motivation for the dentist to use
EFA's. Alternatively, the employment of EFA's
offers one solution to check the rising costs of
providing dental services.

With indications of such great benefits,
the absence of EFA's in private practice needs
some explanation. The most probable reason for
their lack of use is that the American dental
profession has not uet beer convinced that the
benefits suggested by limited field trials and
simulation studies will actually accrue in prac-
tice. Further, the profeasion is aot sure that
some loss of quality of care wil) not occur with
EFA's. Also, some dentists are uncertain as to
their patients' reactions to being treated by
EFA's.

The only cor ‘ncing test of the model's
conclueions appe. s to be a private practice field
trial which is modeled after the 'optimum' config-
uration suggested by the model. As noted above,
the Division of Dental Health (N.I.H.) study [16]
is providing a partial demonstration of the EFA

concept. Further tzials of this type will how-




ever be necessary. To iccomplish this goal, the
developers of the simulacrion model zre formulat-
ing plans for additional field trials which can
be closely controlled and which will follow prac-
tice configuration guidelines as indicated ty the
simulation results.

Scope of Future Research

The collection and analysis of data, model
develoyment,'yflidation, and preliminary e#periu
ments represent the first year's effort of a
three year N.I.H. funded project. Further model
development will inciude provision for endodon-

tics, periodontics, and orthodontics. Provision

analysis of various task distributions between
specialists. Work iz slso progressing on iacor-
porating improved patient scheduling procedures
and team management concepts into the model to
study their effects on the system performance
measures. The develcpment, teet and validation
steps occur on a continuing basis. The final
conclusions of the research desciibe the exact
field conditions over which a particular model
configuraticn has been validated.

Wor: 1s also in progress to develop analyt-
ical models of the stochastic service system
that is an abstraction of the dental care facil-
~4ty., Preliminary results [17] indicate that a
ste.dy-state GI/G/s queueing model will provide
acceptable predictions of patient waiting time
distributions. What is now required is the
development of service distributiuns vhich are

funct’~:, * - isgendent upon the facillity con-

figuration ang staffing patterns.

The model 1is also being incorporated into the
dental curriculum to provide a ‘laboratory' for
dental students to evaluate the effect ot various
practice management techniques on practice pro-=
ductivity. This on-line exposure will allow the
student to observe the effects of varicus prac-
tice management modes over years of simulated
practice in a few short sessions at a time-sharing
terminal. The model will also be available to
dentists aiready iﬁ practice for continuing ed-
ucation sessions. ‘

Another ongoing study is thelinvestigation
of using the simulation model as a component of
an overall planning model for national dental
mcnpower needs. When properly validated, the
model results can be extrapolated to national
demand levels to predict manpower requirements‘
under vzrious staffing pattern mixes. The resul-
tant manpower predictions would indicate not only
the number and level of requiri'd personunel but

the detailed skillas inventories required for

each personnel categorv.
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