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Summary

Background: A workflow is defined as a predefined set of work steps and partial ordering of these
steps in any environment to achieve the expected outcome. Few studies have investigated the
workflow of providers in a dental office. It is important to understand the interaction of dental pro-
viders with the existing technologies at point of care to assess breakdown in the workflow which
could contribute to better technology designs.

Objective: The study objective was to assess electronic dental record (EDR) workflows using time
and motion methodology in order to identify breakdowns and opportunities for process improve-
ment.

Methods: A time and motion methodology was used to study the human-computer interaction and
workflow of dental providers with an EDR in four dental centers at a large healthcare organization.
A data collection tool was developed to capture the workflow of dental providers and staff while
they interacted with an EDR during initial, planned, and emergency patient visits, and at the front
desk. Qualitative and quantitative analysis was conducted on the observational data.

Results: Breakdowns in workflow were identified while posting charges, viewing radiographs,
e-prescribing, and interacting with patient scheduler. EDR interaction time was significantly differ-
ent between dentists and dental assistants (6:20 min vs. 10:57 min, p = 0.013) and between den-
tists and dental hygienists (6:20 min vs. 9:36 min, p = 0.003).

Conclusions: On average, a dentist spent far less time than dental assistants and dental hygienists
in data recording within the EDR.
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1. Introduction

In 1984, 11% of dental practices in the United States used computers in their offices [1]. The use of
technology, particularly computers, has been on the rise among dental practices worldwide. Around
2009, more than 85% of dental practices in the United States [2] and almost 100% of the dental prac-
tices in England and Wales [3] used computers in their practices. The transition from paper to digi-
tal technologies can radically change the daily workflow (“a predefined set of work steps and partial
ordering of these steps” [4].) practices of clinicians and supporting staff in both positive and
negative ways [4, 5]. Digital technologies such as an electronic health record (EHR) can provide
benefits to patient outcomes, aid in diagnosis, reduce errors, improve patient safety, and support
better patient outcomes [6]. EHRs can provide a seamless flow of information between providers by
furnishing accurate and complete information and the ability to quickly provide and coordinate
care. They also give providers a way to share information with other patients and caregivers [6, 7].
However, the incorporation of technologies like electronic dental records (EDR) in dental practice
does create some challenges to the dental providers and staff by introducing breakdowns in their
workflow [2]. Some of the undesirable effects are particularly seen in user satisfaction, efficiency,
quality of care, and patient safety [4, 5]. Specifically in dentistry, a telephone interview of general
dentists in the United States revealed that deficits in practice management functionality and usabil-
ity, as well as inability to customize charts were flagged by dentists as negative features [1].

The steps that make up a workflow create a process model that is invaluable to management in
communicating processes and tasks to employees. Process models can also be used to troubleshoot
disruptions, bottlenecks, or other potential barriers to accomplishing the work in the most expedi-
tious manner. Continuous self-reporting [8], subject evaluations, personal activity logs, review of
departmental records, application logs, video-usability analysis, work-sampling, and time and mo-
tion [9-15] methodologies can all be used to quantify workflow. Time and motion methodology is
commonly used to quantify workflow in order to find the potential impacts associated with Health
Information Technology (HIT) implementation [16]. This methodology has been used previously to
examine how HIT can both positively and negatively impact workflow [12, 14, 15]. Studies have
consistently found that HIT use marginally impacts clinicians’ workflow and efficiency [9, 11, 12, 14,
17]. This methodology has also been used to study pre- and post-implementation of computerized
provider order entry (CPOE) in emergency departments [9, 18]. The empirical model developed by
J.Y Irwin, et al. [2] is probably the only one which provides comprehensive information regarding
clinical workflow in the dental offices. However, to our knowledge, there has been no study con-
ducted that uses time and motion methodology to explore and quantify the workflow as a result of
dental providers using EDRs within their practices.

2. Objective

The study objective was to assess EDR workflows using time and motion methodology to identify
breakdowns and opportunities for process improvement. Specifically, this study aimed to observe
dentists, dental assistants, dental hygienists, and appointment coordinators working with the EDR in
order to identify practice patterns with respect to information retrieval and documentation and
quantify the workflow, as well as identify the breakdowns in workflow.

3. Materials and Methods

3.1 Setting and subjects

Marshfield Clinic Health System (MCHS), one of the largest physician-owned private group medical
practices in the United States with over 50 medical centers and 10 Family Health Center dental
clinics located in central, northern, and western Wisconsin, developed and implemented an inte-
grated medical-dental electronic health record iEHR) environment [19]. This provided an excellent
opportunity to fullfill the objective of the study to assess EDR workflows using time and motion
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methodology in order to identify breakdowns and identify opportunities for process improvement.
This was a natural test-bed for the study team to explore the human-computer interaction within the
iEHR.

We undertook an observational study to examine the workflow of four different roles in the den-
tal centers: dentists, dental hygienists, dental assistants, and appointment coordinators, while they
were interacting with the EDR. In the context of this study, ‘providers’ includes the first three roles
but excludes appointment coordinators. »Table 1 illustrates the list of defined activities that were
observed during the patient encounters. Observations were recorded at four different MCHS dental
centers by two observers who were trained in conducting time and motion studies. The study team
set out to observe four different types of patient encounters in each of the dental centers which in-
cluded: 1) initial visit, defined as a scheduled appointment where the patient new to the MCHS den-
tal center was seen for the first time and receives a plan for future treatment, 2) planned visits, de-
fined as subsequent scheduled appointments where the patient would be receiving planned treat-
ment, 3) emergency visits, unscheduled visit due to a dental emergency, such as pain due to infection
or abscess, injury to the teeth or mouth, and 4) interactions with the appointment coordinators at the
front desk, inclusive of appointment checking-in and scheduling, completing necessary patient pa-
perwork, and telephonic business.

3.2 Data Collection Tool

The study team modified a Time and Motion Study Ambulatory Practice (TMS-AP) Tool v1.0
which has been used mainly in a primary care setting for comparing pre and post EHR implemen-
tation, which was freely available through the U.S. Department of Health and Human Services
Agency for Healthcare Research and Quality website [20]. This modified version of the TMS-AP
tool was used to collect the observational data in our study. Since the original tool was designed to
assess the impact of ambulatory care interventions on workflow, the study team made specific
changes to optimally align the data collection tool to the dental practice domain. A pre-defined list
of activities and information categories usually involved in dental workflow was incorporated into
the tool, informed by a literature review. The tool allowed the observers to record details about
workflow including: encounter type, role, interactive medium (paper, computer, tray sheet, other),
specific type of activity, and information categories (scheduling, billing, insurance, consent informa-
tion, patient demographics, extraoral exam, intraoral-soft tissue, intraoral-hard tissue, intraoral, extra-
oral, and radiographic imaging, chief complaint, problem list, vital signs, risk assessment, allergy/ ad-
verse reaction, medication, medical, social, and dental histories, diagnosis, prognosis, treatment plan,
prescriptions, progress notes, social conversation, and other). of that activity. The role choices in-
cluded: dentist, dental hygienist, dental assistant, and appointment coordinator. The activity choices
were aligned with the following categories: 1) data related, 2) patient related, 3) talk, 4) walk, and 5)
miscellaneous, as seen in »-Table 1. Each activity was further divided into several sub activities. The
information categories section included 26 choices as listed in »Table 1 to provide an expanded
contextual framework for the activity being performed. The modified tool used in this study is illus-
trated in P-Figure 1 and represents a Microsoft Access 2000 (Microsoft Corporation, Seattle, WA)
database that was installed on a tablet PC.

3.3 Data Collection

As part of the data collection process, the observers collected both quantitative and qualitative data.
For the purpose of collecting the quantitative data, a codebook was developed that defined the types
of encounters, roles, and activities within the data collection tool before conducting the observa-
tional sessions. Cohen’s Kappa coefficient was used to determine the inter-rater reliability for three
jointly observed pilot patient encounters. Following consensus building, a total of 120 patient en-
counters were observed by two observers in four dental centers over a period of 35 days where 120
encounters represented a convenience sample that was projected based on number of observations
that were feasible for observers in a defined time frame from one healthcare organization. This was
determined as a good amount of observations based on the only other dental workflow study con-
ducted by Irwin et. al. which only included 23 comprehensive examination and treatment planning
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sessions [2]. Study observations commenced only after verbal consent of both the provider and pa-
tient receiving treatment was obtained. For the purpose of collecting the qualitative data, the observ-
ers took notes of comments articulated by the providers during or at the end of the observation
sessions.

3.4 Data Analysis

Three specific analyses were performed on the quantitative data: classic time and motion plot analy-
sis, statistical analysis, and heat map analysis. Classic time and motion plot analysis was completed
with data of activities and information categories observed and documented for each dental en-
counter. To simplify the case, we did not consider the subtask variable in this analysis so we could
have a larger view of the general distribution of different activities and the collective informational
categories. Statistical analysis compared the frequencies of different activities associated with the dif-
ferent types of encounters, by clinical providers using descriptive statistics. T-test and analysis of
variance (ANOVA) were conducted to compare the amount of time spent by dental providers inter-
acting with the EDR during the patient encounter based on clinical role. Heat map analysis com-
pared the correlation among all the activities performed, informational categories recorded for each
of the roles and type of encounter.

Qualitative data was assessed for breakdowns in workflow by conducting a content analysis of
dental providers’ articulated comments [21]. The study team used the inductive approach of content
analysis method to identify and make valid inferences of the workflow breakdowns from the dental
providers’ articulated comments during the observation sessions.

The study protocol was submitted to the Institutional Review Board (IRB) and approved under
45 CFR 46, 21 CFR 50 and 21 CFR 56 (Marshfield Clinic Research Foundation IRB number
ACHI10110).

4. Results

4.1 Descriptive Statistics

Cohen’s Kappa coefficient for the three jointly-observed pilot patient encounters was 0.829 repre-
senting excellent [22] initial agreement between the two observers. A total of 120 patient encounters
were observed by the two observers as part of the main study. The Cohen’s Kappa coefficient for the
three jointly-observed patient encounters as part of the main observational data collection was
0.633, representing fair to good [22] agreement between the two observers during the data collec-
tion phase of the study. The observed encounters included 12 initial visits, 85 planned visits, 16
emergencies, and seven front desk patient interactions with the appointment coordinator. Approxi-
mately 88 hours were spent by observers conducting observational encounters in the dental centers.
Dental center site 1 had a square footage of 8,840 square feet and 17 dental operatories, site 2 had a
square footage of 17,725 square feet and 29 dental operatories, site 3 had a square footage of 9,739
square feet and 14 dental operatories, and site 4 had a square footage of 10,856 square feet and 19
dental operatories.

As seen in P>Figure 2, the 120 observational encounters included: 53 dentists-patient encounters,
27 dental hygienist-patient encounters, 33 dental assistants-patient encounters, and 7 appointment
coordinators. The time spent interacting with the EDR was significantly different between dentists
and dental assistants (6:20 minutes (min) vs. 10:57 min, p = 0.013), between dentists and dental hy-
gienists (6:20 min vs. 9:36 min, p = 0.003). However there was no significant difference between
dental assistants and dental hygienists (10:57 min vs. 9:36 min, p = 0.49). Furthermore, dentists
spent 6:20 min per visit to interact with the EDR, which included 2:41 min in data recording and
3:80 min in data retrieving/reviewing; while dental assistants spent 10:57 min per visit to interact
with EDR, including 6:39 min in data recording and 4:15 min in data retrieving/reviewing. Lastly
dental hygienists spent 9:36 min per visit to interact with EDR, including 6:45 min in data recording
and 2:22 min in data retrieving/reviewing. »Table 2 illustrations the mean and standard deviation
(SD) for the different activities per visit of the dental providers. ANOVA was performed on time
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spent interacting with the EDR, adjusting for different dental provider (exclude front desk) and dif-
ferent encounter types. P-values for dental provider and encounter type were 0.0093 and 0.00487, re-
spectively.

Within our most interesting group, dentists, there were large variations among the time spent on
patient related activities, with average as 21:13 min with SD 17:20 min. » Figure 3 provides the box-
plot for distributions of time spent on different activities. There is a very large difference observed in
time spent with regard to patient related activities with other types of activities, compared with aver-
age of time spent on data related activities 6:20 min with SD 5:24 min (p < 0.0001), the average spent
on talking 7:33 min with SD 6:12 min (p < 0.0001), the average spent on walking was 3:23 min with
SD 5:40 min (p < 0.0001) and the average spent on miscellaneous activities was 2:00 min with SD
1:47 min (p < 0.0001).

4.2 Observed Workflow Issues

From the inductive approach of content analysis method, four workflow barriers were identified:

1) inefficient charge documentation entry, 2) patient waiting list display deficiencies, 3) lack of
integrated view of radiographic data in EDR, and 4) default e-prescribing mode that limited capacity
for issue of written prescription.

4.3 Time and Motion Plot Analysis

We initially conducted a time and motion plot analysis on n = 53 dentists for the following en-
counter types: initial visit, planned visit, and emergency visit to explore and illustrate the workflow
related patterns. An example of a dentist’s workflow for the three types of patient encounters are il-
lustrated in P> Figure 4, »Figure 5, and - Figure 6, respectively.

4.4 Frequency Analysis

> Figure 7 illustrates the frequency analysis results on a bar chart, which represented the percen-
tages of each encounter type and activities for the role of dentist. Patient related activity time in-
cluded: planned treatment visit (58%), emergency visit (37%), and initial visit (20%). Talking inter-
action was highest at 48% for the initial visit 27% for emergency visit and 17% for planned treatment
visit. On average, dentists spent 9:55 min (48.47%), 6:55 min (16.8%), and 10:03 min (26.82%) of
their time talking during an initial, planned, and emergency visit, respectively.

4.5 Heat Map Analysis

The heat maps identified correlations between the activities and the informational categories of dif-
ferent encounter types. Heat map analysis was conducted only on the observational data for the role
of the dentist provider due to the lack of data for other roles. »Figure 8 illustrates the heat map
analysis for the dentists’ interaction in the context of three different types of encounters including
initial visit, emergency visit, and planned visit. For all three types of visits, data related, patient re-
lated, and talk activities showed highest correlation with informational tasks, while the ‘walk’ and
‘miscellaneous activities’ showed few informational task correlations, particularly with data related
activities. For patient related activities, the intraoral-hard tissue tasks exhibited the highest levels of
correlation: 0.52 for emergency visit, 0.25 for initial visit, and 0.62 for planned visit.

5. Discussion

An informatics tool was successfully developed to use in data collection for assessing dental provider
and staff workflow. We thematically compared different types of roles: dentists, dental hygienists,
dental assistants, and appointment coordinators at four community based Federally Qualified
Health Centers that primarily focus on general dental practice principally involving preventive and
restorative procedures and simple extractions. The study further examined data to compare the
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same types of encounters: initial, planned, emergency visits, and interactions with appointment
coordinators, thereby providing more in-depth content analysis of the workflow while using the
EDR. Moreover, factors that negatively impacted on workflow were identified including: issues with
posting charges, the patient waiting list schedule (‘as soon as possible’ (ASAP) list), the EDR and
viewing radiographs, and e-prescribing medications. All of these breakdowns were shown to be time
consuming and burdensome to the dental providers and staff, and also to patients. The dental staff
expressed frustration as the breakdowns in the workflow were consuming valuable time that could
be better spent on patient care. Speculatively, time lost could negatively impact revenues. However
further studies engaging cost analyses are required to test this assertion.

5.1 Breakdowns in Workflow

The themes identified from the observational data included workflow issues under the following

categories:

a. Documenting charges: Posting charges for the procedures completed interrupted the dentists’
workflow because they had to go back to their office to document the charges and it was not easy
to ascertain whether charges had actually been posted;

b. Patient waiting list schedule (ASAP list): the ASAP list in the EDR environment was used by den-
tal appointment coordinators. This is a dental center-specific list of patients who were waiting for
an appointment that can be called when there is a cancelation in any of the dental providers’
schedule in a specific dental center. This list took too long to display on the computer and there
was no way to minimize the list without exiting it completely;

c. EDR view and radiograph view: very often, radiographs were viewed while entering data into the
EDR. The radiographs are only accessible and viewed digitally through a separate software pro-
gram that was not integrated with the EDR environment. This forced the dental provider to click
back and forth between two programs to view the radiographs while documenting data within
the EDR; and

d. e-Prescribing medications: electronically prescribing medications was articulated as an issue by
dentists observed in this study. The e-prescription system routed prescriptions to a local organiz-
ational pharmacy electronically by default, using patient-level data from the EDR without an op-
tion for the dentists to print the prescription or to set up an alternative external pharmacy which
was capable of accepting e-prescription orders, as preferred by the patient.

Our results and those of a previous dental workflow study [2] identified that observed breakdowns
in workflow largely involved specific limitations associated with the technology and design of the
index EDR. Thus workflow studies are important to conduct following implementation of technol-
ogy in order to identify technological elements that may contribute to workflow disruption and ap-
proaches for correcting these shortcomings in order to minimize impact on clinical care delivery.

5.2 Overview of study outcomes

Dentist-patient encounter represented the highest number of encounters in the study with 53 (as seen
in »>Figure 2). The observational data collected for the dental hygienist and dental assistant providers
under the three types of patient encounter did not provide us with ample amount of data to quantify
the workflow analysis similar to that of the dentists. We found that the distributions of the activity
groups among three types of encounters are varied. Heat map analyses, revealed correlations between
patient related and intraoral-hard tissue data, as well as between talk data and treatment plan. Corre-
lations between talk data and treatment plan are expected, due to the dentist consulting with the pa-
tient regarding the treatment plan. These data could inform improved clinical information tool de-
sign to optimize the workflow for different roles and visit types in dental practice.

5.3 Time and Motion Analysis

The time and motion plot offered data visualization for all the activities and correlation of activities
with informational tasks as well as the interactions with time in each of the dental encounters. As
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one can see in all three » Figures (4-6), there was much time spent, 40:41 min, 13:00 min, and 3:30
min, by the dentist working with intraoral-hard tissue during planned, emergency and initial visits,
respectfully; as well as a good amount of time, 27:10 min, 24:26 min, and 19:59 min during the
planned, emergency, and initial visits respectively, that had no information recorded because the
dentist was outside of the dental operatory/exam room at the time. However, there was not much
time spent by the dentist providing patient education or checking-in or -out a patient. Similar time
and motion patterns could be identified within the same type of patient visit encounter across the
providers of dentist, dental hygienist, and dental assistant.

5.4 Frequency Analysis

Frequency analysis was conducted only on the dentists’ provider as other roles with each type of pa-
tient encounter did not yield ample observational data for our analysis. According to an American
Dental Association survey, dentists routinely see 2.3 patients per hour [23]. »-Figure 7 dentist data
showed different distributions for the five grouped activities among different types of encounters.
the dentist spent much more time talking to a patient during an initial visit (48.47%) than he/she
does during a planned (16.8%) or emergency visit (26.82%). This could be because an initial visit is a
scheduled, first time meeting between a patient and dental provider and a lot of information is col-
lected verbally and the focus is on the patient, not the EDR. In our second analysis of frequencies of
activities, further investigation was conducted to show which activities contributed the most to the
grouped activities as reported in the first step among different types of encounters. Taking patient
related activities as an example, we found that among all eight categories of patient related activity
(patient examination, performing treatment, patient education/instruction, patient check-in, pa-
tient check-out, consultation, patient referral, attending another patient), the percentages of patient
education/instruction and performing treatment are very distinctive among different providers in
the dental center. For the initial visit, most of the time (93%) was spent on patient examination com-
pared to 12% spent on the planned treatment and 22% spent on emergency visit. However, for the
initial visit, no observed time of performing treatment is recorded, compared to 83% spent on the
planned treatment and 66% spent on the emergency visit. Furthermore, for ‘walk’ and ‘miscel-
laneous activities, most of the informational tasks performed by different visits have no information
collected because the observers were stationary in the operatory/exam room and did not follow the
dental provider or staff out of the operatory preempting analysis of the exact correlation.

5.5 Heat Map Analysis

When comparing the heat maps for dentists and dental assistants across the three different types of
patient encounters, initial, planned, and emergency visits, similarities were seen among ‘talk” related
activities and information categories such intraoral-hard tissue and radiographic imaging. The same
similarities were seen when comparing dental hygienists initial and planned visits, but not emergen-
cy visits because no patient encounters occurred with the dental hygienists during the study period.
However, comparing the heat maps of the three roles across the three patient encounter types was
not significant due to the small sample size.

5.6 Limitations

The study team observed the workflow of the dental providers and staff using a single EDR from one
organization whose dental practices represented integrated community-based dental centers (Fed-
erally Qualified Health Centers) that focused primarily on the practice of general dentistry with ser-
vices encompassing preventative and restorative dental procedures as well as simple extractions, with
more complex cases referred to appropriate specialties or treatment settings. Further, the observational
data collected did not include the specific type of procedure that was being performed by the dental
provider. It would be interesting for future studies to expand on this study by observing dental pro-
viders and staff from multiple organizations using different EDR systems and record the specific pro-
cedures being done. Also, it would be hard to generalize our results for some of the encounter types
like initial and emergency visits, which were observed less. We could only observe 16 emergency visit
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encounters (due to only two of the four dental centers accepting emergency visits) and 11 initial visit
encounters during the study period. However, the 86 planned visits observed provided us significant
data for analysis, which is what we expected to be the highest number of encounter type observed be-
cause it is the most common type of encounter. Of the three encounter types that included interaction
in an operatory/exam room, we had expected emergency visits to have occurred the least.

Another major limitation of our observational study was that, although the two observers spent
about 35 days in four dental centers that were geographically distributed in the rural parts of Wis-
consin for the data collection phase, once the 120 encounters were divided into encounter types
(planned, initial, emergency visits) across the roles (dentist, dental hygienist, dental assistant en-
counters, and appointment coordinators) for purposes of data analysis, the sub-data sets turned out
to be very small for specific roles and the involved types of patient encounters. However, the study
did provide an in-depth look at the dentists’ interaction with the EDR during the initial, planned,
and emergency patient encounters types.

6. Conclusion

In this study, a time and motion data collection tool was developed to analyze the breakdowns in work-
flow of dental providers while interacting with the EDR. Time and motion methodology aided in the
examination of the dental provider interaction with the EDR in a dental center environment. The
themes identified from the observational data included the following workflow issues: Documenting
charges, the patient waiting list schedule, EDR view and radiograph view, and e-prescribing medi-
cations. Dentists, dental hygienists, and dental assistants were found to have similar workflows in re-
gards to the same type of patient encounter. The EDR interaction time was significantly different be-
tween dentists and dental assistants, as well as between dentists and dental hygienists. However, there
was no significant difference between dental assistants and dental hygienists. On an average, dental as-
sistants spent the most amount of time interacting with the EDR, followed by dental hygienists and
dentists respectively. Dental hygienists spent the maximum amount of time with EDR data recording
followed by dental assistants and dentists respectively. While dental assistants spent the maximum
amount of time with EDR data retrieving/reviewing followed by dentists and dental hygienists respect-
ively. Finally, it is important to understand the interaction of dental providers with the existing technol-
ogies at point of care to assess breakdown in the workflow which could contribute to better technology
designs. Based on the results of this study, it would be beneficial for EDR vendors to focus on user-cen-
tric design of EDRs to improve user intuitiveness and minimize any workflow related breakdowns. The
EDR needs to be sufficiently intuitive to facilitate data documentation and retrieval activities.

Clinical Relevance Statement

A time and motion methodology tool was used to study the human-computer interaction and
workflow of dental providers with an EDR. The barriers identified in this study could: 1) inform
improved clinical information system design in dental practices, and 2) be utilized by large group
practices (corporate dentistry models) for purposes of workflow improvement around EDR data re-
cording, retrieval, and time management.
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VAT T AT AT ETET AT AT A TEATATETATETA
S/S/S/S/S/S/S/S/S/S/S/S/ S/ S/ S

&
&
Encounter Type
[
£l
Initial Planned Emergency Front Desk 9:' %
S
Role =
Center 1 20
Center 2 . 10
Dentist —— 53
Center 3 19 ]
Center 4 4
Center 1 11|
Center 2 Dental i 27
Center 3| Hygienist | 6 |
Center 4 4
Center 1 21 |
Center2|  Dental | 6 | 23
Center 3| Assistant 2
Center 4 4
Center 1 | 2 |
Center 2| Appointment N/A | 0 ;
Center 3| Coordinator i 3
Center 4 2
CenterTotal | 6 [ 4| 1|1 [34]18[22[11[12] 0| 40| 2]0 3|2
Total 12 85 16 7
[Total Encounters | 120 |

Fig. 2 Summary of Observation Data. Observation data broken down into dental centers, roles, and type of patient
encounter
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Boxplot of Dentists in different activities
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Fig. 3 Boxplot for distributions of time spent on different activities by dentists

© Schattauer 2016

KM Schwei et al.: Workflow in an Electronic Dental Record Environment

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



527

Applied Clinical Informatics

=

Research Article

‘pangiyoid ApoLis si uonnguUisip pazuoyineun “Ajuo asn [euosiad 10} PaPLOJUMOP SBM JUSWNIOP SIY |

Snoaue|[adsiw pue

‘Buryjem ‘Buryjel ‘parejas Juaiied ‘pajejal elep :saniAnde Jo sdnob Jualapip Jo sauobaled sy} ale sUODaS [eluozLoy aHyM pue Aelb ay] “wiopad 0} pauy i
-U3p 3y} Sa110h31eD UOIIRLLIOJUI B} SE [|9M SE SIIHAIIIE B} JO YDEa JO UOIRIND U} MOYS SIE] [BIUOZIIOY P3I0J0d JURISHIP B WY} 0} SAIHAIIE 3y} S| sixe-A
U} pue spuodas Aq painseaw si sixe-X ay) ‘10|d UOROW pue i} Y} U] NSIA [eniu| ue BuLng MOJHOAA SASHUSQ e Jo Siskjeuy uoiojy pue swil B4

¥eco
L

0:G5¢

Jayjo osiw = . Buibew oydesboipes =

or9l oz'e
I l

(=]

opul Buig = ojul @aueINSU| = . sejou ssaiboid = .
aNssl) pJey |eioenul u. ueld Juswyeal u. UONBLWIOJUI OU = .
sajnuip

paje|a) eleq:

juaied

palejal

«——0SIN —se—Bunjjepy— e——Buyjel.

-_-I |

USIA [eniu|-siskjeuy uono pue swi)

polelal BIEQY— 5

juaned

palelal
Paie;

«—0SI —s<—Bunjiepy—«——Bunyje]

uoljew.IojU|
Jo sauobajen

Lﬁu Buimainay
Lﬁu Buipiooay
L_mu Buneig
cg_.xum_._o Juaned
_._rzm_.__mew usned
__.,_m_«un_ J3yj0 Buluapy
L:QQ ened
:r_uau:vm uaned
__ro.xum;u waneq
Lm:.:mw: Buiwiopad
:r._ﬁ_:mcoo
an_ﬁn_ o]
L._Emu ol
trﬁ oL
aTEE ol

SolIAlOY

._m,,u_‘.oa [eoipaw 0]
J:c__n_ uo
mw_wc_

w@wuzo
Juaned wooy

«,,_m_umm aseajay
m,:_u_m..s
arcmm_u..aamw
hWm__.o

KM Schwei et al.: Workflow in an Electronic Dental Record Environment

© Schattauer 2016



528

Applied Clinical Informatics

=

Research Article

‘pangiyoid ApoLis si uonnguUisip pazuoyineun “Ajuo asn [euosiad 10} PaPLOJUMOP SBM JUSWNIOP SIY |

snoaue|aasiw pue ‘buryjem

‘Buryel ‘parejas Juarred ‘pareal elep :saniAiRe Jo sdnoib JuaIalp Jo Sali0haIed Y} ale SUOIIAS [eIUOZIIOY 3NYM pue Aelb ay| “wiopad 01 pal 1SiUIpP

9y} mw_._omwumu uofewuojul ay} se [|aM se S9

1128 3y} JO Y2E3 JO UoIjeInp dY} MOYS SJeq [eu0zZLoY Palojod JUBJRYIP dY] "Wy} 01 SSHAIDE ay} S| sixe-A

9y} pue spuodas >Q painseaw s sixe-X ay} _HO_Q uoljow pue swi} ayl uj "UsIA pauue|d e mc_‘:._D MOIPIOAA S 3sus( e Jo m_m>_mc< UONOJ\ pueaswl] ¢ m_n_

uonduosaid = 1s1| weqoid = . oyu1 Buinpayos = Alojs1y [ejusp =
Buibew siydesboipes = anssi) piey |eJoe)ul = . UOIJESIDAUOD |BI00S nE 0Jul JUBSU0D n. ue|d Juswyeasn u. UOlJBLWIOJUI OU = .
sajnuly
PEE9 £ecey cl-le O
| 1 1

<+
o
ol
©
(=}

«— 08I —=—Buny|ep——«————bunj|el ———«——pajeas Jused ———<pajeIa) B1BQ >
«— 0S|I —><—Bunjiep—=<———bunjjlel ———s<«———pajejal Jusned ——»< pajejal BleQ>

JISIA pauue|d-SiSA[euy UOIJON pue awi]

uonewou|
Jo sauobajen

ejep Buimsinay

|
mﬂmu Buipsooay

ejep Bunepig

=__ 49840 Jusned
..._a_.m:_mew Juaned
=_B=mn_ Jayjo Buiuapy
_m_.___w*m._ juaned
=_o_..mo:om waned
u___o.x.um:o jusned
=__0E«mw= Buiuuopag
c_c_..m,._:wcoo
u___m_ﬁn_ ol

um_. quap ol
t_m_.m ol
>_H_EE oL

sapinoid [eoipaw 0]

m_:c_._n_ uQ

|
mw_mc_
m_o_ﬂ_..o
juglied wooy

“___u_ﬁn_ aseaPy
a_:___§>
arcmo_oﬁsﬁw
+£o

SaIAIRY

KM Schwei et al.: Workflow in an Electronic Dental Record Environment

© Schattauer 2016



529

Applied Clinical Informatics

=

Research Article

‘pangiyoid ApoLis si uonnguUisip pazuoyineun “Ajuo asn [euosiad 10} PaPLOJUMOP SBM JUSWNIOP SIY |

snoaue|[adsiw pue ‘buryjem
‘Buryjel ‘parejal Juaned ‘paje|al elep :saniARde Jo sdnolb JuaayIp Jo salobaled Byl ale suolas [euoziIoy aHYM pue Aeib ay] “wiopad 0} paLl Ispuap
3y} S3110031E) UOI}eWIOUI U} SE ||9M SE SIHAIIIE U} JO YIBa JO UOIRIND U} MOYS SIeq |BIU0ZII0Y Paio|od JUSIIHIP dYL "WaY} 0} SAIHAIIE 31 S| Sixe-A ayp
pue spuodas Aq painseaw si sixe-x ay ‘0|d uonow pue awiy 3y} uj usIA AHuabiaw3 ue Buung molpIop s,isiuaq e Jo sishjeuy uonoly pue swi) 9 *bi4

ojul Buiinpayos = . oyul Bulnpayos = Aiojsiy |eyuep = uoeWLIO|
Buibew oiydesBoipes = 18Y}10 "osIW = . anssl) piey |eJoedjul n. juiejdwos jaiyo u. ue|d juswiean u. UoleLLIOjUl OU = . jo mwtOmw«uO
sajnuiy
¥cz9 8¥.oF cle 9e:Gl 00
L | 1 1 ]
o
J 1 Il 5 s Buimainay
- _ W ejep Buipiooay
g —

___.rum;o Juaned

B | | j,_g_ema wened

Em,;mn_ aseajay

— - 8_,__95
= []

JsIA Aouabiaw3-sisAjeuy uojoy pue awij

%ﬂmw_uaamm
BYIo

g
o
3
o
g
e.M 2 juaned Jayjo Buuany
w W _E,Lw_wh Juaned
g g STo:ume_ﬁn._
7 2 Jno-yosyo Jusned
I 1 Wowiean Buwioed
:o_,_ﬂ_:m:oo
I I NI 0l N wma 2
- | 3]
.m:,_._w_uo._. Mr
¢l N | [ 11 [ | g sEsoL =
Z Z  fweyo) 1]
JapIn0Id [2IpaW O]
% wc,Eﬁ uQ
: aplsu
: B [ £ oo
z E __._w{mn_ wooy
j e
=
|

«——0SIN

KM Schwei et al.: Workflow in an Electronic Dental Record Environment

© Schattauer 2016



530

Applied Clinical Informatics

=

Research Article

‘pangiyoid ApoLis si uonnguUisip pazuoyineun “Ajuo asn [euosiad 10} PaPLOJUMOP SBM JUSWNIOP SIY |

$19USD [JUP |[@ SSOIDE SISIUIP 40} SAIAIIE JO uonnquisiq “uonnquisiq Auandy  / bid

$1S13US(

2SIN

gunjey

(e]1]

SIN

sunjjel

upj e/ m——

ISIN

dupjjel

upjjem

- 00

- 20

T
-
=

agdeluadlad

- 80

- 0T

Juawieal] pauueld

USIA [eIIU]
S1UAINOY

1SIA Aduadiaw]

KM Schwei et al.: Workflow in an Electronic Dental Record Environment

© Schattauer 2016



531

‘pangiyoid ApoLis si uonnguUisip pazuoyineun “Ajuo asn [euosiad 10} PaPLOJUMOP SBM JUSWNIOP SIY |

aInbi} Y3 Jo apIs 1yBLI 3y} UO S| | 0} () UOLR[3110D B} 40} A3y B "SIBIUN0JUS Jo SadA} JuBIR}
-JIp 934y} 10} 3]0J ,S1SUIP 3} oy sisAjeue dew 1eay 3y smoys siy| ‘sadA] 11SIA JUBISYIQ 931y 1. SISUSQ o} uonewoju| sa (Rlewwns) Ay g B4

Applied Clinical Informatics

=

Research Article

HISIA pauue|d-isiueg HSIA [BIUIASIUS] usip Aousbuswz-isiuaqg
o%w,,@o oao%wyeo o%w,eo
P ) oy @ o oy 2 o
%@o@o@ 6% o %%o@#o@...vo%/ P b%y@@#@@# o%/o%/

o uojjEsIanuc) |B100S - — _ uoljesisAuoD [e100s . |- uonesianuog [eloog
wieidwod Jaiyo - [ | uiedwos 210 [ | - uedwod a1y
snjelg [eJoenxg - | | SNiElS [Bi0BAXT |- sniejg |esoenxg
18I wiajgold - 1517 we|goid I 1817 walqoid
ue|d Jusuwiess | - ._l ue|d Juswjess | | ueld uawieal]

zZ0 oju| Buinpayog = . oju| Buinpeyog ._l oju| Bunpayosg
solydelBows( Jusijed - soydelBowsg wsled I soydeiBowe( Jusned
suBis [euA - suBis [ein - suBls [euA
aNsSsi| YOS - [eioRNU| - . enssi] Jog - [eioeiU| |- enssi| Yos - [eloeAU|
JusLUSSasSY Y8y - JusWSSasSY YSiy |- juswssassy ysiy
uopduosald — uonduosaig | uonduossid

0 4 opu Bulig _ ojul Buig L ojul Bug
oju| IoURINSU| - oju| souBINSU| |- ojul soueInsu|
uojjoray osioApy/ABlally - uoljoesy esieApyABia|y |- uoljoeay osieApy/Abia|y
anssi| pleH - |eioelU| - . anssi| pieH - [eioedu| I anssi| pleH - |eJoBnU|
sisoubeig - sisoufieig sisoufelq

90 s2j0N ssalboid = --H sajoN ssaibolq - sajoN ssaibolg
JEle} - BYO U0
oju| Jussuoy - oju] Jussuod oju| Jussuc)

AiojsiH uopealpaly - AlojsiH uonealpaly KloysiH uoneaipajy
BuiBew) [eicenx3 - Buibew| |eioesx3 BuiBew) |eioelix3
sisoufiold - sisoufioid sisouBoid

80 AiojsiH |evipspy & AloysiH [eolpapy . AiojsiH |eoipay
BuiBew) |eioenu| - BuiBew| |esoeiu) Buifiew) jejoelju|
AiojsiH [ejusQ - KiojsiH [ejuaQ AiolsiH s
BuiBew| sydelboipey - . Buibew)| aiydeiBoipey I BuiBew| aiydesBoipey
AiojsiH [e100g - fiojsiH |eloog KiojsiH [eloog

= A_I UolBWLIONI ON I uoIBLLIoLUI ON I I uoneuLojul ON

uoljewdoju] ‘sA (Arewwnsg) AjAnoy

KM Schwei et al.: Workflow in an Electronic Dental Record Environment

© Schattauer 2016



Research Article

=

Table 1 Activities List of activities that could be observed during a patient encounter

Data Related

Reviewing Data

Recording Data
Retrieving Data

Dictating Data

Patient Related

Examination

Performing Treatment
Education/ Instruction
Check-In

Check-Out

Consultation
Referral

Attending Another Pa-
tient

Dental Professionals Mean
Data Related Activities

Dentist
Dental Assistant
Dental Hygienist

All combined

Dentist
Dental Assistant
Dental Hygienist

All combined

Talking
To Patient

To Dentist
To Dental Staff
To Patient's Family

To Medical Provider
on Phone

Average of All the Visits for all Activities

SD
6:20 min 5:24 min
10:57 min 10:40 min
9:36 min 4:40 min
8:20 min 7:15 min
Patient Related, Talking, Walking, and Miscellaneous
33:20 min 19:16 min
47:55 min 25:27 min
37:50 min 12:38 min
38:40 min 20:49 min
46:59 min 24:19 min

All combined
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Walking

Inside

Out of Work Room
Rooming Patient

Releasing Patient

Table 2

Applied Clinical Informatics 532

Miscellaneous

Operatory Setup/
Cleanup

Waiting
Other

Mean and Standard Deviation per
Activities and Providers Mean and
Standard Deviation for all activities
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