
Evidence for Electronic Health
Record Systems in Physical Therapy

With increasing pressures to better manage clinical information, we
investigated the role of electronic health record (EHR) systems in
physical therapist practice through a critical review of the literature.
We reviewed studies that met our predefined criteria after indepen-
dent review by 3 authors. The investigators in all of the reviewed studies
reported benefits, including improved reporting, operational effi-
ciency, interdepartmental communication, data accuracy, and capabil-
ity for future research. In 7 studies, the investigators reported barriers,
including challenges with behavior modification, equipment inade-
quacy, and training. The investigators in all studies reported key
success factors, including end-user participation, adequate training,
workflow analysis, and data standardization. This review suggests that
EHRs have potential benefits for physical therapists. The authors
formed the following recommendations based on the studies’ themes:
(1) incorporate workflow analysis into system design and implementa-
tion; (2) include end users, especially clinicians, in system develop-
ment; (3) devote significant resources for training; (4) plan and test
carefully to ensure adequate software and hardware performance; and
(5) commit to data standards. [Vreeman DJ, Taggard SL, Rhine MD,
Worrell TW. Evidence for electronic health record systems in physical
therapy. Phys Ther. 2006;86:434–449.]
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A
s physical therapists have expanded into
more diverse and autonomous practice set-
tings, they are required to make more effec-
tive and efficient clinical decisions. Making

sound clinical decisions requires the right information at
the right time and in the right format, but clinicians are
often faced with a surplus of information that is ambig-
uous, incomplete, or poorly organized.1,2 Humans are
imperfect data processors,3 and thus obscured or over-
whelming information can hurt, rather than help, the
decision-making process. Because clinicians process a
vast amount of information while making decisions, they
may be particularly susceptible to errors of omission.
Computers, however, are tireless data processors. Sup-
plementing the clinician’s knowledge with computer-
ized reminders informed by electronic data has been
shown to improve care outcomes in many studies.3–7

Physical therapists make decisions by considering a
variety of patient and environmental factors8; therefore,
it is likely that the quality and presentation of clinical
information they use could influence the outcome.

Beyond its role in day-to-day clinical decision making,
the legitimate uses and demands for health information
also have expanded. For instance, the Joint Commission
on Accreditation of Healthcare Organizations requires
that accredited organizations collect data to support
managerial operations, performance-improvement activ-
ities, and patient care.9 At the same time, the Health
Insurance Portability and Accountability Act of 1996
requires specific administrative procedures, physical
safeguards, and technical mechanisms to ensure privacy
and security of health information.10,11 Increasingly
empowered consumers also are creating a wave of infor-

mation demands that are manifested in changing expec-
tations. As consumers experience communication and
e-commerce enabled by the Internet, they increasingly
demand speed, convenience, and customized service
throughout the marketplace, including health care.12,13

New expectations will lead consumers to demand indi-
vidualized tools for managing their health.14,15 All of
these forces emphasize the need to effectively manage
health information, and they have exposed the clinical
and economic inadequacy of our current paper-based
health information system.2

There is now widespread recognition that information
technology offers promise to greatly improve the health
care delivery system. In 1991, the Institute of Medicine
(IOM) organized a task force that examined the issues of
the medical record system and concluded that the
computer-based patient record was an “essential technol-
ogy for health care.”16 A 1997 follow-up report of this
committee found steady progress toward developing
computerized health systems, but noted that no system
at that time supported all of the features of a compre-
hensive system.17 In July 2003, the Department of Health
and Human Services (DHHS) began to promote wide-
spread use of modern information technology in health
care. The DHHS asked the IOM to identify the core care
delivery–related functionalities of the electronic health
record (EHR) and asked the health care standards
organization Health Level 7 to develop an EHR func-
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tional model that further specified these core function-
alities.18 In the 2004 State of the Union address, Presi-
dent Bush asserted that “by computerizing health
records, we can avoid dangerous medical mistakes,
reduce costs, and improve care.”19 President Bush has
since made health information technology one of the
nation’s top priorities, calling for EHRs for most Amer-
icans in 10 years.20 To achieve this ambitious goal,
DHHS Secretary Tommy Thompson launched the
“Decade of Health Information Technology,”21 and
DHHS is developing a plan to create an electronic
national health information infrastructure. To lead this
effort, President Bush created the Office of the National
Health Information Technology Coordinator.22

These national initiatives have emerged out of the
growing recognition of the importance of health infor-
mation technology, a recognition also reflected in the
more than 9,400 articles on EHRs indexed in PubMed.
Building on the existing knowledge base, the near-term
aims of initiatives like the DHHS’s National Health
Information Infrastructure23 are to enable regional
information sharing throughout the continuum of care
by establishing health care policies and promoting effec-
tive use of data and vocabulary standards.24 Operational
examples of community-wide electronic information
exchange, such as the Indiana Network for Patient
Care,25 already exist and are beginning to demonstrate the
benefits of efficient access to clinical information.26–28

Despite the factors promoting information technology,
adoption and penetration of EHRs in physical therapy
have been limited. A 2004 online survey of health care
providers indicated that, of those who had already
implemented components of an EHR system, only
26.4% have physical therapy, occupational therapy, or
respiratory therapy notes as a current function, and only
another 25.6% plan to implement this in the future.29

With burgeoning pressures to better manage clinical
information through information technology, we sought
to investigate the role of EHRs in physical therapist
practice through a critical review of the literature. Spe-
cifically, the purpose of this review is to identify, review,
and summarize the benefits, barriers, and key factors for
success in implementing EHRs in physical therapist
practice settings.

Method

EHR Definition
The field of medical informatics30,31 is concerned with
developing and evaluating information technology to
advance health care. Although the EHR may be consid-
ered a fundamental application of medical informatics,
there is currently no consensus definition of an EHR
system among medical informatics experts. In light of

this, we used the IOM’s “core functionalities” of an EHR
to guide our review.18 The IOM has described an EHR as
broadly including18:

(1) longitudinal collection of electronic health informa-
tion for and about persons, where health information is
defined as information pertaining to the health of an
individual or health care provided to an individual;

(2) immediate electronic access to person- and
population-level information by authorized, and
only authorized, users;

(3) provision of knowledge and decision support that
enhances the quality, safety, and efficiency of
patient care; and

(4) support of efficient processes for health care delivery.

The IOM identified core functionalities of an EHR that
fall into 8 categories: (1) health information and data,
(2) results management, (3) order entry/management,
(4) decision support, (5) electronic communication and
connectivity, (6) patient support, (7) administrative pro-
cesses, and (8) reporting and population health man-
agement. The IOM categorized uses of HER systems as
either primary or secondary. Primary uses are associated
with the provision of patient care; that is, with providing,
consuming, managing, reviewing, supporting, charging,
and reimbursing patient care services. Secondary uses are
those not considered necessary for a particular encoun-
ter between a patient and a health care professional, but
that still influence the environment in which patient
care is provided. Education, research and development,
regulation, and policy making are all considered second-
ary uses.18

Study Identification
We identified relevant articles by searching the elec-
tronic bibliographic databases of MEDLINE (1966 to
week 4 of October 2004), the Cumulative Index to
Nursing and Allied Health Literature (1982 to week 4 of
October 2004), and Ovid’s All Evidence-Based Medicine
Reviews (Cochrane Database of Systematic Reviews,
American College of Physicians Journal Club, Database
of Abstracts of Reviews of Effects, and Cochrane Central
Registrar of Controlled Trials; third quarter 2004). We
also searched conference proceedings from the Ameri-
can Medical Informatics Association Annual Symposium
(1998–2004). Studies were identified in the electronic
bibliographic databases by combining medical informat-
ics terms and physical therapy terms, but limited to
articles that appeared in peer-reviewed journals pub-
lished in English.

436 . Vreeman et al Physical Therapy . Volume 86 . Number 3 . March 2006

���
���

���
���

���
���

���
���

���
�

D
ow

nloaded from
 https://academ

ic.oup.com
/ptj/article/86/3/434/2805225 by guest on 20 August 2022



The MEDLINE search strategy included the medical
informatics-related Medical Subject Heading (MeSH)
terms “medical records systems, computerized,” “infor-
mation systems,” “hospital information systems,” “data-
base management systems,” “reminder systems,” “auto-
matic data processing,” “medical informatics,” and
“decision making, computer-assisted.” We combined
these results with searches using MeSH terms pertaining
to physical therapist practice: “physical therapy (spe-
cialty),” “physical therapy techniques,” “rehabilitation,”
and “rehabilitation centers.” Similar key terms were used
to identify studies in the other databases. This initial
search identified 2,002 articles. In order to identify
studies not captured in our database search, we manually
searched bibliographies from all retrieved articles and
contacted authors of selected physical therapy–specific
papers and medical informatics experts. Using these
methods, we identified 8 additional studies, yielding a
total of 2,010 studies that were considered for this
review.

Study Selection
All titles, index terms, and abstracts (if available) of
identified studies were screened by the first author
(DJV) for potential inclusion in the review. Full-text
articles were retrieved if the citation and abstract infor-
mation left ambiguity about relevance of the article to
the review.

We used the IOM’s concept of an EHR18 to guide our
selection of studies. We recognized that an EHR may
have primary and secondary uses, but were interested in
studies that focused on primary uses. The IOM concept
of a comprehensive EHR includes the integration of
many disparate systems and components. However, even
today, few organizations have implemented such all-
inclusive systems,18,29 so we did not want to limit our
review to only studies of systems that had all attributes of
a comprehensive EHR. Alternatively, we did not want to
include studies of electronic devices (such as an elec-
tronic blood pressure cuff) that store and transmit
medical information, but would not be considered a
“true” medical record. Having multiple core functional-
ities beyond just containing or communicating health
information indicates steps toward a fully integrated
EHR, rather than an “island” or stand-alone system.
Thus, in order to focus our review on computer systems
that had established at least a minimum level of integra-
tion among components, we sought articles describing
systems that contained health information (the first IOM
core functionality) and 2 or more of the other IOM core
functionalities.

Specifically, studies were included in this review if they
met all of the following criteria: (1) an EHR was the
intervention of interest in the study, (2) the EHR

contained the IOM core functionality of health informa-
tion and 2 or more of the other core functionalities,
(3) the study described a primary use of the EHR,
(4) physical therapists were study participants, and
(5) the article reported outcomes that indicated benefits
or barriers to system implementation. Studies were
excluded from the review if they described only physio-
logical monitoring systems, communication technology
for telemedicine applications, or only secondary uses of
an EHR.

Three authors (DJV, SLT, MDR) independently evalu-
ated potentially relevant studies to determine eligibility
for this review. The authors used the IOM’s description
of EHR core functionalities18 and a structured form to
judge whether each study met all inclusion criteria,
ultimately labeling each article as “include” or “do not
include.” We used SAS software version 8.02* to calcu-
late interrater reliability for inclusion eligibility. The
percentage of agreement beyond chance on inclusion
eligibility was 68% (��.68, 95% confidence inter-
val�.51–.84), indicating a “substantial” strength of
agreement according to the standards proposed by
Landis and Koch.32 All disagreements regarding eligibil-
ity were resolved by discussion. Studies excluded from
the review included reports on stand-alone gait analysis
systems, videoconferencing programs for telemedicine,
and software reviews. Studies also were excluded when it
was unclear whether the computer system was the inter-
vention of focus or whether physical therapists were
study participants. A total of 18 articles met the eligibility
criteria and were selected for review.

Study Data Extraction and Analysis
For each of the articles selected for review, the 3 authors
who evaluated the articles used a structured form to
independently extract the study design, setting, system
characteristics, measured outcomes, results (including
key benefits, barriers, and strategies to maximize imple-
mentation success), and conclusions. The 3 authors
periodically compared their extraction findings and
reached consensus on differences through discussion.

For this review, formal meta-analytic methods were pre-
cluded because of the heterogeneity in study design,
setting, system characteristics, outcomes measured, and
results reported. In addition, we were unable to extract
some factors that were potentially important in the
overall success of the implementation because they were
not reliably reported in the literature. These potentially
important factors include system response time, user
interface design, financial impact, and commitment
from executive management. Furthermore, because
none of the studies in this review evaluated EHRs with a

* SAS Institute Inc, 100 SAS Campus Dr, Cary, NC 27513-2414.
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design that formed comparison groups, formal appraisal
of study rigor also was precluded. As a result, this review
is a qualitative analysis of the relevant and representative
literature. We synthesized the literature to answer our
research questions and formed recommendations to
address the underlying issues by identifying general
themes in benefits, barriers, and success factors.

Results

Summary of Identified Studies
Eighteen articles met our eligibility criteria and were
included in the review.33–50 The authors of 633–36,38,39 of
the 18 articles reported results for the study of an EHR
at the Texas Institute for Rehabilitation and Research
(TIRR), Houston, Tex. These authors reported on the
initial implementation and ongoing analysis of the same
EHR. Because our goal in this review was to synthesize
evidence across studies, we felt that reporting these 6
articles individually would over-represent the character-
istics of one institution and EHR. Thus, results from
these articles were aggregated and analyzed as one unit.
As a consequence, we present an analysis based on a total
of 13 studies. The investigators in the remaining 12
studies reported on the initial development and imple-
mentation of other EHRs, with many studies containing
naturalistic descriptions of the implementation process.

Table 1 provides the study setting, participants, and
system characteristics for all 13 studies included in the
review. All of the studies were conducted in the United
States. The reports were published over a span of 5
decades, and describe EHRs that operated on all major
historical classes of computers (mainframes, minicom-
puters, and microcomputers). The studies were imple-
mented in a wide variety of practice settings: 3 studies
were conducted in outpatient settings,44,48,49 4 in sub-
acute rehabilitation hospitals41–43 (including those at the
TIRR33–36,38,39), 3 in acute care hospitals,37,45,46 and 3 in
health systems that span multiple practice settings,40,47,50

including one study of an EHR used to document
telerehabilitation encounters.50 Although the research-
ers in only one study45 reported the number of study
participants, in 10 of 13 studies33–36,38–43,46–50 the clinical
participants were a multidisciplinary team, and, in 3
studies,37,44,45 the clinical participants were all physical
therapists. Characteristics of EHR systems varied widely
among studies, as did the data elements they contained.
Electronic health record systems were implemented on a
wide array of hardware components, ranging from card-
oriented mainframe computers to microcomputer net-
works with remote access. Twelve of 13 studies used
software developed in-house, and only one study
described an EHR based on commercially available
software.48

Table 2 provides a summary of the benefits, barriers, and
key factors for success in implementing EHRs. The
investigators in all 13 studies reported benefits and key
success factors of EHR implementation, whereas 7 of the
13 studies reported barriers to implementing an EHR.
We present our synthesis of the findings reported in
these studies below.

Benefits to Implementing an EHR

Improved reporting capabilities. The authors in
1133,34,37,38,40–43,45–48,50 of the 13 studies reported that the
EHR improved reporting capabilities. Investigators in 3
studies43,47,48 cited the capability for more comprehen-
sive reporting that integrated clinical and administrative
data as a key benefit of EHR implementation. Authors in
2 studies37,40 noted that the EHR’s reporting capabilities
provided a mechanism for analysis of physical therapy
service outcomes. Shields et al45 described the EHR at
the University of Iowa Hospitals and Clinics as an
improved mechanism for analyzing and reviewing
patient outcomes among therapists because it standard-
ized clinical assessments and enabled the routine calcu-
lation of common outcome measures.

Lehmann et al41 noted that the EHR’s reporting capa-
bilities facilitated clinical decision making for individual
patients. The authors also reported that the EHR
enabled performance evaluation of rehabilitation ser-
vices by reporting aggregate analyses of functional out-
comes for each service component. They noted, for
example, that these reports could be used to examine
the effectiveness of physical therapists’ interventions for
improving ambulation. Crosswhite et al46 described a
series of automated reports that enabled an improved
discharge summary process. With an EHR containing
functional assessment and documentation, Brown and
Gordon42 reported the benefit of the EHR’s flexible
output formats that could be customized to meet the
needs of patients, payers, referral sources, and other
parties who use health information. Kaur et al50 noted
that EHR-generated reports enabled both clinicians and
administrators to be aware of the current departmental
workload, which helped provide the rationale for how
patients and therapists were scheduled.

Improved operational efficiency. Investigators in
1133–36,38–43,45–50 of the 13 studies reported that the EHR
improved operational efficiency. The gains in efficiency
were noted in a variety of areas across studies and were
related to both the purpose for which the EHR was
implemented and the stakeholder perspective taken. In
general, the investigators in these studies noted that the
EHRs had superior capabilities for storing, processing,
and retrieving information compared with their previous
methods. Shields et al45 reported that computerized
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Table 1.
Studies of Electronic Health Record Implementations in Physical Therapist Practicea

Study/Date
Study Setting
(Location) Participants

System Characteristics

Components Data Content Features

TIRR studies,33–36,38,39

1968–1974
Subacute university-

affiliated rehabilitation
hospital (Houston, Tex)

Rehabilitation team,
administrative staff,
and patients

IBM 360/50 time-
shared mainframe
computer with
remote terminals

Treatment plan,
physiological
monitoring,
laboratory, and
hospital census data

Supports care planning,
clinical decision
making, scheduling,
service management,
quality assessment,
accounting

Savander and Stutz,37

1973
Acute care hospital

(Trenton, NJ)
Physical therapists IBM 360-20 card-

oriented computer
Demographic, treatment

plan, visit data
Supports outcome and

quality assessment

Savander,40 1977 Acute care hospitals (4)
and outpatient clinics
(Trenton, Atlantic City,
and Red Bank, NJ)

Physical therapists,
consultants,
industrial engineer,
and fiscal inter-
mediary
representative

IBM system 3 model
15 computer

Demographic, treatment
plan, visit data

Supports peer review,
audit, clinical
research, utilization
review

Lehmann et al,41

1984
Subacute rehabilitation

hospital (Seattle,
Wash)

Rehabilitation team
and patients

Minicomputer with
remote terminal
via modem

ADL, AROM/PROM,
strength, transfers,
event count,
standardized
activities, and staff
data

Supports patient and
program performance
monitoring, clinical
decision making

Brown and Gordon,42

1986
Subacute university-

affiliated rehabilitation
hospital (New York,
NY)

Rehabilitation team Unspecified
computer

Functional assessment
data: skill, pattern,
and status indicators

Supports clinical decision
making and program
evaluation

Sulton et al,43

1987
Subacute rehabilitation

hospital (Wheaton, Ill)
Rehabilitation team,

admissions, program
evaluation,
scheduling, and
financial staff

Microcomputer Demographic,
functional status,
treatment goals and
status, unit charges,
and administrative
data

Supports utilization
review, quality
assurance, and
program evaluation

Zimny and Tandy,44

1993
Outpatient physical

therapy clinic
(Burlington, Vt)

Physical therapists and
patients

Microcomputer Health history screening
data

Supports clinical decision
making via clinical
knowledge library
linking patient data to
management options

Shields et al,45

1994
Acute care, university-

affiliated hospital
(Iowa City, Iowa)

Physical therapists Mainframe computer
with monthly
download to
microcomputer
network

Demographic, problem
list, and tests and
measures data

Supports clinical care,
outcomes research,
and trend analysis

Crosswhite et al,46

1997
Acute care hospital

(Tupelo, Miss)
Rehabilitation team,

coding and
marketing staff

Unspecified
computer

Demographic, ADT,
diagnosis, discharge
instruction,
medication, diet,
activity, and follow-
up data

Supports discharge
summaries and
instructions

Eiseman,47 1999 Health system
rehabilitation hospital:
inpatient, subacute,
and outpatient
rehabilitation
(Harmarville, Pa)

Rehabilitation team IBM 4381 model P2
mainframe with
remote terminals
linked to
microcomputer
network

Demographic, nutrition
and diet, education,
and case
management data

Supports ADT, billing/
accounting,
scheduling, executive
information, and
medical records
applications

Abstracts data to
functional outcomes
and patient satisfaction
databases

Mazzoni-Maddigan
and Burchick,48

2000

Nonprofit rehabilitation
agency: early
intervention program
(Allegheny, Pa)

Rehabilitation team,
administrative,
clerical, educational,
vocational, social
service, and
production staff

Microcomputer
network with
remote access via
modem

Demographic,
diagnostic, and
insurance data

Supports ADT, service
reporting, and billing

Extensive security
provisions built into
system

Swope,49 2000 Health system–based
outpatient
rehabilitation center

Rehabilitation team
and patients

Microcomputer
network with
remote access via
modem

Progress notes and
certification forms

Supports identification of
outstanding Medicare
recertifications

Kaur et al,50 2004 Subacute rehabilitation
hospital:
telerehabilitation
program (Oklahoma
City, Okla)

Rehabilitation team,
care coordinators,
business analysts,
administrative and
technical staff

Microcomputer
network with
remote access via
Internet

Demographic,
registration,
screening, clinical
encounter data,
including many
standardized
outcome measures

Supports clinical care,
outcomes analysis,
program evaluation,
research hypothesis
testing

User role-based security
and access logging

a TIRR�Texas Institute for Rehabilitation and Research, IBM�International Business Machines, ADL�activities of daily living, AROM/PROM�active range of
motion/passive range of motion, ADT�admission, discharge, and transfer.
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documentation took 30% less time than the previous
handwritten notes. Similarly, Kaur et al50 included a
description of a small pilot study in their article that
showed that computerized data entry by a telerehabili-
tation coordinator was completed significantly faster
than the previous paper-based entry (a mean of 6.97
minutes per computerized patient form versus a mean of
8.82 minutes per paper patient form, P�.0005).
Mazzoni-Maddigan and Burchick48 found that EHR
implementation reduced the time to complete the bill-
ing error report from 5 to 7 hours to 1 to 2 hours.

Investigators at the TIRR reported a number of improve-
ments that occurred after implementation of the EHR
and its hospital-wide automated scheduling module. The
time required to implement admission orders decreased
from the previous average of about 2 hours to nearly
immediate initiation.35,38 The number of scheduled
patient activities (eg, hygiene care, bathing, physical
therapy sessions, recreational outings, scheduled turn-
ings) increased 88%, whereas the number of scheduled
activities actually performed increased 33%.35 After sys-
tem implementation, the mean length of stay decreased
from 115 days to 99 days for patients with quadriplegia
and decreased from 109 days to 79 days for patients with
paraplegia.38 Cost-effectiveness studies indicated that
computerized care planning and scheduling at the TIRR
cost 10% less than manual methods.38

Improved interdepartmental communication. Sev-
en33–36,38,39,41,42,46–48,50 of the 13 studies cited an
improvement in interdepartmental communication with

implementation of an EHR. The investigators at the
TIRR,33–36,38,39 Lehmann et al,41 Brown and Gordon,42

Crosswhite et al,46 Eiseman,47 Mazzoni-Maddigan and
Burchick,48 and Kaur et al50 all reported an improve-
ment in communication because patient records con-
tained aggregated and legible information from multi-
ple sources. Six of these 7 studies33–36,38,39,41,42,47,48,50 also
noted improved communication through records that
were simultaneously accessible by multiple users. In a
survey of multidisciplinary personnel at the TIRR, Beggs
et al35 reported that 88.4% of respondents believed that
the computer system improved communication between
other departments. Both Spencer et al38 and Brown and
Gordon42 noted that the improved communication
afforded clinical personnel a more comprehensive pic-
ture of patient’s status, and it allowed them to devote
more time to analyzing and planning appropriate plans
of care. Kaur et al50 reported that the process of design-
ing and implementing an EHR stimulated a more inte-
grated, interdisciplinary approach to patient management.

Improved data accuracy. Investigators in 645–50 of the 13
studies reported that implementation of an EHR led to
improved data accuracy. The authors in 346,49,50 of these
6 studies reported that the EHR improved data accuracy
because it reduced the need to capture duplicate data.
In the EHR described by Eiseman,47 the charge entry
system was revised to include patient activity documen-
tation, improving the correlation between charges and
patient activity. The revised process also eliminated the
error-prone practice in which other staff entered
charges for the therapists from handwritten notes.
Mazzoni-Maddigan and Burchick48 described an EHR
system that enabled a more accurate service authoriza-
tion and billing process. They noted improvements from
more accurate data entry, an automated process for
finding and reporting errors, and an easier method for
finding the information needed to correct errors. Fol-
lowing their EHR implementation, billing errors were
reduced from approximately 100 per month to 20 per
month.

In conjunction with implementing an EHR, Shields et al45

described an extensive process of routine data quality
assessments, including structured studies of the reliabil-
ity, validity, and responsiveness of the clinical tests and
measures, the values of which were stored in the data-
base. The authors asserted that data quality monitoring
was crucial for maintaining the credibility of the infor-
mation in the EHR.

Data for future research. The benefit of an EHR provid-
ing data for future research was reported by the investi-
gators in 537,40,42,45,50 of the 13 studies. Shields et al45

reported a series of demonstration projects using the
information in the computerized record to show that the

Table 2.
Studies Reporting Benefits Barriers, and Key Factors for Success in
Implementing an Electronic Health Recorda

Benefits n
Improved reporting33,34,37,38,40–43,45–48,50 11
Improved operational efficiency33–36,38–43,45–50 11
Improved interdepartmental

communication33–36,38,39,41,42,46–48,50
7

Improved data accuracy45–50 6
Provided data for future research37,40,42,45,50 5

Total 13

Barriers n
Workflow or behavior modification36,44,46,49,50 5
Software or hardware inadequacy33–35,48 2
Staff training46,48 2

Total 7

Key Factors for Success n
End user participation in the development

process37,40,41,45–48,50
8

Data standardization37,38,40,41,43,45,47,50 6
Adequate staff training40,41,46–48 5
Incorporating workflow analysis into system

design35–37,43,47,50
5

Total 13

a Studies conducted at Texas Institute for Rehabilitation and Research (TIRR)
were counted as one unit.
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database could help generate clinical hypotheses, ana-
lyze outcome trends, and estimate patient variability.
Savander and Stutz,37 Savander,40 Brown and Gordon,42

and Kaur et al50 all described the benefit of an infra-
structure with aggregated data and advanced processing
capabilities for supporting future clinical and health
services research.

Barriers to Implementing an EHR

Workflow or behavior modification. Authors of
536,44,46,49,50 of the 7 studies reporting barriers to EHR
implementation cited challenges in behavior or work-
flow modification. In 3 studies,36,46,49 the authors
reported that implementing an EHR altered the institu-
tion’s workflow and workload in previously unantici-
pated ways, which required special efforts to accommo-
date. For example, Swope49 described an EHR that was
designed to improve compliance with Medicare regula-
tions that required recertification for outpatient physical
therapy plans of care at 30-day intervals. The automated
process shifted much of the responsibility from the
rehabilitation staff to the ordering physicians, creating
workflow inefficiencies that required both special train-
ing efforts and system modifications to resolve.

Kaur et al50 noted a challenge in changing the thera-
pists’ prior practice of documenting in unstructured
narrative text. In order to support electronic data anal-
ysis, the system was designed with “drop-down” choices
from menus. Finally, Zimny and Tandy44 studied a
computerized decision-support system and remarked
that, before the system could be used in daily practice,
physical therapists would have to change their tradi-
tional practice of memory-dependent decision making.
The authors asserted that this behavior change would
require recognition of the relative costs and benefits to
using the less familiar method of computer-supported
decision making.

Software or hardware inadequacy. In 233–35,48 studies,
investigators cited the inadequacy of software or equip-
ment as a barrier to implementing an EHR. Mazzoni-
Maddigan and Burchick48 noted initial problems with
system performance because the EHR was largely built
from donated equipment. Although some problems
were resolved over time, system performance remained a
problem that required users to stagger data entry to
avoid causing the system to operate slowly. Investigators
at the TIRR also reported ongoing problems with com-
puter equipment and system performance. Because the
EHR operated on a time-shared mainframe computer at
the Baylor University College of Medicine, resources
were shared and competed for with other departments
of the College. Users often had to wait for others to
finish their tasks.33,35 Beggs et al35 reported that the

TIRR system had a 95% uptime, but that system failures
frustrated health professional users and required over-
time from clerical staff. Gotcher et al34 also noted that
system failure was detrimental because the computer
system was used by all of the hospital departments.

Staff training. Investigators in 2 studies46,48 reported
that challenges in training staff presented a barrier to
implementing an EHR. Mazzoni-Maddigan and Bur-
chick48 reported that the initial implementation
required overtime on nights and weekends for staff to
receive training. The training phase lasted approxi-
mately 4 months, but the investigators noted that ongo-
ing training was needed. Crosswhite et al46 also reported
that extensive training programs were required during
implementation of the automated discharge summary
process. Much coordination and planning was required
to train staff from many disciplines and departments
across the hospital.

Key Factors for Success in Implementing an EHR

End-user participation in the development process. In-
vestigators in 8 studies37,40,41,45–48,50 reported that end-
user participation in the development of the system was
fundamental to the implementation’s success. In these 8
studies, user participation took shape in many ways. The
most common form of participation was a committee
with stakeholder and user representatives that oversaw
system implementation.37,45,46 Lehmann et al41 noted
that clinical staff played an active role in the ongoing
maintenance of the database, and Mazzoni-Maddigan
and Burchick48 reported ongoing dialogue with the
system vendor to customize the application to the cli-
ent’s needs. Kaur et al50 described an EHR designed at
the request of the users and “championed” by the
director of the Clinical Development Department. Eise-
man47 reported that all applications in the EHR at
HealthSouth Harmarville were designed with the per-
spective of the clinician in mind, and their feedback was
sought throughout the development process.

Data standardization. Investigators in 6 stud-
ies37,38,40,41,43,45,47,50 described data standardization as
a central component of success. Shields et al,45 Eise-
man,47 and Kaur et al50 noted the importance of
structured data versus free text for standardizing the
information stored in the EHR. Sulton et al43 and
Shields et al45 described the importance of using quantifi-
able assessments for tracking concepts of interest. Authors
in 3 studies37,40,45 reported that agreement on operational
definitions of data elements and a formal process for
assessing data quality were both crucial factors in assuring
the validity and usefulness of the EHR.
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Adequate staff training. Investigators in 5 studies40,41,46–48

reported that adequate staff training was key to success-
ful EHR implementation. Savander40 reported that com-
prehensive, on-site, team-led training oriented users to
the system and their roles. The EHR described by
Eiseman47 used members of the design and develop-
ment teams to train users in their own departments.
Authors in 3 studies41,46,48 noted the importance of
addressing ongoing training needs beyond the initial
orientation period.

Incorporating workflow analysis into system design. In-
vestigators in 5 studies35–37,43,47,50 asserted that incorpo-
rating workflow analysis into the process of system design
was a key factor for success in implementing an EHR.
Authors in 4 of these studies37,43,47,50 noted the impor-
tance of identifying needed data elements, identifying
how these data are collected, and determining whether
additional elements are needed to support the desired
functionality. Investigators at the TIRR35,36 recom-
mended careful study of the downstream effects of
implementation on workflow; in particular, Beggs et al35

noted that workflow shifts caused by the system could
decrease clerical work while simultaneously increasing
the responsibilities of higher-paid professional staff.

Discussion
Our review suggests that EHRs may have important
benefits in physical therapy. The studies included in this
review noted that an EHR may improve clinical and
administrative reporting capabilities, operational effi-
ciency, communication among departments, data accu-
racy, and the capacity to support clinical research. These
benefits are well supported by studies from other disci-
plines, and we present a few examples here. The Regen-
strief Medical Record System51, one of the oldest, largest,
and most studied EHRs in the world, has many sophis-
ticated clinical applications and reporting capabilities.
Even with well-designed electronic interfaces to access
the data, the “pocket rounds” report for inpatient wards
has long been one of the clinician’s favorite outputs of
the system. This paper report is produced from electron-
ically stored data, and it provides a compact, yet com-
prehensive, overview of the patient’s state in a format
that, when folded in half, fits neatly into a lab coat
pocket.

Gains in health care efficiency are a widely touted
benefit of EHRs2,11,18,21; however, improved efficiency
must be considered from a particular stakeholder per-
spective. To illustrate, we note the Medical Gopher,52 a
suite of programs that help fetch, organize, review, and
record clinical data. A randomized controlled trial53 of
the Medical Gopher’s computerized physician order
entry component demonstrated significantly reduced
patient charges and hospital costs, and it was reported to

reduce the delay in executing admission orders
12-fold.54 These benefits, however, came at the cost of
requiring more physician time than the previous paper
method did. Enhanced communication between physi-
cians and nurses was noted by Ammenwerth et al55 in a
randomized evaluation of a computerized nursing doc-
umentation system. In this study, physicians reported
that they read the new electronic nursing documenta-
tion more often than before.

Although direct comparisons of data accuracy in EHRs
and paper-based records have not been reported, a
review of data accuracy in EHRs56 has noted that EHRs
may improve data accuracy through support for struc-
tured data capture, automated data capture, monitoring
and feedback of data quality to data entry personnel, and
remote access to data. Moreover, the repositories of
practice databases have well-documented uses in clinical
research,57 including support for clinical epidemiology,
patient risk assessment, post-market drug surveillance,
practice variation, resource consumption, quality assur-
ance, and clinical decision making.

Similarly, the studies in this review identified barriers
and key factors for success that echo those noted in the
informatics literature from other disciplines. Berg58 has
noted that workflow and behavior modification are a
core reason for implementation failure. He recom-
mended that EHR implementation be thought of as
“organizational development,” to convey the idea that
the information system is intended to affect the organiza-
tion. Staff training, end-user participation in the devel-
opment process, and maintaining (or improving) clini-
cal productivity through maximal system performance
have all been recognized as important contributors to
implementation success in some of the most advanced
clinical information systems in the United States.59 Like-
wise, there is widespread recognition of the crucial role
of data standards in health care,2,24,60–62 and organiza-
tions with successful implementations have cited their
commitment to data standards as paramount in achiev-
ing their aims.51,63

Although the studies in this review described benefits,
barriers, and key factors for success that are supported
by informatics literature from other disciplines, few
provided any quantitative assessment of the effect of an
EHR implementation and none used comparison
groups. Many of the studies we reviewed contained
qualitative descriptions of the initial development and
implementations of an EHR. These reports can provide
valuable insights into the complex and rarely predictable
behaviors that emerge out of the social-technical inter-
actions of integrating computer systems into the care
environment.64 Yet, a comprehensive evaluation of
health care information technology includes both qual-
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itative and quantitative assessment65 and goes beyond
the initial implementation period.

Although controlled trials of health care information
technology are difficult to conduct,66 they are still badly
needed. As with any intervention, a controlled trial is the
only way to convincingly demonstrate whether the new
system improves, has no effect, or worsens the processes
or outcomes of care delivery. Because computer systems
have the potential to introduce errors and disrupt work-
flow as well as to improve care,64 a controlled trial is
necessary to determine which is occurring.67 In other
disciplines, many aspects of EHRs have been studied
with controlled trials. Just a few examples from the
medical literature include reports evaluating the effect
of computerized reminders for preventive care,5,7,68

computer-generated summaries of patient information69

and computer predictions of abnormal test results70 on
physician test ordering, computerized physician order
entry on time71 and resource utilization,53 and sharing
electronic clinical information from another institution
on emergency department outcomes.27 These studies
have demonstrated that information technology can
affect care and be evaluated in live clinical settings.

The body of literature on EHRs from the broader field
of medical informatics is vast and steadily expanding.72

As indicated by the number of studies included in this
review, physical therapy–specific literature makes up a
relatively small percentage. Although we had expected
to find an increased number of studies published on
EHRs in recent years, we did not observe this trend.
There is much to glean from the existing body of
knowledge on EHRs from other disciplines, as many
more benefits, barriers, and key factors for success have
been reported but were not identified in the studies we
reviewed. Notably absent from the themes that emerged
in our review are the financial implications of imple-
menting EHRs. In our conversations with clinicians and
managers interested in EHRs, the financial incentives
and disincentives to implementation are a major, if not
the most important, concern. Similarly, security, privacy,
and confidentiality were not prominent issues in the
studies we reviewed. Addressing concerns for security,
privacy, and establishing the case for financial and
organizational value of health care information technol-
ogy are all central themes in the current national
initiatives.2,21,62

In considering the literature on EHRs from other disci-
plines, we note that various health care stakeholders may
have different opinions about the barriers and benefits
to implementing information technology.73 Thus, it is
important to investigate the unique perspective of the
physical therapist. Physical therapists make diverse clin-
ical decisions74 and increasingly will need electronic

systems customized to meet the information demands of
autonomous practice environments. A remaining chal-
lenge for the profession of physical therapy is the small
number of investigators who are trained as clinical
informaticians and, therefore, capable of designing and
evaluating such systems.

Recommendations
In an effort to synthesize the findings of this review and
provide suggestions for practical application of the
results, we have developed recommendations based on
the underlying themes in the studies we reviewed. In no
way are these recommendations presumed to be an
all-inclusive “recipe” for success. Rather, we hoped to
identify the insights that seemed to be essential condi-
tions for successful implementation of EHRs.

(1) Incorporate workflow analysis into the system design and
implementation.35–37,43,47,50 A crucial part of system
development is identifying the necessary data ele-
ments that exist and how they are currently col-
lected, when and where they will be used, and
whether new processes are needed to collect addi-
tional information. Effective system design requires
an understanding of the information flow between
data collection and use.

(2) Include end users, especially clinicians, in the system
development activities.40,41,45–48,50 Introduction of an
EHR is inextricably linked to organizational change.
Designing strategies to incorporate the perspectives
of end users (with their existing and desired work-
flows in mind) helps identify data requirements and
helps staff “buy” into the EHR implementation.

(3) Devote significant resources for training.40,41,45–48 A large
effort is required for training staff, and it is easily
underestimated. Successful training is an ongoing
process that involves more than just system naviga-
tion, and it includes training in new roles, work-
flows, and methods to ensure data integrity.

(4) Plan and test carefully to ensure adequate software and
hardware system performance.33–35,48 Clinical users can
easily become frustrated with a poorly performing
system. Electronic health record systems must meet
or exceed user expectations, while also being capa-
ble of supporting future growth and functionality.

(5) Pursue the efficient capture of coded data.45,47,50 Health
information often is stored as free-text narratives
with qualitative impressions, but coded observations
and quantitative results are necessary for automat-
ing guidelines and driving decision-support systems
and for many of the other higher level functions of
an EHR.75 Changing the clinical workflow to effi-
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ciently produce reliable coded observations may
require a comprehensive and strategic effort,56 such
as that described by Shields et al.45

(6) Commit to data standards.37,40,43,45,47,50 Even coded
observations for routine clinical assessments often
lack precise definitions to guide their use, yet ensur-
ing data quality is paramount to achieving the full
functionality of an EHR. Furthermore, as already
seen in medicine, the goal of meaningful and
interoperable health information exchange can be
impeded by the plethora of local conventions for
identifying data in separate electronic systems.75

Linking local clinical concepts with standardized
terms from controlled vocabularies provides a
bridge for aggregating data within and among
sites.25,28,51,75–77

Implications
Electronic health records offer much promise to
improve information management for physical thera-
pists, but they are not a panacea. It is our hope that this
review provides a useful foundation on which to better
design, implement, and evaluate EHRs in physical ther-
apist practice. Our recommendations summarize the
reviewed literature into practical steps toward successful
implementation. Further research is needed to better
characterize the effect an EHR can have on the process
and outcomes of care and to elucidate what “active
ingredients” are necessary to achieve these benefits.
Currently, many managers and clinicians view comput-
erized systems as a one-time purchase. This review
highlights the complex social-technical interactions of
implementing EHRs that are perhaps better viewed as
part of a broader, ongoing information management
process that recognizes the workflow and practice
demands of clinician users. As national initiatives are
developing the foundation of a nationwide health infor-
mation infrastructure, physical therapists must work to
ensure that the existing standardized vocabularies rec-
ognized in this infrastructure adequately represent the
clinical concepts forming our unique body of knowl-
edge. Doing so will enable us to contribute our unique
clinical perspective in this emerging electronic informa-
tion exchange and simultaneously allow us to leverage
the advanced EHR features (which require standardized
and coded data) to advance clinical practice and
research.
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As Vreeman and colleagues point out, health care pro-
fessions in general and physical therapy in particular
have lagged well behind other information-based profes-
sions in embracing the computer as a tool for informa-
tion management. At the bank, we would likely be
astounded if the teller had to find or write paper copies
of our transactions; hand calculate the necessary sums
for our accounts, mortgages, and investments; or rely
exclusively on memory to find solutions or options
related to our financial issues. In fact, with the advent of
ATMs and online banking, even the use of a human
teller seems antiquated! And yet, when we visit our
physician or physical therapist, we would likely still be
surprised if he or she turned immediately to a computer
for assistance to collect, organize, or interpret the myr-
iad of details involved in making a clinical decision about
our health problem.

The authors correctly point out, however, that there is a
growing awareness of the need and outright pressure for
better methods of information management in health
care using information technology (IT). The president
of the United States expects that most Americans will
have electronic health records (EHRs) within the next
10 years.1 In October 2005, the Commission on Systemic
Interoperability released a final report that recom-
mended actions to be taken to achieve this goal.2 Among
the imperatives are: to help clinicians and consumers
embrace IT, to promote the interchange and ease of

information sharing among different electronic systems,
to ensure access and confidentiality to consumers, and to
provide suitability for data aggregation that allows track-
ing of public health issues for population-based manage-
ment and research.

Some of these initiatives may be more easily accom-
plished than others. Indeed, IT seems exceptionally well
suited to many of the “administrative-like” tasks. Systems
that improve the ease, accuracy, and efficiency of sched-
uling, billing, health check reminders, and even record
keeping of specific clinical data over time no longer
seem particularly novel and are therefore likely to be
progressively instituted as they become commercially
available. Perhaps this is, at least in part, because these
uses are most akin to what we already experience daily as
manipulation and transmission of information in busi-
ness and educational environments. Similarity to exist-
ing systems and behaviors has been noted as one mech-
anism that makes acceptance of a novel idea more likely,
at least in the short term.3

The stated focus of this article, however, is on the EHR
and, according to the authors, its ability to provide “the
right information at the right time and in the right
format” so that clinical decisions in physical therapy can
be more “effective and efficient.” It is interesting that the
authors do not, therefore, include improved clinical
decision making in the potential benefits of the EHR.

446 . Zimny Physical Therapy . Volume 86 . Number 3 . March 2006

���
���

���
���

���
���

���
���

���
�

D
ow

nloaded from
 https://academ

ic.oup.com
/ptj/article/86/3/434/2805225 by guest on 20 August 2022


