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Abstract: "Telemedicine" denotes medicine at a distance using telecommunications and 
information technologies. The aim of the thesis is to reveal determinants and outcomes of 
telemedicine diffusion—that is, the spread of telemedicine in time and space. Telemedicine is 
examined both at the national level and in a regional case study. At the national level, 
quantitative methodology is utilized to analyze the emergence of health care facilities using 
telemedicine to receive medical assistance. The regional case study examines the diffusion and 
outcomes of telemedicine networks in Northern Sweden based on non-quantitative data 
sources. 

The first telemedicine applications in Sweden emerged between hospitals in southern 
Sweden in the 1970s. It was in the 1990s, however, that the practice of telemedicine took off on 
a larger scale. By the year 2000, the number of remote sites was quite evenly distributed across 
the country and between specialist and primary care facilities. In northern Sweden, telemedicine 
was first implemented in the mid-1980s, and is now carried out in all counties in the region. 
The telemedicine networks in northern Sweden primarily concern teleradiology, general 
telemedicine, and telepathology. Commonly, telemedicine is carried out within counties in 
hierarchical hub and spoke-type networks connecting specialist and primary care facilities. 

The study shows that existing telemedicine facilitates its further diffusion at the regional 
level, but shows a lack of the obvious neighborhood effect that could be expected in light of 
many previous diffusion studies and geographical diffusion theory. The health care system in 
Sweden is characterized by a high degree of regional autonomy. Contacts between medical 
staff, and thus dissemination of information and opinions concerning telemedicine, are 
therefore likely to be more prevalent within than between the regional health care 
organizations. The health care organizations are also decision-making bodies with different 
telemedicine policies. In addition, already implemented telemedicine programs tend to expand 
within the health care organization in which they originated. 

Although no traditional neighborhood effect to speak of can be noticed in Swedish 
telemedicine diffusion, distance matters in the diffusion process in a quite different respect. The 
study shows that health care facilities located far from more specialized care are especially likely 
to adopt telemedicine. Another local factor, facility size, is also positively correlated with 
telemedicine diffusion. This correlation between facility size and telemedicine adoption, as well 
as the circumstance that the diffusion process started with, and has progressed the furthest in, 
specialist care, suggest that the diffusion of telemedicine exhibits hierarchical characteristics. 

The development of telemedicine technology significantly influences the rate of 
telemedicine diffusion. In a simulation of the diffusion process, it is shown that—given that 
computers and information technology continue to develop according to the present trend— 
there will be a significant increase in the number of primary care facilities functioning as remote 
telemedicine sites during the first decade of the 21st century. 
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1 INTRODUCTION 

1.1 Telemedicine Technology, Practice, 
and Research 

"Telemedicine" denotes medicine at a distance using telecommunications and 
information technologies.1 Telemedicine is not a new phenomenon— 
applications have been in regular use since at least the end of the 1950s (Reid, 
1996). However, compared with the situation during most of the 20th century, 
the 1990s has seen a dramatic increase in telemedicine activity, primarily in 
industrialized countries. The recent rise in the practice of telemedicine cannot 
be fully attributed to one particular process or phenomenon. However, the 
past decades' major advances in, and increased acceptance of, computer, 
telecommunications, and information technologies have been central in 
facilitating the development (Barrett and Brecht, 1998). Although telemedicine 
has found productive uses in a wide variety of settings, it is medicine at a 
distance involving "rural" and "marginal" areas that has been subject to the 
most attention. 

In a sense, the focus on rural and marginal telemedicine is hardly surprising. 
While a vast range of services is available to the general population in devel
oped parts of the world, space and place do make a difference: beyond the 
bright lights of the big cities, the supply of services is usually limited. This 
divergence between urban and rural areas is especially apparent concerning 
certain forms of services, among them health care provision (Furuseth, 1998). 
While primary health care may be available, facilities for specialized medical 
care are often located far away in geographical terms. As a research review 
concerning telemedicine and rural health care provision reveals (Whitener, 
1996), telemedicine is widely regarded as having great potential for increasing 
the quality of health care provision in rural areas. 

As a result of the upswing of telemedicine, research on the technology and 
practice of telemedicine has increased substantially. A survey taking into 
account a subset of all telemedicine research (Taylor, 1998a; Taylor, 1998b)2 

How telemedicine should be defined has been subject to extensive discussion, and there are a 
number of suggested definitions of the term. In Section 2.1, the issue of defining telemedi
cine is dealt with in a more comprehensive manner. 

The survey was based on searches in the database MEDLINE. MEDLINE contains biblio
graphic citations from over 4 000 medical publications, starting in 1967. 
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noted a marked increase in scientific publications on telemedicine in the 1990s 
in general, and the latter part of the decade in particular. A large proportion of 
the telemedicine research that has been conducted concerns medical, eco
nomical, and sociological aspects of telemedicine activity (Tohme and Olsson, 
1996). With medical geography focusing on health issues such as epidemiol
ogy and the relationship between health and place (Meade, Florin, and Gesler, 
1988; Schaerström, 1989), the spatial aspects of telemedicine seem to be largely 
unexplored. In recent years, however, some geographical studies on telemedi
cine have emerged (e.g., Cutchin, 2002; Shannon, 1997). This thesis represents 
yet another brick in the construction of a medical geography of telemedicine. 

Telemedicine is, by its very nature, for the most part carried out by medical 
professionals, and between different health care facilities. The organization 
and allocation of health care varies considerably over space. However, health 
care—whether provided by the state or private companies, and whether 
carried out in metropolitan areas or rural environments—is usually subject to 
boundaries and areas of service. Naturally, telemedicine implementation and 
activity is influenced by such subdivisions of space at different geographical 
levels. Still, it can be argued that telemedicine also has the potential to cross 
and bypass—and perhaps even influence—borderlines and hierarchies. In 
other words, while telemedicine activity today is heavily influenced by the 
organization and allocation of health care, it may in time also exert a profound 
influence on the spatial characteristics of health care provision. 

Telemedicine is an interesting innovation in several other respects as well. 
Generally, innovations whose spatial diffusion—spread to new areas and 
groups of people—have been subject to scientific study are purchased or 
otherwise introduced by consumers. Telemedicine networks, however, are 
implemented primarily in order to aid in the production of health care, and it 
is likely that patients have had little direct involvement in decision-making 
concerning telemedicine thus far. Moreover, innovation diffusion processes 
are generally considered to be stronger in areas in close proximity to places 
where the innovation has already been introduced. Telemedicine diffusion 
need not necessarily exhibit such characteristics. Indeed, since the practice of 
telemedicine may be regarded as more useful when carried out over long 
distances, the relationship of distance to telemedicine diffusion may not be as 
clear-cut as might otherwise be expected. 

The spatial aspects of telemedicine—the medical geography of telemedicine, 
as it were—thus constitute topics in which geographical inquiry may reveal 
interesting findings. Geographical telemedicine research has the potential to 
deepen our knowledge concerning the diffusion of information technology 
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networks, as well as with regard to the effects of telemedicine for patients and 
health care personnel. It may also contribute to an understanding of the 
possible long-term impact of continuous telemedicine diffusion on the nature 
of health care provision. 

1.2 Aim and Research Questions 
The aim of this study is to reveal determinants and out comes of telemediäne diffusion. 
The spatial diffusion of telemedicine comprises not only the implementation 
of, but also the expansion of, telemedicine networks. Once established, 
telemedicine networks tend to develop spatially over time, with additional 
nodes and links being implemented. Telemedicine networks may change in 
other ways as well. Indeed, the number of medical disciplines involved, 
frequencies of telemedicine usage, and technological capacities of links and 
nodes may vary over time, in turn influencing the impact of telemedicine 
activity. Although this study concentrates on examining the spatial diffusion 
of telemedicine, other changes in and characteristics of telemedicine networks 
are also examined. However, patients' experiences of telemedicine are not a 
main focus of the thesis. 

The diffusion of telemedicine comes about by processes of decision-making, 
and is influenced by the organization and allocation of health care. Perceived 
utility of, interest in, and acceptance for telemedicine are naturally of impor
tance in decisions regarding telemedicine implementation and expansion. The 
perception of telemedicine is likely to be affected by the characteristics and 
consequences of already existing telemedicine. Figure 1—1 illustrates the 
principal ways in which telemedicine diffusion, telemedicine network charac
teristics, and the impact of telemedicine activity are interconnected, and how 
existing telemedicine may influence its further diffusion. The implementation 
of telemedicine results in telemedicine networks. The forms and frequencies 
of telemedicine usage influence the level of technology needed. Telemedicine 
usage, in combination with other factors, then shapes the impact of telemedi
cine activity in various respects and at different geographical levels. The 
impact of telemedicine in turn influences perceptions of telemedicine, thereby 
affecting telemedicine usage and diffusion. Telemedicine network characteris
tics may also contribute to influencing processes of telemedicine diffusion. 
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Figure 1—1 Implementation and expansion of telemedicine networks. 

The thesis attempts to answer a number of specific questions concerning the 
diffusion of telemedicine, telemedicine network characteristics, and the impact 
of telemedicine activity. With regard to the spatial diffusion of telemedicine, the 
following questions are addressed: 

• How may the diffusion of telemedicine be conceptualized, taking 
departure in the nature of telemedicine and geographical diffusion 
theory? 

• Which factors influence the diffusion of telemedicine to health care 
facilities? 

• In which ways are determinants of telemedicine diffusion affected by 
time, space, and facility type? 
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• How do the organization and allocation of health care influence the 
diffusion of telemedicine networks? 

• Which actors and administrative levels are involved in the 
decision-making process, and what is the reasoning behind telemedi
cine implementation and expansion? 

• How do the findings concerning diffusion of telemedicine relate to 
geographical diffusion theory and results of previous studies of 
telemedicine diffusion? 

Regarding telemedicine network characteristics, the following question is 
considered: 

• How and why do the structure, technology, and usage of telemedicine 
networks vary over time, across space, and between different telemedi
cine applications? 

Concerning the impact of telemedicine activity, the thesis addresses the 
following question: 

• What are the consequences of telemedicine for various actors at 
different geographical levels? 

1.3 Study Area 
In addition to general description of telemedicine at the international level, the 
thesis comprises case studies of telemedicine at the national and regional 
levels. First, the diffusion of telemedicine in Sweden is examined. Second, a 
regional case study of telemedicine in northern Sweden is carried out. The 
spatial delimitation of northern Sweden takes departure in the administrative 
subdivision of space for purposes of health care provision. Sweden consists of 
six health care regions, each comprising several, largely independent authori
ties responsible for health care provision. Their areas of service mainly 
coincide with the county boundaries (Figure 1—2). Northern Sweden is 
defined as the Northern health care region (Norra sjukvårdsregionen), which 
encompasses the four northernmost counties of Sweden. The total population 
in the area is around 900 000 inhabitants. This means that northern Sweden 
contains about 10 percent of the total Swedish population, inhabiting an area 
more than half the size of the entire country.3 

Source: Statistics Sweden population data (2002). 
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In an international perspective, the study takes place in a developed country 
with a large degree of government involvement in the health care system. In a 
national context, northern Sweden is a sparsely settled region with long 
distances between major urban localities. The regional study area thus con
tains vast areas commonly considered "rural" and "marginal." Naturally, this 
has influenced the allocation of health care resources over space, and conse
quently the conditions and opportunities for telemedicine as well. 

I I Health care region 
i—i The Northern 

health care region 
I I County 

N O R R B O T T E N  

4 Â S T E R B O T T E  

.JÄMTLANOVx N O R R L A N D  

U p p s a I a / 
Ö re b ro 

W e s t  
S  w e d  i s  h  

/r f  

S o u  t h - E a s t e r n  
S o u t h e r n 

200 400 km 

Figure 1-2 The Swedish health care regions and the counties of northern Sweden. 
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1.4 Methodology 
This section provides an introduction to and brief overview of the methodol-
ogy of the thesis. The methods and sources of the study are presented and 
discussed in further detail in Chapter 6 and Appendix I. The thesis is 
grounded in the positivist tradition, but also attempts to gain an understand
ing of telemedicine through non-quantitative means. As explained in the 
previous section, telemedicine is examined both at the national level and in a 
regional case study. The national and regional studies differ in terms of which 
aspects of telemedicine that are studied. They also employ different method
ologies. This combination of approaches has been beneficial in that the 
national study has facilitated the understanding of the findings at the regional 
level, and vice versa. 

At the national level, the thesis is concerned with a central component of 
telemedicine diffusion, that is, the emergence of health care facilities using 
telemedicine to receive medical assistance. The national study has a deductive 
methodological approach. Telemedicine diffusion in Sweden is first conceptu
alized, based on diffusion theory, the characteristics of telemedicine, and the 
nature of the Swedish system of health care provision. Taking departure in 
this conceptualization, variables representing likely determinants of the 
diffusion process are defined. Data is then collected through a variety of 
sources, and the research model tested using quantitative methods. 

In the regional study of telemedicine in northern Sweden, the focus is still on 
diffusion, but the perspective is broader. In contrast to the national study, not 
only telemedicine nodes, but also telemedicine programs and networks, are 
taken into consideration. Telemedicine network characteristics and the impact 
of telemedicine activity are also examined. The regional study is based on 
qualitative data sources. The main source is a number of interviews with 
health care personnel working with telemedicine. Written sources are also 
employed. 

1.5 Outline 
The thesis consists of eleven chapters (Figure 1—3). Following this introduc
tion, the technology and practice of telemedicine is introduced in Chapter 2. 
The issue of defining telemedicine is also addressed. In addition, the history of 
telemedicine is recounted. 

The following two chapters have a theoretical focus. As the study concerns 
the diffusion of information technology networks, geographical research on 
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information technology, networks, and diffusion is described in Chapter 3. 
Chapter 4 deepens the theoretical foundation for the study by applying a spatial 
perspective on telemedicine. The technology and practice of telemedicine is 
examined from a geographical point-of-view, focusing on the principal 
research areas of the study—telemedicine diffusion, telemedicine network 
characteristics, and the impact of telemedicine activity. The chapter also 
discusses how the national and local contexts within which telemedicine is 
carried out influence the conditions and opportunities for telemedicine. 

Introduction and background 

1 Introduction 

2 The Technology and Practice of Telemedicine 

Theory 

3 Information Technology, Networks, and Spatial Diffusion 

4 Telemedicine in Space and Place 

Study area 

5 Health Care Provision in Sweden 

Methodology 

6 Research Model, Methods, and Sources 

National case study 

7 Telemedicine Diffusion in Sweden 

Regional case study 

8 Telemedicine Programs and Networks in Northern 
Sweden 

9 Telemedicine Diffusion in Northern Sweden 

10 Telemedicine Network Characteristics and 
Impact of Telemedicine Activity 

Conclusion 

11 Concluding Discussion 

Figure 1—3 Thesis outline. 

Chapter 5 concerns health care provision in the study area. The Swedish 
system of health care provision is explained, and the allocation of health care 
resources described. The distribution of health care resources in northern 
Sweden is presented in particular detail. 
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In Chapter 6, the methodology of the study is addressed. The process of 
telemedicine diffusion in Sweden is conceptualized, followed by sections on 
the methods and sources of the national and regional case studies. 

Chapter 7 comprises the national case study. The diffusion of telemedicine at 
the national level is described and analyzed, taking departure in the research 
model presented in the preceding chapter. In addition, a simulation of tele-
medicine diffusion is carried out. 

The regional case study is subdivided into three chapters. An introductory 
chapter {Chapter 8) accounts for the implementation and expansion of tele-
medicine programs and networks in northern Sweden. Chapter 9 analyzes 
telemedicine diffusion in the region. The subsequent chapter {Chapter 10) 
addresses telemedicine network characteristics and the impact of telemedicine 
activity. 

Finally {Chapter 1 /), the findings of the study are summarized and discussed. 
The thesis concludes by considering the future of telemedicine, as well as the 
extent to which the present study contributes to the development of a "medi
cal geography of telemedicine." 
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2 THE TECHNOLOGY AND PRACTICE OF 
TELEMEDICINE 

In this chapter, a general overview of telemedicine is provided. First, the issue 
of defining telemedicine is undertaken. While the term "medicine at a dis
tance" captures the essence of what telemedicine is about, a more formal 
definition is desirable. Second, the history of telemedicine is accounted for, 
focusing on the development of telemedicine in the United States. Starting 
with the first known documented ideas concerning telemedicine, the pioneer 
telemedicine events and applications of the 20th century are presented. Third, 
the technology and practice of telemedicine is presented. The technical 
foundations of contemporary telemedicine activity, as well as the various 
forms in which telemedicine is practiced today, are introduced. 

2.1 Defining Telemedicine 
Medicine at a distance, it can be argued, has been practiced since the invention 
of telecommunications. The actual concept of telemedicine, however, gained 
recognition in the middle of the 20th century. At the time, the number of 
applications were limited. Practitioners and researchers were not preoccupied 
with the task of formally defining the concept. As medicine at a distance 
became a more widespread phenomenon and publications concerning tele-
medicine started to appear, issues of definition became the subject of some 
interdisciplinary and scientific discourse. 

According to Chuang (1997), the first attempt to offer a "formal" definition 
of telemedicine can be found in the writings of Kenneth Bird. Bird, who was 
one of the early adopters of telemedicine, defined telemedicine as: 

The practice of medicine without the usual physician-patient confrontation 
[...] via interactive audio-video communications systems (Bird, 1971, p. 11, 
cited in Chuang, 1997). 

From that time and until today, various definitions of telemedicine have been 
proposed, each attempting to capture the essence of this particular application 
of information technology. Consequendy, now there are a number of sug
gested definitions of the term. Moreover, there are several concepts that are 
closely related to telemedicine. One example is the concept "e-health." The 
investigation of the differences and similarities between such concepts and 
telemedicine are considered outside the scope of this thesis. 
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Field (1996) quotes several definitions of telemedicine that have been em
ployed in different contexts. Not surprisingly, the cited definitions exhibit a 
number of similarities. In all reviewed definitions, three particular suggested 
characteristics of telemedicine are present: 1) the use of information technol
ogy and telecommunications, 2) distance between participants, and 3) usage of 
the technology for medical purposes. However, there are also some important 
differences between the cited definitions. First, some telemedicine definitions 
only cover clinical applications of medicine at a distance, and thus exclude 
conferencing, training, and other not strictly clinical medical uses of informa
tion technology. Furthermore, while some definitions do require an "inte
grated structure" or "system" within which the activity has to take place, other 
definitions do not consider such a structure a prerequisite.4 

Field (1996) also presents a telemedicine definition of her own: 

The use of electronic information and communications technologies to 
provide and support health care when distance separates the participants 
{ibid., p. 27). 

The subsequent elaboration of the definition clarifies some important points. 
Simple forms of medicine at a distance, carried out by means of telephone 
conversations5 and fax transmission, are regarded as telemedicine. The 
importance of not only telecommunications media but also computer tech
nology is noted. Furthermore, it can be argued that at least some forms of 
non-clinical uses of telemedicine technology are included in the definition. It 
is also noted that telemedicine may very well be carried out over small geo
graphical distances. 

According to another telemedicine definition (Reid, 1996), telemedicine can 
be defined as: 

The use of advanced telecommunications technologies to exchange health 
information and provide health care services across geographic, time, social 
and cultural barriers (ibid., p. 10). 

In addition to the unusual inclusion of issues of "social" and "cultural barri
ers," this definition is stricter in terms of technological prerequisites by 
requiring that the telecommunications technologies employed be "advanced." 

One example of a definition that includes the system requirement is Bashshur's "opera
tional" definition of telemedicine incorporating issues of staffing and organizational structure 
(Bashshur, 1975). However, in a later work (Bashshur, 1997), "telemedicine" and "telemedi
cine system" are treated as separate concepts, with a telemedicine system being described as 
"an integrated, typically regional health care ne twork offeri ng comprehensive health ser vices to a defined popu
lation through the use of telecommunications and computer techno log);" (ibid., p. 9). 

Sometimes referred to as "POTS" (Plain Old Telephone Service). 
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Reid (1996) subsequently addresses the issue of the place of the telephone in 
telemedicine. In his opinion, "advanced applications of the telephone," such 
as non-verbal transfer of medical data, qualify as telemedicine. 

For this author, it is unwieldy and somewhat illogical to categorize regular 
telephone, fax, and Internet usage involving the transfer of medical data as 
telemedicine, at least when information is transmitted only in text form or 
speech. Therefore, the definition of telemedicine used in this study takes a 
departure from that of Field (1996), but it does combine it with a reservation 
similar to that of Reid (1996): that the usage of the concerned telecommunica
tions and information technologies ought to be "advanced." Thus, telemedi
cine is defined as: 

The advanced use of telecommunications and information technologies 
(involving more than transmission of text and speech) to provide and support 
health care when distance separates the participants. 

Consequently, phone, fax, and e-mail communication for medical purposes 
are generally not to be regarded as telemedicine. Moreover, the exchange of 
information involving Community Health Information Networks (CHIN) and 
other repositories of patient records in digital form are not treated as tele-
medicine. Instead, CHINs are regarded as a related, but separate branch of 
medical informatics (see further Friedman and Mitchell, 1997). The definition 
of telemedicine nodes in Section 4.1 further narrows the scope of the study. 

2.2 The History of Telemedicine 
From the first telecommunication network in history, the French Optical 
Telegraph Network from 1794 (Hellemans, 1998), and until now, major and 
accelerating technological advances have facilitated a continuous increase in 
telecommunication and information technology usage. In contemporary 
society, telecommunications and information technologies have found 
productive uses in a wide variety of contexts. Several specialized applications 
(teleworking, telelearning, telebanking, and even functions such as "telejus-
tice") have evolved, one of which is the use of information technology for 
medical purposes in the form of telemedicine. 

Although telemedicine has only been carried out on a larger scale in recent 
decades, the concept and practice of telemedicine has earlier origins. In 1924, 
the April issue of the magazine Radio News featured a visionary article describ
ing an imagined "radio doctor" who, linked to patients through a l ive picture, 
could communicate with his clients at a distance. While radio technology was 
quite widely adopted at the time, the first experimental television transmission 
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had not yet occurred! (It took place in 1927.) Among the first applications of 
telemedicine were transmissions of X-ray images between West Chester and 
Philadelphia, PA, starting in 1948. The distance between the concerned health 
care facilities was about 40 kilometers (Field, 1996). 

A number of individual early telemedicine implementations have gained 
special attention in retrospect. The telemedicine activities in question (Figure 
2—1) in many cases can be considered having pioneered some particular aspect 
of telemedicine usage. In 1951, a cross-state demonstration of telemedicine 
was carried out at the World Fair in New York. Inspired by the 1948 tele-
medicine endeavor in Pennsylvania, teleradiology was introduced in Montreal, 
Canada, in 1957 (Reid, 1996). In 1959, a two-way interactive video link was 
used to transmit neurological examinations and other information from 
clinicians at the Nebraska Psychiatric Institute, Omaha to medical students. In 
1964, this institute established a telepsychiatry link with the state mental 
hospital in Norfolk, located about 180 kilometers away. This link was em
ployed for a range a telepsychiatry applications (Field, 1996). 

Newfoundland 
(1975) Montreal 

(1957) è 

ì\jF Logan International 
Airport-Boston (1963) 

rNew York (1951; 1972) 
West Chester-
Philadelphia (1948) 

^orTölK^Omåha 
1964) ^ 

1 000 2 000 km 

Figure 2—1 Early telemedicine activity in North America. 
Sources: Chuang (1997); Field (1996); Perednia and Allen (1995); Reid (1996). 
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The further development of telemedicine in the U.S. during the 1960s and 
1970s was greatly influenced by various federal agencies that either funded or 
themselves implemented telemedicine programs, sometimes in cooperation 
with other organizations. For example, the launch of manned space flights by 
the National Aeronautics and Space Administration (NASA) in the late 1950s 
and early 1960s constituted a major incentive for the development of tele-
medicine. The development of adequate methods and technologies for the 
monitoring of the astronauts' medical conditions was highly prioritized, 
especially since the effects of zero gravity and other special conditions of 
space travel was largely unexplored at the time. While space telemedicine has 
its own peculiar requirements and technical solutions, many of the experiences 
of NASAs undertakings were of importance for the further development of 
telemedicine. 

NASA also funded or carried out terrestrial telemedicine applications for 
purposes of development and evaluation. For example, in the 1970s, an 
unusual set of partners—NASA, the U.S. Indian Health Service, and the 
Lockheed corporation—teamed up to bring telemedicine technology to the 
native American reservation of Papago, Southern Arizona.6 The project, 
named STARPAHC7, was primarily carried out between 1972 and 1975. The 
main feature of the project consisted of a van equipped with a variety of 
medical instruments and staffed by two Indian paramedics, which communi
cated with two hospitals in the vicinity.8 9 

In general, the early applications of telemedicine appeared in developed 
countries featuring large amounts of vast, sparsely populated areas such as the 
U.S., Canada, and Australia, as well as—to some extent—the Nordic coun
tries. However, several of the telemedicine programs still connected facilities 
located quite close to each other, sometimes even within the same city region. 
For instance, in 1963 a telemedicine link was established between Massachu
setts General Hospital and a medical station staffed by nurses at Boston's 

The Papago tribe later changed its name to "Tohono O'odham." 

Space Technology Applied to Rural Papago Advanced Health Care. 

For information on recent developments in space telemedicine, see Davis (1998). 

Other federal actors involved in telemedicine include Department of Health, Education and 
Welfare (now called Department of Health and Human Services, DHHS) and the Depart
ment of Veterans Affairs. Moreover, the Department of Defense has made major invest
ments in developing telemedicine for use in military contexts. Military telemedicine is 
described in more detail in Blakeslee and Satava (1998), Edwards, Jr. and Motta (1997), and 
Jones and Satava (1997). 
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Logan International Airport.10 Occasionally, the medical station would need 
specialist assistance from the hospital. Although located close to each other, 
physical transports between the facilities were often problematic due to 
frequently occurring traffic jams on connecting roads. In 1968, two-way 
interactive video capacity was added to the telemedicine service. While the 
earlier telemedicine endeavor in Nebraska was focused on psychiatric diagno
sis, education, and administrative issues, the telemedicine link to Logan 
International Airport was the among the first that employed telemedicine for 
physical diagnosis and general patient care through full-motion video trans
missions (Chuang, 1997; Field, 1996). 

At the time, other innovative attempts with telemedicine in urban settings had 
also been initiated. For example, in 1967 the University of Miami School of 
Medicine and the City of Miami Fire Department started transmitting ECGs 
(electrocardiograms, used for monitoring heartbeat status) between fire-rescue 
units and a city hospital. A few years later (1972), the Mt. Sinai School of 
Medicine in New York implemented a telemedicine link to support nurses 
carrying out pediatric primary care in a mainly Hispanic neighborhood (Field, 
1996). 

Many of the early telemedicine programs were short-lived. Indeed, in the 
mid-1990s only one of the telemedicine projects that started before the 
mid-1980s still existed. The project was a Canadian multi-purpose telemedi
cine program from 1975 run by the Memorial University of Newfoundland 
using quite simple technology (Perednia and Allen, 1995). In general, the early 
Canadian telemedicine projects tended to feature more simple designs with 
greater durability (Nilsson, 1996). There were several reasons for the general 
demise of the early telemedicine programs. Many of the projects were partly 
dependent on external support. Owing to a general lack of economic evalua
tions in the projects and thus few signs of their degree of financial efficiency, 
many funding agencies decided to play safe and—arguably prematurely—drop 
or substantially cut down on their financial support (Bashshur, 1997; Perednia 
and Allen, 1995). 

Lack of funding was not the only problem for the early telemedicine pro
grams. Among other factors held to be of importance for the long-term 
failure of the projects were the high transmission costs in the early and 
mid-1980s (Field, 1996), the comparatively primitive state of information and 
computer technologies at the time, as well as inexperience with the technology 

The telemedicine service was initiated by Dr. Kenneth Bird, whose definition of telemedicine 
was cited in Section 2.1. 
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among concerned medical staffs resulting in a reluctance to use telemedicine 
on a frequent basis (Bashshur, 1997). However, according to Perednia and 
Allen (1995), early reviews and evaluations of the telemedicine projects 
suggest that factors related to technology and physician acceptance were of 
limited importance for the future development of the programs, when 
compared with the decrease in financial support. 

By the early 1990s, a new generation of telemedicine programs had appeared. 
The "classical" problem areas in health care provision, concerning issues such 
as accessibility, quality of care, and cost, were still on the policy agenda among 
health care providers. Computer, telecommunications, and information 
technologies, however, had undergone major developments; the technology 
employed for telemedicine was thus much more advanced than just a decade 
earlier. Promoted by the advances related to the technology of telemedicine, 
the number, extent, and (at least in some cases) usage of telemedicine net
works increased substantially in developed countries around the world. 

2.3 Telemedicine: Technology and Practice 
In order to carry out telemedicine, health care facilities and other participating 
units need to be connected by means of information and communications 
technologies. This section outlines basic aspects of telemedicine technology 
and introduces different forms of telemedicine practice. 

2.3.1 Telemedicine Technology11 

The main components of contemporary telemedicine technology are digital 
video, imaging, and communication, as well as multimedia computing (Searle, 
1997). There is a large diversity in available technologies for telemedicine, in 
terms of equipment of telemedicine nodes and transmission methods and 
carrying capacities of telemedicine links. The technology of telemedicine 
nodes may either consist of ordinary computers equipped with software 
suitable and customized for telemedicine practice or tailor-made, dedicated 
telemedicine equipment. Compared with the capabilities of the early genera
tions of computers, modern computer technology is much more advanced in 
several respects. In the practice of several forms of telemedicine, medical 
equipment, for instance, endoscopes and microscopes, are also part of 
(directly connected to and interacting with) the telemedicine technology. 

In Appendix II, information technology as it pertains to telemedicine is subject to more 
in-depth description, compared with the overview that is provided in this section. 
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The technology of telemedicine links refers to the equipment and methods 
employed in transmitting medical information between telemedicine nodes. In 
this area, recent developments are also notable. Nowadays, the rates by which 
data can be sent (bandwidth) are many times larger than in the earlier stages of 
electronic communication. At the same time, prices for products and services 
related to data transmission are constantly decreasing. The technologies 
employed for telemedicine have also changed over time. In the early years, 
telemedicine connections were almost exclusively using the telephone net
work. In recent decades, technical innovations have expanded the range of 
methods and equipment for electronic communication. Although telephone 
networks still make up the basis for many telemedicine connections, the 
transmission methods in use today provide considerably higher bandwidth 
compared with earlier technologies. In addition, other transmission solutions 
with high carrying capacity, such as computer networks different kinds, are 
increasingly employed for telemedicine. 

In the practice of telemedicine, data may be transferred in different forms, 
ranging from high-quality, two-way, full-motion video to sound and still 
images. Chuang (1997) provides a technical classification of telemedicine in 
four categories depending on the "level of complexity." The least complex 
system is one-way transmission of still images, combined with communication 
by telephone or fax. The second form of telemedicine system has one-way 
visual and one- or two-way audio capabilities, suitable for educational pur
poses. The third level of telemedicine consists of two-way video and audio 
systems, which allow for interactive consultations of patients at a distance. 
The most complex forms of telemedicine involve virtual reality and "remote 
control of invasive practices," that is, advanced telesurgery. 

Simple telemedicine solutions involving the non-interactive transfer of images 
(store-and-forward) are often preferable in terms of cost-effectiveness, 
availability, and time consumption for consultations. However, interactive 
video solutions also have advantages, and telemedicine within certain medical 
disciplines is hard to carry out even without the use of interactive video. 
Consequently, while some medical disciplines primarily use telemedicine for 
sending images other forms of telemedicine almost invariably involve consul
tations by means of video transmission (Moore, 1999). The technology needs 
in the practice of telemedicine is thus largely a function of the medical 
discipline within which telemedicine is carried out. Naturally, in addition to 
such medico-technical requirements, financial constraints and considerations 
exert an influence on the choice of telemedicine technology. Ideally, user 
requirements and predicted frequency of usage should also be taken into 
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account. The choice of technology for telemedicine is in many respects a 
trade-off, for example, between cost and performance (Epley, III, 1997). 

2,3.2 The Practice of Telemedicine12 

Telemedicine is not a unitary concept or phenomenon. Indeed, in the practice 
of telemedicine different kinds of activities may be carried out within a large 
number of medical disciplines. Taylor (1998b) categorizes telemedicine 
activity in what he terms "distinct sub categories of telemedicine service" (ibid., p. 64) 
(Figure 2—2). In teleconsulting, a patient and a health care worker consult 
another health care worker. In teleconferencing, one or several health care 
workers communicate with each other concerning patient cases. Telereporting 
means that a health care worker transmits patient data to another health care 
worker, and the findings are transmitted back. Telemonitoring, finally, is the 
automated transmission of patient medical data to a health care facility. 
Frequently, telmonitoring applications involve transfer of medical data from 
patients5 place of residence. 

Non-clinical uses of telemedicine technology within the health care sector can 
be divided into two broad categories: education and conferencing (Figure 
2—3). Education refers to medical teaching by means of telecommunications 
and information technology. The site from which teaching is carried out can 
either be linked to a single, receiving facility or simultaneously communicate 
with several nodes (multicasting). The degree of interactivity ranges from 
one-way broadcasting to two-way teaching sessions involving extensive 
discussions. Conferencing refers to non-clinical virtual meetings between 
persons located in two or more telemedicine nodes. 

Taking into account the vast amount of medical disciplines that exist in the 
contemporary practice of medicine, it is easy to see that the number of 
potential forms of telemedicine applications is quite considerable. Telemedi
cine within certain medical disciplines, however, have gained a comparatively 
widespread following.13 

Appendix III contains a glossary of terms related to the practice of telemedicine. 

It should be noted that it is in some cases difficult to associate a single medical discipline 
with a telemedicine application. For example, certain forms of telemedicine activity involve 
specialists from a number of different medical disciplines. 
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Figure 2—2 Categories of telemedicine usage. 
After Taylor (1998b), p. 64. 

Education Conferencing 

O-O 

O 
-•Q Multicasting 

O 

Figure 2—3 Non-c/inical uses of telemedicine technology. 

Teleradiology has for a long time been, and still is, the most common form of 
telemedicine both in Sweden (Holm-Sjögren, Sandberg, and Schwieler, 1999) 
and the U.S. (Reid, 1996). Teleradiology involves the digital transfer of X-ray 
images for specialist examination. This usually takes the form of teleconfer
encing or telereporting. The substantial and early growth of telemedicine 
within the medicinal discipline of radiology can be attributed to its already 
established practice of sending X-ray images for consultation by mail or 
courier services, its early experience with computer-based digital technologies, 
and—in the U.S.—the availability of Medicare reimbursements for teleradiol
ogy consultations (Field, 1996). 
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While the bandwidth requirements for teleradiology are dependent on the 
types of images transmitted, they are lower than telemedicine applications 
using full-motion video transmissions. Traditionally, X-ray images have been 
transferred to digital form by means of scanning. In recent years, this has 
started to change with the emergence of PACS (Picture Archiving and Com
munication Systems). When PACS technology is employed, X-ray images are 
created in digital form from the beginning, and thus do not have to be 
converted. 

Additional examples of common telemedicine applications include telepsy-
chiatry, telecardiology, teledermatology, and teleotolaryngology. Telepsychiatry 
consultations generally involve full-motion video transmissions. All in all, 
psychiatric activity is relatively well suited to carry out at a distance, because 
the requirement for physical contact between physician and patient is rather 
small. Telecardiology means coronary medicine at a distance involving, for 
example, the transmission of ECGs (often a part of emergency telemedicine 
applications). Teledermatology designates telemedicine concerned with the 
examination of skin problems, while teleotolaryngology (or teleotorhino-
laryngology) deals with the ear, nose, and throat areas. 

In this study, the term "general telemedicine" is used to designate all-purpose 
telemedicine programs focused on teleconsuiting, often carried out between 
primary care physicians and specialists. General telemedicine applications tend 
to use facilities for full-motion video transmission. Common forms of medical 
disciplines involved in the practice of general telemedicine include otolaryn
gology and dermatology. 

Some applications of telemedicine can be characterized as relatively advanced, 
in that not only the consulting but also the referring physician tends to be a 
specialist. Of these "high-level" advanced telemedicine applications, 
telepathology is by far the most prevalent. For example, telepathology is the 
second most common form of telemedicine in Sweden, surpassed only by 
teleradiology (Holm-Sjögren, Sandberg, and Schwieler, 1999). The medical 
discipline of pathology can be defined as a "branch of medicine concerned with the 
cause, origin and nature of a disease, including the changes occurring as a result of disease " 
(Collins English Dictionary, 1994). Pathology comprises several subdisciplines, 
such as cytology and hematology, all of which use light microscopy to some 
degree. 

The practice of telepathology usually involves the transmission of images of 
tissue samples for specialist examination. While it is certainly not impossible 
for a health care center to benefit from the provision of pathology at a 
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distance, in practice telepathology has found the most use between special
ists—and consequently hospitals—of various kinds. The technical require
ments of telepathology are rather high, especially when the transmission of 
real-time video is employed (Weinstein et al.^ 1997). Teleconferencing or 
telereporting are the most common forms of telepathology activity. In this 
respect, telepathology bears resemblance to some less specialized telemedicine 
applications, such as teleradiology. Since telepathology and teleradiology 
concern two separate medical disciplines, they are obviously carried out in 
different forms and involve different categories of health care personnel. In 
both cases, however, patients are usually not in direct contact with the 
telemedicine equipment. 

While telemedicine is usually carried out between health care facilities, some 
forms of telemedicine take place—wholly or partly—in others settings. For 
example, there is telemedicine involving moving vehicles, such as telemedicine 
between ambulances on turn-out and hospitals (emergency telemedicine) and 
medicine at a distance servicing ships (maritime telemedicine). In these cases, 
only the consulting site can be expected to be stationary. Telemedicine in 
prison settings (correctional telemedicine) constitutes a large and growing 
application in American federal and state prisons. The high costs and security 
risks associated with prison transports, high frequencies of unnecessary 
consultations (motivated by, e.g., boredom or drug-seeking behavior), and 
överrepresentation of certain mental and other illnesses are the main factors 
that have contributed to the interest for and the growth in correctional 
telemedicine (Field, 1996; Grigs by, 1997; Hipkens, 1997; Reid, 1996; Turner 
et al 1998). 

Although the technology of telemedicine has evolved rapidly in recent 
decades, the practice of the most complex forms of telemedicine, such of 
advanced telesurgery, are still not commonplace. However, there are examples 
of such sophisticated telemedicine applications. For example, several public 
telemedicine initiatives in the U.S. are on the cutting edge of telemedicine 
research, most notably within military and space telemedicine. There is 
development of telesurgery, some forms of which include telerobotics, within 
the U.S. military for the treatment of combat injuries; the U.S. Department of 
Defense Telemedicine plays an important role in this development (Blakeslee 
and Satava, 1998; Edwards, Jr. and Motta, 1997; Jones and Satava, 1997). 
Space telemedicine, primarily an undertaking by the National Aeronautics and 
Space Administration (NASA), also pushes the boundaries of telemedicine 
technology and practice (Davis, 1998). Given the continuous development of 
computer, telecommunications, and information technologies, it is likely that 
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complex forms of telemedicine will become more feasible and less expensive 
to implement and carry out, and thus more common, in the near future. 
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3 INFORMATION TECHNOLOGY, 
NETWORKS, 
AND SPATIAL DIFFUSION 

The implementation and expansion of telemedicine has not been studied 
extensively from a spatial point-of-view. However, the individual phenomena 
that make up the diffusion of information technology networks have been 
given considerable attention in this respect. This chapter considers, in turn, 
geographical aspects of information technology, networks, and processes of 
diffusion. 

3.1 Information Technology 
Contemporary society has seen major advances in and increasing uses of 
computer, telecommunications, and information technologies, primarily in 
industrialized countries. Not surprisingly, these developments have resulted in 
considerable research efforts related to various aspects of the emerging 
"information society." Naturally, human geography research is primarily 
concerned with its spatial aspects and implications. Although information 
technology usage clearly is intangible in nature—in effect made up by abstract 
flows of electronic signals—it is commonly conceptualized in geographical 
terms. Spatial metaphors to visualize information technology usage are legion: 
"cyberj^rtf," electronic super highways6 and the surfing of Web sites, just to name 
a few examples (Graham, 1998). Indeed, information technology usage can be 
said to create a "space of flows" alongside the conventional space of places 
(Castells, 2000).14 

Clearly, there are spatial implications of information technology usage. 
However, the nature and extent of its societal impact is under debate. Some 
scientists argue that spatial relations are being radically transformed. The 

There have been a number of attempts in mapping cyberspace. Information technology 
nodes, links, and flows have been depicted as geometric and topologie maps. The mapping 
of more intangible aspects of information technology presents a harder challenge. In some 
cases, there are geographic referents but no explicit spatial attributes (e.g., Web sites). Con
versely, cyberspace phenomena may lack real world geographical references, but still have 
spatial attributes (e.g., some virtual communities). In some cases, neither geographic points-
of-reference nor spatial attributes exist. Still, mapping may be carried out by the use of geo
graphic metaphors ("spatiali2ation") (Dodge and Kitchin, 2001). 
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perspective of substitution and transcendence p redicts that information technology 
will lead to a more or less placeless society, consisting of wholly immersive 
virtual communities, and freed from spatial and temporal restrictions. Such 
Utopian and futuristic approaches to cyberspace are often based upon a strict 
technological determinism, which imply that profound changes inevitably will 
take place. However, other researchers have promoted more modest posi
tions, where geographical and electronical spaces are regarded to develop in 
co-evolutionary or relational fashions (Graham, 1998; Kitchin, 1998a; Kitchin, 
1998b). 

The societal implications of information technology are largely a function of 
its impact on accessibility. "Accessibility" is an ambiguous concept, which 
refers to ease of approach or access to locations, resources, and services. 
Accessibility may be measured by geodetic, topological, or journey distance, 
travel time, or monetary cost. It may also be considered a function of several 
factors, such as physical proximity, technical capability to overcome distance, 
and ability to bypass barriers of various forms. Several technological innova
tions have resulted in increased accessibility through time-space convergence'. 
places get closer to each other in terms of travel or communication time, thus 
reducing the significance of distance. Global air travel, telephone services, 
and—more recently—information technology are examples of such 
space-adjusting technologies. A related concept is that of cost-space convergence: 
reduction in the costs of interaction over space. In this respect, too, informa
tion technology has been of importance. Naturally, though, information 
technology does not contribute to increased accessibility for activities that 
invariably have to take place in physical space (Hay, 1993a; Janelle, 1991; 
Janelle and Hodge, 2000; Mayhew, 1997). 

The economical implications of information technology are considerable. In 
the words of Kitchin (1998a), there is an emerging "information economy," 
where "knowledge and information are in the process of replacing labour and capital as the 
central variables of the Western economy" (ibid., p. 130). The earlier expansion of the 
tertiary economical sector concerned with services and distribution has been 
followed by growth of the information-intensive quaternary (e.g., trade, 
finance, insurance, and real estate) and quinary (e.g., education, research, law, 
and recreation) sectors. Within these sectors of the economy, there has been a 
shift towards automation of manual office work. For instance, in the finance 
and insurance industries many tasks previously done manually are now carried 
out by automated computer-processing operations. Information technology is 
also increasingly applied in the industries concerned with extraction (the 
primary sector) and production and processing (the secondary sector). All in 
all, although there are noteworthy national and regional variations, a signifi
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cant proportion of the population in developed countries now has what may 
be termed "information occupations" carrying out production, processing, 
and distribution of information, as well as operation, maintenance, and 
development of the actual information infrastructure (Hepworth, 1989). 

In addition to the changes in occupational structure, information technology 
has facilitated alterations in movement patterns. Recent years have seen an 
increase in "teleworking," which in many cases means the substitution of 
information technology-based communication for work-related movements. 
Potential benefits and drawbacks can be identified for employees as well as 
employers. Employees may experience gains in terms of flexibility and 
autonomy, and they may be able to combine work and family life to a greater 
extent. However, there is also a risk for isolation. Additionally, a new work
place has to be furnished outside of the ordinary place of work. Employers 
may benefit from increased productivity, but there may be costs for extra 
equipment, and the lack of company involvement may present problems. In 
order to examine the extent of teleworking, the concept has to be defined.15 

Although many predictions regarding the development of teleworking have 
been revealed to exaggerate the phenomenon, a sizeable proportion of the 
workforce is by now working at a distance to some extent. When information 
technology is employed to carry out meetings and errands at a distance, 
reductions in transports may also take place. 

However, usage of information technology can also generate movements. For 
example, usage of information technology may facilitate personal contacts, 
resulting in meetings in person. Since cyberspace in many cases represents real 
places, its usage may support and generate physical mobility in other respects 
as well. For example, the Internet may generate interest for places and regions, 
resulting in tourism. In addition, information technology can make transport 
systems more efficient, thus facilitating movements, as well as redistribute 
travel (Engström and Johanson, 1995; Engström and Johanson, 1997; 
Graham, 1998; Kitchin 1998a; Kitchin 1998b; Rapp and Skåmedal, 1996). 

At the international level, information technology has been a factor contribut
ing to increased global interdependence.16 The economic internationalization 

When defining "teleworking," a number of issues have to be taken into account: the required 
location of work for it to be classified as "tele-," the proportion and amount of working time at a 
distance, the employers degree of dependence on the supposed teleworker (e.g., are contractual 
agreements like freelancing to be included?), and the character and degree of the use of infor
mation technologies (Bertin and Denbigh, 1996). 

It should be noted that there are communities and nations that deliberately decline to engage 
in practices contributing to global interdependence. For example, Amish communities in 

25 



of production, marketing, and trade has been facilitated by information 
technology. Global operations of multinational enterprises have also been 
made easier. For example, communication by means of information technol
ogy may substitute for international travel between company offices. For 
some time, there has been a trend towards relocating production facilities to 
developing countries, owing to increasing demands in many parts of the Third 
World as well as the flexible labor laws that are often to be found in develop
ing countries. Information technology has supported such decentralization by 
its distance-bridging capabilities. In addition, some forms of information 
occupations, for example, certain lower-skilled clerical and data-entry work, 
are to some extent being relocated to developing countries, for instance, India 
and the Caribbean. However, information technology may also result in 
international centralization: to the extent that machines replace labor in 
production processes, the inexpensive labor in developing countries may not 
constitute a strong incentive to locate industries there (Hansen, 2001; Janelle, 
1991; Kitchin 1998a; Kitchin 1998b; Lorentzon, 1991; Warf, 1995). 

At the national level, information technology has resulted in urban and 
regional restructuring. Lower-skilled service and information employment has 
to some extent been decentralized to suburbs, smaller cities, and 
non-metropolitan areas. At the same time, corporations have retained and 
expanded their functions in large cities that constitute major hubs in the 
global communication infrastructure system, such as London, Tokyo, and 
New York. It should be noted that company decentralization might in itself 
encourage simultaneous centralization, owing to increased need for central 
control and planning functions. Another trend is the clustering of knowl
edge-intensive industries to certain "technopoles," such as Silicon Valley, 
where the local economy is based upon and concerned with the production of 
information technology goods and services.17 Not surprisingly, public authori
ties at different levels are expanding information technology infrastructure in 
order to facilitate local and regional development. For example, as Kitchin 
(1998b) observes, many large cities have "taken a proactive role to 'wire' themselves'1 

in order to gain a competitive advantage (Castells, 2000; Hansen, 2001; 
Kitchin 1998a; Kitchin 1998b; Warf, 1995). 

North America and communist regimes have traditionally chosen "underexposure to the 
world," for religious and ideological reasons, respectively (Janelle, 1998). 

Silicon Valley is located in the San Francisco Bay Area in California. Stanford University is 
situated in the area. Similar concentrations of companies exist elsewhere. In eastern United 
States, "Route 128" in the Boston region, centered on Massachusetts Institute of Technology 
(MIT), is another well-known example. 
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In addition to geographical research concerning the economic impact of 
information technology, spatial aspects of its social, cultural, and political 
implications have been considered, albeit seemingly to a lesser extent. Cyber
space, it is argued, will have disembodying effects, and—like some other 
recent innovations such as cosmetic surgery, biotechnology, and genetic 
engineering—facilitate a merging of nature (i.e., humanity) and technology. At 
the interpersonal level, special conventions for and new patterns of social 
interactions are evolving in cyberspace. Scientists have envisioned, and to an 
extent documented, the emergence of global communities, based on Internet 
users with common interests located worldwide. However, it has also been 
pointed out that a substantial part of the Internet activity is hardly commu
nity-based, at least in any meaningful sense of the word. 

The relationship between information technology and politics, law, and public 
policy has also been given attention. Since the Internet basically transcends 
political borders, it has been argued that it challenges existing power struc
tures. For example, information gatekeepers may be bypassed, in favor of 
widespread information distribution that authorities may frown upon. Indeed, 
some nations have attempted to limit free speech on the Internet for moral, 
religious, or political reasons. The opposite viewpoint, that cyberspace 
primarily reproduces existing power structures, also has adherents. In any 
case, national laws have had a hard time keeping up with offences in cyber
space, such as online stalking and "mailbombing." Even where appropriate 
legislation has been passed, Internet crime is commonly hard to enforce. Most 
importantly, since the Internet is a global phenomenon, national laws have 
limited scope. There are a number of controversial subjects related to infor
mation technology—the state of online security, privacy issues concerning 
Internet encryption and anonymity, and the application of intellectual prop
erty rights in cyberspace—that will ensure its place on the policy agenda for 
the foreseeable future (Dodge and Kitchin, 2001; Kitchin 1998a; Kitchin 
1998b). 

3.2 Networks 
A network can be defined as a system consisting of nodes connected to each 
other by links. The nodes and links of a network may be represented as points 
and lines, respectively. In human geography, the term is mainly used to refer 
to transport infrastructure such as roads, railways, and canals, or scheduled 
services like bus, train, and air routes. The concept has also been extended to 
cover other forms of line patterns, for example, political and administrative 
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boundaries and social contacts (Hay, 1993b; Karlqvist, 1990; Mayhew, 
1997).18 

Studies of networks within the social sciences tend to be carried out some
what differently, depending on which discipline is involved. For example, 
while political economists favor an approach where networks are strictly 
formalized and incorporated in quantitative modeling, political science 
research tends to employ the concept in a more abstract fashion in order to 
conceptualize certain phenomena, such as decision-making processes. Disci
plines such as sociology, business administration, and human geography can 
be positioned in the continuum between these two research traditions 
(Karlqvist, 1990). 

Network research within human geography has changed its focus over time. 
Early network studies were carried out within the locational analysis tradition. 
Closely linked to the quantitative revolution, this strictly positivist approach 
favored the construction of models, laws, and measures concerning spatial 
structures (e.g., Haggett and Chorley, 1969). More recently, there has been 
shift towards more detailed considerations of other aspects of networks, for 
example, the nature and purpose of network flows (Törnqvist, 1990). 

The location and development of transport networks has been given consid
erable attention in geographical research. Numerous attempts have been made 
to identify stages in nodal development, as well as the evolution of entire 
transport networks (Hoyle and Smith, 1998). For example, the Anyport model 
(Bird, 1963) concerns the evolution of seaports, and Vance (1970) highlights 
the importance of exogenous factors behind early transport network forma
tion and urban growth in North America. Hay (1993b) summarizes the key 
findings of past and contemporary studies of network structure within the 
discipline of human geography: 

In addition to descriptive studies, transport geographers have attempted to 
account for the existence and location of individual network elements (ports, 
airports, canals, railway lines and roads) and for the pattern of whole networks. 
Although a relationship can be demonstrated between network form and other 
geographical variables (terrain, population density, economic development, 
etc.) it is generally recognized that a full explanation must include reference to 

The terminology used in the description of networks varies, although the usage of some 
terms is commonly restricted to certain types of networks. Links in a network may be re
ferred to as "edges," "sides," "arcs," "segments," "branches," or "routes," while nodes may 
be termed "vertices," "junctions," "intersections," or "terminals" (Haggett and Chorley, 
1969). 
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the changing historical context (economic, political and social) of the decision
makers {ibid., p. 419). 

Although the subject of Hay's writing is transport infrastructure, the gist of 
his concise summary is most likely true for other forms of networks as well. 

Normally, the most dynamic aspect of a network is the flow between the 
nodes that its usage represents. Indeed, changes in network structure tend to 
occur at a slower rate, compared with alterations in network usage. It is 
common for links and flows to be created and maintained by different actors. 
For example, while road networks tend to be a public responsibility, the flows 
are mostly made up by private transports. Transport geographers have studied 
the movement of people and goods on networks using various techniques, for 
example, gravity models and behavioral approaches related to perceived utility 
of alternative destinations (Hay 1993c; Karlqvist, 1990). 

Similar to transport networks, communication networks, such as systems for 
broadcasting and telecommunications, are utilized for purposes of transferring 
things over space. Clearly, however, the networks and the flows they generate 
and facilitate are quite different in character. Transport infrastructure makes 
up networks where the nodes, links, and flows usually correspond to physical 
structures or events. Communication networks are much more intangible, and 
they can only be used to carry information. Interaction between individuals, 
groups, and organizations may also be represented in the form of networks. 
Obviously, such social networks have even less tangible characteristics. In any 
case, there is an interrelation between networks for transportation and 
communication on the one hand, and social networks on the other, because 
they contribute to the creation and maintenance of each other (Karlqvist, 
1990; Törnqvist, 1990). 

The structure and characteristics of networks can be measured and mapped in 
different ways. Topological maps and measures treat networks as graphs, only 
considering the position of and connectedness between nodes. In contrast, 
geometric approaches also take distance into account. There are a number of 
elementary topological measures of network structure. For example, the alpha 
index ( a) measures network connectivity: 

a = u 
O.V - 5) 

where // is the cyclomatic number and the denominator consists of the 
maximum number of circuits for the given number of nodes. The cyclomatic 
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number, which equals the number of circuits in a network,19 is defined as the 
number of links (E) and subgraphs (S) subtracted by the number of nodes (F). 
Alpha indices yield values between 0 and 1 (or 0 and 100 when multiplied by 
one hundred, as is commonly done), with the highest value denoting maxi
mum connectivity.20 

Network size or magnitude can be measured in several ways. In addition to 
topological approaches such as counting the number of links and nodes, link 
distance can be taken into account. For example, total network leng th (M), which 
gives a more accurate estimation of spatial extent than topological measures, 
can readily be calculated. Average link length (rj ) is calculated by dividing the 
total network length with the number of edges: 

n = M 
E 

Additional geometric aspects of networks, such as network shape and density, 
can also be estimated. Network shape {n) is expressed as: 

TT = M 
d 

where d is the mean length (in distance units) of the network diameter {§). 
Network diameter is a topological measure, which refers to uthe maximum number 
of edges in the shortest path between each pair of vertices" (Haggett and Chorley, 
1969, p. 43). The value of ô increases with the size of a network, but is 
inversely related to its connectivity. High values of n indicate a compact 
network. Network density refe rs to network length per distance unit within a 
certain area. The density of a network is statistically related to the maximum 
and average distance to nodes, thus having implications for accessibility 
(Bradford and Kent, 1977; Haggett and Chorley, 1969; Hay, 1993b). 

Despite their somewhat intangible characteristics, networks built upon 
information technology can generally be measured and mapped. The nodes, 
links, and flows of physical information technology networks can be visual
ized by geometric or topological maps, taking departure in the real world 
location of the infrastructure. Obviously, though, there are cyberspace 
networks that are more abstract in nature, and thus harder to map. For 
example, some virtual communities have spatial attributes but lack geographic 

A "circuit" should be interpreted as "apath starting and finishing at the same point and travers ing by 
the shortest route some or all of the system" (Bradford and Kent, 1977, p. 95). 

A simpler measure of connectivity is the beta i ndex (ß)t which is (E/1). The simpler the 
topological structure of a network, the lower the value of ß. The value of maximum connec
tivity depends on the number of vertices, making it less useful than the a index for compara
tive purposes (Bradford and Kent, 1977; Haggett and Chorley, 1969). 
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points-of-reference. The usage of geographic metaphors ("spatialization") 
may aid in the mapping of such networks (cf. note 14) (Dodge and Kitchin, 
2001). 

Although their relevance may be questioned in some cases, network analysis 
measures (such as the a and n indices presented above) can be calculated for 
many information technology networks. In addition, indices tailored to the 
specific characteristics of information technology can be constructed. For 
example, overall network capacity can be estimated by dividing the sum of the 
capacity of the connections with the number of links. An alternate measure 
that takes into account the physical length of the connections is average 
network capacity per distance unit, that is: 

iCI ink  d is tance  *  l ink  capac i ty ) 2 1   

M 

where the higher the value, the greater is the overall transmission capacity of 
the network. 

While the mapping and measuring techniques mentioned above are useful for 
purposes of visualization and time-space comparisons, and as a starting point 
for analysis, they only slightly contribute to the understanding of processes 
behind and outcomes of network development. Indeed, the implementation 
and expansion of networks constitutes a dynamic process, where a geographi
cal approach can be employed not only in description, but also for explaining 
spatial implications and processes of diffusion. 

3.3 Spatial Diffusion 
Diffusion is a concept, which precise meaning is dependent upon the context 
it is used. Within the social sciences, "diffusion" refers to the spread of 
phenomena—for example, products and ideas—in space through time. 
Primarily, diffusion studies within the social sciences have focused on the 
introduction and acceptance of innovations. An innovation can be defined as 
"an idea, practice, or object that is perceived as new by an individual or other unit of 
adoption" (Rogers, 1995, p. 11). According to Rogers (1995), there are ten 
major innovation diffusion "research traditions" within the social sciences: 

1. Anthropology, 
2. Early sociology, 

Some connections do not have a uniform carrying capacity. In such cases, the bandwidths of 
the "bottlenecks" may be used for calculation purposes. 
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3. Rural sociology, 
4. Education, 
5. Public health and medical sociology, 
6. Communication, 
7. Marketing and management, 
8. Geography, 
9. General sociology, and 
10. General economics.22 

The research traditions focus on different innovations, and concentrate on 
varying aspects of the diffusion process. In addition, they tend to employ 
different methodology in terms of data collection and analysis. The geo
graphical diffusion research tradition is, according to Rogers, one of the 
smallest but "unique in its emphasis upon space as a majorfactor affecting the diffusion of 
innovations" (ibid., p. 86). Traditionally, geographical diffusion research has 
studied the diffusion of innovations, but also the transmission of information, 
growth of settlements, and spread of infectious diseases (Small and Witherick, 
1989). 

Cultural geographers carried out the first major innovation diffusion studies 
within the geographical research tradition. The diffusion research undertaken 
by cultural geographer Carl Sauer and the "Berkeley School" that he initiated 
concerned the diffusion of cultural traits, particularly in historical times. For 
example, Sauer (1952) investigated the origins and dispersal of agricultural 
practices around the world. The results, which concern both diffusion pat
terns and processes, can be considered representative for innovations other 
than those being studied (Brown, 1981). 

In the subsequent developments in geographical diffusion theory and re
search, Swedish geographer Torsten Hägerstrand has made important contri
butions. According to Brown (1981), Hägerstrand's contributions to the 
geographical tradition of diffusion research can be subdivided into two 
phases: an early transition period, and a subsequent "Hägerstrand tradition of 
diffusion study."23 The early diffusion research of Hägerstrand concerns 

There are other notable diffusion research traditions, including public administration and 
political science, agricultural economics, psychology, industrial engineering, and statistics 
(Rogers, 1995). 

Hägerstrand subsequendy developed the geographical school of thought referred to as "time 
geography." As noted earlier, the diffusion of diseases constitutes an important field of study 
within the geographical diffusion research tradition. Incidentally, time geography has also 
been employed in medical geography research. For example, Schserström (1996) is a study 
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patterns of diffusion in modern contexts, and use cartography as principal 
method. Hägerstrand (1952) investigated the adoption of automobiles in the 
Swedish county of Scania (Skåne). He noted how innovations were often first 
introduced in this southern part of the country. The initial adoption of 
automobiles in coastal towns close to the Danish capital of Copenhagen was 
followed by "waves of innovation," which, over time, spread the innovation 
increasingly far from the area of origin. Figure 3-1 schematically illustrates the 
concept of innovation waves. First, there is an increase in the number of 
adopters close to the original areas of diffusion. Later, the diffusion process 
reaches more distant areas, losing strength with increased distance from the 
source area. 
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Figure 3—1 Waves of innovation diffusion. 
After Morrill (1968), p. 7. 

Hägerstrand (1952) identifies four main stages in the diffusion process. In the 
first (primary stage), diffusion centers are established. The second (diffusion 
stage) sees the emergence of additional diffusion centers and the spread of the 
innovation to the center hinterlands. In the third (condensing stage), the 
diffusion exhibits more similar adoption rates over geographical space. Finally, 
during the fourth (saturation stage), the rate of adoption slows down. Subse
quent innovation diffusion studies, for example, Törnqvist (1967) on the 
introduction of television in Sweden, broadly confirmed the findings of 
Hägerstrand. According to Brown (1981), the findings of Hägerstrand (1952) 

related to epidemiology, taking departure in time geography. Shannon (1997) examines tele-
medicine, using the time geographical framework. 
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concern patterns of innovation diffusion and can be considered applicable for 
innovation diffusion within urban systems. 

Later, Hägerstrand (1953)24 expanded his studies of innovation diffusion by 
incorporating statistical analysis and mathematical modeling. This time, 
Hägerstrand examined the diffusion of agricultural innovations in parts of the 
Swedish county of Ostergödand. Hägerstrand regarded communication 
between individuals as the primary factor governing the spread of innovations. 
The circulation of information on innovations, which contributes to creating 
innovations waves, is restrained by physical barriers to interaction as well as 
individual resistances to innovation adoption. Taking departure in the assump
tion that communication is inversely related to distance, Hägerstrand modeled 
the process of information circulation and innovation adoption by creating a 
"mean information field," that is, superimposing probabilities of contact on 
squares on a grid. Using stochastic Monte Carlo simulation methods to 
operationalize the model, Hägerstrand then compared predicted and observed 
patterns of diffusion. The result of the model was quite similar to the actual 
diffusion that had occurred. Brown (1981) argues that the findings, which 
concern both diffusion pattern and process, can be considered representative 
for innovation diffusion in general. 

As has been noted in social science research on innovation diffusion, there are 
empirical regularities in the distribution of adopters over time: the adoption 
process generally results in a bell-shaped frequency curve resulting in an 
S-shaped, cumulative distribution of adopters (Figure 3—2). Following an 
initial period where acceptance is rather low, the diffusion process tends to 
take off. Finally, as acceptance approaches maximum, the rate of diffusion 
slows down. Taking departure in this empirical regularity, ideal types of 
adopters have been constructed. Those individuals first adopting an innova
tion form a comparatively small category of venturesome innovators. They are 
followed by the early adopters, and subsequently the early majority. The late 
majority adopts new ideas after the average member of a social system. The 
laggards constitute the last type of adopters. They are categorized as traditional
ists, who are reluctant to embrace new ideas. Typically, there is a long deci
sion-making process preceding the laggards' adoption of innovations. 
Naturally, though, not all innovations reach the entire population. (Haggett, 
Cliff, and Frey, 1977; Rogers, 1995). 

Hägerstrand (1967) is an English translation. 

34 



£ a 
CL a> 
o o co 
c o 
03 > O 
c 
c 

Innovators Early Late Laggards Early 
adopters majority majority 

Time 

Figure 3-2 Distribution and accumulation of innovation acceptors over time. 
After Abler, Adams, and Gould (1971), p. 405. 

Obviously, interpersonal communication and mass media are both possible 
channels for the dissemination of information about innovations. Hägerstrand 
argued, in accordance with the findings of rural sociologists, that interpersonal 
communication was of greater importance for information distribution. For 
this reason, the diffusion model in Hägerstrand (1953) did not include the 
effects of the mass media (Brown, 1968). There are different views concerning 
not only to what extent, but also how the mass media influences processes of 
diffusion. Some scientists argue that the flow of information from the media 
directly influences a large proportion of the population. A contrasting view
point, the two-step flow model, suggests that the media primarily influences 
certain key individuals, which in turn communicate its information to other 
members of society (Hudson, 1972). In any case, recent developments in 
telecommunications and information technologies have changed the precon
ditions for information dissemination. 

There are a number of diffusion models that attempt to mathematically 
formalize the distribution of adopters over time. The internal-influence m odel 
assumes (like Hägerstrand) that the driving force of diffusion is interpersonal 
communication and imitation involving adopters and non-adopters; the model 
yields an S-shaped, cumulative distribution of adopters (Figure 3—2). In 
contrast, the external-influence model is based on the assumption that diffusion 
is influenced by communication sources external to existing adopters. Exam
ples of such external communication sources include not only mass media but 
also government agencies and commercial vendors. The external-influence 
model results in a diffusion curve that starts out with a steep increase in 
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adoptions and gradually levels out. The point of inflection—that is, the point 
when the rate of diffusion is the highest—thus occurs at an earlier stage, 
compared with the internal-influence model. The mixed-influence model incor
porates parameters representing both internal and external influences (Maha-
jan and Peterson, 1985). In a recent study concerning the diffusion of 
competitive floorball in Sweden (Edling and Liljeros, 1996), the suitability of 
the different models was tested on a county basis. In most cases, the mixed-
influence model was found most suited to the data. However, in a number of 
counties diffusion seemed to be exposed only to internal influences, and in a 
couple of cases the external-influence model provided the best fit to the data. 

The diffusion process described by Hägerstrand (1953) exhibits a strong 
neighborhood effect. This form of diffusion is often referred to as contagious 
diffusion. In contagious diffusion processes, geographical proximity strongly 
influences the process of dispersal over space. The spread of infectious 
diseases, which obviously are passed on by direct contact, is but one example 
of such forms of diffusion. However, neighborhood effects do not necessarily 
dominate the formation of spatial diffusion patterns. Rather, many diffusion 
processes are more or less facilitated by infrastructure and influenced by 
patterns of population distribution, thus gravitating towards centers of human 
activity. Such forms of diffusion, referred to as central place or hierarchical 
diffusion, have also been subject to detailed analysis (e.g., Hudson, 1972). It is 
quite common for innovations such as trends and fashion to exhibit marked 
hierarchical dispersal tendencies. Haggett (1983) demonstrates this by refer
ring to the "Beatles pattern." The musical style of the Beatles was conceived 
in the city of Liverpool, and spread downwards in the urban hierarchy to 
smaller cities in the vicinity and eventually also upwards to the national capital, 
London. Once established there, the style was introduced in other city centers 
worldwide from which the diffusion process finally reached smaller cities and 
their hinterlands around the world.25 

It should be noted that diffusion may exhibit different patterns and be 
governed by varying processes, depending on the spatial scale that is consid
ered. The concept of scale in the study of diffusion is schematically illustrated 
in Figure 3—3, which takes into account the national, regional, and local levels. 
Although the neighborhood effects of contagious diffusion traditionally have 
been identified with the micro scale, such processes may also appear at the 
macro level. Random diffusion patterns have also been observed. However, 

The term cascade d iffusion may be applied to diffusion processes that are hierarchical but 
solely involve diffusion downwards from larger to smaller centers (Haggett, 1983). Another 
form of diffusion recognized within geography is horizontal diffusion, where dispersal takes 
place between similar units, for example, settlements of comparable size (Mayhew, 1997). 
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such findings should be interpreted with caution, as a change of scale may 
reveal regularities that otherwise are not apparent (Abler, Adams, and Gould, 
1971; Brown, 1981; Gould, 1969). 

National 

Regional 

Figure 3—3 Diffusion at différé fît spatial scales. 
After Abler, Adams, and Gould (1971), p. 408. 

In any case, neighborhood effects and hierarchical spread can also occur 
simultaneously at the same geographical level. In fact, many diffusion proc
esses represent such a combination of contagious and hierarchical compo
nents, where the strength of the two diffusion types may wax and wane during 
the course of the diffusion process. As a result of the continuous time-space 
and cost-space convergence brought about by developments in transportation 
and communications, diffusion processes in modern society tend to have a 
bigger hierarchical component compared with those taking place in earlier 
times. All things being equal, hierarchical diffusion can also be assumed 
especially prominent in areas with uneven population distributions (Abler, 
Adams, and Gould, 1971; Robinson, 1998). 

There is also a distinction between expansion diffusion, in which the phenom
ena being diffused remain in their areas of origin, and relocation diffusion, 
where the things being diffused leave the areas where they originated. Expan
sion and relocation diffusion may occur simultaneously in that phenomena 
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may exhibit dispersal and simultaneously partially disappear in the source area 
(Abler, Adams, and Gould, 1971; Gould, 1969). 

The spread of phenomena over space may be impeded by barriers of different 
kinds. Barriers to diffusion may be physical, such as when rivers hinder urban 
growth, but there are several obstacles that are more abstract in nature. For 
example, psychological barriers related to differences in cultural, linguistic, 
religious, political, and other respects may also hold back diffusion. There are 
several possible effects of barriers on diffusion (Figure 3—4). Some diffusion 
barriers may be described as absorbing in that they completely stop diffusion in 
their direction. Super-absorbing bar riers prevent diffusion in other ways as well 
by "destroying" the transmitter. Reflecting and direct reflecting barriers channel the 
diffusion in other directions. Commonly, though, diffusion barriers are 
permeable in that they do not stop diffusion but rather slow it down. For 
instance, a mountain range may reduce the rate of settlement growth in its 
direction. Similarly, a border representing a linguistic boundary may act as a 
permeable barrier to communication flows (Abler, Adams, and Gould, 1971; 
Gould, 1969; Haggett, Cliff, and Frey, 1977). 

The contributions of Hägerstrand to the study of diffusion in the early 1950s 
formed the basis for a substantial amount of additional research that followed 
up on his findings. Since the quantitative revolution within human geography 
took place in that and the following decade, it is hardly surprising that a large 
proportion of the early post-Hägerstrand diffusion research was preoccupied 
with the operational aspects of his diffusion model. The model was scruti
nized and, with more or less modifications, applied to the diffusion of various 
innovations (Gregory, 1993). For instance, Shannon (1970) is a study of the 
diffusion of an innovative health care plan in the Detroit area using Monte 
Carlo simulation methods. Within medical geography, epidemic diffusion 
models were constructed and applied to epidemiological studies (e.g., Cliff 
et al^ 1981) and also in other contexts.26 Quite naturally, epidemic diffusion 
models bear some resemblance to Hägerstrand's representation of diffusion. 
However, such models distinguish not only between adopters and 
non-adopters (denoted susceptibles), but also between active (infectives) and 
passive (removals) adopters. Removals are adopters that no longer contribute to 
the diffusion of the concerned phenomenon (Robinson, 1998). 

While Sauer and the Berkeley school concentrated on studying the spread of 
cultural traits, the Hägerstrand research tradition was more focused on the 

Brown (1981) and—more recently—Robinson (1998) include overviews of such applications 
of epidemic research models. 
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Figure 3—4 Barrier effects on dif fusion. 
After Yuill (1965), p. 19. 

diffusion of mechanical and other innovations more directly related to the 
economy. However, several of the studied innovations were cheap or costless. 
Within economic geography, studies of innovation diffusion have concen
trated on the spread of technology within and between companies. In this 
context, cost and company sÌ2e are considered central variables. The per
ceived use of new technologies in companies is viewed as dependent on 
purchasing and learning costs, as well as the price of abandoning old tech
nologies. Threshold models, where economic breaking points are central in 
making diffusion rates take off, have been proposed. Moreover, the impor
tance of standardization for technology diffusion has been given attention 
(Rigby, 2000). 

Mirroring the general epistemological and methodological shifts within the 
discipline of geography, criticism of traditional, positivist diffusion research 
intensified during the 1970s and 1980s. It was argued that conventional 
diffusion research was preoccupied with spatial form, lacking in-depth 
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clarifications of conditions for and consequences of diffusion processes (see, 
for instance, Blaikie, 1978 and Gregory, 1985). Brown (1981) points out that 
traditional research of innovation diffusion has focused on the demand side, 
neglecting issues of supply, marketing, and infrastructure. The importance of 
market factors is seen to vary along a continuum, ranging from cultural traits 
to consumer products in competitive niches. There is also the issue of to what 
extent an innovation is supported by propagators: profit- or non-profit-
motivated organizations or government agencies that, for some reason or 
another, are working towards the diffusion of the innovation. Conversely, 
groups and individuals (whether adopters or non-adopters) may actively 
attempt to thwart a diffusion process. Brown (1981) and—more recently— 
Yapa (1996) also give attention to a development perspective, concerned with 
the role of innovation diffusion in modernization processes in Third World 
settings. 
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4 TELEMEDICINE IN SPACE AND PLACE 

In the previous chapter, the individual phenomena that together make up the 
diffusion of telemedicine—information technology, networks, and spatial 
diffusion—were examined from a geographical perspective. In this chapter, 
the focus shifts to spatial aspects of telemedicine. The first three sections 
address telemedicine networks, diffusion processes, and the impact of tele-
medicine activity. In conclusion, the chapter considers different national and 
local environments within which telemedicine may be carried out, and how 
they influence the conditions and opportunities for telemedicine. 

4.1 Telemedicine Networks 
In telemedicine networks, the communicating health care facilities constitute 
telemedicine nodes, and the connections and communication between them 
make up telemedicine links. Obviously, there is usually a functional division of 
labor between nodes in networks for clinical telemedicine. A health care 
facility providing medical assistance at a distance constitutes the central site, 
while the recipients of medical assistance make up the remote si tes (Field, 1996). 
Occasionally, a telemedicine node will both function as a central and remote 
site. Perednia (1995) suggests that the terms "referring," "consulting," and 
"referring/consulting sites" be used when denoting remote, central, and 
functionally mixed sites, respectively. In networks for non-clinical telemedi
cine, teaching activities result in similar divisions of labor between the sites, 
but in some instances of conferencing the relationship between the connected 
nodes is such that no central or remote sites can be identified. 

As explained in Section 2.1, telemedicine is defined as "the advanced use of 
telecommunications and information technologies (involving more than 
transmission of text and speech) to provide and support health care when 
distance separates the participants." However, even though this characteriza
tion of telemedicine serves to identify telemedicine activity as such, there is 
still some ambiguity in the delimitation of telemedicine nodes, links, and 
networks. When a health care facility is equipped with telemedicine technol
ogy, medical data can often be transmitted to a large number of potential 
nodes. However, in order to be considered a node in a telemedicine network, 
a health care facility should not only possess the necessary technology to 
communicate, but also be linked with the network through actual and recurring 
telemedicine interaction. Although some telemedicine networks are established 
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and run on an informal basis, there is usually some kind of organizational 
structure behind a telemedicine program or project. 

Telemedicine networks may take on different forms in terms of number of 
links and nodes, as well as the functional relationship between participating 
sites. According to Grigsby (1997), telemedicine "network architecture" can 
be subdivided into four main categories (Figure 4—1), three of which (hub and 
spoke-type networks) exhibit more or less obvious hierarchical characteristics. 
In a simple hub and spoke network, a single facility provides services to one or 
more remote sites. In multiple h ub and spoke networks, two or more health 
care facilities provide telemedicine services to a number of telemedicine 
nodes. Complex hub and spoke networks include nodes that have both refer
ring and consulting functions. By contrast, in a distributed n etwork there are 
only some (partially distributed) or not any (fully distributed) hierarchical 
relationships between the connected nodes. Some telemedicine networks may 
include elements from more than one category, while others may not fit any 
of these models. 

The number and characteristics of telemedicine links tend to vary, depending 
on the kinds of health care facilities that make up the telemedicine nodes. 
Hospitals with telemedicine capacity are often connected to a number of 
health care facilities. The facilities may exhibit considerable diversity with 
regard to aspects such as location, size, and degree of specialization. First, 

Simple hub and spoke Multiple hub and spoke 
network network 

Central site 

Remote 
site 

Complex hub and spoke Distributed network 

networK 

Figure 4—1 Structures of telemedicine networks. 
After Grigsby (1997), pp. 314—316. 
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hospitals often function as central sites in links to primary care facilities within 
and outside of the urban area in which they are situated. Second, telemedicine 
is also carried out between hospitals of different types. Compared with 
hospitals, primary care facilities tend to have fewer telemedicine links. Indeed, 
most often, there is only one connection, where a central site—usually a city 
hospital—is consulted. Occasionally, health care centers communicate with 
several hospitals and even other primary care facilities. 

The usage of links in telemedicine networks can be measured in both absolute 
and relative terms. Frequency of usage denotes the actual usage of a telemedi
cine link. Degree of usage is a relative measure, which refers to the number of 
consultations in relation to the amount of cases where telemedicine could 
potentially have been applied. The perceived utility of and interest in tele-
medicine at remote sites is likely to be central for telemedicine usage patterns, 
and may be influenced by a number of factors. 

Not surprisingly, accessibility to telemedicine equipment is of importance for 
the frequency by which telemedicine technology is used. Accessibility to 
telemedicine equipment is primarily a function of how telemedicine technol
ogy is allocated at the micro level. The impact of allocation of telemedicine 
technology on accessibility is most apparent in the hospital setting. Here, the 
medical personnel may have to walk a considerable distance (and perhaps wait 
for elevators, too!) within the facility before accessing the telemedicine 
equipment. When hospitals constitute central telemedicine sites, such condi
tions may function as a barrier to the degree of responsiveness to requests for 
telemedicine consultations. Since primary care facilities are smaller, accessibil
ity may not constitute as big an obstacle for the use of telemedicine technol
ogy (Reid, 1996; Shannon, 1997). Among other factors related to telemedicine 
technology that are likely to be of importance for telemedicine usage are the 
ease of use as well as the capacity and reliability of the telemedicine equip
ment. 

4.2 Spatial Diffusion Processes 
Diffusion of telemedicine is constrained and facilitated by structural factors, 
such as the organization and allocation of health care. However, the imple
mentation and expansion of telemedicine networks is ultimately a product of 
decision-making. Telemedicine is acquired and used in order to aid the 
production of health care. The consumers of health care, the patients, indi
rectly influence the diffusion of telemedicine to the extent that their needs are 
taken into account. However, they are seldom involved in the actual imple
mentation process. As Chuang (1997) notes: 
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It appears ironic, that the people which telemedicine was intended to serve are 
also the ones that may have the least amount of influence over it. Not only are 
they rarely involved in its planning and development, their opinions after its 
implementation have not been seriously taken into account (ibid., p. 20). 

Instead, it health care personnel and politicians, presumably often in high 
positions, that are likely to constitute the most common and important 
decision-makers concerning the diffusion of telemedicine. 

Modern practice of medicine necessitates frequent communication between 
individuals, facilities, and places. Therefore, it can be assumed that internal 
influences (i.e., communication and imitation involving adopters and non-
adopters) are more important than external ones for the diffusion of tele
medicine. The external influences on telemedicine diffusion are presumably 
more limited. Indeed, the mass media in general is likely to give little attention 
to telemedicine. However, some medical publications may cover telemedicine 
to a larger extent and thus constitute a more probable external influence on 
telemedicine diffusion. In addition, commercial vendors selling telemedicine 
equipment may represent an external influence on the diffusion of telemedi
cine. 

The role of distance in telemedicine diffusion, however, is less clear. The 
dissemination of information is likely to be inversely related to distance, thus 
facilitating neighborhood effects in processes of diffusion. Interest for 
telemedicine may be channeled through professional social networks, largely 
characterized by geographical proximity between those involved. On the other 
hand, the impact of telemedicine activity is in some respect more pronounced 
over long distances (see Section 4.4.2). Hence, the perceived need and use for 
telemedicine may be greater at, and when considering telemedicine implemen
tation in, distant health care facilities. This would conceivably result in a 
"distance effect" quite different to the more familiar contagious diffusion 
process presented in Chapter 3. 

The organization and allocation of health care may affect the diffusion of 
telemedicine in several ways. The location and capacity of health care facilities 
determine where telemedicine may be implemented and which forms of 
telemedicine that are possible in different places. Since systems of health care 
provision tend to involve facilities with different functions, sizes, and degrees 
of specialization, the diffusion of telemedicine may take on hierarchical 
characteristics. Health care provision is normally subject to boundaries and 
areas of service. As has been pointed out (Cutchin, 2002; Rigby, 1999), 
telemedicine can result in "virtual care regions" that need not necessarily 
coincide with administrative boundaries. However, administrative boundaries 
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may also act as barriers to diffusion, thus contributing to shaping the spatial 
characteristics of telemedicine networks. 

There has been some prior research in telemedicine diffusion, incorporating 
various degrees of spatial aspects and perspectives. Emery (1996) examines 
the diffusion of telemedicine to hospitals in the southeastern U.S. states of 
North Carolina, South Carolina, and Georgia. The study is primarily quantita
tive and based on statistical data and questionnaire findings. Regression 
analysis is utilized in order to reveal determinants of telemedicine diffusion. 
The circumstances most strongly correlated with telemedicine implementation 
are a not-for-profit status, large hospital size, and the existence of formal 
affiliations with other specialist care facilities. 

According to the questionnaire findings, cost and physician acceptance are 
considered the most important barriers to telemedicine implementation. 
(Patient acceptance, however, is not deemed to be a big obstacle.) Of course, 
to the extent that cost is an implementation barrier, large hospitals may be 
better suited to overcome them. The fact that not-for-profit hospitals have a 
high degree of adoption is interpreted as a sign that telemedicine is generally 
not considered financially attractive. Judging from the study findings, there is 
"strong evidence that telemedicine is not reaching rural areas" (ibid., p. 162).27  

However, the applicability of the findings outside of the United States, or in 
primary care settings, is unclear. 

Linderoth (2000) examines telemedicine diffusion in northern Sweden. The 
study, which is based on interviews and participant observation, encompasses 
two major and two minor case studies. Actor network theory is utilized as one 
theoretical basis for the study. The implementation of telemedicine technol
ogy (information technology "artifacts") is understood as a "process of 
translation" where actor networks introduce different forms of telemedicine 
usage. Linderoth (2000) identifies different forms of telemedicine usage 
(Figure 4-2). 

Areas outside of Metropolitan Statistical Areas (MSA) are considered rural. 
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Routinization and acceptance 

Areas of artifact 
application 

Figure 4—2 Forms of telemedicine implementation. 
After Linderoth (2000), p. 225. 

Initially, telemedicine is often low on the agenda, seeing only limited use in a few 
areas. 'Traditional" implementation is achieved by accomplishing widespread 
acceptance and a high degree of routinization of telemedicine use for a certain 
purpose. Commonly, telemedicine projects result in what is termed enthusiasts' 
isles', telemedicine is used by a few enthusiastic participants for various pur
poses, but there is a low degree of general acceptance of the technology and a 
lack of integration of telemedicine into ordinary medical practices. The 
concept of infusion is employed to illustrate an advanced form of telemedicine 
implementation where usage is diverse as well as widely accepted and inte
grated. In other words, in contrast to the geographical notion of diffusion 
employed in this study, the concept of infusion fuses the actual adoption of 
telemedicine with degrees and characteristics of utilization. 

Moore (1995) investigates the characteristics of "earlier adopters" of telemedi
cine in the U.S., using questionnaire data and personality tests. The study 
examines to what extent Rogers' (1983) generalizations of characteristics of 
early adopters apply when it comes to telemedicine diffusion. It also looks at 
factors related to telemedicine utilization and "opinion leadership" in 
influencing the use of telemedicine. A majority of the investigated 
generalizations (18 out of 29) were confirmed to apply in the context of 
telemedicine diffusion. For instance, earlier adopters of telemedicine were 
found to have "more years of education," to have "a more favorable attitude 
toward science," and to be "more cosmopolite," compared with later 
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to be "more cosmopolite," compared with later adopters. Among variables 
positively correlated with utilization of telemedicine are time spent on educa
tional activities, and hospital size is one of several variables positively corre
lated with opinion leadership. 

Tanriverdi and Iacono (1999) is a study of telemedicine diffusion in Boston, 
Massachusetts. This multiple case study considers several aspects of telemedi
cine diffusion: number of applications and users, as well as usage patterns and 
annual volume of consultations. The approach of the study bears similarity to 
that of Linderoth (2000), in that utilization rates and types of usage are 
considered part of the diffusion process. Data were collected through semi-
structured interviews, observations, and document review. The study identi
fies a number of "knowledge barriers" that have to be lowered before large-
scale telemedicine diffusion can take place. "Champions of telemedicine" 
need to demonstrate how to use telemedicine, as well as resolve economic and 
organizational issues, in order for telemedicine to take off among potential 
adopters. 

4.3 Impact of Telemedicine Activity 
The potential impact of telemedicine activity varies considerably depending on 
which medical disciplines are involved, and whether the usage is clinical or 
non-clinical in nature. There is also a geography of telemedicine outcomes: 
consequences of telemedicine may arise in a number of places and at different 
spatial scales. At the local level, central as well as remote sites may be affected. 
Telemedicine can also bring about consequences at the regional and national 
levels for organizations providing health care. In the long term and with high 
frequencies of usage, notable structural and economical impacts of telemedi
cine may become likely to occur. 

As Cutchin (2002) notes, there is a tendency towards "pro-telemedicine bias" 
in the literature concerned with describing the possible impact of telemedicine 
activity. Although there are potential problems and negative effects related to 
telemedicine, for instance, concerning patient acceptance and privacy and 
security issues, the prospect of beneficial outcomes usually predominates. 
When it comes to actual research, medical and technological studies of such 
aspects as diagnostic quality of telemedicine systems account for a large 
proportion of the studies. A number of cost analysis studies have also been 
carried out.28 

Overviews of conducted telemedicine research include Taylor (1998a), Taylor (1998b), and 
Tohme and Olsson (1995). 
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At the local level, it is in particular at remote sites that the effects of telemedi
cine are likely to arise. Such health care facilities, their staff, and the patients 
that are subject to telemedicine may benefit in a number of ways. When 
medical personnel at remote sites are involved in the specialists' assessment of 
patients, they are likely to increase their medical competence related to the issues 
that consultations concern. As Reid (1996) points out, such effects may in 
turn exert an influence on telemedicine usage patterns: the need and will to 
initiate telemedicine consultations for similar cases may decrease, resulting in 
new patterns of telemedicine usage. Moreover, the practice of telemedicine 
can contribute to reducing professional isolation. In addition, telemedicine may 
aid in the recruitment and retention of personnel. 

For patients at remote sites, telemedicine may contribute to elevating the 
quality of care29. Input on diagnosis, treatment, and other issues from specialists 
by means of clinical telemedicine may result in enhanced care quality for the 
concerned patients. Furthermore, the increase in staff competence that is 
likely to arise at remote sites may be beneficial to other patients within the 
catchment area. 

As is the case with use of information technology in general, telemedicine 
flows may have an impact on patterns of movem ent. The movement of medical 
personnel and patients, as well as "goods" such as X-ray images and tissue 
samples, can be affected by the use of telemedicine. The potential impact of 
telemedicine flows on transports can be broken down into four categories, by 
taking into account whether any movement is planned prior to the telemedi
cine activity (Figure 4—3): 

1. If a transport is planned before telemedicine activity and subsequently 
carried out, there is naturally no difference in terms of movement. 
However, patterns of movement may still be modified. For example, 
the actual destinations of planned referrals to specialist care can be 
changed as a result of telemedicine consultations, 

2. When a transport is planned before telemedicine activity and subse
quently not carried out, the use of telemedicine substitutes for move
ment. For instance, when planned referrals are deemed unnecessary as a 
result of telemedicine consultations, a reduction in patient travel is 
achieved, 

3. Telemedicine activity can also generate transports. For example, a referral 
not initially considered may be issued because of a telemedicine consul

The issue of defining the concept "quality of care" is considered in Campbell, Roland, and 
Buetow (2000). 
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tation. Moreover, by facilitating contacts between personnel at different 
health care facilities, subsequent meetings in person may come about, 
and 

4. If a transport is not planned before telemedicine activity, and subse
quently not initiated because of the telemedicine use, there is obviously 
no difference in terms of movement. Such telemedicine consultations 
still serve a purpose, for instance, by providing a "second opinion" on a 
certain issue. 

/ Transport \ 
planned prior to* 
, telemedicine y 
\ activity? / 

Yes No 

Transport 
carried out? 

T ransport 
carried out? 

Yes No No Yes 

Eventual 
modification Generation Status quo Substitution 

Figure 4—3 Potential impact of telemedicine on transports. 

Telemedicine may thus result in reductions in the amount of patient travel 
between specialist and primary care. With reduced patient travel, effects will 
arise at different levels. First, savings in time and money are achieved. The 
savings related to reduced travel is partly a function of route distance. It is also 
influenced by other factors such as mode of travel. For example, traveling by 
taxi is more expensive than (if possible) carrying out the same trip by bus. For 
some patients, especially among those undertaking long journeys, an overnight 
stay at the referral destination is needed. Patients may also experience a loss of 
income as a result of visiting specialist care. In some cases, especially when 
patients are young or elderly, an accompanying person is needed, who also 
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will be subject to costs of travel in time and money (unless commuting), and 
perhaps a loss of income. 

While savings in time and money of reduced patient travel are comparatively 
easy to calculate, psychological effects are more difficult to determine. For the 
concerned patients, there are savings in terms of less inconvenience. Access
ing specialist care sometimes involve journeys regarded to be quite cumber
some (e.g., involving a number of transfers). Thus, a reduction in travel results 
in not only a time but also a "hassle saving." Furthermore, by getting a 
specialist opinion at an earlier stage, a reduction of anxiety can in many cases 
be achieved. 

4.4 Telemedicine in Different National and Local 
Environments 

From an international perspective, there are considerable differences in the 
conditions for and characteristics of health care provision, which in turn 
influence the conditions and opportunities for telemedicine. Although there 
are important economic and medical policy differences within countries, the 
most striking variations exist between them. Within each country, the settings 
of telemedicine nodes—that is, the local environments within which telemedi
cine sites are established—are also of importance in determining the condi
tions and opportunities for telemedicine. 

4.4.1 The National Level: Systems of Health Care Provision 

There have been a number of attempts to classify the health care systems of 
the world. Roemer (1991) has gone a step further by developing a classifica
tion of "medico-economical environments," which highlights key differences 
in not only systems of, but also conditions for, health care provision. The 
categorization uses two variables: economic development and degree of public 
intervention in health care provision. Roemer considers, but ultimately rejects 
the idea to also include a cultural dimension. The reason is partly methodo
logical, partly a concern that the higher degree of complexity would make the 
classification system unwieldy. 

In order to measure the economic status of countries, GNP per capita is 
employed. Roemer (1991) distinguishes between industrialized\ transitional\ an d 
very poor countries. Moreover, a special category is established for resource-rich 
countries, exhibiting high per capita GNPs but comparatively low degrees of 
industrialization. In general, countries belonging to the resource-rich category 

50 



have economies that are largely dependent on production and export of oil 
products. The measure of public intervention in the health care system is less 
formalized. Entrepreneurial and socialist health care systems are characterized by 
very little and very large government intervention, respectively. Socialist health 
care systems also tend to exhibit high levels of central planning. Welfare-oriented 
and comprehensive health care systems are less extreme forms, with comprehen
sive systems giving the state the larger responsibility for health care provi
sion.30 Combining the measures yields a two-dimensional overview of the 
various environments within which health care is carried out over the world 
(Table 4-1). 

T able 4—1 Classification of "medico-economical environments. " 
After Roemer (1991), p. 97. 

Economic 
level 

Health care system Economic 
level Entrepreneurial Welfare-oriented Comprehensive Socialist 

Industrialized United States Canada Great Britain (former) 
Soviet Union 

Transitional Thailand Brazil Costa Rica Cuba 

Very poor Bangladesh India Tanzania Vietnam 

Kesource-rich Libya Kuwait X 
The most obvious example of an industrialized, entrepreneurial medico-
economical environment is the United States, where the state only has a 
limited role in the financing and production of health care. Countries with an 
increased degree of public intervention include Canada (welfare-oriented) and 
Great Britain (comprehensive). When it comes to industrialized, socialist 
medico-economical environments, Roemer's original example (the Soviet 
Union) is obviously obsolete. In fact, because of the substantial political 

While the difference between entrepreneurial and socialist systems of health care provision is 
quite straightforward, the characteristics defining welfare-oriented and comprehensive sys
tems are subtler in nature. In comprehensive health care systems, all citizens have equal ac
cess to publicly funded and produced health care resources, even though economic 
constraints may limit the full implementation of the policy, especially in non-industrialized 
countries. By contrast, in welfare-oriented systems in industrialized countries, the political 
intervention is less comprehensive, and is mainly focused on financing rather than produc
tion of medical care. In less affluent countries with welfare-oriented systems, "major efforts" 
are usually undertaken to provide health care to the population in both rural and urban areas 
(Roemer, 1991). 
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changes in Eastern Europe in the end of the 1980s and the beginning of the 
1990s, there are today few if any socialist health care systems in existence in 
developed countries.31 

Clearly, economical and medical policy conditions are of importance for the 
diffusion and practice of telemedicine. Since there is a strong relationship 
between GNP per capita and health care spending (Jönsson, 1991), industrial
ized countries have more resources that may be utilized for telemedicine 
implementation. The availability and capacity of telecommunications and 
information technologies also varies between countries, depending on their 
economic status. In developing countries, poor economies and limited 
technological infrastructures seriously impede telemedicine diffusion (see 
further Wright, 1998). Differences in health care policy may also contribute to 
influencing processes of telemedicine diffusion. For example, telemedicine 
diffusion in the U.S. is correlated with not-for-profit status of hospitals 
(Emery, 1996). This indicates that, ceteris paribus, telemedicine diffusion may be 
more pronounced in countries with a larger degree of public involvement in 
the provision of health care, such as Great Britain. Moreover, the impact of 
telemedicine may vary, depending on how health care systems are organized. 

The Swedish medico-economical environment is, like that of Britain, defined 
as industrialized and comprehensive. However, the Swedish health care 
system also has some special characteristics, which influence the conditions 
and opportunities for telemedicine. The Swedish system of health care 
provision is described in detail in Chapter 5. Chapter 6 addresses its conceiv
able implications for the diffusion of telemedicine. 

4.4.2 The Local Setting of Telemedicine Nodes 

In a wider sense, links in a telemedicine network connect not only facilities, 
but also places located at various points on the size continuum of settlements. 
Reid (1996) makes use of the urban/rural dichotomy in his breakdown by 
geographical setting, but he does not explicitly consider all possible kinds of 
connections. There are four principal ways in which telemedicine links can 
manifest themselves in space when the settings of the connected nodes are 
determined using the urban/rural dichotomy. Telemedicine can be carried out 
between, within, and outside of cities, as well as between urban and rural 

The transitional and very poor countries exhibit the same range of public intervention in 
medical care. On the other hand, when Roemer presented his typology of medico-
economical environments, no "resource-rich" country had entrepreneurial or socialist sys
tems of health care provision. 
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areas. These various forms of telemedicine are referred to as interurbana 
intraurban, rural\ and urban—rural^ resp ectively. 

As distances between health care facilities located in the same city are likely to 
be comparatively short, transports made unnecessary by intraurban telemedi
cine would have spanned a relatively short distance. However, the actual gains 
measured in reduced travel time may still be substantial. Since deprived urban 
districts tend to be medically undersupplied (Meade, Florin, and Gesler, 1988), 
especially with regard to specialist care (Reid, 1996), it can be assumed that 
such areas have much to gain from telemedicine. Although an all-pervading 
characteristic of urban areas is varying patterns of social and economic wealth, 
socio-economic deprivation tends to be more pronounced, and spatially more 
concentrated, in metropolitan areas.32 Big cities also have a higher magnitude 
of traffic problems, such as public transport delays and traffic jams. Conse
quently, transport substitution effects resulting from intraurban telemedicine 
can be especially beneficial in large cities. 

The classification of telemedicine connections by setting using the urban/rural 
dichotomy constitutes a useful tool for spatial description and analysis of 
telemedicine. However, the typology fails to take into account a geographical 
phenomenon that is of considerable interest in this context, namely the notion 
of marginality. As Liljenäs and Strömgren (1999) point out: 

The various categories encompass many situations in which telemedicine is 
carried out over space. Depending on the location of the connected nodes, 
telemedicine will bridge a varying geographical distance. To some extent, there 
is a relationship between distance and setting. When the links are interurban, 
urban-rural or rural, the physical distance between the health care facilities is 
obviously likely to be greater than with intraurban connections. However, the 
remote site in an urban-rural telemedicine network can be more or less 
peripheral in relation to the central site, where the population—and hence 
health care resources—tend to be concentrated. The conditions and 
opportunities for telemedicine in marginal rural areas are, in some respects, 
quite special, and largely a function of the considerable geographical distance 
to the central site {ibid., p. 91). 

The meaning of the concepts "rural" and "marginal" has been subject to 
extensive discussion and analysis within the discipline of human geography. 
There is no generally agreed upon definition of what constitutes a rural area. 

In the developed world, the phenomena of urban deprivation is probably most apparent in 
American metropolitan areas, where inner-city neighborhoods, located quite close to the cen
tral business districts, tend to constitute the most impoverished parts of the cities. The 
Swedish pattern of urban deprivation is less marked and manifests itself in space in a quite 
different way. In the largest cities of Sweden, it is in certain suburbs—wholly or partly com
prising council estates—that the most deprived areas are to be found. 
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Both administrative definitions primarily based on population sizes and 
densities in different areas, and functional approaches focusing on such 
factors as "ways of life" are viable approaches to defining the rural. In addi
tion, recent decades have seen increasing support for the notion that, first and 
foremost, "rural" is a mental construct, thus constituted by the experience of 
rurality. Official designations of rural areas are legion. In many cases, rural 
areas are simply defined as non-urban space, with urban areas being defined 
and delimited by measures taking into account population size and/or density 
of settlement. The threshold for localities to be defined as urban varies 
between countries, reflecting the varying histories, physical geographies, and 
socio-political conditions across the world (Hoggart, Buller, and Black, 1995). 

The concept of marginality occasionally appears in official contexts and has 
been subject to some geographical discourse (e.g., Heikki, Leimgruber, and 
Majorai, 1998). According to Persson (1994), marginal areas in developed 
countries are traditionally characterized by long distances to growth centers, 
skewed demographics (which manifests itself in a large proportion of males 
and senior citizens), depopulation, and a certain degree of dependency on 
public support. The unbalanced demographic structure is mainly a result of 
net out-migration, and contributes in itself for natural reasons to the depopu
lation phenomenon. Leimgruber (1993) identifies and discusses four different 
forms of marginality that may exist individually or in combination in a certain 
area: 

1. Geometric marginality, which applies to regions at the geographic periph
ery of an administrative area. As illustrated by a number of economi
cally flourishing border cities and regions, geometric marginality is not 
necessarily disadvantageous in terms of economic status and develop
ment, 

2. The concept of ecological marginality, which makes use of the natural/ 
cultural dichotomy. From the point-of-view of human activity, an area 
where the landscape has not been transformed by man is ecologically 
marginal. However, the opposite view, in which ecosystems largely un
affected by man are ecologically central, is also possible, 

3. Economic marginality, where marginal areas are identified based on re
gional disparities in terms of economic resources, status, or develop
ment. This is the most common way to approach the concept of 
marginality, and 

4. Sodai marginality, which occurs in areas where a large proportion of the 
population is not fully integrated with the rest of society. Linguistic and 
religious differences between populations and areas may contribute to 
creating social marginality {ibid.). 
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In addition, Leimgruber (1993) briefly mentions some additional approaches 
to the concept of marginal regions. For example, when governments neglect 
certain areas and their populations, they may be considered marginal in a 
political sense. Moreover, areas with minority cultures can be denoted culturally 
marginal. 

Defining the concepts "rural" and "marginal" in relation to health care 
provision and telemedicine is not really a straightforward issue. When consid
ering whether a certain health care facility has a rural setting, the population 
size of the locality in which it is situated appears to be a reasonable measure.33 

While the official designation of rural space, that is, areas outside of localities 
with 200 inhabitants,34 is unwieldy due to its inclusiveness in terms of delimit
ing urban areas, a definition based on a higher, more internationally accepted 
threshold seems reasonable. In this study, health care facilities located in 
urban localities with less than 7 500 inhabitants are considered to have a rural 
setting. In order to take into account nearby large agglomerations of popula
tion, the definition was modified to include the precondition that the localities 
also be situated outside of a 25 kilometer radius from urban areas with 
populations exceeding 50 000 inhabitants.35 

In the context of health care, a definition of medical marginality may be 
introduced focusing on areas with long distances to facilities for specialist 
care. In this study, primary care facilities more than 100 kilometers away from 
specialist care are considered to have a "medically marginal" location. 
Presumably, areas that are marginal in relation to specialist care are likely to 
exhibit other forms of marginality as well. 

Instead of trying to determine the setting of health care facilities based on their actual 
location, it can be argued that it would be more logical to focus on the character of their 
overall areas of service. With such a definition, however, it would be a complex matter to 
make the involved variables operational. 

The extent of the localities is determined by means of certain constraints as regards the 
maximum distance to inhabited buildings that are eligible to be included. 

Although it is a common practice to regard Swedish localities with 50 000 but not more than 
250 000 inhabitants as cities of "medium size," other approaches are possible. For example, 
in his dissertation on Swedish medium-sized cities, Kåpe (1999) selected the twenty largest 
cities omitting the largest urban areas of Stockholm, Gothenburg, and Malmö. In addition, 
four smaller cities that had been identified as important regional centers in a previous work 
were included in the study. The population of the cities varied from 30 000 to 110 000 in
habitants. In National Atlas of Sweden: The Population (1991), on the other hand, urban areas 
with a population of 2 000 to 10 000 inhabitants are denoted as "medium-sized localities" 
and larger urban agglomerations are called "cities." 
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As telemedicine in medically marginal areas is carried out at primary care 
facilities, there are certain constraints concerning which kinds of telemedicine 
applications that can be subject to diffusion in such settings. High-level 
telemedicine applications that require a substantial degree of specialization not 
only at the central but also the remote site may not be feasible. Telemedicine 
programs focusing on providing specialist medical competence to marginal 
areas may also take on particular network characteristics. Obviously, telemedi
cine is often carried out over quite long distances. Moreover, there is a 
constraint in the choice of telemedicine technology that especially applies to 
areas of rural and marginal character: information and telecommunications 
technologies are not necessarily available everywhere, and their capacities tend 
to vary over space. 

When a primary care facility in a marginal area becomes the remote site of a 
telemedicine link to specialist care, the use of telemedicine will bridge a 
considerable geographical distance. Therefore, the impact of telemedicine 
activity may in some respects be comparatively pronounced. The opportuni
ties for marginal telemedicine are perhaps most apparent concerning accessi
bility to specialist care. In the event that the flow of referrals and thus patient 
travel to specialist care is reduced, the consequences will, ceteris paribus , be 
larger than with telemedicine taking place over shorter distances. At small, 
marginally located health care centers, telemedicine can also contribute to 
diminish the sense of professional isolation that may arise among health care 
staffs and maybe even aid in the recruitment and retention of medical person
nel. 
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5 HEALTH CARE PROVISION 
IN SWEDEN 

This chapter concerns health care provision in the study area. As the previous 
chapter explained, the medico-economical environment of Sweden can be 
characterized as a comprehensive health care system implemented in an 
industrialized economic context. However, the Swedish model of health care 
delivery also has some distinct features that set it apart from that of other 
countries with similar systems. Following a description of the development 
and current status of the Swedish health care system, the allocation of health 
care resources at the national level is presented. The distribution of health care 
resources in northern Sweden, the site of the regional case study, is then 
described in particular detail. 

5.1 The Swedish Health Care System 
The contemporary Swedish health care system is characterized by a large 
degree of public involvement in the provision of health care. In medieval 
times, however, the church played a prominent role in health care provision: 
hospitals for the elderly and poor sick were established in connection with 
monasteries. Gradually, health care came to be carried out in more specialized 
and organized forms by the state. The provision of public health care was a 
major component in the establishment of the Swedish welfare system that was 
implemented during the 20th century (Borgenhammar, 1984; Isacsson and 
Qvarsell, 1998).36 

Health care in Sweden today is primarily financed by taxes, and is governed, 
organized, and carried out by the public sector. The overall framework for 
health care provision is established at the national level by the Swedish 

In the 17th century, the state began to provide health care on a larger scale. By the end of the 
century, a number of state-employed provincial doctors were appointed. In 1752, the first 
"modern" hospital, Royal Serafimer Hospital in Stockholm, opened. This event was followed 
by the construction of a number of small hospitals and asylums. Outbreaks of venereal dis
eases in the 18th and 19th centuries further encouraged the establishment of public hospitals. 
The county councils, the institution responsible for most contemporary health care, were es
tablished in 1863. While the county councils originally handled a number of tasks, a focus on 
health care provision soon developed. However, it was not until 1963 that the organization 
of provincial doctors was reassigned from the state to the county councils (Borgenhammar, 
1984; Isacsson and Qvarsell, 1998). 
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Parliament.37 The actual provision of health care, however, is mainly carried 
out and decided upon on a regional basis. Indeed, the county councils, 
regional authorities responsible for health care provision, have a large degree 
of freedom in deciding not only the specifics of health care provision, but also 
the level of taxation deemed necessary to support it. Although the duties of 
the county councils were more diverse in an historical perspective, they still 
carry out some tasks in addition to health care provision, for example, certain 
public transport and education services. The activities of the county councils 
are primarily financed by the county council taxes. Other sources of revenue 
include national public spending and patient fees (Isacsson and Qvarsell, 
1998). 

There are today eighteen county councils and two regions (Västra Götaland 
Region and Region Skåne), which are responsible for health care within their 
areas of service.38 In one case (Gotland), health care provision is a municipal 
responsibility (Figure 5—1). The political and administrative management of 
the county councils are similar at the higher levels. In all counties, there are 
politically elected county council assemblies, which in turn appoint county 
council boards. County councils elections are held every four years, concur
rent with the national and local elections. In other respects, the administrative 
and political organization often varies between the county councils. There are 
also regional differences with regard to health care provision. For example, 
while some county councils do not require a referral for certain specialist care 
consultations, others do. However, the foundation of the health care system is 
the same throughout the country (Falk and Nilsson, 1999). 

Private care accounts for about 10 percent of the health care resources. 
Private health care providers are most common in larger cities. Additionally, 
adult dental care is largely carried out on a private basis under a comprehen
sive insurance system that reimburses some of expenses incurred {ibid.). 

Within the government, the Ministry of Health and Social Affairs {Socialdepartementet) handles 
issues related to health care. The Ministry of Finance has an important role regarding eco
nomical aspects of health care provision. The National Board of Health and Welfare (Sodai-
styrelsen) carries out supervision, evaluation, and control functions (Isacsson and Qvarsell, 
1998). 

The regions, founded in 1999, provide health care services in place of previously responsible 
county councils and municipalities within their boundaries. Health care in the Västra Göta
land Region was previously provided by Bohus, Skaraborg, and Alvsborg county councils 
and the municipality of Gothenburg. Two county councils, Kristianstad and Malmöhus, as 
well as the municipality of Malmö previously provided health care in Region Skåne. 
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Figure 5—1 County councils and other authorities responsible for public health care 
provision in Sweden. 
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In the 1990s, a number of changes were implemented concerning the nature 
and extent of the county council-provided health care. In 1992, the ÄDEL 
reform moved the responsibility of care for the elderly from the county 
councils to the municipal level. In 1996, care for the mentally ill was also made 
a municipal responsibility. Moreover, "market-oriented" solutions for health 
care provision were widely implemented as a response to problems related to 
the cost and efficiency of the public health care system, such as long patient 
queues in non-emergency cases. However, some of these management 
changes were short-lived. While some types of market-oriented restructuring 
was decided on at the national level, several reforms were also initiated and 
implemented within individual county councils (Harrison and Calltorp, 2000). 

5.1.1 Allocation of Health Care Resources 

In several countries with large public involvement in the health care system, 
the allocation of health care resources has been carried out using spatial-
functional principles, the roots of which can be traced to central place theory. 
In Sweden, spatial-functional principles have been and still are of great 
importance for health care policy and planning (Meade, Florin, and Gesler, 
1988). Consequently, the health care system is based on a hierarchy of sorts, 
consisting of facilities of different sizes and degrees of specialization and with 
varying catchment areas. In relation to facilities providing basic health care, 
there are fewer specialized facilities, which consequently are less accessible in 
geographical terms. Generally, facilities are allocated in space according to 
patterns of population distribution. 

The most distinguishing feature of the functional organization, colloquially 
referred to as the "health care chain," is the subdivision into country care, 
regional care, county care, and primary care. The highly specialized country and 
regional car e are carried out at regional hospitals, which also often constitute 
"university hospitals," that is, they carry out medical education and research. 
Even from an international perspective, the regional hospitals are compara
tively large in terms of number of beds and personnel. Specialized county care is 
carried out at central and district county hospitals. In relation to central 
county hospitals, district county hospitals provide a limited amount of medical 
services and tend to have smaller catchment areas. Finally, primary car e is the 
basic level of health care, mainly carried out at health care centers. 

The spatial delimitation of catchment areas, as well as the allocation of 
facilities, is more difficult to optimize compared with the functional organiza
tion {ibid). The allocation of specialist care facilities is presented in Figure 5-2. 
The catchment areas of the regional hospitals correspond to the health care 
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Figure 5—2 Allocation of specialist health care resources in Sweden. 
Health care facilities are sized according to number of beds. 

Primary source: Socialstyrelsen (1998). 
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regions—agglomerations of adjacent counties and other authorities responsi
ble for health care provision, today with about 1—2 million inhabitants each. 
In the delimitation of health care regions and the placement of regional 
hospitals within them, important contributions were made by the field of 
geography (Godlund, 1961). 

The modern Swedish health care system has traditionally been characterized 
by a large focus on hospital care. There has also been a tendency toward the 
concentration of specialist care resources to a limited number of units. In 
recent decades, there has been a shift in emphasis from hospital care to 
primary care. The move towards increasing the importance of primary care 
was on the policy agenda for a long time before actual changes were imple
mented in the late 1970s and early 1980s. Even so, Sweden still has a less 
developed primary care compared with many other European countries 
(Borgenhammar, 1984; Falk and Nilsson, 1999; Meade, Florin, and Gesler, 
1988). 

* 

Since telemedicine is carried out in the context of health care systems, their 
structure greatly affect the potential geographic and other characteristics of 
telemedicine links and networks. The Swedish model of spatial-functional 
health care means that there are a fixed number of possible forms of tele-
medicine connections between levels and facilities (Table 5—1). The connec
tions can be divided into two main groups: "horizontal" connections linking 
together similar facilities, and "vertical" connections linking facilities of 
different kinds. The vertical connections can, in turn, be classified by whether 
the communication is between specialist facilities or is taking place between 
specialist and primary care. 

However, there are at least two additional possible forms of telemedicine 
involving Swedish health care facilities. First, some areas of health care 
provision are nowadays a municipal responsibility. Consequently, there is 
potential for telemedicine involving municipal care facilities. The principal 
duty of the municipalities is to provide care for the elderly. Therefore, this 
type of telemedicine is likely to be carried out in the form of telegeriatrics. 
Second, telemedicine can be provided from health care facilities to patients' 
place of residence. Presumably, such telemedicine will often be carried out in 
the form of telemonitoring, by means of automated transmission of patient 
medical data to a health care facility. 
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T able 5—1 Possible telemedicine connections within public health care facilities. 
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5.2 Northern Sweden: 
Geographical and Thematic Context 

When telemedicine is implemented in a region, the diffusion of telemedicine 
networks takes departure in the existing organization and allocation of health 
care resources. Patterns of population distribution are an important factor in 
determining the ways in which health care facilities are allocated over space, 
and the pattern may in itself be of importance and taken into account in 
telemedicine implementations. Consequently, this geographical and thematic 
context of northern Sweden is of interest for spatial description and analysis 
of telemedicine activity within the study area. 

5.2.1 Patterns of Population Distribution 

Northern Sweden exhibits some distinctive geographical features. The region 
is largely made up by vast, sparsely settled areas, distances to major cities are 
generally large, and the climate is rather harsh (particularly in winter!). Obvi
ously, then, northern Sweden stands out from a national point-of-view. 
However, the region still exhibits considerable diversity both between and 
within its different counties. The majority of the population is concentrated in 
the coastal area where most of the major urban localities are situated. There 
are some large inland localities as well. However, the interior areas are typi
cally more sparsely settled. The mountainous inland regions are practically 
uninhabited (Figure 5—3). 
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Figure 5—3 Population distribution in northern Sweden. 
The concept "urban locality" refers to the official designation of urban areas, that is, agglomera

tions of 200 or more inhabitants. Source: Statistics Sweden population data from 1995. 
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The county of Norrbotten (BD) has the largest area of all Swedish counties. 
Norrbotten has a population of about 255 000 inhabitants and a population 
density of 2.6 persons per km2. The major settlements are concentrated in the 
coastal area and the upper inland parts of the county. The county of Västerbot
ten (AC) has the second largest area, and the population is about 255 000 
inhabitants. The population density is around 4.6 inhabitants/km2. Over three 
quarters of the population is concentrated in the coastal area. 

The county of Jämtland (Z) is the third largest county in Sweden in terms of 
area. Jämtland has a population of about 130 000 inhabitants and a population 
density of around 2.6 inhabitants/km2. The county has eight municipalities, 
which are characterized by considerable diversity in terms of area, population, 
and population density. Almost half of the population is concentrated in the 
central municipality of Östersund. Although the county of Västernorrland (Y) is 
the most densely populated county in northern Sweden (11.3 inhabitants/ 
km2), this figure is still well below the national average (21.7 inhabitants/km2). 
The population of Västernorrland (about 245 000 inhabitants in total) is 
concentrated in the southern coastland.39 

While most inland municipalities are characterized by overall low population 
densities, there are considerable variations in terms of degree of urbanization. 
The peripheral municipalities of Jämtland have rural shares of population that 
are considerably above the average for the four northernmost counties. By 
contrast, the northern, mountainous parts of Norrbotten exhibit a high degree 
of urbanization. This is due to the fact that a substantial proportion of the 
population there is concentrated to a couple of major urban localities, with 
large surrounding areas being more or less uninhabited.40 

5.2.2 Allocation of Health Care Resources 

Medical care in the northern Sweden is provided by the four county councils 
of Norrbotten, Västerbotten, Jämtland, and Västernorrland, which together 
make up the Northern health care region. In all counties, the politically elected 
county council assembly and the board they appoint are supported by a 
number of administrative and political bodies with varying responsibilities. 
Although there are certain organizational differences between the councils, 
they are—terminology and political representation aside—largely structured in 
a similar fashion. The county councils are geographically subdivided into 

39 Source: Statistics Sweden population data for 2001. 

40 Source: Statistics Sweden population data (2000). Degree of urbanization is measured using 
the official definition of urban areas, that is, localities with at least 200 inhabitants. 
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administrative divisions made up by clusters of adjacent municipalities, except 
for the county council of Jämtland where each municipality makes up an 
administrative region. 

The allocation of health care resources in the counties of northern Sweden 
largely mirrors their respective patterns of population distribution. Specialist 
health care facilities, that is, hospitals of various kinds, have been established 
in the coastal area and certain larger inland localities (Figure 5—4). In 
Norrbotten, the spatial allocation of specialist health care facilities has changed 
in recent years. The central county hospital was originally situated in the 
coastland localities of Luleå and Boden. In 1999, a new central county hospital 
located in nearby Södra Sunderbyn was inaugurated. A state-of-the-art facility 
in several respects, the hospital is highly computerized and makes extensive 
use of information technology. In addition to the central county hospital, 
there are four district county hospitals, of which two have inland locations. 
The regional hospital, the central county hospital of Västerbotten (Norrland's 
University Hospital), is situated in the coastal locality of Umeå. For purposes 
of specialized county care, the facility is supplemented by two district county 
hospitals located in Skellefteå and Lycksele. In Jämtland, on the other hand, the 
provision of specialist care is concentrated to the central county hospital in 
Östersund. Västernorrland has one central county and three district county 
hospitals, one of which is situated in an inland locality. 

Primary care is represented in all municipalities in northern Sweden, although 
to varying extent. In municipalities with large urban localities, there are 
numerous health care facilities servicing the population. By contrast, several 
other municipalities contain just one primary care facility, normally situated in 
the largest urban locality in the area. Some health care centers provide a small 
number of beds for patient care. Such cottage hospitals are particularly 
common in Västerbotten (Socialstyrelsen, 1996). 

As described in Chapter 4, areas are considered "medically marginal" if they 
are located more than 100 kilometers away from specialist care. Not surpris
ingly, substantial parts of northern Sweden can be considered marginal in the 
medical sense. Due to the principal allocation of hospitals to localities situated 
by or rather close to the coast, there are vast inland areas of northern Sweden 
that are geographically far away from specialist care resources. In Norrbotten 
and—in particular—Västerbotten, large portions of the inner parts of the 
counties exhibit medical marginality. By contrast, the county of Väster
norrland has practically no marginal areas in relation to specialist care (Figure 
5-4). 
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However, not the entire inland area of northern Sweden is marginal in relation 
to specialist care. This phenomenon is most evident in Jämtland and Norrbot
ten. Central Jämtland has good access to specialist care. The same cannot be 
said, however, for the northern, western, and southern fringes of the county. 
Due to the allocation of district county hospitals to the inland Norrbotten 
localities of Kiruna and Gällivare, a large section of the northernmost part of 
the county exhibits satisfactory geographical accessibility to at least the most 
basic level of specialist care. 

Although medical marginality is a quite prominent phenomenon in northern 
Sweden in terms of areal extent, only a fraction of the population is living in 
the concerned areas. Out of the total population of the Northern health care 
region, approximately one million inhabitants, just about 50 000 persons are 
living in medically marginal areas.41 In any case, because the inland specialist 
facilities mostly are made up of district county hospitals, distances to the more 
specialized county care are generally much larger in most inland areas. For 
example, in the areas surrounding the district county hospitals in Gällivare and 
Kiruna, central county care is located quite far away in geographical terms. 
Similarly, for most inhabitants in the Northern health care region, there is a 
considerable distance to the regional care resources in Umeå. 

The figure was calculated using 1995 Statistics Sweden population data. 
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6 RESEARCH MODEL, METHODS, 
AND SOURCES 

The methodology of the thesis was briefly introduced in Chapter 1. In this 
chapter, the methods and sources of the national and regional case studies are 
further described and discussed. The chapter begins by presenting a concep
tual model of telemedicine diffusion in a Swedish context. This conceptualiza
tion serves as the starting point for the variable selection in the national case 
study, accounted for in the subsequent section. Finally, the methods and 
sources of the regional case study are addressed. 

6.1 Conceptualizing the Diffusion Process 
The implementation and expansion of telemedicine networks are influenced 
by conditions at different geographical levels. At the national level, diffusion 
of telemedicine is carried out within the medico-economical environment of 
the country. As explained in Chapter 5, health care provision in Sweden is 
mainly a public responsibility. Therefore, the influence of politics on tele-
medicine diffusion can be assumed to be comparatively large. Another central 
characteristic of the Swedish health care system is the key role of regional 
health care organizations for the provision of medical care. Figure 6—1 
illustrates how the diffusion of telemedicine in Sweden is conceptualized in 
this study. The model assumes that decision-making directly related to 
telemedicine implementation is unlikely to be carried out at the national level. 
Instead, national economy and politics provide a framework that indirectly 
influences decisions to implement telemedicine at the regional and local levels. 

The regional health care organizations are likely to have different policies on 
telemedicine. Within health care organizations, perceived utility and interest 
for telemedicine varies between health care facilities. Decisions to implement 
telemedicine that lead to diffusion of telemedicine to health care facilities may 
be influenced by both regional telemedicine policies and local views on 
telemedicine. Such regional and local attitudes towards telemedicine are 
determined by a number of factors. The structure, usage, and impact of 
existing telemedicine are significant in this respect and will be dealt with 
separately later in this section. First, we will turn to other factors that may 
affect perceptions and policies concerning telemedicine at health care organi
zations and facilities. 
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At the local level, the setting and characteristics of health care facilities exert an 
influence on the views of telemedicine. Similarly, local conditions are of 
importance for regional decision-makers' perceptions of and acceptance for 
telemedicine at various facilities. Since the impact of telemedicine activity 
tends to be comparatively beneficial when more specialized care is located far 
away in geographical terms, such conditions are likely to be positively corre
lated with perceived utility of telemedicine. Another factor that may constitute 
an impetus for the acquisition of telemedicine capacity is the lack of medical 
competence and personnel. Facility size may be inversely related to locally 
available medical competence and personnel. However, large facilities contain 
more actors and—in the case of hospitals—clinics that may take an interest in 
telemedicine, and tend to carry out more medical examinations. The needs 
and demands of the patients in different areas are also of interest in this 
context. In addition, there is the issue of interest in technology as such, which 
may vary between health care facilities quite independent of their local settings 
and characteristics. 

At the regional level, telemedicine policies of health care organisations are 
dependent upon such factors as economy, politics, and research, as well as the 
overall geographical context of the area within which they are situated. 
Although telemedicine activity may very well prove economically beneficial in 
the long run, there is an initial cost associated with the start up of telemedicine 
programs. In many cases, start-up costs are partly or wholly funded by grants 
(Whitten, 1996). It may be argued that the better the economic condition of a 
health care organization, the greater is the general acceptance for telemedicine 
likely to be because there are ample resources for implementation. On the 
other hand, for health care organizations with poorer economic conditions 
there may be stronger incentives to implement telemedicine for economic 
gains. 

The presence of medical research within a health care organization may be 
positively correlated with telemedicine implementation. For example, the 
familiarity with and the inclination to apply for grants for telemedicine 
projects may be higher in such areas. The politics of health care organizations 
may influence telemedicine policies in either positive or negative directions. 
The geographic contexts of health care organizations are also of importance 
because there is a relationship to the potential benefits of telemedicine. For 
example, in regions with large areas characterized by medical marginality, 
policies may be more favorable towards telemedicine. 

Existing telemedicine at different geographical levels is likely to be of importance 
for its further spatial diffusion. In fact, telemedicine networks already present 
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may affect views of telemedicine at both the local and regional level in several 
ways. When the number of telemedicine programs, networks, and nodes 
increases, so does the likelihood for information dissemination related to 
telemedicine. For instance, reports on impact of existing telemedicine may—if 
beneficial—increase the perceived utility of telemedicine at health care 
facilities. Moreover, established telemedicine networks have central sites that 
health care facilities may utilize, should they implement telemedicine. It is 
assumed that the presence of remote telemedicine nodes primarily influences 
diffusion to facilities that provide a similar level of care. 

The diffusion of telemedicine is also related to the state of computer; telecommuni
cations, and information technologies. As Whitten and Collins (1997) emphasize, the 
innovation "telemedicine" is basically an application of other innovations, in 
that these already existing and constantly developing technologies are em
ployed for purposes of carrying out medicine at a distance. Although the 
information technology infrastructure exhibits some variations between—and 
to a lesser extent—within countries, the most striking differences are temporal 
in nature. In recent decades, the technologies utilized for telemedicine links 
and nodes have seen substantial developments, and price levels have dropped. 
Presumably, this has influenced the pattern of telemedicine adoption over 
time. 

6.2 National Study of Telemedicine Diffusion: 
Variables and Data Collection 

The purpose of the national study of telemedicine in Sweden (Chapter 7) is to 
reveal determinants of the diffusion process through quantitative analysis. The 
study is based on the public health care facilities that existed in Sweden in the 
year 2000. For each facility, there is one record per year since the first tele-
medicine implementation (1973) until the year 2000.42 Primary care is defined 
as health care centers. It should be noted that certain forms of telemedicine, 
such as telemedicine between hospitals and ambulances and to patients' place 
of residence, are not included in the analysis. Private health care providers, 
which are uncommon in Sweden, are also not taken into account in the study. 

When a telemedicine link for clinical purposes is established, diffusion of 
telemedicine to the remote, referring site is considered to have occurred. The 
dependent variable (TMYEAR) is treated as a dummy variable; it takes the 
value 1 the year a health care facility implements telemedicine. Logistic 

Source: Statistics Sweden data. 

72 



regression was therefore used for the analysis. Descriptions of logistic regres
sion methods can be found in statistical literature (e.g., Rice, 1994). The fact 
that health care facilities may lose (and eventually re-gain) telemedicine 
capacity is not considered in the analysis. In any case, there are certainly other 
conceivable ways of defining the dependent variable. For example, the 
number of medical disciplines within which telemedicine is used is another 
possible measure of telemedicine diffusion. However, because such a measure 
would yield especially high average values for specialist care facilities,43 it 
would be difficult to analyze the whole diffusion process in a balanced way. 

The independent variables (Figure 6—2) are derived from the conceptualiza
tion of Swedish telemedicine diffusion presented in Section 6.1. The variables 
that are included in the study constitute a subset of those presented in the 
conceptual model. Some variables are omitted for practical reasons and others 
because they are deemed to be comparatively insignificant. The 
twelve included variables are primarily local (1—6) and regional (7—10), but 
national (11) and international (12) variables are also used. Among the local, 
regional, and national variables are a number of measures (1—4, 7, and 11) that 
are related to the state and extent of existing telemedicine. The remaining local 
variables have to do with the setting and characteristics of individual health 
care facilities, while the remaining regional variables pertain to the health care 
organizations to which individual facilities belong. 

Among the local variables are both variables that are included in the analysis 
(3—6) and variables whose primary purpose is to facilitate it (1—2). Telemedicine 
status (1) is a dummy variable that takes the value 1 the year after a health care 
facility has acquired telemedicine capacity. The variable is utilized to exclude 
facilities from the analysis, once telemedicine has been introduced. Facility 
type (2) is also a dummy variable, which distinguishes between primary and 
specialist care facilities; it takes the value 1 when a facility provides specialist 
care. The variable is used to run separate analyses for the two facility types. 

Telemedicine adoption in vicinity (3) measures the share of remote telemedicine 
sites of a similar kind in the proximity of a health care facility. For primary 
care, the variable is calculated from the ten closest primary care facilities. For 
specialist care, the five closest specialist care facilities are used. By including 
this variable in the analysis, the neighborhood effect in telemedicine diffusion 
may be examined. Access to central site (4) is a dummy variable that takes the 
value 1 if telemedicine is already adopted in a similar facility within the 

For instance, the regional hospital Huddinge sjukhus provided telemedicine services within 
four medical disciplines to the central county hospital in Visby in 1998 (Stenbeck, 1998). 
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Local level 

1. Telemedicine status (TMSTATUS). 

2. Facility type (TYPE). 

3. Telemedicine adoption in vicin ity (VICINITY). 

4. Access to central site (ACCESS). 

5. Distance to higher level of care (DISTANCE). 

6. Facility size. (SIZE). 

Regional level (county council, region, or municipality) 

7. Telemedicine adoption in r egion (REGION). 

8. Politics (POL1/POL2). 

9. Economy (ECONOMY). 

10. Research (RESEARCH). 

National level 

11. Telemedicine adoption in country (COUNTRY). 

International level 

12. Technology (TECH). 

Figure 6—2 Independent variables in national study of telemedicine diffusion. 

concerned health care organization (primary care facilities and district county 
hospitals) or health care region (central and regional hospitals). This measure 
of central site access thus relies on the assumption that central and remote 
sites are located within the same health care organization or health care 
region. While it is probably common for telemedicine networks to be con
fined by administrative boundaries, this may not always the case. However, 
more reliable data on central sites were not available for the whole study area. 

Distance to higher level of care (5) measures the distance to the closest health care 
facility that provides a higher level of care. For example, for district county 
hospital, the distance to the closest central county or regional hospital is 
calculated. In the case of regional hospitals, the distance to the closest other 
regional hospital is used. Facility si^e (6) is measured using the numbers of 
employees.44 As mentioned earlier, a low number of employees may be an 
indication of locally unavailable medical competence and personnel and thus 
an incentive to acquire telemedicine capacity. On the other hand, large 

Source: Statistics Sweden data. 
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facilities contain more actors that may take an interest in telemedicine and 
tend to carry out more medical examinations. 

The regional variables are similar to all health care facilities, or all health care 
facilities of a certain kind, within county councils, regions, and municipalities 
responsible for health care provision. Telemedicine adoption in region (7) measures 
the share of remote telemedicine sites among similar health care facilities in a 
region. For primary care, the variable is based on the degree of primary care 
telemedicine adoption. For specialist care, the degree of telemedicine imple
mentation in specialist care is used. This variable measures the impact of 
telemedicine adoption within administrative areas on the further development 
of telemedicine there. The economy variable (8) is defined as the per capita 
income of county councils, regions, and municipalities responsible for health 
care provision (adjusted for inflation).45 The politics variable (9) is based on the 
political representation in county council assemblies (or other political bodies 
responsible for health care provision).46 There is either a political majority for 
the socialist block, a non-socialist majority, or a situation where independent 
parties can tip the balance in either direction. The variable is thus treated as a 
dummy variable. The research variable (10) is also a dummy variable, where the 
value 1 indicates the presence of one or many university hospitals, that is, 
teaching hospitals with medical research, within the region. Obviously, this is 
a quite crude measure of the degree of medical research in an area. 

The national variable is telemedicine adoption in country (11). It measures the share 
of remote sites among all similar (primary/specialist) health care facilities in 
Sweden. This variable measures the impact of telemedicine implementation in 
the country on its further development there. 

The international variable, technology (12) is defined as development in com
puter technology in the form of central processing unit (CPU) capacity. 
Variable data is interpolated from the number of integrated circuits, and thus 
the capacity, for different generations of Intel processors.47 While the price 
and capacity of data transmission is not directly related to processor capacity, 
it is a reasonable assumption that the development of available bandwidth has 
followed a similar course to that of CPUs. In the study, the state of telemedi-

Sources: Statistics Sweden data, including SCB (var. years, a) and SCB (var. years, b); 
Landstingsförbundet (var. years). 

Sources: SCB (var. years, a; var. years, b). 

The figures are available at 
<http: //www, intel. com/research/silicon/mooreslaw.htm>. URL last visited 
April 22, 2003. 
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cine technology is assumed to be equal over space. In practice, there are some 
variations in terms of, for instance, the availability of certain transmission 
techniques. Although such variations over space within a country may be of 
some importance for the spatial dynamics of the economy (Lorentzon, 2002), 
they are likely to be negligible concerning the diffusion of telemedicine. 

The basis for the data on telemedicine applications at the national level was a 
number of catalogues of telemedicine applications in Sweden (Holm-Sjögren, 
Sandberg, and Schwieler, 1999; Spri, 1993; Spri, 1996). In addition, a ques
tionnaire was sent to the county councils, regions, and municipalities respon
sible for health care provision, requesting information on the most recent 
developments in telemedicine. Responses were received from all concerned 
areas, usually in the form of documentation or listings of contact persons. 
Utbult (1994) provided additional information on the early history of tele-
medicine in Sweden. Where needed, representatives for telemedicine pro
grams were then contacted for additional information. It should be noted that 
it cannot be guaranteed that each and every Swedish telemedicine node has 
been included in the study. For example, some telemedicine activity may have 
been unknown or for some other reason omitted by the informants at the 
health care organizations. However, the data set that has been assembled from 
this combination of sources can be assumed to be reasonably representative 
across time and space. 

6.3 Methods and Sources of the Regional Case 
Study 

The regional case study of telemedicine in northern Sweden (Chapters 8—10) 
examines the diffusion of telemedicine, telemedicine networks characteristics, 
and the impact of telemedicine activity using qualitative data sources. The 
findings concerning diffusion are compared with the results of the national 
case study. The regional case study also extends the scope of the analysis. In 
contrast to the national study, not only telemedicine nodes but also telemedi
cine programs and networks, are taken into consideration. 

Although the study area comprises all four counties in the Northern health 
care region (Jämtland, Norrbotten, Västerbotten, and Västernorrland), there is 
a strong focus on the situation and development in Jämtland and Västerbot
ten. This is, in particular, the case in the analysis of diffusion. The main reason 
for this geographical focus is the especially interesting nature of these coun
ties' telemedicine experiences. The county of Jämtland has the longest history 
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of telemedicine in the area. Västerbotten has the most comprehensive con
temporary network, at least in terms of spatial extent. 

The regional case study draws upon two main sources of data. The basis for 
the study is a number of interviews conducted with personnel within the 
health care sector working with telemedicine. Written sources originating 
from county councils and health care facilities in northern Sweden have also 
been employed. 

The interviews were conducted with medical, administrative, and technical 
personnel. Thus, politicians and patients are not represented among the 
respondents. In total, 24 persons were interviewed. Medical staffs involved 
with the general telemedicine program in Västerbotten make up a large 
proportion of the respondents (see Appendix I). In general, interviews were 
recorded on tape and carried out at the workplace of the respondents. Some 
respondents were interviewed in a group, and in some cases, the same person 
was interviewed on different occasions.48 

Depending the roles of the respondents, the focus of the interviews has varied 
somewhat. For instance, in the interviews of technical personnel there has 
been a comparatively large emphasis on questions related to telemedicine 
technology, as technicians are especially likely to have knowledge of technical 
issues. Generally, the interviews have centered on the diffusion and practice 
of telemedicine. The respondents were first asked about their own role in the 
diffusion of telemedicine. In the interviews carried out at remote telemedicine 
sites, the line of inquiry has centered on the implementation and practice of 
telemedicine at that facility. Such respondents were also asked more general 
questions concerning the implementation and expansion of the telemedicine 
programs in which they were engaged. Questions related to the issue of why 
telemedicine is adopted in certain places and not in others have been central 
in the interviews. 

The written sources are published at different levels within the health care sector 
and exhibit great variation in terms of internal status: the material ranges from 
formal protocols by political bodies to informal drafts by actors involved with 
telemedicine activity. Evaluations of telemedicine programs made available by 
some county councils and health care facilities have also been used. In 
addition, observations have provided material for the study. By participation 
in conferences and project group meetings concerning telemedicine, addi
tional insights have been acquired and incorporated in the study. 

Eva Normark and Maria Carlson helped in conducting some of the interviews. 
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In the analysis of regional telemedicine diffusion, interview questions on the 
decision-making process as well as applicable written sources, constitute the 
basis for the study. The political influence of telemedicine diffusion is ap
praised by looking at documentation and through second-hand accounts. 
Although data collection for network analysis have presented few problems 
regarding structure and technology, there have been some difficulties in 
acquiring accurate, consistent, and detailed usage data.49 It should be noted, 
though, that there are considerable differences between telemedicine pro
grams in terms of available information on telemedicine usage. Unfortunately, 
this still makes it rather difficult to carry out aggregation and spatial compari
sons of telemedicine flow data. The impact of telemedicine activity is ap
praised in rather general terms, based on interviews and external evaluations. 

Abler (1991) notes that studies of flows in information technology networks are far and few 
between for this particular reason. 
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7 TELEMEDICINE DIFFUSION IN 
SWEDEN 

In this chapter, organized in four sections, the conceptual model of Swedish 
telemedicine diffusion presented in the previous chapter is tested using 
quantitative methods. First, descriptive statistics of dependent and independ
ent variables are accounted for. The second section presents and discusses the 
results of the analysis. This is followed by a simulation of the diffusion 
process, and finally a concluding discussion. 

7.1 Descriptive Statistics of Variables 
This section begins with an account of the diffusion of telemedicine in 
Sweden over time and space, which presents the dependent variable: year of 
telemedicine adoption. Subsequently, the focus shifts to the characteristics of 
the independent variables. 

7.1.1 The Dependent Variable 

Compared with some other developed countries, the first telemedicine 
applications in Sweden appeared at a later stage. For example, while the 
history of telemedicine in the U.S. dates to the middle of the 20th century,50 

the first Swedish health care facility with telemedicine appeared in the begin
ning of the 1970s. Figure 7—1 illustrates by facility type cumulative telemedi
cine adoption over time in Sweden. Whereas diffusion of telemedicine to 
specialist care facilities started earlier than primary care telemedicine, patterns 
of telemedicine adoption over time are otherwise quite similar. In both cases, 
the number of remote telemedicine sites took off in the beginning of the 
1990s. By the turn of the century, there were about 140 remote telemedicine 
sites in Sweden, almost evenly distributed between specialist and primary care 
facilities. 

50 See further Section 2.2. 
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Figure 7—1 Cumulative telemedicine adoption in Sweden by facility type. 

The absolute growth of primary and specialist remote telemedicine nodes over 
time display somewhat similar patterns, but the corresponding figures of 
relative telemedicine adoption (Figure 7—2) exhibit quite different characteris
tics. The share of specialist health care facilities with referring telemedicine 
functions rose slowly during the 1970s and 1980s. By the end of the 1980s, 
the number reached about 10 percent. The 1990s saw a sharp increase in the 
rate of telemedicine adoption within specialist care. At the end of the decade, 
almost 80 percent of all specialist care facilities constituted remote telemedi
cine nodes. In contrast, the share of primary care facilities with referring 
telemedicine functions has not yet reached 10 percent. 

In innovation diffusion research, it has been observed that the adoption 
process generally resembles a bell-shaped frequency curve, resulting in an 
S-shaped, cumulative distribution of adopters (Figure 3—2). Figure 7—2 
suggests that this may be the case with the innovation of telemedicine as well. 
Whereas diffusion to specialist care facilities in that case has progressed to the 
middle of the curve, diffusion to primary care facilities has not yet taken off to 
a larger extent. 
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Figure 7-2 Cumulative telemedicine adoption in Sweden (%) by facility type. 

Figure 7—3 shows the spatial pattern of telemedicine adoption for the years 
1990, 1995, and 2000. In 1990, there were a limited number of remote 
telemedicine sites. Most of them were specialist care facilities located in 
southern Sweden. By 1995, the situation had changed. Remote telemedicine 
sites were then present in all health care regions. However, telemedicine in 
primary care was predominately found in northern Sweden. In 2000, a 
substantial amount of remote telemedicine nodes had appeared in all health 
care regions. Although primary care telemedicine was carried out in all parts 
of the country, the share of primary care facilities using telemedicine was still 
considerably higher in northern Sweden. 

The dependent variable provides a basic understanding of the growth of 
telemedicine in Sweden. However, it does not reveal within which medical 
disciplines telemedicine is implemented or the location and number of central 
sites. Among the early applications, teleradiology was by far the most com
mon form of telemedicine. The reason for this is primarily technological: 
moving images, which are required for several other forms of telemedicine, 
were at the time hard to transfer with good quality and in an efficient fashion. 
Today, while teleradiology still is the most common form of telemedicine, the 
practice of telemedicine is marked by a much greater diversity. Holm-Sjögren, 
Sandberg, and Schwieler (1999) show that almost 70 percent of all Swedish 
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Figure 7—3 Spatial distribution of te lem e dicine adoption in Sweden. 
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telemedicine programs concentrate on five types of telemedicine (note that 
since the figures are derived from the telemedicine program level, there is no 
direct relationship to the proportion of remote sites using telemedicine within 
the various medical disciplines): 

1. Teleradiology (21 %), 

2. Telepathology (14 %), 

3. Emergency/ambulance telemedicine (13 %),51 

4. Telemedicine within otolaryngology (medicine concerning ear, nose, 
and throat) (10 %), and 

5. Telecardiology (9 %). 

7.1.2 The Independent Variables 

The independent variables introduced in Section 6.2 include both binary and 
continuous variables. For each health care facility, there is one record per year 
since the first telemedicine implementation (1973) until the year 2000. Since 
the analysis takes into account telemedicine status and excludes cases where 
telemedicine already has been adopted (i.e., where TMSTATUS=1), those 
cases are not included in the descriptive statistics presented in this section. 
This means that statistics of the independent variables is calculated from 
24 950 of a total of 25 480 cases. Subdivided by facility type (TYPE), 92 percent 
of the cases involve primary care. (The study is carried out using public health 
care facilities in Sweden for the year 2000, when the share of primary care 
facilities was 91 percent.) 

The variables that are derived from existing telemedicine and used in the 
analysis consist of a measure of access to central sites as well as three variables 
measuring the share of telemedicine adoption at different geographical levels. 
Access to cent ral site (ACCESS) is defined as the previous adoption of telemedi
cine in a similar facility within the concerned health care organization (primary 
care facilities and district county hospitals) or health care region (central and 
regional hospitals). In about 10 percent of the cases, there is access to central 
sites using this definition. 

The other variables related to existing telemedicine are concerned with the 
share of telemedicine adoption at the local (VICINITY), regional (REGION), 
and national (COUNTRY) levels. Table 7—1 presents observed values for these 

Emergency/ambulance telemedicine is not included in the present study, because the remote 
site in such cases is not a facility but a vehicle. 
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variables, subdivided by specialist care and primary care facilities. The maxi
mum and mean values are substantially higher for specialist care facilities. This 
is hardly surprising considering that the diffusion process has reached a more 
advanced stage within that part of the health care sector. Still, there are 
primary care facilities where telemedicine adoption in the vicinity amounts to 
as much as 60 percent. The development of the COUNTRY variable over time 
corresponds to Figure 7—2. 

Table 7—1 Observed values (%) for certain independent variables derivedfrom existing 
telemedicine. 

Variable Minimum Maximum Range Mean 

Specialist care facilities 

VICINITY 0 100 100 9.6 

REGION 0 100 100 7.9 

COUNTRY 1.2 77.9 76.4 12.6 

Primary care facilities 

VICINITY 0 60 60 0.4 

REGION 0 29.7 29.7 0.9 

COUNTRY 0 7.5 7.5 1 

The remaining local variables involve distance to higher level of care (DISTANCE) 
and facility si^e (S IZE), the latter measured using number of employees. These 
figures are the same for all years and are based on the condition for the year 
2000. There is hardly any significant correlation between the two variables 
(Figure 7—4). The majority of the primary care facilities are to be found in the 
interval 10—100 employees and 1—100 kilometers. Tables 7—2 and 7—3 present 
average values for the variables by facility type, depending on whether or not 
telemedicine has been adopted during the study period (each facility is thus 
counted once and placed in either the category "adoption" or "no adoption"). 
Specialist care facilities on average are located further away from higher levels 
of care than primary care facilities (Table 7—2). In terms of size, hospitals of 
course tend to be much larger than primary care facilities (Table 7—3). Among 
specialist care facilities, regional hospitals are clearly in a league of their own 
when it comes to facility size. The figures also indicate that both size and, in 
particular, distance are positively correlated with telemedicine adoption. 
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Figure 7—4 Distance to higher levels of care and facility sî e (no. of employees) for 
Swedish health care facilities the year 2000. 

Table 7—2 Average distance to higher levels of care ( km) by facility type and occurrence 
of te lerne diane adoption.52 

Care level 
Adoption I No adoption 

of telemedicine 

All facilities 69 16 

Primary care facilities 51 15 

Specialist care facilities 86 57 

District county hospitals 64 41 

Central county hospitals 112 98 

Regional hospitals 113 44 

Each health care facility is counted once and placed in either the category "adoption" or "no 
adoption." 
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Table 7—3 Average facility sî e (no. of employees) by care level and occurrence of 
telemedicine adoption.52 

Care level 
Adoption 1 No adoption 

of telemedicine 

All facilities 1 034 87 

Primary care facilities 56 37 

Specialist care facilities 1 926 2 224 

District county hospitals 918 916 

Central county hospitals 2 376 863 

Regional hospitals 6 271 9 160 

The remaining regional variables concern politics, economy, and research. The 
politics variable is a dummy variable, where the values 1 represent unclear 
majorities (POLI) and non-socialist majorities (POL2) in county councils and 
other health care organizations. Non-socialist majorities are present in 36 
percent of the cases and an unclear majority situation in 15 percent of the 
cases. The most common situation is thus a socialist political majority. This is, 
in particular, the usual state of affairs in northern Sweden. 

The economy variable (ECONOMY) measures the economical resources of 
health care organizations in the form of income per inhabitant (corrected for 
inflation). Values range from about SEK 10 000 to approximately SEK 75 000. 
Figure 7—5 illustrates the average value on a yearly basis. The economical 
resources of health care organizations rose at the end of the 1970s and 
declined in the beginning of the 1990s. The county councils in and around 
Stockholm as well as in northern Sweden tend to exhibit values that are 
slightly above the yearly averages. Municipalities responsible for health care 
provision, Gotland as well as Malmö and Göteborg until 1998 and 1999, 
respectively, have significantly higher incomes than other health care organiza
tions, and also more expenses. Thus, at the end of the study period, when 
responsibility for health care provision in Malmö and Göteborg was trans
ferred to regions, the yearly average was negatively affected. 

The research var iable (RESEARCH) is a binary variable that takes the value 1 in 
the presence of a university hospital within the concerned health care organi
zation. Almost all regional hospitals have functioned as university hospitals 
(teaching hospitals with medical research) during the entire study period. 
Regional hospitals are generally located in big cities and university towns 
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Figure 7—5 Income per inhabitant of Swedish health care organisations 
(corrected for inflation). 

(Figure 5—2). The research variable has a mean value of almost 0.4, indicating 
that in approximately four out of ten of the cases there is one or more 
university hospitals within the concerned health care organization. 

The international variable measures technology d evelopment (TECH) over time, 
based on the capacity of different generations of computer processors. In 
1965, Gordon Moore (the co-founder of Intel), observed that the number of 
transistors on integrated circuits and thus the capacity of CPUs seemed to 
increase exponentially, doubling about every two years. He also predicted that 
this would be the case for the near future. So far, "Moore's law," as his 
prediction has been named, has proven to be largely in accordance with the 
real world developments that form the basis for the variable. The technology 
variable thus increases each year in an exponential fashion, with values ranging 
from 3 750 (1971) to 42 000 000 (2000). The vast range of the variable is 
hardly surprising, considering the significant advances in computer technology 
that have taken place during the period. 

V —i. V ro 
CD CD CD CD CD CD CD CD CD o 
-si -vj -vJ 00 00 00 CD CD CD o 
CO CD CD M CJl 00 -vl o 

7.2 Regression Analysis: Results and Discussion 
The diffusion of telemedicine at the national level was analyzed using logistic 
regression techniques. In this section, the results of the regression analyses are 
presented. Furthermore, an initial interpretation of the findings is carried out. 
In the analysis, the variables measuring distance to higher level of care, facility 
size, and technology development were transformed to logarithmical form, 
because relative changes in the variables were deemed to be more significant 
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than absolute ones. The variable telemedicine status was used to exclude 
health care facilities from the analysis once they had adopted telemedicine. 

Table 7-4 shows the results of the initial run of the logistic regression with all 
variables included. Nagelkerke's R Square is 0.489. Nagelkerke's R Square is a 
pseudo r-square statistic that shows how much of the variation in the data 
which is explained by the model; the maximum is 1. In overall terms, the 
result of the regression analysis so far has to be considered as quite good. 
Significant variables (Sig. < 0.05) have their significance value marked in bold 
face. Several of the variables are significant. Exp($) is the odds ratio, that is, 
the predicted change in odds for telemedicine adoption for a unit increase in 
the variable. Odds ratio values higher than 1 thus indicate that a variable is 
positively correlated with telemedicine adoption, while values lower than 1 
indicate a negative correlation. 

There are four variables that are derived from existing telemedicine. They 
concern access to central sites as well as the levels of telemedicine adoption at 
the local (neighborhood), regional, and national levels. The variable concern
ing access to central site was expected to be positive. However, in the analysis, 
the variable turns out not to be significant. Presumably, the variable concern
ing regional adoption levels measures access to central sites in a more precise 
way and therefore contributes to the insignificance of the access variable. One 
aspect that supports this interpretation is that when tested alone against the 
dependent variable the access measure is positive and significant. In any case, 
the variable is operationalized in such a way that it constitutes a questionable 
measure of central site access. 

According to conventional geographical diffusion theory, the degree of 
telemedicine adoption at the local level would be expected to be positively 
correlated with adoption. As Chapter 3 explains, there are often neighborhood 
effects in spatial diffusion of phenomena, resulting in a large degree of 
adoption in proximity to existing locations (contagious diffusion). As it turns 
out, the correlation is in fact somewhat negative. There are several likely 
explanations to this finding. The variable measuring the degree of local 
telemedicine adoption often contains data from several counties, and the 
county borders function as barriers for telemedicine diffusion. There may also 
be a desire to achieve a regional balance in telemedicine nodes at the regional 
level (cf. the reasoning behind the establishment of telemedicine in Hammar
strand in the county of Jämtland, presented in Chapter 9). Furthermore, 
health care facilities that are likely candidates for telemedicine adoption in 
other respects may not be clustered geographically. 
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Table 7-4 Logistic regression results: initial run. 

Variable ß  S.E. Wald df Sig.53 E x p ( ß )  

VICINITY 
Telemedicine adoption in vicinity (%) -.043 .009 21.657 1 .000 .958 

ACCESS (dummy) 
1 = Access to central site -.138 .270 .261 1 .609 .871 

DISTLN 
Distance to higher level of care (log.) .833 .121 47.387 1 .000 2.301 

SIZELN 
Facility size (no. of employees) (log.) .320 .081 15.580 1 .000 1.378 

REGION 
Telemedicine adoption in r egion (%) .109 .010 127.018 1 .000 1.115 

POL1 (dummy) 
1 = unclear political majority .264 .276 .915 1 .339 1.302 

POL2 (dummy) 
1 = non-socialist political majority -.105 .346 .092 1 .762 .900 

ECONOMY 
Income of health care organizations54 .000 .000 1.348 1 .246 1.000 

RESEARCH (dummy) 
1 = university hospital in r egion .418 .253 2.738 1 .098 1.520 

COUNTRY 
Telemedicine adoption in country (%) -.034 .010 12.749 1 .000 .966 

TECHLN 
Technology (CPU capacity) (log.) .741 .106 49.061 1 .000 2.098 

Constant -20.275 1.908 112.881 1 .000 .000 

The degree of telemedicine adoption within a county was expected to be 
positively correlated with telemedicine diffusion. In the analysis, this proves 
indeed to be the case. When telemedicine is starting to develop in a county 
council or other health care organization, it is likely that additional telemedi
cine nodes will appear. There are three main reasons for this regional effect. 
First, contacts between medical staff, and thus dissemination of information 
and opinions concerning telemedicine, are likely to be higher within than 
between the regional health care organizations. Holm and Öberg (forthcom
ing) show that the growth of sick-leave expenses in Sweden in recent years to 
some extent can be attributed to a similar regional information effect. Second, 

Bold face designates that a variable is significant. 

Normalized by population and corrected for inflation. 
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the health care organizations are decision-making bodies with different 
telemedicine policies. Third, telemedicine programs that are established have a 
tendency to expand in terms of number of remote sites, and such expansions 
are likely to be concentrated to the region of origin. This is, in particular, likely 
to be the case for telemedicine programs focusing on providing telemedicine 
services to primary care facilities. 

Concerning the variable measuring the share of telemedicine adoption at the 
country level, its likely correlation to telemedicine adoption was unclear. The 
variable is significant in the analysis and has a slightly negative correlation to 
the independent variable. In any case, it is likely that the technology variable 
explains the overall development of telemedicine over time more precisely 
compared with the national levels of telemedicine adoption. All in all, it is 
clear that existing telemedicine primarily influences its further diffusion at the 
regional level, at least in the Swedish context. 

The remaining variables based on local conditions are distance to higher level 
of care and facility size, the latter measured using the number of employees. 
Both variables are significant in the analysis. The distance variable was 
expected to be positively correlated with telemedicine adoption. In the 
analysis, there is indeed a very strong correlation between distance to higher 
level of care and telemedicine adoption. The size of health care facilities may 
theoretically affect telemedicine diffusion in both negative and positive ways. 
Small facilities may have a greater need for specialist medical competence, but 
large facilities contain more actors that may be interested in telemedicine, and 
they are also likely to carry out more medical examinations. In the analysis, 
facility size is strongly positively correlated with telemedicine diffusion. Emery 
(1996) has found a similar relationship between telemedicine adoption and 
hospital size in the U.S. 

Compared with the local variables concerned with distance and size, the 
remaining regional variables have less significance. In fact, none of the 
regional variables that are unrelated to existing telemedicine are significant in 
the analysis. Since the regional variables pertain to all health care facilities in a 
given area and in addition are operationalized in a quite crude fashion, this 
result is perhaps to be expected. The likely impact of the politics variable has 
not been touched upon, except for the assumption that specific regional 
telemedicine policies ought to be of importance. It is conceivable that unclear 
majority situations, which often involve the Green Party, would be positively 
related to telemedicine adoption, because telemedicine has the potential to 
replace traveling and is commonly perceived to be particularly useful in rural 
areas. Of course, political majority situations are at best a crude measure of 
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actual policies concerning telemedicine. Therefore, the non-significance of the 
politics variable is predictable. 

The economy variable has the potential to affect telemedicine diffusion in 
both negative and positive ways. Good economical conditions mean that there 
are financial resources to implement telemedicine. On the other hand, bad 
financial conditions may in itself constitute an incentive for telemedicine 
implementation, owing to the possibility of achieving economic savings 
through telemedicine. In any case, the finances of health care organizations 
have varied considerably. During the 1980s, the economic conditions were 
particularly good. In the analysis, however, the importance of the variable is 
small, and it is not significant either. One aspect that may contribute to this 
result is the fact that external funding is often used in the implementation and 
expansion of telemedicine programs. The research variable was assumed to 
positively correlate with telemedicine adoption. While the correlation is indeed 
strongly positive, the variable is not significant. With a more accurate repre
sentation of the degree of medical research, the variable may very well have 
proven to be a significant determinant. 

The technology variable, which is the same for all health care facilities each 
year, was expected to be positively associated with telemedicine adoption. In 
the analysis, technology is also strongly correlated with the dependent vari
able. The diffusion of telemedicine in Sweden took off in the 1990s, concur
rent with considerable advances in computer and information technologies. A 
reasonable conclusion seems to be that technology development has acceler
ated the process of telemedicine diffusion over time. On the other hand, it 
remains to be explained exactly to what extent, because an inherent logic of 
diffusion processes is to gain speed over time. In connection with the simula
tion of the diffusion process in the next section, this very issue is addressed by 
running the simulation with an assumed static technology level. 

Table 7—5 shows the best regression model. The model comprises six of the 
eleven variables that were part of the initial regression analysis: the three 
variables measuring the share of telemedicine adoption at the national, 
regional, and local levels, the local variables concerned with distance to higher 
level of care and facility size, and technology development over time. 
Nagelkerke's R Square is 0.485. The correlations are quite similar to the initial 
analysis (Table 7-4). 
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T able 7—5 Logistic regression results: best model. 

Variable ß  S.E. Wald df Sig.55 E x p ( ß )  

VICINITY 
Telemedicine adoption in vicinit y (%) -.039 .009 19.684 1 .000 .961 

DISTLN 
Distance to higher level of care (log.) .769 .112 46.784 1 .000 2.157 

SIZELN 
Facility size (no. of employees) (log.) .338 .079 18.312 1 .000 1.402 

REGION 
Telemedicine adoption in r egion (%) .106 .009 138.681 1 .000 1.112 

COUNTRY 
Telemedicine adoption in country (%) -.034 .009 13.531 1 .000 .966 

TECHLN 
Technology (CPU capacity) (log.) .770 .094 67.115 1 .000 2.161 

Constant -21.039 1.741 145.983 1 .000 .000 

Separate regression analyses were then run for primary and specialist care 
facilities, using the best regression model. Table 7—6 shows the regression 
results for the analyses comprising all facilities, primary care facilities, and 
specialist care facilities. There are certain notable differences between the 
three analyses. In the analysis limited to primary care facilities, all variables are 
significant. For some of the variables, most notable those concerning facility 
size and technology, there are stronger positive correlations. It is interesting to 
note that the variable concerning telemedicine adoption at the local level has 
changed sign, and now is slightly positive. In other words, when only primary 
care facilities are considered there is a small neighborhood effect. 

The variable concerned with distance to higher level of care has a slightly 
stronger positive correlation, when the analysis is limited to primary care. This 
finding is logical because the advantages with telemedicine related to long 
distances are likely to be more relevant in primary care settings. The variable 
measuring facility size has on the other hand a much stronger correlation. 
Hospitals are almost invariably larger than health care centers, and telemedi
cine is implemented to a similar extent in both groups in absolute terms. 
Therefore, the relationship between size and telemedicine adoption is less 
straightforward when all health care facilities are included in the regression 
analysis. The technology variable is also more important for the development 

Bold face designates that a variable is significant. 
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Table 7-6 Logistic regression results for all\ primary care, and specialist care facilities. 

Sig. Exp(ß) 

All facilities 

.000 .961 

.000 2.157 

.000 1.402 

.000 1.112 

.000 .966 

.000 2.161 

0.485 

.000 .883 

.052 1.567 

.314 1.211 

.000 1.188 

.001 1.054 

.461 

Specialist care 
facilities 

Sig. Exp(ß)56 

0.683 

.876 

.001 1.035 

.000 2.158 

.000 2.990 

.000 1.145 

.017 

.002 3.399 

Primary care 
facilities 

Sig. Exp(ß)56 

0.412 

.645 

VICINITY 

SIZELN 

COUNTRY 

TECHLN 

DISTLN 

REGION 

Nagelkerke's 
R Square 

Variable 

in primary care. This can largely be attributed to the fact that diffusion of 
telemedicine to primary care is concentrated to the 1990s, with comparatively 
few remote sites emerging in the earlier decades. 

The analysis of diffusion limited to specialist care facilities exhibits fewer 
significant variables, compared with the other two analyses. In general, the 
smaller number of cases in a regression analysis, the fewer variables can be 
expected to be significant. Since the number of cases pertaining to specialist 
care is quite small, this result is thus to be expected. Furthermore, because the 
variables measuring distance to higher level of care and facility size are the 
same over time for each facility and most of the hospitals have implemented 
telemedicine during the study period, it is in any case hardly surprising that 
they are insignificant. Still, the distance variable is on the verge of significance. 
The significant variables are the ones that are related to existing telemedicine. 
The variable measuring degree of telemedicine adoption at the national level 
has changed sign, and now is slightly positive. 

There are certain differences in diffusion by facility type that merit further 
inspection. For example, primary care facilities that implemented telemedicine 
in the early stages of the diffusion process have comparatively long distances 
to a h igher level of care, and the opposite is true when specialist care facilities 

Arrows indicate direction of change of the odds ratio compared with the results for all 
facilities. 
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are considered (Figure 7—6). The average distance of all facilities is 18 kilome
ters for primary care and 80 kilometers for specialist care. The figures are 
above average during the entire study period for primary care, but specialist 
care facilities exhibit both above and below average values over time. Since 
the distance variable is positively correlated with telemedicine implementation 
for primary care, it is certainly a logical development that facilities located far 
from hospitals gets telemedicine first. The diffusion of telemedicine to 
specialist care started in southern Sweden, where distances between facilities 
are comparatively short, which helps explaining the opposite trend concerning 
hospitals. 

• Specialist care 
—Trend (specialist care) 

O Primary care 
«"""^Trend (primary care) 

Figure 7—6 Average distance from remote sites to higher levels of care by year of 
telemedicine adoption. 

7.3 Simulating the Diffusion Process 
In this section, the process of telemedicine diffusion in Sweden is simulated 
based on the regression results. The simulation serves several purposes. First, 
simulation is an additional way of validating the findings of the study. To the 
extent that the actual diffusion pattern can be reproduced, the soundness of 
the regression model and its underlying theoretical basis is further confirmed. 
Simulation also allows for the forecasting of the further development of 
telemedicine diffusion. Moreover, by changing the conditions for the simula
tion counterfactual analyses can be carried out. Such analyses allows for the 
importance of individual variables in the regression model to be assessed. 

The simulation is based on the best regression model for all facilities, and 
simulates telemedicine diffusion for both primary and specialist care. It starts 
with the first real-world developments in Swedish telemedicine diffusion. The 
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first implementation of telemedicine in specialist care took place in Lund in 
the county of Skåne 1973, and the first primary care telemedicine site was 
established in Sveg in the county of Jämtland 1985. The simulation is carried 
out one year at a time by calculating probabilities for telemedicine adoption at 
facilities not having telemedicine capacity57 and comparing the probability 
values to generated random numbers. If a random number is lower than the 
corresponding probability value, diffusion is considered to haven taken place. 
The simulated implementations of telemedicine then affect values of variables 
derived from existing telemedicine in the years thereafter. Future values for 
the technology variable were extrapolated based on the assumption that 
processor capacity will continue to develop according to Moore's law. The 
simulation was implemented and carried out using Microsoft Excel and its 
macro language Visual Basic for Applications (VBA). An Excel workbook 
containing worksheets with data and formulas were prepared, and a macro 
was programmed in VBA in order to take care of the necessary calculations. 

100% 

Diffusion 

Observed specialist 
care 
Observed primary care 

Simulated specialist 
care 
Simulated primary care 

80% 

60% 

40% 

20% 

0% 
CO 
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Figure 7—7 Ten simulations of telemedicine adoption by facility type. 

Figure 7—7 shows the diffusion curve of ten separate runs of the simulation. 
The adoption curves for specialist care exhibit considerable variation com

Probability values are calculated using the following formula: p = ex/(l+ex), where 
X = -21,039-0,039*VICINITY+0,769*DISTLN+0,338*SIZELN+0,106* 
REGION-0,034*COUNTRY+0,77*TECHLN. 
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pared with the development in primary care. By the end of the study period, 
the simulated specialist care diffusion curves tend to lag behind the observed 
development. By contrast, earlier in the diffusion process several of the 
simulated diffusion curves are ahead of actual development. Thus, the simula
tion does neither manage to reproduce the observed flatness of the diffusion 
curve during the 1980s, nor to fully replicate the sharp increase in adoption 
levels in the 1990s. Overall, though, the simulation seems to reproduce the 
observed pattern of telemedicine diffusion over time. The S-shaped curve that 
is the expected result of a complete diffusion process can also be observed. 

The simulated development of telemedicine points towards a marked increase 
in the number of remote telemedicine sites in primary care in the near future. 
In the simulation, the degree of telemedicine adoption in primary care in
creases from about 10 to approximately 90 percent during the period 2000— 
2015. The diffusion of telemedicine to specialist care facilities has reached a 
later stage, so it is not surprising that the simulation indicates a slower growth 
in specialist care telemedicine. Additional simulations were conducted in order 
to examine if and when the cumulative adoption reaches 100 percent, which 
in most cases turns out to be the case sometime between 2015 and 2020 for 
both specialist and primary care facilities. If computers and information 
technology continue to develop at the same rapid pace as today (which is 
assumed in the simulation) such a development indeed seems like plausible 
scenario. 

The importance of technology development for telemedicine diffusion was 
further investigated by changing the conditions for the simulation. If a static 
technology level is assumed from a certain point in time, the following 
diffusion can be assumed to occur at a slower pace. The difference in adop
tion levels between the simulations with and without static technology levels 
then becomes an indicator of the role of technology development on tele-
medicine diffusion. The average diffusion pattern of ten simulations with a 
static technology level beginning in 1990 are presented in Figure 7—8 (special
ist care) and Figure 7—9 (primary care). The figures also show average diffu
sion pattern of the ten simulations presented in Figure 7—7. The year 1990 was 
selected based on the assumption that, at about that time, the technology of 
telemedicine had reached such an advanced stage that most forms of tele-
medicine could be carried out in an efficient manner. As the figures indicate, 
technology development has markedly stimulated the process of telemedicine 
diffusion. This is, in particular, the case with diffusion of telemedicine to 
primary care facilities, which can be explained by a comparatively low degree 
of existing telemedicine helping to drive the diffusion process forward. 
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Figure 7—8 Simulated telemedicine adoption in specialist care wi th and without static 
technology level after 1990 (average of te n runs). 
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Figure 7—9 Simulated telemedicine adoption in primary care with and without static 
technology after 1990 (average of ten runs). 

From a spatial perspective, it can be expected to be much harder to reproduce 
the actual diffusion pattern by means of simulation. Since the diffusion 
simulation contains a stochastic element, and the early simulated spatial spread 
influences the further developments, considerable mismatches are likely to 
appear if the initial development is predicted to occur in the "wrong" places. 
In simulations of spatial diffusion where there is a strong neighborhood 
effect, such phenomena occur in direct proximity to existing false predictions 
of diffusion (Robinson, 1998). In this particular simulation of telemedicine 
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diffusion, it is above all the variable that is concerned with telemedicine 
adoption at the region level that is responsible for such spatial errors. When 
the simulated diffusion process reaches a certain health care organization, it is 
especially likely that telemedicine continues to spread somewhere within that 
region. 

Figure 7—10 shows an example of the spatial distribution of telemedicine at 
different points in time during the course of a specific run of the simulation 
compared with the observed diffusion pattern so far. The distorting influence 
of the region variable on the result of the simulation is readily apparent. For 
example, in the simulation telemedicine implementation within specialist care 
started early in the northernmost county of Norrbotten, and quickly reached a 
high level of adoption without any correspondence in real life. The slower 
overall adoption rate in the simulation that was mentioned earlier can also be 
observed on the maps. However, there are some striking similarities to the 
observed developments as well. This is perhaps most obvious concerning the 
diffusion of primary care telemedicine in the county of Jämtland. It should be 
noted, though, that the simulation is aided by the fact that the very first 
remote telemedicine site in primary care emerged in Jämtland and, thus, is 
automatically located there at the beginning. However, there are similarities in 
other areas as well. For example, the relatively rapid growth of telemedicine in 
the West Swedish health care region compared with the Stockholm area is 
present in this particular run of the simulation. 

There are a number of ways to formally validate the spatial outcomes of a 
diffusion simulation. A frequency distribution of adoption levels in different 
areas can be constructed, based on the average of a number of runs of the 
simulation, and then compared with the actual development. This yields a 
measure of how well a simulation captures the "spatial balance" of a diffusion 
process. However, such a measure does not constitute a precise indicator of 
how well a simulation replicates the actual geography of a diffusion process. 
Instead, residuals for different areas may be calculated and a statistical test 
conducted. In this case, too, averages calculated from a number of simulation 
runs should be employed (Robinson, 1998). No such tests are conducted in 
this thesis. Presumably, had such test been carried out, the spatial diffusion 
pattern would have been reproduced to a certain but limited extent. 
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Figure 7—10 Spatial distribution of telemedicine: observed diffusion and 
simulation example. 
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7.4 Summary of the National Diffusion Study 
The analysis and simulation of diffusion of telemedicine in Sweden exhibits 
interesting results. An initial summary and discussion of the findings is 
presented in this section. A concluding discussion of the results, taking into 
account the findings in the regional case study, will be carried out in the final 
chapter of the thesis (Chapter 11). 

The analysis shows that existing telemedicine is of importance for its further 
spatial diffusion. The degree of telemedicine adoption at the local level has a 
slight negative correlation when all facilities and specialist care facilities only 
are analyzed, but it has a slightly positive one in the analysis of primary care. 
In any case, the neighborhood effect is not as marked as the conventional 
geographical diffusion theory would suggest. Existing telemedicine at the 
national level has a slight negative correlation when all facilities and primary 
care facilities only are analyzed, but it has a slightly positive one in the analysis 
of specialist care. The variable measuring the degree of telemedicine adoption 
at the regional level has the strongest positive correlation with the dependent 
variable. In the Swedish context, the borders of health care organizations thus 
function as barriers to telemedicine diffusion. 

The local variables measuring distance to higher level of care and facility size 
are both of importance for the diffusion process. The international variable, 
technology development, has also been a central determinant of telemedicine 
diffusion. As the simulation of telemedicine diffusion illustrates, the growth of 
remote telemedicine sites in the 1990s would have been much less marked had 
technology development slowed down at the beginning of the decade. 

The national study of telemedicine diffusion is concerned with the diffusion 
process up to the year 2000. Had the analysis ended at another date, the 
results may have turned out to be somewhat different. It should also be noted 
that variables that are independent of time and existing diffusion patterns, 
such as the size and distance variables in this study, would be insignificant in 
analyses where adoption levels are approaching maximum. On the other hand, 
precisely these variables are obviously good predictors concerning which 
health care facilities are likely to implement telemedicine during the initial and 
middle phases of a telemedicine diffusion process. 
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8 TELEMEDICINE PROGRAMS AND 
NETWORKS IN NORTHERN SWEDEN 

The population distribution and allocation of health care resources in north
ern Sweden were described in Chapter 5. This chapter consists of an overview 
of the development of telemedicine in the region. The first telemedicine 
programs, which focused on teleradiology, were followed by a number of 
telemedicine endeavors within other medical disciplines. Today, there are a 
great number of telemedicine programs and networks in the counties of 
northern Sweden. 

8.1 Jämtland 
The county of Jämtland has a comparatively long history of telemedicine. 
Indeed, it came to pioneer the process of telemedicine diffusion in northern 
Sweden by its early implementation of teleradiology. Today, following a 
successive expansion of the teleradiology network during the 1990s, its 
geographical extent is quite large.58 In 1998, a telemedicine program con
cerned with additional medical disciplines was initiated (Figure 8—1). 

The telemedicine activity in the county started in 1985, when—by today's 
standards—a primitive teleradiology connection was established between the 
central county hospital in Östersund and the health care center in Sveg. 
Conventional modem technology and the Swedish teleradiology equipment 
Viaphone were used for the transmissions. In 1987, the county council 
initiated a development project on telemedicine. A "working group on 
telemedicai informatics" was put together, and focused on telemedicine in the 
field of radiology. Following an evaluation of the teleradiology equipment 
available, co-operation with three other county councils (Gävleborg, Norr
botten, and Örebro) as well as the Swedish company SECTRA was initiated in 
order to develop equipment meeting the desired standards. During this 
product development phase, the American teleradiology system Photophone 
was obtained and tested. In 1991, the teleradiology equipment resulting from 
the co-operation on product development, the TRS-line, was installed at the 
central county hospital in Östersund and four health care centers: the health 

Previous studies of teleradiology in Jämtland include Linderoth (1996), Linderoth (2000), and 
Utbult (1994). 
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Figure 8—1 Telemedicine networks in the county of Jämtland (2000). 

care center in Sveg as well as those located in the tourist areas of Funäsdalen, 
Gäddede, and Åre (Figure 8-2). 

The end of 1992 marked the beginning of a new administrative regime with 
regard to teleradiology when the management of the system was organized in 
a more formal manner. Since then, the spatial diffusion of the telemedicine 
network has slowed down in terms of the establishment of new nodes in the 
network: the post-project phase has seen the connection of the health care 
centers in Strömsund (1995) and Hammarstrand (1997) to the network. 
During this period, the capacities of the links and nodes that make up the 
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system have continuously been upgraded. The use of conventional, analog 
modem technology was superseded by the use of ISDN (Integrated Services 
Digital Network) connections and regional computer network Jamtnet. In 
addition, more modern versions of the product line used for teleradiology 
have been installed at several of the health care centers connected to the 
system. Within the central county hospital, the teleradiology facilities have 
been upgraded and expanded in several ways, including a connection to the 
specialist dental care. 

Figure 8—2 Teleradiology equipment at the health care center in Åre, Jämtland. 
This picture from the year 1998 displays the teleradiology equipment at the time, a SECTRA TRS 

1500 system connected to a scanner. Source: Author.59 

Recently, Jämtland has been moving towards PACS, which allows for a 
complete digital handling of X-ray images. Presumably, this will bring about 
benefits such as less consumption (and cost for destruction) of film and 
chemicals, savings in time, and a better working environment. By the year 
2000, PACS had been implemented in Östersund Hospital and three health 
care centers: Strömsund, Sveg, and Åre. 

In 1998, a general telemedicine project was launched. The general telemedi
cine network connects the central county hospital with the health care centers 
in Strömsund and Åre (Figure 8-3). The general telemedicine network is 
intended for clinical use in medical areas other than teleradiology, such as 
otolaryngology (medicine concerning ear, nose, and throat). The telemedicine 

59 At the turn of 1998, a more modern SECTRA system (IDS4/Tech) was installed. At the end 
of 1999, PACS was implemented in Are, replacing the previous scanning of images. 
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equipment is also used for telepsychiatry. ATM (Asynchronous Transfer 
Mode) technology, which allows for greater bandwidth compared with ISDN 
connections, is used for the transmissions. A planned expansion of the general 
telemedicine program will incorporate additional health care facilities, includ
ing the present teleradiology nodes, in the network. 

Figure 8—3 General telemedicine equipment at Östersund hospital\ Jämtland. 
As this 1998 picture displays, the telemedicine system (VTEL) in the central telemedicine studio is 

equipped with a double set of monitors. Source: Author. 

8.2 Västerbotten 
The county council of Västerbotten has postponed the introduction of 
teleradiology but has been in the forefront with regard to other forms of 
telemedicine. In 1996, two telemedicine projects were launched: general 
telemedicine—made up by the medical disciplines of otolaryngology, derma
tology (medicine concerning the skin), and orthopedics—and telepathology. 
The general telemedicine network connected specialist care in Lycksele and 
Umeå with two rural health care centers located in Storuman and Tärnaby. 
The telepathology network consisted of a link between the district county 
hospital in Skellefteå and the regional hospital in Umeå. In 1998, telepathol-
ogy was also introduced at the district county hospital in Lycksele (Figure 
8-4).60 

Previous studies of telemedicine in Västerbotten include Liljenäs et ai (2001), Linderoth 
(1997), Linderoth (2000), and Made et al. (1999). 
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Figure 8-4 Telemedicine in the county of Västerbotten 1996-1998. 

In 1999 and 2000, the general telemedicine network was subject to a consider
able expansion in terms of number of nodes and links (Figure 8—5). The 
enlargement of the telemedicine network has resulted in diversification with 
regard to the setting of nodes. In addition to the inclusion of several addi
tional rural primary care facilities, an intraurban connection to a health care 
center in Umeå has been established. Moreover, new medical disciplines, such 
as psychology, have started using telemedicine. Telegeriatries is carried out in 
the form of coordinated care planning between the regional hospital in Umeå 
and Vännäs municipality. 
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Figure 8—5 Telemedicine in the county of Västerbotten (2000). 

In connection with the expansion of the network, there has been a general 
change in telemedicine technology. Instead of solely utilizing ISDN connec
tions, communication is largely carried out over the regional computer 
network AC-net. Moreover, the original telemedicine equipment, a dedicated 
video conferencing system (Figure 8—6), was replaced by new PC-based 
telemedicine equipment (Figure 8—7). The old equipment is still in use, but has 
been redistributed within existing or to newly established telemedicine nodes. 
For example, telepsychiatry is primarily carried out using the video conferenc
ing system. 
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Figure 8—6 General telemedicine equipment at the health care center in Tärna by, 
Västerbotten. 

This photo from the year 1997 shows the video conferencing system (Sony) in use before the shift 
in technology to PC-based telemedicine equipment. Source: Author. 

Figure 8—7 General telemedicine equipment at the health care center in Sorse le, 
Västerbotten. 

This photo from the year 2000 shows the new PC-based Migra telemedicine equipment. 
Source: Author. 
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8.3 Norrbotten 
In Norrbotten, district county hospitals play important roles not only with 
regard to health care provision, but also as central telemedicine sites. Several 
district county hospitals function as central nodes in urban—rural teleradiology 
networks. A telemedicine program launched in 1992 connects the health care 
center in Pajala with the district county hospital in Gällivare. In 1994, the 
health care center in Jokkmokk was incorporated in the network. Today, 
teleradiology also has been implemented in the Kalix health care administra
tion: all its health care centers situated outside of the urban area of Kalix, that 
is, Haparanda, Överkalix, and Övertorneå, are connected to the local district 
county hospital. The telemedicine links utilize ISDN connections and the 
regional computer network NLLnet.61 In 1999, telemedicine was also intro
duced to certain patients' place of residence (Figure 8—8). 

Most of the telemedicine activity in northern Sweden is taking place within the 
counties of the health care region. However, telemedicine is also carried out 
between the counties. In addition, there are national and even international 
telemedicine links involving health care facilities in northern Sweden. The 
telemedicine activity in Norrbotten includes several examples of such cross-
boundary telemedicine. In general, the cross-boundary telemedicine in northern 
Sweden that is confined to the health care region is dominated by connections 
to the regional hospital in Umeå. In the case of Norrbotten, the district 
county hospitals in Gällivare and Kalix communicate with the regional 
hospital in Umeå within the medical discipline of radiology. In addition, 
telepathology is carried out between Gällivare and Umeå. The national 
telemedicine activity originating from Norrbotten includes teleradiology be
tween Gällivare and Lund University Hospital, a regional hospital in southern 
Sweden. 

8.4 Västernorrland 
In Västernorrland, teleradiology has been carried out since the early 1990s. In 
1994, all hospitals in the county were equipped with teleradiology capacity. 
Today, teleradiology is carried out between several of the hospitals in the 
county. For example, images from some of the radiology examinations 
conducted in Härnösand are sent to Sundsvall for specialist examination. A 
regional computer network, Y-nät, is employed for most of the teleradiology 

Previous studies of teleradiology in Norrbotten include Linderoth (1996), Linderoth (2000), 
and Utbult (1994). 
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Figure 8—8 Telemedicine in the county of Norrbotten (2000). 

transmissions. Moreover, emergency telemedicine is in use throughout the 
county. Since 1996, ECGs are routinely transferred between ambulances on 
turn-out and emergency departments at hospitals (Figure 8—9). 

In 1998, telemedicine was introduced within additional medical areas. The 
telemedicine program, which utilizes ISDN connections, involves central and 
district county hospitals, as well as a number of health care centers. The 
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concerned primary care facilities are concentrated to the Sundsvall area. Three 
health care centers in the vicinity, Ånge, Fränsta, and Kramfors, have been 
equipped with telemedicine equipment.62 Moreover, the primary care facility 
in Bredbyn near Örnsköldsvik is also part of the telemedicine network. The 
telemedicine links are primarily intended for consultations within the medical 
disciplines of dermatology, cardiology, and otolaryngology. Moreover, 
telepathology equipment has been installed at the hospitals in the county for 
purposes of, for example, teleconferencing between surgeons and gyne
cologists. 
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Figure 8—9 Telemedicine in the county of Västernorrland (2000). 

Actually, a telemedicine connection was implemented between Fränsta and Sundsvall in 
1996, that is, before the formal launch of the project, primarily for purposes of testing. 
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9 TELEMEDICINE DIFFUSION IN 
NORTHERN SWEDEN 

In the previous chapter, telemedicine programs and networks in northern 
Sweden were described. This chapter attempts to analyze processes of tele-
medicine diffusion at the regional level, by looking at the implementation and 
expansion of telemedicine in northern Sweden. The findings are compared 
with the national case study, but the scope of the analysis is also extended: not 
only are telemedicine nodes taken into consideration, but telemedicine 
programs and networks are as well. In the first section of the chapter, the 
actors behind telemedicine diffusion, and the influence of structural factors on 
their decision-making, are examined. In the next section, aspects related to the 
implementation of telemedicine programs are considered. Finally, the emer
gence of telemedicine nodes in the resulting telemedicine networks is 
analyzed. 

9.1 Structure and Decision-Makers 
The diffusion of telemedicine is ultimately decided by actors, but is also 
influenced by structural factors, such as the organization and allocation of 
health care. The national study shows that regional telemedicine adoption is 
positively correlated with further telemedicine adoption. Indeed, as telemedi
cine developments in northern Sweden confirm, once a telemedicine program 
is established, it tends to expand within the health care organization in which 
it originated. Thus, administrative boundaries act as barriers that contribute to 
shaping the spatial characteristics of telemedicine networks. However, while 
telemedicine diffusion is influenced by the organization of health care, it also 
has the potential to bypass administrative boundaries. As Curt Made MD, 
head of Tärnaby health care center in Västerbotten, explains: 

If someone provides a telemedicine service that we want to use, we'll take 
advantage of that if we can. Whether that service is located in Östersund [in 
Jämtland] or Umeå [in Västerbotten] doesn't really matter. However, this 
requires that county councils allow for that (interview with Curt Made, 
1998-11-04; author's translation). 

Moreover, the way hospitals and primary health care units are allocated in 
space should be considered. For example, the degree of centralization of 
specialist care may exert an influence on patterns of telemedicine activity. In 
the county of Jämtland, the provision of specialist health care is highly 
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centralized: the only hospital is the central county hospital in Östersund in the 
middle of the county. Consequently, the hospital constitutes the hub of all 
telemedicine activity within the region (Figure 8-1). In addition, the central
ized character of specialist care seems to have constituted a driving force 
behind the diffusion process. While the number of visits to specialist care is 
quite high in and around the central county hospital in Östersund, the figures 
decrease substantially with increased distance from the hospital. In the policy 
process before and during telemedicine implementation, these discrepancies— 
partly attributed to the centralized character of specialist health care—were 
put forward in favor of telemedicine expansion (Utbult, 1994). 

In addition, the allocation of health care resources in Jämtland may have 
facilitated the diffusion of telemedicine for yet another reason. In the words 
of medical-technician Ingvar Gunnars son, at that time "system manager" of 
the teleradiology program: 

MAGNUS STRÖMGREN (MS): The fact that there are no district county hospitals 
in Jämtland is pretty unique. In your opinion, has this circumstance in any way 
affected the development of telemedicine in the county? 

GUNNARSSON: Yes, I believe this has constituted an advantage [...] I think that 
staffs at district county hospitals tend to be concerned that they will be 
bypassed and suffer from cutdowns by the implementation of telemedicine 
(interview with Ingvar Gunnarsson, 1998-04-22; author's translation). 

The decision-makers behind telemedicine implementation and expansion 
consist of not only physicians, but also of politicians as well as administrative 
and technical staff. The conceptual model of Swedish telemedicine diffusion 
(Figure 6—1) further indicates that actors at both regional and local levels are 
of importance for the diffusion process. At the regional level—that is, within 
health care organizations—politicians as well as technical and administrative 
staff are most likely to influence telemedicine diffusion. At the local level— 
that is, at health care facilities—medical staff can be assumed to be the 
principal actors. 

In the diffusion of telemedicine in northern Sweden, medical personnel at 
potential remote sites have indeed generally been among the most important 
actors. It is interesting to note, however, that staffs at central sites have also 
played important roles in the diffusion process, despite the fact that potential 
gains from telemedicine are less apparent there. For example, this is the case 
in the implementation and expansion of the general telemedicine and 
telepathology networks in Västerbotten. Interest in telemedicine is naturally an 
important explanation, but it is not the only reason for this phenomenon. It 
seems that consulted physicians often "identify" with telemedicine programs 
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in which they participate, and that they therefore want to contribute to 
increasing the size and importance of the concerned networks. Consulted 
physicians may also assume or be given a relatively formal leadership role in 
telemedicine programs. 

The role of regional actors for telemedicine diffusion varies. When telemedi
cine programs are implemented, political decision-making frequently consti
tutes a part of the process. In the expansion of already existing telemedicine 
networks, the regional influence is usually less marked, and the role of politics 
is thus smaller. On the other hand, the organization of telemedicine programs 
often becomes more formalized as time goes on. For example, the teleradiol-
ogy network in Jämtland was run on an informal basis until the end of 1992, 
when the management of the system was organized in a more formal manner 
(Persson, 1993). The new organization includes the appointment of persons 
fulfilling special functions, such as "system owner" and "system manager." At 
the time of that administrative change, the county council already used this 
organizational model in other contexts. 

While the political influence on telemedicine diffusion generally involves 
decisions by county council boards and assemblies, other actors within the 
political realm may also play a part in the process. The implementation of the 
general telemedicine program in Jämtland provides an example of this. 
Although the formal decisions were made by other actors within the county 
council, the committee on primary care also influenced the inception of the 
network. For some time, the committee had zealously urged the county 
council to extend its telemedicine activities to include general telemedicine 
using video conferencing technology, which contributed to the issue being 
placed on the policy agenda. 

9.2 Implementation of Telemedicine Programs 
The telemedicine networks in northern Sweden have generally originated from 
telemedicine programs or projects implemented within and by the county 
councils. This section examines the reasons behind the launch of telemedicine 
programs, as well the considerations behind the selection of medical disci
plines to be involved. 

9.2.1 Reasons for Implementation 

Almost all telemedicine programs in northern Sweden were launched in the 
1990s. The principal explanation behind the timing of these developments is 
the major advances in computer, telecommunications, and information 
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technologies in the past decade. However, decisions to implement tele-
medicine programs are also influenced by other factors. The general telemedi
cine network in Västerbotten originated from a telemedicine program with 
explicitly stated goals. The aims of the project are quite representative of 
telemedicine programs in northern Sweden. The project aimed to: 

— Increase benefits for patients through enhanced accessibility to specialist 
care without the necessity of travel. 

— Cut the total cost of health care for the county council. 

— Support the development of knowledge and competence within the county 
council. 

— Find out the long-term effects of telemedicine on the organizational 
structure of health care in the county (Hellström et al, 1996, p. 84; author's 
translation). 

The reasons behind the launch of the telemedicine program thus include its 
potential positive impact on accessibility, quality of care, and finances. Ac
cording to Moore (1998), these are the most common reasons for implemen
tation of telemedicine. In addition, prospects of increasing staff competence 
and the aspiration of evaluating telemedicine also motivated the telemedicine 
endeavor. According to Linderoth (1997), however, the implementation of 
telemedicine in the county of Västerbotten in the mid-1990s was influenced 
by yet another circumstance. The launch of telemedicine programs in other 
counties, as well as exposure of telemedicine activity in media, created a 
pressure to "jump on the bandwagon," lest the council would be left behind 
in terms of modernization. 

While the possibility of achieving economic savings constituted an important 
incentive behind the launch of the telemedicine program, there has subse
quently been less mention of financial aspects. Primarily, this can be attributed 
to indications that it will take considerable time for direct economic savings to 
outweigh the investment and management costs of the telemedicine equip
ment. Instead, potential qualitative gains, such as increase in staff competence 
and improvements in accessibility and quality of care, have received more 
attention. 

9.2.2 Selection of Medical Disciplines 

The most common forms of telemedicine in northern Sweden are teleradiol-
ogy, telepathology, and general telemedicine—teleconsulting within such 
medical disciplines as otolaryngology and dermatology. This is quite similar to 
the situation in Sweden as a whole, although the practice of teleradiology and 
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general telemedicine is more focused on primary care settings (Holm-Sjögren, 
Sandberg, and Schwieler, 1999). 

The forms of telemedicine that may be carried out in different places are 
subject to structural constraints related to the allocation of health care re
sources. For example, teieradiology can hardly be implemented at health care 
facilities lacking radiology capacity. Otherwise, the general degree of interest 
in telemedicine within various medical disciplines may be of importance. For 
the early telemedicine programs, the primitive state of computer and informa
tion technologies at the time also limited the number of feasible telemedicine 
applications. The teiera diology network in Jämtland is the oldest telemedicine 
program in northern Sweden. Regarding the choice of carrying out telemedi
cine within the medical discipline of radiology, Ingvar Gunnarsson explains: 

Well, it was within radiology that the potential gains were the most obvious, 
when it comes to increasing the quality of care and achieving economic gains. 
There was also considerable interest at the political level to improve this 
particular service in primary care. Moreover, it was technically feasible to 
transfer X-rays when we started in the mid-1980s. Video conferences, on the 
other hand, were much harder to conduct in a satisfactory manner (interview 
with Ingvar Gunnarsson, 1998-04-22; author's translation). 

When the county council of Västerbotten launched its first telemedicine 
programs in 1996, it focused on telepathology as well as general telemedicine 
within the fields of otolaryngology, dermatology, and orthopedics. The choice 
of medical disciplines was influenced by a number of factors. The medical 
background of certain actors involved in the decision-making process was 
perhaps most important. The substantial potential utility of telemedicine 
within the concerned disciplines was also stressed. In the case of telepathol-
ogy, problems in recruiting pathologists were also taken into consideration. 

In the early phase of the decision-making process, implementation of tele-
radiology was also considered, due to its widespread use and generally good 
results. However, somewhere along the way, the plans for teleradiology were 
put on the back burner. As teleradiology is a well-established form of tele-
medicine within the health care region as well as at the national and interna
tional levels, at first glance this development may seem somewhat surprising. 
The official and arguably most important reason for not implementing 
teleradiology at the time was that a simultaneous introduction of digital 
radiology (PACS) was considered desirable (Västerbottens läns landsting, 
1995). PACS is a great deal more expensive than conventional teleradiology 
technology, and was not scheduled to be implemented at the time of the 
telemedicine investments. 
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9.3 Emergence of Telemedicine Nodes 
In connection with the launch of telemedicine programs, telemedicine net
works with one or more remote sites are created. In addition, telemedicine 
programs tend to expand spatially over time, with the inclusion of additional 
participating health care facilities. This section studies factors influencing the 
emergence of remote sites in telemedicine networks. 

Figure 9—1, which shows the emergence of remote telemedicine nodes in 
northern Sweden by county, reveals an interesting pattern. The first telemedi
cine network started in Jämtland, followed by Västernorrland and Norrbotten. 
Although Västerbotten was the last county to implement telemedicine, by the 
year 2000 it had the largest number of referring telemedicine nodes. The rapid 
growth of telemedicine nodes in Västerbotten during the latter part of the 
1990s has many explanations. Among the most important, however, is a 
rather ambitious regional telemedicine policy that included substantial funding 
earmarked for telemedicine implementation. There has also been a large 
degree of interest in telemedicine among medical personnel at many facilities. 
Moreover, as explained earlier in the chapter, staffs at central sites have been 
active in the implementation and expansion of the telemedicine networks. 

Figure 9—1 Cumulative telemedicine adoption in northern Sweden by county. 

The remote sites in northern Sweden are mostly comprised of health care 
centers. By the year 2000, all hospitals in the area had implemented telemedi
cine, but there are only thirteen hospitals in total. The share of telemedicine 
adoption in primary care in 2000 was about 20 percent, with variations 
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between counties ranging from 10 percent in Västernorrland to 30 percent in 
Västerbotten. Thus, diffusion of telemedicine has reached a later stage in 
northern Sweden in relation to the country as a whole, where the proportion 
of telemedicine adoption in 2000 was about 80 percent for specialist care 
facilities, and about 10 percent in primary care (Figure 7—2). 

As the national study on telemedicine diffusion shows, certain local variables 
pertaining to individual health care facilities—size and distance to higher level 
of care—are significant determinants of telemedicine diffusion. Northern 
Sweden contains vast rural areas exhibiting medical marginality (see Figure 
5—4), and thus has many health care facilities with long distances to more 
specialized care. This may be one explanation to the fact that telemedicine in 
primary care is particularly common in northern Sweden. Indeed, the findings 
of the study confirm that the emergence of telemedicine nodes in northern 
Sweden has been greatly influenced by local factors related to geographical 
location (primarily distance to higher levels of care) as well as facility size. 

Telemedicine started to be carried out in Jämtland in 1985, when teleradiology 
was implemented in Sveg. However, the principal spatial expansion of the 
network took place in 1991, when the localities of Funäsdalen, Gäddede, and 
Åre were equipped with teleradiology. Figure 9—2 shows teleradiology imple
mentation in Jämtland in relation to distance to specialist care and frequency 
of medical examinations within radiology. The health care centers that have 
received teleradiology capacity are generally located far from specialist care 
and/or carry out a large number of radiology examinations. In addition, the 
largest and most active health care centers with radiology capacity generally 
received telemedicine at an earlier stage. As one might imagine, then, distance 
and radiology activity have indeed been important considerations in the 
decision-making process. 

Distance to specialist care has been of importance in several teleradiology 
implementations (Funäsdalen, Gäddede, and Hammarstrand). As Alf Lerner 
MD, head of Åre health care center, explains: 

The implementations in Sveg and Åre were primarily needs-based; otherwise, 
distance has been of great importance (interview with Alf Lerner, 1998-04-21; 
author's translation). 

The phrasing "needs-based," explains Lerner, refers primarily to implementa
tion taking into account the magnitude and characteristics of radiology 
activity. Indeed, the number of examinations —which tends to be directly related 
to facility size (given that radiology capacity exists)—greatly influenced the 
diffusion of teleradiology in Jämtland. Actually, the original establishment of 
teleradiology in Sveg constitutes somewhat of a special case of needs-based 
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implementation, in that recruitment problems brought about the telemedicine 
link. However, the considerable radiology activity secured a given place for 
Sveg in the expanded teleradiology network using new technology that was 
implemented in the beginning of the 1990s. The incorporation of Strömsund 
in the teleradiology network (1995) was also influenced by the considerable 
number of radiology examinations carried out at the health care center there. 
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Figure 9—2 Teleradiology implementation in Jämtland in relation to distance to specialist 
care and radiolog)! activity. 

Radiology activity is measured by the average yearly number of X-ray examinations 1988—1996 
(Jämtlands läns landsting, 1997). Distance is measured by road distance. 

In some cases, recurring, seasonal fluctuations in the number of radiology 
examinations have also contributed to the decision-making process. In 
addition to some "general" tertiary service activities within and outside the 
public sector, winter tourism is of considerable importance in Jämtland. This 
is particularly the case in and around the locality of Åre, which experiences a 
major population influx during the winter tourist season: 

There are about 3 000 inhabitants in Åre municipality. Moreover, there are 
about 2 000 temporary workers in the area between October and May. 
Basically, then, the population is about 5 000 inhabitants in the tourist season. 
Including tourists, the population of Åre ranges from 10 000 to 50 000 during 
this period (interview with Alf Lerner, 1998-04-21; author's translation). 
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As many of the tourists indulge in skiing and related activities such as maneu
vering snowboards (occasionally under the influence), there is a considerable 
seasonal increase in injuries requiring X-rays. Additional medical personnel is 
hired during this period, but the demand is still somewhat overwhelming, 
especially during the weeks that the number of tourists peak. Telemedicine 
was perceived as an attractive method that would help cope with the situation. 
While an influencing factor among others in the minor tourist localities of 
Funäsdalen and—to a lesser extent—Gäddede, tourism and resulting fluctua
tions in radiology activity was the most important needs-based consideration 
behind the inclusion of Åre in the teleradiology network: 

MS: What is, in your opinion, the principal reason behind the implementation 
of teleradiology in Åre? 

LERNER: We had basically the largest need for teleradiology services. 

MS: And this need is then created by the tourism in the area? 

LERN ER: Exactly. If there were no tourism, we would have the same level of 
radiology activity as many other health care centers. Due to the tourism, there 
are substantial gains to be made by avoiding referring patients to Östersund 
(interview with Alf Lerner, 1998-04-21; author's translation). 

In the middle of the 1990s, implementation of teleradiology was planned at 
yet another health care center. The facilities in Backe, Hede, and Järpen were 
initially considered as potential sites (Utbult, 1994). However, the expansion 
of the network took place a few years later (1997) at another primary care 
facility (Hammarstrand). The decision to implement teleradiology in Hammar
strand was based largely on regional policy considerations. Two stages in the 
decision-making process can be identified. First, it was important that a health 
care facility in eastern Jämtland, too, be included in the telemedicine network. 
Then, among the health care facilities within the area with teleradiology 
capacity, Hammarstrand was selected based on needs-based considerations, 
primarily distance to Östersund and frequency of medical examinations. 

According to the director of primary care administration in Jämtland county 
council, Ellen Hyttsten: 

The next step is to incorporate the part of the county that presently does not 
have capacity for telemedicine, that is, eastern Jämtland, in the teleradiology 
network. Of the localities Bräcke, Kälarne, and Hammarstrand, the most X-ray 
examinations are carried out in Hammarstrand,63 and the locality is located at 
the longest distance from Östersund. Therefore, we propose that teleradiology 

Actually, during the period 1988—1996, this was only the case in 1989 and 1991 (Jämtlands 
läns landsting, 1997)! 
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be implemented in Hammarstrand instead of Backe, as was previously planned 
(Hyttsten, 1996, p. 1; author's translation). 

Ironically, at Backe health care center, where teleradiology was initially 
planned to be implemented, the radiology activity has been suspended.64 

By contrast, the emergence of remote sites in the general telemedicine net
work in Västerbotten has been more directly influenced by personal interest in 
telemedicine. The first remote nodes in the network were Storuman and 
Tärnaby (1996). As telemedicine within orthopedics—one of the initial 
medical disciplines in the program—may very well be characterized as "telera
diology by means of videoconferencing equipment," and as winter tourism is 
an important industry in Tärnaby (although not as significant as in Åre), one 
can easily imagine tourism to be of importance to Tärnaby's pioneering role in 
the telemedicine network. However, it seems that, although this was indeed an 
influencing factor, distance and personal interest in telemedicine were of 
greater importance. Curt Made explains: 

Tourism has been of some importance, but the main factor influencing the 
implementation of telemedicine in Tärnaby has been my personal interest. 
Moreover, there was this general perception that telemedicine is especially 
suitable in rural areas, and there is no health care center [in Västerbotten] that 
is located further away from Umeå than Tärnaby. In other words, there are 
several factors behind location decision (interview with Curt Made, 
1998-11-04; author's translation). 

In fact, it seems that the initial nodes in the general telemedicine network were 
also selected in two steps. Potential remote sites were first identified based on 
distance to higher level of care. Interest in telemedicine then determined the 
final choice of participating health care facilities. 

In 1999 and 2000, the general telemedicine network was subject to a consider
able expansion. Several the new remote sites are located quite far from 
specialist care. Curt Made played an important role in the decision-making 
process, surveying inland health care facilities for interest and competence in 
working with telemedicine: 

MS: If one were to look at the logic behind the diffusion process: To what 
extent has personal interest in telemedicine among the doctors at these 
facilities played a part, in relation to your and others' overall views of where 
telemedicine implementation should take place? 

There were some protests in the local community against the decision to suspend the 
radiology service in Backe, which had been made by the county council assembly. The legal
ity of the decision was even tried and ultimately upheld in court proceedings. 
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MADE: Well, that is a tricky question. However, I think it is fair to say that we 
decided to start with these facilities. I know the doctors at the inland health 
care centers. My view of which facilities should be equipped with telemedicine 
capacity was based on whether they had doctors with interest in and 
knowledge of the technology. 

MS: So it wasn't the case that they contacted you first and asked for...? 

MADE: NO, but later on facilities have expressed interest in receiving 
telemedicine equipment. A certain doctor that I viewed as suitable for carrying 
out telemedicine in Sorsele relocated. Therefore, I decided that telemedicine 
should be implemented in Åsele instead, where there is staff capable of 
handling the equipment. However, suddenly a general demand for telemedicine 
arose in Sorsele. The interest is now so strong that I cannot change the 
location for psychological reasons. Because Åsele is also interested, I have 
done my utmost to see that they, too, will get telemedicine in this expansion 
phase. We have now gotten resources for an additional telemedicine system, 
and this will be located in Åsele, since I know that there are doctors capable of 
handling the equipment there (interview with Curt Made, 1998-11-04; author's 
translation). 

The importance of personal interest in telemedicine in the decision-making 
process is certainly highlighted in the above statement: when a certain doctor 
who was perceived as having interest and competence in working with 
telemedicine relocated, the plans for expansion changed. 

When a remote telemedicine site is established, it is not uncommon that 
telemedicine within additional medical disciplines is subsequently introduced 
at that facility. An importance reason for this is that once telemedicine is 
established at a facility, interest for and technical competence in handling 
telemedicine is likely to increase. In Västerbotten, several remote sites in the 
general telemedicine network have been equipped for telemedicine within 
additional medical disciplines. For example, in addition to general telemedi
cine, telepsychiatry has been implemented in Storuman, and Sorsele health 
care center has been supplied with equipment for dental care telemedicine. 

In Jämtland, the general telemedicine project started at health care centers that 
were already carrying out teieradiology. In contrast with the earlier implemen
tation of teleradiology, technical competence in handling telemedicine and 
personal interest were important factors behind the choice of nodes: 

MS: What are the reasons behind the implementation of general telemedicine 
in the particular localities of Åre and Strömsund? 

GUNNARSSON: In Strömsund, there is a project underway aiming to increase 
the local competence and quality of service in health care provision. One 
method of achieving this is using telemedicine to enhance health care delivery 
for patients in the area. [...] The implementation in Åre is largely based on the 
already gained experience in telemedicine through the earlier teleradiology 
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endeavor. [...] In Åre, there is also a doctor who is very interested in carrying 
out telemedicine, and this factor has arguably been the most important for the 
selection of Åre as a general telemedicine site (interview with Ingvar 
Gunnarsson, 1998-04-22; author's translation). 

In fact, this trend toward expanding the scope of already existing telemedicine 
nodes will continue: the scheduled expansion of network includes (but is not 
limited to) all health care centers that presently have teleradiology 
capacity. 

* 

In summary, the case study of telemedicine diffusion in northern Sweden 
allows for a comparison with the national findings. It also provides an under
standing of the implementation and expansion of telemedicine at the program 
and network levels, as well as some insight into the decision-making process. 
Telemedicine networks tend to expand within counties, with political 
decision-making at higher levels being most important in connection with 
their inception. 

Local conditions, such as facility size and distance to higher level of care, have 
directly influenced decision-making concerning telemedicine implementation 
in northern Sweden. Not surprisingly, local interest in telemedicine is also 
central for the emergence of remote telemedicine sites. Such interest in 
telemedicine may come about or get strengthened by local conditions. For 
instance, a medically marginal location is likely to increase the interest for 
telemedicine among the staff of the concerned facility. 
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10 TELEMEDICINE N ETWORK 
CHARACTERISTICS AND IMPACT OF 
TELEMEDICINE ACTIVITY 

In the previous two chapters, the diffusion of telemedicine in northern 
Sweden was presented and analyzed. The first section of this chapter exam
ines telemedicine network characteristics with regard to structure, technology, 
and usage. The implementation of telemedicine results in specific network 
structures. The forms and frequencies of telemedicine usage influence the 
level of technology that is needed. Telemedicine usage, in combination with 
other factors, then shapes the impact of telemedicine activity, which is 
addressed in the second section of this chapter. 

10.1 Telemedicine Network Characteristics 

10.1.1 Structure 

The structure of telemedicine networks is influenced by the location of and 
interaction between the participating nodes. The way telemedicine is carried 
out, but also the allocation of health care resources, thus contribute to shaping 
telemedicine network structure. The teleradiology and general telemedicine 
networks in Jämtland (Figure 8—1) constitute textbook examples of simple hub 
and spoke-type networks (see Figure 4—1). There is only one specialist health 
care facility, located in the urban locality of Östersund in the middle of the 
county, which provides telemedicine to rurally situated health care centers in 
the surrounding area. 

In Västerbotten (Figures 8—4 and 8—5), the general telemedicine network is a 
multiple hub and spoke network, as certain referring nodes utilize more than 
one central site. In fact, the telemedicine network also exhibits the characteris
tics of a complex network, since certain nodes have both referring and 
consulting functions. If the telemedicine networks of the county are viewed as 
one integrated network, the complex characteristic of the network becomes 
even more apparent. In Norrbotten (Figure 8—8), the decentralization of 
specialist care has contributed to shaping a geographically subdivided telera
diology network, with links radiating from several of the district county 
hospitals to nearby health care centers. Västernorrland (Figure 8—9) also has a 
network characterized by a number of central sites. Clearly, however, the 
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central county hospital in Sundsvall is the most prominent central site in terms 
of number of links. 

When it comes to the levels of health care and types of facilities involved with 
telemedicine (cf. Table 5-1), the majority of the telemedicine links in northern 
Sweden are established between specialist and primary care facilities (generally 
for purposes of carrying out general telemedicine or teleradiology). Connec
tions between different specialist care facilities are far less common (they 
usually concern telepathology or teleradiology). In both cases, vertical links— 
that is, connections between facilities of different types—constitute the 
dominant form of telemedicine. It should be noted, though, that a few 
horizontal telemedicine links—that is, connections between facilities of the 
same kind—also exist. For example, there are some instances of telemedicine 
being carried out between different primary care facilities in Västerbotten. In 
those cases, the concerned health care facilities may alternate between refer
ring and consulting roles depending on the circumstances, such as the avail
ability of certain categories of medical personnel. 

The different character of the counties' telemedicine networks can be 
expressed more formally through measures for network analysis (introduced 
in Section 3.2).65 The development of the alpha index (a), a topological 
measure of network connectivity, is accounted for on a county basis in Figure 
10—l.66 Since telemedicine networks are not like ordinary transport networks, 
where flows may start at a certain node and pass through others before 
reaching the destination, the connectivity of telemedicine networks is not 
particularly important for their function. However, the alpha index of a 
telemedicine network is still of interest, as it serves as a measure of how 
hierarchical the network is. 

Clearly, the telemedicine networks in northern Sweden are generally very 
hierarchical in nature. Indeed, in Jämtland and Norrbotten, the alpha index is 
in fact zero during the entire study period! Västernorrland and Västerbotten 
have higher alpha index values. Västerbotten has the highest values during the 
entire period, and there is an apparent development over time towards higher 
connectivity. The comparatively high alpha index values exhibited by Väster-
botten's telemedicine network is closely related to its earlier outlined multiple 

In the calculation of all network analysis measures presented below, cross-boundary 
telemedicine links have not been included. Emergency telemedicine has also been disre
garded. 

All telemedicine links within a county are treated as part of the same network. Only one link 
is allowed between each pair of nodes. 
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Figure 10—1 Development of alpha index for telemedicine networks in northern Sweden 
on a county basis.66 

and complex characteristics: for a given remote site, several specialist care 
facilities often function as central sites, and some facilities have both consult
ing and referring functions, thus sometimes servicing certain nodes while 
being serviced by others. Moreover, the emergence of links between some 
primary care facilities has also helped boasting connectivity values. The 
relatively high connectivity values for Västernorrland is mainly due to the 
telepathology program, which has a strong focus on multipart conferencing, 
being regarded as a fully distributed (i.e., 100 percent interconnected) network. 

In contrast to topological measures of network structure, geometrical meas
ures take distance factors into account. The development of average link 
length (rj) for each county is presented in Figure 10-2.67 In counties where 
telemedicine connections between primary and specialist care facilities is the 
predominant link type (Jämtland, Västerbotten, and Norrbotten), average link 
length has decreased over time. Thus, on average, the early telemedicine links 
bridge greater distances in those counties. In Västernorrland, with a larger 
proportion of telemedicine between specialist care facilities, the opposite 
development can be observed. It should be noted that the measure of average 
link length is related to the various geographies of health care delivery in the 

As with the calculation of the alpha index, all telemedicine links within a county are treated 
as part of the same network. However, in this case, there may be more than one link between 
a pair of nodes, provided that the connection is used for telemedicine within several medical 
disciplines. Telepsychiatry is treated as general telemedicine. 

125 



250 
—o—Västerbotten 
— J ä m t l a n d  
—Ü— Norrbotten 
—A— Västernorrland 

f 200 

5 150 O) 

.E 100 

O) 

1990 1985 1995 2000 

Figure 10—2 Development of average telemedicine link length in northern Sweden 
by countyß1 

concerned counties. If this were to be taken into account through some form 
of relative measure, it is likely that the picture would look slightly different. 
For example, it is probable that Västernorrland would exhibit relatively higher 
values, due to the comparatively small average distances between health care 
facilities. 

In the national study of diffusion, similar differing trends, albeit with generally 
lower values, could be noted concerning remote sites' distances to higher 
levels of care (see Figure 7—6). Distance to higher level of care does not 
necessarily equal link length. However, considering the generally long dis
tances between health care facilities in northern Sweden, and that a number of 
telemedicine connections in fact span considerable distances, it seems very 
likely that average link length in northern Sweden is higher than the national 
average. The development of total network length (M) by medical discipline is 
illustrated in Figure 10-3.68 While teleradiology links have existed since 1985, 
the teleradiology networks increased the most in terms of network size in the 
first half of the 1990s. At the time, there was diffusion of teleradiology to 
several medically marginal remote sites in Jämtland and Norrbotten. 
Telepathology and general telemedicine networks appeared in the latter part 

When a health care facility utilizes more than one central site for a certain form of telemedi
cine, only the link with the greatest distance is included. Connections between a pair of 
nodes may be represented in more than one of the categories, provided telemedicine is used 
within more than one medical discipline. Telepsychiatry is regarded as general telemedicine. 
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of the 1990s. While the extent of the telepathology networks has increased 
over time, it is not on par with that of the teleradiology networks. The general 
telemedicine networks, however, have exhibited a major increase in network 
size in just a couple of years. Today, general telemedicine is by far the medical 
discipline with the largest aggregate network size. This is primarily a result of 
the expansion of the general telemedicine network in Västerbotten in recent 
years, which has included the establishment of several telemedicine connec
tions spanning vast distances. 
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Figure 10—3 Development of total telemedicine network lengt h in northern Sweden by 
medical disciplined 

10,1,2 Technology 

The technological requirements for telemedicine are largely a function of the 
medical disciplines within which telemedicine is carried out. This means, of 
course, that the technical solutions employed in the telemedicine networks in 
northern Sweden is strongly influenced by the form of telemedicine that is 
practiced. However, some additional patterns and general trends can also be 
discerned. Over time, there has been a shift from analog modem technology 
to ISDN connections, which in turn have given way to the use of computer 
networks of different kinds. Thus, the carrying capacities of the links have 
increased over time, mirroring the general development of telecommunica
tions and information technologies in recent decades. 

Not only the technology of the links, but also the equipment of the nodes 
have undergone changes over time. Many of the early telemedicine programs 
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concerned with the transmission of moving images used dedicated video 
conferencing systems. Nowadays, PC-based telemedicine systems, which tend 
to be more flexible in terms of image storage and communication possibilities, 
are also commonly seen. When Västernorrland implemented its general 
telemedicine network in 1998, ISDN connections and dedicated video confer
encing systems were employed. The choice of using a dedicated system, as 
well as the final selection of manufacturer, was based on quality of image and 
sound as well as degree of ease of use (Malmquist and Carlsson, 1998). 
Västerbotten's general telemedicine network also initially used a dedicated 
video conferencing system (shown in Figure 8—6) and ISDN connections, but 
switched to a PC-based system (Figure 8—7) and transmission over the 
regional computer network, AC-net. The primary goal of this technological 
shift was to improve image quality and achieve a quicker and cheaper transfer 
of information. In addition, the new technology was deemed to have greater 
potential for future improvements. The investment cost of each PC-based 
system is about SEK 200 000 (Västerbottens läns landsting, 1999). 

In some telemedicine networks, the transmission capacities of the links and 
the equipment of the nodes exhibit high degrees of spatial diversity. The 
teleradiology network in Jämtland, in particular, has been and to some extent 
still is characterized by considerable technological differences. While the 
diffusion of telemedicine in Jämtland has been influenced by both needs-
based considerations and personal interest, the allocation of technology for 
teleradiology has mainly been carried out in accordance with perceived needs. 
Need for telemedicine has primarily been measured by frequency of and 
fluctuations in radiology examinations. When new technology is acquired and 
installed, the redundant equipment is transferred to other nodes in the 
network: 

The allocation of telemedicine equipment is needs-based. Sveg is first in line, 
followed by Åre. In the case of installation of new equipment in Sveg, the 
redundant equipment is placed in Åre, and Are's equipment is moved to 
Strömsund (interview with Alf Lerner, 1998-04-21; author's translation). 

In Västerbotten, a similar process can be observed. When the PC-based 
system was introduced, the video conferencing equipment was instead used 
for new telemedicine applications at other departments and facilities. 

Although the availability of technology that may be employed for telemedicine 
applications is quite uniform over space, certain spatial differences do exist. 
For example, networks for mobile telephony are often concentrated to larger 
localities and arterial roads. Similarly, computer networks are more frequently 
implemented and have higher bandwidths in and between urban localities, 
compared with rural and medically marginal areas. Although this situation has 
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hardly actually hindered the spatial diffusion of telemedicine, it has affected 
the specific technical solutions in certain cases of telemedicine implementa
tion. For example, when the ISDN connections in Västerbotten's general 
telemedicine network were replaced, the regional computer network, AC-net, 
was not available in Tärnaby. Therefore, a radio link was instead used for 
communication between Tärnaby and the central sites. 

10.1.3 Usage 

In northern Sweden, telemedicine is used mainly within three medical disci
plines: teleradiology, general telemedicine, and telepathology. Teleradioiogy is 
carried out primarily in Jämtland, Norrbotten, and Västernorrland. Almost 
since their implementation, the teleradiology networks in Norrbotten have been 
used to transmit all X-ray images produced at the remote sites. This means 
that the degree of usage is at maximum, and that thousands of X-ray images 
are sent each year from the participating health care centers. For instance, the 
district county hospital in Kalix receives about 10 000 X-rays each year from 
the three remote sites within its catchment area: the health care centers in 
Haparanda, Överkalix, and Övertorneå (Norrbottens läns landsting, 1998). 

In contrast, the use of teleradiology in Jämtland and Västernorrland has been 
much more limited. In Jämtland and Västernorrland, teleradiology usage 
frequencies have varied in time and space. In Jämtland, there has been a 
strong focus on using teleradiology for acute cases, in which a quick specialist 
opinion is of particular importance. The health care centers that carry out the 
most radiology examinations in primary care, Sveg and Åre (cf. Figure 9—2), 
are also the ones that have been transmitting the most X-ray images by means 
of telemedicine. In contrast, the connection Östersund—Funäsdalen has been 
used to the least extent. Strömsund and Gäddede fall somewhere in between. 
In the tourist areas of Funäsdalen, Gäddede, and—in particular—Åre, more 
pictures are sent during winter and early spring, when the influx of tourists 
and hence winter sport-related injuries are the greatest. 

In Åre, images from about 100 X-ray examinations were transmitted by means 
of telemedicine in 1994. In the latter part of the 1990s, there was a slight 
tendency toward increased frequency of usage. In the year 2000, PACS was 
implemented in Jämtland at three health care centers, Strömsund, Sveg, and 
Åre. As a consequence of this switch to complete digital handling of X-ray 
images, a substantial increase in telemedicine usage is to be expected at those 
remote sites. In Västernorrland, it is the teleradiology connection between the 
hospitals in Härnösand and Sundsvall that has seen the most use. For exam-

129 



pie, already in 1995 images from over 400 examinations were transmitted, 
representing a substantial proportion of all radiology activity at the facility. 

General telemedicine is carried out mainly in Jämtland, Västerbotten, and 
Västernorrland. The general telemedicine network in Västerbotten is the oldest 
telemedicine program in northern Sweden that focuses on telemedicine within 
medical disciplines other than radiology. It is also the largest telemedicine 
network in the region in terms of number of nodes. The telemedicine network 
is used primarily for consultations in the fields of otolaryngology, dermatol
ogy, and orthopedics. 

In the first two years of the program (Fall 1996 to the end of 1998), 169 
telemedicine consultations were carried out at the two remote sites, the health 
care centers in Storuman (43 consultations) and Tärnaby (126 consultations). 
The consulting site was either the regional hospital in Umeå or the district 
county hospital in Lycksele. The concerned medical disciplines were quite 
evenly represented, and the telemedicine activity included both pre-planned 
and spontaneous consultations. Normally, each telemedicine session lasted 
between 15 and 30 minutes. In most cases, the concerned patients participated 
during the consultations. The video conferences were frequendy comple
mented by the transmission of still images, for instance endoscopes pictures 
(Carle, Made, and Hellström, 2001; Made et al, 1999). 

In 1999, a number of additional primary care facilities were included in the 
general telemedicine network. The initial usage of telemedicine at the new 
remote site varied considerably. Whereas some health care centers hardly used 
telemedicine at all, others carried out some telemedicine consultations. 
Interestingly, the more active group of remote sites, which included Dorotea, 
Sorsele, and Åsele, are located relatively far from specialist care. However, 
even among the more active remote sites the frequency of usage was rather 
low, usually not more than one telemedicine consultation per week. A similar 
relation between distance and usage can be seen when reviewing the initial 
usage of telemedicine at Storuman and Tärnaby. Tärnaby, which is located the 
furthest away from specialist care, carried out the majority of the consulta
tions. There has also been substantial internal use of the telemedicine 
technology at many remote sites. For instance, when using the endoscopes 
that came with the telemedicine equipment for ordinary medical examinations, 
the patient's condition is often examined by looking at the monitor. At Sorsele 
health care center, this kind of in-house usage of the telemedicine equipment 
was about five times as common as were telemedicine consultations as such. 
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Telepathology is carried out primarily in Norrbotten, Västerbotten, and 
Västernorrland. The telepathology project in Västerbotten started in 1996, and 
consisted at that time of a link between the regional hospital in Umeå and the 
district county hospital in Skellefteå. In 1998, the district county hospital in 
Lycksele was included in the network. The telepathology activity in Skellefteå 
consists of two main forms of clinical telemedicine usage: consultations in 
direct relation to surgery and teleconferences during which a number of 
patient cases are discussed. During the first two years of the program, the 
telepathology was employed in connection with about 30 instances of surgery. 
In addition, about 50 teleconferences were carried out during the period. In 
Lycksele, there has been a stronger focus on consultations in connection with 
ongoing surgery (Cajander et ai, 1999). 

The various forms of telemedicine in northern Sweden are carried out in quite 
different manners. General telemedicine utilizes full-motion video and 
patients are generally present during consultations. In contrast, telemedicine 
related to pathology and radiology involve still image transfer, and the patients 
are usually not in contact with the telemedicine equipment. In the case of 
telepathology consultations, laboratory assistants (entitled biomedical analysts) 
at the remote site are responsible for collecting tissue samples at the Depart
ment of Surgery, subsequently preparing it for remote examination according 
to an established procedure. The images of the tissue samples are then 
transmitted to the central site, and studied through a microscope by a special
ist. While the actual telemedicine connection allows for instant communica
tion between pathologists and surgeons, the biomedical analysts provide, as it 
were, the physical link between the interacting units. If the concerned patients 
take notice of the telemedicine activities, it will be in terms of eventual 
benefits. 

Clearly, the degree of telemedicine usage in northern Sweden varies between 
and within telemedicine networks as well as over time. Interviews carried out 
at several remote sites in Västerbotten's general telemedicine network indicate 
that the interest in carrying out telemedicine varies among the participating 
health care facilities. It also seems that issues related to the telemedicine 
technology, such as the ease of use and technical reliability, have occasionally 
hampered telemedicine usage. In a study of the telemedicine activity at 
Tärnaby and Storuman (Made et al., 1999), the degree of responsiveness by the 
central sites was identified as an important factor influencing telemedicine 
usage patterns. From a spatial perspective, it is particularly interesting to note 
that there is an apparent relationship between distance to central sites and 
telemedicine usage. Just like the diffusion of telemedicine is positively corre
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lated with distance to higher levels of care, a similar connection seems to be at 
hand in terms of usage patterns. 

10.2 Impact of Telemedicine Activity 
The impact of telemedicine activity is influenced by a number of factors. 
Telemedicine within different medical disciplines have—at least to some 
extent—different likely outcomes. The system of health care provision within 
which telemedicine is carried out, as well as the local settings of telemedicine 
nodes, are also of importance in shaping the impact of telemedicine activity. 
In the context of Swedish health care provision, consequences of telemedicine 
may arise not only at central and remote sites at the local level, but also for the 
regional health care organizations. 

There is a potential that telemedicine will be economically beneficial to the 
concerned health care organizations. However, it is hard to carry out a 
comprehensive analysis of the economical impact of telemedicine, since many 
of the potential gains are intangible and hard to estimate in monetary terms. 
In any case, there are substantial investment costs for telemedicine that will 
overshadow any economic savings in the short term. In the long run, tele-
medicine may have structural effects on the health care system within which it 
is carried out. The potential long-term effects of telemedicine on health care 
provision in Sweden will be addressed in the final chapter of the thesis. 

At local level, the impact of telemedicine activity is most apparent at remote, 
referring sites. Such health care facilities, their staff, and the patients they 
service can benefit from telemedicine in a number of ways. Medical personnel 
carrying out telemedicine have increased their medical knowledge related to 
the issues that the consultations concern. For the concerned patients, accessi
bility to specialist care has been increased, and quality of care has frequently 
been elevated. General telemedicine and teleradiology allow for a second 
opinion to be provided by means of telemedicine. In the practice of 
telepathology, there have been a few cases where re-operations have been 
avoided owing to the telemedicine activity. Such outcomes are not only 
beneficial to the concerned patients, but also means that substantial economic 
savings are achieved. The three main forms of telemedicine in northern 
Sweden—teleradiology, general telemedicine, and telepathology—all have a 
potential impact on patterns of movements. Telemedicine may both generate 
and substitute for conventional transports, as well as result in a modification 
of already planned travel routes (see Figure 4—3). 
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The potential impact of telemedicine on patterns of movement that has 
gained the most attention is the reduction in patient travel that may be 
achieved. Telemedicine consultations may result in planned referrals being 
deemed unnecessary, resulting in a less patient travel. The concerned patients 
have naturally most to gain from such substitution effects (see Section 4.3). 
However, since patients are reimbursed for most travel expenses incurred by 
referrals, reductions in patient travel will benefit the county councils economi
cally as well. The costs of patient travel are largely determined by road dis
tance, but also influenced by way of travel. When a telemedicine consultation 
makes patient travel unnecessary, it supersedes the least expensive feasible 
way of travel to the referral destination, as decided by the concerned physi
cian. Patterns of patient travel vary between the county councils. Figure 
10—4 shows the number of reimbursed patient travels in Norrbotten by type 
of transport for the year 1995. In total, about 250 000 trips were carried out. 
Car is by far the most common form of transport, followed by bus, train, and 
taxi. The use of snowmobile in a hundred or so cases is made possible by the 
climate conditions in northern Sweden. Airplane transports are naturally the 
most expensive, followed by taxi and train (Johansson, 1997). 
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Figure 10—4 Patient travel in the county of Norrbotten 1995 by type of transport. 
Source: Johansson (1997), p. 48. 

Evaluations of telemedicine programs in northern Sweden that have been 
conducted frequently show a transport substitution effect. Carle, Made, and 
Hellström (2001) study the impact of general telemedicine in Västerbotten. In 
47 out of the 169 consultations that were part of the study (i.e., 28 % of the 
cases), a planned referral was deemed unnecessary as a result of the telemedi-
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cine activity, thus resulting in reduced patient travel. It is unclear to what 
extent telemedicine generated travel or resulted in the referral destination 
being modified. Without telemedicine, the concerned patients would have had 
to travel very long distances. The road distances from the concerned remote 
sites, Storuman and Tärnaby, to the closest and most common referral 
destination, the district county hospital in Lycksele, are 131 and 234 kilome
ters, respectively. 

The impact of telemedicine on patterns of movement is not limited to patient 
travel. When clinical and non-clinical conferences are carried out by telemedi
cine instead of by conventional means, there will be less travel among con
cerned medical personnel. Conferences carried out by means of telemedicine 
have also had higher participation rates than would otherwise be the case. In 
addition, some conferences would not have been possible to carry out at all 
without telemedicine (Jämtlands läns landsting, 1999). Telemedicine also 
reduces non-personnel transports. Most commonly, instead of sending tissue 
samples (telepathology) and X-rays (teleradiology) by conventional transports, 
digital images are transmitted by means of telemedicine. Naturally, such 
telemedicine activity will frequently reduce the need for patient travel as well. 
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11 CONCLUDING DISCUSSION 

The aim of this thesis is to reveal determinants and outcomes of telemedicine 
diffusion. The diffusion of telemedicine in Sweden has been studied at 
different geographical levels. A national study of telemedicine diffusion in 
Sweden (Chapter 7) analyzed the diffusion of remote telemedicine sites. In a 
regional case study of telemedicine in northern Sweden, the implementation 
and expansion of telemedicine programs and networks were examined 
(Chapter 9). Telemedicine network characteristics—that is, the structure, 
technology, and usage of telemedicine networks—as well as the impact of 
telemedicine activity were also considered (Chapter 10). 

This chapter summarizes and discusses the results of the study. The first 
section presents and elaborates on the key findings of the thesis. In the 
second section, the determinants of telemedicine diffusion are recapitulated 
and related to the decision-making process. The final section presents some 
speculations concerning the future development and long-term impact of 
telemedicine. In addition, it considers the extent to which the present study 
contributes to a "medical geography of telemedicine." 

11.1 Key Findings 
The first telemedicine applications in Sweden emerged in the 1970s. It was in 
the 1990s, however, that the practice of telemedicine took off on a larger 
scale. The first telemedicine applications concerned specialist care facilities in 
southern Sweden. By the year 2000, the number of remote sites was quite 
evenly distributed across the country and between specialist and primary care 
facilities. The degree of adoption, however, was much higher among specialist 
care facilities. In northern Sweden, telemedicine was first implemented in the 
mid-1980s, and is now carried out in all counties in the region. The telemedi
cine programs in northern Sweden primarily concern teleradiology, general 
telemedicine, and telepathology. Commonly, telemedicine is carried out within 
counties in hierarchical hub and spoke-type networks connecting specialist 
and primary care facilities. 

11.1.1 Regional Barriers to Telemedicine Diffusion 

The importance of existing telemedicine for its further spatial diffusion was 
examined in the national case study. The characteristic derived from existing 
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telemedicine that explains the most of the diffusion process is regional 
telemedicine adoption; local and national telemedicine adoption levels were 
less significant. The study thus shows that there are clear regional barriers to 
telemedicine diffusion in Sweden, but shows a lack of the obvious neighbor
hood effect that could be expected in light of many previous diffusion studies 
and geographical diffusion theory. 

There are several reasons that existing telemedicine primarily influences its 
further diffusion at the regional level. The health care system in Sweden is 
characterized by a high degree of regional autonomy. Provision of health care 
is mainly financed, decided upon, and carried out on a regional basis by 
county councils and other health care organizations. Contacts between 
medical staff, and thus dissemination of information and opinions concerning 
telemedicine, are therefore likely to be higher within than between the regional 
health care organizations. The health care organizations are also decision
making bodies with different telemedicine policies. 

In addition, already implemented telemedicine programs tend to expand 
within the health care organization in which they originated, as the regional 
case study demonstrates. Thus, although the virtual care regions that tele-
medicine networks represent generally increase in size over time, they seldom 
cross the borders of health care organizations. This phenomenon may be 
partly related to impediments to information flows, but is primarily a result of 
the political and administrative functions of the boundaries. In northern 
Sweden, the combination of a small number of specialist care facilities and 
geographically large health care organizations have resulted in less cross-
boundary telemedicine compared with the rest of the country. In countries 
with more centralized systems of public health care delivery or where market-
oriented health care is more prevalent, the regional influence on telemedicine 
diffusion is likely weaker. 

11.1.2 Size and Distance Matters 

Although no traditional neighborhood effect to speak of can be noticed in 
Swedish telemedicine diffusion, distance matters in the diffusion process in a 
quite different respect. The analysis shows that the distance between health 
care facilities and facilities providing a higher level of care is an important 
determinant of telemedicine diffusion. Health care facilities located far from 
more specialized care are especially likely to adopt telemedicine. Since the 
impact of telemedicine activity is more pronounced over long distances, it is 
not surprising that the perceived utility for, interest in, and acceptance for 
telemedicine is higher in cases in which potential central sites are located far 
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away. Similarly, there is a relationship between distance to higher levels of care 
and the frequency of telemedicine usage. 

This "distance effect" does not exactly represent the opposite of contagious 
diffusion, as the finding is based on distance not to similar adopters (i.e., 
remote sites) but to more specialized health care facilities. Such facilities may 
or may not already have adopted telemedicine for consulting and/or referring 
purposes. In any case, this kind of distance effect is a logical consequence of 
applications of information technology that increase accessibility to a service 
and have the potential to decrease the need for travel. 

The study found that another local factor, facility size, is also positively 
correlated with telemedicine diffusion. In a sense, the result is hardly surpris
ing, considering that large health care facilities have more personnel and—in 
the case of hospitals—clinics that may take an interest in telemedicine. 
Moreover, the size of a health care facility is related to the number of medical 
examinations carried out, and this factor is also of importance for the diffu
sion process. For instance, the diffusion of teleradiology in the county of 
Jämtland has been influenced by the degree of radiology activity at primary 
care facilities. It should be noted that in the case of Jämtland, seasonal 
fluctuations in radiology activity due to tourism have also constituted an 
important determinant. The correlation between facility size and telemedicine 
adoption, as well as the circumstance that the diffusion process started with, 
and has progressed the furthest in, specialist care, suggest that the diffusion of 
telemedicine exhibits hierarchical characteristics. 

11.1.3 Technology Development and Telemedicine Diffusion 

Telemedicine is a special kind of innovation, in that it is built upon computer, 
telecommunications, and information technologies, which all undergo con
tinuous development. Therefore, the state and development of these tech
nologies play an important role in the diffusion and practice of telemedicine. 
As the technology utilized for telemedicine develops, telemedicine can be 
carried out with lower costs, in a more efficient manner, and in more different 
ways. The development of the technology used for telemedicine is therefore 
likely to influence the perceived utility of and interest for telemedicine, and 
hence the nature of telemedicine diffusion. Issues related to telemedicine 
technology, such as the ease of use and reliability of telemedicine equipment, 
may also exert an influence on the frequency by which telemedicine is used. 

The study shows that the state and development of information technology is 
a significant determinant on the rate of telemedicine diffusion. Without 
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continuous technology development influencing the diffusion process, the 
adoption curve would thus have been flatter. Indeed, the simulation of 
telemedicine diffusion that was carried out shows that telemedicine diffusion 
would have occurred at a much slower rate had the technology of telemedi
cine evolved less rapidly. Although this may indicate that telemedicine as such 
is an atypical innovation with comparatively slow adoption rates, it is perhaps 
more likely that certain innovations are not easily incorporated in certain 
organizational settings, and that this is the case with telemedicine and health 
care systems. Judging from the sometimes sporadic usage of implemented 
telemedicine applications, there is in many cases a low degree of general 
acceptance of the technology and a lack of integration of telemedicine into 
ordinary medical practices. In any case, the simulation also indicates that, 
given that computers and information technology continue to develop 
according to the present trend, there will be a significant increase in the 
number of primary care facilities functioning as remote telemedicine sites 
during the first decade of the 21st century. 

The supply and marketing of telemedicine technology has not been subject to 
analysis in the study. Commercial vendors selling telemedicine equipment are 
likely to constitute an external influence on telemedicine diffusion. However, 
it can be expected that their activities primarily exert an influence on the 
selection of telemedicine technology, rather than the decision of whether or 
not telemedicine should be implemented. 

It is actually quite possible that technology also contributes to the absence of 
contagious diffusion patterns in telemedicine diffusion. The general trend for 
some time has been a reduction of the importance of neighborhood effects in 
innovation diffusion processes due to advances in transports and communica
tions. The recent developments in telecommunications and information 
technologies have contributed towards this development. Moreover, it is likely 
that knowledge of information technology innovations, particularly, is dis
seminated through such modern communication technologies. 

11.2 Determinants and Decision-Making 
The empirical findings of the study allows for some conclusions regarding 
determinants of and decision-making in Swedish telemedicine diffusion. 
Figure 11—1 shows the assumed determinants of telemedicine diffusion that 
were tested and corroborated in the national diffusion study. Technology 
development has the strongest positive influence on telemedicine diffusion, 
followed by the local factors that are unrelated to existing telemedicine: facility 
size and distance to higher level of care. Existing telemedicine affects its 
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Figure 11—1 Determinants of telemedicine diffusion. 

further diffusion positively (regional level) and slightly negatively (national and 
local levels). 

While regional telemedicine adoption constitutes an important determinant of 
telemedicine diffusion, regional characteristics unrelated to existing telemedi
cine were not significant in the study. Although the influence of such regional 
conditions could not be confirmed, it has to be stressed that many of the 
variables were in fact quite crude indicators of the aspects they were expected 
to measure. For example, while the politics variable represents the political 
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composition in the decision-making bodies of health care organizations, its 
relationship to actual telemedicine policies is likely very weak at best. 

In any case, even given that local conditions are more important, the national 
study does not reveal through whom they influence the diffusion process. As 
the model indicates and the regional case study clearly confirms, local condi
tions and interest in telemedicine may be of importance in regional deci
sion-making concerning where telemedicine should be implemented. Similarly, 
technology development and existing telemedicine may influence telemedicine 
diffusion through actors at both the regional and local levels. The regional 
case study shows that telemedicine programs and nodes are often the result of 
a combined effort, involving both politicians at the regional level and medical 
and other staff at the local level. In fact, even actors representing health care 
facilities may be external in relation to the facility to which telemedicine 
diffusion is taking place. For instance, medical personnel at central sites have 
played important roles in the implementation of telemedicine for referring 
purposes at other health care facilities. 

11.3 The Future of Telemedicine 
Telemedicine is a relatively new phenomenon. In its further diffusion, tech
nology development will fuel the growth of remote sites, to some extent 
making up for the barriers to diffusion that initial investment costs and 
organizational inertia constitute. In the near future, telemedicine capacity is 
likely to be implemented at a large proportion of all health care facilities, 
providing access to remote medical assistance within a substantial number of 
medical disciplines. Should the actual usage of telemedicine also take off on a 
wider scale, the impact of telemedicine activity will be much more pro
nounced than it is today. 

Today, telemedicine in Sweden is very much a regional phenomenon. In the 
future, the situation may look very different. Instead of being strongly influ
enced by the allocation of health care resources and administrative bounda
ries, telemedicine may instead contribute to changing the very nature of health 
care provision. Telemedicine centers, the entire focus of which is to provide 
the medical services of "super-specialists" to clients worldwide, have already 
started to emerge, and may be one sign of what we can expect for the future. 
If telemedicine continues to develop in such a direction, the network of 
telemedicine activity will bear an even stronger resemblance to the air trans
port system than it does today. The large regional hospitals would then 
constitute major hubs in the network, with countless links radiating in every 
direction and bypassing the intermediate levels in the organization of health 
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care. Health care provision may thus become concentrated and centralized, 
but still be readily accessible to medically marginal areas in the periphery by 
means of telemedicine. 

Medical geography comprises research related to both health and health care 
provision, with a focus on health issues such as epidemiology and the relation
ship between health and place. Telemedicine represents a new way of health 
care delivery. This thesis provides an understanding of the implementation 
and use of telemedicine within health care systems. In order to achieve a 
complete medical geography of telemedicine, the two research strands of the 
subdiscipline—that is, health and health care provision—need to be com
bined. This would mean also assessing in detail the way and the extent to 
which telemedicine contributes to improving the health of patients. In the 
future, should telemedicine become even more widespread and also widely 
used, such a research endeavor may prove to be very rewarding. 
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APPENDIX I 
Interviews 

Jämtland 

The county council of Jämtland 

Lena Persson (1997-11-17). 

Åre health care center 

Alf Lerner (1998-04-21). 
Gunnel Lang (1998-04-21). 

Östersund central county hospital 

Ingvar Gunnarsson (1997-11-20). 
(1998-04-22). 

Västerbotten 

burträsk health care center 

Sven-Erik Åslund (1998-10-23). 
Nils Ullsten (1998-10-23). 
Monica Lindgren (1998-10-23). 

Dorotea health care center 

Anders Kadesjö (1998-11-03). 
(2000-03-29). 

Skellefteå district county hospital 

Lilian Johansson (1998-02-05). 
Håkan Olsson (1998-02-05). 
Mariusz Trela (1998-02-05). 

(1998-10-23). 

S ors e le health care center 

Gunilla Helgart (2000-03-14). 
Svante Matsson (2000-03-14). 
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Inger Stenlund (2000-03-14). 

Tärnaby health care center 

Curt Made (1998-11-04). 

Vilhelmina health care center 

Peter Lyager (1998-11-03). 
Anna Greta Hellgren (2000-03-28). 
Ann Kristine Norman (2000-03-28) 

Åse le health care center 

Pia Edman (2000-03-27). 
Johan Hambraeus (2000-03-27). 

Norrbotten 

Haparanda health care center 

Gertrud Kenttä (2000-06-20). 
Jarl Sandin (2000-06-20). 

Pajala health care center 

Margareta Alainentalo (2000-06-21) 
Anita Westman (2000-06-21). 



APPENDIX II 
Information Technology for Telemedicine 

In this appendix, information technology employed for telemedicine is subject 
to a more in-depth description compared with the overview that which was 
provided in Section 2.3.1. The development and current state of computer, 
telecommunications, and information technologies are presented, particularly 
concerning data transmission capacities. 

Computer and information technologies have seen continuous, substantial 
developments in recent decades. The available processing power of com
puters, as well as their internal and storage memory and graphics capabilities, 
have increased dramatically. At the same time, equipment and methods for 
data transmission have undergone considerable developments in terms of 
carrying capacity (bandwidth). Simultaneously, computer and information 
technology prices have plummeted. Usually, bandwidth is measured in bits per 
second (bps), that is, the amount of data units transferred per second. "Bit" 
(short for Binary Digit) refers to the smallest data unit, and takes the value 0 
or 1. Eight bits constitutes one byte, representing a sign such as a letter or a 
number. The abbreviations "Kbps," "Mbps," and "Gbps," refer to kilo-
(1 024 or 2A10), mega- (1 048 576), and gigabits (1 073 741 824) per second, 
respectively. 

There is no doubt that bandwidth matters for the feasibility of telemedicine 
applications, especially when it comes to advanced telemedicine usage. With 
increased carrying capacity, video conferencing systems exhibit improved 
quality of image and sound, and the time for transmission of still images is 
reduced. For example, a conventional X-ray image, which needs 4-8 MB 
(megabytes) for storage, takes 10 minutes or more to transfer using analog 
modem technology. Using a fiber optic computer network, the transmission 
time can be cut to a mere 10 or so seconds. Consequently, the range of viable 
telemedicine applications (as well as the potential technical efficiency of 
telemedicine as such) has increased over time. In any case, image compression 
techniques are often employed in order to reduce bandwidth requirements. 
The degree of compression that can be achieved largely depends on the types 
of data (in the case of teleradiology, which forms of X-ray images) that are to 
be transmitted (Nilsson, 1996; Wright and Loughrey, 1995). 
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Analog modem technology (14.4—56 Kbps) is gradually being phased out in 
favor of digital transmission technologies with higher carrying capacities. The 
term "broadband" is often employed to refer to high-speed data connections. 
However, there are several definition as to what constitutes broadband, 
ranging from inclusive interpretations of the term that only requires connec
tions with a couple of hundred Kbps to more restrictive definitions that 
demands a bandwidth of several Mbps. xDSL is a generic terms for various 
transmission solutions that provide wholly digital transmission over conven
tional telephone lines. ISDN (Integrated Services Digital Network) combines 
between two and thirty 64 kpbs connections ("B" channels) with a 16 Kbps 
link ("D" channel) used for signaling, thus providing bandwidths ranging 
from 128 to 1 920 Kbps. ADSL (Asymmetric Digital Subscriber Line) is an 
asymmetrical DSL technology, where outgoing data is transferred at a much 
higher speed than incoming transmissions (approximate maximums are 8 000 
and 640 Kbps, respectively). Therefore, ADSL is well suited, among other 
things, to home Internet connections, where the amounts of downloaded data 
in general considerably exceed the flows in the opposite direction. 

Computer networks may utilize fiber optic cables, which provide numerous 
benefits compared with other data carrier media. Fiber cable allows for stable, 
high bandwidth transmissions over long distances. However, to acquire and 
deploy fiber cables is fairly expensive; fiber communication has a higher cost 
per distance unit compared with most other transmission methods, at least 
until a critical mass of subscribers has been reached. Among the computer 
network technologies, ATM (Asynchronous Transfer Mode) is put to exten
sive use in Wide Area Networks (WAN). At the moment, ATM constitutes the 
backbone of the world's telecommunications networks. ATM technology is 
also suitable for Local Area Networks (LAN). ATM networks allow for large 
carrying capacities (up to 622 Mbps). In addition to the high bandwidth, the 
major advantages of ATM include seamless integration of various network 
components and high scalability, both in terms of network size and carrying 
capacity. Ethernet is commonly employed for LANs, providing a bandwidth of 
10 Mbps or 100 Mbps (Fast Ethernet). Additionally, Ethernet networks with 
even higher carrying capacities (Gigabit Ethernet) have recently been intro
duced. It should be noted that, in some cases, ground-based data networks are 
complemented with communication by means of satellites and radio links. 
Moreover, in residential areas with cable-TV access, the cable-TV network is 
commonly used to provide high-speed Internet connections (Djavanshir and 
Khorramshahgol, 1996; NUTEK, 1995; Searle, 1997). 

Not surprisingly, the advances in wireless mobile telep hony m irror the develop
ments related to stationary communication networks. Just like various forms 
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of superior digital transmission methods replaced analog modem technology, 
the analog mobile telephony networks of the 1980s69 gave way to more 
powerful digital systems, for example, GSM (Global System for Mobile 
communications). GSM originated in Europe and now is used in countries 
around the world. Analog and digital mobile telephony are commonly denoted 
the first (1G) and second (2G) generations of mobile telephony, respectively. 
While earlier data transfer using mobile telephony was limited to a mere 9.6 
Kbps, a recent extension to GSM, GPRS (General Packet Radio Service, 
sometimes referred to as 2.5G), provides a higher carrying capacity. By now, 
the development of the third generation of mobile telephony services, UMTS 
(Universal Mobile Telecommunications System), is under way. Since UMTS 
allows for considerably higher carrying capacity (up to 2 Mb per second in 
certain stationary settings) than second-generation mobile telephony, it will be 
much better suited for applications other than voice and text, such as 
full-motion video.70 71 

The global communication network, the Internet, is employed for certain 
telemedicine activities as well as within other branches of medical informatics. 
The origins of the Internet can be traced to a military project termed ARPAnet 
created by the United States Defense Advanced Research Project Agency 
(ARPA) in the late 1960s. For a long time, the Internet was mosdy used in 
academic contexts. In the early 1990s, however, the Internet gained more 
widespread attention outside academic and hacker circles. Concurrently, the 
user base increased in size as well as spatial and social distribution, and 
commercial applications started to appear. World Wide Web (WWW), origi
nally developed at the particle physics laboratory CERN (European Organiza
tion for Nuclear Research) located near Geneva, Switzerland, was of great 
importance for the general upswing of the Internet. Its user-friendly interface 
and the possibility to seamlessly link between resources (text as well as various 

Nordic Mobile Telephony (NMT) was one of the first analog cellular telephone networks. It 
was a joint development by organizations in Denmark, Finland, Iceland, Norway, and 
Sweden. 

Related developments include the upswing of Personal Digital Assistants (PDA), that is, 
handheld and palmtop computers, and PDA/mobile telephone-hybrids, as well as the emer
gence of Wireless Access Protocol (WAP) services using Wireless Markup Language (WML). 

Location-based services (LBS), which are based upon the monitoring of the movement and 
spatial location of individuals and vehicles, can be provided through Global Positioning 
System (GPS) technology, but also by means of mobile telephony networks. 
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forms of graphics and multimedia)72 constituted the main foundation of its 
success. 
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Figure II—1 Development in the number of Internet hosts. 
Based on the Internet Domain Survey, conducted by the Internet Software Consortium.7^ 

Since Internet usage took off in the mid-1990s, the global network has seen an 
explosive expansion in the number of content providers (Figure II—1) and 
users. Both individuals and multinational enterprises seized the opportunity to 
provide information and services, accessible to a steadily increasing user base 
around the world. It should be noted, though, that there are considerable 
spatial variations in Internet hosting and access between as well as within 
countries (the "digital divide"). 

The growth of the Internet is both promoted by and encourages technological 
advances of various kinds. For example, with telebanking and other Internet 

The original and still most common markup language on the World Wide Web is HTML 
(Hypertext Markup Language). In recent years, other markup languages, such as Cascading 
Style Sheets (CSS) and Extensible Markup Language (XML), have also been introduced. 

<http : / /www, i sc. orq/ds/>. URL last visited April 22, 2003. 

Notes: 
1. An Internet server may contain multiple hosts by means of so-called virtual hosting. 
2. The figures should be considered a reasonable estimation of the minimum number of 

hosts. 
3. A slight change in methodology was implemented between the 1997 and 1998 surveys. 
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services demanding commercial transactions high on the agenda, research and 
development resources have been allocated to increase network security, for 
example, through the construction of advanced encryption techniques. 
Internet comprises several other services in addition to the WWW, some of 
which (primarily e-mail, but also services such as instant messaging) also are in 
extensive use today. Moreover, World Wide Web and other Internet tech
nologies—including the underlying transmission protocol of the Internet 
since 1982, TCP/IP (Transmission Control Protocol/Internet Protocol)—have 
been applied for internal use in so-called Intranets. 
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APPENDIX III 
Glossary of Terms Related to the Practice of 
Telemedicine 

Central site A health care facility providing medical assistance by means of 
telemedicine. Also called: consulting.site. Cf. remote j>ite; 
referring/cpns^ 

Clinical telemedicine The use of telemedicine technology within the health 
care sector for patient diagnosis or care. Can be subdivided into 
idêçojisujting, tejeconferendng, telerepprting, and t d em o nit o ring. 
C f. non-clinicaj.tdem . 

Consulting site A health care facility providing medical assistance by means 
of telemedicine. Also called: ceiitral sijte. Cf. rejerrm^.site; 
£eferring/cons^ 

Correctional telemedicine Telemedicine in prison environments. 

Distributed network A telemedicine network with only some {partially 
distributed) or not any (fully distributed) hierarchical relationships between 
the connected nodes. Cf. hub_and_s^oke_net^ 

ECG Electrocardiograms, used for monitoring heartbeat status. 

Emergency telemedicine Telemedicine involving emergency vehicles on 
turn-out, usually ambulances. 

General telemedicine All-purpose telemedicine activity focused on 
idecon_su_lting, often carried out between primary care physicians and 
specialists. General telemedicine applications tend to use facilities for 
full-motion video transmission. Common forms of telemedicine 
practiced in general telemedicine programs include telepip_laryngolog;y. 
and tei e der ma t o logy. 

"Horizontal" telemedicine connection A telemedicine connection linking 
facilities of a similar kind. Cf. lVertiçjd"j_d^^ 

Hub and spoke network A telemedicine network with obvious hierarchical 
characteristics. In a simple hub and spoke network, a single facility 
provides services to one or more remote sites. In multiple hub and spoke 
networks, two or more health care facilities provide telemedicine 
services to a number of telemedicine nodes. Complex hub and spoke 
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networks include nodes that have both referring and consulting 
functions. Cf. .distributed network. 

Non-clinical telemedicine The use of telemedicine technology within the 
health care sector for purposes not directly involving patient diagnosis 
or care (e.g., education or conferencing). Cf. clinical Je 

PACS Picture Archiving and Communication System, a technology that 
creates X-ray images in digital form from the beginning, thus making 
conversion prior to transmission (e.g., by scanning) redundant. 

Referring site A health care facility receiving medical assistance by means of 
telemedicine. Also called: remote site. Cf. coiisujtin^jite; referring/ 
œQ.suljting^site. 

Referring/consulting site A health care facility that is both receiving and 
providing medical assistance by means of telemedicine. Cf. referring 
site; con suiting, si te. 

Remote site A health care facility receiving medical assistance by means of 
telemedicine. Also called: referring, site. Cf. central .site; referring/. 
œi2.suking_site. 

Telecardiology Coronary medicine at a distance involving, for instance, the 
transmission of ECGs. 

Teleconferencing Telemedicine where one or several health care workers 
communicate with each other concerning a patient that is not present 
during the discussion. 

Teleconsulting Telemedicine where a patient and a health care worker consult 
another health care worker. 

Teledermatology Telemedicine concerned with the examination of skin 
problems. 

Telegeriatrics Telemedicine involving diagnosis or care of the elderly. 

Telemedicine node A health care facility that not only possesses the necessary 
technology to use telemedicine, but also is linked to a telemedicine 
network through actual and recurring telemedicine interaction. 

Telemedicine system In this thesis, the term is used as a synonym to 
telemedicine equipment. Bashshur (1997) uses the term to describe "an 
integrated.\ typica lly regional health care network offering comprehensive health 
services to a defined population through the use of telecommunications and computer 
technology " {ibid., p. 9). 
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Telemonitoring Telemedicine involving the automated transmission of patient 
medical data to a health care facility. Frequently, telmonitoring 
applications involve transfer of medical data from patients' place of 
residence. 

Teleotolaryngology Telemedicine dealing with the ear, nose, and throat areas. 
The medical disciplines of otolaryngology is sometimes referred to as 
otorhinolaryngology. 

Telepathology Telemedicine involving the practice of pathology. Pathology 
can be defined as a "branch of medicine concerned with the cause, origin and 
nature of a disease, including the changes occurring as a result of disease " (Collins 
English Dictionary, 1994). Pathology comprises several subdisciplines, 
such as cytology and hematology, all of which use light microscopy to 
some degree. Telepathology often involves the transmission of frozen 
sections and tissue samples for specialist examination. 

Teleradiology Telemedicine involving the digital transfer of X-ray images for 
examination. Cf. PA CS. 

Telereporting Telemedicine where a health care worker transmits patient data 
to another health care worker, and the findings are transmitted back. 

Telesurgery Telemedicine involving assistance in or in fact remote 
performing of surgical procedures. 

"Vertical" telemedicine connection A telemedicine connection linking facilities 
of different kinds. Cf. "horizpjntal" Je]emediçm 
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