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Seven Years of Clinical Experience With
Teleconsultation in

Craniomaxillofacial Surgery
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Michael Truppe, MD#

Purpose: In this work the experiences from 50 telemedically supported treatments in craniomaxillo-
facial surgery are summarized and different setups for their technical realization are described. Further-
more, for the first time the innovative UMTS (universal mobile telecommunication system) is applied for
the transmission of arthroscopic videos of the temporomandibular joint and other craniomaxillofacial
structures.

Materials and Methods: The combination of computer-assisted navigation technology in augmented
reality environments with telecommunication is used for execution of interactive stereotaxic telecon-
sultation. Furthermore, treatments without navigation are telemedically supported. This study is com-
posed of 4 technical system configurations: 1) integrated services digital network (ISDN)-based video-
conferencing without remote control of the navigation computer; 2) transmission control protocol/
internet protocol (TCP/IP)-based interactive teleconsultation via bundled ISDN lines (including remote
control of the navigation computer); 3) TCP/IP-based interactive teleconsultation via network; 4)
combination of TCP/IP-connection and ISDN-based videoconferencing. The telemedically supported
treatments are: orbitozygomatic osteotomies, positioning of the mandibular condyle in orthognathic
surgery, insertion of implants, positioning of the maxilla in orthognathic surgery, distraction osteogen-
esis, arthroscopies of the temporomandibular joint, and operation simulations on stereolithographic
models. The surgical interventions are evaluated on a 5-level system performance scale from the technical
point of view. In a separate trial 20 videosequences of arthroscopies of the temporomandibular joint are
transmitted via UMTS cellular phones and independently evaluated by 3 experts (ie, a total of 60
streamings) to investigate feasibility of this technology in the field of craniomaxillofacial surgery.

Results: In the years from 1996 to 2002 a total of 50 treatments were telemedically supported. All
intraoperative applications were successfully finished; 48 of 60 UMTS transmissions were finished
without any interruptions in constant quality, slight interruptions were observed in 8 tests, and a
complete breakdown was observed during 4 streamings that required a restart of the transmission.
Resolution was sufficient to diagnose even tiny anatomic structures inside the temporomandibular joint,
but orientation was hardly recognizable.

Conclusion: In many applications telecommunication technology can contribute to a quality improve-
ment in cranio- and maxillofacial surgery because of the global availability of specialized knowledge. The
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1448 TELECONSULTATION IN CRANIOMAXILLOFACIAL SURGERY
required technical expenditure for teleconsultation crucially depends on the infrastructure that is already
available at the clinic and the remote site. UMTS is a promising technology with the potential to be
valuable in numerous craniomaxillofacial applications.
© 2005 American Association of Oral and Maxillofacial Surgeons
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pplication of computer technology in the field of
ranio- and maxillofacial surgery opened new per-
pectives in the preoperative planning and accurate
ntraoperative realization of treatment concepts. In
ddition to powerful imaging techniques such as com-
uted tomography (CT) and magnetic resonance im-
ging, computer-assisted navigation technology is a
evelopment milestone. In navigation systems, so-
alled “augmented reality” environments are applied
o complement visual information acquired by imag-
ng techniques concerning the patient’s actual ana-
omic conditions with additional “artificial” (ie, com-
uter-generated) information.1-4 Into this augmented
eality the operation (OR) site is intraoperatively in-
egrated by means of tracking systems that fulfill the
ask of continuous spatio-temporal registration of po-
itions of the patient and the surgical instruments.5,6

omputer-assisted navigation technology with aug-
ented reality, however, can not only contribute to

uality improvement of the therapy, but also fulfills
he preconditions for telemedicine applications.7-9

he integration of additional experts into the surgical
ntervention via teleconsultation can be interpreted as
irect advancement of the computer-aided surgery
oncept, because—generally speaking—the “infor-
ation space” of the augmented reality environment

s again being extended by information contributed
y “remote experts.” Nevertheless, telemedicine ap-
lications in the field of craniomaxillofacial surgery
re not limited to operations with navigation technol-
gy. Also, conventional audiovisual transmissions of
perations without navigation, which are much less
omplex from the technical point of view, are a kind
f telemedicine.8 Teleconsultations, during which re-
ote experts can directly control and modify the
rocedure, are of special interest (in contrast to pure
ransmissions). This modification of the transmitted
reatment can take place directly (eg, by remote ac-
ess to the navigation computer via the internet) or
ndirectly (eg, by verbal communication via tele-
hone or a videoconferencing system connecting the
ersons involved in the OR site with the remote
xperts). Operations with navigation are ideally
uited for interactive teleconsultation. The initial re-
ort on navigated arthroscopies of the temporoman-
ibular joint (TMJ) with interactive teleconsultation
y Wagner et al9,10 is an example of telemedicine in

raniomaxillofacial surgery. T
In 1993, the new medium of the internet became
ublically accessible. This was also a milestone and a
ew dimension in telemedicine.11-13 Since the begin-
ing of the new century the third generation of mo-
ile communication was introduced, called IMT-2000
International Mobile Telecommunication). In Europe
his standard is addressed as UMTS (universal mobile
elecommunication system). It is intended to provide
igher bandwidths for data transmission.
At our hospital numerous telemedical applications

ave been accomplished routinely in different tech-
ical setups since 1996. This study will summarize the
xperiences from 50 teleconsultations performed
ince that time. The technical requirements and ex-
enditure will also be discussed and described in
etail, providing information for clinics that are plan-
ing to start their own teleconsultation projects. Ad-
itionally, preliminary results from a recent study are
entioned that investigated the feasibility of UMTS

or arthroscopic craniomaxillofacial interventions.

aterials and Methods

Teleconsultation in craniomaxillofacial surgery can
e accomplished in numerous different technical set-
ps. The system configurations applied for this pur-
ose have changed greatly during the last few years
ecause of rapid technical advancements. In princi-
le, we have to differentiate between telemedical
pplications that are exclusively a transmission (one-
ay), and transmissions of treatments with full inter-

ction (interactive teleconsultation). Further transmis-
ions of operations with computer-assisted navigation
echnology and operations without navigation are to
e differentiated. In this study all of these variants are

ncluded.

COMPUTER-ASSISTED NAVIGATION TECHNOLOGY

The VirtualPatient System and MedScanII software
both from MedLibre Inc, Munich, Germany) are used
or intraoperative navigation. As navigation comput-
rs, the Apple PowerMac G3 and G4 workstations (or
arlier top range types; Cupertino, CA) are applied.
he navigation computers are connected with opto-
lectronic tracking systems ProReflex Motion-Capture
CU240 (Qualisys Inc, Gothenburg, Sweden), Polaris

NDI Northern Digital Inc, Waterloo, Ontario, Can-
da), and FlashPoint 5000 3D Localizer (Image Guided

echnologies Inc, Boulder, CO). For visualization of
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EWERS ET AL 1449
he surgeons’ information, the computer screen of
he navigation system is usually complemented by
emitransparent head-mounted displays to ensure an
nhindered, continuous view onto the OR site.

TELECONSULTATION

In the initial phase (during the mid 1990s), when
here were no efficient network connections (ie, net-
orks providing sufficient bandwidths) available in

he operating theater, exclusively ISDN lines served as
athways for data transmission. Today there are 10/
00 Mbit/s network connections additionally installed

n the operating theater.

TCP/IP-BASED TELECONSULTATION

For TCP/IP-based transmissions in the early years
when the 10/100 Mbit/s network connections were
ot yet available) up to 4 ISDN lines with 2 B channels
ach (B channels are the lines of the ISDN connec-
ion) are bundled by means of a router. One B channel
rovides a bandwidth of 64 kbit/s, enabling a total
andwidth of up to 512 kbit/s. CT data are preoper-
tively transmitted to the remote site to allow for
nteractive teleconsultations during live transmissions
f surgical interventions at such limited bandwidths.
hus, a sufficient intraoperative transmission capacity

s available to exchange data (primarily coordinates of
he patient and of surgical instruments) between the
avigation computer and the remote-control com-
uter with minimum time delays. The teleconsulta-
ion module is integrated in the navigation software,
edScanII. Connection to the remote control com-
uter is built up directly by entering the remote site’s
P address (Fig 1). Because 10/100 Mbit/s network
onnections are now available, these have replaced
he other connections for TCP/IP-based transmis-
ions.

CONVENTIONAL (ISDN-BASED)
VIDEOCONFERENCING AND COMBINED SETUPS

Alternatively, the ISDN lines can be used for conven-
ional videoconferencing systems (eg, by Polycom,
leasanton, CA). A 512 kbit/s connection allows for a
ransmission with up to 30 frames per second and
ull-duplex audio. At the present state of technical
evelopment (as mentioned previously) TCP/IP-based
eleconsultation is performed via 10/100 Mbit/s net-
ork connections in the operating theater, while

SDN lines are exclusively applied for conventional
ideoconferencing. Furthermore, system configura-
ions that combine TCP/IP-based remote control of
he navigation computer with conventional videocon-
erencing via ISDN connections are used. The diagram
f this optimum realization of interactive teleconsul-
ation is illustrated in Figure 2. All technical setups

overed by this study are summarized in Table 1. w
TELEASSISTED THERAPIES

A total of 50 teleassisted treatments performed
rom 1996 to 2002 were the basis of this review. The
echnical solutions presented in this work are not
imited to an application in the context of these spe-
ific medical treatments described here. The “tele-
edical component” (ie, the technical part, the tele-

ommunication per se) can be used to contact remote
xperts within other fields of medicine as well. There-
ore, in principle, any of the 4 technical configura-
ions can be applied for any therapy in this study. The
elemedically supported treatments accomplished in
he period comprised in this study are: I, orbitozygo-
atic osteotomy; II, positioning of the mandibular

ondyle in orthognathic surgery; III, insertion of im-
lants; IV, positioning of the maxilla in orthognathic
urgery; V, distraction osteogenesis; VI, arthroscopy
f the TMJ; and VII, other (such as OP-simulation on
stereolithographic model). Table 2 summarizes all

elemedicine applications from the years 1996 to
002 considered in the evaluation (with and without
avigation). Those aspects of the telemedicine appli-
ations that are directly referring to the transmission
ie, not the surgical intervention or the navigation
ystem per se) are evaluated by means of a 5-level
ystem performance scale (5, optimum performance:
o critical phases with increased risk of breakdowns,
onstant quality of audio and video transmission, con-
tantly high resolution of the picture; 4, good perfor-
ance: but slight shortcomings such as short periods
ith noise in the video or audio signal, high resolu-

ion but at slightly lower level than at level 5; 3,
ufficient performance: mentionable technical prob-
ems, special technical skills required to finalize the
ransmission, perceptible noise in the video and/or
udio signal, but nevertheless sufficient quality to
nable the remote audience to follow the main parts
nd aspects of the intervention; 2, insufficient perfor-
ance: resolution not sufficient, noisy video and au-

io signal, the complete intervention [but parts of it]
ould not be watched and analyzed by the remote
xperts; 1, complete breakdown).

PRELIMINARY UMTS STREAMING EXPERIMENTS

Twenty arthroscopic video streams showing se-
uences from craniomaxillofacial interventions such
s arthroscopies of the TMJ or treatments of a frac-
ured mandibular condyle are hosted on a server and
nalyzed on a UMTS cell-phone handset (Siemens
10; Siemens, Erlangen, Germany). Quality and stabil-

ty of the transmission are documented as well as
erceptibility of defined anatomic details. All stream-

ngs are encoded in the H.263 standard. A resolution
f 176 � 144 pixel and a bandwidth of 55 kbit/s are
elected. Each of the 20 arthroscopic video sequences

as independently evaluated by 3 medical experts,
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1450 TELECONSULTATION IN CRANIOMAXILLOFACIAL SURGERY
ho document whether they agree or disagree with
he information about the video or state that they can
ot make a decision based on the transmitted movie.
tability of the transmission, interruptions, and break-
owns are registered also.

esults

STATISTICAL DATA AND EXPERIENCES FROM 1996
TO 2002

In the years 1996 to 2002, a total of 50 treatments
ere supported telemedically. The number of tele-

onsultations per year is summarized in Figure 3, the
pplied system configurations are listed in Table 2.
he number of teleassisted therapies in the distinct

IGURE 1. Interactive teleconsultation in MedScanII. A, The conferen
s “called up,” and (C) informed of the IP address of the navigation c

wers et al. Teleconsultation in Craniomaxillofacial Surgery. J O
roups of treatments is depicted in Figure 4. An av- i
rage of 7 teleconsultations per year were accom-
lished in this period (minimum, 1; maximum, 15).
ll intraoperative teleconsultations were finished
uccessfully. Considerable technical problems oc-
urred during the transmission process in only 2
ases of preoperative teleconsultation in the con-
ext of an operation simulation at a stereolitho-
raphic skull model. The arithmetic mean on the
-level system performance scale amounts to 4.14.
he results of the evaluation by means of this scale are
iven in Table 3. A comparison of the technical com-
lexity and a rough comparison of the costs for rou-
ine clinical application are listed in Table 4. How-
ver, it has to be taken into account that the technical
omplexity in routine clinical application after initial

by entering the IP address of the remote site. B, The remote computer
r.

xillofac Surg 2005.
ce starts
ompute
mplementation of a system configuration has only
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EWERS ET AL 1451
mall effects on the practical execution of the tele-
onsultations.

PRELIMINARY RESULTS OF THE UMTS STREAMINGS

Forty-eight of 60 UMTS transmissions were finished
ithout any interruptions in constant quality. Slight

nterruptions were observed in 8 tests and a complete

IGURE 2. Schematic representation of configuration D (according to
able 1), which is the most sophisticated setup in this study. ISDN-
ased videoconferencing for verbal communication and transmission
f an endoscopic (or arthroscopic) videostream is combined with
CP/IP-based remote control of the navigation computer. Additionally,
conventional telephone connection between the OR and the remote

ite is available. The other setups listed in Table 1 are part of this
onfiguration.

wers et al. Teleconsultation in Craniomaxillofacial Surgery.
Oral Maxillofac Surg 2005.

Table 1. SURVEY OF TECHNICAL SETUPS APPLIED FOR

Configuration Description

A ISDN-based
videoconferencing
without remote control of
the navigation computer

● Convention
● Connection
● Bandwidth
● �30 fps
● Audio: full
● Standards: e

B TCP/IP-based interactive
teleconsultation via
bundled ISDN lines
(including remote control
of the navigation
computer)

● Teleconfere
the OR site

● Software: M
● Connection
● Bandwidth
● Additional t
● CT data tra
● Intraoperat

instruments
stream

C TCP/IP-based interactive
teleconsultation via
network

● Similar to c
● Bundled ISD

D Combination of TCP/IP
connection and ISDN-
based videoconferencing

● Componen
● Arthroscop

communica
● Remote con

TCP/IP con
wers et al. Teleconsultation in Craniomaxillofacial Surgery. J Oral Ma
reakdown occurred during 4 streamings, requiring a
estart of the transmission. Resolution was sufficient
o diagnose even tiny anatomic structures, but orien-
ation was barely recognizable. The buffering time (ie,
he time delay for the start of the video streams)
anges from 4 to 6 seconds.

iscussion

The experiences from the 50 teleconsultations de-
cribed in this work show that developments in tele-
edicine, and in particular the availability of the me-

ium internet, allow for a broad pallet of applications in
he field of craniomaxillofacial surgery. Because of syn-
rgies resulting from a combination of computer-as-
isted navigation technology with teleconsultation, the
nterventions remote experts can directly participate in
urgical intervention within an augmented reality envi-
onment (interactive stereotaxic teleconsultation). In
993 the internet was opened for public use, 3 years

ater (in 1996) at the University Hospital of Cranio-
axillofacial and Oral Surgery Vienna the first live trans-
ission of an operation via the internet was successfully

ccomplished. At this time barely efficient local area
etworks were available in the operating theaters; there-
ore, the internet had to be joined by means of bundled
SDN lines (system configuration B). Because the large
ata sets of the CT scans were preoperatively transmit-
ed to the remote site, an altogether satisfying intraop-

OPERATIVE TELECONSULTATION IN THIS STUDY

Technical Setup

oconferencing system (eg, by Polycom, Pleasonton, CA)
4 ISDN-lines
kbit/s

63�, H.320
with direct remote control of the navigation computer at

nII (Artma Medical Technologies AG)
4 bundled ISDN-lines
kbit/s

one connection for verbal communication required
ed preoperatively
ransmission of real-time positional data (surgical
ifications of preplanned portals), arthroscopic live video

ration B
es are substituted by a 10/100 Mbit/s network connection

escribed at configurations A and C
o stream, live videos of the OR site, and verbal
re transmitted via ISDN-based videoconferencing
f the navigation computer is performed by means of the
n

INTRA

al vide
via 3–

�512

duplex
g, H.2
ncing

edSca
via 3–

�512
eleph
nsmitt
ively: t
, mod

onfigu
N lin

ts as d
ic vide
tion a
trol o
nectio
xillofac Surg 2005.
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1452 TELECONSULTATION IN CRANIOMAXILLOFACIAL SURGERY
rative performance could be achieved despite the lim-
ted bandwidths. The transmission of position data (ie,
oordinates) can be carried out without considerable
ime delays (ie, with small latencies). For the kind of
pplications described in this work the latencies are of

Table 2. TELEMEDICALLY SUPPORTED SURGICAL INTERV
YEARS 1996 TO 2002: THERAPIES AND APPLIED TECHN

Year Therapies
System

Configuration

996 I B
997 I B

II B

III B
IV B

V B

998 II B
C

III C

VII C
999 I C

VII C

000 III A

V A
VI C

001 III A
VI D

A
VII A

002 VII A

OTE. System configuration no. according to Table 1. I, Therapies:
rthognathic surgery. III, Insertion of implants. IV, Positioning o
rthroscopy of the TMJ. VII, Other, such as OP simulation on a st

wers et al. Teleconsultation in Craniomaxillofacial Surgery. J O

IGURE 3. This graph depicts the number of teleconsultations per-
ormed from 1996 to 2002.
wers et al. Teleconsultation in Craniomaxillofacial Surgery.
Oral Maxillofac Surg 2005.

E
J

inor relevance because of generally slow movements.
ut in the context of future applications of robots, la-
encies during data transmission would be a crucial
riterion, giving rise to the demand of higher standards
oncerning connection capacities.14-18

NS WITH AND WITHOUT NAVIGATION IN THE
SETUPS

avigation
(yes/no)

No. of
Interventions

Total
Number/Year

No 2 2
No 3 15
Yes 2
No 1
No 2
Yes 1
No 2
Yes 1
No 3
Yes 3 12
No 2
Yes 4
No 2
Yes 1
Yes 1 6
Yes 4
No 1
Yes 1 4
No 1
Yes 1
Yes 1
Yes 3 10
Yes 2

4
Yes 1
Yes 1 1

Total
1996–2002 50

zygomatic osteotomy. II, Positioning of the mandibular condyle in
axilla in orthognathic surgery. V, Distraction osteogenesis. VI,

hographic model.

xillofac Surg 2005.

IGURE 4. Total number of teleassisted cases from 1996 to 2002 for
herapies I through VII (legend as in Table 2).
ENTIO
ICAL

N

orbito
f the m

ereo lit
wers et al. Teleconsultation in Craniomaxillofacial Surgery.
Oral Maxillofac Surg 2005.
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EWERS ET AL 1453
Among all the applications described in this work,
articularly for the arthroscopy of the TMJ (therapy
o. Vl), support via teleconsultation is beneficial. For
xample, during the introduction phase of this very
pecific operation technique at a remote hospital,
xperts can intraoperatively supervise the treatment
n a cost-saving manner. In navigated dental implan-
ology, the benefit of teleconsultation is to be ex-
ected in the context of preoperative planning of the

ntervention rather than in an intraoperative supervi-
ion. Optimal planning of positions of dental implants
equires specialized knowledge, which is available in
enters of excellence and could be made accessible
ndependently of geographic location via teleconsul-
ation over the internet. The technical expenditure
or preoperative teleplanning would be smaller than
hat of the technical configurations described in this
ork because no live video and audio signals would
eed to be transferred. Only CT datasets combined
ith planning data would be sent as conventional

ttachments in e-mail programs.
The other teleassisted therapies and surgical inter-

entions examined in this work are sophisticated
rom the technical point of view and contributed to
onsiderable progress in the adaptation of extended
eleconferencing techniques for intraoperative appli-

Table 3. EVALUATION OF ALL TELEASSISTED
SURGICAL INTERVENTIONS

Therapy SPS I II III IV V VI VII

5 1 3 8 1 2 5 2
4 4 4 4 1 1 2 3
3 1 1 1 1 2 0 1
2 0 0 0 0 0 0 1
1 0 0 0 0 0 0 1

Mean SPS 4.0 4.25 4.54 4.0 4.0 4.71 3.5

OTE. For each level of the system performance scale (5, optimum
erformance; 4, good performance; 3, sufficient performance; 2,

nsufficient performance; 1, complete breakdown) the number of
ases is listed separately for the 7 groups of therapies. Insufficient
erformance or complete breakdown only occured in 2 cases
here OP simulations were transmitted. Intraoperative teleconsul-

ations (live OPs) were not interrupted by technical problems.

wers et al. Teleconsultation in Craniomaxillofacial Surgery.
Oral Maxillofac Surg 2005.

Table 4. SURVEY OF TECHNICAL COMPLEXITY AND RU
(CONNECTION FEES) OF SYSTEM CONFIGURATIONS A–

Configuration
Technical

Complexity Costs fo

A Low High (respectively, no costs fo
B Average Average/high (depending on re
C Average Very low (no additional conne
D high High (respectively, no costs fo
wers et al. Teleconsultation in Craniomaxillofacial Surgery. J Oral Ma
ation. The presented procedures for teleconsultation
re not restricted to craniomaxillofacial surgery and
an be seen as promising technology in general (par-
icularly because of the high stability and secure sys-
em performance). The temporal and financial expen-
iture for the realization of the described procedures
an hardly be evaluated directly because it crucially
epends on the already available infrastructure. In
eneral, teleconsultation requires high infrastructure
nvestments, whereby the expenditure for the infra-
tructure can usually not be exclusively related to
eleconsultation. This applies in particular to local
rea networks, which today are standard infrastruc-
ure also used for data exchange in administration.
owever, in routine application, teleconsultation al-

ows for a substantial increase of efficiency and thus
or cost reductions of treatment. The expenditure for
he preparation of an intervention decreases signifi-
antly after an appropriate time (eg, a so-called “learn-
ng curve”).

Altogether, an evaluation of telemedical applica-
ions should also cover the aspect of quality control
nd quality improvement. Future developments in
raniomaxillofacial surgery will depend crucially on
he availability of new data communication technolo-
ies (broadband network connections). Apart from
edical, technical, and economic criteria, legal as-
ects (eg, responsibility of remote experts participat-

ng in the therapy, data security) are an important
actor in telemedicine.

The high degree of correspondence between the
iagnoses of the arthroscopic videos transmitted via
MTS and the diagnoses based on the original arthro-

copic screen indicates that the third generation of
obile communication is also a promising technology

n the field of craniomaxillofacial surgery. Our pre-
iminary results indicate that sufficient stability for
outine clinical application can be expected. Never-
heless, orientation is nearly impossible without addi-
ional information. This aspect encourages the com-
ination of UMTS-arthroscopy with computer-assisted
avigation to supply the remote experts with position
ata of the surgical instruments relative to the pa-
ient’s anatomy.

G COSTS FOR ROUTINE CLINICAL APPLICATION

tine Application (Connection Fees)

ocal site, when the remote site builds up the connection)
d bandwidth)
fees when a LAN is available at the operating theater)
ocal site, when the remote site builds up the connection)
NNIN
D

r Rou

r the l
quire

ctions
r the l
xillofac Surg 2005.
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1454 TELECONSULTATION IN CRANIOMAXILLOFACIAL SURGERY
Our experience of many years shows that mod-
rn telecommunication technologies allow for nu-
erous applications in craniomaxillofacial surgery.

n many cases the integration of remote experts
roves to be an efficient approach for quality con-
rol and quality improvement of the therapy. By
eans of telemedicine, specialized knowledge can

e made globally available and accessible in princi-
le. The current state of development enables in-
raoperative application of teleconsultation not
nly for research purposes, but also in clinical rou-
ine. By combining teleconsultation with computer-
ssisted navigation technology, remote experts can
e directly involved in the operation process (in-
eractive stereotaxic teleconsultation). An evalua-
ion of the expenditure for teleconsultation de-
ends on the telecommunication infrastructure
vailable at the hospital. Availability of UMTS and
herefore the relevance of this technology is in-
reasing rapidly, while costs are decreasing. A great
otential for applications in minimally invasive sur-
ery can be expected and should be investigated
n further studies. Based on these experiences,

e are now developing a universal telenavigation
lient, usable on any computer platform, based
n open source software development (www.
iotelematics.at). This will be subject to future
tudies.
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