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Teledentistry for screening new patient
orthodontic referrals.
Part 1: A randomised controlled trial.
N. A. Mandall,1 K. D. O’Brien,2 J. Brady,3 H. V. Worthington4 and L. Harvey5

OObbjjeeccttiivvee    The primary aim was to evaluate the validity of a teledentistry
system for screening new patient orthodontic referrals. The secondary
aims were to evaluate whether the teledentistry system affected i) referral
rates ii) inappropriate referral rates iii) number of failed appointments.
SSttuuddyy  ddeessiiggnn  Randomised controlled trial.
SSaammppllee    Fifteen dental practices in Greater Manchester, UK, were randomly
allocated to either a teledentistry test group (n = 8) or a control group 
(n = 7). They referred 327 patients over a 15 month period.
MMeetthhoodd    Practitioners in the test group referred patients to one of two
consultant orthodontists via a ‘store and forward’ teledentistry system
consisting of photographs sent as email attachments. The decision to
accept or not accept a referral on this basis was compared with the same
decision choice when the same patient was subsequently seen on a new
patient clinic. This measured the validity of the system with the clinic’s
decision used as the gold standard. Patients in the control group were
referred using the usual letter system. Referral rates, inappropriate
referrals and number of failed appointments were then compared between
the teledentistry and control groups.
RReessuullttss    The sensitivity (true positive value) of the teledentistry system was
high at 0.80 with a positive predictive value of 0.92. The specificity (true
negative value) was slightly lower at 0.73 with a negative predictive value
of 0.50. The inappropriate referral rate for the teledentistry group was
8.2% and for the controls 26.2% (p = 0.037). There was no statistically
significant difference in clinic attendance between teledentistry and
control groups (p = 0.36). 
CCoonncclluussiioonnss    Teledentistry is a valid system for positively identifying
appropriate new patient orthodontic referrals. However, there is a risk that
a patient is not accepted on the teledentistry system who would benefit
from a full clinical examination. Teledentistry could be a significant factor
in reducing the inappropriate referral rate. Patient participation in a
teledentistry system does not appear to mean they are any more likely to
attend their hospital appointment. 
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INTRODUCTION
The main aim of this trial was to evaluate whether a teledentistry
system would be a valid method of screening new patient ortho-
dontic referrals and whether this system would reduce the inap-
propriate referral rate. The validity of such a system is important
because clinical decision making through electronic means may
fall below established standards of care.1 Furthermore, there is a
lack of research investigating the validity of telemedicine applica-
tions2,3 despite a number of publications outlining principles of its
set-up and evaluation.4-7

This trial proposed to take a step back from full diagnosis and
treatment planning via teledentistry and planned only to screen new
patients for the appropriateness of their referral. A screening system
was used because, on average, the wait for a new patient consulta-
tion was 4.6 months (range 0-24 months).8 Additionally, 20-45% of
patient referrals are inappropriate and increase waiting times
unnecessarily.9,10

Common reasons for inappropriate referrals were reported as
mild malocclusion, referral too early, and poor oral hygiene.9 GDPs
may often also feel pressurised by parents to refer this type of patient
for an opinion, although they themselves realise that the patient is
unlikely to receive treatment. The factors outlined above should be
easy to assess from clinical photographs and an orthodontic opinion
may be obtained quickly thus reassuring patients without the need
for a hospital visit. As a result, a ‘store and forward’ email–based
teledentistry system to screen new patient referrals became the focus
of this study. 

SAMPLE
Background information
An initial study was carried out to determine which dental prac-
tices referred more than seven patients per year to one of two hos-
pital departments (Hope Hospital, Salford, and University Dental
Hospital of Manchester). Thirty-five practices were identified who
referred on average 19 patients (range 8-17). The inappropriate
referral rate for all referrals to Hope Hospital over one year was
found to be 38%.

Sample size calculation 
The sample size was based on the proportion of inappropriate refer-
rals decreasing from 38% to 10% during the trial (0.38-0.10). A
sample of 15 referrals (on average) per year from each of 16 

 Teledentistry for orthodontic referrals has been successfully used by eight GDP practices
in Greater Manchester.

 The benefit to the GDP is availability of specialist orthodontic advice based on clinical
photographs +/- radiographs sent via email.

 The benefit to the patient is that they may be saved a hospital visit if their referral is first
assessed via teledentistry. This will be particularly helpful if patients live far from the
orthodontic provider.
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practices (eight in the test and eight in the control groups) would
have >90% power to detect this reduction, assuming that the intra-
class correlation coefficient was 0.05. This resulted in a total sam-
ple size for the study of 240 referrals over a one year period.

METHOD
Practice recruitment 
The 35 practices referring more than seven patients per year were
approached to take part in the trial. Sixteen practices responded,
however, one practice in the control group withdrew before the trial
started.

Random allocation method
Dental practices and thus GDPs within practices were randomly
allocated, using a random-number table, to teledentistry test group
or control. Agreement to participate in the trial was obtained before
random allocation to ensure that GDPs did not agree to participate
based on the computer equipment donated for the trial.

Interventions and their timing
Written parent and child consent was obtained by the GDPs for all
children participating in the trial.

i) Teledentistry test group
The following patient information was sent to the consultant
orthodontist via email with the photographs downloaded from a
digital camera as JPEG files. 
• Patient name, date of birth and gender
• Patient complaint, medical and dental history
• Overjet (mm)
• Presence of mandibular displacement on closure
• Extra oral frontal and lateral facial photographs
• Intra oral anterior, right and left buccal photographs in 

occlusion
• Any available radiographs were mounted on a light box and pho-

tographed.

Thus the teledentistry method used in this study was ‘store and for-
ward’. The orthodontist received an email with attached photo-
graphs that could be read outside and away from the clinic. GDPs
were trained onsite by our IT consultant and were also given writ-
ten instructions. IT support was given during the study by tele-
phone and, in two cases, by a practice visit.

ii) Control group
Once this information had been forwarded, GDPs also referred the
patient by conventional referral letter to ensure that 
the patient was also seen on a new patient clinic. The same ortho-
dontist who assessed the email referral saw the patient 
on clinic a minimum of eight weeks later. Patients in control prac-
tices were referred to the orthodontist by letter in the 
conventional way.

Patient confidentiality
Access to patient records on the teledentistry system was limited to
the two consultant orthodontists participating in the trial. In addi-
tion to the usual password protection, the data were encrypted with
a double password protected encryption key.

Outcomes
The primary outcome was whether the orthodontist would accept
or not accept an orthodontic referral based on the teledentistry
referral and the clinical examination. These two decisions were
compared to assess the validity of the teledentistry system. The fol-
lowing secondary outcomes were compared between the test and
control groups:

• Number of referrals
• Inappropriate referral rate
• Failure to attend.

If a patient cancelled or failed to attend an appointment but then
subsequently attended, the primary outcomes and the inappropriate
referral outcome were recorded and included in the data analysis.

Data collection
Teledentistry data
The orthodontist recorded whether or not they would accept the
patient as a new patient referral using the teledentistry system. The
reason for not accepting a referral was recorded in both instances.
The definition of inappropriate referral used in this study was:
• Poor oral hygiene
• Mild malocclusion
• Referral too early
• Other – including patient did not want treatment, suitable for a

specialist, adult requiring routine orthodontics.

Control group
Clinical data were recorded for all patients in either test or control
group. This consisted of attendance and the outcome of the
appointment and therefore whether the patient referral would be
accepted. In addition, for inappropriate referrals the reason was
recorded as previously outlined.

Examiner blinding
The orthodontists were blinded to whether patients were in the test
or control group to minimise any bias in recording clinical out-
comes. Blinding was done as follows:
• Test practices were given an unique identification number so sub-

sequent referral letters could not be linked to test or control
group.

• GDPs were asked not to indicate any involvement with the trial
on the referral letters.

Memory bias
Taylor5 suggested that the same observers should view the cases in
the test group and the effects of learning/remembering cases coun-
teracted by having the clinic a couple of months after the teleden-
tistry system is used. This occurred as a result of natural new
patient waiting lists and no patient was seen on a clinic within two
months of their electronic referral. In addition, trial patients on
clinics were integrated at random with non-trial patients.

Statistics
Simple summary statistics were produced for age, gender and num-
ber of referrals in test and control groups. Sensitivity and speci-
ficity and kappa values were calculated to assess the validity of the
teledentistry system. Failed attendances were compared between
test and control using chi square statistic. Inappropriate referral
rates were compared using generalised estimating equations (GEE)
with a logit link and an exchangeable correlation matrix. These are
an extension of logistic regression analysis, which allowed for clus-
tering of patient referrals within practices.

RESULTS
After 15 months, 80 patients had been referred in the teledentistry
group and 247 in the control group. This sample had sufficient
power to detect statistically significant differences between test and
control groups for inappropriate referral rates.

Figure 1 summarises the number of practices and patients partici-
pating in the trial. The mean age and gender of the patients is sum-
marised in Table 1 and there were no statistically significant differ-
ences between test and control groups for these variables.



RESEARCH

BRITISH DENTAL JOURNAL  VOLUME 199 NO. 10 NOV 26 2005 661

system, would have been accepted when seen on clinic 
(Appendix 1).

This important caveat is reflected in the Kappa score, was calcu-
lated as 0.46 (standard error 0.12) and reflects the clinician agree-
ment between the decision to accept a new patient based on teleden-
tistry versus conventional clinical information. A score of 0.46
reflects moderate agreement.10,11

Inappropriate referral rate
Patients who would have been accepted as new patient referrals via
the teledentistry system were selected and compared with the con-
trol group (Table 2). The inappropriate referral rate was lower in the
test group (8.2%) compared with the control group (26.2%) (P =
0.037).

Hospital appointment attendance 
The data for failed and cancelled appointment were combined into
a non-attendance variable. Comparison of attendance between test
and controls is shown in Table 3. There was no difference between
attendance for the first appointment between teledentistry and
control groups (P = 0.36).

DISCUSSION 
The results of this study suggest that teledentistry is a good 
way of positively identifying patients who should be referred to a
consultant orthodontist. Therefore, a valid, efficient and time sav-
ing clinical screening method has been identified. These results
support the findings of Davies and Stephens.11,12 They found no
discernable differences in intra-examiner consistency for treatment
need, extraction decision or type of appliance when using hand-
held records or video-conferencing technology.

However, our results did highlight a disadvantage with a teleden-
tistry system in that some cases not accepted for care from electronic
data were subsequently accepted as new patient referrals following a
full clinical examination (11 out of 56 (19.6%) of patients). An
explanation for this may have been that a patient could improve
their oral hygiene between the teledentistry referral and being seen
on a clinic, however, the results of this study do not support this
hypothesis.

Importantly, a significant minority of patients may not be
accepted as new patients after electronic screening, but may benefit
from a full clinical examination. A way of addressing this problem
could be to accept the new patient referrals in cases where there is
uncertainty in accepting the patient based on teledentistry informa-
tion. Thus, it would be beneficial not to be too selective when
screening new patient referrals with this method.

The kappa score for intra-clinician agreement between teleden-
tistry and clinical information was moderate but still higher than
other reports of clinical decision-making.12,13-15 Therefore, it could
be suggested that agreement between screening decisions made
from teledentistry and clinical information is acceptable in 
the light of generally poor examiner agreement for orthodontic
decision-making.

The number of patients referred and their attendance
At the start of the trial, one practice withdrew from the study and
there could have been a number of possible reasons for this. The GDP
may have felt he did not have enough time to participate — consent
procedures can take 10 minutes per patient. Alternatively, staff train-
ing, having enough potential suitable referrals, or workload may
have caused them to withdraw. Additionally, it was not as easy to
give an incentive to GDPs in the control group, as they did not
receive computer and camera equipment given to the test practices.

There were statistically significantly more patients referred in the
control group for the district general hospital compared with the
teaching hospital (Table 2). This cannot be explained by the number

Validity of the teledentistry system
A cross tabulation of the decision to accept a referral for the tele-
dentistry group is shown in Table 2. The sensitivity of the system to
screen referrals (true positive or  (yes/yes agreement) was 0.80.  The
specificity of the system (true negative or no/no agreement) was
0.73. Appendix 1. This showed that teledentistry was valid for
screening orthodontic referrals. In other words, the decision whether
to accept a referral based on teledentistry information was similar
to seeing the patient face to face. However, great care still needs to
be taken if a patient is refused an appointment because the screen-
ing system suggests they should not be seen. Such a patient may not
receive full orthodontic assessment when they should have received
it. This potentially occurred in 11 cases during this trial.

Thus the positive predictive value of the teledentistry system
to screen new referrals was high at 0.92. However the negative
predictive value was lower at 0.50. This reflected the finding
that half of the 22 children not accepted on the teledentistry

NB. Patient also seen on the clinic to validate the 
teledentistry system
*DGH=District General Hospital
DH=Dental Hospital

35 practices invited to 
join the study

16 practices agreed 
to take part

Randomised

8 practices to
test group 

8 practices to
control group

1 practice 
subsequently withdrew

8 practices to
test group

7 practices to
control group

Referred patients
via teledentistry

DGH*=37
DH=43

Referred patients
conventional referral 

letter only
DGH=219
DH=28 

Fig.1  Number of practices and patients participating in the trial

Table 1  Age and gender of patients in the teledentistry trial

Teledentistry test group Control group
Mean age at clinical 
consultation 13.1 (1.8) 13.8 (4.3)
years/months (SD)

Gender (%)
Male 34 (42.5) 101 (40.9)
Female 46 (57.5) 146 (59.1)

Table 2  The inappropriate referral rate in the teledentistry and control
groups where patients who would have been accepted as a result of the
teledentistry system were selected

Test Control
Appropriate referral (%) 45 (91.8) 152 (73.8)

Inappropriate referral (%) 4 (8.2) 54 (26.2)

Table 3  Comparison of first appointment attendance between teledentistry
and control groups

Teledentistry Control
Attended (%) 66 (82.5) 192 (77.7)

Did not attend* (%) 14 (17.5) 55 (22.3)

*Failed and cancelled first appointments combined
Chi square P value > 0.05 (1df)
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of practices in each group as there were only seven practices in the
control group but eight in the teledentistry group.  Other possible
reasons might include:
• The teledentistry system reducing the number of referrals because

of extra clinical time required to take photographs and send the
email referral.  

• A number of patients who did not participate in the trial  were
referred by practices in the teledentistry group. Unfortunately, as
this only accounted for eight patients, it does not explain the
large differences between groups.

• One practice in the control group had five dentists and routinely
referred more patients than the other practices. 

When attendance is considered, we initially thought that patients
agreeing to take part in the teledentistry aspect of the trial might be
more motivated towards orthodontic treatment and, therefore, more
likely to attend for their appointment. However, this hypothesis was
not borne out in this trial.  

Inappropriate referrals
The finding that the teledentistry system could potentially
reduce the inappropriate referral rate to 8% is clinically impor-
tant.  Previous reports have suggested an inappropriate referral
rate of around 45% but interestingly the rate in the control
group in this study was only 26%. There is no reason to expect
the control group data to be any different compared with pre-
vious literature. However, it is possible that because the control
dentists knew they were taking part in a study, their referral
pattern could have been different.

A statistically significantly lower inappropriate referral rate
associated with teledentistry has widespread service implica-
tions.  Previously up to 45% of clinic appointments may have
been taken up with inappropriate referrals resulting in appropri-
ately referred new patients waiting longer to be seen. There is
thus a huge potential advantage to shorten new patient waiting
times by screening out inappropriate referrals using teleden-
tistry.

CONCLUSIONS
Teledentistry is a valid system for positively identifying appro-
priate new patient orthodontic referrals.  However, importantly
there is a risk that a patient is not accepted on the teledentistry
system but would benefit from a full clinical examination. This
highlights a potential flaw in the validity or accuracy of tele-
dentistry to screen orthodontic referrals.

Teledentistry could potentially be a significant factor in reduc-
ing the inappropriate referral rate. This would significantly reduce
waiting times for orthodontic referrals. Patient participation in a
teledentistry system does not appear to mean they are more likely
to attend their hospital appointment. Additionally, a reduction in
number of referrals attributable to the use of the system cannot be
reliably concluded. GDP perception of teledentistry was also eval-
uated and will be reported in the part II study.
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Statistical Appendix 3: Reasons given by the orthodontists for
inappropriate referral cases using teledentistry and clinical information 

Clinical reason for Teledentistry reason for inappropriate referral
inappropriate referral Poor OH Mild Too early Other

malocclusion         

Poor OH 3    

Mild malocclusion 3

Too early 2

Other* 1 2

*Other = suitable for specialist.

The reasons for the inappropriate referrals where teledentistry and clinical
decision to accept the patient were both “no” are shown. This data suggests 
that within clinician agreement for why a referral would not be accepted is 
very consistent.

Statistical Appendix 1: The decision to accept the referral based on
teledentistry information and clinical information

Teledentistry decision Clinic decision to accept the referral
to accept the referral Yes No

Yes 45 4

No 11 11

Sensitivity or “yes/yes agreement to accept the referral of teledentistry vs clinical
information=0.80.

Definition “sensitivity”: the proportion of truly diseased persons in the screened
population who are identified as diseased by the screening test (teledentistry
system). Sensitivity is the measure of the probability of correctly diagnosing a 
case or the probability that any given case will be identified by the test. 

Specificity or “no/no agreement to accept the referral teledentistry vs clinical
information 0.73.

Definition “specificity”: The proportion of truly non-diseased persons who are 
so identified by the screening test. It is the measure of the probability of correctly
identifying a non-diseased person with a screening test.

Positive predictive value of the teledentistry system to screen new referrals=0.92.

Negative predictive value of the teledentistry system to screen new referrals=0.50.

Statistical Appendix 2

Generalised estimating equations resulted in an odds ratio of 0.25 (95%
confidence intervals 0.068-0.92), which suggests that the test group had 
75% fewer inappropriate referrals than the control group. This is derived by
considering that the odds of an inappropriate referral is the ratio of the probability
of it occurring to it not occurring. The odds ratio is the ratio of the odds of an
inappropriate referral in the teledentistry group to the odds of an inappropriate
referral in the control group. An odds ratio of 1.00 would have meant that the test
and control group were equally likely to produce inappropriate referrals.
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