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ABSTRACT
Objective: To examine how hospital-affiliated dentists assess risk and evaluate oral foci of infection in
patients facing certain medical treatments, and whether the nature of upcoming medical treatment
affects the choice of dental intervention.
Materials and methods: A survey comprising six clinical cases (50 teeth) was sent to hospital-affiliated
dentists in Sweden. A treatment option for the affected tooth/teeth in each case was selected whether
the patient was facing heart valve surgery, chemotherapy, radiation therapy, intravenous bisphospho-
nate treatment, solid organ transplantation or was diagnosed with endocarditis.
Results: Consensus in choice of dental treatment was high in 62%, moderate in 32% and low in 6%
of the assessments. High variability of choice of treatment was seen for eight teeth whereas the
remaining 42 teeth often received the same therapy regardless of medical issue. Chemotherapy and
radiotherapy were thought to entail the highest risk for oral infectious sequelae with a risk ranging
from 1% to 100%.
Conclusion: Pre-medical dental evaluations and recommended treatments are often uniform with the
exception of the management of asymptomatic root canal treated teeth with persisting apical radio-
lucency and heavily decayed molars. In many instances, dental diagnosis has a greater impact on
choice of treatment than the underlying medical issue and associated implications thereof.
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Introduction

Medical treatment may cause adverse side effects in the oral
cavity and oral infection may give rise to complications
affecting the medical procedure and treatment outcome
[1–6]. In Sweden, patients diagnosed with endocarditis,
patients facing radiotherapy of the head/jaw/neck, chemo-
therapy, intravenous bisphosphonate (IVBP) treatment, solid
organ transplantation (SOT) or heart valve surgery (HVS) are
commonly sent upon referral to hospital-affiliated dental clin-
ics for evaluation prior to the onset of medical treatment.
These investigations, which are subsidised by the Swedish
government, include a full clinical examination of the oral
cavity and intraoral/panoramic radiographic images [7,8]. The
objectives are to detect and eliminate oral infections that
might affect the medical procedure as well as to reduce the
risk of oral infectious sequelae arising due to the medical
intervention [1,7,9,10].

Various guidelines exist on regional and national levels in
Sweden as well as in other countries, yet no detailed or
unanimous protocols for treating medically compromised

patients are available [4,11–15], and studies on the import-
ance of dental disease management prior to some of the
above-mentioned medical treatments give unclear or contra-
dictory results [16–20]. The ethical difficulties of performing
prospective trials on these patients may to some degree
explain the meagre scientific evidence [17].

Ideally, dental care should be consistent and equivalent,
and the nature of dental treatment should not be reliant on
where or by whom the patient is treated. Yet, due to the
lack of unequivocal guidelines for pre-therapeutic dental
treatment, as well as the difficulty of distinguishing those
oral findings that require treatment from those that can be
left untreated without jeopardizing the patient’s health, there
is a risk that assessment and subsequent dental treatment
will depend on clinic routines and the individual clini-
cian’s experience.

The purpose of the present study was to discern areas
within pre-medical dental care where more pronounced
treatment guidelines for best practice would be beneficial
for both patients and dentists. The aim was to examine how
dentists working in hospital-affiliated dental clinics in
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Sweden evaluate oral findings identified during dental
examinations prior to medical therapies and whether the
nature of the medical treatment and its estimated risk affect
the choice of dental intervention.

Material and methods

Participation

All dentists working in hospital-affiliated dental clinics in
Sweden were invited to participate. As no national registry
of these clinicians exists, a list comprised of 146 dentists was
created after researching all centres conducting pre-medical
dental investigations in Sweden.

No specialist degree is required in order to work as a hos-
pital-affiliated dentist in Sweden and hospital-affiliated den-
tists are with few exceptions general dentists that have
undergone further field-specific education and courses.
However, on 1 June 2018, the National Board of Health and
Welfare approved Orofacial Medicine as a new specialist
branch in Swedish dentistry, but at the time of this survey,
only a handful of dentists were qualified specialists.

Survey

The survey included six authentic clinical cases. Each case
comprised a number of affected teeth, ranging from one
tooth to 16 teeth. The oral findings were apical periodontitis,
marginal periodontitis, caries and impacted molars. The cases
were presented on a website with brief anamnestic informa-
tion, clinical findings and radiographs (panoramic and/or
intraoral X-ray images). Table 1 summarises each of
the cases.

A paper reply form was distributed by postal service. The
reply form also contained questions regarding the views on
the importance of focal investigations and the awareness of
available scientific evidence in the field. The participants
were instructed to choose a treatment option for the
affected tooth/teeth in each case depending on whether the
patient was to undergo HVS, chemotherapy, radiation ther-
apy, IVBP treatment, SOT or had been diagnosed with endo-
carditis. Each tooth was therefore assessed six times – once
for each medical situation. A complete case illustrating the
nature of the information provided to the participants as
well as the layout of the reply form is presented in Figure 1.

The participants were also asked to estimate the risk for
serious complications if the patient was left without dental
treatment, and which medical situation was believed to pose
the highest risk for complications in each of the six cases.

Procedure

A letter explaining the purpose, aim and execution of the
study, a consent form, a reply form with the link to the
digital information and a return envelope was sent by postal
service to all participants. Two additional mailings were sent
out as reminders under the course of three months. The
study was approved by the Regional Ethics Review Board in
Lund, Sweden (Dnr. FO 4.3-2018/220).

Compilation of data

The study included six cases with a total of 50 teeth. For
each tooth, a treatment was selected six times, once for
every medical situation, which resulted in 300 assessments.
Assessments were compiled according to the answers from
each individual dentist regarding choice of treatment for
each tooth and categorised as either: high consensus, where
�75% of participants chose the same dental treatment; mod-
erate consensus, where 50–74% of participants chose the
same dental treatment or low consensus, where <50% of par-
ticipants chose the same dental treatment (Figure 2).

Additionally, survey responses were compiled according
to the level of variability in treatment selection, i.e. whether
the same treatment was selected for a tooth in all medical
situations or whether dental treatment varied depending on
underlying medical issue. Teeth were categorised as either:
high variability, where �50% of participants altered their
selection of dental treatment in relation to medical situation;
moderate variability, where 25–49% of participants altered
their treatment selection in relation to underlying medical
issue or low variability, where <25% of the participants
altered their treatment selection in relation to underlying
medical issue (Figure 3).

Statistical analysis

Spearman’s r was used to assess correlation between risk-
estimation in each case and proportion of assessments
where extraction was selected. Each case was compiled
according to the proportion of assessments where extraction
was selected, i.e. the proportion of extractions would be 50%
in a case comprised of one tooth if extraction was selected
in three out of six medical scenarios.

Mann–Whitney’s U was used to assess relation between
risk-estimation and years of experience.

Table 1. Summary of the six patient cases included in the survey.

Case 1 – 16 teeth: Poor oral hygiene. General increased pocket depth with
bleeding on probing. Marginal bone loss approximately 1=2 the length of
the root.

Case 2 – 1 tooth: Asymptomatic root canal treated upper left second
premolar with apical radiolucency. Root canal treatment >5 years ago,
root canal and crown appear adequate.

Case 3 – 13 teeth: Poor oral hygiene. Numerous large caries lesions and
apical infections. General pocket depth 4–6mm, marginal bone loss
approximately 1/3 the length of the root.

Case 4 – 4 teeth: Three impacted third molars. Asymptomatic root canal
treated lower left first molar with apical radiolucency of the distal root –
root canal and coronal filling appear adequate.

Case 5 – 5 teeth: Good oral hygiene. Three impacted third molars. No
general marginal bone loss but substantial inter-radicular bone loss lower
right first and second molars.

Case 6 – 11 teeth: Numerous large caries lesions. Lower left first molar
apical bone destruction. Upper right third molar and upper left second
molar impacted.
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Figure 1. Example of a patient case included in the survey.

Figure 2. Model for grouping of consensus on the choice of dental treatment.
High consensus: �75% of participants agreed on choice of dental treatment.
Moderate consensus: 50–74% of participants agreed on choice of dental treat-
ment. Low consensus: <50% of participants agreed on choice of dental treat-
ment. Treatments A–D different for each patient case.

Figure 3. Model for grouping of variability of the choice of dental treatment.
High variability: �50% of participants altered their treatment selection in rela-
tion to underlying medical issue. Moderate variability: 25–49% of participants
altered their treatment selection in relation to underlying medical issue. Low
variability: <25% of participants altered their treatment selection in relation to
underlying medical issue.
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Results

One hundred forty-six dentists, 106 (73%) women and 40
(27%) men, were invited to participate. 58 out of 146 den-
tists responded to the survey and replies from 56 (38%) den-
tists, 41 (73%) women and 15 (27%) men were included in
the study (2 missed the digital information). A flow-chart of
study participation is shown in Figure 4. The mean age of
the participants was 49 years (SD 11 years). Experience of
working with hospital-affiliated dentistry ranged from one
year to 40 years with an average of 12 years.

Opinions on the importance of, and level of scientific
research on, pre-medical dental evaluations

Participants were asked to grade the importance of conduct-
ing dental assessments in relation to the medical situations
provided in this study. Nearly all participants regarded
patients facing radiation therapy very important to examine,
closely followed by patients facing chemotherapy or IVBP
treatment. Patients subjected to HVS were viewed least
important to assess (Figure 5).

The participants’ opinions on how solid the scientific
research is in relation to the medical situations are shown in

Figure 6. HVS, endocarditis and SOT were the medical situa-
tions thought to have the poorest evidence and yielded the
highest number of “I don’t know” responses. The evidence
for dental evaluations prior to radiation therapy was judged
to be the best.

Risk assessment

When asked to estimate the risk for serious complications if
the patient was left without dental treatment, not all partici-
pants responded and some only answered what medical
situation they thought brought forth the highest risk without
defining the percentage. Estimated risk in percentage for all
cases is shown in Figure 7.

Case 1 – For a patient with untreated active marginal peri-
odontitis, 25 dentists believed chemotherapy would entail
the highest risk and 23 dentists thought radiation therapy
would cause the highest risk for infectious complications. A
vast range in assessed risk was seen for both categories,
ranging from 5% to 100% and 2% to 95% respectively.

Case 2 – A patient with an asymptomatic root canal
treated upper premolar with persisting apical radiolucency
was believed to face the highest risk by 23 participants
when undergoing chemotherapy, whereas 22 participants
considered radiation therapy to cause the highest risk. The
range in risk regarding chemotherapy was 1–100% and
1–70% regarding radiation therapy.

Case 3 – If a patient with numerous caries lesions, peri-
odontal problems and a number of periapical infections was
to be left without dental treatment, 27 participants believed
chemotherapy entailed the highest risk, ranging from 7% to
80%. 18 dentists believed radiation therapy most risk-associ-
ated with a risk ranging from 5% to 100%.

Case 4 – If leaving a patient with impacted molars and an
asymptomatic root canal treated lower left first molar with
persisting apical radiolucency without treatment, the highest
risk would according to 25 participants arise during radiation

Figure 4. Flow-chart of study participation. w: Women; m: men.

Figure 5. Estimation of the importance of dental evaluations in relation to the
various medical situations. HVS: Heart valve surgery; CT: chemotherapy; RT:
radiation therapy; EC: endocarditis; IVBP: intravenous bisphosphonate treat-
ment; SOT: solid organ transplantation.

Figure 6. Views on the level of scientific evidence for performing dental evalu-
ations in relation to the various medical situations. HVS: Heart valve surgery;
CT: chemotherapy; RT: radiation therapy; EC: endocarditis; IVBP: intravenous
bisphosphonate treatment; SOT: solid organ transplantation.
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therapy and according to 24 participants during chemother-
apy, ranging from 5% to 100% in both events.

Case 5 – For a patient with untreated furcation
involved lower molars and impacted third molars, 25 dentists
believed radiation therapy would cause the highest risk for
infectious complications and 22 dentists expected chemo-
therapy would entail the highest risk. The range in risk was
3–100% regarding radiation therapy and 5–80% regarding
chemotherapy.

Case 6 – Radiation therapy of a patient with numerous
untreated caries lesions would entail the highest risk of

infectious sequelae according to 32 participants with a risk
ranging from 2% to 100%. 15 participants judged chemo-
therapy to be most risk-associated, ranging from 5% to 80%
(Figure 7).

Participant risk-estimation in each case was compared to
the proportion of assessments in each case where extraction
was selected. Distributed across the six cases, the total num-
ber of risk-estimations where a percentage was offered was
219. There was a significant but very low correlation
between risk-estimation and number of extractions (p< .001;
r2 ¼ 0.034) (Figure 8).

Figure 7. Estimation of risk for complications if patients in cases 1–6 were to be left without dental treatment in relation to the various medical situations. HVS:
Heart valve surgery; CT: chemotherapy; RT: radiation therapy; EC: endocarditis; IVBP: intravenous bisphosphonate treatment; SOT: solid organ transplantation.

Figure 8. Correlation between estimated risk for complications and rate of extractions. Y-axis: proportion of estimations in each case where extraction was
selected. X-axis: estimated risk for complications. Each dot represents a case assessed by a participant having defined the risk in percentage.
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The risk assessment related to years of experience is
depicted in Figure 9. There was a significant difference in
anticipated risk between dentists with less than 20 years of
experience and those with more (p< .001), especially for
cases 4 and 5 (data not shown).

Consensus on choice of dental treatment

High level of consensus was seen in 62% of the assessments.
Dentists were in high consensus on course of treatment for

impacted third molars, premolars with moderate caries
lesions, molars with severe caries lesions and periodontally
damaged premolars and incisors as well as molars with verti-
cal bone defects and furcation involvement II–III.

Moderate level of consensus was seen in 32% of the assess-
ments. Periodontally damaged second and third molars,
decayed teeth with apical periodontitis as well as incisors
with large cavities were found in this group.

Low level of consensus was seen in 6% of the assessments.
Out of the 19 assessments where low consensus was seen, six
were regarding HVS and endocarditis respectively.
Asymptomatic root canal treated teeth with apical radio-
lucency (n¼ 10), molars with deep caries lesions (n¼ 5) and a
premolar with deep filling and uncertain vitality (n¼ 4) were
found in this group. Selected treatment options for an asymp-
tomatic root canal treated second premolar in the upper jaw
with apical radiolucency in the various medical scenarios are
shown in Figure 10. Low consensus on course of treatment is
seen for HVS, chemotherapy and endocarditis.

Variability of choice of dental treatment

Low variability of choice of dental treatment was seen for 17
teeth. Impacted third molars, periodontally damaged incisors
and premolars as well as molars with furcation involvement
II–III and/or vertical bone defects were found in this group
where most dentists chose one and the same dental treat-
ment regardless of medical situation.

Moderate variability was seen for 25 teeth. Teeth with car-
ies lesions, periodontally damaged molars as well as decayed
teeth with apical periodontitis were found in this group.

Figure 9. Relation between estimated risk for complications and participant years of experience of working with hospital-affiliated dentistry. Each dot represents a
case assessed by a participant having defined the risk in percentage.

Figure 10. Case 2: Proposed treatment for an asymptomatic root canal treated
upper left second premolar with apical radiolucency in various medical situa-
tions. HVS: Heart valve surgery; CT: chemotherapy; RT: radiation therapy; EC:
endocarditis; IVBP: intravenous bisphosphonate treatment; SOT: solid organ
transplantation. Other treatment unspecified by participants.
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High variability of choice of dental treatment was seen for
eight teeth. Asymptomatic root canal treated teeth with
apical radiolucency (n¼ 3), molars with deep caries lesions
(n¼ 3), a premolar with deep filling and uncertain vitality
(n¼ 1) and a lower second molar with furcation involvement
I (n¼ 1) were found in this category.

Discussion

Rate of participation

Two dentists declined participation due to time constraints
and the same reason could presumably account for a large
number of response dropouts since the survey was quite
extensive. Access to the internet was a prerequisite for
responding. As one dentist not able to access the link
declined participation, others may have refrained from
responding due to similar firewall snags.

Risk assessment

The extreme range in the estimated risk of complications in
each case shows how challenging the task of risk-estimation
is. For one thing, the threshold for considering a complica-
tion serious may have varied. However, it is also likely that
‘risk’ was interpreted differently by the participants. For
some, ‘risk’ appeared to be the probability for complications
to occur whereas others regarded ‘risk’ as the combination
of risk probability and risk impact, i.e. the severity of the
complications. Accordingly, the finding that participants with
long experience tended to estimate risk lower must be
regarded cautiously. In addition, the experience of a specific
medical scenario varied between the participants, not only
with regard to years of experience but also to the number of
patients the participants normally were confronted with.

Radiation therapy of the neck/jaw/head can lead to an
array of short- and long-term complications in the oral cavity
[21] and one aim of dental treatment prior to radiation is to
prevent future development of osteoradionecrosis [22]. This
severe complication may explain why radiation therapy was
believed to be one of the highest risk factors for sequelae,
and why patients facing radiation therapy of the head/jaw/
neck were judged to be the most important to examine prior
to the onset of medical therapy.

It is probable that untreated dental disease will eventually
necessitate tooth extraction, which is an important cause for
developing osteoradionecrosis (ORN) in the area exposed to
radiation [23]. An increased risk for ORN has also been sug-
gested in patients undergoing radiation therapy with severe
untreated marginal periodontitis [24]. A previous study found
the 5-year rate of ORN to be 6% in patients where poor
teeth were left in the irradiated area and 2% where good
teeth were left [25]. In comparison, many of the risk-assess-
ments in the present study were considerably higher.

Participants associated chemotherapy with a high risk for
infectious complications. A systematic review of the literature
found that the prevalence of infections and abscesses linked
to oral foci during chemotherapy was 5.4% and did not sub-
stantially differ when excluding studies where oral infection

had not been eliminated [17]. A study on apical periodontitis
as an infection source during chemotherapy found that
exacerbation of asymptomatic apical periodontitis may occur,
but that exacerbation did not severely affect the patient’s
general health [26]. Schuurhuis et al. [27] found that chronic
oral infections did not increase the risk for complications in
patients receiving chemotherapy and Hong et al. [17] con-
cluded that symptom free teeth with probing depth less
than 8mm, small periapical lesions and slightly mobile teeth
could be left without treatment prior to chemotherapy in
light of the relative low risk of complications. Compared to
these studies, the results of the present study show that the
risk of complications is considered higher by practic-
ing dentists.

Screening patients facing IVBP treatment was regarded as
very important by many participants, yet few participants
considered IVBP treatment as the highest risk for infectious
complications. This is interesting as IVBP treatment results,
much like radiation therapy, in a long-term locus minoris
resistentiae with a susceptibility of developing bisphospho-
nate-related osteonecrosis of the jaw (BRONJ) [28,29].

A hypothesis when conducting this study was that a high
risk-estimation would result in more extractions. However,
there was no substantial correlation between risk-estimation
and number of extractions. Interestingly, some participants
that assessed risk as low chose extraction more often than
participants that believed the risk for complications to be
high, and vice versa. It is possible that time constraints asso-
ciated with the various medical situations, clinical routines,
compliance or other patient-related aspects affected the
treatment selection and led to extraction rather than to con-
servative treatment. For example, extraction prior to radi-
ation therapy is a risk factor for ORN [25], and extractions
prior to chemotherapy can give rise to complications delay-
ing the onset of medical treatment [17]. In addition, various
interpretations of the concept of risk may have contributed
to the disparate choices of treatment.

To what extent patient-related factors influenced treat-
ment selection was beyond the scope of this survey and
since the six patient cases often included multiple dental
diagnoses, it was not possible to discern what dental source
of infection that was referred to in relation to risk for
complications.

Consensus on choice of dental treatment

Although the participants varied greatly in their risk assess-
ment, they were still often in high agreement on the course
of dental treatment. The results indicate that treatment of
impacted third molars, moderate carious lesions as well as
periodontally damaged teeth is quite consistent regardless of
where or by whom the treatment is performed.

There was low agreement on the management of asymp-
tomatic root canal treated teeth with persisting apical radio-
lucency as well as molars with deep cavities, allowing for
large treatment variations. Differing views on whether the
apical lesions represented ongoing inflammation or merely
scar tissue may have contributed to less uniform treatment
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selections. However, consensus on treatment was high prior
to radiation therapy and often lead to extraction of the
tooth. This is consistent with the difficulty of predicting the
longevity of endodontically unsound teeth and the increased
risk of ORN from endodontic treatment prior to radiation
therapy [30].

Out of the assessments where low consensus on treat-
ment was seen, one third were regarding patients facing
HVS and one third regarding patients having been diagnosed
with endocarditis. HVS and endocarditis were also the scen-
arios viewed to have the poorest scientific evidence and
where pre-medical dental assessments were considered least
important. Accordingly, Bratel et al. [31] could not establish
that elimination of oral infection prior to HVS improved long
term survival and a systematic review of the literature evalu-
ating the effects of dental treatment before HVS concludes
that it is uncertain as to whether rates of mortality, infective
endocarditis, post-surgical infections and length of hospital
stay are affected by pre-medical dental treatment [32].
Apparently, there is a need for clear, evidence-based treat-
ment guidelines.

Variability of choice of dental treatment

The nature of the upcoming medical treatment plays a cen-
tral role in assessments and pre-medical dental treatment.
Dental treatment prior to chemotherapy depends on the
probability that an existing oral focus of infection will exacer-
bate during the impairment of the immune system. Prior to
radiation and IVBP treatment the plausibility of a tooth need-
ing extraction within the years to come needs to be consid-
ered [1]. Nevertheless, for a substantial number of teeth in
the present survey, one dental treatment was proposed
regardless of medical situation. One participant commented
that extraction of one tooth would be proposed even in a
healthy individual due to severe caries and poor prognosis.
This indicates that the tooth diagnosis may have a greater
impact on choice of treatment than the nature of medical
treatment. In contrast, the management of asymptomatic
root canal treated teeth with apical radiolucency as well as
molars with deep caries lesions varied depending on the rea-
son for dental assessment, indicating that the implications of
the medical situation have a greater impact on the choice of
treatment for these oral findings.

Conclusion

The result of the present study shows that dental investiga-
tions and pre-medical dental treatments often are consistent
and uniform regardless of where or by whom they are per-
formed. It also appears that the dental diagnosis often has a
greater impact on choice of dental treatment than the
underlying medical issue and associated implications thereof.
The present study implies that hospital-affiliated dentists are
most concerned about oral infectious sequelae in patients
facing chemotherapy and radiation therapy. However,
patients with asymptomatic root canal treated teeth with
persisting apical radiolucency as well as molars with deep

caries lesions may receive less uniform treatment as consen-
sus for management of these conditions was low. Further
studies on the pre-medical dental management could hope-
fully lead to guidelines, not only describing the need for
treatment in various situations but also suggesting evidence-
based, yet individually adapted, therapies related to risk. This
would certainly be beneficial to both patients and the den-
tal community.
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