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In addition to desired therapeutic effects, certain medical treatments cause an 
increased risk of infectious complications. Patients facing such medical 
treatments therefore oftentimes undergo what is known as a pre-medical dental 
evaluation. The purpose thereof is to identify and eliminate oral findings that may 
compromise the upcoming medical treatment or cause infectious sequelae owing 
to the effects of the medical treatment. However, scientific evidence is limited 
regarding the importance of pre-medical dental evaluations and the effect of 
infection control measures. Guidelines for which oral findings that require 
treatment prior to various medical interventions are often general and open to 
interpretation. One specific oral finding whose management is frequently 
discussed, even in medically healthy patients, is asymptomatic apical 
periodontitis associated with root-canal–filled teeth. The overall aim of this thesis 
was therefore, with particular emphasis on root-canal–filled teeth with 
asymptomatic apical periodontitis, to contribute new knowledge that could 
support the clinical practice of dentists involved in pre-medical dental care.  

The thesis comprises four studies. In a survey among hospital-affiliated dentists 
in Sweden, the pre-medical dental management of various oral conditions was 
examined. In a follow-up interview study, the decision-making process regarding 
the pre-medical management of root-canal–filled teeth with asymptomatic apical 
periodontitis was explored. In the third study, a systematic review of the literature 
was conducted regarding the impact of oral foci of infection and pre-transplant 
dental treatment on adverse events in adult patients undergoing solid organ 
transplantation. The fourth and final study investigated whether clinically 
available factors reflect the degree of inflammation in apical periodontitis 
associated with root-canal–filled teeth.   

The results showed that hospital-affiliated dentists in Sweden agreed on the pre-
medical management of several oral conditions. Patients are therefore generally 

ABSTRACT
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likely to receive similar and consistent care regardless of provider. This does 
however not apply to root-canal–filled teeth with asymptomatic apical 
periodontitis, where consensus for management was low. The decision-making 
process for this condition involved multiple aspects, where uncertainty regarding 
the risk–benefit balance of treatment versus no treatment played an important 
role. However, factors such as the age and quality of root canal filling and features 
of the apical radiolucency should be interpreted with prudence when assessing 
lesion severity, as they do not seem to reliably reflect the degree of inflammation 
in apical periodontitis in root-canal–filled teeth. Furthermore, oral infectious foci 
at time of transplantation and pre-medical dental treatment might impact 
infection-related outcomes but appear to lack impact on the risk of mortality or 
graft rejection in solid organ transplant patients. In conclusion, this thesis 
contributes new knowledge on current practices and optimal approaches to when, 
why, and how pre-medical dental care is provided. 
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Utöver sina positiva effekter så kan vissa medicinska behandlingar även göra 
kroppen mer känslig för infektioner. Inför sådana behandlingar får patienter 
därför ofta genomgå en så kallad oral fokalutredning. Syftet med en sådan 
utredning är att upptäcka och åtgärda problem i tänder och käkar som kan störa 
den medicinska behandlingen eller leda till infektioner längre fram. Trots att 
dessa utredningar är vanliga är den vetenskapliga grunden för hur viktiga de 
faktiskt är – och hur stor nytta de gör – fortfarande begränsad. Riktlinjerna kring 
vilka tandrelaterade tillstånd som bör behandlas innan olika medicinska ingrepp 
är ofta ganska allmänt hållna och lämnar betydande utrymme för tolkning. Ett 
särskilt omdiskuterat fynd, även hos i övrigt friska patienter, är rotfyllda tänder 
med asymtomatisk apikal parodontit, det vill säga symtomfri inflammation vid 
rotspetsen. Det övergripande syftet med denna avhandling var därför att, med 
särskilt fokus på rotfyllda tänder med asymtomatisk apikal parodontit, bidra med 
kunskap som kan stödja tandläkares beslutsfattande vid orala fokalutredningar.  

Avhandlingen bygger på fyra delstudier. I den första studien kartlades hur 
sjukhustandläkare i Sverige väljer att behandla diverse tandrelaterade tillstånd 
inför olika medicinska ingrepp. I en uppföljande intervjustudie undersöktes hur 
sjukhustandläkare resonerar vid handläggning av rotfyllda tänder med 
asymtomatisk apikal parodontit. Den tredje studien var en systematisk 
sammanställning av befintlig forskning i syfte att undersöka om infektioner i 
munhålan och tandbehandling före transplantation påverkar utfallet efter 
organtransplantation. Slutligen så analyserades om kliniska och röntgenologiska 
fynd speglar graden av inflammation i apikal parodontit kring rotfyllda tänder.   

 

POPULÄRVETENSKAPLIG 
SAMMANFATTNING 
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Resultaten visade att sjukhustandläkare i Sverige i stor utsträckning gjorde 
likartade behandlingsval, vilket talar för en relativt jämlik vård. Däremot fanns 
en större variation i hur rotfyllda tänder med asymtomatisk apikal parodontit 
hanterades. Besluten i dessa fall präglades av en osäker avvägning mellan risken 
att behandla och risken att avstå behandling. Vidare visade resultaten att faktorer 
såsom rotfyllningens ålder och kvalitet samt förändringens utseende på röntgen 
inte nödvändigtvis återspeglade graden av inflammation i apikal parodontit. Detta 
innebär att sådana faktorer bör tolkas med försiktighet i kliniska beslut. Slutligen 
tyder resultaten på att infektioner i munhålan och tandbehandling före 
organtransplantation kan påverka risken för infektiösa komplikationer efteråt, 
men inte risken för död eller avstötning av transplantatet. Sammanfattningsvis 
bidrar denna avhandling med ny kunskap om nuvarande praxis och optimala 
strategier för när, varför och hur pre-medicinsk tandvård genomförs. 
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Pre-medical dental care – when  
In addition to desired therapeutic effects, several medical treatments cause an 
increased susceptibility to infection, either by altering tissues in a local manner 
or by affecting the entire immune system. Such treatments include chemotherapy, 
heart valve surgery (HVS), antiresorptive therapy, radiotherapy of the head/neck 
and solid organ transplantation (SOT) (1-4). Although underlying mechanisms 
differ, these treatments share a common clinical concern: oral infections may 
contribute to serious medical complications (5-9). Consequently, pre-medical 
dental evaluations aimed at pre-emptively identifying and managing oral foci of 
infection are commonly performed.  

Pre-medical dental care – why 
One objective of pre-medical dental care is to minimize the risk of local and 
systemic complications arising from oral infections that may interfere with, delay, 
or adversely affect medical treatment outcomes. A further objective is to reduce 
the risk of future infectious sequelae that may occur as a consequence of the 
medical treatment (9-13). Because the medical treatments requiring pre-medical 
dental care affect the body through different mechanisms, associated adverse 
effects and potential complications vary accordingly. An understanding of each 
medical treatment and its biological impact is therefore essential for assessing the 
potential risks posed by oral infection in these patients. 

INTRODUCTION
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Chemotherapy  
High-dose chemotherapy used in oncology targets rapidly dividing cancer cells 
but also affects rapidly dividing cells within the hematopoietic system, resulting 
in a transient decrease in white blood cell counts (14). Chemotherapy-induced 
immunosuppression predisposes patients to various infections (15), including 
those originating from the oral cavity. According to a systematic review of the 
literature, the weighted prevalence of infections from odontogenic sources during 
chemotherapy is 5.4% (9). When examining the effect of chemotherapy on apical 
lesions, Skallsjö et al. (16) observed that 8% of patients experienced 
exacerbation. Ultimately, infectious complications may delay the course of 
chemotherapy treatment (9) or in a worst-case scenario be fatal (17). 

Heart valve surgery  
HVS is performed to repair or replace dysfunctional cardiac valves in patients 
with valvular heart disease (18). Surgical manipulation of the endocardium and 
implantation of prosthetic material create surfaces that facilitate bacterial 
adhesion, thereby increasing the risk of infective endocarditis (IE) (4). This 
potentially life-threatening infection is characterized by microbial colonization of 
damaged endocardial tissue or prosthetic valves (19). Microorganisms with 
potential to cause IE may enter the blood from different sites, one being the oral 
cavity (8). Transient bacteremia is not uncommon and can occur during routine 
tooth-brushing, and an increased incidence has been observed following dental 
extraction (20).  

Parenteral antiresorptive therapy 
Parenteral antiresorptive therapy, including bisphosphonates (BPs) and receptor 
activator of nuclear factor kappa-B ligand (RANK-L) inhibitors, is used in the 
management of various skeletal conditions, such as multiple myeloma and 
cancers having metastasized to the bone (21, 22). Though their specific modes of 
action differ, both agents interfere with the normal turnover of bone, resulting in 
less resorption and increased bone density (23, 24). A recognized complication 
of antiresorptive therapy is medication-related osteonecrosis of the jaw 
(MRONJ), which typically presents as persistent exposure of necrotic bone in the 
oral cavity. Differences in type, dose, and duration of therapy are likely to 
contribute to the varying incidence of MRONJ in the literature, yet a systematic 
review reported a 2.08% overall incidence of MRONJ following cancer treatment 
with parenteral BPs or the RANK-L inhibitor denosumab (25). Although MRONJ 
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may occur spontaneously, dental procedures involving bone trauma—
particularly tooth extraction—are recognized triggers (12), with reported 
incidences of 11–50% following extraction in cancer patients receiving high-dose 
antiresorptive therapy. However, given that many teeth requiring extraction are 
frequently associated with inflammation or infection, it remains unclear whether 
the primary predisposing factor for MRONJ is the extraction procedure itself or 
the underlying pathological condition necessitating extraction (6). 

Radiation therapy of the head/neck 
Radiotherapy is frequently used in the treatment of malignancies in the head/neck 
region (26). Ionizing radiation can cause direct damage to cell DNA or indirect 
damage by creating reactive oxygen species, thereby reducing cellular 
proliferation and inducing cell death (27). However, because these effects are not 
limited to cancerous cells, radiotherapy of the head/neck can cause numerous 
adverse effects in normal tissues within the field of radiation (28). A major long-
term complication is osteoradionecrosis (ORN), a condition characterized by 
soft-tissue breakdown and persistent exposure of necrotic bone within the 
irradiated field (29). The reported incidence of ORN varies widely, but a 
systematic review reported an incidence of 8% following intensity-modulated 
radiotherapy for cancers in the oral cavity (30). Although ORN may develop 
spontaneously, oral infection and dental extraction have been identified as 
potential risk factors (5).  

Solid organ transplantation 
Transplantation of solid organs, including kidney, liver, heart, pancreas and lung 
can be life-saving for patients with end-stage organ disease (31). 
Allotransplantation, the most prevalent type of SOT, entails the transplantation 
of tissue from a donor that is genetically non-identical with the recipient. Due to 
the recipient’s immune system and its aptness at recognizing foreign substances, 
long-term immunosuppressant therapy is instrumental in enhancing allograft 
survival (32). However, while reducing the risk of rejection, immunosuppression 
inevitably increases susceptibility to infections. Infectious complications related 
to immunosuppressant therapy are a major cause of morbidity following 
transplantation (3), and the oral cavity has been proposed as a potential source of 
infection (7). 
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Pre-medical dental care – how 
The rationale for pre-medical dental care is largely preventive and precautionary. 
In most cases, dental treatment is performed not because oral infection is 
currently causing local or systemic disease, but because of a presumed risk that it 
might do so under altered medical circumstances (12, 33-35). The magnitude of 
this risk, however, is often difficult to quantify. Although the above-mentioned 
medical treatments differ in many regards, several overarching considerations are 
common to pre-medical dental management across patient groups.  

Shared considerations 
First, the balance between benefits and harms is inherently complex. While 
elimination of oral infectious foci aims to reduce the risk of serious medical 
complications, invasive pre-medical dental treatment itself carries potential risks, 
including bleeding, delayed wound healing, IE, osteonecrosis, or postponement 
of essential medical treatment (9, 30, 33, 35-37). Thus, pre-medical dental care 
frequently involves weighing an unascertained risk of infectious complications 
against the immediate and tangible risks of dental intervention.  

Second, time constraints often influence treatment decisions. The urgency of 
initiating chemotherapy, radiotherapy or surgery may limit the feasibility of 
comprehensive dental care, necessitating prioritization strategies (33, 38).  

Third, the duration of increased susceptibility to infection varies substantially 
between medical treatments. Whereas chemotherapy-induced 
immunosuppression is typically transient, the altered risk profile following 
antiresorptive therapy, HVS, radiotherapy of the head/neck, or SOT may be long-
term or lifelong (4, 12, 28, 39, 40). This temporal dimension directly impacts 
treatment thresholds and long-term management strategies (34).  

The pre-medical dental evaluation thus requires careful consideration of multiple 
interacting factors, which may vary substantially between medical interventions. 
To provide a conceptual overview of these differences, medical treatments 
requiring pre-medical dental evaluation, together with potential complications 
and duration of risk, are summarized in Table 1.  
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Table 1. Medical treatments requiring pre-medical dental evaluation, main potential 
complications as well as duration of increased risk.  
Medical treatment Main complication  Duration of increased risk 
Chemotherapy Local/systemic infection  Transient 
Heart valve surgery Infective endocarditis Procedure-related – lifelong 
Parenteral antiresorptive therapy MRONJ  Extended – long-term 
Radiotherapy of the head/neck ORN  Lifelong 
Solid organ transplantation Local/systemic infection  Lifelong 
MRONJ: medication-related osteonecrosis of the jaw, ORN: 
osteoradionecrosis.  

 

Scientific evidence and treatment guidelines 
Research within the field of pre-medical dental care is associated with both 
ethical and methodological challenges, which complicate the generation of high-
level evidence, such as through randomized controlled trials. Scientific evidence 
supporting pre-medical dental care remains limited and heterogeneous across 
patient groups.  

A recurring observation is that the clinical benefits of pre-medical dental 
treatment are difficult to demonstrate conclusively. Studies evaluating dental 
management prior to chemotherapy report conflicting results, likely reflecting 
substantial inter-study heterogeneity (9). A systematic review found insufficient 
evidence to determine whether dental treatment prior to HVS influences the risk 
of IE, post-surgical infections, or mortality (41). Similarly, evidence regarding 
dental management prior to radiotherapy of the head/neck remains inconclusive, 
although some studies suggest that removal of infected teeth before radiotherapy 
may reduce the risk of ORN (5, 10).  

One consistent finding in the literature is the lack of clear consensus regarding 
optimal management strategies. Considerable variation exists in proposed dental 
treatment protocols for patients undergoing chemotherapy, HVS and SOT, where 
recommendations are largely based on precautionary principles rather than robust 
clinical evidence (9, 11, 42-44). Dental treatment prior to antiresorptive therapy 
has been associated with a reduced incidence of MRONJ (12, 45). However, even 
in this context treatment protocols vary, and some recommendations are 
extrapolated from guidelines developed for other medically compromised patient 
groups (45, 46).  
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Oral foci of infection 
Despite broad agreement on the importance of pre-medical dental evaluation of 
patients undergoing treatments associated with increased susceptibility to 
infection, the threshold at which an oral condition constitutes a clinically relevant 
focus of infection remains poorly defined. In many cases, clinicians must decide 
whether to intervene based on limited evidence regarding the likelihood that a 
given oral condition will lead to complications under altered medical 
circumstances. One condition for which management recommendations are often 
particularly vague and open to interpretation, is root-canal–filled teeth with 
asymptomatic apical periodontitis (AAP). This condition may be particularly 
challenging in the pre-medical context, as its management remains controversial 
even in medically healthy patients (47-49). 

Pathogenesis and treatment of primary apical periodontitis 
Apical periodontitis (AP) is an inflammatory condition of the periapical tissues 
and develops as a consequence of microbial infection of the pulp and root canal 
system. Microorganisms and their by-products elicit an immune response which 
upon reaching the apical foramina ultimately results in periapical inflammation 
and bone resorption (50). Radiographically, this appears as a radiolucent area 
which is a prominent diagnostic feature of AP (51).  

Histologically, AP comprises granulation tissue, often surrounded by fibrous 
connective tissue, and its development involves a plethora of cells, cytokines and 
other inflammatory markers. Polymorphonuclear (PMN) cells are prominent in 
the acute phase of inflammation, but usually decrease in numbers leaving 
macrophages, lymphocytes and plasma cells to dominate in chronic stages of 
inflammation (52). Whether the process is asymptomatic or symptomatic is 
influenced by several factors, including infectious burden and host defense 
mechanisms (53, 54).  

A conventional root canal treatment (RCT) entails chemical and mechanical 
debridement of the pulp chamber and root canal system, followed by a placement 
of an intra-radicular and coronal seal (55). In teeth presenting with apical 
radiolucency at the time of treatment, the objective is to eliminate etiologic agents 
sustaining inflammation and thereby enable periapical healing (52). Successful 
healing most commonly results in bone regeneration; however, it may 
occasionally occur through the formation of dense collagenous tissue with little 
or no inflammation (56). Whereas bone healing causes radiographically visible 
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changes, scar tissue healing is radiographically indistinguishable from the 
original disease (57).   

Outcome of root canal treatment 
Several outcomes are possible after RCT, and clinical and radiographic outcome 
assessment is generally recommended one year after RCT (55). In teeth without 
apical radiolucency at time of RCT, all outcomes but a normal periapical ligament 
space is considered a sign of treatment failure (58). In teeth with apical 
radiolucency, complete remineralization of the apical bone destruction indicates 
a favorable outcome. If no change, or only a small reduction of the periapical 
lesion has occurred, outcome is considered uncertain and additional follow-up 
visits are warranted to monitor further changes (55). Although periapical healing 
is most marked up to two years after RCT (59), healing may occur long after this 
(60). Unfavorable outcome entails an increase in periapical lesion size on follow-
up radiographs. Coupled with symptoms or clinical manifestations of disease, 
even outcomes deemed favorable or uncertain based on radiographic features are 
categorized as unfavorable. Figure 1 illustrates possible outcomes following RCT 
and how they are classified according to guidelines on outcome assessment (55) 
depending on periapical status at time of treatment.  

 

Figure 1. Possible outcomes following root canal treatment (RCT) classified according to the 
presence or absence of apical periodontitis (AP) at time of treatment. Green arrows: favorable 
outcomes; yellow arrows: uncertain outcomes; red arrows: unfavorable outcomes. 
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Root-canal–filled teeth with apical periodontitis 
When AP is discovered in a root-canal–filled tooth, understanding its origin is 
essential for suitable management. According to current guidelines, renewed 
treatment is warranted for cases classified as unfavorable as this indicates 
remaining root-canal infection. However, if four years have passed since initial 
RCT, renewed treatment should for the same reasons also be considered for cases 
classified as uncertain (55, 58).  

Despite established guidelines, studies indicate that the prevalence of AP in root-
canal–filled teeth is 39–41% (61, 62) suggesting inconsistent adherence to 
retreatment recommendations. With regard to root-canal–filled teeth with AAP, 
clinicians have been shown to at times refrain from retreatment, and there appears 
to be an overall lack of consensus on management (47-49). Consequently, the 
decision-making process regarding this clinical finding has received considerable 
attention in the literature (63-65). 

The decision-making process regarding root-canal–filled teeth with 
asymptomatic apical periodontitis  
Clinicians appear to be moving away from Strindberg’s dichotomous criteria for 
periapical health and disease (58), considering additional factors when 
determining the appropriate course of action for root-canal–filled teeth with post-
treatment disease (63). Reit and Gröndahl (49) observed that lesion size may 
affect clinicians’ propensity to retreat. The impact of lesion size on the decision-
making process was further investigated by Kvist et al. (66, 67), who suggested 
that clinicians have individual thresholds for when renewed intervention is 
necessary. As individual values regarding the perception of periapical health and 
disease likely impact retreatment thresholds, this may explain the substantial 
variations in management of root-canal–filled teeth with AAP (68). 

Additionally, discrepancies between retreatment recommendations and clinical 
practice may partly be attributed to various aspects of uncertainty (69), such as 
uncertainty with regard to what a persisting lesion signifies (64). The possibility 
that a radiolucency represents dense collagenous tissue rather than inflamed soft 
tissue (70) may discourage retreatment, since lesions comprised of scar tissue 
arguably do not warrant renewed intervention.  

Even though retreatment, such as orthograde revision of the root canal treatment, 
apicoectomy or extraction, is not always prescribed, asymptomatic lesions in 
root-canal–filled teeth rarely exacerbate (71, 72) and infectious complications 
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warranting hospitalization are uncommon (73). In many cases, expectancy may 
therefore be a clinically reasonable management strategy. In medically 
compromised patients, however, lesions categorized as uncertain or even stable 
may be interpreted differently, given the potential consequences of persistent 
infection.  

♦ 

Overall, the management of oral foci of infection in patients undergoing medical 
treatments associated with increased susceptibility to infectious complications 
represents a significant clinical challenge. In particular, the management of root-
canal–filled teeth with AAP lies at the intersection of endodontic uncertainty, 
individual clinical judgement, broad pre-medical treatment recommendations, 
and potentially severe medical consequences. The limited and, at times, 
conflicting scientific evidence, together with heterogeneous clinical protocols, 
underscores the need for greater clarity regarding the importance of pre-medical 
dental care and treatment decision-making in this vulnerable patient population. 
Against this background, research into the various aspects of pre-medical 
management of oral foci of infection was undertaken, with a particular emphasis 
on root-canal–filled teeth with AAP. 
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The objectives of this thesis were to provide insights valuable to dentists involved 
in pre-medical dental care, to support informed clinical decision-making and 
ultimately contribute to safe and appropriate patient care. The specific aims of 
the thesis were to: 

- examine how oral foci of infection are managed in patients requiring pre-
medical dental care in Sweden (paper I) 

- explore the decision-making process regarding the pre-medical 
management of root-canal–filled teeth with asymptomatic apical 
periodontitis (paper II) 

- synthesize the evidence regarding the impact of oral foci of infection and 
pre-transplant dental treatment on adverse events in adult patients 
undergoing solid organ transplantation (paper III) 

- investigate whether anamnestic, clinical and radiographic factors reflect 
level of inflammation in apical periodontitis in root-canal–filled teeth 
(paper IV). 

AIMS
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The overall framework of the thesis was defined from day one, with two central 
cornerstones: pre-medical dental care and root-canal–filled teeth with AAP. 
However, many important details emerged during the first study, a survey study. 
By identifying areas within pre-medical dentistry where further research would 
be beneficial, the survey study played a pivotal role in shaping the specific 
research questions and methodological choices in the subsequent studies. 

Identifying hospital-affiliated dentists in Sweden – papers I and II 
Research data for papers I and II were provided by dentists working at hospital-
affiliated clinics in Sweden, where pre-medical dental care is routinely provided. 
As no national registry of these clinicians exists, clinics offering pre-medical 
dental care in Sweden were investigated and a list of identifiable hospital-
affiliated dentists was compiled manually. During the data collection phase of the 
first study, a clinic having been overlooked in our search contacted the research 
team to request inclusion. Ultimately, the total number of hospital-affiliated 
dentists identified through our search, together with those coming forward 
themselves, was 146. 

Survey on pre-medical dental care – paper I 
Survey design 
A survey comprising six authentic patient cases was created and sent to 146 
hospital-affiliated dentists in Sweden (explained above). When creating the 
survey, the aim was to capture a range of oral findings that in a pre-medical dental 
context would require a clinician to take a position on management. The oral 

METHODS 
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conditions presented across the six cases included caries, marginal periodontitis, 
apical periodontitis and impacted teeth, affecting a total of 50 teeth.  

The initial survey questions collected information on participants’ annual patient 
volume and views on the overall importance of pre-medical dental evaluations. 
For each of the six clinical cases, participants were asked to select a treatment 
option for the affected tooth or teeth depending on whether the patient was to 
undergo chemotherapy, HVS, intravenous (IV) BP therapy, radiotherapy of the 
head/neck or SOT. Diagnosed IE was also included as a medical scenario, as 
dental evaluation may be performed in patients with IE when the causative 
microorganisms are suspected to originate from odontogenic infection. Each 
participant thus assessed the same 50 teeth six times—once for each underlying 
medical scenario. In addition, participants were asked to indicate which medical 
scenario they considered to pose the greatest risk of serious complications if no 
pre-medical dental treatment was performed, and to estimate the extent of said 
risk. One of the cases included in the survey is presented in Figure 2.  

Data compilation 
To manage the substantial volume of data generated, grouping of results was 
required. Following an initial review of the dataset, a framework for consensus 
on treatment selection was established. The following categories were defined:  

- High consensus: ≥75% of participants chose the same dental treatment 
for a given tooth in a specific medical scenario 

- Moderate consensus: 50–74% of participants chose the same treatment 
for a given tooth in a specific medical scenario 

- Low consensus: <50% of participants chose the same dental treatment for 
a given tooth in a specific medical scenario.  

In-depth interviews – paper II 
Experience from the work with paper I highlighted the importance of gaining a 
more in-depth understanding of the pre-medical management of root-canal–filled 
teeth with AAP. To explore this issue further, a semi-structured in-depth 
interview study collecting qualitative data was deemed an appropriate 
methodological approach. 

 



28 

Case 4  
Woman, 57 years of age, reporting no oral symptoms. Medical history: hypertonia, 
hyperlipidemia, Parkinson’s disease, prior transitory ischemic attack. Medications: Clopidogrel, 
Amlodipin, Enalapril, Simvastatin and Sifrol. No known allergies. No tobacco use. 
 
Complete dentition except for missing tooth 37. Good oral hygiene. No pocket probing depth >4 
mm. 38 covered by mucosa – no signs of inflammation.  
 
Radiographic findings*: Tooth 18 is impacted; tooth 38 is partially impacted and tooth 48 fully 
impacted, both in mesioangular positions. Apical periodontitis is present at the distal root of tooth 
36, which is root-canal–treated with an adequate root canal filling. 
 
Please select one management option for each tooth with regard to each of the medical 
scenarios. Indicate the number corresponding to the selected management in the grid below.  
 
1: Expectancy, 2: Revision of root canal treatment, 3: Apicoectomy, 4: Extraction, 5: Other  
 Tooth 18 Tooth 38 Tooth 36 Tooth 48 

Prior to high-dose 
chemotherapy 

    

Prior to heart valve surgery     
Prior to intravenous 
bisphosphonate therapy 

    
Prior to radiotherapy of the 
head/neck (60-68 Gy) 

    
Prior to solid organ 
transplantation 

    
Confirmed infective 
endocarditis 

    
Which medical scenario do you consider poses the greatest risk of serious complications for this 
patient if no dental treatment is provided? 
………………………………………………………………………………………………………………... 
What is your estimation of the risk (%) of serious complications if no dental treatment is 
provided?.................................………………………………………............................................... 
 
Comments (optional)……………………………………………………………………………………….. 
……………………………………………………………………………………………………………….. 
……………………………………………………………………………………………………………….. 
 

Figure 2. One of the six authentic patient cases included in the survey study conducted among 
hospital-affiliated dentists in Sweden. *Participants had access to one panoramic and one apical 
radiograph.   

Process of recruitment  
The study was conducted among hospital-affiliated dentists in Sweden. Dentists 
were eligible for inclusion if they had experience of at least two authentic patient 
cases that could serve as the base for the interviews: one case that resulted in pre-
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medical treatment, and one case that resulted in pre-medical expectancy, of a 
root-canal–filled tooth with AAP.  

Potential participants were contacted consecutively following a randomized list 
(explained above). However, candidates were excluded if a dentist from the same 
clinic had already agreed to participate. This procedure was implemented to 
enhance the diversity of narratives and to minimize the risk of bias arising from 
multiple accounts shaped by clinic-bound routines, which was a pre-conceived 
notion prior to data collection. Dentists were initially contacted by telephone at 
their workplace. Those who met the inclusion criteria and expressed interest 
received detailed study information by email, followed by a telephone call to 
confirm participation.   

Interview process 
Owing to the COVID-19 pandemic, all interviews were conducted and recorded 
via Zoom (Zoom Communications, Inc., San Jose, CA, USA; Version 5.10.4). 
Participants were encouraged to prepare for the interview by recalling a minimum 
of two patient cases involving treatment and expectancy of root-canal–filled teeth 
with AAP. The two main questions which provided the foundation for the semi-
structured interviews were: 

“Can you please tell me about a patient case where pre-medical dental evaluation 
resulted in treatment of a root-canal–filled tooth with asymptomatic apical 
periodontitis?” 

“Can you please tell me about a patient case where pre-medical dental evaluation 
resulted in expectancy of a root-canal–filled tooth with asymptomatic apical 
periodontitis?” 

During the course of the interviews, follow-up questions, e.g., “what were your 
thoughts on that?”, “what would an example of that look like?”, “what more can 
you tell me about that?”, were asked to encourage informants to deepen, clarify 
and expand their narratives. To support recall, participants were permitted to have 
access to patient charts, clinical notes and radiographic images during the 
interview; however, these materials were not shared with the interviewer. All 
interviews were conducted and transcribed verbatim by the same researcher. 
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Text preparation and analysis process 
To enhance trustworthiness, three members of the research team collaborated 
during the text preparation and analysis process. Interview transcripts were 
analyzed using qualitative content analysis with an inductive approach, as 
described by Graneheim and Lundman (74). In accordance with this approach, 
the transcripts were first read repeatedly to obtain an overall understanding of the 
material. Meaning units were then identified, condensed while preserving their 
content and tense, and assigned codes. The codes were subsequently grouped into 
sub-categories and categories, representing the manifest content at a descriptive 
level. Following the compilation and analysis of the manifest content, the latent 
content, reflecting a more interpretive level of analysis, was examined and 
synthesized into an overarching theme. A schematic representation of the text 
preparation and analysis process is provided in Figure 3. 

Systematic review of the literature – paper III 
Experience from the work with paper I called attention to the potential value of 
further research into the pre-medical dental management of patients undergoing 
SOT. To synthesize the existing body of evidence on this topic, a systematic 
review of the literature was considered an appropriate research method. 

Before initiating the study, there was a concern that no or very few relevant 
articles would be found. To enhance the likelihood of identifying eligible studies, 
the aim of the review was addressed through two main research questions, 
encompassing both the effect of pre-transplant dental treatment and the presence 
of oral foci of infection at time of transplantation:  

1. Does dental treatment prior to SOT impact post-transplant adverse 
events? 

2. Does presence of oral foci of infection at time of SOT impact post-
transplant adverse events? 

Before performing the systematic search, a study protocol was developed and 
registered in PROSPERO (CRD42023430675). 
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Study eligibility criteria  
Based on the two research questions, study eligibility criteria regarding 
Population, Exposure, Comparison and Outcome (PECO) were defined (Figure 
4). Published, peer-reviewed prospective and retrospective cohort studies, non-
randomized and randomized interventional studies and case-control studies were 
included. 

 

Figure 4. Eligibility criteria for relevant publications with regard to study population (P), exposure 
(E), comparison (C) and study outcomes (O).   

Literature search and study selection process 
A search strategy was developed by combining free-text terms and Medical 
Subject Headings (MeSH) related to SOT, dental diseases and dental treatment. 
The electronic databases PubMed, Web of Science, and Scopus were initially 
searched. Following revisions suggested during journal peer review, the 
databases CINAHL and Cochrane were added, and all five databases were 
ultimately searched up to June 11, 2024, with the assistance of an information 
specialist.  

Using the Covidence platform (Veritas Health Innovation, Melbourne, Australia), 
two reviewers independently screened titles and abstracts, retaining studies in 
cases of disagreement. The same reviewers subsequently assessed the remaining 
studies in full text, with discrepancies regarding inclusion resolved by a third 
reviewer. After completion of the screening and selection process, the reference 
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lists of all included publications were hand-searched for additional relevant 
articles. 

Data extraction and risk-of-bias assessment  
Two reviewers independently extracted key data and assessed risk-of-bias of the 
included studies using the Newcastle–Ottawa Scale for cohort studies (75). 
Discrepancies in data extraction or grading were resolved through discussion 
until consensus was reached. 

Clinicopathological case series – paper IV 
Procurement of study material 
Participants were recruited from a private dental clinic specializing in 
endodontics and maxillofacial surgery which routinely receives referrals for 
surgical interventions. Adults (≥18 years) referred for surgical treatment of a root-
canal–filled tooth with AP were eligible for inclusion. During a pre-operative 
dental examination, eligible patients received verbal and written study 
information and written informed consent was provided by participants prior to 
dental treatment.  

Before surgical intervention, which predominantly consisted of apicoectomy, 
anamnestic information was obtained, a clinical examination of the affected tooth 
and surrounding soft tissues was performed, and an intraoral radiograph was 
acquired using the paralleling technique. Cases were categorized as AAP when 
patients reported no pain at the time of surgery and no clinical signs of disease, 
such as swelling or fistula, were present. Cases were categorized as symptomatic 
apical periodontitis (SAP) when patients reported pain at the time of surgery 
and/or when clinical signs of disease were present. In conjunction with surgical 
treatment, periapical soft tissue associated with root-canal–filled teeth with AP 
was collected and immediately fixed in 4% formaldehyde solution. Study 
material was collected from April 2021 through August 2023.  

Assessment of study material 
All assessments were performed by two observers. For calibration purposes, 15 
randomly selected samples from the study material were independently assessed, 
followed by a joint comparison and discussion of any discrepancies. The 
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remaining material was subsequently assessed independently, after which grades 
were compared and discrepancies resolved though discussion to reach consensus.  

Periapical inflammation 
Collected tissue samples were dehydrated and paraffin-embedded, sectioned at a 
thickness of 3 µm and stained with hematoxylin and eosin. A validated protocol 
was used to grade the level of inflammation in each tissue sample (76). For each 
sample, three separate scores were assigned: one for PMN-cell infiltration, one 
for lymphocyte and plasma cell infiltration, and one for the affected tissue area. 
Based on the combination of the three scores, cases were categorized into four 
groups of inflammation: mild, moderate, heavy and severe. A schematic 
illustration, including an example, of how the samples were allocated to the four 
groups of inflammation based on scoring is presented in Figure 5.  

Endodontic status 
Based on radiographic images (JPEG-format), the quality of the root canal filling 
in the root associated with the biopsied periapical tissue was assessed for each 
case. The selection of endodontic factors was informed by previous studies 
evaluating the quality of root canal fillings and included assessment of the 
adequacy of the lateral seal, length and coronal seal. The presence of retrograde 
root canal filling material, apical resorption, instrument fracture, lumen visible 
apically of root canal filling, post and core, and crown, onlay or inlay was also 
assessed.  

Apical radiolucencies 
The radiographic images were also used to evaluate radiographic characteristics 
of the apical lesion in each case. The selection of radiographic factors was 
informed by experience gained through the work with paper II. As such, lesions 
were graded according to the Periapical Index (PAI) (77) and classified according 
to size (<5 mm or ≥5mm) and border characteristics (absence or presence of a 
cortical border). 
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Ethical considerations 
Papers I, II and IV 
Studies I and II were approved by the Regional Ethics Review Board in Lund, 
Sweden (Dnr. FO 4.3-2018/220). Study IV was approved by the Swedish Ethical 
Review Authority in Uppsala, Sweden (Dnr. 2020-03459). Participants in all 
three studies were informed about the studies’ objectives and that their 
participation was voluntary. For each study, written informed consent was 
obtained prior to the collection of data and materials, and participant 
confidentiality was safeguarded through pseudonymization of participant data 
and secure data handling procedures.  

Paper III 
Because paper III involved secondary analysis of publicly available published 
data, formal ethical approval was not required.  

Statistical analysis 
Microsoft Excel (Microsoft Corporation, Redmond, WA, USA; 2016) was used 
to compile data and IBM SPSS Statistics (IBM Corp., Armonk, NY, USA; 
Versions 25.0 and 28.0) was used for statistical analysis. A p-value <0.05 was 
considered significant. The qualitative approach employed in paper II rendered 
statistical analyses inappropriate. Several statistical methods were employed in 
papers I, III, and IV; however, only those generating results discussed in the 
present thesis are described below.  

Chi-square or Fisher’s exact test, appropriate for comparing data on nominal 
and/or ordinal scale, was used for most statistical calculations in paper IV, as well 
as for certain calculations in paper III. 

One-way ANOVA was used in paper IV to compare patient age (years) with 
level of inflammation (mild, moderate, heavy, severe) after confirming normal 
distribution of age using a histogram.  
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Survey on pre-medical dental care – paper I 
Of the 146 hospital-affiliated dentists invited to participate, 58 responded to the 
survey. However, as two dentists had responded without viewing the radiographic 
information, responses from 56 dentists (38%) were included in the final analysis. 
Collectively, the participants estimated that they annually provided care for 
approximately 1,400 patients awaiting HVS, 1,150 patients facing IV BP therapy, 
1,140 patients facing chemotherapy, 760 patients facing radiotherapy of the 
head/neck, 520 patients facing SOT and 420 patients with IE.  

Views on the importance of pre-medical dental evaluation  
A clear majority of participants considered pre-medical dental evaluation to be 
“very important” prior to radiotherapy of the head/neck, chemotherapy and IV 
BP therapy. In contrast, 23% of participants regarded dental evaluation prior to 
HVS to be “not important” (Figure 6). 

Consensus on pre-medical dental management 
Level of consensus on pre-medical dental management was high in 62% of 
assessments and moderate in 32% of assessments. Low consensus, i.e., when 
<50% of participants chose the same dental treatment for a given tooth in a 
specific medical scenario, was found in only 6% (n=19) of assessments. Most 
assessments resulting in low consensus concerned root-canal–filled teeth with 
AAP (n=10). Figure 7 presents the management of a root-canal–filled lower left 
first molar with AAP (see case presented in Methods section), which resulted in 
low consensus for the medical scenarios HVS, IE and SOT.  

RESULTS
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Figure 6. Views among the 56 participants 
on the importance of dental evaluation prior 
to heart valve surgery (HVS), chemotherapy 
(CT), radiotherapy of the head/neck (RT), 
intravenous bisphosphonate therapy (IV BP), 
solid organ transplantation (SOT), and 
dental evaluation of patients with infective 
endocarditis (IE).  
 

Figure 7. The 56 participants’ management 
selections for a root-canal–filled lower left 
first molar with asymptomatic apical 
periodontitis depending on whether the 
patient was undergoing heart valve surgery 
(HVS), chemotherapy (CT), radiotherapy of 
the head/neck (RT), intravenous 
bisphosphonate therapy (IV BP), solid organ 
transplantation (SOT), or had been 
diagnosed with infective endocarditis (IE). 

Estimation of risk 
Across all six survey cases, a clear majority of participants assessed 
chemotherapy and radiotherapy of the head/neck to entail the greatest risk of 
serious complications if no pre-medical dental treatment was performed. 
However, the estimated magnitude of said risk varied widely, ranging from 1% 
to 100%.  
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In-depth interviews – paper II 
Interviews with 14 hospital-affiliated dentists in Sweden were conducted and 
included in the study. Analysis of the manifest content, i.e., the outspoken 
content, of the interviews resulted in the identification of three categories and 
four sub-categories (Table 2). Interpretation of the latent content, i.e., the 
unspoken content, led to the overarching theme: A multifaceted balancing act 
characterized by a sometimes difficult risk–benefit estimation, where an 
increased uncertainty entails an increased reliance on external opinions.  

Table 2. Categories and sub-categories identified in the analysis of the manifest content of the 
14 interview transcripts. 
  Categories Sub-categories  

The tipping scale The necessity of treatment 
The review of options 

The team effort - 
The frame of reference The individual frame of reference 

The objective frame of reference 

The tipping scale (category) 
The decision on course of action for a root-canal–filled tooth with AAP was 
primarily guided by clinical findings and contextual factors. The tipping scale 
entails how necessity of treatment was estimated and weighed against benefits 
and drawbacks with potential treatment options.  

The assessment of The necessity of treatment (subcategory) was strongly 
associated with the perceived risk of serious infectious complications should the 
tooth remain untreated. In the absence of earlier radiographs to evaluate temporal 
changes, assumptions about lesion activity and exacerbation potential were many 
times inferred from radiographic features, including lesion size, border 
characteristics, and degree of radiolucency. The anticipated impact of the 
upcoming medical treatment on infection susceptibility was also considered when 
assessing treatment necessity, as was the potential severity of infectious sequelae. 
In The review of options (subcategory), advantages and disadvantages of possible 
treatment alternatives were evaluated in relation to the assessed need for 
intervention. Factors such as time constraints related to the pending medical 
treatment, the prognosis of conservative management, and the functional, 
psychological, and economic implications of potential treatments were taken into 
account. Ultimately, determining whether potential consequences of the 
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considered dental treatment were proportional to and justified by the clinical 
necessity of treatment was pivotal in the decision-making process.  

The team effort (category) 
To varying degrees, clinicians sought and relied on input from colleagues, with 
the use of external advice increasing in situations characterized by greater 
ambivalence and uncertainty regarding the optimal course of action. Several 
informants emphasized the importance of having colleagues with whom complex 
cases could be discussed. Collaboration with the referring physician, including 
joint consultation and treatment planning, was also described as an integral 
component of the team effort. 

The frame of reference (category) 
Before reaching a final decision, each case was evaluated through a frame of 
reference incorporating personal considerations and/or objective aspects. The 
individual frame of reference (subcategory) encompassed clinicians’ prior 
clinical experiences with similar patient cases, whereas The objective frame of 
reference (subcategory) referred to the use of scientific evidence and the extent 
to which the individual case aligned with findings reported in the literature. 
Across interviews, however, a recurring concern was the limited scientific 
evidence supporting pre-medical dental care, highlighting the need for more 
rigorous research in this area. 

Based on these findings, a model illustrating the decision-making process 
regarding the pre-medical management of root-canal–filled teeth with AAP was 
created (Figure 8). 

Systematic review of the literature – paper III 
The systematic search of the published literature identified a total of 5,548 
records. After the study screening and selection process, summarized in Figure 9, 
nine studies were included in the review. All nine studies employed a cohort study 
design and received relatively high scores on the Newcastle–Ottawa Scale. 
Nevertheless, all but two studies failed to adjust for potential confounding factors, 
and only four of nine studies reported a follow-up period of at least 12 months. 
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Figure 9. Flow diagram of the article screening and selection process. *3 publications not possible 
to locate and retrieve.  

Impact of pre-transplant dental treatment 
Among the nine included studies, four evaluated the impact of pre-transplant 
dental treatment on adverse events. Whereas no study reported a significant 
impact on post-transplant mortality or organ rejection, two of four studies found 
a significant impact on infection-related outcomes: patients who did not undergo 
pre-transplant dental treatment experienced more infections per patient and had a 
higher infection risk compared with those who received dental intervention 
(Table 3). 
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Table 3. Key data extracted from the four retrospective cohort studies evaluating the impact of 
pre-transplant dental treatment on adverse events following solid organ transplantation. 
First author 
Year 

Study population  
Exposure and comparison 
 

Outcomes 

 
Göbel  
2023 

110 LiTx 
-No oral foci: 35 
-Treatment of oral foci: 39 
-Persisting oral foci: 36 

Mortality: p>0.05 
Rejection: NA 
Infection-related complications: both 
significant and non-significant findings. 

Helenius-
Hietala 
2013 

51 LiTx 
-Screening and treatment: 16 
-No screening and treatment: 35 

Mortality: p>0.05 
Rejection: p>0.05 
Infection-related complications: p<0.05 

Melkos 
2005 

102 LiTx/HTx/SCT 
-No oral foci/treatment of oral foci: 
70 
-No treatment of oral foci: 32 

Mortality: p>0.05 
Rejection: p>0.05 
Infection-related complications: p>0.05 

Meyer 
2009 

74 HTx 
-No oral foci: 1 
-Complete treatment of oral foci: 42 
-Incomplete treatment of oral foci: 31 

Mortality: p>0.05 
Rejection: p>0.05 
Infection-related complications: None 

LiTx: liver transplant, HTx: heart transplant, SCT: stem cell transplantation, NA: outcome not 
assessed.  

  
Table 4. Key data extracted from the five cohort studies evaluating the impact of oral foci of 
infection on adverse events following solid organ transplantation. 
First author 
Year 

Study population  
Exposure and comparison 

Outcomes 

Pol 
2022 

77 KTx 
-Clear: 58 
-Infected: 19 

Mortality: No deaths. 
Rejection: p>0.05 
Infection-related complications: p>0.05 

Sarmento 
2020 

76 KTx 
-Caries, periodontitis  
-No/other foci 

Mortality: p>0.05 
Rejection: None 
Infection-related complications: p<0.05 

Schander 
2009 

46 KTx 
-Periodontitis, apical lesions, semi-
impacted teeth. 
-No/other foci. 

Mortality: No deaths. 
Rejection: p>0.05 
Infection-related complications: NA 

Vorstandlechner 
2024 

200 LuTx 
-Caries, periodontitis, apical 
lesions. 
-No/other foci. 

Mortality: p>0.05 
Rejection: NA 
Infection-related complications: NA 

Walterspacher 
2013 

49 LuTx 
-Caries, periodontitis, nonvital 
teeth. 
-No/other foci. 

Mortality: NA 
Rejection: NA 
Infection-related complications: p<0.05 

KTx: kidney transplantation, LuTx: lung transplantation, NA: outcome not assessed. 
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Impact of oral foci of infection at time of SOT  
Five of the nine included studies evaluated the impact of oral foci of infection at 
time of SOT on post-transplant adverse events. Although no study found a 
significant impact on mortality or organ rejection, results were inconsistent with 
respect to infection-related outcomes. One study reported that the presence of oral 
infection at time of SOT adversely affected infection-related outcomes, whereas 
another study reported the opposite finding (Table 4). 

Clinicopathological case series – paper IV 
A total of 125 periapical tissue samples from 110 patients were collected. Two 
samples were excluded as the affected teeth were not root-canal–filled. Although 
some participants contributed with more than one biopsy, only one randomly 
selected tissue sample per patient was included to guarantee independent 
observations. Consequently, 109 tissue samples collected from 109 individual 
patients were included in the study (Table 5).  

Table 5. Characteristics of the 109 cases included in the study.  
Gender (n, %) Male 

Female 
43 (39) 
66 (61) 

Age (mean, SD)  57±15  

Cases (n, %) Asymptomatic apical periodontitis* 
Symptomatic apical periodontitis** 
Pain 
Swelling 
Fistula 
Tenderness to percussion 
Tenderness to palpation 

52 (48) 
57 (52) 
6 (11)Ϯ 
7 (12)Ϯ 
29 (51)Ϯ 
14 (25)Ϯ 
13 (23)Ϯ 

Years since RCT (n, %) Unknown 
<4 
4-9 
≥10 

2 (2) 
9 (8) 
35 (32) 
63 (58) 

RCT: root canal treatment. *No reported pain or clinical manifestation of disease. ** Reported 
pain and/or clinical manifestation of disease. Ϯ Percentage within group of symptomatic apical 
periodontitis.  

The group of cases categorized as AAP (n=52) was compared with the group of 
cases categorized as SAP (n=57) solely with respect to the level of inflammation, 
revealing a statistically significant difference (p=0.023) (Figure 10). All other 
comparisons were made within the AAP and SAP groups, respectively.  
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Figure 10. Bar chart showing level of inflammation in periapical lesions collected from cases 
categorized as asymptomatic apical periodontitis and cases categorized as symptomatic apical 
periodontitis. The level of inflammation was different in the group with asymptomatic apical 
periodontitis compared with the group with symptomatic apical periodontitis (p=0.023).  

The group of cases categorized as AAP (n=52) were stratified by gender, patient 
age, age of root canal filling, endodontic factors and radiographic factors, and 
subsequently compared with periapical inflammation. No significant differences 
in level of inflammation were observed for any of the assessed factors. The group 
of cases categorized as SAP (n=57) were stratified and compared with level of 
periapical inflammation in the same manner as AAP cases, revealing no 
significant differences. SAP cases were also stratified by type of 
symptom/clinical manifestation of disease, revealing a significant difference in 
level of inflammation between those with pain and those without pain (p=0.023).  
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Pre-medical dental care – when and why 
Views among hospital-affiliated dentists 
Results from the survey (paper I) indicate that hospital-affiliated dentists in 
Sweden agree that patients facing radiotherapy of the head/neck and 
chemotherapy are most important to pre-medically evaluate and have the greatest 
risk of complications. However, since estimated risk of complications ranged 
from 1% to 100%, clinicians do not seem to agree on the extent of said risk. Risk 
represents the degree of uncertainty surrounding possible outcomes (79) and 
assessment thereof includes considering both the probability or likelihood of 
harm and the impact or consequences of harm (80). The survey results regarding 
estimation of risk arguably reflect that likelihood and impact of infectious 
complications are very difficult to estimate in the pre-medical dental setting.  

An interesting finding of the survey was that the most numerous patient category, 
i.e., HVS patients, were considered least important to pre-medically evaluate. 
This outlook may partially be explained by the body of evidence regarding the 
importance of dental treatment prior to HVS. A systematic review and meta-
analysis concluded that it is unclear whether dental treatment pre-HVS improves, 
or even impairs, post-operative outcomes (41). Though more recent publications 
on the topic have emerged (81, 82), further research seems required to fully 
ascertain the importance and potential benefits of pre-HSV dental treatment. 

The survey study benefits from broad national coverage, yet certain limitations 
should be acknowledged. Due to the response rate of 38%, non-response bias 
cannot be excluded, and respondents may differ systematically from non-
respondents. Consequently, findings from the survey study may be interpreted as 

DISCUSSION 
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reflecting the views and experiences of participating hospital-affiliated dentists 
rather than the entire population. Nevertheless, the relevance of the data is 
strengthened by the nationwide scope and inclusion strategy.  

Impact of oral infection and dental treatment on solid organ 
transplantation  
According to the findings of the systematic review (paper III), persistent oral 
infection and pre-transplant dental interventions do not appear to influence 
mortality or graft rejection rates. However, they may have an impact on post-
transplant infection-related outcomes.  

The conflicting findings regarding infection-related outcomes likely reflect 
substantial heterogeneity across studies. Although meta-analyses are valuable for 
producing more precise effect estimates and reconciling apparently conflicting 
findings (83), the high degree of heterogeneity precluded the conduct of a meta-
analysis.  

Most included studies performed reasonably well on the Newcastle–Ottawa 
Scale; however, important methodological limitations remain. In particular, 
limited adjustment for confounding factors reduces confidence in conclusions 
about cause and effect. Additionally, short or incompletely reported follow-up 
periods (often less than 12 months) may have underestimated delayed infectious 
or graft-related events. 

Overall, while the synthesis does not support a clear association between oral 
infection and mortality or rejection, the potential influence on infection-related 
outcomes cannot be dismissed. The available evidence remains insufficient to 
draw firm clinical recommendations. Rather, the review highlights a significant 
knowledge gap and underscores the need for additional research.  

Pre-medical dental care – how 
Consensus on pre-medical dental management  
All primary studies included in the systematic review (paper III) on pre-transplant 
dental treatment referred to “oral foci of infection”, yet many varied as to which 
findings were considered as such. Similarly, Schuurhuis et al. (10) systematically 
reviewed the evidence on dental treatment prior to radiotherapy of the head/neck 
and found no uniform definition of an oral focus of infection.   
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Given the ambiguity regarding what constitutes an oral focus of infection, the 
somewhat limited body of evidence, the range of existing guidelines and 
occasionally unspecific or inconsistent treatment recommendations, it was 
initially theorized that patients requiring pre-medical dental care in Sweden might 
receive non-uniform treatment. However, the results of the survey study (paper 
I) demonstrated a high level of consensus among hospital-affiliated dentists 
regarding the management of several oral conditions, suggesting that pre-medical 
dental treatment is largely uniform and not contingent on where or by whom the 
care is provided. Nevertheless, patients with root-canal–filled teeth with AAP 
may risk receiving inconsistent treatment since consensus on management was 
low for this particular finding. 

The pre-medical decision-making process regarding root-canal–filled 
teeth with asymptomatic apical periodontitis   
While prior research has addressed decision-making regarding root-canal–filled 
teeth with AAP (63, 64), the additional complexity introduced by the pre-medical 
dental setting has not previously been explored. In the interview study (paper II), 
qualitative content analysis with an inductive approach, a method particularly 
suitable for research areas in which existing knowledge is limited, allowed 
conclusions to be drawn based on the data without the constraints of pre-formed 
theories (84). Following the concept of information power (85), the sample of 14 
participants was considered sufficient given the focused study aim, the sampling 
strategy, and the richness of the informants’ narratives. 

Several aspects of the decision-making process identified in the interview study 
align with general descriptions of pre-medical dental care in the existing 
literature. These include consideration of the patient’s overall health status, the 
implications of the upcoming medical treatment for infection susceptibility, the 
influence of time constraints on available treatment options, and the practice of 
interprofessional collaboration. 

Interestingly, inferences regarding severity, activity and future risk of 
complications were often made based on current radiographic features of a lesion, 
even when absence of older radiographic images prevented evaluation of lesion 
development. However, since it is not possible to determine whether a lesion is 
static, decreasing, or increasing in size based on a single radiograph (86), 
interpreting radiographic findings in isolation may be unreliable when assessing 
risk and treatment need of root-canal–filled teeth with AAP. Nonetheless, the 



49 

observed impact of lesion size on retreatment decisions is consistent with 
previous findings (49, 87). Larger, highly radiolucent lesions lacking a cortical 
border were generally perceived as indicative of more active inflammatory 
processes with higher risk of exacerbation. There is however a lack of scientific 
evidence on whether such clinically available factors inform on inflammatory 
burden in asymptomatic apical lesions associated with root-canal–filled teeth.  

Apical periodontitis as a potential oral focus 
of infection 
Periapical inflammation in relation to clinically available factors 
With the exception of pain, anamnestic, clinical and radiographic factors did not 
reflect level of inflammation in AP in root-canal–filled teeth (paper IV). The 
study sample consisted of teeth already deemed suitable for apical surgery. While 
this may introduce selection bias and limit generalizability, the results can 
reasonably be considered representative of patients referred to a specialist clinic 
for apical surgery. Both AAP and SAP cases were included in paper IV; however, 
the following discussion focuses on AAP cases, as this condition presents 
particular challenges in the pre-medical context. 

More than half of the AAP cases comprised heavy–severe inflammation and only 
two (4%) cases comprised tissue with mild inflammation closely resembling scar 
tissue, which is similar to the findings of others (57, 70). In the pre-medical 
context, the relative rarity of scar tissue healing is perhaps important to consider, 
as underestimating the likelihood of persistent infection may have clinically 
significant consequences in patients with increased susceptibility to infectious 
complications. 

Bearing the limited sample size in mind, the findings of paper IV suggest that 
lesion size or PAI-score is not indicative of level of periapical inflammation in 
AAP in root-canal–filled teeth. Similarly, Berar et al. (88) found no significant 
association when comparing lesion area and PAI-score with level of 
inflammation in AP associated with both non-root-canal–filled and root-canal–
filled teeth. Taken together, these observations suggest that radiographic 
characteristics may not reliably reflect the underlying inflammatory burden in 
AAP associated with root canal-filled teeth. In clinical decision-making, 
prudence is therefore suggested when using radiographic features alone to 
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estimate the severity of inflammation in apical lesions associated with root-canal–
filled teeth without symptoms or clinical signs of disease. 

Methodological considerations 
The methodological approaches used in the four studies comprising this thesis 
were guided by the respective research questions. Quantitative methods were 
employed in papers I, III, and IV, generating numerical data that enabled 
statistical analyses and identification of patterns across larger samples. However, 
quantitative approaches are limited in their ability to capture the underlying 
processes or the “how” of a phenomenon. Therefore, a qualitative approach was 
used in paper II, allowing for a more in-depth exploration of experiences and 
contextual factors (89). Together, these methodological approaches provided 
complementary perspectives and contributed to a broader understanding of the 
research topic. 

Sampling 
In the survey study, a nationwide census-based approach was used, inviting all 
hospital-affiliated dentists in Sweden to participate in order to enhance 
representativeness within the hospital-affiliated dental care sector. 

Purposive sampling was used to recruit informants for the interview study. The 
objective of this strategy was not to obtain a sample representative of a broader 
population, but rather to include participants with experience of the study topic 
and the ability to provide rich accounts of it (90). In qualitative research, 
questions regarding sample size and data saturation are often raised (91, 92). 
Saturation refers to the point at which further data collection no longer yields new 
information and originates from grounded theory methodology (92). In grounded 
theory, data collection and analysis occur concurrently, allowing continuous 
evaluation of whether additional data generate new concepts and thereby 
informing decisions regarding adequate sample size (93). However, according to 
the methodological approach adopted in paper II, data collection and analysis 
were not conducted simultaneously, whereby the concept of saturation in its 
original sense is not fully applicable. Instead, the adequacy of sample size and 
data is evaluated in terms of whether the collected material provides sufficient 
depth and variation to answer the research question (85).  

In the clinicopathological study, participants were recruited from an accessible 
segment of the target population. While this approach enables efficient 
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enrollment, it may reduce the external validity of findings (94). Due to the 
exploratory nature of the study, sample size was not determined a priori and 
ultimately arose to the number of participants recruited within the time frame of 
the study.  

Interview technique 
The semi-structured interview technique employed in paper II involves a limited 
number of pre-determined questions addressing a clearly defined study topic. By 
following the informants’ narratives with non-directional, open-ended follow-up 
questions, issues central to the informants can be explored, rather than topics 
presumed important by the interviewer. In contrast to fully structured or 
unstructured interview formats, the semi-structured approach provides a clear 
framework and overall direction while still allowing flexibility for participants to 
shape the discussion through their own narratives (95).  

Reporting 
The interview study was reported in accordance with the Consolidated Criteria 
for Reporting Qualitative Research (COREQ), which promotes methodological 
transparency and rigor, facilitates critical appraisal, and strengthens the 
credibility and trustworthiness of the findings (96). For the systematic review, a 
study protocol was developed and registered in PROSPERO to provide insight 
into the research process and prevent unnecessary duplication of research efforts. 
The review was reported according to the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) checklist, strengthening 
methodological transparency and reproducibility, reducing risk of bias as well as 
allowing readers to critically appraise the validity of the findings (97). 

Ethical considerations 
Participation in the interview study, and to some extent the survey study, offered 
clinicians an opportunity to reflect on their clinical decision-making and 
potentially gain insights into their knowledge base, treatment protocols, and the 
role of collaboration. In paper IV, an important ethical consideration was that no 
dental treatment was performed solely for research purposes; all clinical 
procedures were undertaken as part of routine patient care. 
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With the exception of root-canal–filled teeth with asymptomatic apical 
periodontitis, hospital-affiliated dentists in Sweden agree on the pre-medical 
management of many oral conditions. Overall, patients requiring pre-medical 
dental care are therefore likely to receive uniform and consistent treatment 
regardless of where or by whom it is provided (paper I).     

The decision-making process regarding the pre-medical management of root-
canal–filled teeth with asymptomatic apical periodontitis is a complex process 
often accompanied by uncertainty and collaborative measures. Guided by an 
estimation of risk of serious infectious complications, decision-making involves 
balancing the benefits and drawbacks of potential management strategies, based 
primarily on clinical findings and contextual factors (paper II).  

Although available evidence is limited, residual oral infectious foci and pre-
transplant dental treatment do not appear to impact mortality or graft rejection 
but may influence the risk of infectious complications following solid organ 
transplantation. While further research is needed, particularly to determine the 
optimal extent of treatment, these findings support the practice of managing oral 
infections prior to transplantation (paper III).  

With the exception of pain, anamnestic, clinical and radiographic factors do not 
seem to reflect the level of inflammation in apical periodontitis associated with 
root-canal–filled teeth. In the clinical decision-making process, it is therefore 
suggested that these factors be used with prudence when estimating inflammatory 
burden and potential treatment need of root-canal–filled teeth with asymptomatic 
apical periodontitis (paper IV).    

CONCLUSIONS 



53 

Paper I highlighted the current practice of pre-medical dental care in Sweden. 
While several findings were encouraging, the study also revealed inconsistencies 
in management strategies among hospital-affiliated dentists. Awareness of these 
variations may inspire professional discussion and contribute to the further 
development of so-called proven experience (Swedish: beprövad erfarenhet) at a 
national level, thereby supporting optimal and consistent patient care. 

As risk assessment was central to the decision-making process regarding the 
management of root-canal–filled teeth with AAP, and presumably other oral 
conditions as well, increasing awareness of risk assessment among clinicians 
involved in pre-medical dental care may be valuable. 

By synthesizing the available, albeit limited, scientific evidence, paper III may 
contribute to more informed clinical decision-making in the pre-transplant dental 
context. Moreover, the study identified a research gap concerning the effects of 
residual oral infection and pre-transplant dental care, highlighting the need for 
further research in this area. 

By exploring how anamnestic, clinical and radiographic factors correspond to the 
level of periapical inflammation, results from paper IV may inform pre-medical 
management decisions regarding root-canal–filled teeth with AAP. Initially, 
several laboratory methods were considered and tested; however, only a subset 
was ultimately included in the final paper. Consequently, a follow-up publication 
based on the same material is planned. 

 

CLINICAL SIGNIFICANCE AND 
FUTURE PERSPECTIVES 
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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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Abstract
Aim: Prior to certain medical therapies, dental assessment and treatment of oral foci 
of infection are recommended. The aim of the present study was to acquire a deeper 
understanding of the decision-making process regarding the pre-medical manage-
ment of root–canal–filled teeth with asymptomatic apical periodontitis (AAP).
Methodology: Hospital-affiliated dentists in Sweden were contacted for a semi-
structured, in-depth interview. The absolute inclusion criterion was that the dentists 
had experienced and could recount at least two authentic cases involving root–
canal–filled teeth with AAP—one case having resulted in pre-medical treatment, 
and one having resulted in expectancy. Fourteen interviews, with fourteen inform-
ants, were conducted and included in the study. During the interviews, open-ended 
questions and comments encouraging the informants to elaborate and clarify their 
experiences were offered. The interviews were digitally recorded, transcribed verba-
tim and analysed using Qualitative Content Analysis with an inductive approach.
Results: A theme describing the latent content was identified through interpreta-
tion of the collected data: A multifaceted balancing act characterized by a sometimes-
difficult risk–benefit-estimation, where an increased uncertainty entails an increased 
reliance on external opinions. Three main categories, comprising four sub-categories, 
describing the manifest content were recognized: The tipping scale, The team effort 
and The frame of reference.
Conclusions: The current interview study found pre-medical decision-making re-
garding root–canal–filled teeth with AAP to be a multifactorial and contextual pro-
cess marked by uncertainty and collaborative measures. Further research, resulting 
in the development of evidence-based treatment guidelines, is suggested necessary.
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INTRODUCTION

The course of treatment for several medical issues involves 
not only the medical health care system but also the den-
tal health care system. Prior to heart valve surgery (HVS), 
chemotherapy, radiation therapy of the head/neck, high-
dose antiresorptive treatment and solid organ transplan-
tation (SOT), patients often undergo a pre-medical dental 
evaluation (Hartwig,  2018). One purpose is to identify 
and eliminate oral foci of infection that could otherwise 
compromise the upcoming medical therapy. Another, is to 
minimize the risk of oral infectious complications devel-
oping due to the consequences of the medical treatments 
(Hartwig, 2018; Levi & Lalla, 2018; Little, 2018). Although 
pre-medical dental assessments are recommended in 
several countries, the importance of dental disease man-
agement prior to some of the above-mentioned medical 
therapies remains uncertain (Hong et al., 2018; Lockhart 
et al., 2019; Schuurhuis et al., 2015).

Several oral findings may warrant pre-medical dental 
treatment, one being asymptomatic apical periodontitis 
(AAP) in root–canal–filled teeth (SOM, 2017). Considering 
the high prevalence of endodontically treated teeth with 
apical periodontitis in the general population (Jakovljevic 
et al., 2020), it is presumably a common discovery during 
pre-medical dental examinations. Apical radiolucencies 
remaining 4 years post-endodontic treatment frequently, 
albeit not always, represent inflamed soft tissue main-
tained by persisting root-canal infection (Nair et al., 1999). 
Depending on the awaiting medical therapy and its im-
pact on the body, the rationale for treating this and other 
oral foci of infection varies.

By pre-operatively managing oral foci of infection from 
which dissemination of bacteria can occur, the reasoning 
is that this may reduce the risk of infective endocarditis in 
patients undergoing HVS (Terezhalmy et al., 1997). Apical 
periodontitis and extraction post-radiation therapy of the 
head/neck are risk factors for osteoradionecrosis (ORN). 
Eliminating these potential triggers prior to radiation 
therapy may therefore reduce the risk of ORN (Kojima 
et al.,  2017). The rationale for managing teeth with api-
cal lesions prior to high-dose antiresorptive treatment 
is that this may reduce the risk for medication-related 
osteonecrosis of the jaw (MRONJ) (Okuma et al., 2020). 
Immunosuppression, which is a consequence of both che-
motherapy and SOT, may permit foci of infection to exac-
erbate. Treatment of dental disease prior to these medical 
therapies is thus intended to reduce the risk of local as 
well as systemic infectious complications (Helenius-
Hietala et al., 2013; Schuurhuis et al., 2016).

Management strategies for AAP in root–canal–filled 
teeth include expectation, orthograde revision of the 
root-canal filling, apicoectomy and extraction (Kvist & 

Hofmann, 2023). Clinical decision-making regarding root-
filled teeth with persisting apical radiolucency has been 
described by others (Reit & Gröndahl,  1984). However, 
in what manner factors associated with the pre-medical 
context influence the decision-making process has not yet 
been studied.

A survey study conducted among Swedish hospital-
affiliated dentists showed a widespread and low consen-
sus in pre-medical management of root–canal–filled teeth 
with AAP (Olsson et al.,  2022). This suggests that man-
agement of this oral finding may not be consistent, but 
influenced by to date unexplored factors associated with 
the individual clinician and/or clinic.

The aim of the present interview study was to acquire a 
deeper understanding of the decision-making process re-
garding the pre-medical management of root–canal–filled 
teeth with AAP. A semi-structured interview style was 
employed as this approach gives the interviewee direction 
but still provides room for discovering matters that might 
not have been apparent when designing the study (Qu & 
Dumay, 2011).

MATERIALS AND METHODS

Context of pre-medical dental care in 
Sweden

Although Orofacial Medicine is a specialist branch within 
Swedish dentistry since 2018, a specialist degree is not re-
quired in order to work as a hospital-affiliated dentist or 
provide pre-medical dental care in Sweden.

Provided the patient has a referral from a medical cen-
ter, oral assessment and dental care prior to the above-
mentioned medical situations are subsidized by the 
Swedish Heath Care System. This subsidy offers dental 
treatment to a reduced and fixed fee per appointment. 
Once a certain sum has been accumulated, remaining 
dental visits are free of charge. Only management of oral 
findings that could, if left untreated, compromise the 
medical therapy or lead to infectious sequalae is included. 
Moreover, only temporary removable prosthetics are sub-
sidized if an anterior and/or a substantial number of teeth 
are removed (Hälso-och Sjukvårdsförvaltningen, 2021).

Research team and reflexivity

JO is a DDS and PhD student with previous research expe-
rience of hospital-affiliated dentistry. AL is an oral pathol-
ogist, PhD and Assistant Professor. Associate Professor 
EW, with a specialist degree in Endodontics, has previ-
ous experience in the field of qualitative research. The 
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pre-conceived notion was that the decision-making pro-
cess for pre-medical management of root–canal–filled 
teeth with AAP is more based on personal experience 
and routines adopted by individual clinics than scien-
tific evidence, much due to the lack of the latter (Olsson 
et al., 2022).

Informants and process of recruitment

The absolute inclusion criterion for study participation 
was that the hospital-affiliated dentist had experience of 
authentic patient cases on which the interview could be 
based: at least one case involving pre-medical treatment of 
a root–canal–filled tooth with AAP, and at least one case 
involving expectancy.

By screening all centers conducting pre-medical den-
tal care, a list comprising all hospital-affiliated dentists in 
Sweden (n = 146) was created and randomized. Dentists 
were contacted consecutively according to the list during 
the recruitment process. However, candidates were passed 
over if a dentist working at the same clinic had already 
agreed to participate.

Initial verbal contact was made by telephoning the 
dentists at their place of work. If fulfilling the inclusion 
criterion and being interested in further details, written 
information about the study was provided. After 2 weeks, 
dentists having received written information were 

contacted once more and invited to partake in the study 
(Figure 1). Interviews with 14 hospital-affiliated dentists 
were conducted and included in the study.

Interview process

Informants were asked to select and recount cases involv-
ing assessment of a root–canal–filled tooth with AAP. 
Two main research questions provided the foundation for 
the interviews:

•	 “Can you tell me about a patient case where pre-medical 
dental assessment resulted in treatment of a root canal-
filled tooth with asymptomatic apical periodontitis?”

•	 “Can you tell me about a patient case where pre-medical 
dental assessment resulted in expectancy of a root canal-
filled tooth with asymptomatic apical periodontitis?”

Open-ended questions and comments encouraging 
the informants to elaborate, explain and clarify their ex-
periences were offered during the interview. Due to the 
COVID-19 pandemic, interviews were conducted and re-
corded digitally via Zoom© (Zoom Video Communications, 
Inc., Version: 5.10.4). Nine interviews were audio and video 
recorded, whereas five interviews were only audio recorded 
as the informants lacked access to a web camera. The in-
terviews, which were 26–65 min long (mean 47 min), were 

F I G U R E  1   Flow-chart of participant recruitment process showing contact procedure, reasons for exclusion/dropout and final number 
of included informants. m, men; w, women.

Dentists contacted through place of work (n=46) 
(w: 35, m: 11) 

Dentists receiving written information 
and contacted a second time (n=30) 

(w: 23, m: 7) 

Participants (n=16) 
(w: 12, m: 4) 

Interviews conducted and included in the study 
(n=14) 

(w: 10, m: 4) 

2 retired 
6 moved 
3 did not fulfill the inclusion criterion
4 no answer 
1 not interested

2 time restraints
5 unspecified 
4 did not fulfill the inclusion criterion
2 no answer
1 other/medical 

2 did not return to schedule 
interview 
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conducted by JO November 2020 through July 2021. Notes 
were made during and after the interviews which were tran-
scribed verbatim by JO. Pauses, sighs, laughter, etc., as well 
as body language such as hand gestures were included in 
the transcription. Feedback on interview technique as well 
as interview transcription was given by EW after the first 
and second interview.

Text preparation and data analysis

Fourteen informants, each interviewed once, provided 
the foundation for the present study which is reported ac-
cording to Consolidated Criteria for Reporting Qualitative 
Research (COREQ) (Tong et al., 2007). The collected data 
were analysed using Qualitative Content Analysis with 
an inductive approach as described by Graneheim and 
Lundman (2004). Adhering to this technique, transcripts 
were read through numerous times to get a general sense 
of the material. Meaning units were extracted, i.e., a space 
was made in the text where a change in subject matter 
occurred. The meaning units were condensed while pre-
serving the essence of the statements. Condensed mean-
ing units were subsequently labelled with a descriptive 
code summarizing the meaning of the content (Table 1). 
To visualize the manifest content (descriptive level), 
codes were grouped into sub-categories and categories. 
After compilation and analysis, the underlying latent con-
tent (interpretative level) was elucidated and formulated 
into a theme.

To a varying extent, all authors were involved in the pro-
cess of text preparation and data analysis (Table  2). Parts 
of the identification, condensing and coding of meaning 
units were initially done separately by the three authors and 
then compared and discussed in order to calibrate the tech-
nique and reach an agreement. Grouping codes into sub- 
and categories as well as identifying the overall theme was 

undertaken primarily by JO, using Excel© (Microsoft, 2016) 
as an organizational tool. All the three authors discussed the 
results throughout the analytic process.

Ethical considerations

The study was approved by the Regional Ethics Review 
Board in Lund, Sweden, (Dnr. FO 4.3–2018/220). Written 
consent was provided by the informants prior to the 
interview.

RESULTS

Fourteen informants, incidentally representing all six 
healthcare regions in Sweden, were included in the study 
(Table 3). Collectively, the pre-medical management of 56 
root–canal–filled teeth with AAP was recounted, distrib-
uted across 41 patient cases: 18 HVS, 9 chemotherapy, 1 
radiation therapy, 4 SOT and 9 cases of high-dose antire-
sorptive treatment.

A theme describing the latent content was identified 
through interpretation of the collected data. Three main 
categories and four sub-categories describing the man-
ifest content were recognized (Table  4). A model of the 
decision-making process is shown in Figure 2.

The tipping scale (category)

The decision on how to manage a root–canal–filled tooth 
with AAP was first and foremost based on clinical findings 
and contextual factors. An assessment of the importance 
of pre-medical dental treatment was weighed against the 
implications of potential treatment options to reach an 
overall appraisal of optimal course of action.

T A B L E  1   Example of meaning unit, condensed meaning unit and descriptive code depicting the text preparation procedure of the 
qualitative content analysis.

Meaning unit Condensed meaning unit Code

“Had this been a radiation patient, and was 
getting radio, full dose radio eh…in the 
low, receiving full dose radiation toward 
the teeth in the lower jaw, then I would 
have removed it…because there's the risk 
of necrosis.”

“Had this been a radiation patient receiving full 
dose radiation toward the teeth in the lower 
jaw, then I would have removed it. Because 
there's the risk of necrosis.”

Assessment contingent on medical 
treatment and its risks.

“And when it's this particular type of eh…
eh cancer patient from haematology then 
it's much more common that eh I also 
call eh the referring, that haematologist 
and discuss a bit how it is and…yes, and 
so on…”

“When it's this particular type of cancer 
patient from haematology then it's much 
more common that I also call the referring 
haematologist and discuss a bit how it is.”

Conferring with referring physician 
(haematologist).

 13652591, 2023, 9, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/iej.13941 by Statens B

eredning, W
iley O

nline L
ibrary on [30/01/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



      |  1067OLSSON et al.

The necessity of treatment (sub-category)

The need of dental intervention was strongly associated 
with an estimation of risk for infectious complications. 
Certain findings were aggravating in nature, tipping the 
scale toward a heightened need for pre-medical treatment. 
Other factors were seen as mitigating, reducing estimated 
risk and thereby tipping the scale toward a less significant 
need for pre-medical intervention.

When older radiographic images allowing comparison 
with present day radiographs were available, evidence of 

apical progression led to an evident need of pre-medical 
intervention. Signs of apical healing, as well as static api-
cal lesions, were many times mitigating factors in esti-
mation of risk and importance of intervention. When no 
radiographic history was accessible, assumptions about 
apical activity and risk of exacerbation were often made 
by interpreting the radiographic appearance of a lesion.

Even though it was big [the apical lesion], it 
was still demarcated and trabeculae are visible. 
It felt ‘nah, I don't want to remove this tooth’. 

(Informant 13)

Large, highly radiolucent and poorly circumscribed api-
cal lesions were often assessed to pose a higher risk and have 
a greater treatment need. Consequently, conclusions drawn 
based on size, outline and radiopacity of a destruction could 
either increase or reduce the assessed need for dental inter-
vention prior to medical therapy.

The nature of awaiting medical treatment was an im-
portant factor when assessing the necessity of pre-medical 
intervention. Whether the medical therapy would have a 
systemic or local impact on the patient's susceptibility to 
infection was taken into consideration. The extent of im-
pairment, or expected level of immunosuppression, was 
also contemplated. Accordingly, dosage of radiation and 
potency of different chemotherapy drugs/regimens could 
influence the decision-making. The potential infectious 
sequalae that may develop as a consequence of the medi-
cal treatment was also contemplated.

It's important that the patient is free from 
infection, so no problems arise. Often, when 
they have such low blood count during the 
stem cell transplantation, the patient can 

Identification of meaning units

1st interview transcript jointly JO, AL, EW

2nd interview transcript separately and then discussed JO, AL, EW

Remaining transcripts JO

Condensing of meaning units (MU)

MU 1–7 of 1st interview transcript separately and then discussed JO, AL, EW

MU 8–14 of 1st interview transcript jointly JO, AL

Remaining MU JO

Coding of condensed meaning units (CMU)

CMU 1–20 of 1st interview transcript jointly JO, AL, EW

CMU 21–40 of 1st interview transcript separately and then discussed JO, AL, EW

CMU 1–10 of 2nd and 3rd interview transcripts JOa

Remaining CMU JO

Organization of sub-categories and categories and formulation of a theme JO (AL, EW)
aFollowed by a joint discussion with AL and EW.

T A B L E  2   Account of authors 
involved, as well as extent of involvement, 
in each step of the text preparation 
process and data analysis procedure.

T A B L E  3   Characteristics of study participants regarding 
gender, age, specialist degree and experience of hospital-affiliated 
dentistry.

n

Gender

Female 10

Male 4

Age, years

30–44 6

45–59 4

60–74 4

Specialist degree

Yes 5

No 4

Ongoing specialist training 5

Experience of hospital-affiliated dentistry, years

<10 6

10–20 5

>20 3
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1068  |      ASSESSING ROOT-FILLED TEETH

get life threatening problems […] sepsis, 
endocarditis. 

(Informant 2)

Whether the medical therapy caused a short- or a long-
term risk augmentation was a factor in assessment of treat-
ment need. A long duration of increased infection risk, e.g., 
after radiotherapy, tended to increase the propensity to in-
tervene now rather than later. Generally, if the patient was 
awaiting HVS, the probability of infectious complications 
arising due to a root–canal–filled tooth with AAP was as-
sessed as low.

It was a heart valve surgery. If you put it like 
this, it's sort of the light-version of what we 
should do and shouldn't do. 

(Informant 14)

Heart valve surgery was therefore often a mitigating fac-
tor, leading to a reduced need for pre-medical treatment.

Although root canal-filling quality was mentioned by 
informants, an explicit discussion regarding its impact on 
chosen course of action was rare. However, a ‘good’ root 
canal-filling was at times seen as a mitigating factor reduc-
ing the likelihood of future exacerbation.

The root canal-filling was okay. It was well 
sealed and looked nice so one wouldn't sus-
pect it to cause any trouble later on. 

(Informant 12)

How much influence age of the root canal-filling and 
duration of the apical lesion had on the assessment of 
treatment necessity varied. A long-standing lesion was gen-
erally less worrying than a lesion associated to a recently 

T A B L E  4   The identified pattern covering the decision-making process regarding root–canal–filled teeth with asymptomatic apical 
periodontitis described in a theme (latent content), categories and sub-categories (manifest content), including examples of codes.

Theme A multifaceted balancing act characterized by a sometimes-difficult risk–benefit-estimation, where an increased 
uncertainty entails an increased reliance on external opinions.

Categories The tipping scale The team effort The frame of reference

Sub-categories The necessity of treatment — The individual frame of reference

Examples of codes Risk-assessment based on lesion size Interdisciplinary 
discussions about 
cases

Clinical experience

Risk of complication due to 
immunosuppression

Physician's demand 
regarding freedom 
of infection 
deciding when 
ambivalent

Local routines for treatment selection

The review of options — The objective frame of reference

Time restraints limits conservative 
treatment options

Increased personal knowledge of scientific 
evidence

Aesthetic and functional value of tooth Scientific evidence gives assurance in 
decision

F I G U R E  2   Results from the 
qualitative content analysis illustrated in 
a model of the decision-making process. 
Decisions were reached by relating an 
assessment of treatment necessity and 
potential treatment outcome to a frame of 
reference, with or without external input 
depending on underlying ambivalence. 
Bold: categories, italics: sub-categories.

The tipping scale                      
The necessity of treatment ♦ The review of options     

The frame of reference
The individual frame of reference ♦ The objective frame of reference

DECISION

ecnelavibma hgiHecnelavibma woL

The team effort
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root–canal–filled tooth. Yet, this was influenced by the up-
coming medical treatment and whether associated risks 
were short-term or long-term.

Factors concerning the patient's general health, such as 
ailments other than the one requiring dental assessment, a 
history of endocarditis or concomitant cortisone treatment 
sometimes affected the assessment of pre-medical treatment 
need. Age could also be taken into consideration—notably 
regarding long-term risks such as ORN and MRONJ. When 
facing radiotherapy or antiresorptive treatment, a young 
patient was deemed to have a higher need for pre-medical 
treatment as the risk for late complications would only ac-
cumulate during the years to come.

Anamnestic information provided by the patient was 
an important source when assessing treatment necessity. 
Though a tooth may be asymptomatic at the time of ex-
amination, a thorough exploration of whether the patient 
had experienced previous episodes of swelling or pain 
was deemed imperative. Additionally, when requisition of 
old radiographs was infeasible or refrained from, patient 
recall about the primary root-canal treatment was some-
times relied upon.

The root canal-filling is so-so, you can't see 
that it's well sealed or reaches all the way to 
the apex […] She knew about the lesion and 
said it had been like that for really many 
years. We had to trust that it wasn't an active 
infection, but an image of healing. We didn't 
requisition any x-rays either because I trusted 
she told the truth. 

(Informant 1)

Trusting the patient's recollection about past dental treat-
ments could thereby affect the decision-making process by 
influencing the assessment of therapy need.

The review of options (sub-category)

Having evaluated the necessity of intervention, possible 
treatment alternatives feasible within the pre-medical cir-
cumstances were assessed.

Time-boundaries determined by the planned medical 
therapy frequently affected the choice of dental interven-
tion. A lack of time often limited, or excluded, conserva-
tive treatment possibilities.

The root canal-filling was really nice. I 
thought we can't redo it better within a rea-
sonable amount of time. It [the lesion] was 
that big and the patient was pretty soon hav-
ing heart surgery. They were straining the 

leash and wanted answers. There was no 
other solution than extraction. 

(Informant 10)

When the need for pre-medical treatment was un-
equivocal and a more radical treatment was justifiable, a 
shortage of time often led to extraction. However, if the 
importance of treatment was less certain and extraction 
was difficult to justify, time-limitations could tip the 
scale towards a diminished inclination for pre-medical 
intervention.

The choice of management was also influenced by the 
estimated treatment prognosis. If the need of treatment 
was unquestionable, extraction was often selected if the 
prognosis for conservative therapy was poor. Yet, if the im-
port of pre-medical intervention was assessed as low and 
extraction considered excessive, poor prognosis of conser-
vative treatment could decrease the tendency to intervene. 
The longevity of a tooth was taken into consideration as 
well. Carious lesions and periodontal damage affecting 
the long-term prognosis could increase the propensity for 
extraction.

The impact that potential dental treatment would 
have on the patient was a factor when contemplating 
different management options. Impaired functionality 
and aesthetics following extraction were often reflected 
upon.

You didn't want to remove too much occlusal 
surface […] I think there would have been a gap 
all the way to the canine […] Then you want to 
be 110% sure that it's an active infection. To do 
a large procedure like that, then you want to be 
sure and not do it ‘just to be safe’. 

(Informant 10)

Furthermore, the need and possibility of additional fu-
ture dental treatment were aspects of concern – both per-
taining to oral conditions, patient economy and limitations 
in the pre-medical dental care subsidy system.

The patient's own wishes were sometimes included in 
the decision-making process. Extraction was often granted 
regardless of assessed pre-medical treatment need. But if the 
patient wanted to preserve a tooth, this was only conceded 
to if the treatment necessity was deemed low enough that 
expectancy would not jeopardize the patient's health.

Expectancy could be chosen if an apical lesion was 
believed to have low potential of causing complications. 
However, expectancy could also be contemplated when 
pre-medical treatment could lead to infectious compli-
cations delaying the medical treatment – particularly for 
patients with a locus minoris resistentiae or an already im-
paired immune system.
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Sometimes, when the patient needs to pro-
ceed with the medical treatment, you don't 
want to delay it. If you were to begin cleaning 
it, an infection might flare up, for example. 
You just want to check that the patient isn't 
swollen or has any signs of active infection. 
Then it's more important the patient under-
goes his heart valve surgery. 

(Informant 3)

Occasionally, the patient's life expectancy could also be 
reflected upon when contemplating treatment alternatives. 
Although the pre-medical treatment need might be clear, 
executing said treatment may not always be as evident or in 
the best interest of the patient.

When I met her I got a feeling that she won't 
live for much longer […] If you act purely on 
the odontological assessment I definitively 
would have recommended extraction of these 
teeth. But it felt like she was too far gone in 
her disease for it to feel ethical to force one-
self on her and remove these teeth. 

(Informant 4)

Thus, assessment of the individual patient case and the 
best course of action centered around whether the conse-
quences of considered dental treatment were proportional 
to, and justified by, the treatment necessity.

The team effort (category)

A measure of ambivalence regarding findings, risk or rea-
sonable course of action was often present in the decision-
making process. Consequently, pre-medical dental care 
often involved more than the one hospital-affiliated den-
tists. Informants frequently touched upon the subject of 
uncertainty and the importance of having colleagues with 
whom complex or ambiguous cases could be discussed.

We have it really good here because we are 
several hospital-affiliated dentists that have 
been working for quite some time. We reg-
ularly have small therapy meetings […] It's 
really good. Because there really isn't any 
consensus. 

(Informant 11)

To some extent, lack of scientific evidence and a want 
for better guidelines contributed to the need for collegial 
input. In addition to co-workers, most dentists had the 
possibility to consult with other dental specialists both 

concerning diagnostic uncertainties and treatment pos-
sibilities. The proximity and collaboration with other 
dental specialities, particularly endodontists and oral sur-
geons, could also be of aid if a certain intervention was 
believed to surpass the abilities of the hospital-affiliated 
dentist.

A dialogue with the referring physician often took 
place to obtain further information about the patient's 
general health status, as well as details about the impend-
ing medical treatment that may influence the dentist's 
course of action.

We were given time by the physician, you can 
say. She wanted him free from infection so 
they paused their treatment […] Some treat-
ments they have to begin, but in this case she 
could give it to us. It was little over a month 
that we got here. 

(Informant 5)

As time-limitation often eliminated certain conserva-
tive treatment options, additional time could allow a wider 
range of dental treatment alternatives. However, whether 
delaying the medical therapy was an option was decided by 
the physician and conditional upon the medical issue.

When choosing not to pre-medically treat a root–
canal–filled tooth with AAP, this did not necessarily mean 
that the tooth needed no treatment.

I chose to recommend his regular dentist to 
redo the root-canal treatment. I have written 
a referral to him to treat this. I assessed that it 
was nothing that needed to be treated acutely 
before heart surgery. 

(Informant 9)

Treatment could be recommended but deemed unnec-
essary to perform prior to the medical therapy, thus not fall-
ing within the realm of hospital-affiliated dentistry. When 
refraining from treatment, information was given to the pa-
tient and a referral for recommended treatment sent to the 
patient's regular dentist.

How much influence outside opinions had on the 
decision-making process varied. Seeking and using exter-
nal input as a consultative measure was part of a routine 
collaboration. In certain cases, however, the hospital-
affiliated dentist could increasingly rely on the opinion of 
others.

One could discern a small widening apically, 
but not so I reacted a lot. But it was ambigu-
ous. We brought it up and discussed it during 
a therapy conference. We had different 

 13652591, 2023, 9, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/iej.13941 by Statens B

eredning, W
iley O

nline L
ibrary on [30/01/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



      |  1071OLSSON et al.

opinions […] The maxillofacial surgeon gets 
the final vote. 

(Informant 14)

Similarly, the will of the referring physician could at 
times trump a course of action proposed by the dental team. 
Collaboration with co-workers, other specialists and physi-
cians could thus influence both diagnostics as well as treat-
ment selection to a varying extent.

The frame of reference (category)

Before deciding on a final treatment plan, the overall as-
sessment of the patient case was related to a frame of ref-
erence which could be conditional upon the individual 
dentist or more objective in nature.

The individual frame of reference (sub-
category)

Parallels drawn between the patient case and personal ex-
periences of similar situations could affect the final treat-
ment decision.

The reason is partly clinical experience. I feel 
that smaller foci of infection, or apical peri-
odontitis in root canal-filled teeth, seldom 
cause problems. 

(Informant 6)

Informants reflected on how rarely they experienced neg-
ative consequences when leaving a root–canal–filled teeth 
with AAP without intervention. Thus, increasing work ex-
perience could sometimes result in a more lenient approach 
to root–canal–filled teeth with AAP.

Management strategies collectively adopted at the spe-
cific workplace, i.e., local routines, were mentioned by in-
formants when reasoning about an appropriate course of 
action.

We wait. I think, especially when it comes to 
root canal-filled teeth, we have a rather re-
strained attitude, unless there is a fistula or a 
local abscess or something. 

(Informant 8)

The responsibility of making the final decision was 
sometimes renounced, yet treatment suggestions and 
opinions from physicians and other dental specialists 
could at times be opposed – one view being that each 
member of the team had their niche and may not have the 

appropriate experience or education about pre-medical 
dental risk-assessments.

If we call the haematologist and ask: ‘this pa-
tient has a small infection, what's the deal?’ 
The haematologist will in nine times out of 
ten say that the deal is 100% freedom from 
infection. They don't have our bit. They can't 
really evaluate the risk of this turning into 
something. 

(Informant 4)

Similarly, the importance of making an individual assess-
ment of radiographic findings, rather than blindly accepting 
the statement given by the oral radiologist, was touched 
upon. Accordingly, individual aspects influenced not only 
the assessment of clinical and contextual factors but also 
input received from external sources.

Informants mentioned being worried about how their 
decisions, if unfortunate, could negatively affect the med-
ical outcome and overall health of the patient.

You're always more worried about the teeth 
you leave that the ones you remove. It's nicer 
for me to remove a tooth […] because then I'm 
like in the clear. That's how I think. ‘This one 
can't cause anything’. 

(Informant 5)

The hospital dentists concern for the patients' general 
health and successful outcome of the medical therapy was 
an ever-present aspect during the interviews.

The objective frame of reference (sub-category)

In addition to factors contingent on the individual den-
tist, the decision-making could be influenced by scientific 
evidence and how the individual patient case correlated to 
conclusions and treatment recommendations described in 
the literature.

As of yet, no study has been able to prove that 
elimination of oral infection before heart sur-
gery would reduce the risk of endocarditis. 
That considered, and seeing as the destruc-
tion wasn't big, I have chosen to leave it with-
out intervention. 

(Informant 12)

When referring to scientific studies supporting the cho-
sen management strategy, it was often concerning HVS 
cases. Scientific evidence for pre-medical dental intervention 
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could however at times collide with the demands of the re-
ferring physician.

The physician wanted us to be radical. They 
sometimes express themselves like that […]. 
But if we are radical, then I relinquish the sci-
entific support that I have. And I won't con-
cede to that. 

(Informant 6)

Not only evidence on the pre-medical management 
of root–canal–filled teeth with AAP was broached in the 
interviews. Reflections were also made on the evidence 
behind drawing conclusions about apical activity and the 
risk of exacerbation based on the radiographic appearance 
of a lesion.

One talks about ‘malignant’ and ‘benign’ 
apical periodontitis. That there in some 
way would be less risk when it's well cir-
cumscribed compared to when it's less well 
circumscribed. When I talk to the endodon-
tology people there is absolutely no support 
for that. 

(Informant 7)

The extent of scientific evidence differed for the var-
ious medical situations, yet informants called for more 
research and better evidence regarding risk-assessment 
and pre-medical dental management of root–canal–
filled teeth with AAP. Additionally, informants discussed 
the lack of follow-up possibilities, as hospital-affiliated 
clinics merely provide pre-medical care and no further 
check-ups.

DISCUSSION

The present study found the pre-medical decision-making 
regarding root–canal–filled teeth with AAP to be a highly 
contextual and multifaceted process. Evaluating the ne-
cessity of dental intervention, as well as appropriate 
treatment, was often accompanied by uncertainty and fre-
quently involved teamwork.

Methodological considerations

To ensure that the results were concordant with reality 
and not a product of the researchers' expectations, each 
step of the data collection, text preparation and analysis 
process was evaluated and discussed jointly by the three 
authors.

Data produced through interviews can be influenced 
by the power balance between informant and interviewer 
(Qu & Dumay,  2011). Interviewer JO was a junior DDS 
with less clinical experience than each informant. This 
may have reduced the risk of informants feeling judged 
and favoured open and honest responses. Additionally, 
informants were briefed on the lack of evidence regard-
ing the study topic and there, therefore, being no right or 
wrong answers.

Purposive sampling was used to ensure that the 14 
participants were able to give informative accounts rele-
vant to the study aim. There is no pre-determined sample 
size which ensures data saturation in qualitative research, 
as this is contingent on the study objective as well as the 
quality of collected data. The sample size should how-
ever include enough informants to produce adequate 
in-depth information in order to answer the research 
question (Malterud et al., 2016). Informants in the pres-
ent study were able to give rich narrations, and a variety 
of perspectives could be included due to their spread in 
age, experience, education and geographical location. 
Thus, information saturation was considered to have been 
achieved.

Some interviews were conducted via video and some 
merely via audio. Only hearing informants hindered the 
possibility of picking up on bodily and facial expressions, 
e.g., ‘I see that you are frowning, what are you thinking?’. 
Although the different settings may have affected the flow 
of dialogue during the interviews, it was not considered to 
influence the interpretation of data in any major way. The 
potential bias that lack of visual contact could have led to 
was therefore assessed as negligible.

Selecting a semi-structured interview technique al-
lowed exploration of matters central to the informants, as 
opposed to adhering to topics assumed important by the 
interviewer (Qu & Dumay, 2011). Information offered by 
the informants was pursued with open-ended questions 
which maintained focus on the informants' narration. By 
using qualitative content analysis with an inductive ap-
proach, conclusions could be drawn based on information 
given by the informants, without the constraints of pre-
formed theories (Hsieh & Shannon, 2005).

Discussion of results

Radiographic information was one of several factors 
influencing the necessity for pre-medical dental inter-
vention. Although healing after endodontic treatment 
usually results in bone regeneration and a reduction of 
apical radiolucency, formation of dense collagenous tis-
sue with no, or sparse, inflammation can also occur (Nair 
et al.,  1999). The possibility of such scar tissue healing, 
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which radiographically mimics the original disease, may 
explain why static lesions were assessed to have a lower 
treatment need in certain situations.

Endodontic healing is related to the quality of root–
canal treatment (Alves Dos Santos et al.,  2022). Even 
though the quality of primary endodontic treatment was 
observed by our informants, its impact on the decision-
making process appeared to be limited. A possible expla-
nation for this could be that the significance of root-filling 
quality was a subordinate factor, surpassed by other more 
deciding findings.

Cone-beam computed tomography (CBCT) can be 
a valuable tool for detecting and evaluating periapical 
changes (Leonardi Dutra et al., 2016). Yet, aspects of dif-
ferent imaging modalities were not reflected upon in any 
depth by our informants. If CBCT was mentioned, it was 
with regard to input received from collaborating special-
ists. Conceivably, the influence that CBCT might have had 
on the decision-making process may primarily have been 
an effect of a radiologist's statement, rather than the imag-
ing technique itself.

An interesting finding was the extent of conclu-
sions drawn from radiographs regarding the status and 
exacerbation-risk of an apical lesion. Whether, and to 
what degree, radiographic appearance can inform on the 
activity of an apical bone destruction is however debatable 
(SBU, 2010), and without comparing to previous imaging, 
determining if a lesion is static, reducing or growing in 
size based on characteristics in one single radiograph is 
regarded impossible (Ørstavik,  2020). Thus, interpreting 
radiographic features without access to older images may 
not be reliable when assessing the risk and treatment need 
for root–canal–filled teeth with AAP. In spite of this, Reit 
and Gröndahl (1984) also found that lesion-size affected 
the decision between treatment and no treatment regard-
ing persisting AAP.

Asymptomatic lesions of long duration were in some 
cases considered less likely to cause complications than 
lesions associated to recently root–canal–filled teeth. Yet, 
the scientific evidence is slim regarding the correlation 
between risk of apical flare-up and time since root–canal 
treatment (Yu, Messer, Shen, et al., 2012; Yu, Messer, Yee, 
& Shen,  2012). Overall, studies on exacerbation of post-
endodontic apical lesions are scarce (Pigg et al., 2022; Yu, 
Messer, Shen, et al., 2012; Yu, Messer, Yee, & Shen, 2012), 
which renders the prediction of such events difficult. The 
same can be said regarding apical lesions in medically 
compromised patients. Results from a study examining 
the effect of chemotherapy on apical lesions showed that 
although 8% of patients experienced exacerbation, the 
majority of flare-ups were associated to apical periodon-
titis in non-root–canal–filled teeth. Furthermore, the in-
cidence of fever or infection warranting hospital care did 

not significantly differ for chemotherapy patients with 
untreated apical lesions compared with the control group 
(Skallsjö et al., 2020).

Extraction of teeth in patients treated with antire-
sorptive treatment or radiotherapy is a common predis-
posing factor for MRONJ and ORN, respectively (Kojima 
et al.,  2017; McGowan et al.,  2018). Whether MRONJ 
develops primarily due to the extraction itself, or due to 
the dental condition requiring extraction is however not 
fully understood (Rao et al.,  2017). Okuma et al.  (2020) 
found AAP to be an independent risk factor for MRONJ, 
therefore, recommending pre-medical treatment thereof. 
Nevertheless, it should be noted that whether the asso-
ciated teeth were root–canal filled is unclear. Similarly, 
though Kojima et al. (2017) reported apical periodontitis 
to be a risk factor for ORN, information regarding symp-
toms and endodontic status of the teeth with apical lesions 
was lacking. Contrarywise, a study on dental treatment 
prior to radiotherapy found no increase in risk of ORN 
due to apical lesions. In two out of the nine ORN cases, 
however, the sequelae developed following extraction 
post-radiation due to endodontic symptoms (Schuurhuis 
et al., 2011). Evidently, some studies do exist on apical le-
sions in pre-medical patients, yet available research is far 
from comprehensive.

Judging whether the potential consequences of con-
sidered dental treatment were justified by the treatment 
necessity was an important aspect. Many factors influenc-
ing this assessment were ambiguous and somewhat open 
to interpretation, such as the estimated value of a tooth, 
the prognosis of dental treatment and the definition of 
health and disease. It is plausible that appraisal of such 
factors is subjective and depend on personality and indi-
vidual values (Kvist & Hofmann, 2023). This is in agree-
ment with the results of the present study, where personal 
traits to some degree seemed to impact the final treatment 
decision.

Feelings of uncertainty permeated the decision-
making process. One way to understand uncertainty in 
clinical decision-making is to identify the source of un-
certainty, and what the uncertainty pertains to, i.e., the 
issue of uncertainty (Han et al., 2011). Although the pre-
medical dental situation differs from the general dental 
situation, the work by Pigg et al. (2022), where various 
aspects of uncertainty were applied to root–canal–filled 
teeth with AAP, may help understand the results of the 
present study. Much of the uncertainty expressed by the 
informants in our study relates to the unknown proba-
bility of apical exacerbation and infectious sequelae, the 
ambiguity regarding what to consider a focus of infec-
tion in the pre-medical context and the increased com-
plexity of risk-assessment due to the underlying medical 
situation. Internal uncertainty, caused by a clinician's 

 13652591, 2023, 9, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/iej.13941 by Statens B

eredning, W
iley O

nline L
ibrary on [30/01/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



1074  |      ASSESSING ROOT-FILLED TEETH

incomplete understanding or knowledge about an issue, 
can be reduced by increasing one's knowledge. In the 
present study, however, external uncertainty dominated. 
As this originates from a universal lack of knowledge 
as opposed to personal ignorance, it cannot be reduced 
through individual measures but needs to be accepted 
until the state of evidence improves (Pigg et al., 2022). 
Moreover, even with an increase of evidence on the gen-
eral probability of apical exacerbation, uncertainty re-
lated to the development of an individual case will still 
remain. Thus, complete certainty will not be possible to 
achieve.

Evidence on decision-making within the medical field 
indicates that a low tolerance of uncertainty leads to a re-
luctance of risk-taking, generating more referrals and di-
agnostic tests (Lawton et al., 2019). A clinician that is very 
uncomfortable with risk and/or uncertainty may conse-
quently adopt a ‘better safe than sorry’ approach. Thus, 
a clinician's acceptance of, and comfort with, risk and 
uncertainty may to some degree influence the decision-
making process.

In many respects, the pre-medical decision process 
showed similarities with endodontic decision-making re-
garding healthy individuals (Reit & Gröndahl, 1984). Yet, 
one clear difference is that the alternative to postpone a de-
cision is not an option in the pre-medical context. Another 
aspect that sets the pre-medical situation apart from gen-
eral dentistry is the patients reduced autonomy. The wish 
of the patient is often an important factor within general 
dentistry (Benecke et al., 2020). However, as pre-medical 
dental treatment may be an ultimatum for receiving the 
planned medical treatment, the patient's say in the matter 
becomes diminished. When the decision cannot be shared 
with the patient, an increased decision responsibility 
falls on the dentist. Therefore, the consulting with other 
dentists and physicians can partly be seen as an attempt 
to justify the selected treatment, gain a sense of security 
and redistribute the burden of responsibility. Also, the ex-
pressed uncertainty and ambivalence regarding risk likely 
contributed to the frequent pursuit of external views and 
opinions. Moreover, the varying degrees of reliance on ex-
ternal opinions seen in the present study can possibly be 
linked to the clinician's level of tolerance of uncertainty as 
discussed above.

An interesting aspect of the collaboration described by 
the informants in the present study, was the sense of hi-
erarchy between parties involved. The relational dynamic 
between different dental and medical specialties, with 
regard to risk-assessment, education and competence, 
seemed to influence the pre-medical decision-making. 
Further investigation of this particular aspect, and its 
impact on treatment selection, would therefore be highly 
valuable.

Personal experience of similar patient cases influenced 
the decision-making process. Yet, it was also mentioned 
that there was a lack of follow-up or recall possibilities. 
Without follow-up, it is presumably difficult to assess the 
outcome of ones selected management strategy. Even with 
follow-up possibilities, issues concerning overdiagnosis 
and overtreatment are inherently difficult to assess (Kvist 
& Hofmann, 2023).

When available, scientific evidence was used when 
contemplating course of action. Yet, the present study re-
vealed a demand for more studies and better evidence on 
the effects of pre-medical dentistry. However, as cases de-
scribed in the literature might not reflect the complexity 
of individual patient cases, clinical evidence should be re-
garded with awareness. Ultimately, the hospital-affiliated 
dentists might need to assess when, and to what degree, 
available scientific evidence is valid to apply in each indi-
vidual case (Durr, 2019).

CONCLUSION

The current interview study found the pre-medical 
decision-making regarding root–canal–filled teeth 
with AAP to be a multifactorial and contextual process 
marked by uncertainty and collaborative measures. 
Further research and the development of evidence-
based guidelines that can be adapted to individual pa-
tients, would facilitate decision-making and enhance 
certainty. Until then, the present results accentuate the 
value of a collaborative working environment within 
hospital-affiliated dentistry. Future advances in this 
area holds potential for benefitting both dentists in their 
everyday clinical practice, as well as patients in need of 
pre-medical dentistry.
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ABSTRACT

Objectives 
Posttransplant infections may lead to dire consequences in immunocompro- 
mised organ recipients. Oral foci of infection are therefore often eliminated prior 
to solid organ transplantation to reduce posttransplant morbidity. However, de- 
spite increasing numbers of organ transplantations the necessity of pretransplant 
dental treatment and its effect on transplant outcome remains uncertain. The aim 

of the present systematic review was to evaluate the impact of oral foci of infec- 
tion and pretransplant dental treatment on adverse events following solid organ 

transplantation. 

Methods 
Studies on adult patients undergoing solid organ transplantation with/without 
oral infection or with/without pretransplant dental treatment were eligible. An 

electronic search in PubMed, Scopus, Web of Science, CINAHL and Cochrane 

was conducted up to June 11, 2024. Screening of eligibility, data extraction and 

risk-of-bias assessment of the included studies with the Newcastle-Ottawa Scale 

were done independently by two reviewers. Data were synthesized with a narra- 
tive approach. 

Results 
In total, 4035 unique publications were identified. After full text assessment of 
75 studies nine cohort studies on liver, kidney, heart and/or lung transplantation 

based on 727 patients were included. Two studies based on 161 patients found 

a significant increase of infectious complications after liver transplantation when 

no dental treatment was performed. Presence of oral foci increased the risk of 
hospitalization after kidney transplantation in one study but was associated with 

lower infection rate after lung transplantation in another study. No studies found 

significant impact on mortality or on organ rejection. Overall, the quality of the 

included studies was good with low or medium risk-of-bias. 

Conclusion 

To our knowledge, this is the first systematic review on the impact of oral infection 

on organ transplantation. The results suggest a possible link between persisting 

oral infection and posttransplant infectious complications, thus lending support 
to the elimination of oral infectious foci before solid organ transplantation. 
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INTRODUCTION 

Immunosuppressive therapy is instrumental in reducing the 

risk of graft rejection after allogeneic solid organ transplan- 
tation (SOT), but inevitably renders the recipient more sus- 
ceptible to infection. 1 Notably, whether through acquisition 

of new pathogens, opportunistic infections or exacerbation 

and spread of latent sources, infection is a common cause 

for posttransplant complications. 1 , 2 Local sites of infection 

that rarely generate serious medical problems in healthy in- 
dividuals but may lead to dire infectious complications in the 

immunocompromised, can be found in the oral cavity. 3 Ad- 
ditionally, several studies have shown poor oral health and a 
high dental treatment need in SOT candidates, 4-6 as well as 
an increased frequency of certain oral diseases in transplant 
recipients. 7 To reduce the risk of posttransplant complica- 
tions of odontogenic origin, pretransplant clearance of oral 
foci of infection is therefore an often advised, yet somewhat 
contended, practice. 

Eliminating oral infectious foci prior to SOT is recommended 

based on empirical rather than scientific evidence. 8 The ra- 
tionale of pretransplant dental treatment is that a lowered 

burden of infection may reduce posttransplant morbidity. 9 , 10 

yet the limited studies on the topic report conflicting re- 
sults. 8 , 9 , 11 , 12 Indeed, in a survey among hospital-affiliated 

dentists in Sweden, 22% of the participants assessed the 

level of scientific evidence on pretransplant dental treatment 
as “poor.”13 Due to wanting evidence, patients may be at 
risk of receiving unnecessarily invasive and extensive den- 
tal treatment. Uncertainty regarding how radical premedical 
dental care needs to be, and concerns of doing more harm 

than good, are factors that influence the premedical dental 
decision-making process. 14 Of concern is also that potential 
complications following dental treatment of medically com- 
promised patients may cause unfavorable delays of the list- 
ing for transplant, or the transplant surgery itself. 15 , 16 

To date, no systematic review exists regarding the impact of 
oral infection on liver, kidney, heart, pancreas and/or lung 

transplantation. The influence that oral foci of infection may 
have on SOT and the necessity of premedical dental care 

is therefore uncertain. 17 Furthermore, as a unanimous def- 
inition of oral focus of infection seems to be lacking 

15 , 18 

and available treatment protocols many times nonunified or 
broad, 9 , 17 , 19 distinguishing between findings that do or do 

not warrant treatment becomes increasingly difficult. 

Globally, the annual number of solid organs being replaced 

through allogeneic transplantation is steadily increasing. 20 

This trend will undoubtedly generate a growing demand for 
pretransplant dental care, 9 rendering the need for knowl- 
edge on optimal patient care highly important. The purpose 

of the present systematic review was to synthesize the evi- 
dence regarding the impact of oral foci of infection and pre- 
transplant dental treatment on adverse events in patients un- 

dergoing solid organ transplantation. The overall objective 

was to present results that could contribute to updated and 

evidence-based treatment guidelines for pretransplant den- 
tal care. 

MATERIALS AND METHODS 

The present study was conducted according to a protocol 
registered in Prospero International Prospective Register of 
Systematic Reviews (CRD42023430675) and is reported ac- 
cording to the Preferred Reporting Items for Systematic Re- 
views and Meta-Analyses checklist. 21 

Two main review questions addressing the aim of the study 
were formulated by an interdisciplinary research group com- 
prised of professionals in the field of orofacial medicine, 
oral pathology, transplant cardiology and systematic review 

methodology. 

Review question 1 - Does dental treatment prior to solid 

organ transplantation impact on posttransplant adverse 

events? 

Review question 2 - Does presence of oral foci of infection at 
time of solid organ transplantation impact on posttransplant 
adverse events? 

Study Eligibility Criteria 

Population : Patients ≥18 years of age undergoing trans- 
plantation of liver, kidney, heart, pancreas and/or lung 

with/without oral foci of infection. 

Exposure : Presence of oral foci of infection at time of organ 

transplantation or pretransplant treatment of oral foci of in- 
fection. 

Comparison: Absence of/other type of oral foci of infection 

at time of organ transplantation or no/other/standard pre- 
transplant dental treatment. 

Outcome : All-cause mortality and adverse events. Adverse 

events were defined by, but not limited to, secondary fac- 
tors such as length of hospital stay, organ rejection, local in- 
fectious complications and systemic infections. 

Published, peer-reviewed prospective and retrospective co- 
hort studies, nonrandomized and randomized interventional 
studies and case-control studies were included. Case series 
could only be included if an exceptionally small number of 
eligible studies were to be identified. Studies in other lan- 
guages than English or Swedish were excluded during the 

full-text screening phase. 

Literature Search 

Five electronic databases; PubMed, Scopus, Web of Sci- 
ence, CINAHL and Cochrane were searched up to June 11th, 
2024. A search strategy was created by combining free text 
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Table 1. Search strategy for PubMed via National Library of Medicine (NLM) . 

String Search terms Result 

1. Oral health "dental health services"[MeSH] OR "oral health"[MeSH] OR "oral hygiene"[MeSH] OR 

"Dentistry"[Mesh] OR "Dentists"[Mesh] OR dentist∗[title/abstract] OR ((hygiene[Title/Abstract] OR 

healthcare[Title/Abstract] OR health care[Title/Abstract] OR care[Title/Abstract] OR 

assessment∗[Title/Abstract] OR evaluation∗[Title/Abstract] OR screening∗[Title/Abstract] or 
status[Title/Abstract] OR problem[Title/Abstract]) AND (dental[Title/Abstract] OR 

oral[Title/Abstract] OR mouth[Title/Abstract])) OR oral surg∗[Title/Abstract] OR 

odontol∗[Title/Abstract] 

703,691 

2. Focal 
infections 

"Focal Infection, Dental"[Mesh] OR oral foci[Title/Abstract] OR oral focus[Title/Abstract] OR oral 
infection∗[Title/Abstract] OR apical infection∗[Title/Abstract] OR root infection∗[Title/Abstract] 

6,419 

3. Caries (caries[Title/Abstract] OR "dental caries"[MeSH]) 69,405 

4. 
Periodontitis 

"periodontal diseases"[MeSH] OR periodont∗[Title/Abstract] OR gingivit∗[Title/Abstract] OR 

"Periapical Diseases"[Mesh] OR periapical[Title/Abstract] OR apical diseas∗[Title/Abstract] OR 

peri-implantitis[Title/Abstract] OR periimplantitis[Title/Abstract] OR endodontic∗[Title/Abstract] 

166,444 

5. Fractures "Tooth Fractures"[Mesh] OR "Tooth, Impacted"[Mesh] OR ((tooth[Title/Abstract] OR 

teeth[Title/Abstract] OR dental[Title/Abstract] OR root[Title/Abstract]) AND 

(impact∗[Title/Abstract] OR fractur∗[Title/Abstract])) 

64,175 

6. Oral 
mucositisis 

"Oral Ulcer"[Mesh] OR "Stomatitis"[Mesh] OR "Candidiasis, Oral"[Mesh] OR ((oral[Title/Abstract]) 
AND (candid∗[Title/Abstract] OR mucositis[Title/Abstract] OR ulcer∗[Title/Abstract] OR 

"Mucositis"[Mesh])) 

62,387 

7. Other oral 
and tooth 
diseases 

"Dental Pulp Diseases"[Mesh] OR pulpitis[Title/Abstract] OR "Tooth Resorption"[Mesh] OR tooth 
resorption[Title/Abstract] OR radicular resorption[Title/Abstract] OR oral diseas∗[Title/Abstract] 
OR "Jaw Cysts"[Mesh] OR jaw cyst∗[Title/Abstract] OR radicular cyst[Title/Abstract] OR "Dental 
Fistula"[Mesh] OR dental fistula∗[Title/Abstract] 

33,789 

8. Combined 1 OR 2 OR 3 OR 4 OR 5 OR 6 OR 7 886,018 

9. Organ 
Transplanta- 
tion 

"Organ Transplantation"[Mesh] OR organ graft∗[Title/Abstract] OR Organ 
Transplantat∗[Title/Abstract] OR heart-lung graft∗[Title/Abstract] OR heart-lung 

transplant∗[Title/Abstract] OR lung transplant∗[Title/Abstract] OR lung graft∗[Title/Abstract] OR 

kidney transplant∗[Title/Abstract] OR kidney graft∗[Title/Abstract] OR renal 
transplant∗[Title/Abstract] OR renal graft∗[Title/Abstract] OR liver transplant∗[Title/Abstract] OR 

liver graft∗[Title/Abstract] OR hepatic transplant∗[Title/Abstract] OR hepatic graft∗[Title/Abstract] 
OR heart transplant∗[Title/Abstract] OR heart graft∗[Title/Abstract] OR cardiac 
transplant∗[Title/Abstract] OR cardiac graft∗[Title/Abstract] OR pancreas 
transplant∗[Title/Abstract] OR pancreas graft∗[Title/Abstract] OR pancreatic 
transplant∗[Title/Abstract] OR pancreatic graft∗[Title/Abstract] 

308,822 

10. 8 AND 9 2,755 

Search in Title, abstract and Medical Headings. 

and MeSH terms relating to SOT, dental diseases and den- 
tal treatment. A university-affiliated librarian and information 

specialist with experience of systematic reviews assisted in 

modifying the search strategy according to each database 

and with the final search. The full search strategy for PubMed 

is presented in Table 1 , and in Appendix I together with the 

other databases. Lastly, references of the included studies 
were hand-searched to ensure that no publication relevant 
to the study aim was overseen. 

Article Selection 

Duplicates were removed before beginning the screening 

process. Using the Covidence system (Veritas Health In- 
novation, Melbourne, Australia), titles and abstracts were 

screened separately by two review team members (JO 

and SH). In the event of disagreement, a publication was 
included for full-text assessment. Studies remaining after 
screening of titles and abstracts were read in full text by two 

review team members (JO and SH). Discrepancies on stud- 
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ies eligible for inclusion were settled by a third review team 

member (AL). 

Data Extraction 

A data extraction form customized from the template in Cov- 
idence (Veritas Health Innovation, Melbourne, Australia) was 
designed in Excel© (Microsoft, 2016) and pre-piloted. Hav- 
ing optimized the template, two review team members (JO 

and SH) separately extracted the following key data from 

the included studies: first author, year of publication, coun- 
try of origin, study design, baseline patient characteristics, 
oral health status prior to transplantation, nature of premed- 
ical dental intervention and outcomes relating to mortality, 
rejection and infectious complications. Discrepancies were 

discussed until consensus was reached. If studies presented 

outcome in absolute numbers only, P -values were calculated 

in IBM SPSS Statistics 28.0 (SPSS Inc., Chicago, IL, USA) with 

Chi 2 test or Fisher’s exact test if expected values were < 5. 

Risk-of-Bias Assessment 
The Newcastle-Ottawa Quality Assessment Scale (NOS) for 
cohort studies was employed to assess risk-of-bias .22 NOS 

includes eight items focusing on three domains: Selection, 
Comparability and Outcome . Each item can result in max- 
imum one star, except the item regarding Comparability 
which can result in maximum two stars. Thus, a study can 

be awarded maximum nine stars. Regarding Comparabil- 
ity , severity of disease at time of transplant was consid- 
ered the most important confounding factor, followed by 
other comorbidities, age and gender. Follow-up ≥12 months 
was considered adequate for outcomes of interest to occur. 
Grading was done separately by two review team members 
(JO and SH), followed by a joint comparison. In the event of 
disagreement, conflicting grade was discussed until consen- 
sus was reached. 

Data Synthesis 
Results from the present systematic review are presented 

through a narrative approach as the included studies were 

heterogeneous in terms of study population, methodology 
and measures of outcomes. 

RESULTS 

Literature Search 

The electronic search yielded 5547 studies. After remov- 
ing 1513 duplicates, the remaining 4034 publications were 

screened for eligibility based on title and abstract. Of these, 
3957 were deemed irrelevant. 74 of 77 studies sought for re- 
trieval were located and assessed in full text. The remain- 
ing three studies were not possible to locate in full text 
and were therefore excluded ( Fig. 1 ). Eight of the 74 stud- 
ies were found eligible for inclusion (publications excluded 

after full-text assessment available in Appendix II). One ad- 
ditional study, identified in the hand search of the reference 

lists of the included studies, was included after full-text as- 
sessment. Ultimately, a total of nine studies of cohort design 

were included; two regarding liver transplantation (LiTx), 8 , 15 

one regarding heart transplantation (HTx), 23 one regarding 

liver or heart transplantation, 9 three regarding kidney trans- 
plantation (KTx) 10-12 and two regarding lung transplantation 

(LuTx). 19 , 24 No studies on pancreas transplantation were eli- 
gible for inclusion. 

Data Extraction 

Does dental treatment prior to solid organ transplantation 

impact on posttransplant adverse events? 
Four retrospective studies evaluated the impact of pre- 
transplant dental treatment on outcome of liver 8 , 9 , 15 and/or 
heart 9 , 23 transplantation ( Table 2 ). Whereas all patients in 

three of the studies received a premedical dental examina- 
tion, the oral status of the untreated group was unknown in 

the study by Helenius-Hietala et al. 8 

None of the four studies found pretransplant dental treat- 
ment to have a significant impact on mortality, or on organ 

rejection if having evaluated this outcome. A significant im- 
pact on outcome(s) related to infectious complications was 
seen in two studies, both regarding LiTx. Helenius-Hietala 
et al. 8 found an increased incidence rate and risk of infec- 
tion without pretransplant dental care in patients receiving 

LiTx due to acute liver failure. Although Göbel et al. 15 did not 
report a significant difference in the frequency of posttrans- 
plant bacterial infections, the group with persisting foci de- 
veloped more infections per patient. Only Helenius-Hietala 
et al. 8 adjusted for confounding factors and found lack of 
oral screening and treatment to remain an independent risk 
factor for occurrence of infection after controlling for several 
pre- and posttransplant factors. 

Does presence of oral foci of infection at time of solid organ 

transplantation impact on posttransplant adverse events? 
Five studies evaluated the impact of oral foci of infection 

on the outcome of kidney 10-12 and lung transplantation. 19 , 24 

None of the studies that evaluated mortality and/or rejection 

found oral status to have a significant impact on these two 

outcomes. Of the three studies that reported on outcomes 
relating to infectious complications, two found oral foci to 

have a significant impact. According to Sarmento et al. 12 the 

chance of hospital readmission or extended hospitalization 

due to various infections was significantly increased and 7.23 
times higher for patients undergoing KTx with oral foci of in- 
fection. Walterspacher et al. 24 reported that patients without 
pretransplant periodontitis had a significantly elevated infec- 
tion rate during the second year after LuTx. 
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Table 2. Data extracted from the nine included studies. 

First author 
Year 
Country 

Study population ( n ) 
Female/Male ( n ) 
Age, years (mean, SD) 

Study design 
Exposure and comparison ( n ) 
Follow up (mean, SD) 

Outcomes 

Göbel 
2023 
Germany 

110 liver recipients 
F:28, M:82 
53 ± 10 

Retrospective cohort (3 groups) 
- No oral foci: 35 
- Treatment of oral foci: 39 
- Persisting oral foci: 36 
9 months 

Mortality No difference between groups ( P > .05) 
Rejection Outcome not reported 
Bacterial infections/patient ( n ) ( P = .017) 
No oral foci: 1.8, Treatment of oral foci: 1.9, Persisting oral 
foci: 2.8. 
Length of hospital stay ( P > .05) 

Helenius-Hietala 
2013 
Finland 

51 liver recipients 
F:33, M:18 
46 ±12 a , 48 ±15 a 

Retrospective cohort 
- Screening and treatment: 16 
- No screening and treatment: 35 
8.3 ± 2.1 a years, 6.5 ± 3.2 a years 

Mortality ( P > .05) c 

Acute rejection ( P > .05) 
Incidence rate of infection ( P = .001) 
2.7 times higher in group with no screening and treatment 
(2.7; CI 95% 1.47-5.36). 
Adjusted infection risk ( P < .05) 
8.54 times higher in group with no screening and treatment 
(HR 8.54; CI 95% 1.82-40.1). 

Melkos 
2005 
Germany 

102 liver/heart/SCT 
recipients (44 
liver/heart) 
F: 35, M:67 
Median 43 ± 13 

Retrospective cohort 
- No oral foci/treatment of oral foci: 70 
- No treatment of oral foci: 32 
50.5 weeks, range 25.7-75.2 

Survival rate ( P > .05) 
Rejection ( P > .05) c 

Infectious complications ( P > .05) 

Meyer 
2009 
Germany 

74 heart recipients 
F:10, M:64 
55 ± 8 

Retrospective cohort 
- No oral foci: 1 
- Complete treatment of oral foci: 42 
- Incomplete treatment of oral foci: 31 
Follow-up not reported 

Survival rate ( P > .05) 
Rejection rate ( P > .05) 
Infectious complications None 

Pol 
2022 
Italy 

77 kidney recipients 
F:47, M:30 
53 ± 13 

Retrospective cohort 
- Clear: 58 
- Infected: 19 
Unclear follow-up ( > 100 days) 

Mortality No deaths 
Rejection ( P > .05) 
Incidence of complications ( P > .05) 
Within 100 days ( P > .05) d , after 100 days ( P > .05) d 

Complications/patient ( P > .05) 
Within 100 days ( P > .05) d , after 100 days ( P > .05) d 

Sarmento 
2020 
Brazil 

76 kidney recipients 
F:36, M:40 
44 ±12 

Prospective cohort 
- Caries, periodontitis. 
- No/other foci. 
2 months 

Mortality 2 deaths (nondental causes) 
Rejection No rejections 
Readmission/extended LoH ( P = .001) 
7.23 times higher chance of hospitalization in the first 2 
months posttransplant if presence of foci (OR: 7.23; CI 95% 

2.13-24.56). 

Schander 
2009 
Sweden 

46 kidney recipients 
F:17, M:29 
36 ±13 

Prospective cohort 
- Periodontitis, apical lesions, 
semi-impacted teeth. 
- No/other foci. 
12 months 

Mortality No deaths 
Rejection ( P > .05) 
Infectious complications Outcome not reported 

Vorstandlechner 
2024 
Germany 

200 lung recipients 
F:89, M:111 
52 ±12 

Retrospective cohort 
- Caries, periodontitis/marginal 
bone-loss, apical lesions. 
- No/other foci. 
2.3 ± 1.7 years 

Survival analysis ( P > .05) 
Rejection Outcome not reported 
Infectious complications Outcome not reported 

Walterspacher 
2013 
Germany 

49 lung recipients 
F:22, M:27 
54 (46/60) b 

Retrospective cohort 
- Caries, periodontitis, nonvital teeth. 
- No/other foci. 
3 years 

Mortality Outcome not reported 
Rejection Outcome not reported 
Infection rate ( P = .006) 
Elevated in year 2 posttransplant for patients without 
periodontitis. 

SCT: stem cell transplant. 
a Reported according to group exposure/comparison. 
b Median, interquartile range. 
c Calculated with Fischer’s exact test. 
d Calculated with Chi 2 -test. 

December 2024 5 



The Journal of EVIDENCE-BASED DENTAL PRACTICE 

Figure 1. Flow chart of study identification, screening and selection process. 

Risk-of-Bias Assessment 
In general, the included studies had low or medium risk-of- 
bias as assessed by NOS. All studies were awarded a star 
for items pertaining to selection of study population, assess- 
ment of outcome and adequacy of follow-up ( Table 3 ). The 

exposed cohort in the study by Helenius-Hietala et al. 8 was 
however considered slightly less representative of the com- 
munity as only acute liver failure patients were included. Pol 
et al. 11 excluded patients with other systemic pathology, thus 
not fully representing the entire kidney transplant commu- 
nity. Regarding the item Comparability , only two studies in- 
cluded analysis of confounding factors. Helenius-Hietala et 
al. 8 adjusted for several factors, such as stage of liver disease, 
dialysis, age and gender. Schander et al. 10 adjusted for age 

and gender but did not adjust for severity of disease at time 

of transplant. While lacking multivariate analyses, Göbel et 
al. 15 and Pol et al. 11 found age and gender to be compa- 
rable in their study cohorts, thus indirectly taking these po- 
tentially influencing variables into consideration. Only four 
studies were awarded a star for length of follow-up: Meyer 
et al. 23 did not specify length of follow-up, and Göbel et al., 15 

Pol et al. 11 and Sarmento et al. 12 did not have follow-up pe- 
riods long enough for outcomes of interest to occur. 

DISCUSSION 

The present systematic review included nine studies that 
evaluated the impact of oral foci of infection or pretrans- 
plant dental treatment on outcome(s) after solid organ trans- 
plantation. The main findings indicate that although per- 
sisting oral infection does not impact on mortality or rejec- 
tion, it does influence the risk of infectious complications af- 
ter transplantation. Treatment of oral infection may be per- 
formed not only prior to organ transplantation, but in con- 
junction to other medical therapies as well. While systematic 
reviews are available on the effect of dental treatment prior 
to radiotherapy of the head/neck, chemotherapy 25 , 26 and 

heart valve surgery, 27 , 28 the present study is the first to sys- 
tematically review the evidence on the impact of oral foci of 
infection and dental treatment in patients undergoing solid 

organ transplantation. 

Does Dental Treatment Prior to Solid Organ 

Transplantation Impact on Post Adverse Events? 

Due to the overall heterogenous nature of the included stud- 
ies, a meta-analysis was found inappropriate to perform. 
None of the four studies evaluating pretransplant dental 
treatment reported a significant impact on mortality or re- 
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Table 3. Risk-of-bias assessment of the included studies using a modified Newcastle-Ottawa Quality Assessment Scale for cohort 
studies. 

First author Selection Comparability Outcome Total 

S1 S2 S3 S4 C1a C1b O1 O2 O3 

Göbel � � � � - - � - � 6 

Helenius-Hietala ( � )∗ � � � � � � � � 8 (1) 

Melkos � � � � - - � - � 6 

Meyer � � � � - - � - � 6 

Pol ( � ) � � � - - � - � 5 (1) 

Sarmento � � � � - - � - � 6 

Schander � � � � - � � � � 8 

Vorstandlechner � � � � - - � � � 7 

Walterspacher � � � � - - � � � 7 

S1: Representativeness of exposed cohort; S2: Selection of nonexposed cohort; S3: Ascertainment of exposure; S4: Outcome of interest absent at start 
of study; C1a: Severity of disease; C1b: Other factors; O1: Assessment of outcome; O2: Follow-up ≥12 months; O3: Adequacy of follow-up. ∗ Please note 
that the Newcastle-Ottawa Scale awards a star for both “truly representative” and “somewhat representative“ exposed cohorts. To differentiate between 
the two, we have modified the presentation of the scores; a star in brackets denotes “somewhat representative.”

jection, regardless of transplanted organ or treatment pro- 
tocol. 8 , 9 , 15 , 23 However, only the study by Helenius-Hietala et 
al. 8 had an adequate follow-up period (8.3 ± 2.1 years for 
the treated group and 6.5 ± 3.2 years for the nontreated 

group). Although Melkos et al. 9 included a total of 102 pa- 
tients, only 44 were LiTx or HTx recipients. How these 44 
patients were distributed between the treated/nontreated 

cohorts was not reported. Rejection rate was therefore cal- 
culated for SCT, LiTx and HTx grouped together, and may 
in fact be higher if SCT-patients were omitted. In a recent 
study, 29 a significantly increased risk of acute liver rejection 

was reported in patients with poor oral health after having 

adjusted for a number of confounding factors. As dental foci 
were eliminated pre-LiTx in all 218 patients included in the 

statistical analysis, dental treatment did not seem to rec- 
tify the initially disparate disease burden. Contrarily, Göbel 
et al. 15 reported patients with pre-LiTx treatment of den- 
tal foci to present a risk profile comparable to patients with 

no foci. Nonetheless, based on the studies included in the 

present systematic review, pretransplant dental treatment 
does not appear to have a significant impact on mortality or 
rejection. 

Three of four studies described the nature of treatment pro- 
tocol adopted. 8 , 9 , 23 In the study by Melkos et al. 9 it entailed 

extraction of nonrestorable teeth or teeth with severe pe- 
riodontitis. Nonvital teeth or teeth with apical lesions were 

either endodontically treated, removed or treated with api- 

coectomy. Meyer et al. 23 followed a treatment protocol cre- 
ated by the authors themselves which included extraction of 
all teeth that were unrestorable, semi/impacted, endodon- 
tically treated or severely periodontally diseased. Interest- 
ingly, the less radical treatment protocol yielded equiva- 
lent study outcomes as the quite invasive one. Accordingly, 
the conclusion drawn by Melkos et al. 9 that dental treat- 
ment prior transplant surgery does not need to be radical 
seems valid. Indeed, protocols for pretransplant dental care 

are available, but several contextual factors may impact on 

the premedical decision-making process. 14 Determining the 

necessary extent of dental treatment in a specific patient 
case thus becomes increasingly complex. 

Pretransplant dental treatment only had a significant im- 
pact on outcomes relating to infectious complications af- 
ter LiTx. However, the severity of liver disease was not ad- 
justed for in the study by Göbel et al., 15 despite being sig- 
nificantly worse in the cohort not receiving dental treatment. 
In fact, Helenius-Hietala et al. 8 acknowledged that their re- 
sults may have been influenced by varying acuteness of med- 
ical condition in the study population. Meyer et al. 23 found 

no occurrence of systemic infections after HTx and could 

not establish a causative relationship between oral foci and 

life-threatening infectious complications. Göbel et al. 15 and 

Helenius-Hietala et al. 8 found a significant impact but re- 
ported on a range of various infections, not only those sys- 
temic in nature. As such, the conflicting results may to some 
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extent be explained by differences in the type of infections 
reported in the included studies. 

Despite concerns that dental treatment of medically com- 
promised patients may in itself lead to complications, only 
two studies reported any such events. 15 , 23 Extended bleed- 
ing and impaired wound healing occurred in 21% of patients 
receiving pre-LiTx dental care. Coagulation abnormalities 
are not uncommon in liver disease but does not need to be a 
contraindicator for dental treatment. 30 , 31 Mincer et al. 32 con- 
cluded that dental treatment prior to heart transplantation 

and other advanced cardiac procedures does not increase 

the risk of morbidity or mortality. In line with this, only two 

patients (3%) in the study by Meyer et al. 23 developed com- 
plications after dental treatment pre-HTx. 

Does Presence of Oral Foci Of Infection at Time of 
Solid Organ Transplantation Impact on Post Adverse 

Events? 

All studies included in the present review referred to oral 
focus of infection , yet only three of nine studies specified 

what findings that were considered to be foci, and only two 

studies defined the term with reference to other publica- 
tions. 9 , 15 Ambiguity around the term and what findings that 
constitute as such in the pretransplant setting warrants atten- 
tion as a nonuniform classification presumably predisposes 
to nonuniform treatment recommendations. 

The oral findings present in the included study populations 
varied. In the study by Pol et al., 11 the oral disease burden 

of the infected cohort only comprised caries, five teeth re- 
quiring endodontic treatment due to severe caries and one 

tooth requiring extraction due to periodontitis. Sarmento 

et al. 12 merely conducted a clinical examination pre-KTx 
and only registered Decayed, Missing and Filled Teeth in- 
dex (DMFT) and Community Periodontal Index of Treatment 
Needs (CPITN). Schander et al. 10 identified apical lesions in 

root-canal treated teeth, periodontitis and semi-impacted 

teeth in their 46 kidney recipients. While unclear if a clini- 
cal examination pre-LuTx was performed, foci identified in 

the study by Vorstandlechner et al. 19 were apical radiolucen- 
cies, caries and marginal periodontitis. Though caries, non- 
vital teeth and periodontitis were present in the entire study 
population (n = 85) in the study by Walterspacher et al., 24 the 

oral status of the 49 patients that ultimately underwent LuTx 
was not specified. Additionally, whether the premedical as- 
sessment included both a clinical and radiographic exami- 
nation was unclear. The varying extent and types of existing 

oral foci should be kept in mind, as level of infectious burden 

likely influenced the results of the studies. 

Mortality was recorded in four of five studies solely assessing 

the impact of oral infection. 10-12 , 19 None reported a signifi- 
cant effect on this outcome after KTx or LuTx despite differ- 
ing on the nature of foci evaluated and follow-up time. Con- 

sequently, a link between persisting oral foci and mortality 
appears weak. 

Though Sarmento et al. 12 and Pol et al. 11 had inadequate 

follow-up, their results regarding rejection concur with the 

results of Schander et al. 10 where confounding factors were 

also taken into account. No clear connection between oral 
infection and organ rejection could thus be determined in 

the present systematic review. However, oral health may still 
have an impact on risk of organ rejection. In addition to the 

study by Olander et al., 29 a study evaluating patients after 
KTx reported a link between poor oral health and complica- 
tions such as acute rejection within the first year posttrans- 
plant. 33 On the other hand, Min et al. 34 found severe peri- 
odontitis to significantly decrease the incidence of acute t- 
cell mediated rejection in KTx recipients. Clearly, there is still 
much to discover regarding how oral status influences the 

outcome of SOT. 

The three studies that evaluated the impact of oral infection 

on posttransplant infectious complications report conflicting 

results. Overall, Pol et al. 11 found no significant difference 

concerning incidence of complications or complications per 
patient. Yet a significant difference was seen regarding fever 
within 100 days after KTx and pneumonia, both outcomes 
being more prevalent in the nontreated cohort. Recipients 
are most vulnerable to complications immediately posttrans- 
plant, 35 as this period entails the most intense immunosup- 
pression. 36 It is thus likely that most infectious complica- 
tions would occur during this initial period. Keeping in mind 

the short follow-up period and lack of multivariate analysis, 
Sarmento et al. 12 reported presence of oral disease, e.g., 
periodontitis, to increase the risk for hospitalization. Con- 
trariwise, Walterspacher et al. 24 observed an elevated infec- 
tion rate during the second year posttransplant in patients 
without periodontitis. However, based on presented data, 
the extent of risk-augmentation was not possible to discern. 
Moreover, un-explored confounding factors may have influ- 
enced their results. 

Semi-impacted teeth have been suggested to be a potential 
source of infectious complications after organ transplanta- 
tion. 37 Melkos et al. 9 found a significant correlation between 

semi-impacted teeth and febrile temperatures in patients 
having undergone LiTx, HTx or SCT. However, neither Meyer 
et al. 23 nor Schander et al. 10 confirmed these results, which 

could be explained by local factors such as degree of tooth 

eruption and level of oral hygiene. 

Whereas none of the included studies had a high risk-of- 
bias as assessed by NOS, other limitations may introduce 

some uncertainty. One such limitation is the small study pop- 
ulations in many of the studies. This is however not surpris- 
ing given the topic matter under study. Ethical difficulties of 
performing experimental trials within this field likely also ex- 
plain why only observational studies were found. Moreover, 
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the included studies were heterogenous in many respects. 
Four studies addressed the impact of dental treatment and 

five addressed the impact of oral infection. Also, they all dif- 
fered regarding the nature of dental treatment performed 

and level/type of persisting oral disease burden. 

CONCLUSION 

Posttransplant infections may lead to dire consequences in 

the immunocompromised organ recipient. The results from 

the present systematic review indicate that persisting oral in- 
fection does not impact on mortality or rejection, but po- 
tentially influences the risk of infectious complications after 
transplantation. Freedom of oral infection during solid or- 
gan transplantation is presumably ideal for optimal trans- 
plant outcome, but the impact that excessive dental treat- 
ment may have on patient quality of life should be kept in 

mind. The present findings lend support to the praxis of elim- 
inating oral foci of infection prior to solid organ transplan- 
tation, yet evidence on the optimal extent of pretransplant 
dental treatment is still lacking. 
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Individuals requiring pre-medical dental evaluation often present 
with complex clinical profiles, where multiple interacting factors 

must be considered when determining appropriate management of 
oral infectious foci. Although treatment decisions must be tailored to 
individual patient needs and contextual circumstances, a scientific 
evidence base is essential to ensure the provision of safe, effective, 
and optimal pre-medical dental care. 

This doctoral thesis aims to investigate pre-medical dental care in 
Sweden and to contribute new knowledge to support clinicians in 
this field.
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