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Abstract
Background: This multicentre cross-sectional study aimed in examination of oral health-related quality of life 
(OHRQoL) of patients after solid organ transplantation (SOT).
Material and Methods: Patients after SOT (liver, lung and heart) at one out of three German centers (Goettingen, 
Essen, Leipzig) were included. For comparison, a healthy control (HC) was recruited. OHRQoL was assessed by 
German short form of oral health impact profile (OHIP G14). Oral examination comprised: decayed-, missing- and 
filled-teeth index (DMF-T), remaining teeth and periodontitis severity.
Results: In total, 196 patients after SOT and 130 HC with comparable age, gender and smoking habits were includ-
ed (p>0.05). DMF-T and number of remaining teeth was worse in SOT group (p<0.01). OHIP G14 sum score was 
significantly higher in SOT (3.49 ± 5.73 vs. 1.33 ± 2.63, p<0.01). In contrast to HC, in SOT no associations between 
OHIP G14 and oral health parameters were found (pi>0.05). Number of remaining teeth was not an independent 
predictor of OHIP G14 sum score in SOT (β -0.082, CI95 -0.156 - 0.045, p=0.28).
Conclusions: OHRQoL of SOT recipients is not affected by their oral condition, leading to the assumption that the 
individual perception of patients physical oral health is not in line with the clinical situation.
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Introduction
Due to an increased risk of systemic infectious com-
plications related to the lifelong immunosuppres-
sive therapy, dental care of patients after solid organ 
transplantation (SOT) is of high clinical relevance (1). 
However, patients after SOT often suffer from a high 
prevalence of dental and periodontal diseases as well 
as oral mucosal lesions and reduced oral behaviour (2-
4). While it was reported that SOT recipients show a 
high dental and periodontal treatment need, irrespec-
tive of their time since transplantation or their form of 
immunosuppression, sufficient pre- and post-transplant 
dental care concepts are missing (2,5,6). Accordingly, 
a lack in dental care of SOT recipients appears evident. 
An observational study with 12 months follow-up after 
dentist allocation of patients after heart transplantation 
revealed more than 70% of patients to show periodon-
tal treatment need, although they had visited a dentist, 
underlining the lack of appropriate dental care of these 
patients (7).
An important parameter related to oral conditions is 
the oral health-related quality of life, which reflects the 
patient ś perception of his oral status (8). It has been re-
peatedly demonstrated that patients after SOT, includ-
ing liver, lung, kidney and heart transplantation, show 
a nearly unaffected OHRQoL, irrespective of their high 
dental and periodontal treatment need or oral disease 
burden, respectively (9-13). Therefore, it might be as-
sumed that patients after SOT show an altered percep-
tion of their oral conditions, which is not in line with 
the clinical situation. In generally healthy individuals, 
periodontitis and especially tooth loss is related to a re-
duced OHRQoL (14,15). Accordingly, the available re-
sults of patients after SOT appear contradictory to this. 
However, the perception of their insufficient oral health 
situation as not restrictive for OHRQoL might be a pos-
sible explanation for patients´ reduced dental behaviour, 
making this issue relevant for the dental care of SOT 
recipients. Up until now, it is unclear whether this phe-
nomenon is generally derivable for patients after SOT.
Therefore, the aim of this current cross-sectional study 
was to assess OHRQoL of a large cohort of SOT recipi-
ents, including liver, lung and heart transplantation in 
comparison to a healthy control group. Thereby it was 
aimed to detect, whether the OHRQoL of patients after 
SOT is associated to oral health and general parameters, 
especially with regard to the number of remaining teeth. 
It was hypothesised that OHRQoL of SOT recipients 
would be at most slightly reduced compared to the HC 
and not associated to oral conditions in the SOT group.

Material and Methods 
- Study design
This current multicentric cross-sectional study included 
patients with different solid organ transplants, includ-

ing liver (LTx), lung (LuTx) and heart transplantation 
(HTx). The included patients were part of different 
clinical investigations, which were all reviewed and 
approved by the respective local ethics committees of 
the University Medical Center Goettingen (LTx: No: 
29/1/14), University Hospital Essen (LuTx: No: 13-5689-
BO) and University of Leipzig (HTx: No: 414/16-ek). 
The study has been performed in accordance with the 
ethical standards laid down in an appropriate version of 
the 2000 Declaration of Helsinki as well as the Declara-
tion of Istanbul 2008. Furthermore, the “Strengthening 
the Reporting of Observational Studies in Epidemiol-
ogy (STROBE)” guidelines for reporting observational 
studies were followed (16). All participants were in-
formed verbally and in writing about the planned stud-
ies and gave their written informed consent for partici-
pation. Furthermore, guidelines for ethical approvals 
for human subjects were followed in accordance with 
the Declaration of Helsinki. Some of the included pa-
tients were also still part of previous examinations by 
this working group (2,9-12).
- Patients
No previous power calculation was applied; all available 
patients, who met the in- an exclusion criteria should be 
included in the study. Participants in SOT group were 
composed from three different German transplant cen-
ters. Patients with LTx were recruited within a regular 
follow-up appointment at the transplant outpatient clin-
ic of the University Medical Center Goettingen. LuTx 
patients were included during their routine outpatient 
visits to the lung transplant unit of the Ruhrlandklinik, 
Essen. HTx patients who attended the University De-
partment for Cardiac Surgery, Leipzig Heart Centre, 
Leipzig, were recruited for the study during their routine 
follow-up appointment. Generally, only patients with an 
age of at least 18 years were included. As general ex-
clusion criteria of the respective studies, impossibility 
to undergo clinical examination due to a worse general 
health status, autoimmune diseases (e.g., rheumatoid 
arthritis), infectious diseases (e.g., hepatitis A, B, C, 
tuberculosis, or HIV) and pregnancy were determined. 
The patient-related general data, including age, gender, 
smoking (smoker or non-smoker), time since SOT and 
presence of diabetes mellitus were extracted from the 
patient records. For comparison, a healthy control group 
(HC) with patients without SOT from the Department 
of Cariology, Endodontology and Periodontology, Uni-
versity of Leipzig, Germany was included. Thereby, 
generally healthy individuals with comparable age, 
gender and smoking habits like the SOT patients were 
selected (matching), as far as possible.
- Oral health examination
All participants underwent a standardized oral exami-
nation by skilled and experienced dentists at the three 
transplant centers (SOT group) or the Department of 
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Windows, version 24.0 (SPSS Inc., USA). The Kol-
mogowov-Smirnov test did not confirm any metric vari-
able to be normal distributed (p<0.05); therefore, non-
parametric tests for non-normal distributed samples 
were applied. Two independent, non-normal distributed 
samples were analysed by Mann-Whitney-U test. More 
than two independent, non-normal distributed param-
eters were compared with Kruskal-Wallis test. Cat-
egorical data were analysed by chi-square or fisher test, 
respectively. A regression analysis was applied to de-
tect, whether remaining teeth would be an independent 
predictor of worse OHIP G14 sum score.

Results
- Patients
In SOT group, a total of 196 patients (LTx: 63, LuTx: 
66, HTx: 67) with an average time of 5.83 ± 4.38 years 
since SOT were included. The HC consisted of 130 in-
dividuals. The age (SOT: 55.76 ± 11.45 vs. HC: 56.08 
± 10.75, p=0.88), gender (61.2% male vs. 60.8% male, 
p=0.90) and smoking habits (28.1% smoker vs. 24.6% 
smoker, p=0.52) were comparable between groups. 
About 40% of SOT patients had a diabetes mellitus, 
while none of the HC individuals had diabetes (p<0.01).
- Oral health examination
The DMF-T was statistically significant higher in the 
SOT compared to HC group (19.98 ± 6.93 vs. 16.76 
± 6.67, p<0.01). The prevalence of carious lesions 
(D-T) was also higher in SOT group (0.77 ± 1.64 vs. 
0.22 ± 0.99, p<0.01). With 17.87 ± 8.46 remaining 
teeth, SOT group had significantly less remaining 
teeth than HC (23.90 ± 4.54, p<0.01). Thereby, the 
majority of HC had more than 20 remaining teeth, 
while in SOT a large amount had less than 20 re-
maining teeth (Fig. 1). The periodontal disease sever-
ity was comparable between groups (p=0.60, Table 1).

Cariology, Endodontology and Periodontology, Univer-
sity of Leipzig (HC group). To assess the dental condi-
tion, the decayed-, missing- and filled-teeth index (DMF-
T) was applied according to WHO (17). Therefore, teeth 
with a cavitation of the dental hard tissues were added 
as D-T, filled and crowned teeth were assigned to F-T 
component and missing teeth were added as M-T. Fur-
thermore, the number of remaining teeth was recorded. 
To draw conclusions on the severity of periodontal dis-
ease burden, patients underwent a periodontal examina-
tion. Thereby, periodontal probing depth and clinical at-
tachment level were recorded at six measurement points 
per tooth by using a millimetre scaled periodontal probe 
(PCP 15, Hu-Friedy, Chicago, IL, USA). Based on this 
measurement, periodontitis was classified into no/mild, 
moderate or severe periodontitis (18).
- Oral health-related quality of life
To assess the OHRQoL, the German short form of the 
Oral Health Impact Profile (OHIP G14) was applied 
(19,20). This standardized and validated questionnaire 
includes questions regarding 14 functional and psycho-
social impacts that participants perceived in the previ-
ous month related to problems with their teeth, mouth 
or dentures. On a five-point scale between 0-4: very of-
ten = “4”, fairly often = “3”, occasionally = “2”, hardly 
ever = “1”, and never = “0”, questions can be answered 
by the patient, resulting in a higher score indicating a 
worse OHRQoL. Alongside with the total sum score of 
the OHIP G14, four different dimensions, “oral func-
tion”, “psychosocial impact”, “oral pain” and “orofacial 
appearance”, were considered (21). Out of these dimen-
sions, only oral function and psychosocial impact were 
chosen to analyse potential associations between oral 
health and general parameters with OHRQoL.
- Statistical analysis
All statistical analyses were performed with SPSS for 

Fig. 1: Distribution of remaining teeth in the two groups after solid organ transplantation (SOT) and healthy control (HC).
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- Oral health-related quality of life
The OHIP G14 sum score was clinically relevant and 
statistically significant higher in SOT compared to HC 
group (3.49 ± 5.73 vs. 1.33 ± 2.63, p<0.01). Also the 
scores of the dimensions oral function (1.19 ± 2.03 vs. 
0.25 ± 0.92, p<0.01) and psychosocial impact (1.63 ± 3.38 
vs. 0.59 ± 1.30, p=0.04) were significantly higher in SOT 

group (Table 1). Out of the different questions, “trouble 
pronouncing” (p=0.02), “taste worsened” (p<0.01), “life 
less satisfying” (p=0.02), “interrupting meals” (p=0.01), 
“uncomfortable to eat” (p<0.01), “short tempered” 
(p=0.01), “difficulty performing jobs” (p=0.01), “embar-
rassed” (p=0.02) and “sense of uncertainty” (p=0.02) 
were significantly worse in SOT patients (Table 2).

parameter SOT (n=196) HC (n=130) p-value

dental status 
(mv ± sd)

DMF-T 19.98 ± 6.93 16.76 ± 6.67 <0.01
D-T 0.77 ± 1.64 0.22 ± 0.99 <0.01
M-T 10.13 ± 8.46 4.09 ± 4.55 <0.01
F-T 9.09 ± 5.55 12.45 ± 5.48 <0.01

Number of remaining teeth 17.87 ± 8.46 [21, 0-28] 23.90 ± 4.54 [25, 4-28] <0.01
Toothless (% [n]) 5.1% (10) 0 <0.01

periodontal 
condition (%[n])

Periodontitis
(n=187)

no/mild 16.6% (31) 20.8% (27)
0.60moderate 56.7% (106) 55.4% (72)

severe 26.7% (50) 23.8% (31)
OHIP G14 
(OHRQoL)  
(mv ± sd)

Oral function 1.19 ± 2.03 0.25 ± 0.92 <0.01
Psychosocial impact 1.63 ± 3.38 0.59 ± 1.30 0.04
OHIP G14 sum score 3.49 ± 5.73 1.33 ± 2.63 <0.01

[SOT: solid organ transplantation, HC: healthy control group, M-T: missing teeth, D-T: decayed teeth, F-T: filled teeth, DMF-T: decayed-, miss-
ing- and filled teeth index, OHIP: oral health impact profile, mv: mean value; sd: standard deviation; n: number of patients, significant findings 
(p<0.05) are highlighted in bold]

Table 1: Oral health and OHIP sum scores between groups.

Question
[n] Group

Point Score
p-valueNever

(rating 0)
Rarely

(rating 1)
Some-times

(rating 2)
Often

(rating 3)
Very often
(rating 4)

Trouble pronouncing SOT 172 18 3 2 1 0.02HC 128 2 0 0 0

Taste worsened SOT 158 16 14 5 3 <0.01HC 124 6 0 0 0

Life less satisfying SOT 167 17 8 2 2 0.02HC 125 4 0 1 0

Difficult to relax SOT 158 17 11 7 3 0.66HC 109 9 7 5 0

Feeling of tension SOT 163 22 6 3 2 0.24HC 115 14 1 0 0

Interrupting meals SOT 172 13 10 1 0 0.01HC 128 1 1 0 0

Uncomfortable to eat SOT 162 19 11 3 1 <0.01HC 125 0 4 0 1

Short tempered SOT 171 16 5 3 1 0.01HC 128 1 1 0 0
Difficulty performing 
jobs

SOT 174 13 7 1 1 0.01HC 129 0 1 0 0

Unable to function SOT 183 6 4 2 1 0.06HC 130 0 0 0 0

Embarrassed SOT 162 20 9 5 0 0.02HC 122 5 3 0 0

Diet unsatisfactory SOT 173 13 6 3 1 0.30HC 123 5 2 0 0

Oral pain SOT 161 15 17 1 2 0.53HC 103 11 16 0 0

Sense of uncertainty SOT 155 20 12 8 1 0.02HC 117 5 8 0
[SOT: solid organ transplantation, HC: healthy control group, OHIP: oral health impact profile, significant findings (p<0.05) are highlighted in bold

Table 2: Oral health-related quality of life between both groups assessed with OHIP G14 questionnaire.
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- OHRQoL and oral health as well as general parameters
In the SOT group, neither oral health nor general param-
eters were found to be associated to OHIP G14 sum score 
as well as dimensions oral function and psychosocial 
impact (pi>0.05; Table 3). Moreover, the number of re-
maining teeth was not an independent predictor of OHIP 
G14 sum score in SOT group (β -0.082, CI95 -0.156 - 
0.045, p=0.28). In the HC group, DMF-T (p<0.01), re-

maining teeth (p<0.01), prevalence of severe periodon-
titis (p=0.02) and age (p=0.01) were associated to OHIP 
G14 sum score, which was also found for the dimension 
psychosocial impact (Table 4). The dimension oral func-
tion was associated to DMF-T (p<0.01), remaining teeth 
(p<0.01) and age (p<0.01; Table 4). In HC, the number of 
remaining teeth was an independent predictor of OHIP 
G14 sum score (β -0.322, CI95 -0.458 - -0.083, p<0.01).

Oral function Psychosocial impact OHIP G14 sum score
<1 ≥1 p-value <1 ≥1 p-value ≤1 ≥2 p-value

DMF-T 
(mv ± sd)

20.06 ± 
6.95

19.87 ± 
6.94 0.85 19.49 ± 

6.91
20.94 ± 

6.91 0.11 19.54 ± 
7.05

20.52 ± 
6.77 0.33

D-T 
(mv ± sd)

0.65 ± 
1.20

0.94 ± 
2.14 0.96 0.58 ± 

1.14
1.12 ± 
2.30 0.13 0.58 ± 

1.02
0.99 ± 
2.16 0.38

Remaining teeth 
(mv ± sd)

18.05 ± 
8.27

17.59 ± 
8.78 0.84 18.57 ± 

8.46
16.52 ± 

8.37 0.06 18.51 ± 
8.54

17.09 ± 
8.34 0.14

Severe periodontitis (%) 24.3% 30.3% 0.17 28.7% 23.1% 0.20 26.0% 27.6% 0.52
Age 

(mv ± sd)
56.21 ± 
11.30

55.09 ± 
11.71 0.53 55.64 ± 

11.20
55.97 ± 
12.00 0.85 55.89 ± 

11.29
55.60 ± 
11.70 0.78

Gender male
(%) 65.8% 54.4% 0.14 64.3% 55.2% 0.22 67.3% 53.9% 0.08

Smoker 
(%) 29.1% 26.6% 0.75 27.9% 28.4% 0.99 26.2% 30.3% 0.53

diabetes mellitus (%) 37.6% 44.3% 0.38 38.8% 43.3% 0.54 36.4% 44.9% 0.25

number of immunosup-
pressive drugs (mv ± sd)

2.40 ± 
0.78

2.33 ± 
0.81 0.60 2.39 ± 

0.78
2.34 ± 
0.81 0.64 2.41 ± 

0.79
2.33 ± 
0.79 0.44

SOT (%)
LTx 30% 35%

0.52
28% 40%

0.17
27% 38%

0.18LuTx 37% 30% 37% 27% 38% 28%
HTx 33% 35% 35% 33% 35% 34%

[D-T: decayed teeth, DMF-T: decayed-, missing- and filled teeth index, OHIP: oral health impact profile, SOT: solid organ transplant; mv: 
mean value; sd: standard deviation, significant findings (p<0.05) are highlighted in bold]

Oral function Psychosocial impact OHIP G14 sum score
<1 ≥1 p-value <1 ≥1 p-value ≤1 ≥2 p-value

DMF-T 
(mv ± sd)

15.65 ± 
7.12

19.77 ± 
3.96 <0.01 15.65 ± 

7.12
19.77 ± 

3.96 <0.01 15.70 ± 
7.20

19.43 ± 
4.07 <0.01

D-T 
(mv ± sd)

0.28 ± 
1.14

0.06 ± 
0.34 0.21 0.28 ± 

1.14
0.06 ± 
0.34 0.21 0.28 ± 

1.15
0.08 ± 
0.36 0.52

Remaining teeth 
(mv ± sd)

24.51 ± 
4.58

22.26 ± 
4.07 <0.01 24.51 ± 

4.58
22.26 ± 

4.07 <0.01 24.57 ± 
4.53

22.22 ± 
4.16 <0.01

Severe periodon-
titis (%) 22.9% 33.3% 0.47 21.1% 31.4% 0.01 20.4% 32.4% 0.02

Age 
(mv ± sd)

54.28 ± 
11.31

60.94 ± 
7.18 <0.01 55.28 ± 

10.31
61.94 ± 

9.18 <0.01 54.63 ± 
11.34

59.70 ± 
8.14 0.01

Gender male 
(%) 38.1% 50% 0.54 26.9% 34.8% 0.69 37.6% 43.2% 0.56

Smoker 
(%) 22% 50% 0.07 23.2% 28.6% 0.65 22.6% 29.7% 0.50

[D-T: decayed teeth, DMF-T: decayed-, missing- and filled teeth index, OHIP: oral health impact profile; mv: mean value; sd: standard devia-
tion, HC: healthy control group, significant findings (p<0.05) are highlighted in bold]

Table 3: Associations between oral and general parameters with OHIP G14 sum score, as well as dimensions oral func-tion and psychosocial 
impact in SOT group.

Table 4: Associations between oral and general parameters with OHIP G14 sum score, as well as dimensions oral func-tion and psychosocial 
impact in HC group.
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Discussion
The patients after SOT in the current study were 
found to show worse dental health and a slightly worse 
OHRQoL than the HC. While SOT recipients showed 
an OHRQoL, which was not associated to oral condi-
tions, participants in HC had associations between oral 
health and OHRQoL. Thereby, the number of remaining 
teeth was an independent predictor of OHRQoL in HC, 
but not in SOT group.
It has been repeatedly reported, that oral health situa-
tion of patients after SOT would be worse compared to 
generally healthy individuals or the generally healthy 
population, respectively (2-4). This is in line with the 
current study ś findings. However, the high periodon-
tal burden of SOT recipients, as shown in the literature 
(4,7,22), appears not to be significantly higher than in 
healthy controls. In this respect, the high prevalence of 
periodontal treatment need in German general popu-
lation, reflected in the fifth German oral health study 
should be considered (23). Accordingly, periodontal dis-
ease burden appears comparably high between general-
ly healthy and SOT individuals. Therefore, the demand 
of an early pre-transplant dental rehabilitation and a 
post-transplant dental maintenance, as demanded in lit-
erature for several decades appears still contemporary 
and necessary (1,2,24). The lower number of remaining 
teeth in SOT compared to HC might indicate a surgi-
cal dental clearance before transplantation, whereby the 
major focus seems on tooth extraction instead of resto-
ration. This partly rigorous procedure can be discussed 
controversially, especially due to limited evidence (5).
To expand the horizon of physical oral health parameters, 
patient-reported outcome measures, like the OHRQoL 
are a mandatory part of evidence based dentistry and 
research (8). Therefore, this clinical study applied the 
OHIP G14 as a validated and standardized question-
naire, which is suitable for research questions (8). The 
comparison of OHIP G14 sum scores between SOT and 
control group shows a statistically significant and clini-
cally relevant difference between the two groups, if the 
principle of minimal important difference is followed 
(8). To reflect the overall impairment of OHRQoL in 
the SOT group, the findings must be interpreted with 
regard to reference values for German general popula-
tion. John et al. 2004 found reference values depending 
on dentition of a sum score between 0 (fully dentate) 
and 6 (edentulous, wearing full dentures) points (25). 
The current study included patients irrespective of their 
number of teeth and found an average sum score of 3.49 
points, which is completely within the reference range. 
Accordingly, the OHRQoL of the SOT cohort in the 
current study can be interpreted as unaffected. This is 
in line with previous studies on OHRQoL of patients 
after kidney Tx (9), LuTx (10) and LTx (11). In contrast, 
three other studies found a slightly reduced OHRQoL of 

patients after HTx or kidney Tx, respectively (12,13,26). 
Altogether, a nearly unaffected OHRQoL of patients af-
ter SOT can be assumed based on the literature and the 
current study ś results. Furthermore, the current study 
analysed two dimensions of OHIP G14 including oral 
function and psychosocial impact. The analysis of these 
dimensions showed a significant difference between 
SOT and HC; however, the difference was only minor 
and thus a clinically relevant impairment of oral func-
tion or psychosocial impact dimension appears not to be 
present in SOT recipients.
Regularly, the OHRQoL is affected by dental and peri-
odontal health, whereby especially the number of miss-
ing/remaining teeth is an important influential factor on 
the perception of the oral conditions (14,15). According-
ly, it is not surprising that the healthy control group was 
found to show associations between dental health and 
OHRQoL. Moreover, number of remaining teeth was an 
independent predictor of OHRQoL. This is supported 
by the recent literature, where especially the number of 
remaining functional pairs of antagonists is a relevant 
factor for OHRQoL (15,27). While the healthy control 
group showed these expectable results, for SOT recipi-
ents no associations to dental or periodontal conditions 
were confirmed. However, this is quite in line with the 
available literature, where only one study found physi-
cal oral health to be related to OHRQoL in patients after 
kindey Tx (28), while five other studies did not find an 
association between OHRQoL and physical oral health 
(9-13). The current study did not confirm any hints that 
OHRQoL of SOT patients would be affected by general 
or SOT related parameters; neither age, gender or smok-
ing habits, nor diabetes mellitus, transplanted organ or 
the number of immunosuppressive drugs were associ-
ated to OHRQoL. Considering the high prevalence of 
dental and periodontal diseases in SOT recipients, it ap-
pears exceptional, that these oral conditions seem not to 
affect the OHRQoL. The presence of remaining teeth 
was not found to be a predictor for the OHRQoL of SOT 
recipients, although this is one of the strongest influen-
tial factors on OHRQoL in regular case.
Accordingly, it might be hypothesized that these pa-
tients are affected in their individual perception of the 
clinical oral conditions. This might be explained by a 
phenomenon, which is similar to a “response-shift”, 
what mediates an adaption or accommodation of a 
chronic disease process (29). Due to the severe disease 
causing necessity of SOT and the lifelong immunosup-
pression and medical care, patients with SOT might ac-
commodate a status of being “chronically ill”, resulting 
in a shift of health concerns, including diseases of the 
oral cavity. Thereby, patients would not perceive their 
insufficient oral condition as a problem, what might re-
sult in reduced dental behaviour and thus into a vicious 
circle of reduced oral behaviour and worse dental/peri-
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odontal health. Although this remains just speculative, 
this would be an important approach for dental care and 
necessary to improve oral health situation of SOT re-
cipients.
Strengths and limitations: up until now, this is largest 
clinical examination of SOT recipients regarding their 
OHRQoL and the first study, in which different groups 
of transplanted organs are considered. Although no 
sample size calculation was performed, the inclusion of 
196 patients appears a reasonable cohort, which allows 
robust conclusions. The inclusion of a healthy control 
for comparison, application of OHIP G14 question-
naire as a valid instrument and the consideration of 
physical oral health findings are further strengths. The 
study is limited by their cross-sectional design, making 
causative conclusions impossible. Moreover, the oral 
examination limits the ability to draw more detailed 
conclusions; thereby, the number of remaining molars 
or functional occlusal pairs might have been meaning-
ful. Furthermore, the SOT cohort is very heterogeneous 
with regard to the respective organ, underlying disease, 
co-morbidities and medication, what limits the general-
izability of the findings.

Conclusions
The OHRQoL of SOT recipients lies within the refer-
ence for general healthy population and was just slightly 
lower than in the included healthy control group. There-
by the OHRQoL of SOT recipients is not affected by 
their oral condition, what leads to the assumption that 
the individual perception of patients physical oral health 
is not in line with the clinical situation. Therefore, the 
sensibilisation for the oral situation and its relevance for 
general health appears an important issue for improving 
dental care of patients after SOT.

References
1. Guggenheimer J, Eghtesad B, Stock DJ. Dental management of the 
(solid) organ transplant patient. Oral Surg Oral Med Oral Pathol Oral 
Radiol Endod. 2003;95:383-9.
2. Schmalz G, Wendorff H, Berisha L, Meisel A, Widmer F, Mar-
cinkowski A, et al. Association between the time after transplanta-
tion and different immunosuppressive medications with dental and 
periodontal treatment need in patients after solid organ transplanta-
tion. Transpl Infect Dis. 2018;20:e12832.
3. Helenius-Hietala J, Ruokonen H, Grönroos L, Rissanen H, Vehka-
lahti MM, Suominen L, et al. Oral mucosal health in liver transplant 
recipients and controls. Liver Transpl. 2014;20:72-80.
4. Binner C, Wagner J, Schmalz G, Eisner M, Rast J, Kottmann T, 
et al. Insufficient Oral Behaviour and the High Need for Periodon-
tal Treatment in Patients with Heart Insufficiency and after Heart 
Transplantation: A Need for Special Care Programs?. J Clin Med. 
2019;8:1668.
5. Walterspacher S, Fuhrmann C, Germann M, Ratka-Krüger P, 
Windisch W. Dental care before lung transplantation: are we being 
too rigorous?. Clin Respir J. 2013;7:220-5.
6. Nascimento SV, Gonzalez AM, Aguiar Roza B, Pimentel CFMG, 
Schirmer J, Mucci S, et al. Development of Routine Dental Care for 
Liver Transplant Outpatients. Transplant Proc. 2018;50:779-83.

7. Ziebolz D, Friedrich S, Binner C, Rast J, Eisner M, Wagner J, et 
al. Lack in Periodontal Care of Patients Suffering from Severe Heart 
Diseases-Results after 12 Months Follow-Up. J Clin Med. 2020;9:352.
8. Reissmann DR. Methodological considerations when measuring 
oral health-related quality of life. J Oral Rehabil. 2020.
9. Schmalz G, Kollmar O, Vasko R, Müller GA, Haak R, Ziebolz D. 
Oral health-related quality of life in patients on chronic haemodialy-
sis and after kidney transplantation. Oral Dis. 2016;22:665-72.
10. Schmalz G, Wendorff H, Marcinkowski A, Weinreich G, Tes-
chler H, Haak R, et al. Oral health related quality of life depending 
on oral health and specific factors in patients after lung transplanta-
tion. Clin Respir J. 2018;12:731-7.
11. Schmalz G, Meisel A, Kollmar O, Kauffels A, Slotta JE, Kott-
mann T, et al. Oral health-related quality of life depending on den-
tal and periodontal health in different patients before and after liver 
transplantation. Clin Oral Investig. 2018;22:2039-45.
12. Schmalz G, Eisner M, Binner C, Wagner J, Rast J, Kottmann 
T, Haak R, et al. Oral health-related quality of life of patients after 
heart transplantation and those with heart failure is associated with 
general health-related quality of life: a cross-sectional study. Qual 
Life Res. 2020;29:1621-30.
13. Segura-Saint-Gerons R, Segura-Saint-Gerons C, Alcántara-
Luque R, Arizón-del Prado JM, Foronda-Garcia-Hidalgo C, Blan-
co-Hungría A. Perceived influence of oral health upon quality of 
life in heart transplant patients. Med Oral Patol Oral Cir Bucal. 
2012;17:e409-14.
14. Buset SL, Walter C, Friedmann A, Weiger R, Borgnakke WS, 
Zitzmann NU. Are periodontal diseases really silent? A system-
atic review of their effect on quality of life. J Clin Periodontol. 
2016;43:333-44.
15. Tan H, Peres KG, Peres MA. Retention of Teeth and Oral Health-
Related Quality of Life. J Dent Res. 2016;95:1350-7.
16. von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC, 
Vandenbroucke JP. STROBE Initiative. The Strengthening the 
Reporting of Observational Studies in Epidemiology (STROBE) 
statement: guidelines for reporting observational studies. Lancet. 
2007;370:1453-7.
17. Larmas M. Has dental caries prevalence some connection with 
caries index values in adults?. Caries Res. 2010;44:81-4.
18. Eke PI, Page RC, Wei L, Thornton-Evans G, Genco RJ. Update of 
the case definitions for population-based surveillance of periodonti-
tis. J Periodontol. 2012;83:1449-54.
19. Slade GD. Derivation and validation of a short-form oral health 
impact profile. Community Dent Oral Epidemiol. 1997;25:284-90.
20. John MT, Patrick DL, Slade GD. The German version of the Oral 
Health Impact Profile--translation and psychometric properties. Eur 
J Oral Sci. 2002;110:425-33.
21. John MT, Rener-Sitar K, Baba K, Čelebić A, Larsson P, Szabo G, 
et al. Patterns of impaired oral health-related quality of life dimen-
sions. J Oral Rehabil. 2016;43:519-27.
22. Machado V, Botelho J, Lopes J, Patrão M, Alves R, Chambrone 
L, et al. Periodontitis Impact in Interleukin-6 Serum Levels in Solid 
Organ Transplanted Patients: A Systematic Review and Meta-Anal-
ysis. Diagnostics (Basel). 2020;10:184.
23. Jordan RA, Bodechtel C, Hertrampf K, Hoffmann T, Kocher 
T, Nitschke I, et al. The Fifth German Oral Health Study (Fünfte 
Deutsche Mundgesundheitsstudie, DMS V) - rationale, design, and 
methods. BMC Oral Health. 2014;14:161.
24. Rustemeyer J, Bremerich A. Necessity of surgical dental foci 
treatment prior to organ transplantation and heart valve replacement. 
Clin Oral Investig. 2007;11:171-4.
25. John MT, Micheelis W, Biffar R. Reference values in oral health-
related quality of life for the abbreviated version of the Oral Health 
Impact Profile. Swiss Dent J. 2004;114:784-91.
26. Oduncuoğlu BF, Alaaddinoğlu EE, Çolak T, Akdur A, Haber-
al M. Effects of Renal Transplantation and Hemodialysis on Pa-
tient's General Health Perception and Oral Health-Related Quality 
of Life: A Single-Center Cross-Sectional Study. Transplant Proc. 
2020;52:785-92.



e8

OHRQoL in SOTMed Oral Patol Oral Cir Bucal-AHEAD OF PRINT - ARTICLE IN PRESS

27. Gerritsen AE, Allen PF, Witter, DJ, Bronkhorst EM, Creugers 
NHJ. Tooth loss and oral health-related quality of life: a systematic 
review and meta-analysis. Health Qual Life Outcomes. 2010;8:126.
28. Ruokonen H, Nylund K, Meurman JH, Heikkinen AM, Furuholm 
J, Sorsa T, et al. Oral symptoms and oral health-related quality of life 
in patients with chronic kidney disease from predialysis to posttrans-
plantation. Clin Oral Investig. 2019;23:2207-13.
29. Sprangers MA, Schwartz CE. Integrating response shift into 
health-related quality of life research: a theoretical model. Soc Sci 
Med. 1999;48:1507-15.

Funding
The authors declare no grants or financial support.

Conflict of interest
The authors declare there are no conflicts of interest.

Ethics
The included patients were part of different clinical investigations, 
which were all reviewed and approved by the respective local eth-
ics committees of the University Medical Center Goettingen (LTx: 
No: 29/1/14), University Hospital Essen (LuTx: No: 13-5689-BO) 
and University of Leipzig (HTx: No: 414/16-ek). The study has been 
performed in accordance with the ethical standards laid down in an 
appropriate version of the 2000 Declaration of Helsinki as well as the 
Declaration of Istanbul 2008.

Authors contributions
GS performed data analysis and interpretation and wrote the manu-
script. JG was one medical head of the study, participated in data 
collection and revised the manuscript. OK was one medical head of 
the study, participated in data collection and revised the manuscript. 
US was one medical head of the study, participated in data collection 
and revised the manuscript. DZ was dental head of the study, partici-
pated in data analysis and interpretation and revised the manuscript.


