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ORIGINAL ARTICLE

Quality of life related to tooth loss and prosthetic replacements among persons
with dependency and functional limitations

Angelika Lanttoa,b, Robert Lundqvistc and Inger Wårdha,d

aDepartment of Dental Medicine, Unit for Oral Diagnostics and Surgery, Karolinska Institutet, Huddinge, Sweden; bTandvårdens
Kompetenscentrum, County of Norrbotten, Luleå, Sweden; cThe Research and Innovation Unit, County of Norrbotten, Luleå, Sweden;
dAcademic Centre of Geriatric Dentistry, Stockholms Sjukhem, Stockholm, Sweden

ABSTRACT
Objectives: To examine if tooth loss or treatment with different prosthetic replacements are associ-
ated with oral health-related or health-related quality of life (OHRQoL or HRQoL) among persons with
dependency and functional limitations.
Material and Methods: Comparisons between results of questionnaires and clinical data (number of
teeth, Eichner index, presence, type, and condition of prosthetic replacements) from a population of
180 individuals with dependency and functional limitations sampled from the register of increased
financial support in Norrbotten County, Sweden.
Results: The associations between clinical variables and the questionnaire responses were weak over-
all, e.g. Spearman’s rho was 0.162 (p¼ .033) for correlation between number of teeth and GOHAI,
0.094 (p¼ .249) for number of teeth and OHIP, �0.070 (p¼ .356) for complete dentures and GOHAI,
and �0.108 (p¼ .185) for complete dentures and OHIP.
Conclusions: The weak associations between clinical variables and questionnaire results in the present
study suggest that good results on measured QoL do not necessarily indicate good oral health. As we can-
not expect this specific population to report oral disorders by themselves, regular check-ups are necessary.
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Introduction

Several instruments have been developed for measuring
patients’ subjective concerns regarding their health, i.e. how
physical and mental health influence quality of life, QoL [1]. QoL
measures are important for evaluating how diseases and treat-
ments influence people and the benefit for patients of different
treatment options [2]. Some instruments are generic; they meas-
ure the influence of health on QoL in general and are desig-
nated health-related quality of life instruments (HRQoL) [2].
Other instruments measure the influence of specific health fac-
tors, such as oral health-related quality of life (OHRQoL) [3,4].

Surveys using subjective measures have shown that oral
disorders can have a significant impact on important aspects
of everyday life. However, measurements of the associations
between subjective and clinical indicators of oral health have
not shown a consistent pattern. More specifically, studies of
associations between oral health factors and HRQoL have
reported contradictory results [5]. In a clinical review from
2017, the majority of the available evidence reported a nega-
tive impact of tooth loss on HRQoL [6]. The results of a
German study among older individuals [7] suggested that
reduced dentition without replacement of missing teeth by
prosthetic replacements reduces the physical index of
HRQoL. The authors’ explanation was that tooth loss appears
to be more of a physical handicap than a psychological one.

The results from a Taiwanese study among elderly persons
[8] indicated that individuals’ subjective perceptions of their
oral health status had a greater impact on HRQoL than the
clinical factors. A Dutch study [9] found no significant associ-
ations between OHRQoL and HRQoL among care-dependent
older people. The authors claim that specific factors that dis-
tinguish the populations have to be considered in compari-
sons between care-independent and care-dependent people
and they refer to the well-known phenomenon of older peo-
ple and chronically ill people often reporting better quality
of life than younger and healthy people despite their gener-
ally worse oral health status. Personal and environmental var-
iables may be one explanation for discrepancies between
health status and outcome of quality of life assessments.
Other explanations that have been suggested are “the dis-
ability paradox” [10] or the response shift theory [11].

Studies of associations between clinical oral factors and
OHRQoL have also shown varying results and in some cases
psychosocial factors have explained as much variance in
scores of OHRQoL as clinical oral factors [5]. However, associ-
ations have been found between tooth loss, prosthetic
replacements and OHRQoL among the general population
[12–17]. A systematic review from 2010 provided fairly strong
evidence that tooth loss is associated with impairment of
OHRQoL [12]. Location and distribution of tooth loss had
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significance. A significant increase in OHRQoL after treatment
with implant-retained overdentures has been observed in
several studies [13–15] and was also concluded in a system-
atic review in 2007 [16]. In another systematic review from
2012, the conclusion was that treatment of tooth loss has
positive effects on quality of life even if the scientific basis is
insufficient to support general conclusions about the influ-
ence of various interventions on the OHRQoL [17]. However,
QoL measures are context-dependent [9] and there are few
studies concerning people with dependency and functional
limitations. Considering that care dependency may affect
many domains of people’s daily lives, it is uncertain to what
degree tooth loss and prosthetic replacements are of signifi-
cance for quality of life in these groups. The kind of func-
tional impairment may also influence how individuals assess
the role of oral conditions in relation to quality of life. For
example, it may be difficult for persons with cognitive
impairments to understand what oral health-related quality
of life means.

For persons with dependency and functional limitations,
we do not know if higher degrees of tooth loss or different
prosthetic replacements are related to HRQoL or
OHRQoL [18–21].

Persons with dependency and functional limitations suffer
from tooth loss to a greater extent than the general popula-
tion, and health problems and extensive medication are
more common in this group [9,22–24]. Additionally, these
individuals are common patients in dental practices, they
may have difficulties tolerating complicated treatments and
they usually have a lack of economic resources. They are
often treated with different prosthetic replacements than the
general population: more dentures and fewer tooth-sup-
ported and implant-supported prostheses [23]. These factors
could be reasons for a greater impact on OHRQoL and
HLQoL. However, due to the broader impact of general
health conditions on QoL in this population, they are often
excluded from studies, resulting in a knowledge gap in this
area. For these reasons, more studies are needed. The aim of
the present study was therefore to, with the aid of common
QoL instruments, examine if tooth loss or treatment with dif-
ferent prosthetic replacements are associated with measured
OHRQoL or HRQoL among persons with dependency and
functional limitations.

Material and methods

Study design

This study was part of a cross-sectional survey based on oral
examinations and questionnaires among a group of 355 per-
sons with dependency and functional limitations, randomly
sampled from the register of increased financial support [25]
in the north of Sweden in 2015, as previously described by
the authors in an earlier study based on the same study
material as the present study [26]. Clinical variables were
compared with another epidemiological study, EPI-Norr, from
the same geographical region and the results were reported
in this separate study [26]. After the clinical examinations,
the subjects’ ability to complete the RAND-36, GOHAI and

OHIP-14 questionnaires was assessed. As a complement to
the researcher’s assessment, the Short Portable Mental Status
Questionnaire (SPMSQ) [27] was used. The instrument con-
sists of ten questions and the results are categorized into
four levels from normal to severe cognitive impairment. It is
not a test for diagnosis, but rather a brief screening. A total
of 67 (19%) participants were regarded as unable to under-
stand the questionnaires and were excluded, leaving 288
who were asked to participate. Of these, 180 subjects
responded to one or more questionnaires; see Figure 1.

For participants with motor or sight impairments, the
questionnaires were completed in writing or verbally with
help from the project’s research nurse or care personnel/fam-
ily members, who acted as advocates. If more time was
needed, the questionnaires could be completed at another
time and mailed back.

All examinations and assessments were conducted by the
same examiner (author AL), who was also one of the cali-
brated examiners in the EPI-Norr study [26].

The study-group participants

The subjects were persons aged 20 to 97 with functional lim-
itations, the majority also with dependency. They lived in
nursing homes, group housing or in regular homes, the
majority with assistance from care personnel or from family
members. The subjects were divided according to the cate-
gories in the financial support system [25]:

a. Elderly in nursing homes
b. Persons with certain functional impairments, which applies

to people who have intellectual disabilities, autism or a

Figure 1. Flow chart.
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condition resembling autism, considerable and permanent
mental impairment, some other lasting physical or mental
impairment that is clearly not due to normal aging, and
who have an extensive need for help in daily life as a
result of these disabilities [28]

c. Home-care patients
d. Independent individuals with extensive need for dental

care due to an illness that causes functional impairments

The participants were also divided into age groups. These
were defined according to the order in the EPI-Norr
study [26].

Ethical approval was obtained from the Regional Ethical
Review Board in Umeå (2013-46-31M). Information about the
study was sent to the subjects by letter. They were assured
confidentiality and that they could withdraw at any time.
When needed, they were assisted by an advocate. Informed
consent was given in writing.

Clinical variables

The clinical variables were number of teeth, presence, type,
condition of prosthetic replacements, and the Eichner index,
which is an indicator of the extent of the support zones in
the dentition [29,30]. A partially or fully erupted tooth was
defined as a tooth. A root with function in the dentition was
also defined as a tooth. Eichner index is divided into four
posterior support zones, defined as number of occlusal con-
tacts between premolars and molars. In level A there are
occlusal contacts in all four posterior support zones. Level B
has posterior occlusal contacts in three, two or one zone, or
occlusal contact in the anterior region only. In level C there
are no occlusal contacts.

The prosthetic replacements were classified as:

� removable prostheses: complete and partial dentures
� tooth-supported prostheses: crowns and bridges
� implant-supported prostheses: fixed and overdentures

The condition of the prostheses was assessed based on
the examiner’s knowledge and long experience of prosthetic
dentistry and was classified as:

� good: Good retention, fit, stability, occlusion, articulation,
hygienic design and esthetic appearance. No wear.

� acceptable: Good retention, fit, stability, occlusion, articu-
lation, hygienic design and esthetic appearance.
Moderate wear.

� poor: Impaired retention/fit/stability/occlusion/articulation/
hygienic design/esthetic appearance. Extensive wear.

Questionnaires

Three questionnaires were used: RAND-36 to measure
HRQoL, and GOHAI and OHIP-14 to measure OHRQoL.

RAND-36 is comprised of 36 items, was developed from
the RAND Medical Outcomes Study (MOS) [31] and is

validated in Sweden [32]. It measures the following eight
health concepts:

� Physical functioning (PF)
� Role limitations caused by physical health problems (RP)
� Role limitations caused by emotional problems (RE)
� Social functioning (SF)
� Emotional well-being/mental health (MH)
� Energy/fatigue (VT)
� General health perceptions (GH)
� Change in perceived health during the last 12

months (HF)

Each concept was analyzed separately. Higher values rep-
resent better QoL.

GOHAI, the General Oral Health Assessment Index [33],
has been validated for use in many countries, including
Sweden [3]. In a Swedish context, the test-retest reliability
has shown a correlation of 0.64 [3]. GOHAI consists of 12
items in three dimensions: ‘physical function,’ ‘psycho-social
function,’ and ‘pain and discomfort.’ The responses are
scored on a Likert scale with five categories (always, often,
sometimes, seldom and never). We used one of the sug-
gested methods, the additive method, to calculate the
scores, in which the response codes for the items are sum-
marized and range from 12 to 60, with higher scores indicat-
ing better OHRQoL.

OHIP-14, the short version of the Oral Health Impact
Profile [34], is another instrument with good reliability, valid-
ity and precision in several languages, including Swedish [4].
The test-retest reliability has been assessed in a Swedish con-
text and the correlation was 0.85 [4]. The responses to the
OHIP-14 items are scored on a Likert scale with five response
categories for each question, as in GOHAI. We used the addi-
tive method to calculate the scores, which range from 14 to
70, where it should be noted that a high score on OHIP-14
indicates worse OHRQoL.

The correlation between OHIP-14 and GOHAI has in a
Swedish context shown to be �0.83 [3,4].

Statistical analysis

In order to achieve a graphical display of the associations
between variables, ordinary scatter plots have been used.
Since most variables are basically sums of subscales, the
results are not continuous values but rather discrete integers.
As a consequence, individual study participants could end
up with the same combination of values, and in a scatter
plot, this would result in repeated points being masked. In
order to ameliorate this slight problem, the scatter plots
used here have been complemented with a so-called jitter
function, making points representing identical combinations
come close without masking other values; see Figures 2(a–c)
and 3(a,b).

Associations between variables have been investigated
with tables and correlations depending on the variable types.
Since the numbers of study objects are relatively high, t-tests
and ANOVA for comparison of means are regarded as
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sufficiently robust against possible deviations from the nor-
mal distribution [35,36]. The significance level was set to
p¼ .05. Data were analyzed in SPSS version 24.

Results

In the study population of 180 subjects, there was an
internal drop-out. The response rate varied between the dif-
ferent questionnaires, 96% (n¼ 174) in GOHAI and 85%
(n¼ 153) in OHIP-14. In RAND-36, it varied between the dif-
ferent concepts from 84% to 96%. The largest category was
b, Persons with certain functional impairments, followed by
category a, Elderly in nursing homes. Half of the participants
were assessed to have normal cognitive ability. The age and

sex distributions among the participants were similar for all
instruments. The overall mean age was 60.3 (SD 21.5), with
63.4 (SD 21.2) among women and 56.5 (SD 21.4) among
men. The proportion of women was 56%. The majority of
the participants were dentate, 16% were edentulous and
13% had complete dentures in both jaws. For information
about the prosthetic replacements, see Table 1.

OHRQoL in the study group

The overall mean GOHAI score was 50.1 (95% CI 49.0–51.3)
and the mean OHIP-14 score was 23.9 (95% CI 22.3–25.6).
Women had a lower mean GOHAI score than men (2.9 in
mean difference 95% CI 0.7–5.1). There was no significant

Figure 2. (a) GOHAI scores in different age groups. ANOVA p¼ .001. (b) OHIP-14 scores in different age groups. ANOVA p¼ .014.

Figure 3. (a) RAND-36 concept General Health related to GOHAI in the study group in total. Spearman’s rho 0.29, p< .001. (b) RAND-36 concept Mental Health
related to GOHAI in category c. Spearman’s rho 0.69, p¼ .001. (c) RAND-36 concept Mental Health related to OHIP-14 in category c. Spearman’s rho
�0.51, p¼ .022.
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difference in OHIP score with respect to sex. Both GOHAI
and OHIP scores differed between age groups; see Figure
2(a,b). The differences in mean GOHAI score were not signifi-
cant between the categories of the study group. Differences
in mean OHIP-14 score were only significant between cate-
gories a and b. Category a, Elderly in nursing homes had a
lower mean value (19.9) than b, Persons with certain func-
tional impairments (25.4), (p¼ .029).

Associations between OHRQoL and HRQoL

The associations between GOHAI or OHIP-14 and RAND-36
were weak overall. A typical pattern was found in Figure
3(a). However, there were some differences with respect to
the different categories, and an example is group c, Home-
care patients, where the association between the OHRQoL

instruments and the RAND-36 concept Mental Health was
more evident than in other categories; see Figure 3(b,c).

Number of teeth

There was no clear association between number of teeth
and GOHAI (Figure 4(a)), number of teeth and OHIP-14
(Figure 4(b)) or between number of teeth and RAND-36.
Figure 4(c) shows GOHAI by number of teeth in men and
women. A similar pattern was seen for OHIP. Control for the
same variables in different age groups did not show any
clear association according to sex.

Dental prostheses

There were no significant correlations between complete
dentures in one or both jaws and the GOHAI or OHIP-14

Table 1. Dental prostheses in the different categories.

a. Elderly in
nursing homes

b. Persons with certain
functional impairments

c. Dependent,
home-care patients

d. Independent
individuals Total

Complete dentures
No denture n (%) 19 (43) 85 (96) 18 (78) 23 (96) 145 (81)
One jaw n (%) 7 (16) 1 (1) 2 (9) 1 (4) 11 (6)
Both jaws n (%) 18 (41) 3 (3) 3 (13) – 24 (13)
Total n (%) 44 (100) 89 (100) 23 (100) 24 (100) 180 (100)

Type of prosthetic replacement
No prosthesis n (%) 4 (9) 67 (75) 10 (44) 9 (38) 90 (50)
Removable n (%) 22 (50) 6 (7) 7 (30) – 35 (19)
Tooth- or implant-supp. n (%) 16 (36) 15 (17) 5 (22) 15 (63) 51 (28)
Combination n (%) 2 (5) 1 (1) 1 (4) – 4 (2)
Total n (%): 44 (100) 89 (100) 23 (100) 24 (100) 180 (100)

Figure 4. (a) GOHAI scores for number of teeth. Spearman’s rho 0.16, p¼ .033. (b) OHIP-14 scores for number of teeth. Spearman’s rho 0.094, p¼ .249. (c) GOHAI
scores for number of teeth among men(Spearman’s rho 0.240, p¼ .055) and women (Spearman’s rho 0.074, p¼ .501) for the study group in total.
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scores. For RAND-36, the highest correlation was found for
the concept Physical functioning, Spearman’s rho 0.241,
p¼ .002, which is a weak association.

There were no significant differences in mean GOHAI,
OHIP-14 or RAND-36 scores between different levels of the
variable ‘condition of the prostheses’ in the study group
in total.

Support zones in the dentition

Only for the mean values of the Physical functioning concept
of RAND-36 was there a significant difference in the mean
values of GOHAI or OHIP-14, with higher values for the A-lev-
els of Eichner index (ANOVA p< .001) (Figure 5). There were
no significant differences in the mean values of GOHAI or
OHIP-14 between the A, B or C levels of Eichner index.

Discussion

Results from the general population have shown fairly strong
associations between tooth loss and OHRQoL [12]. This was
shown in a systematic review from 2010 and has also been
found after that, for example in a Chinese study from 2013
[37]. However, this was not seen in the present study for
either OHRQoL or HRQoL.

The instruments used in this study measure different
aspects of QoL. RAND-36 assesses eight concepts of general
health, GOHAI can be used as a measure of subjective oral
health status, and OHIP-14 is intended to assess the social
impact of oral disorders. This explains why the correlation
differs between the instruments for the same clinical vari-
able. However, it does not change the overall pattern of
weak associations.

Results from other studies of subjects with care depend-
ency have been straggling. An article from 2005 was based
on one study including care-dependent subjects and one
study including care-independent subjects. The article
reported significant association between self-ratings of oral
health and satisfaction with oral health in both studies [38].
However, a discrepancy was found between the measures,
with some of the participants with favorable oral health
reporting dissatisfaction and some with poor oral health

reporting satisfaction. Those with discordant responses had
significantly higher scores on OHRQoL measures such as the
GOHAI and the OHIP-14 than those with concordant
responses [38]. The conclusion was that this was related to
the expectations concerning health in later life. In a study
from 2017, the effect of prosthetic status on OHRQoL was
evaluated among 169 subjects, of which 70% were living
with dementia [19]. The results showed that OHRQoL and
objective oral health were statistically similar in subjects with
or without dementia. Edentulism without tooth replacement
and having fewer than five teeth resulted in increased risk of
poorer OHRQoL [19]. A study from 2016 [9] examined rela-
tionships between oral health factors, general health factors
and OHRQoL in a care-independent and a care-dependent
older population. The conclusion was that GOHAI outcomes
are associated with different variables in care-independent
and care-dependent older subjects and the authors claim
that OHRQoL outcomes should not be compared across care-
dependent and care-independent populations without care-
ful interpretation. In the present study, there may be many
explanations for the low associations, such as care depend-
ency, cognitive impairments, compromised general health,
and intellectual disabilities. However, the purpose of the
study was not to explain the weak associations, but instead
only to examine possible associations between measured
HRQoL/OHRQoL, tooth loss and prosthetic replacements in
this special population.

The major treatment goals of dental care for individuals
with care dependency and functional limitations are to
improve the ability to eat and speak, avoid pain and infec-
tions in the mouth and increase quality of life [25]. Our inter-
pretation of the findings from the present study is that the
results highlight the difficulties in measuring QoL with com-
mon instruments, the difficulties in showing improvements
in QoL after dental treatment and, as a consequence of this,
the difficulties in planning for dental treatment that
improves quality of life in this population.

The clinical variables in the present study had been pre-
sented in another study and compared with the results from
a study in the general population [26]. Edentulism was more
common in the study population compared with a general
population. Additionally, a high percentage of the dentures
were in poor condition [26]. It is a common misconception
that edentulous people who use dentures do not need den-
tal care [39]. Dentures are exposed to abrasion and the sur-
rounding tissues are exposed to traumatic stress and
microorganisms. The results from this study indicate that per-
sons with dependency and functional limitations may not be
able to report disorders. For this reason, dental prostheses,
including dentures, need to be followed up by dentists in
this group. The American College of Prosthodontics recom-
mends annual follow-ups of dentures [40].

As for validity, since the participants were drawn from the
Swedish register of those eligible for increased financial sup-
port, they represent a highly relevant proportion of persons
with dependency and functional limitations in Sweden.
However, we cannot say to what extent the criteria for being
included in this register transfers to other settings. Further,

Figure 5. Physical function (RAND-36) for levels of the Eichner index.
ANOVA p< .001.
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all those invited did not take part in the study. The reasons
ranged from a general unwillingness to participate to severe
cognitive difficulties. Our overall impression is that the partic-
ipants were healthier than those who did not take part. This
suggests that results concerning oral status in this group
may be generally poorer within the group at large.

There was only one examiner in this study. The examiner
had substantial experience in the field and had also partici-
pated in two waves of an epidemiological study among the
general population in the same geographical region. In that
study, all examiners took part in an extensive calibration pro-
gram [26]. The results could thus be expected to be fairly
consistent and reliable. There are, however, a number of vari-
ables in which subjective assessments have been made, such
as the status of dentures. There is no way of telling whether
or not other examiners would have made the same
assessments.

One limitation of the study is that we did not consider
the participants’opinions when evaluating the condition of
the prostheses. It is possible that having done so would
have led to different results. Another limitation of the study
is that categories c and d had few participants. Additionally,
it is possible that some of the participants had difficulties
understanding the questions in the present study.

The instruments used in this study are well known and
widely used in different contexts. The study participants
were randomly sampled from a population of persons with
functional limitations. They represent common patients in
general dental practices. The results of the study indicate
that if the described instruments are used in contexts similar
to that of this study, the results should be inter-
preted carefully.

Conclusions

The weak associations between clinical variables and ques-
tionnaire results in the present study suggest that good
results of measured QoL do not necessarily indicate good
oral health. As we cannot expect this specific population to
report oral disorders by themselves, regular check-ups
are necessary.
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