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ABSTRACT

Aims: To evaluate limitations in jaw function, oral health-related quality of life (OHRQoL), and
nutritional status during extensive oral rehabilitation procedures.

Material methods: Fourteen participants (mean agexSD: 70+3.8) undergoing major oral
rehabilitation involving the restoration of a minimum of eight teeth were recruited in the study.
Jaw function limitations scores (JFLS), oral health-impact profile (OHIP), and nutritional status were
measured at different time points during, six months, and one year after the rehabilitation
procedures. Nutritional status was evaluated by measuring the body weight and arm and calf
muscle circumference. The effect of time points on the measured variables was evaluated with
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Friedman’s test. Trends in nutritional status were evaluated with linear regression analysis.

Results: The results of the analysis showed significant main effects of time points on the JLFS
(p<.001) and OHIP scores (p=.005). However, there was no effect of time points on the body
weight (p=.917) and calf muscle circumference (p=.424), but a significant effect on arm
circumference (p=.038). Further, there was a decreasing trend for body weight (64.3%), arm (71.4%),

and calf circumference (64.3%) in the majority of the patients.

Conclusion: The results of the preliminary study suggest that people undergoing extensive oral
rehabilitation procedures show improvement in jaw function and an increase in OHRQoL after the
rehabilitation procedure. Despite no major changes in the nutritional indicators, most patients
showed a negative trend in their body weight, arm circumference, and calf circumference,

suggesting that they may be susceptible to nutritional changes.

Introduction

The oral health of an individual is integral to his or her over-
all general health. Orofacial pain, decreased muscle strength,
and tooth loss caused by caries or periodontitis affect oral
health in older individuals [1]. Further, excessive tooth wear
can manifest as poor aesthetics, occlusal disharmony, and
pulpal pathology resulting in hypersensitivity and poor chew-
ing function [2-4]. Any dysfunction in the orofacial system
can affect a person’s ability to consume food and, in turn,
negatively impact health and general well-being [5-8].
Studies have indicated that impaired chewing function affects
nutrient intake subsequently worsening the nutritional and
general health status [9-12]. Therefore, it is important to
rebuild the damaged teeth, replace the lost teeth and thereby
reinstate oral function, especially in older individuals to
improve their general health and oral health-related quality
of life [6,13,14]. As chewing is an important contributor to
nutrition-related factors, chewing problems may affect the
nutritional status of older individuals [9]

Compromised masticatory function as a result of poor
dental status and lost teeth causes people to eat foods that
are soft and easy to chew [15,16]. As a result, older individu-
als with compromised masticatory function tend to avoid
eating raw vegetables, fruits, meat, and other food rich in
nutrition and fibers that are often perceived as difficult to
process. Consequently, these people are more likely to
develop nutritional deficiencies because of decreased supply
of key nutritional ingredients.

Research has shown that oral rehabilitation or prostho-
dontic procedures in general can restore jaw function [17,18],
improve oral health-related quality of life [19], and may affect
nutritional status [20]. Studies have also shown that dental
implants and fixed prostheses help in the improvement of
jaw function and quality of life in older adults [21-23]. Major
oral rehabilitation procedures that involve the restoration of
multiple teeth are typically long and extensive and require
several visits to the dentist. The treatment plan usually
involves extraction of root stumps, restoration of caries, end-
odontic treatments, placement of implants, healing time, and
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finally crowns or construction of bridges. At times the patients
are complemented with a temporary restoration to retain the
oral functions and esthetics. A major oral rehabilitation can
typically last for about 6-18 months depending on the sever-
ity and compliance of the patients. It is often the case that
the patients tend to complain about their temporary con-
structions and associated complaints regarding masticatory
dysfunction, even though they have been rehabilitated with
temporary dental structures. Previous studies have investi-
gated the effect of oral rehabilitation/prosthodontic proce-
dures on function, nutritional status, and oral health-related
quality of life [24-26]. However, there are no studies to the
best of our knowledge that describe the dynamic changes in
nutritional indicators, jaw function, and quality of life during
major oral rehabilitation procures. Since oral rehabilitation
procedures, are long and tedious, involving multiple steps
the patients undergoing these procedures may temporarily
experience adverse effects on their general health and nutri-
tional status. Therefore, the aims of this preliminary pilot
study were to evaluate the changes in limitations in jaw
function, oral health-related quality of life, and nutritional
status, during major oral rehabilitation procedures. We
hypothesized that people undergoing extensive oral rehabili-
tation procedures will present changes in nutritional status,
and report limitations in jaw function and poor oral
health-related quality of life. We also hypothesized that there
will be an improvement in jaw function, oral health-related
quality of life, and nutritional status after the oral rehabilita-
tion procedures.

Material and methods
Study location

The study participants were patients referred to the Institute
for Postgraduate Dental Education, Jonkoping, Sweden
(Odontologiska Instutitionen) for prosthetic rehabilitation
between September 2018 and January 2022. All clinical
examinations and the subsequent oral rehabilitation proce-
dures took place at the Prosthetic Dentistry Department by
Specialists in prosthodontics and Postgraduate dental
consultants.

Study participants

A convenient sample of fourteen participants (mean age+SD:
70+3.8, range of 61-74years) that included six women and 8
men were recruited in the current pilot study group.
Participation in the study was voluntary and the participants
were explained both the experimental and the treatment
protocol. The participants could only be included in the study
if they gave both verbal and written informed consent. The
study was conducted following the Declaration of Helsinki Il
and was approved by the regional Ethical Review Board in
Stockholm (D-nr 2018/531-31/1). The participants were eligi-
ble to participate in the study if the indicated treatment
included a temporary restoration that replaces a minimum of
eight teeth. Other inclusion criteria included that the

ACTA ODONTOLOGICA SCANDINAVICA . 19

participants were in good general health as classified by the
American Society of Anesthesiology (ASA) classes | and Il and
the participants lead an independent life without any need
for assistance for their day-to-day chores. Also, good Swedish
reading and writing language skills were mandatory for inclu-
sion in the study. The participants were excluded if they were
on any special diet for weight loss or any other reason or
presented a history of or ongoing signs and symptoms of
cognitive decline, acute or chronic systemic diseases, and
psychological illness.

The need for major rehabilitation procedures differed
among patients but, overall, involved rehabilitating a mini-
mum of eight teeth. The treatment procedures involved the
extraction of root stumps or teeth with poor prognoses,
tooth preparation for crowns and bridges, surgical crown
lengthening, placement of dental implants, composite resto-
rations, etc. Additionally, all participants were provided with
temporary prostheses; however, the length of the treatment
procedure and the duration of temporary restoration varied
among different patients.

Study protocol

The data was collected by one of the authors (TT) who was
not involved in any treatment procedure and was assisted by
a dental assistant to accomplish all the final measurements.
The specific time points were baseline (before treatment
started) and at regular intervals of about 3-6 weeks until the
final prosthesis was restored (final prosthesis). The majority
(78%) of the participants had a minimum of seven recalls
after the baseline and until the final prosthesis was delivered.
Further, the participants were recalled six months (71%) and
one year (57%) after completion of the treatment for further
assessments. Overall, all participants (100%) could be fol-

lowed until their last recall of their oral rehabilitation
procedure.
Measurements

The limitations of jaw function and oral health-related quality
of life were assessed using the Swedish version of the jaw
function limitation scale (JFLS) and oral health impact profile
(OHIP) questionnaire at different time points [27,28]. The
nutritional status was evaluated by measuring the anthropo-
metric measurements related to body weight, and arm and
calf circumference at baseline, and subsequent follow-ups
during and after the treatments. The body weight was mea-
sured with a digital weighting scale. The participants were
asked to step on a weighing scale without their shoes and
their body weight was recorded. The mid upper arm circum-
ference was measured at the midpoint between the tip of
the shoulder and the tip of the elbow using a measuring
tape [29]. Similarly, the calf muscle circumference was the
largest calf circumference measured using a standard mea-
suring tape. These anthropometric measurements are rela-
tively inexpensive, useful tool for a fast assessment of the
nutritional status and have been used in the previous studies
as reliable indicators of nutrition status [9,30].
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Statistical analysis

The data were tested for the assumptions of normal distribu-
tion by subjecting the continuous variables to the Shapiro-Wilk
test. The data appeared to be skewed and was not normally
distributed as confirmed by the Shapiro-Wilk test. Hence the
non-parametric test was applied for statistical analysis. The
effect of time points on JFLS, and OHIP scores, body weight,
and arm and calf muscle circumference were tested with the
Friedman test. If there was a significant main effect, then
post hoc comparisons were done with multiple Wilcoxon
Signed Ranks tests where each time point was compared to
the baseline. The trends in the anthropometric measurements
for each patient in each of the measurements were evaluated
with linear regression analysis. A p value of <.05 was consid-
ered statistically significant.

Results

On an average the total number of natural teeth was
19+5.8 before the treatment and 15+6.5 after the treat-
ment. Further the mean number of ‘functional teeth’ (all
teeth including fixed prosthesis) increased from 15.7+10.9
to 24.3+3.2 after the treatment in the patient group. As
mentioned, the participants were given a temporary/inter-
mediate restoration during the treatment until the final res-
toration of the prosthesis. Please see Table 1 for details.
Further, two patients (14%) were treated with the shortened
dental arch (SDA) concept and vertical dimension of occlu-
sion (VDO) was raised in about eleven (78%) of the partici-
pants in the study.

The results of the statistical analysis showed significant
main effects of time points on the JLFS (p<.001) and OHIP
scores (p=.005). Post-hoc analysis of the main effects of the
JLFS showed significantly lower scores at six months and
one-year follow-ups compared to the baseline scores (p<.021)
(Figure 1A). Similarly, post-hoc analysis of the main effects of
the OHIP showed significantly lower scores at the last recall,
six months, and one-year follow-up compared to the baseline
scores (p<.046) (Figure 1B).

The results of the analysis also showed that there was no
significant main effect of time points on body weight
(p=.917) and calf muscle circumference (p=.424). However,
there was a significant main effect of time points on the arm
muscle circumference (p=.038) (Figure 2 A). Post-hoc analysis

Table 1. Showing distribution of the temporary and permanent restorations in
the patient group.

Temporary restoration n (%)

1 Complete denture 2 (14%)

2 Temporary partial denture 3 (21%)

3 Temporary implant supported bridge 1 (7%)
(PMMA)*

4 Temporary tooth supported bridge (PMMA)* 8 (57%)

Permanent restoration n (%)

1 Tooth supported crowns/bridges 2 (14%)

2 Implants supported crowns/bridges 4 (28%)

3 Implants supported and tooth supported 8 (57%)
protheses

“Polymethyl methacrylate.

of the main effects showed that the participants had signifi-
cantly lower arm circumference at the last recall compared to
baseline (p<.021).

Further, the data related to the anthropometric measure-
ments (body weight, arm, and calf muscle circumference)
were subjected to linear regression analysis to evaluate the
trends. A negative slope indicated a decrease in the anthro-
pometric measurement with an increase in time points while
a positive slope indicated an increase in the anthropometric
measurement with an increase in time points. The results of
the analysis showed a decreasing trend for body weight
(64.3%), arm (71.4%), and calf circumference (64.3%) in the
majority of the patients. Only 35.7% of patients for body
weight, 21.4% of patients for arm, and 35.7% of patients for
calf muscle circumference showed positive trends with time
points (Figure 2 B).

Discussion

The current study evaluated limitations in jaw function,
oral health-related quality of life, and nutritional status of
patients undergoing major oral rehabilitation involving
the restoration of at least eight teeth. The results of the
study showed severe limitations in jaw function and poor
oral health-related quality of life, as reflected in JFLS and
OHIP scores, during the course of the restoration/rehabili-
tation procedures. The results also showed a significant
improvement in jaw function and oral health-related qual-
ity of life about six months after the rehabilitation proce-
dures. However, the nutritional status, as measured by
body weight and calf muscle circumference, did not
change during the rehabilitation procedures. Furthermore,
the results showed a significant decrease in arm circum-
ference at the last recall of the rehabilitation procedure
compared to baseline and a negative trend in body
weight, arm, and calf circumference in the majority of the
patients after the treatment, indicating poor nutritional
status as a result of the procedure. The preliminary results
imply that people undergoing major oral rehabilitation
procedures may report better jaw function and oral
health-related quality of life after the treatment but may
also be susceptible to changes in nutritional status.

Oral rehabilitation procedures have been shown to
improve oral functions and oral health-related quality of life.
Although chewing function is seldom optimal in a significant
fraction of cases or groups, patients report satisfaction with
their OHRQoL [23,31,32]. The results of the current study
show obvious limitations in jaw function and OHRQoL at
baseline. Additionally, the results of the current study show
an instinctive improvement in jaw function and OHRQoL six
months to one year after oral rehabilitation procedures.
Specifically, the patients reported lower to (almost) no limita-
tion in jaw function after six months of oral rehabilitation
procedures. Similarly, the OHIP scores showed a decrease at
the last recall session, indicating that patients tended to per-
ceive less dysfunction, discomfort, and disability, and lesser
handicapped associated with oral disorders. The results are in
accordance with the previous findings that report a better
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Figure 1. Figure showing mean and standard deviation of scores of (A) Jaw Function Limitation Scale and (B) Oral Health Impact Profile at different time points.

Asterisks indicate significant differences between the specific time points and baseline.

jaw function [23] and improvement in oral health-related
quality of life after prosthodontic/rehabilitation procedures
[23,33].

Nutritional assessments are the interpretation of the data
that determines whether an individual (or a group) is ade-
quately nourished or malnourished. Previous studies have
reported body weight (BMI), arm, and calf circumference as
routine clinical indicators of nutritional status [34,35].
Previous studies have also suggested that body BMI, arm,
and calf circumference are reliable parameters to determine
nutritional status and nutritional risk in hospitalized older
adults [34,36]. In the current study, we observed no signifi-
cant changes in body weight and calf muscle circumference,
during and up to one year after the rehabilitation proce-
dures. However, the results also indicate that there was a
negative trend in body weight, arm, and calf circumference
in the majority of the patients. It is suggested that uninten-
tional weight loss is associated with increased morbidity and
mortality in older people. In particular, there is an increased
risk of mortality associated with weight loss of about 5% in
a year [37]. It is also suggested that smaller weight loss can
be critical in frail patients [38]. However, the participants in
the current study majorly showed no changes in the indica-
tors of nutrition. While the trend, analysis shows a slightly
decreasing trend in the body weight, arm, and calf circum-
ference. It has been observed that prosthodontic patients

rehabilitated with bimaxillary implant-supported fixed pros-
theses perform poorly in the masticatory performance tests
[32] despite reporting no limitation in their jaw function and
oral health related quality of life [23]. However, does impaired
function affect the nutritional status or general health is a
question that needs to be investigated. In the current study,
it was observed that despite no severe jaw limitations and
an improvement in oral health-related quality of life, partici-
pants’ nutritional status was affected by the relatively longer
treatment procedures. The findings mean that the patients
undergoing extensive (oral) rehabilitation may be suscepti-
ble to changes in nutritional status [39]. However, it is also
observed that these patients tend to recover once the treat-
ment has been completed and the patients have adapted to
their new oral environment. Although these subtle changes
in nutrition indicators are not alarming, they may be consid-
ered during treatment planning to maintain the nutritional
status of people undergoing major rehabilitation procedures.

Previous original research studies and systematic reviews
have suggested that there is weak evidence that prosthodon-
tic treatment can improve dietary intake [40,41]. Therefore,
these tendencies of decrease in indicators of nutrition can
manifest as nutritional deficiencies as the participant ages.
These manifestations can also result in poor general health
and diseases related to nutritional deficiencies. It is also sug-
gested that a majority of patients may adapt to the altered
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Figure 2. Figure showing the mean and standard deviation of (A) Arm circumference measurements at different time points. Asterisks indicate significant differ-

ences between the specific time points and baseline. (B) Percentage of trends.

oral environment and improve their nutritional status and
general quality of life. However, it is also likely that a minority
of the patient is unable to adapt to the altered oral environ-
ment and may find it difficult to adapt to the new oral status
and manifest malnutrition, sarcopenia, or other comorbidities.
It has been recently suggested that chewing is an important
contributor to swallowing function, digestive processes, and
nutritional status [9]. Therefore, efforts should be made to
optimize oral functions after oral rehabilitation procedures
and improve nutritional status in patients that have under-
gone extensive oral rehabilitation procedures. Further, other
screening tools such as Mini nutritional assessment score,
‘Seniors in the Community: Risk Evaluation for Eating and
Nutrition (SCREEN) or other nutritional blood biomarkers (e.g.
Carotenoids) may be better indicators of nutritional status in
these group of patients. The combination of oral rehabilita-
tion with dietary intervention is recommended to improve
dietary intake in older adults [41,42]. Similarly, it is suggested
that older people undergoing major oral rehabilitation proce-
dures may perhaps benefit from dietary advice or dietary
supplements that are customized for this group. These inter-
ventions will help the participants to recover rapidly or main-
tain their nutritional status during the long and at times
invasive oral rehabilitation procedures.

It is quite evident that clinical studies often have limita-
tions, so it is important to acknowledge them. The current

study involved a long exhaustive process of data collection
that involved the compilation of different measurements at
different time points and keeping track of all the partici-
pants. In the current study, the inclusion criteria were people
undergoing a minimum rehabilitation of 8 teeth. Most par-
ticipants had at least seven definite appointments during
their treatment, although treatment time, provisional/tempo-
rary prosthesis duration, and type of oral rehabilitation dif-
fered from person to person. Further, the current study had
no sample size calculation performed before the start of the
study. Therefore, the results of the current study should be
treated with caution and no firm conclusions may be made.
The current study is a preliminary pilot attempt with a rela-
tively smaller sample to finalize the protocols for future lon-
gitudinal studies. However, the statistical test used for the
analysis of the nonparametric data is quite conservative
therefore these results may be preliminary indications for
developing a stronger hypothesis.

Conclusion

The results of the current preliminary study suggest that peo-
ple undergoing extensive oral rehabilitation procedures expe-
rience limitations in jaw function and poor OHRQoL during
the treatment. However, there is an obvious improvement in



jaw function and an increase in OHRQoL after the rehabilita-
tion procedure. Additionally, despite no major changes in
body weight and calf muscle circumference, there was a sig-
nificant decrease in arm circumference at the last recall ses-
sion of the rehabilitation procedure, compared with baseline.
Further, a negative trend was also observed in body weight,
arm circumference, and calf circumference in the majority of
patients, indicating that they may be susceptible to nutri-
tional changes during and after treatment.
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