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Introduction: Fall-related injuries are prevalent in older patients and often lead to increased 
morbidity, medication, and impaired functions. We studied older trauma patients with the aim 
to describe their oral health in comparison to morbidity and medication.
Material and Methods: The study included 198 patients, ≥65 years, admitted with an 
orthopedic trauma. Oral examinations included number of natural teeth, dental implants, 
missing, decayed and restored teeth, root remnants, and pocket depth. Data on comorbidities 
and medication were assembled. Statistical analyses were carried out with logistic regression 
models, adjusted for age, gender, comorbidity, and polypharmacy.
Results: Overall, 198 patients participated, 71% women, mean age 81 years (±7.9), 85% 
resided in their own homes, 86% had hip fractures. Chronic diseases and drug use were 
present in 98.9%, a mean of 6.67 in Charlson comorbidity index (CCI), 40% heart diseases, 
17% diabetes, and 14% dementia. Ninety-one percent were dentate (181), mean number of 
teeth 19.2 (±6.5), 24% had decayed teeth, 97% filled teeth, 44% <20 teeth, and 26% oral 
dryness. DFT (decayed, filled teeth) over mean were identified in patients with diabetes 
(p=0.037), COPD (p=0.048), polypharmacy (p=0.011), diuretics (p=0.007), and inhalation 
drugs (p=0.032). Use of ≥2 strong anticholinergic drugs were observed in patients with <20 
teeth and DFT over mean (p=0.004, 0.003). Adjusted for age, gender, CCI, and 
polypharmacy.
Conclusion: The study showed that impaired oral health was prevalent in older trauma 
patients and that negative effects on oral health were significantly associated with chronic 
diseases and drug use. The results emphasize the importance of identifying orthogeriatric 
patients with oral health problems and to stress the necessity to uphold good oral care during 
a period when functional decline can be expected.
Keywords: oral health, orthogeriatric patients, risk factors, DFT, medication, comorbidity

Introduction
Fall injuries are a global public health problem and affects mainly older people 
(WHO, 2018. Falls). In Sweden approximately 50,000 individuals, 65 years and 
older, are hospitalized due to fall injuries every year and a majority of the affected 
are women, over 85 years (Public Health Agency of Sweden, 2020). Hip fractures 
and other fractures in the lower extremities are common injuries among older 
people and leads to hospitalization and in most cases surgery.1 Socio-economic 
factors, dementia and living conditions have been reported to be the main causes of 
falls that require hospitalization.2–5 Further major risk factors are Parkinson’s 
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disease, dizziness, impaired walking, disturbed balance 
and use of medications.3,6,7 Many who are treated for 
fractures in the lower extremities will become more care- 
dependent in the daily life due to disabilities.8 Help with 
the daily activities and personal care, including oral 
hygiene, is important to avoid deteriorated oral health in 
fragile older individuals.9

Improvement in oral health status has been recorded in 
recent decades in Sweden and teeth retention is common in old 
age10 as well as in other countries.11 Impaired ability to per-
form oral hygiene and reduced salivary flow due to ageing, 
medications and chronic diseases may however increase the 
risk of oral conditions such as caries and periodontitis in older 
individuals.12–15 Associations have also been reported 
between oral diseases and other chronic diseases, such as 
heart disease, stroke, diabetes and dementia and the relations 
become more apparent with increased age.16 Furthermore, 
associations between number of teeth, periodontitis, mastica-
tory function, number of oral health problems and frailty have 
been shown.17 Impaired oral health, especially reduced masti-
catory ability due to a low number of teeth, may interfere with 
eating and thereby negatively affect nutritional status, general 
health status and quality of life.18–20 It has also been reported 
that poor oral health is a risk factor for care associated pneu-
monia in elderly in both hospitals and nursing homes.21 Poor 
oral health status has been reported among older residents in 
nursing homes,22 hospitalized rehabilitation patients,18 and 
community-dwelling dependent older people.23 Barbe et al15 

have reported that oral health is impaired in older orthopaedic 
patients with fall injuries. The knowledge about the oral health 
status in patients urgently admitted with different fractures in 
need of surgery is however limited and need to be further 
studied. These patients represent an old and often frail popula-
tion that frequently will be care-dependent after a fall injury, 
and in need of help with daily activities including oral 
care.24,25

The aims of the present study were to examine the oral 
health status in hospitalized older orthopaedic patients and to 
compare the oral health results with the presence of other co- 
existing health variables such as chronic diseases and 
medication.

Methodology
Data Sources
This cross-sectional study took place at an emergency 
orthopaedic department in a hospital (255 beds) in the 
south of Sweden. The sample population was included 

consecutively during November 2016 to March 2019 
among patients 65 years and older, urgently admitted to 
the department mainly due to fractures in the lower extre-
mities and in need of emergency surgery. During the study 
period 504 eligible patients were admitted to the orthopae-
dic department. Consent to participate in the study was 
given by 240 patients (48%). Of these, 42 patients were 
excluded; five patients later withdrew their consent, four 
were moved to another ward or hospital, two died, two 
patients were below 65 years of age and in 29 patients the 
oral health examination was missing. In total 198 patients 
participated in the study. A drop-out analysis showed no 
statistical differences between gender and age in the 
included participants compared to patients who declined 
to participate.

Study Design
The study included assembly of data from medical records 
and an oral health examination. The patients were given 
written and verbal information about the study procedures 
from the care staff in the department before they decided 
to sign an informed consent. The medical data was com-
piled, by a physician (AKE), from the medical records 
kept for the patients. The oral health examination was 
conducted by two experienced dental hygienists and took 
place in relation to admission and performed in the 
patients’ room at the ward. The patients were either lying 
in their bed (the majority) or sitting in a comfortable chair 
during the examination that was conducted with light 
sources and standard dental instruments according to 
methods applicable in general dental care (WHO, Oral 
health survey. Basic methods. 2013). Calibration of the 
clinical procedures between the two dental hygienists 
was performed before the study and good inter-rater relia-
bility was shown.

Demographic and Medical Data
The retrieved medical data included cause of admission, 
type of fracture or other urgent orthopaedic condition, 
comorbidities, medications, weight, and blood tests (crea-
tinine). Included demographic data were age, gender, and 
whether the patients were community-dwellers or care 
home residents. The participants use of medications prior 
to admission was compiled from their medical records and 
divided into subgroups (see below) according to the drug’s 
potential influence on oral health. Only medications that 
were noted as taken on a regular basis were included. 
Drugs that are previously shown to have a detrimental 
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effect on oral health, caused either by oral dryness or 
through other adverse side-effects, were included.9,26–28

Medications
The regular use of five or more drugs (polypharmacy) and 
ten or more drugs (severe polypharmacy) in the patients 
was analyzed. Drugs included in the analyses were cate-
gorized into groups according to the ATC system 
(Anatomical Therapeutic Chemical classification system) 
as to enable to compare the data with other studies. Drugs 
with potentially adverse effects on oral health, including 
oral dryness, comprised of all the here mentioned groups 
of medications. Among those analysed were diuretics 
(C03), drugs with effects on the renin-angiotensin system 
(C09), proton pump inhibitors (A02BC), antidepressants 
(N06A), antipsychotics (N05A), opioids (N02A), sedatives 
(N05C, N05B), and drugs with strong anticholinergic 
effects with high risk of causing oral dryness (A03AA, 
A03BA, A03AB, A03BB, A03C, A04AD, C01BA, 
G04BD, N02AG, N04A, N05AA, N05AB04, N05AC02, 
N05AF03, N05BB01, N06AA, R05CA10, R06AA02, 
R06AB, R06AD, and R06AX02).9,27–29 Furthermore, 
drugs with anticoagulative effects and potential risk of 
causing increased bleeding tendency (B01A), were also 
analysed.

Co-Morbidity
Several medical conditions and chronic diseases have been 
shown to correlate with negative influence on oral health, 
causing increased risk of developing periodontitis, gingi-
vitis, dental plaque formations and oral dryness with 
reduced saliva quality or production.16,27 We included ear-
lier identified related diagnosis such as diabetes, heart 
disease, dementia, Parkinson, rheumatic disease, and 
chronic obstructive pulmonary disease (COPD) in this 
study. Since kidney diseases and kidney dysfunction are 
common conditions in the older population and also 
known to have potentially negative effects on oral 
health30,31 an evaluation of renal function was carried out 
based on the estimated glomerular filtration rate (eGFR) 
which was calculated based on gender, age, weight, and 
plasma creatinine at admission.

The Charlson Comorbidity Index (CCI), age-adjusted, was 
used to describe the general morbidity of the patients and the 
mean value was used for comparison between groups.32,33

Oral Health Examination
In the clinical oral examination edentulousness, number of 
natural teeth, dental implants, missing teeth, decayed teeth, 

root remnants, teeth with restorations, pairs of teeth in con-
tact, pocket depth, tooth mobility, gingival bleeding, dental 
plaque, saliva and breath odour were registered. Number of 
teeth was dichotomized into <20 teeth versus ≥20 teeth.34 

Decayed (D) and filled (F) teeth (T) and DFT was used to 
describe the previous and present caries situation (WHO, 
2013). When a carious cavity (tooth or root remnant) was 
apparent by visual inspection (manifest caries) the tooth was 
recorded as decayed. When there was doubt whether the 
tooth was decayed it was registered as free of caries. 
Periodontal pocket depth was assessed using the Ramfjord 
teeth, tooth number 16, 14, 21, 46, 41 and 34.35 When one of 
these teeth were missing an adjacent tooth was assessed in 
respective region of molars, premolars, or incisors. If this 
was not possible the tooth was recorded as missing. Pocket 
depth of ≥4 mm on the mesial, buccal, distal, and lingual 
surfaces was recorded from the free gingival margin to the 
base of the pocket using a millimetre-graded colour-coded 
periodontal probe.36 Oral dryness was measured by the 
nurses at the department by sliding a mouth mirror along 
the buccal mucosa37 and by grading according to the 
Revised Oral Assessment Guide (ROAG).18 The third 
molars were excluded from the clinical examination.

Ethics
The study was performed in accordance with the 
Declaration of Helsinki (Declaration of Helsinki, 2013) 
and permission was given by the Ethics Committee in 
Lund, Sweden (2016–199). Approval was also received 
by the head of the orthopaedic clinic, the head of the 
trauma unit and the doctor in charge of the trauma depart-
ment. Written informed consent was given by the partici-
pating subjects and when needed, due to cognitive 
impairment, from next of kin representing the patient. 
Patients who were unable to cooperate for the oral status 
examination and those who could not understand the study 
procedure information in Swedish were excluded.

Statistical Analysis
Descriptive statistics for each variable were calculated 
using IBM SPSS Statistics version 26. Descriptive data 
were compared with relation to gender and age groups 
(65–79 years and ≥80 years). Data for continuous vari-
ables were presented as mean and standard deviation (SD), 
and categorical data as proportions (%). Continuous data 
was compared between groups with an unpaired Student’s 
t-test while a χ2-test or Fishers’ exact test was used for 
comparison of categorical data. Stepwise logistic 
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regression analysis was applied to explore any associations 
between the independent clinical variables (diseases and 
drugs) in relation to oral health variables in patients with 
natural teeth: less than 20 teeth, pocket depth of 4 mm or 
more and DFT over mean 15 (dependent variables). 
Adjustments were made separately for possibly confound-
ing factors such as age, comorbidity (CCI), and gender. 
One variable was also adjusted for polypharmacy: the use 
of two or more drugs with strong anticholinergic effects. 
These possible confounders were all included in the final 
multivariate regression model. Odds ratios (OR) with 95% 
confidence intervals (CI) were estimated to identify if any 
significant differences were present between the analysed 
oral health variables and the exposure to diseases or med-
ications. P-values <0.05 and when the 95% confidence 
interval excluded 1.0 were regarded as statistically 
significant.

Results
The sample consisted of 198 patients (71% women) 
urgently admitted to an orthopaedic ward, Table 1. Mean 
age was 81 years (SD 7.9, range 65−100 years) and was 
the same for women and men. The patients were dichot-
omized into two age groups, based on the mean age and 
the mean survival age in Sweden (81 years in 2018), with 
age group 80 years and older represented in 59% of the 
sample (Table 1). Most of the patients were living in their 
own apartments or houses before admission while 15% 
lived in nursing homes (14% of the women and 17% of the 
men). After adjustments for age, gender and CCI there was 
no significant differences in oral health status found 
between community-dwelling participants and residents 
in nursing homes.

The majority of the patients were urgently admitted to 
the hospital with fractures of the lower extremities and 

Table 1 Baseline Characteristics, Total and in Relation to Gender and Age Groups, 198 Patients, Number of Patients (%)

Variable Total Women Men p-value 65–79 Years ≥80 Years p-value

N=198 N=140 (71) n=58 (29) N=82 (41) N=116 (59)

Comorbidities

Dementia 28 (14) 19 (15) 9 (15.5) 0.721 6 (7) 22 (19) 0.021
Diabetes mellitus 33 (17) 18 (13) 15 (26) 0.025 15 (18) 18 (15.5) 0.606

Heart disease 79 (40) 50 (36) 29 (50) 0.062 23 (28) 56 (48) 0.004
COPD 24 (13) 17 (13) 7 (13) 0.879 8 (10) 17 (15) 0.307
RA 12 (6) 12 (9) 0 (0) 0.021 6 (7) 6 (5) 0.533

CCI >mean, 6.67, age-adjusted 98 (50) 68 (49) 30 (52) 0.686 17 (21) 81 (70) NA

Medications

Number of drugsa

Mean (SD) 6.8 (4.5) 6.9 (4.6) 6.7 (4.3) 0.746 6.4 (4.6) 7.2 (4.3) 0.219

Polypharmacyb 5 130 (66) 91 (65) 39 (67) 0.762 48 (58) 82 (71) 0.076

Polypharmacyb 10 46 (23) 34 (24) 12 (21) 0.586 18 (22) 28 (24) 0.720
Diuretics 71 (36) 49 (35) 22 (38) 0.746 21 (26) 50 (43) 0.016
Antipsychotics 14 (7) 8 (6) 6 (10) 0.360 4 (5) 10 (9) 0.404

Opioids 19 (10) 14 (10) 5 (9) 0.764 6 (7) 13 (11) 0.360
Anticoagulants 98 (49.5) 65 (46) 33 (57) 0.180 32 (39) 66 (57) 0.013
Antidepressants 48 (24) 38 (27) 10 (17) 0.139 18 (22) 30 (26) 0.527

PPI 57 (29) 43 (31) 14 (24) 0.352 28 (34) 29 (25) 0.161
Inhalation drugsc 36 (18) 25 (18) 11 (19) 0.854 16 (19.5) 20 (17) 0.683

ACE/ARB 63 (35) 43 (34) 20 (37) 0.681 25 (32) 38 (37) 0.432

Sedatives 52 (29) 38 (30) 14 (26) 0.587 18 (23) 34 (33) 0.120
Anticholinergicsd 20 (10) 15 (11) 5 (9) 0.070 7 (8.5) 13 (11) 0.782

Use of ≥2 drugs with strong anticholinergic 

effect

14 (7) 13 (9) 1 (2) 0.656 5 (6) 9 (8) 0.539

Notes: aUsed on a regular basis, drugs as per needed are not included. bPolypharmacy 5, defined as use of 5 or more drugs regularly and severe polypharmacy defined as use 
of 10 or more drugs regularly. cDrugs used for obstructive lung diseases. dDrugs with strong anticholinergic effects. P-values of <0.005 are presented in bold text. 
Abbreviations: NA, not applicable; COPD, chronic obstructive pulmonary disease; RA, rheumatoid arthritis; CCI, age adjusted Charlson comorbidity index; PPI, proton 
pump inhibitors; eGFR, estimated glomerular filtration rate; ACE/ARB, angiotensin converting enzyme inhibitor/angiotensin II receptor blocker.
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needed surgery. Fractures of the hip or femur were present 
in 171 patients (86%), with fractures of tibia occurring in 
24 of the patients, while three patients needed amputation 
of the lower limb due to acute severe vascular insuffi-
ciency. After adjustments for age, gender and CCI there 
was no significant differences in oral health status found 
between patients with hip fractures compared to those with 
other fractures or vascular insufficiency.

Comorbidity
The evaluation of the patients’ comorbidity, using the age 
adjusted Charlson comorbidity index (CCI), resulted in 
a mean value for all participants of 6.67 (SD 2.8, range 
1–15), with no difference seen between sexes. More than 
40% of the patients suffered from heart diseases, 50% 
had moderate to low renal function and all but two 
patients (99%) had one or more chronic diseases. In the 
older participants dementia, heart disease, and 
Parkinson’s disease (not in table) were significantly 
more often present than in the younger patients, 
p=0.021, 0.004 and 0.023 respectively. Diabetes mellitus 
was more frequent in male participants (p=0.025) 
whereas rheumatoid arthritis was more often observed 
in women (p=0.021). Moderate to low kidney function, 
defined as eGFR (estimated glomerular filtration rate) 
lower than 60 mL/min, was present in 99 patients 
(50%) and the mean eGFR value of all patients was 
50.9 mL/min (SD 21.0). An eGFR lower than 30 mL/ 
min (severe renal dysfunction) was present in 13 
patients (7%).

Medication
The mean number of drugs used regularly at admission 
was 6.8 (SD 4.5, range 0–25) with no significant differ-
ences between gender or age groups concerning the use of 
multiple drugs and only two patients did not use any drugs 
regularly. The number of patients treated on a regular basis 
with five or more drugs (polypharmacy) was 130 (66%) 
and severe polypharmacy, treatment with ten or more 
drugs, was present in 23% of the patients (Table 1).

There was no significant difference in the use of strong 
anticholinergic drugs between sexes or age groups and 
neither was there a difference in the use of multiple antic-
holinergic drugs. Treatment with inhalation drugs for 
COPD and other obstructive lung diseases was seen in 
36 patients (18%) whereas the number of patients diag-
nosed with obstructive lung diseases was 24 (13%).

In the older group of patients, ≥80 years, the use of 
diuretics and anticoagulants were more frequent than in 
the younger participants, p=0.016 and 0.013 respectively 
(Table 1). A large part of the population, 50.5% (98 
patients), was treated with drugs used for reducing blood 
clotting and therefore with a potential risk of increased 
oral bleeding. In the whole population 28% were treated 
with antiplatelet drugs and 21% with anticoagulants (not in 
table).

Oral Health Status
In the study population (n=198) 17 patients (9%) were 
edentulous and this was more frequent, 12%, in the older 
than in the younger patients, 4% (p= 0.037), but no sig-
nificant difference was found between sexes. Natural teeth 
were present in 181 (91%) of the patients and they had 
a mean age of 81 years, 127 were women (70%) and 22 
(12%) were nursing home residents. The mean number of 
natural teeth per patient was 19.2 (SD 6.5, range 2–28). 
The patients in the younger age group had in mean 20.5 
(SD 6.5) natural teeth compared to 18.2 (SD 6.4) in the 
older patients (p=0.020) (not in table).

Almost all (97%) of the dentate patients had one or 
more (range 1–26) missing teeth. In 21 patients (12%) 
missing teeth were replaced with dental implants (range 
1–12). Decayed teeth (range 1–17) were found in 24% of 
the patients, of which one single decayed tooth was pre-
sent in 52% of them. Also, the majority of the patients 
(97%) had one or more filled teeth (range 1–28). In 
Table 2 is shown that fewer than 20 teeth were present 
in 44% of the dentate patients and that DFT was in mean 
14.8 (SD 5.8). Furthermore, a CCI score over mean was 
associated with a DFT score over mean, p=0.002. 
Periodontal pocket depth of ≥4 mm was measured in 
81% of the patients (Table 3) and the mean pocket depth 
was 5.3 (SD 5.1). Oral dryness was present in 26.5% of 
the patients (missing data n=11) and was more common in 
the older patients (p=0.003), no difference was seen 
between sexes. It was also significantly more frequently 
seen in patients with a CCI score higher than the mean, 
p=0.037.

Regression Analysis
As shown in Table 3, when data was adjusted for the 
possible confounders age, gender, CCI and, where appro-
priate, polypharmacy, probable associations were seen 
between the occurrence of a DFT over mean and both 
diabetes and COPD (p-values 0.037 and 0.048). Also, in 
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Table 2 Oral Health Status in Dentate Patients, Total and in Relation to Gender and Age Groups (n=181).

Variable Total Women Men p-value 65–79 Years ≥80 Years p-value

N=181 N=102 N=54 N=79 N=102

<20 teeth, n (%) 80 (44) 57 (45) 23 (43) 0.777 29 (37) 51 (50) 0.074

Decayed teeth mean (SD) 0.7 (1.9) 0.6 (1.9) 0.9 (2.1) 0.421 0.6 (2.2) 0.7 (1.7) 0.786
Missing teeth mean (SD) 8.8 (6.5) 8.5 (6.3) 9.5 (6.9) 0.319 7.5 (6.5) 9.8 (6.4) 0.020
Filled teeth  

mean (SD)

14.1 (6.1) 14.7 (5.8) 12.9 (6.6) 0.080 15.0 (6.1) 13.5 (6.1) 0.090

DFT mean (SD) 14.8 (5.8) 15.3 (5.5) 13.8 (6.3) 0.114 15.7 (5.6) 14.2 (5.9) 0.089

Pocket depth ≥4 mm, mean (SD) 5.3 (5.1) 4.8 (4.7) 6.6 (5.8) 0.029 5.5 (5.1) 5.2 (5.1) 0.701

Note: P-values of <0.005 are presented in bold text. 
Abbreviations: SD, standard deviation; DFT, Decayed Filled Teeth.

Table 3 Oral Health Status in Dentate Patients, in Relation to Comorbidities and Medications (n=181)

Variable Number of Teeth Pocket Depth DFT

< 20 Teeth ≥ 4 mm > Mean 15

N= 80 (44%) N= 147 (81%) N= 94 (52%)

Comorbidities

Diabetes 0.58 (0.25–1.39) 0.68 (0.21–2.22) 0.37 (0.15–0.94)
p-value 0.224 0.520 0.037

Heart disease 1.26 (0.64–2.44) 0.38 (0.15–0.95) 0.99 (0.51–1.94)

p-value 0.505 0.039 0.997
Dementia 0.82 (0.32–2.07) 0.89 (0.27–2.93) 0.75 (0.29–1.96)

p-value 0.673 0.849 0.556

COPD 0.33 (0.13–0.83) 1.03 (0.32–3.35) 0.36 (0.13–0.99)
p-value 0.019 0.961 0.048

Medications

Polypharmacy ≥5a 0.62 (0.31–1.24) 0.56 (0.24–1.28) 0.40 (0.20–0.81)

p-value 0.176 0.167 0.011
Diuretics 0.62 (0.32–1.20) 0.32 (0.12–0.86) 0.39 (0.20–0.78)

p-value 0.158 0.023 0.007
Anticoagulants 1.13 (0.60–2.12) 0.47 (0.21–1.07) 0.77 (0.41–1.44)

p-value 0.710 0.073 0.414

Inhalation drugsb 0.29 (0.12–0.67) 1.97 (0.80–4.85) 0.41 (0.18–0.93)

p-value 0.004 0.138 0.032
ACE/ARB 1.65 (0.87–3.14) 0.63 (0.27–1.46) 0.61 (0.32–1.15)

p-value 0.128 0.286 0.127

Sedatives 0.78 (0.39–1.54) 0.67 (0.27–1.65) 0.57 (0.28–1.14)
p-value 0.468 0.382 0.113

Anticholinergicsc 0.49 (0.14–1.64) 0.71 (0.14–3.46) 0.62 (0.19–2.07)
p-value 0.245 0.669 0.440

Use of ≥2 AC drugsd,* 0.32 (0.15–0.70) 1.76 (0.71–4.34) 0.31 (0.14–0.66)

p-value 0.004 0.149 0.003

Notes: aPolypharmacy, defined as use of 5 or more drugs regularly. bInhalation drugs used for obstructive lung diseases. cDrugs with strong anticholinergic effect. dPatients 
using two or more drugs with strong anticholinergic effect. All variables were adjusted for age, gender, and comorbidity index (CCI), and the variable marked with *was also 
adjusted for polypharmacy. Values presented as OR (95% CI). P-values of <0.005 are presented in bold text. 
Abbreviations: OR, odds ratio; CI, Confidence interval; COPD, chronic obstructive pulmonary disease; RA, rheumatoid arthritis; CCI, Charlson comorbidity index; eGFR, 
Estimated glomerular filtration rate; ACE/ARB, angiotensin-converting enzyme inhibitors/angiotensin II receptor blockers; AC, strong anticholinergic drugs.
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patients treated with inhalation drugs for COPD fewer 
teeth, less than 20, was significantly more often observed, 
p-value 0.004.

The drug regimens that had probable significant asso-
ciations with various aspects of impaired oral health, were 
mainly polypharmacy, diuretics, inhalation drugs used for 
COPD, and use of two or more drugs with strong antic-
holinergic effects. Both number of teeth fewer than 20 and 
a DFT over mean value were significantly more often 
prevalent in patients treated with two or more strong antic-
holinergic drugs (p-value 0.004 and 0.003 respectively). 
A significantly higher presence of pocket depth of 4 mm 
and over were seen in both patients with heart diseases and 
in those using diuretics, p-values 0.039 and 0.023 
respectively.

Discussion
Among the results of this descriptive cross-sectional study 
in older hospitalized orthopaedic patients were that most 
of the patients had impaired oral health and nearly 
a quarter of them needed dental care due to manifest 
visible caries. Furthermore, probable associations were 
found between impaired oral health and heart diseases, 
diabetes, and COPD as well as treatment with diuretics, 
inhalations, polypharmacy, and two or more strong antic-
holinergic drugs.

This study covers, to our present knowledge, a seldom 
described population consisting of older people mainly 
living in their own homes, who were urgently admitted 
after a traumatic incidence leading to major fractures and 
in need of surgery. The study population encompassed 
a vulnerable category of patients due to the risk of com-
plications associated with oral health problems, such as 
post-operative wound infections and delayed wound heal-
ing. The study also contributes to an enhanced knowledge 
of a mixed older population´s oral health and was carried 
out in collaboration between medical and dental care 
professionals.

Oral Health
A considerable amount of dental care had been performed 
in 97% of the patients during the previous years as evi-
denced by both extracted missing teeth and the quantity of 
existing teeth with restorations. A large proportion of the 
patients had deep periodontal pockets (81%) and in 
a quarter of the patients manifest visible caries was pre-
sent, indicating a current need for dental care. However, 
due to the clinical settings no radiographic examination 

necessary for caries diagnostics in hidden tooth surfaces 
could be performed. It is therefore likely to assume that 
the occurrence of manifest caries was underestimated in 
this population. DFT was in this study in mean 15.7 in the 
age group 65–79 years and somewhat lower, 14.2, among 
those 80 years and older. This reduction is probably an 
effect of the fact that the older participants had fewer teeth. 
Compared to the findings in a Norwegian study38 where 
DFT was 14.6 in the ages 65–79 years and 12.2 in 80–94 
years this corresponds rather well with our study.

During the last decades preventive efforts in dentistry 
has been performed and dental diseases have decreased 
among adults in many countries.39 This important work 
has resulted in more remaining natural teeth in the older 
Swedish population.10 Even though both older people liv-
ing in their own homes as well as nursing home residents 
were included in this study, as many as 91% had remain-
ing natural teeth. The presence of natural teeth in old age 
has been shown to have a positive effect on both eating 
and quality of life,40,41 and it is therefore important to keep 
natural teeth in good condition for as long as possible. In 
this study 44% of the patients had less than 20 teeth, which 
is likely the limit for maintaining good chewing ability.34 

However, when comorbidities become more frequent and 
functional abilities decline the need for oral care assistance 
increases.42 In a study on frail older residents in nursing 
homes (mean age 85 years) as many as 79% had fewer 
than 20 teeth and in mean they had 14.8 teeth,22 which can 
be compared to 19.2 natural teeth in the patients in this 
study. This indicates an expected deterioration in the 
chewing ability when older persons become frailer and in 
need of nursing home care. Furthermore, this shows that 
efforts from both nursing care and dental care personnel to 
identify patients with poor oral health in hospital settings 
may be of future benefit in this group of patients, espe-
cially as the functional capacity to perform oral hygiene 
may be reduced, temporarily or permanently.

Oral Dryness
Oral dryness is a frequently occurring problem in older 
patients and can have a negative impact on both nutrition 
and quality of life. We found that 26.5% of the patients 
had oral dryness, measured by the nurses by sliding 
a mouth mirror along the buccal mucosa. This is 
a somewhat blunt method, but the otherwise commonly 
used clinical method of five minutes stimulated saliva 
sampling,43 was not considered applicable in these patients 
due to pain, nausea, and other difficulties to cooperate 
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because of the trauma. It is therefore not improbable to 
assume that oral dryness was underestimated and that 
more of the study patients had problems with a dry 
mouth. Hyposalivation measured by stimulated saliva 
was reported in 33.5% in a systematic review including 
mixed populations (community dwellings and nursing 
homes) of 60 years and older (range 60–100 years),44 

which is somewhat higher than we found. It is well 
known that oral dryness may be a side-effect from drug 
treatment and that drugs can have a negative impact on 
oral health have been shown in several studies.45–47 The 
selection of drugs analysed in this study was based on their 
probable tendency to negatively affect the production of 
saliva and we also found a probably significant association 
between impaired oral health and polypharmacy as well as 
with treatment with anticholinergic drugs when given in 
a combination of two or more.

Comorbidity
In older populations multi-morbidity as well as polyphar-
macy is frequent48 which is consistent with the results of 
this study. The older patients admitted to the orthopaedic 
department had a high prevalence of comorbidity and used 
multiple medications. When analysing comorbidity in the 
participants, we applied the frequently used age adjusted 
Charlson comorbidity index, a validated instrument for 
measuring and grading comorbidity.32,33,49 The index 
score ranges from 0 to 37 points and evaluates the pre-
valence and degree of chronic diseases. Findings in this 
study can be compared to those of a study by Jiang in 
201850 where over 1000 hip fracture patients were ana-
lysed regarding their CCI and they found that a mean 
value of over 6 was both severe and associated with an 
increased 5-year mortality risk. The mean value of 6.67 in 
our study indicates that the participants were indeed multi- 
morbid and had a considerably heavy disease burden.

Among the complications that can accompany ortho-
pedic surgery are delayed wound healing51,52 and wound 
infections,53,54 both superficial and deep infections. These 
nosocomial infections can be deleterious to older orthoger-
iatric patients and even cause premature death. Since mal-
nutrition in connection with impaired oral health is 
especially frequent in older multi-diseased patients the 
risk of complications and care-related infections in our 
group of patients were high.

The occurrence of chronic diseases among the study 
patients which is known to negatively affect oral health 
was frequent, with 40% suffering from heart diseases and 

17% from diabetes. Also, other chronic diseases that can 
have detrimental effects on oral health were present such 
as dementia (14%), obstructive lung diseases (13%) and 
rheumatoid arthritis (6%) whereas 50% presented with 
moderate to low renal function. Previous studies55,56 

have reported an association between missing teeth and 
COPD, which was also found in this study. We found 
a significant association between COPD in the dentate 
patients and the presence of fewer than 20 teeth or 
a DFT of over the mean, (p = value 0.019 and 0.048 
respectively). However, as the occurrence of COPD is 
closely related to smoking it is a limitation to the study 
that data on smoking habits were not collected, which 
would have been an important confounding factor to 
include in the analysis. However, the demographic profile 
of the patients showed no differences in occurrence of 
COPD between sexes or age groups suggesting that smok-
ing did not have a major role among the participants. 
Drugs that are used to treat obstructive lung symptoms, 
accompanying COPD, work through different pathways: 
anticholinergic effects, beta-adrenergic receptor stimulat-
ing effects, or with anti-inflammatory effects, and are often 
used in combinations. Both expected effects and side- 
effects of these drugs can cause impaired oral health. For 
example, inhaled corticosteroids can give rise to oral fun-
gal infections57 and anticholinergic drugs and beta- 
adrenergic drugs can cause oral dryness and reduced saliva 
production.28,58

The study population consisted of older patients, mean 
age 81 years, with a high number of chronic diseases, 
demonstrated by a high mean score on the Charlson 
comorbidity index. Older patients are more susceptible to 
adverse effects from drugs including dry mouth and hypo-
salivation, changes in taste, oral candidiasis and other 
infections affecting the oral mucosa.59 Among the study 
participants 66% were using five drugs or more, which is 
the definition of polypharmacy. Only two patients did not 
use any drugs regularly and described themselves as 
healthy.

Limitations and Strengths
However, this study did meet with some limitations which 
has been mentioned in part earlier in the text. A number of 
patients were not included in the study due to mainly 
cognitive dysfunction, even so 14% of the included parti-
cipants were diagnosed with dementia. Another fact that 
can have impact on the results are that only drugs that 
were used at admission were included in the analysis and 
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that we did not have access to information on for how long 
the drugs had been used before hospitalization. Important 
to note is also that only medications used on a regular 
basis were included in the analyses since feasible informa-
tion on usage of drugs prescribed only as per needed are 
difficult to collect in traumatized patients. Even so, the 
rationale for only including drugs taken on a regular basis 
was to ascertain that the drugs most probably were used 
and thereby increase the consistency of the results. 
However, as shown in studies on medication in older 
patients it is likely that more patients were for example 
using hypnotics and sedatives on a daily basis rather than 
infrequently (per needed) as prescribed.60,61 This may 
result in us underestimating the negative effects on oral 
health caused by these groups of drugs, rather than over-
estimating it.

On the other hand, this study presents several results 
that can provide valuable information on how to identify 
oral health problems in older hospitalized patients as well 
as to indicate possible pathways to improve oral care after 
discharge. Therefore, oral health should be considered to 
be included in the assessment of health risk factors in frail 
older patients in hospital settings.62

Among the strengths of this study is that it represents 
a mixed orthogeriatric population with different back-
grounds and with varied experience of dental care, they 
also come from different living conditions and have varied 
care needs. This may increase the possibility to generalize 
from the extracted data and to apply the results found in 
the study to a wider range of older patients. Although data 
for this study did not include causes or risk factors of the 
falls leading up to the fractures we did analyse if there 
were any associations between the type of fracture and the 
oral health variables and found no significant links.

In Sweden, dental hygienists are licensed and work 
independently with oral examinations in all age groups.63 

Two experienced dental hygienists performed all the oral 
examinations and they calibrated their examination techni-
ques and data collection before the study started. The exam-
inations were carried out using established methods in 
dentistry, this we consider an important strength of the 
study leading to reliable data that are possible to replicate.

The age adjusted Charlson´s comorbidity index was 
used to present the overall chronic morbidity in the study 
population and since this method of describing the burden 
of comorbidity has been used within several research areas 
it may facilitate the comparison of our results with other 
studies. The CCI score aided to describe their need for 

intensified actions in evaluating and assisting them with 
their oral care during hospitalisation as well as after dis-
charge. It was also used as a confounding factor to adjust 
for the presence of comorbidities in the participants.

The use of medications was methodically examined by 
a physician experienced in medication reconciliation pro-
cedures and the drugs were divided into different medica-
tion classes according to the ATC-classification codes 
established by the WHO and thereby reproducible and 
comparable to other studies. Data of included drugs were 
drawn from the medical records and a drug reconciliation 
process had preceded the data collection.

The study was conducted in hospital settings and was 
carried out in collaboration between medical care person-
nel and dental care professionals. This teamwork we found 
to be favourable from an educational aspect and helped to 
increase the general awareness of oral care in these 
settings.

Further studies are wanted in older hospitalised trauma 
patients in need of surgery to establish how to identify 
their need for oral health care during their in-hospital stay 
and how to establish and communicate their future need 
for dental and oral care. Of great interest is also to study 
whether improved oral care both during the hospitalisation 
and after the discharge, can reduce the risk of post-surgery 
complications such as wound infections and delayed 
wound healing.

Conclusions
The study showed that impaired oral health was prevalent 
in older trauma patients and that negative effects on oral 
health were significantly associated with chronic diseases 
and drug use. The results emphasize the importance of 
identifying orthogeriatric patients with oral health pro-
blems and to highlight the necessity to uphold good oral 
care in a period when functional decline can be expected.
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