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Predictors of oral health after spinal cord injury

AL Sullivan1, JH Bailey2 and DS Stokic3

Study design: Cross-sectional study.
Objectives: To examine predictors of oral health in people with spinal cord injury (SCI).
Methods: Ninety-two people with SCI (X6 months, 44% cervical level) completed questionnaires and underwent oral examination.
Socio-economic, injury-related and oral habits variables were used for predicting Oral Health Score (OHS); Decayed, Missing and
Filled Teeth (DMFT) score; and Periodontal Screen and Recording Index (PSR).
Results: Most people with SCI were able to bring at least one hand to the mouth (82%) and brush teeth independently (65%).
Regarding daily oral habits, 84% reported brushing teeth, 48% rinsing mouth, 14% flossing, 33% tobacco use and 13% mouthstick
use. Only 32% had teeth cleaned within the past year. Oral examination revealed three decayed and eight missing teeth on average,
with prominent periodontal disease (64%). Employment before SCI and more risky oral habits were significant predictors of worse
OHS (P¼0.005 and P¼0.014, respectively) and PSR score (P¼0.010 and P¼0.035, respectively). Older age was the only
predictor of worse DMFT score (Po0.001).
Conclusion: Oral health appears compromised in people with SCI. Identification of modifiable risk factors warrants examination
whether intervention with focus on behavioral changes may improve oral health in this population.
Spinal Cord (2013) 51, 300–305; doi:10.1038/sc.2012.167; published online 8 January 2013
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INTRODUCTION

Prevention of secondary complications and promotion of a healthy
lifestyle are the major goals for the aging population of people with
spinal cord injury (SCI). The emphasis has been put on prevention of
diseases common in the general population (diabetes, cardiovascular
disease) in addition to those specific to SCI (respiratory, urinary, skin,
bone). However, comparably little is known about the oral health in
people with SCI. This seems relevant because of a strong link between
oral health and overall health,1 as also indicated by association
between dental hygiene, markers of systemic inflammation and
cardiovascular disease.2–4

Several risk factors for poor oral health in the general population
may also pertain to people with SCI. With advanced age more dental
problems arise.5 Oral hygiene and frequency of dental visits tends to
be worse in men than women.6 Oral hygiene differs among certain
races and ethnic groups,7 with African-Americans reporting higher
rates of unmet needs for oral health care.8 Low socio-economic status
is associated with tooth loss9 and tooth decay.10 Thus, the typical
demographic and socio-economic profile of people who sustained
SCI puts the majority at an increased risk for developing oral and
dental problems.
Additional factors unique to the SCI population may heighten their

risk for developing oral diseases. Tobacco use, specifically smoking, is
common in people with SCI.11 Smoking impedes the ability to heal
soft tissue and bone, which, in combination with an increased
number of periodontal pathogens found in smokers, can contribute

to periodontal disease.12–14 Also, smokeless tobacco use results in
recession of the gums and tooth root exposure causing periodontal
breakdown and risk for decay.14 Upper limb weakness, impaired
mobility and environmental barriers limit the ability of people with
SCI to carry out proper oral hygiene on their own15 or make regular
dental visits,16 which was found associated with worse oral health in
the general population.17,18 Use of a mouthstick for driving and
controlling devices may contribute to occlusal and oral tissue
trauma19 and promote the growth of bacteria. Altered mood and
depressive symptoms are prevalent in people with SCI,20 and
depressed individuals are at higher risk for developing
periodontitis21 and have worse dental health.22 Besides anti-
depressants,23 widespread use of anti-cholinergic agents in people
with SCI can cause a decrease in salivary flow,24 leading to an
increased rate of decay, periodontal disease and oral infection.25

Despite converging evidence of a potentially increased risk for
developing oral and dental problems in people with SCI, the literature
on this topic is scarce. In a study that recruited 16 people with
tetraplegia sustained 48 years earlier, Stiefel et al.26 reported that
those who were dependent tended to have more plaque and gingivitis
than those brushing independently. In a separate study, moderate-to-
poor oral hygiene and increased plaque and gingivitis were also found
in most of the 12 people with tetraplegia examined within 2 years of
SCI.27 Based on a mailed survey, Yuen et al.28 concluded that people
with SCI were less likely to have annual dental cleaning, and identified
physical barriers and fear of dentists as two factors associated with less
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frequent visits. Sullivan29 recently reported that people with SCI are
largely unaware of their dental problems.
The objective of this study was to broaden knowledge about the

status and predictors of oral health in people with SCI. The specific
aims were (1) to determine oral health status in a larger and diverse
sample of people with SCI and (2) to identify which non-modifiable
and modifiable factors are significant predictors of oral health in the
same population. Factors considered during the development of
conceptual model for this study included demographic and socio-
economic characteristics, behavioral factors (oral hygiene, nutrition,
tobacco use), motor impairments (arm function), psychological well-
being (adjustment, mood, support network), general physical health
(pressure sores, urinary infections), co-morbidities (oral disease,
diabetes), mediation use (anti-cholinergic drugs) and access to care
(insurance, barriers). Considering previous findings in the general
population and specifics of SCI, we hypothesized that the significant
predictors of oral health may be found among advanced age, African-
American ethnicity, less favorable socio-economic status, higher SCI,
more severe upper limb involvement, frequency of urinary tract
infections and greater number of oral habits constituting a risk for
oral health. The results may guide future research toward develop-
ment and evaluation of treatment and prevention programs specifi-
cally tailored to the SCI population.

MATERIALS AND METHODS
The study participants were recruited among the SCI population who received

care at Methodist Rehabilitation Center, the major provider of comprehensive

rehabilitation for SCI in Mississippi. The subjects screened for the study were

the current inpatients, those scheduled for out-patient visits, and residents of

Methodist’s Specialty Care Center, a long-term residential facility for severely

impaired individuals. The inclusion criteria were (1) SCI sustained at least

6 months before enrollment; (2) ability to communicate and cooperate with a

dental examination; and (3) signed consent form by the participant or proxy.

The exclusion criteria were (1) joint replacement within 2 years; (2) history of

infectious endocarditis; (3) surgical repair of congenital heart defect; and (4)

artificial heart valve implant, as a precaution to avoid potential spread of

bacteria after placing a periodontal probe below gingiva. Eligible subjects were

approached in a private room by the lead study investigator who described the

study, obtained the consent, administered surveys, and performed a dental

examination. The study was approved by the Institutional Review Board for

Human Research of the involved institutions.

Survey instrument
The survey was developed through a consensus of a dentist, dental hygienist,

rehabilitation researcher, rehabilitation nurse, occupational therapist and a

statistician. The survey inquired about socio-demographic status, SCI-related

status and dental status.

The socio-demographic variables were age, race, county of residence and

socio-economic status (education level, current and past vocational status and

household income). The SCI-related variables were date and level of injury,

living situation, functional mobility, community mobility, health status

including history of pressure sores and urinary tract infections, current

medications and satisfaction with life.30 The upper limb capacity was

evaluated based on self-perceived ability to bring at least one hand to

mouth and oral hygiene independence measure. The latter referred to a

teeth brushing task and used a grading scheme of the functional independence

measure. Additional questions included the use of tobacco products and the

use of a mouthstick for controlling devices. Finally, the survey inquired about

daily brushing, flossing and use of mouth rinse, and time since last

professional teeth cleaning.

Assessment of oral health
Oral health was assessed with three commonly used dental scales. The Oral

Health Score (OHS) was selected because it is easily administered and provides

patient perception of oral health that is considered valid.31 The OHS asks eight

questions about comfort in the mouth and the perception of caries (decay),

dental wear, periodontal (gum and bone) disease, occlusion, mucosa and

dentures, if applicable. The questions are variably scored from 0 up to 20 for a

total OHS score from 0–100. A score of 490 indicates ‘good oral health,’

80–90 ‘not that bad oral health,’ 70–80 ‘treatment is needed’ and o70

‘immediate care is necessary.’

The Decayed, Missing and Filled Teeth (DMFT) score is based on evaluation

by a dental professional and has been widely used in surveys as a simple means

of evaluating dental status.32 The scoring is based on 32 teeth and the status of

each tooth is noted (D, M or F). The total DMFTscore represents the aggregate

number of decayed (D), missing (M) and filled (F) teeth.33 In addition to the

total DMFT score, we also analyzed the D score and F score separately because

present or past decay indicates the need for treatment.

Periodontal disease was measured by the American Dental Association’s

Periodontal Screen and Recording Index (PSR). This ordinal scale evaluates the

presence of supragingival calculus (tarter build up above the gums),

subgingival calculus (tarter build up below the gums), pocket depths of

4–5mm, pocket depths of 6mm and more, gingival bleeding after probing,

gum recession (loss of gums), abscess and edentulism (loss of teeth).34 Each of

the six sections (sextants) of the oral cavity is assigned a score of 0 for healthy

gums; 1 for bleeding; 2 for calculus/tarter; 3 for shallow gingival pockets; 4 for

deep periodontal pockets; 5 for recession, mobility or mucogingival

involvement; and 6 for complete absence of teeth. The highest (worst) score

among all sextants is taken as the PSR Index.

Statistical analysis
SPSS 16.0 for Windows (SPSS Inc., Chicago, IL, USA) and SAS (SAS Institute

Inc., Carry, NC, USA) were used for statistical analysis. The sample size was

determined assuming the power of 0.8, a level of 0.05, R2 of 0.2, and an entry

of 14 independent variables in the prediction model, which required a

minimum sample of 88. The actual number of participants enrolled was 92.

In preliminary analysis, however, the number of predictor variables was

reduced making the sample size of 92 more than adequate.35

For descriptive purposes, frequency distribution and mean±s.d. were

calculated. Univariate analyses were first conducted to test for co-linearity

among the predictor variables. Based on these results and after eliminating

variables with missing responses (for example, income 25%), the number of

predictor variables entered in the final analysis was reduced from 14 to 9. The

independent variables included in each predictive model were age, gender,

ethnicity, vocational status, level of SCI, upper extremity function, life

satisfaction, number of risky oral habits (not flossing, no professional teeth

cleaning in the past year, daily tobacco use, daily mouthstick use) and

frequency of urinary tract infections requiring antibiotics as a proxy of general

health. For OHS (continuous variable), ordinary least-square linear regression

was used on the raw scores. For DMFT (count variable), Poisson regression

was first considered but later replaced by the negative binomial regression

because the latter provided better goodness of fit (w2 test non-significant,

P¼ 0.173) and the risk ratios were reported. For PSR (ordinal variable),

ordered logistic multinominal regression was performed on raw scores and the

odds ratios were reported.

RESULTS

Sample characteristics
The demographic characteristics of 92 SCI persons included in the
study are shown in Table 1. The mean age was 41 years and the mean
age at injury was 33 years. The majority were men (72%), Caucasians
(55%), with high-school diploma (57%), currently unemployed
(75%) but previously employed (74%), and with an annual income
of o$15 000 (35%). The majority (65%) lived with another person
who helped with care. About the same percentage lived in designated
rural and urban areas of the state.36

SCI affected the cervical region in 44, thoracic in 41 and lumbar in
10 (Table 2). The majority (83%) used a wheelchair for mobility and
38% could drive a car. The mean score on the satisfaction with life
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scale was 2.8 out of a possible 5, with 39% reporting dissatisfaction
with the statement ‘I am satisfied with my life.’ The majority (70%)
reported no health problems unrelated to SCI. Nearly 80% had at
least one urinary tract infection and about a half reported at least one
pressure sore since SCI. Almost all took daily medication and about a
half reported dry mouth.

Findings on oral health survey
In terms of the upper limb capacity (Table 3), 82% reported the
ability to bring at least one hand to the mouth and 65% were able to
brush teeth independently and obtain all associated articles, including
opening toothpaste. As to daily oral habits, 84 reported brushing
teeth, 48 rinsing mouth, 14 flossing, 33 tobacco use and 13 mouth-
stick use. Only 32% of people with SCI reported teeth cleaning within
the past year.

Findings on oral health assessment
The OHS score of 490 (good oral health) was found in 18% of the
SCI sample, 80–90 (not that bad) in 29%, 70—80 (treatment is
needed) in 21% and o70 (immediate care is necessary) in nearly
32%.
Based on the DMFT scale, the SCI persons had on average three

teeth with decay, eight teeth that were missing and four teeth that had
been filled, for an average total DMFT score of 15.
The PSR index was 0 in 9% of the SCI sample (no periodontal

treatment needed), 1 in 2% (slight gingivitis, oral hygiene instructions
needed), 2 or 3 in 12% (professional cleaning and instructions

recommended for calculus or tarter build up) and 4 or 5 in 64%
(deep scaling needed for shallow to deep pockets). Teeth completely
missing in one of the sextants were found in 4% of the sample.

Predictors of oral health
The results of multivariate analysis for OHS, DMFT and PSR as
dependent variables are shown in Tables 4–6. Multiple linear
regression revealed that being employed before SCI (P¼ 0.005) and
more risky oral habits (P¼ 0.014) were the significant predictors of
worse self-perceived oral health (OHS). Negative binomial regression
showed that only older age (Po0.001) was a significant predictor of
the number of DMFT. Finally, ordered multinomial regression
identified again employment status before SCI (P¼ 0.010) and more
risky oral habits (P¼ 0.035) as significant predictors of worse
periodontal health (PRS). Gender and ethnicity were not significant
in any model. Also, none of the selected SCI variables (level, upper
limb capacity to independently perform oral hygiene, satisfaction with
life, frequency of urinary tract infections) emerged as significant
predictors of oral health.

Table 1 Demographic characteristics of the SCI population (n¼92)

Mean age (range) 41 years (18–71)
Mean age at injury (range) 33 years (15–69)

Gender

Male 72%

Female 28%

Ethnicity

Caucasian 55%

African-American 45%

Education

o High-school diploma 30%

High-school diploma 57%

4 High-school diploma 13%

Vocational status

Employed 13%

Unemployed 75%

Retired 7%

Student/homemaker 5%

Living status

Alone 17%

Partner/spouse 65%

Residential facility 17%

Place of residence

Rural 46%

Urban 54%

Abbreviation: SCI, spinal cord injury.

Table 2 SCI and oral health characteristics of the sample

SCI level Cervical 44%

Thoracic 41%

Lumbar 10%

Functional mobility Power wheelchair 39%

Manual wheelchair 44%

Dependent 17%

Car driving ability Independent with no

modifications 19%

With vehicle controls 19%

Unable 60%

Life satisfaction scale, item 3 (‘I am satisfied

with my life’)

Strongly agree 7%

Agree 40%

Neither 14%

Disagree 32%

Strongly disagree 7%

Non-SCI co-morbidities Yes 30%

No 70%

UTI Often/require medication 27%

Once a year 25%

Every couple years 8%

Only after injury 18%

Never 22%

Pressure sores Often/require medication 8%

Once a year 10%

Every couple years 11%

Only after injury 17%

Never 54%

Daily medication take Yes 90%

No 10%

Dry mouth Yes 54%

No 46%

Abbreviation: SCI, spinal cord injury.
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DISCUSSION

This study evaluated oral health in 92 people who sustained SCI at
least 6 months earlier and identified significant predictors of oral
health. Being employed before injury and more risky oral habits
emerged as the two most consistent predictors of worse oral health in
people with SCI, with no influence of factors directly related to SCI
itself.
This study used three well-accepted dental assessment instruments

to evaluate self-perception of oral health and to grade actual dental
and periodontal status in people with SCI. Based on self-perception of
oral health (OHS score), more than a half of SCI subjects (53%)
required treatment or immediate care. This is supported by the
findings of two formal examinations, which revealed three decayed
and eight missing teeth on average (DMFT score) and the need to
perform deep scaling for shallow to deep gingival pockets in the

majority of the SCI population (PSR Index). These results extend
previous observations made in small samples that people with SCI
have increased plaque and gingivitis.27 Of further relevance are
previously reported findings in the same population that people
with SCI are largely unaware of their dental problems.29 Thus, the
majority of people with SCI need to be encouraged to seek preventive
care and dental and periodontal treatments.
The need for better preventive care for people with SCI was

substantiated by the fact that only 32% had a prophylactic teeth
cleaning within the past year. This rate is almost a half of what has
been reported for the general population living in the same area (58%
in 2006, 60% in 2008, 56% in 2010).37 However, valid comparison
between the two groups requires adjustment for some potential
confounders (for example, education, income, urbanicity). These
findings are also in agreement with previous observations made in a
smaller sample that people with SCI are less likely to have annual
dental cleanings.28 The overall results support an intuitive impression
that SCI population is not receiving the recommended prophylactic
dental care. It remains to be determined, however, whether receiving

Table 3 Upper limb capacity and oral health characteristics of the

sample

Hand-to-mouth ability Able 82%

Unable 18%

Oral health independence Independent 65%

Needs set up/supervision 12%

Needs special device/extra time 8%

Dependent 15%

Daily oral habits Brush 84%

Floss 14%

Mouth rinse 48%

Tobacco use 33%

Mouthstick use 13%

Last tooth cleaning 4 1 year ago 68%

p 1 year ago 32%

Table 4 Ordinary multiple linear regression model for OHS variable

(lower OHS score indicates worse oral health)

Model Unstandardized

coefficients

Standardized

coefficients

t P-

value

b s.e. b

Constant 66.72 15.42 4.33 0.000

Age (young-to-old) 0.085 0.16 0.059 0.53 0.600

Gender (male-1, female-2) �3.21 5.30 �0.065 �0.61 0.547

Ethnicity (Caucasian-1,

AA-2)

�2.90 4.74 �0.066 �0.61 0.544

Employed before SCI (yes-

1, no-2)

15.98 5.58 0.325 2.86 0.005

Level of SCI (low-to-high) 0.414 0.39 0.128 1.05 0.295

Arm function (more-to-less

function)

�4.72 7.25 �0.084 �0.65 0.517

Life satisfaction (ideal-to-

worse)

0.412 0.56 0.081 0.73 0.465

Risky oral habits (number) �6.72 2.68 �0.279 �2.51 0.014

UTI frequency (number) 1.42 1.54 0.102 0.924 0.358

Abbreviations: AA, African-American; OHS, Oral Health Score; SCI, spinal cord injury.
Significant associations are shown in bold.

Table 5 Negative binomial regression model for DMFT variable

(higher DMFT score indicates worse oral health)

Model Risk

ratios

Wald 95% confidence

limits

w2 P-value

Age (young-to-old) 1.03 1.02–1.03 42.34 o0.001

Gender (male-1, female-2) 0.81 0.63–1.06 2.35 0.125

Ethnicity (Caucasian-1, AA-2) 1.12 0.89–1.41 0.93 0.334

Employed before SCI (yes-1,

no-2)

0.81 0.62–1.08 2.07 0.150

Level of SCI (low-to-high) 1.00 0.98–1.02 0.0 0.962

Arm function (more-to-less

function)

0.73 0.52–1.02 3.32 0.069

Life satisfaction (ideal-to-

worse)

0.98 0.95–1.01 2.2 0.138

Risky oral habits (number) 1.07 0.94–1.22 0.94 0.332

UTI frequency (number) 0.97 0.90–1.04 0.74 0.389

Abbreviations: AA, African-American; DMFT, Decayed, Missing and Filled Teeth; SCI, spinal
cord injury.
Significant associations are shown in bold.

Table 6 Ordered logistic multinominal regression model for PSR

variable (higher PSR score indicates worse oral health)

Model Odds

ratios

Wald 95% confidence

interval

w2 P-

value

Age (young-to-old) 0.97 0.94–1.00 3.14 0.077

Gender (male-1, female-2) 1.19 0.45–3.13 0.12 0.725

Ethnicity (Caucasian-1, AA-2) 0.61 0.26–1.44 1.27 0.259

Employed before SCI (yes-1,

no-2)

4.04 1.39–11.78 6.56 0.010

Level of SCI (low-to-high) 1.04 0.96–1.12 0.95 0.330

Arm function (more-to-less

function)

0.79 0.22–2.82 0.13 0.721

Life satisfaction (ideal-to-

worse)

1.02 0.92–1.13 0.15 0.703

Risky oral habits (number) 0.58 0.35–0.96 4.44 0.035

UTI frequency (number) 1.19 0.91–1.56 1.56 0.212

Abbreviations: AA, African-American; PSR, Periodontal Screen and Recording Index; SCI,
spinal cord injury.
Significant associations are shown in bold.
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more frequent dental care would translate into better oral health in
people with SCI.
The main hypothesis of this study predicted that SCI characteristics

(level, upper extremity functional impairment, ability to indepen-
dently perform oral hygiene) will emerge as the risk factors of
compromised oral health (OHS, DMFT, PSR). This was based on the
assumption that upper extremity weakness and inability to bring one
hand to the mouth for performance of oral hygiene tasks would have
a significant impact. However, the results did not confirm this
hypothesis. The explanation may be that oral care was provided by
a caregiver to those who were unable to do it on their own or that the
population of people with severe cervical SCI may have been under
sampled. Indeed, most of the participants with high cervical SCI
resided in the facility that provides 24-h care.
The two most consistent predictors of compromised oral health

after SCI were employment before injury and behaviors that heighten
the risk for compromised oral health (not flossing, not rinsing,
tobacco use, mouthstick use). These factors predicted both the
participants’ self-assessment of oral health (OHS) and the formal
examination of periodontal disease (PSR). Older age was the only
predictor of DMFT, in agreement with the findings in the general
population.7

The interpretation of past employment as a risk factor for worse
oral health after SCI is challenging. It also contradicts the assumption
that those who had a job in the past were perhaps more likely to have
adequate resources, healthier lifestyle and regular dental visits in the
past. Unless being a spurious relationship, the history of employment
should be considered a proxy. It may be that a history of employment
overlapped with older age since these two variables alternated in their
significance in all three models.
More intuitive is an explanation for the role of poor oral habits and

the use of a mouthstick as predictors of oral health in the SCI
population. This emerged from two models, of which one is based on
self-perception (OHS) and the other one on formal examination
(PSR). Not flossing, rinsing mouth and cleaning teeth regularly are
well-recognized risk factors in the general population that evidently
carried-over to the SCI population. Not practicing these behaviors
may be due to personal attitudes, being overwhelmed with other
issues, disturbed mood or time constraints among the caregivers. Oral
habits are virtually the only modifiable risk factors identified in this
study; therefore, greater effort is needed to stress the importance of
good oral habits among people with SCI. Although the use of a
mouthstick is encouraged to promote independence and self-efficacy,
the mouthstick may harbor bacteria and possibly wear and chip teeth.
Thus, greater focus should be placed on mouthstick hygiene and
education.
Prevention of oral problems is the most important factor in the

care of persons with disabilities.38 Prevention involves increasing
personal and caregiver knowledge, regular professional oral care,
plaque control, healthy diet and use of fluoride and sealants.16 Many
aids have become available to help prevent dental disease, such as
saliva substitutes and alcohol free mouth rinses for dry mouth,
chlorhexidine gluconate rinses, electric toothbrushes and swabs,
which require adaptations and proper education for mechanical
debridement.39 The results of this study suggest that these measures
should be introduced to and actively promoted among the people
with SCI, caregivers and health-care providers.
The limitations of this study are inherent to its exploratory nature

and cross-sectional design. Although the sample size was large
compared with the previous investigations, the recruited convenience
sample is prone to sample bias. The generalization of findings is

further limited by the mixed urban and rural study settings and may
not adequately reflect other areas.

CONCLUSION

Oral health appears to be compromised in people with SCI, which
suggests the need to focus more attention to the provision of adequate
dental and periodontal care to this population. The results could be
used to raise awareness among the professionals and people with SCI
about the identified modifiable predictors of oral health and the need
to practice preventive measures. Identification of modifiable risk
factors warrants examining whether interventions with focus on
behavioral changes are beneficial in this population. Further studies
should also examine barriers to access to dental care and whether
adequate training is provided to dental professionals about specific
needs of the SCI population.
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