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A B S T R A C T

Background: This study investigated the relationship between manual dexterity and dental biofilm accumulation
in independent older Koreans using Quantitative Light-Induced Fluorescence-Digital (QLF-D).
Methods: This cross-sectional study included 44 participants recruited from senior welfare facilities in South
Korea and aged ≥65 years. Participants were surveyed using face-to-face structured interviews; manual dex-
terity was assessed using the Box and Blocks Test. To evaluate dental biofilm accumulation, the 528 surfaces of
six index teeth were imaged using QLF-D and then quantified into Simple Plaque Scores (SPS) and ΔR20 values.
The t-test and one-way analysis of variance were used to analyze differences in SPS and ΔR20 according to
general characteristics and manual dexterity.
Results: Those who brushed their teeth ≤2 times per day had higher SPS and ΔR20 values on the lingual surface
of tooth #24 than those who brushed ≥3 times per day (p < 0.05). The low manual dexterity group had higher
SPS on lingual surfaces of teeth #12, #24, and #32, as well as higher ΔR20 values on the lingual surfaces of teeth
#12, #24, #32, and #44 (p < 0.05) than the normal group.
Conclusions: The low manual dexterity group had more dental biofilm—particularly on the lingual surfaces of
teeth—and more mature biofilm than the normal group. These findings indicate that reduced manual dexterity
could be a predictor of poor oral hygiene in independent older adults without hand disabilities. Therefore, we
suggest manual dexterity be assessed in advance of dental biofilm assessment and tooth brushing instruction.

1. Introduction

Rapid growth of the elderly population is a global trend. South
Korea, in particular, is one of the world’s fastest-aging countries, ne-
cessitating effective measures to manage health issues for older adults
[1]. As people age, they are more exposed to risk factors for oral dis-
ease, leading to high prevalence of oral diseases such as periodontal
disease [2]. Since poor oral health directly and indirectly affects the
overall health and quality of life [3], health professionals should en-
hance interdisciplinary collaboration in health care to optimize the oral
health of older adults.

The poor oral hygiene status of older adults has long been attracting
attention from the world of dentistry [4]. Dental biofilm, consisting of
bacteria, fungi, and virus, is related to the onset of dental caries, peri-
odontal disease, bad breath, and tooth loss, eventually causing a decline

in oral function [5]. Therefore, the management of dental biofilm, the
primary etiologic factor for oral disease, is critically important for
maintaining oral health [6]. Unfortunately, in general, oral self-care to
remove dental biofilm decreases as people age, leading to more oral
health problems [7]. Hence, oral health professionals must pay more
attention to oral hygiene care ability and thoroughly monitor systemic
factors that disturb the oral health of older adults.

Thus far, disclosing agents have been used to identify colorless
dental biofilm [6], however, this traditional method has several lim-
itations. The process of applying disclosing agents to tooth surfaces and
removing them afterwards is cumbersome, and the agents stain not only
dental biofilm, but also stain soft debris and pellicles [8]. To overcome
these limitations, the Quantitative Light-Induced Fluorescence (QLF)
technology, an optical device, has recently been used in dentistry for
dental biofilm assessment [9,10]. Specifically, the QLF-Digital (QLF-D)
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system (Biluminator™; Inspektor Research Systems BV, Amsterdam, The
Netherlands), a new version of the QLF technology, is a digital camera
with an embedded special filter (D007; Inspektor Research Systems BV,
Amsterdam, The Netherlands) that can detect endogenous porphyrins, a
metabolite produced by oral bacteria [11]. QLF-D is advantageous as it
precisely visualizes dental biofilm as red fluorescence by irradiating
teeth with 405-nm blue light [12]. In particular, when dental biofilm is
more mature, meaning it has not been removed from the tooth surface
for a long period of time, the intensity of red fluorescence of dental
biofilm increases [9]. Thus, this system can quantitatively assess dental
biofilm, which is difficult to see with the naked eye, with high accuracy
and can even evaluate the pathogenic status of dental biofilm.

By assessing the accumulation of dental biofilm in people with
vulnerable oral health and monitoring factors related to biofilm for-
mation, dental professionals will be able to provide valuable informa-
tion that can help improve oral health status. To promote the oral
health of older adults, more research is needed on the specific factors

that predict poor oral hygiene. Hand disorders have been reported to
affect oral self-care. In particular, diminished or impaired skills in the
digits or joints due to rheumatoid arthritis or osteoarthritis can lead to
poor oral hygiene status [13]. Although a few studies have reported on
the impact of manual dexterity on dental biofilm control [14,15], their
subjects were limited to institutionalized or dependent older adults.
Additionally, while it has been reported that in-hand manipulation
skills start to decline in one’s middle years and this decline is further
accelerated after the age of 65 years [16], there is relatively little in-
formation on what impact manual dexterity has on dental biofilm re-
moval, especially in independent older adults. Moreover, more quali-
tative results could be expected if pathogenic status of dental biofilm
was evaluated, which would be of more help for establishing effective
oral hygiene intervention programs.

Therefore, the aim of this study was to quantitatively evaluate the
correlation between dental biofilm accumulation and manual dexterity
of independent older adults without hand disabilities using the dental

Fig. 1. Box and Blocks Test for manual dexterity.

Fig. 2. Procedure for analyzing dental biofilm accumulated on
tooth surfaces (A) Fluorescence image of the dental biofilm de-
tected by Quantitative Light-Induced Fluorescence-Digital (QLF-
D; Inspektor Research Systems BV, Amsterdam, The Netherlands);
(B) contouring of index teeth for measurement of Simple Plaque
Scores and ΔR20 values of dental biofilm using an image analysis
software program (QA2 version 1.24; Inspektor Research Systems
BV, Amsterdam, The Netherlands); and (C) analysis results of red
fluorescent dental biofilm.
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diagnostic tool, QLF-D. In particular, this study intended to identify the
tooth areas in which dental biofilm accumulation is related to reduced
manual dexterity. It was hypothesized that reduced manual dexterity
would have a negative impact on the effective removal of dental biofilm
in independent older adults without hand disabilities.

2. Materials and methods

2.1. Participants

This was a cross-sectional study approved by the Institutional
Review Board of Gachon University (IRB No. 1044396-201804-HR-094-
01). This research was conducted in accordance with the World Medical
Association’s Declaration of Helsinki.

Five facilities were randomly selected among senior welfare facil-
ities located in Yeonsu-gu, Incheon. The examiner provided sufficient
explanation of the purpose and the method of study to older adults
visiting the selected facilities who were aged ≥65 years, were right-
handed, and appeared healthy. After receiving signed informed consent
documents from 67 people who voluntarily agreed to participate, the
examiner conducted questionnaires and assessed manual dexterity and
dental biofilm accumulation from April 24, 2018 through June 30,

2018. The minimum sample size required for an independent t-test was
calculated using G*power 3.1 software (Informer Technologies,
Düsseldorf, Germany) with the following parameters: 95% power, 5%
significance level, and 0.8 effect size [17]. The minimum sample size
was determined to be 42. Seventeen people were excluded from the
study because they had factors that can facilitate dental biofilm accu-
mulation. Among those, sixteen were people who were edentulous;
experienced hyposalivation (unstimulated salivary flow rate< 0.1mL/
min) [18]; had taken antibiotics in the previous month; drank more
than a half glass of alcohol every day; had prosthetics, crowding, or no
crown on their index teeth, and one was a suspected dementia patient
based on the result of the Mini-Mental State Examination (Korean
version). In addition, another six people were excluded because they
complained of discomfort or wanted to discontinue the process. Hence,
data from 44 participants were analyzed.

2.2. Measurements

Three types of data were collected: general characteristics (age, sex,
systemic diseases, daily medication intake, and frequency of tooth
brushing), manual dexterity, and dental biofilm accumulation. The Box
and Blocks Test was conducted to assess manual dexterity [19] (Fig. 1)
Manual dexterity is a neuromotor ability of the hand that enables
people to grasp and manipulate objects accurately [20], and is one of
the critical determinants of hand function [21]. Participants were told
to move as many as blocks as possible into a box within 1min using
their dominant hand (right hand). High numbers of blocks were inter-
preted as indicating high levels of manual dexterity [22]. Based on the
standards suggested by a previous study that evaluated manual dex-
terity according to sex and age, when the number of blocks moved by a
participant was within the normal range, the participant was put into
the normal group; when the number of blocks was lower than age and
sex-matched norms, the participant was assigned to the low manual
dexterity group [22].

Dental biofilm accumulation was evaluated using QLF-D and the
associated image analysis software program (QA2 version 1.24;
Inspektor Research Systems BV, Amsterdam, The Netherlands) (Fig. 2).
The participants were asked to refrain from any oral hygiene behaviors
or food intake for at least 4 h before the visit. Six teeth were selected as
the index teeth for the study: maxillary right lateral incisor (#12),
maxillary right first molar (#16), maxillary left first premolar (#24),
mandibular left lateral incisor (#32), mandibular left first molar (#36)
and mandibular right first premolar (#44) [23] (Fig. 3). Dental biofilm
was imaged on 528 facial (buccal) and lingual surfaces (tongue-side) of
the six index teeth. All index teeth were dried with compressed air for at
least 15 s before the QLF-D measurements [24]. The blue light image
shooting conditions of the QLF-D were set as follows: shutter speed: 1/
30 s; aperture value: 5.0; and ISO speed: 1600 [9,10]. The amount of
dental biofilm accumulated on tooth surfaces was quantified into SPS
[9], and the maturation of dental biofilm was quantified into ΔR20
values [25]. An ΔR value represents the percentage difference in the
red/green ratio of dental biofilm compared with the biofilm free-re-
ference [26]. This study used ΔR20 as the threshold level for mature
dental biofilm [10]. Higher SPS indicated more accumulated dental
biofilm on tooth surfaces, and high ΔR20 values indicated more mature
dental biofilm. All the analyses were performed by one trained ex-
aminer.

Fig. 3. Locations and symbols of six index teeth.
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2.3. Statistical analyses

The collected data were analyzed using IBM SPSS Statistics, version
23.0 (IBM Corp., Armonk, NY, USA), with statistical significance set at
p<0.05. The t-test and one-way analysis of variance were performed
for each index tooth to analyze the differences in SPS and ΔR20 values
according to participants’ general characteristics and manual dexterity.

3. Results

3.1. SPS according to general characteristics of participants

Results of the analysis of SPS according to general characteristics
are presented in Table 1. There were no significant differences in SPS
based on sex, age, systemic diseases, or medication (p > 0.05). The
group brushing their teeth ≤ 2 times per day had a higher SPS on the
lingual surface of tooth #24 than the group brushing ≥ 3 times per day
(p= 0.005) (Fig. 4A).

3.2. ΔR20 according to general characteristics of participants

The results of the analysis of ΔR20 values according to general
characteristics are presented in Table 2. There were no significant dif-
ferences in ΔR20 values according to sex, age, systemic diseases, or
medication (p > 0.05). The group brushing their teeth ≤2 times per
day had significantly higher ΔR20 values on the lingual surface of tooth
#24 than the group brushing their teeth ≥3 times per day (p= 0.012)
(Fig. 4B). The group taking daily medications and those who brushed

their teeth ≤2 times per day tended to have higher ΔR20 values on the
lingual surface of tooth #12 than their counterparts (p = 0.062 and
p=0.084, respectively).

3.3. SPS according to manual dexterity of participants

Table 3 presents results of analyzing SPS according to manual
dexterity. The low manual dexterity group had significantly higher SPS
on the lingual surfaces of teeth #12, #24, and #32 than the normal
group (p<0.05) (Fig. 5A).

3.4. ΔR20 according to manual dexterity of participants

Table 4 presents results of the analysis of ΔR20 values according to
manual dexterity. The low manual dexterity group had significantly
higher ΔR20 values on the lingual surfaces of teeth #12, #24, #32, and
#44 than the high manual dexterity group (p < 0.05) (Fig. 5A).

4. Discussion

Analyzing the factors that predict poor oral hygiene can play an
important role in maintaining and promoting the oral health of in-
dependent older adults. Even though there has been widespread in-
terest in factors that have negative effects on dental biofilm removal
ability, very little has been published regarding the effects of changes in
manual dexterity—the ability to perform fine movement—on in-
dependent older adults without hand disabilities. We hypothesized that
reduced manual dexterity would have a negative impact on the

Fig. 4. Simple Plaque Score and △R20 value of tooth # 24 according to tooth brushing frequency.
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effective dental biofilm removal in independent older adults without
hand disabilities.

This study reconfirmed that frequency of tooth brushing is asso-
ciated with the accumulation of dental biofilm. Furthermore, as a result
of analyzing the relationship between manual dexterity and dental
biofilm accumulation, we observed that the low manual dexterity group
had more dental biofilm on the lingual surfaces of teeth #12, #24, and
#32 than the normal group (p<0.05), and the difference between the
two groups was 733%, 588% and 977%, respectively (results not
shown). In addition, the low manual dexterity group exhibited more red
fluorescence, indicating more mature dental biofilm, on the lingual
surfaces of teeth #12, #24, #32, and #44 (p<0.05) than the normal
group, and the difference between the two groups was 818%, 1363%,
2726% and 185%, respectively (results not shown). Therefore, the low
manual dexterity group had more dental biofilm—and more mature
dental biofilm—on the lingual surfaces of their teeth than the normal
group. These results indicate that oral hygiene care for this group,
mostly tooth brushing, was ineffective in removing dental biofilm due
to the lack of manual dexterity. As efficient use of the hands is very
important in almost every part of our daily lives, manual dexterity has
been regarded as a crucial factor for resolving various problems in our
lives [27]. However, there have been few studies reporting on the re-
lationship between manual dexterity and oral health. Moreover, those
studies that did research this topic focused on dependent older adults or
people who had already had a disease causing impaired manual dex-
terity such as rheumatoid arthritis [14,28], with none of the studies
investigating independent older adults. As the present study used a new
device, QLF-D, to assess dental biofilm accumulation and targeted
healthy older adults, it is difficult to directly compare the results of the
present study with those of the previous studies. However, the present
study’s results are in line with the results of a previous study that re-
ported that hand function, including manual dexterity, plays a central
role in the oral hygiene of older adults living in nursing facilities [15].
In addition, these results support the results of a previous study
showing that declined manual dexterity affects the time one spends on
brushing their teeth [14]. In other words, the results of this study in-
dicate that manual dexterity can decline even in independent older
adults who have not been diagnosed with any hand disabilities, af-
fecting the accumulation of pathogenic dental biofilm.

Tooth brushing is the most basic and effective method for removing
dental biofilm [29]. Tooth brushing removes dental biofilm mechani-
cally through the fine vibratory motion of filaments, however, the act of
correctly brushing teeth requires a variety of motor skills [30]. It is
more difficult to place brush filaments on the lingual surface than on
the facial surface [30]; therefore, a more stable technique is required to
completely remove dental biofilm accumulated on the lingual area
[31]. Accordingly, we interpreted that older adults with low manual
dexterity would not have performed the fine tooth brushing motions in
a correct manner—particularly on the lingual surfaces—due to de-
creased fine motor skills in the hands compared to those of the normal
group. Although a study by Inada et al. [31] reported there was more
dental biofilm on the surfaces of teeth on the right side than on the left
side of the mouth after tooth brushing, this study did not reveal any
differences in the accumulation and maturation of dental biofilm be-
tween teeth on the right and left sides.

Despite great improvements in the oral health of populations
globally, older adults still have poor oral health status; this is supported
by the high prevalence of periodontal disease in this population
[32,33], indicating they lack the ability to perform tooth brushing
sufficiently. Tooth brushing remains the most basic means of control-
ling dental biofilm. Since there is currently no chemotherapy that can
completely prevent the formation of dental biofilm [34], dental pro-
fessionals should proactively intervene to help older adults brush their
teeth properly. As described in previous studies [9,10], the QLF-D
technique we used is capable of quantitatively assessing mature dental
biofilm and is better accepted by participants than traditional means ofTa
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dental biofilm assessment. Another advantage of QLF-D is that parti-
cipants can be provided specific numbers representing the level of oral
hygiene, including SPS and ΔR20 values, which may help them better
understand their oral hygiene status. Thus, dental biofilm assessment
using QLF-D can provide considerable valuable information during
clinical intervention for the improvement of oral hygiene status in older
adults. Based on the results of this study that reduced manual dexterity
is a factor negatively affecting the removal of dental biofilm, we suggest
that assessment of manual dexterity should precede clinical biofilm
assessment and tooth brushing instruction in older adults. In addition, a
previous study has shown that right-handed individuals have better
manual dexterity than left-handed individuals [35]. As manual dex-
terity has been associated with oral hygiene status, one’s dominant
hand should be considered when giving tooth brushing instructions.
Moreover, electric toothbrushes or auxiliary oral hygiene devices
should be recommended for older adults, depending on their manual
dexterity. Furthermore, intervention programs to improve manual
dexterity may contribute to improved oral health by increasing the
ability to manage dental biofilm, which calls for interdisciplinary col-
laboration between dental professionals and physicians.

Although this is the first study to investigate the relationship be-
tween manual dexterity and the accumulation of dental biofilm as-
sessed using QLF-D in independent older adults, there may be limita-
tions to generalizing this study’s results. First, all participants were
Incheon residents, with a relatively small sample size. Calculation of the
optimal sample size to achieve adequate statistical power revealed that
21 participants were required for each group. However, 23 participants
were excluded from the study due to reasons including exclusion cri-
teria, missing data, and so on and the final number of the participants in
the low manual dexterity group was 18. For this reason, the study’s

statistical power may be slightly lower than expected. Second, even
though we excluded those who exhibited factors facilitating dental
biofilm accumulation, this study did not comprehensively reflect all
factors affecting oral hygiene. Finally, since this study was designed as a
cross-sectional study, the causal relationship between the factors ana-
lyzed could not be proved in the study. Therefore, more studies should
be conducted, including longitudinal research and standardized testing,
to prove the causal and temporal relationships between manual dex-
terity and dental biofilm accumulation. Moreover, further studies
should include a more representative sample and a greater number of
participants, as well as conducting a comprehensive investigation into
factors affecting dental biofilm accumulation. Despite such limitations,
the strength of this study is that it showed reduced manual dexterity
affects the accumulation of mature dental biofilm in independent older
adults without hand disabilities. More importantly, the study used QLF-
D, which is more reliable, valid, and convenient for use in older adults
than traditional methods of dental biofilm assessment, to quantitatively
assess the mature dental biofilm accumulated on the buccal surface and
lingual surface of each index tooth. This study found that the low
manual dexterity group had significantly more dental biofilm and more
mature dental biofilm particularly on the lingual surfaces of teeth than
the normal group among older adults without hand disabilities. This
finding indicates that reduced manual dexterity can be a predictor of
poor oral hygiene, even in independent older adults, although the sta-
tistical effect size is small. Therefore, we suggest that manual dexterity
of older adults without hand disabilities be assessed in advance of
clinical dental biofilm assessment and tooth brushing instruction. In
addition, intervention programs to improve manual dexterity may
contribute to improving not only activities of daily living but the oral
hygiene status of older adults.

Fig. 5. Simple Plaque Score and △R20 value of teeth #12, #24, #32 and #44 according to manual dexterity.
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