Role of Manual Dexterity on Mechanical and Chemotherapeutic
Oral Hygiene Regimens

Kimberly Milleman, RDH, BSEd, MS, PhD; Je ery Milleman, DDS, MPA;
Mary Lynn Bosma, RDH, DDS; James A. McGuire, MS; Anusha Sunkara, MS; Alicia DelSasso;
Tori York, BSDH; Angela M. Cecil, PhD, MBA, OTR/L

Purpose: E ective use of mechanical plague control devices can depend on individual manual dexterity levels. e purpc
of this component of a 12-week, virtually-supervised clinical trial was to investigate the role of manual dexterity on clin
outcomes for gingivitis, as measured by the relationship between manual dexterity scores on the Purdue Pegboar
(PPT) and the e ects of various mechanical and chemotherapeutic oral hygiene regimens.

Methods: is was a single-center, examiner blinded, randomized, four-treatment arm, parallel group, 12-week plague ar
gingivitis study. At baseline, healthy adult volunteers with evidence of gingivitis were assessed for manual dexterity anc
then examined for plaque, gingivitis and bleeding. After a dental prophylaxis, participants were randomized into four treatn
groups: brush only (BO); brush/rinse (BR); brush/ oss (BF); and brush/ oss/rinse (BFR). e ossing groups received
instruction in ossing. e PPT was used to assess manual dexterity and was performed by a licensed occupational thera
Virtual supervision was required once each weekday and the oral hygiene regimen was unsupervised on evenings and we

Results: Of the 213 subjects enrolled, 209 completed the trial. Improvements from baseline to week 12 in interproxir
percent nonbleeding healthy sites (Expanded Bleeding Index (EBI)=0 and Modi ed Gingival Index (MGI)=0 or 1) wel
dependent on the participant’s dexterity score. Participants with the lowest dexterity scores (9 or lower) in the BFR treat
group demonstrated the greatest improvement interproximally based on the indices (EBI and MGI). In comparison, the
test group subjects with dexterity scores 9 or lower had limited change in improvement interproximally. ere was a dire
correlation between ossing e ectiveness and dexterity scores.

Conclusions: Less manual dexterity can limit dental ossing e ectiveness. Flossing is a di cult daily task that requir
functional bilateral dexterity to be perform correctly. Individuals with lower levels of manual dexterity were shown
bene t from the addition of an essential oil mouthrinse to a regimen of toothbrushing and ossing in this clinical trial. e
addition of an essential oil mouthrinse improved interproximal gingival health and mitigated the manual dexterity varial
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Oral disease is a global health challenge with signi canatrix that attaches to the tooth surface. Changes in the
health and economic burdens on populations across #taucture of the microbial communities within bio Im
lifespart.Dental caries and periodontal disease are amofpipque) serve as a primary etiologic factor for dental
the most prevalent and consequential diseases of the cmaies and periodontal diseaseleans of plaque control
cavity worldwidé? Dental bio Im (plaque) is a complex include the use of mechanical and chemotherapeutic
community of microbial cells embedded in an extracellularethods. Chemotherapeutic agents include toothpastes an
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mouthrinses with active ingredients indicated for the contrdebsen Hand Function Test in adults with schizophrenia
reduction, or prevention of plaque and gingivitis. e wealthand the Functional Dexterity Test for traumatic hand
of evidence available in systematic reviews, meta-analygesy.>?¢ e PPT was used in a study by Kenney et al. on
along with two recent clinical trials, reinforce the clinicdhe relationship of manual dexterity to performance of oral
relevance of adding an essential oil mouthrinse to the dmagiene among university studéhts.

care regimen to control plaque and gingivttie daily e PPT is a validated instrument and considered

_removal and disru_ption of this bio Im has also traditi.onall¥he gold standard for measuring hand dexterity when
mclgded mechanical methods.su.ch as toothbrushlpg a(%jrrelated with new and existing measures in populations
ossing. Unfor'Funater, many individuals Iapk su cient i and without hand function impairmeHts:22% e
manual de>.<ter|ty FO perform propgr oral hygiene metho%T is also an assessment instrument because it provide
such as daily ossing between their te&th. separate dexterity scores for both preferred (dominant) anc
ere has been limited research exploring the relationshiponpreferred hands. Moreover, the PPT also measures sma
between dexterity and oral hygiene e cacy with mechanicalger movements to assemble pins and washers requiring
devices. Niederman and Sullivan developed and validatedttie use of both hands working together. Given its ease of
Oral Hygiene Skill Achievement Index (S.A.l) as a method fase and brief administration time, the PPT was selected to
evaluating an oral hygiene skill. e S.A.l. evaluates a persoftgther analyze manual dexterity and dental ossing skills.
ability to position and manipulate an oral device (toothbruske purpose of this component of a 12-week, virtually-
dental oss) and provides a format for oral hygiene instiiictiorsupervised clinical trial, was to investigate the role of manua
Doherty et al. developed the Oral Hygiene Performance Teixterity on clinical outcomes for gingivitis, as measured
(OHPT) as a screening instrument to measure oral hygidme the relationship between manual dexterity scores on
skills in the elderly and disabifed. the Purdue Pegboard Test (PPT) and the e ects of various

In a recent study on the clinical relevance of dexterityrirl)lecmn'CaI and chemotherapeutic oral hygiene regimens.

oral hygiene, Barouch et al. evaluated 80 subjects ranging

in age from 18 to 60 on their ability to use chopsticks to

transfer 50 peas in water from one box to another within is Component ofa randomized, controlled clinical trial

a period of one minute.e participants then had their ~Wwas conducted from October 2020 to February 2021 at Salus
plague index score recorded before and after receiving Bgearch, Inc. (Fort Wayne, IN, USA), an American Dental
hygiene instructions. Comparisons were made based on Aggociation (ADA) quali ed research’siteprinciples of

sex, dominant hand and the results of the chopstick dexteflt§ International Council on Harmonisation Guidance for
test. Based on their ndings, Barouch et al. concluded tHaPod Clinical Practice (ICH E6 (R2)) were applied to this
dexterity might be a good predictor of improved oral hygiefgidy. e study protocol was approved by the Institutional

and should be included as an assessment for customiédcs Committee on research involving humans
education?® (IntegReview Institutional Review Board, Austin, TX, USA)

nd was registered on clinicaltrials.gov (NCT04750005).

e Purdue Pegboard Test (PPT) was rst CIeVEIOpec€Vritten informed consent was obtained from all subjects in

in 1948 and has been used for di erent ages across the . . o :
: . . . _ accordance with the Declaration of Helsinki. Screening and
lifespan in a variety of settings. e PPT takes 15 minutes t

. . . . aseline assessments were conducted at the same visit.
administer and involves completing a series of four subsets

consisting of placing small pins into holes on a pegboard a¥etple

assembling pins with collars and washers. First standardizeﬁarticipants were from the Fort Wayne, Indiana area
on adult employees requiring ne and gross motor dexteriiid were selected for screening from the clinical test site’
in the workplace, normative data has been collected frg@xabase. Due to COVID-19 risk at the time of the study,

the PPT for children and adolescents from 5 to 19 yeaf age range of the sample was limited to males and female
of age, as wétl** Additionally, the PPT has been shownpetween the ages of 18 to 60 years. Participants needed t
to be a reliable measure of hand dexterity in individuaifeet the following inclusion criteria: good general and oral
with multiple sclerosis, Parkinson’s disease and intellecty@dith, no known allergies to commercial dental products,
disabilities*?* e PPT has also been used to establishy minimum of 20 teeth with scorable facial and lingual

validity for other hand dexterity assessments, such asdiigaces, evidence of some gingivitis (although no minimum
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score on the Modi ed Gingival Index (MGI) was required)using each hand separately followed by both hands togethel
absence of advanced periodontitis, and a minimum of Participants were allowed 30 seconds for each task. e last
percent bleeding sites based on the Expanded Bleeding lrasessment requires the subject to assemble a pin, wash
(EBI)3¢3"Participants were eligible for the study if they hacbllar, and additional washer and place the assembly intc
no sites with >5 mm probing depth, a maximum of three sitd® holes over a 60 second period. Dexterity scores wer
at 5 mm probing depth, and needed to be available to attestetermined by combinations of the various exectitibss.

daily virtual smart-phone video sessions on weekdaystifier variable being examined for dexterity (dental ossing)
study procedures. Other inclusion criteria included absenegquires the use of both hands simultaneously, pin placemen
of xed or removable orthodontic appliance or removablesing both hands was chosen as the score for analysis. High
partial dentures, signicant oral soft tissue pathologyumerical scores onthe PPT correlate with greater dexterity

excluding plaque-induced gingivitis, at the discretion of e intraoral assessments included oral hard and soft

the principal investigator/(jental examiner (.PI). P{irticipanﬁésue safety assessment, MGI, six-site EBI, six-site probin
were excl-udeq for a variety of reasons mgludlng: q?rﬁ@bth, six-site bleeding on probing, six-site Turesky
prophylaxis within four weeks prior to baseline, requiring o di cation of the Quigley-Hein Plaque Index (TPI), and
antibiotics prior to dental treatment, use of antibiotics, antlbroximal Marginal Plaque Index (PRt Each clinical
m_ammatory or antl_coagulant f[herapy during the study Ofssessment was performed consistently throughout the stud
within one month prior to baseline, use of chemotherapeuBg the same trained and calibrated clinical examiner. is
oral care products within the last two weeks, pregnancy Qi ation included an intra-examiner repeatability exercise

lactating, use of smokeless tobacco, vaping or e'c'gar%té‘?ﬁ)rmed yearly according to the site’s standard operating
or suspected substance abuse, any medical or psycm&%‘&edures for the speci ¢ assessment

condition that would make the participant inappropriate for
the study in the judgment of the PI. Interventions

e randomization was generated using a validated All subjects received a manual toothbrush (ADA soft,
program created by the Biostatistics Department at JohnsBht!im reference toothbrush, sourced through the ADA).
& Johnson Consumer Inc. (JJCI, Skillman, NJ, USA)_Subjects received toothpaste, dental oss and a mouthrinse
Participants were assigned in equal allocation to eL@htaining a xed combination of four essential oils (4EO)
treatment using a block randomization with block size gecording to their assigned regimen. Instructions on product
four. Each participant was assigned a unique randomizattsi¢ Were provided at screening/baseline; participants
number that determined treatment assignment. e Pl andSSigned to the ossing group received speci c instructions
examiners were blinded to the treatment regimens of (2 0SSing technique and demonstrated competency. No
subject groups. e personnel dispensing the test products gpeci ¢ toothbrushing instructions were provided except to
supervising their use did not participate in the examinati@ush for one timed minute. Similarly, participants assigned
of subjects to minimize potential bias. Other sta member® the rinse group were instructed to rinse with 20 mL of
including the PI and examiners, did not have access to fguthrinse for a timed 30 seconds.
area where the product was being used. Eligible subjezigistical analyses
with evidence of gingivitis were randomized into four equal

treatment groups: brush only (BO); brush/rinse (BR); brush/ A sample size of 200 completed subjects (50 per treatmen
i ’ ’ roup) was estimated to provide su cient power to detect
oss (BF); and brush/ ossfrinse (BFR). group) P P

di erences between BR and BF and between BFR &nhd BF.

e dexterity component of the clinical trial focused

e PPT was administered to all randomized subject®n the relationship between the PPT scores and the
participating in a plaque and gingivitis clinical trial prior tbmprovements from baseline to week 12 in interproximal
baseline clinical examinati&ng. test was administered percent nonbleeding healthy sitesimpact of dexterity
by a licensed occupational therapist to determine a mangaltreatment e ects was assessed using a linear model th:
dexterity score at the time of the baseline examinaties regression lines with change from baseline to week 12
visit. e PPT uses a pegboard consisting of multiple holess the response variable, and dexterity as an explanato
arranged in rows. e rst part of the assessment requiregariable. is model allowed for di erent intercepts and
the subject to place as many pins as possible into the h@iegent slopes for the four treatment groups. Speci cally,

Assessments
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the following linear model was applied=y+  + (3 + Percent nonbleeding healthy sites were calculated by
ﬁ)x.j +g where e change from baseline to week 12 irfaking the total number of sites with EBI=0 and MGI=0

e cacy variable (week 12 minus baseline) for treatmentor 1, divided by the total number of sites assessed for eac
and subject j; > both hands dexterity score for treatment $ubject. No imputation of missing data was performed. Al

and subjectj; + = intercept for treatment I; B +sslope other details about the statistical analysis of the clinical trial
for treatment I; and, &= random error for treatment i and are reported s.eparatélgb.ata from .aII subjects. at basel.ine .

subject j, independently distributed as normal with mean@d week 12 (i.e., completed subjects) were included in this
analysis. SAS version 9.4 (SAS Institute, Cary, NC, USA)

and variance’c S
o _ was used for statistical analyses.
Treatment by dexterity interaction was assessed by

testing the null hypothesis:H3=0 for all i, vs. the
alternative hypothesis:H3, 0 for some i. H describes Demographics

a scenario where intercepts could be dierent amon : .
p' . d Of the 213 randomized participants, 209 completed the
treatments, but the regression lines are parallel. In otg?r

_ _ udy; 2 withdrew their consent and 2 were lost to follow-up
words, the various treatments could have di erent e ects ?Igigure 1). Participants had a mean age of 42.0 (SD 10.57)

the outcome measure, but the di erences among treatm Cirs (ranging from 18 to 59 years); means ages by grou
€ ects are not dependent on dexterity of the subjects us{fjdre similar (Table I). e majority of subjects were female
those products. Rejection qf Hased on the appropriate F (77505, n=41), Caucasian (81.7%, n=174), and non-smokers
test, demonstrates that di erences in treatment e ects q98.6%, n=210). A summary of baseline characteristics
dependent on dexterity. Each statistical test was perforr(@g!e, sex, PPT dexterity scores, MGI, and EBI) is shown in
at the 5% signi cance level, two-sided. Table I. Most subjects (91.5%, n=195) reported right hand

Figure 1. Participant distribution (n=213)

Study Groups
Brush Only (BO) Brush/Rinse (BR) Brush/Floss (BF) Bursh/Floss/Rinse Totals
(BRF)
n (%) n (%) n (%) n (%) n (%)
Randomized 53 53 53 54 213
Completed 50 (94.3) 53 (100.0) 53 (100.0) 53 (98.1) 209 (98.1)
Discontinued 3(5.7) 0 0 1(1.9) 4(1.9)
Reason for
discontinuation
* Withdrawal by subject 1(1.9) 0 0 1(1.9) 2(<1.0)
* Lost to follow-up 2(3.8) 0 0 0 2 (<1.0)
a: One withdrawal due to scheduling conflict, one withdrawal due to COVID-19.
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Table I. Sample demographics at baseline (n= 213)

Group Brus_h only Brusb/rinse Brus_h/ oss | Brush/ Pss/rinse T_otal
(n=53) (n=53) (n=53) (n=54) (n=213)
Mean age, years (SD) 42.2 (9.77) 43.8 (9.84) 41.4 (10.03) 40.8 (12.43) 42.0 (10}57)
Sex, n (%)
Male 12 (22.6) 12 (22.6) 11 (20.8) 13 (24.1) 48 (22.59)
Female 41 (77.4) 41 (77.4) 42 (79.2) 41 (75.9) 165 (77.5)

Mean baseline of interproximal P
EBI=0 and MGI=0 or 1 (SD) 3.91 (6.757)| 3.28(7.670 2.31 (4.843) 1.71 (3.498) 2.80 (5.931)

PPT dexterity scores — Mean (%)

Declared dominant hand — Right 47 (88.7) 48 (90.6) 48 (901(6) 52 (96.B) 195 (p1.5)
Declared dominant hand — Left 6 (11.3 5 (9.4) 509.4 2(3.7) 18 (8}5)
Mean right hand score (SD) 13.7 (2.0R) 14.1 (2.05) 14.0 (1}76) 13.1 (2.62) 13.7 (2.13)
Mean left hand score (SD) 13.3 (1.8D) 13.2 (2.14) 13.7 (2|14) 12.8 (2.07) 13.3(2.05)
Mean both hand score (SD) 11.2 (1.8R) 10.9 (1.Y7) 11.4 (2/05) 10.7 (2)03) 11.0(1.93)
Mean right + left + both (SD) 38.2 (4.88) 38.1 (5.1)7) 39.1 (5.p4) 36.6 (6.04) 38.0 (p.39)
Mean assembly score (SD) 34.8 (6.80) 35.1 (7|23) 33.4 (9.37) 33.9 (8.54) 34.3 (8.02)

dominance; while only 8.5% (n=18) reported left handcores for interproximal soft tissue of individual regions of
dominance. ere were no signi cant di erences amongthe mouth (posterior, anterior, maxillary and mandibular

treatment groups for any of the demographic data. regions). In all regions of the mouth, the same relationships
Efficacy and dexterity between percent nonbleeding healthy sites and dexterity

) L ~ were observed.
At the conclusion of 12 weeks, statistically signi cant

treatment regimen-by-dexterity score interaction was observad

for percent nonbleeding healthy sites (EBI=0 and MGI=0 _ :

or 1) (=0.005). is p-value reects dierences in e purpose 'of. this cpmponent of'a 12-yveek, virtually-
comparisons between treatment groups among dexteﬁﬂperv'sed cllplcal trla.l .was to investigate 'thg 'r.ole of
scores. Regression line estimates for change from bas@fal dexterity on clinical outcomes for gingivitis, as
showed greater than 60% increase from baseline (gre&ig@sured by the relationship between manual dexterity
than 60% improvement) in the BFR treatment group irfcores on the Purdue Pegboard Test (PPT) and the e ect:
test subjects with both hands dexterity scores 9 or loWérvarious mechanical and chemotherapeutic oral hygiene
and 45-50% improvement for subjects with both hand§€gimens. Findings from this study demonstrated signi cant
dexterity scores 12 or higher (Fgure 2). In comparison, ieeidence of the correlation between dexterity scores and th
BF test group had slight worsening to 5% improvement froenectiveness of various oral hygiene regimens in reducing
baseline to 12 weeks for interproximal percent nonbleed@igggival in ammation.

healthy sites in subjects wif[h bot_h hands dexterity scores %exterity is de ned as a neuromotor function that
or lower. However, the subjects in the BF treatment 9B mpines sensation and hand strength to produce ne,

With dexFerity scores 12 or hig_her had 10-2.0% increase\)&untary movements that can be used to manipulate small
interproximal percent nonbleeding healthy sites (EBI=0 aggjects during a speci ¢ ta8Ranual dexterity allows an

MGI=0 or 1). individual to manipulate objects with the hand, and ne
Figures 3-6 show changes from baseline for int@gfexterity is the intricate, in-hand or digit manipulation of
proximal percent nonbleeding healthy sites (EBI=0 argeryday objects. is study compared the use of various
MGI=0 or 1) for the four treatment groups versus PP@aily oral hygiene regimens to dexterity test scores. e
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Figure 2. Change from baseline in the interproximal percent of nonbleeding healthy sites (%)
(EBI=0 and MGI=0 or 1) versus dexterity scores by group

p-value=0.005

Figure 3. Change from baseline for posterior interproximal percent nonbleeding healthy sites (%)
with EBI=0 and MGI=0 or 1 vs. dexterity score

p-value=0.002
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Figure 4. Change from baseline for anterior interproximal percent nonbleeding healthy sites (%)
with EBI=0 and MGI=0 or 1 vs. dexterity score

p-value=0.035

Figure 5. Change from baseline for maxillary interproximal percent nonbleeding healthy sites (%)
with EBI=0 and MGI=0 or 1 vs. dexterity score

p-value=0.030
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Figure 6. Change from baseline for mandibular interproximal percent nonbleeding healthy sites (%)
with EBI=0 and MGI=0 or 1 vs. dexterity score

p-value=0.003

correct use of dental oss requires functional bilatershme relationships between change in percent nonbleedin
dexterity. Consider the process of extracting oss from thealthy sites and dexterity was observed. A mouthrinse i
dispenser which requires unilateral or bilateral gross matbte to reach all areas of the mouth thus mitigating the e ect
movement of the shoulder, elbow, forearm, wrist, and digitsat dexterity could potentially have as with dental ossing.

to obtain the product from the container. e actual ossing e BO group demonstrated little or no change during

phase requires ne dexterity coupled with manual dexterily, 15 \yeek treatment period irrespective of dexterity scores
of the bilateral upper extremities. To be successful with thigg re5its were anticipated as this group was only instructed
mechanl.cal regimen, an individual must.possess "_" cert8iBrush for one minute using their normal toothbrushing
level of bilateral gross and ne motor dexterity. Apprommatqlé(chniqu& As the technique was not observed and the subjec
20% of participants had a both hand dexterity score 9 a‘r\‘ﬁ'ere not instructed in a speci ¢ toothbrushing method, no
approximately 22% had a both hand dexterity score 13. |}, 3565 were expected. Subjects with higher relative dexterit

spite qf 'being.superv.is'ed daily, Monday through' Friday, dores in the BR group demonstrated greater improvement
this clinical trial participants in the BF group with loWef, iheir interproximal gingival health. is result could

dexterity scores had little or noimprovementin interproximgl, e heen due to the Hawthorne e ect of being in a clinical
gingivitis (EBI=0 and MGI=0 or 1). It was of interest tha}rial. According to the ndings in a systematic review by

participants in the BFR group with lower dexterity SCOr§g.campridge et al., positive consequences for behaviors

dgmpnstrated the most |mproygment In '_nterprox'm%eing investigated due to research participation have beer
gingival health (>60% for participants having dexterl%und to exist in most studiés

no higher than 9) after 12 weeks of supervised usage. e

addition of a chemotherapeutic mouthrinse to a brushinﬁf’"imt"om

ossing regimen contributed to the improved gingival health e study was conducted during the COVID-19 pandemic

in this group. Moreover, the participants with the highegOctober 2020 to February 2021) and restrictions may have
dexterity scores in the BF group, even under supervisi@nuenced those who volunteered to participate (e.g. age,
demonstrated no greater than 20% improvement in theiisk tolerance). e sample was restricted to people between
interproximal gingival health. In all regions of the mouth, thihe ages of 18 to 60 years who volunteered to be part of &
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