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Abstract
Purpose: The purpose of this study was to evaluate the efficacy and safety of the knotted floss (KF) technique with respect to 
plaque biofilm accumulation, gingival inflammation, bleeding, trauma, and patient preference when used in Type I gingival 
embrasures, in a crossover-comparison with a conventional flossing (CF) technique.

Methods: Thirty healthy, non-flossing adults with at least one Type I gingival embrasure participated in this two-treatment-
phase, crossover study. Each subject was randomly assigned to perform either KF or CF technique in the first 6-weeks, and 
the comparative technique in the second 6-weeks, with a 2-week washout phase in-between. Test-sites were scored at baseline, 
2-weeks, 4-weeks, and 6-weeks using the Rustogi Modification of Navy Plaque Index (RMNPI), Modified Gingival Index 
(MGI), Modified Papillary Bleeding Index (MPBI), and the Carter- Hanson et al., scoring method for gingival trauma. A 
3-factor analysis of variance was performed on the data to rule out treatment sequencing as a significant factor. Data was 
analyzed for differences between groups at respective time points using the student t-test and the paired t-test was used for 
changes within groups over time (p ≤ 0.05).

Results: Analysis of data showed a statistically significant improvement in RMNPI, MGl and MPBI scores within both flossing 
groups over the period of 6-weeks from baseline. The RMNPI scores were significantly less in the KF group at 2, 4, and 6 
weeks when compared to the scores between the KF and CF treatment groups. No significant gingival trauma was recorded in 
either treatment group. Seventy-five percent of the subjects completing the  study, chose KF when asked about their preferred 
flossing technique with respect to its  ability to clean interdentally, while  71% chose KF as the flossing technique that they 
were willing to continue to use.

Conclusion: KF is as effective and safe as an inter-dental oral hygiene technique for reducing plaque biofilm and gingival 
inflammation and bleeding, as compared to CF in Type I gingival embrasures, when both were used in conjunction with 
regular tooth-brushing. KF was shown to be better than CF in in terms of improved plaque biofilm scores.

Keywords: flossing, interdental cleaning, dental plaque, gingivitis, oral hygiene

This manuscript supports the NDHRA priority area Client level: Oral health care (new therapies and prevention models).

Submitted for publication: 2/18/18; accepted: 9/22/18 

Efficacy, Safety and Patient Preference of Knotted Floss  
Technique in Type I Gingival Embrasures
Aaron F. Gomes, MDS; Amit Rekhi, MDS; S. Meru, MDS; Gaurav Chahal, MDS

Introduction
It has been well established in the literature that the 

origin of gingivitis and periodontitis occurs through the 
colonization, accumulation and subsequent maturation of a 
plaque biofilm. Variations to this inflammatory process are 
thought to be a consequence of differences in the quantity and 
composition of these microbial deposits in addition to being 
mediated by systemic and local inflammatory responses and 
other environmental factors.1 Good oral hygiene practices are 
considered to be important in maintaining good oral health.2-4 
Regular oral care, focused on controlling supra-gingival plaque, 

Research

can assist in slowing or reducing the tendency of plaque biofilm 
to shift to a pathogenic environment.5 Current preventive oral 
health care focuses on thorough removal of plaque biofilm to 
prevent, reduce or even reverse oral disease processes, such as 
gingivitis.6-10 Dentists and dental hygienists have commonly 
recommended daily mechanical plaque biofilm control, speci-
fically tooth-brushing for thorough removal of plaque biofilm 
and prevention of further plaque accumulation.3,5,9,10

Toothbrushing as a means to mechanically remove plaque 
biofilm is extremely effective, however it has not been shown 
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to be thoroughly effective in cleaning interdental areas when 
used exclusively.4,6,10,11 Schmid12 classified interdental embrasures, 
depending upon how much the interdental papilla fills the 
gingival embrasure and advised that dental floss be used in Type-I 
embrasures, and the incrementally wider interproximal and uni-
tufted brushes be used in in Type-II and III, respectively.12

In a systematic review of twelve studies on flossing, Sambunjak 
et al.13 concluded that there is some evidence to support the theory 
that flossing, in addition to tooth-brushing, reduces gingivitis and 
plaque biofilm accumulation as compared to tooth-brushing alone. 
Routine use of dental floss in conjunction with tooth-brushing has 
been shown to reduce the amount of plaque biofilm accumulation 
especially in the proximal areas.5,6,14 Additionally, plaque biofilm 
reduction may not only prevent the onset and severity of gingivitis 
but may also lower the risk of cardiovascular disease.15,16 Flossing 
is also utilized to clear food impaction from interdental areas.17 
However, in regards to compliance, patients frequently exhibit a 
reluctance or an inability to perform flossing on a regular basis.9,14

Gomes et al.,18 have presented a modification in flossing called 
Knotted Floss (KF) technique and advocated its use in wider 
embrasure areas. The modification was made to increase the effective 
width of the floss, thus enabling it to be used in embrasures wider 
than those recommended for conventional floss. To modify the 
floss, a knot is tied at any distance in the middle third of the floss 
length. The floss can then be inserted past the interdental contact 
point by the conventional finger flossing (CF) technique in the 
non- knotted area and then during the “to and fro movement” on 
the tooth surface cervical to the contact, the knotted area is then 
engaged through the embrasure (Figure 1).18  

Asadoorian6 conducted a literature search and critical analysis 
of studies on the efficacy of manual finger flossing, flossing aids 
and devices, and other interproximal aids. However, no studies 

have been identified in the literature that have evaluated 
either the efficacy, safety, or the patient preferences of the 
KF technique as an adjunct to tooth brushing. 

To assess the efficacy of an interdental cleansing 
method, one must consider two reference points; 
theoretical efficacy of the method as determined by its 
clinical evidence and practical efficacy based upon the 
acceptability of the procedure, which in turn influences 
the long-term compliance.6 Theoretical efficacy can be 
determined by evaluating the effects of the test device 
or procedure on plaque biofilm accumulation scores 
and the presence of gingival inflammation and bleeding. 
The potential of the test device to cause gingival trauma 
during use must also be evaluated. The purpose of this 
study was to compare the changes in scores of plaque 
biofilm accumulation, gingival inflammation, sulcular 
bleeding and presence of gingival trauma due to flossing 
using the KF technique versus the CF technique, in 
Type-I gingival embrasures. Preferences between the two 
flossing techniques were also evaluated. 

Methods
Sample Selection Criteria 

A sample of 30 patients, aged 18 years and above, 
were randomly selected from the patients visiting 
Uttaranchal Dental and Medical Research Institute out-
patient department, for a dual phase, examiner blinded, 
crossover clinical trial. A preliminary pilot study with 
six subjects was conducted in order to estimate the 
necessary variables required to determine the sample size 
according to the criteria of Chow et al.19 A sample size of 
28 was calculated to achieve a sample power of 80%, and 
was increased to 30 to adjust for potential attrition.20 
Inclusion and exclusion criteria used for subject selection 
are shown in Table I. The trial was conducted as per the 
World Health Organization guidelines for good clinical 
practice23 and was approved by the Uttaranchal Dental 
and Medical Research Institute Ethics Committee. 
This study was part of a larger study protocol involving 
different groups comparing the KF technique with the CF 
technique, along with the use of interdental brushes and 
uni-tufted brushes in Type-II and Type-III embrasures, 
respectively. No subjects overlapped amongst the sample 
groups of the larger study protocol.

Study Design

Each potential participant received written and 
verbal instructions on the two flossing techniques prior 
to starting in the study. The first and third investigator 

Figure 1. Knotted Floss Technique 

Make a simple  
knot (arrow) in  
the middle of the 
length of floss

Floss is inserted 
between teeth 
(non-knotted part) 
and then knotted 
area (arrow) is 
allowed to slide 
through embrasure
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demonstrated both flossing techniques on typodonts in 
30-minute educational sessions over three consecutive days. 
Each educational session had no more than ten participants. 
On the third day, the participant’s proficiency in both 
techniques on typodonts was confirmed separately by both 
investigators, informed consent taken and the subject was 
enrolled into the fourteen-week study. Failure to perform the 
techniques as instructed required an additional 30-minute 
educational session or exclusion from the study.

In the first phase, half of the subjects were randomly 
assigned to use either the CF or the KF technique. Only the 
first investigator was responsible for this allocation and the 
other investigators were blind as to which technique the subject 
was assigned to. The treatment phase consisted of six weeks of 
daily use of the assigned technique and was followed by a 14-
day washout period after which the second phase began and 
the subjects used the other flossing technique. Subjects were 
given their assigned floss products by the first investigator 

exclusively at the baseline appointment for each phase. 
Subjects assigned to the CF technique received 90 pieces of 
waxed floss (Reach,®Johnson & Johnson Consumer Inc.; New 
Brunswick, NJ), each piece 15 centimeters in length, equally 
divided into three plastic bags. Subjects assigned to the KF 
group received the same bags of floss except that each floss 
strand had a simple knot tied at approximately the middle 
of the strand. All participants received a toothbrush (Oral-B® 
all-rounder soft; Procter & Gamble; India Ltd.) and dentifrice 
(Colgate® Strong Teeth; Colgate-Palmolive; New York, NY).

Participants were given detailed instructions regarding 
the oral hygiene study regimen (Table II). As in any 2x2 
crossover study, trial phases must be separated by a washout 
phase sufficiently long enough to rule out any carryover effect 
of the first treatment procedure prior to proceeding to the 
second.19,24 Carter-Hanson et al.,14 used a 2-week washout 
period in their crossover study comparing a floss holding device 
to conventional finger-flossing procedure, while Torkzaban et 

Table I. Sample selection criteria

Inclusion Criteria Exclusion criteria

•	 One type-I embrasure in the premolar-first molar area, 
(only one type-I embrasure selected per subject)

•	 Full mouth (Silness and Löe21) plaque index score ≥ 1.8

•	 Full mouth (Löe and Silness22) gingival index ≥ 1.0

•	 Good general health

•	 No missing teeth in the quadrant bearing the embrasure 
being tested, except for third molars

•	 No missing teeth in the quadrant opposite to the 
embrasure being tested, except for third molars

•	 No more than two teeth missing in each of the other two 
quadrants

•	 Available for a 14-week study period

•	 Willing to abide with the study criteria and follow study 
methodology with no personal alterations

•	 Minimum education of higher secondary school 
certification 

•	 Use of other oral hygiene aids (besides tooth-brushing) such as dental 
flossing, mouthwashes and water jet irrigating systems in the previous 
2 months

•	 Any habit of unilateral mastication for ≥2 months

•	 History of diabetes mellitus, hepatitis, and pregnancy or requiring any 
antibiotic prophylaxis

•	 Drug history in preceding two months (and during study) of use 
of antibiotics, hormonal supplements, steroids, non-steroidal anti- 
inflammatory medications, oral contraceptives or any drug influencing 
gingival tissue

•	 Participation in other clinical or drug trials including taking part in 
other studies related to evaluation of knotted floss technique

•	 Physical handicaps limiting oral hygiene ability and the effective use of 
dental floss

•	 Orthodontic treatment

•	 Gross dental caries

•	 Severe gingival inflammation requiring professional therapy

•	 Advanced periodontitis (more than one pocket ≥ 6mm)

•	 Active periodontal therapy such as scaling, root planing, curettage, 
periodontal surgery in the previous 8 weeks,

•	 Oral habits including smoking, tobacco chewing or self- gingival 
mutilation

•	 History of trauma or jaw surgery 

•	 Proximal caries/gross occlusal caries or proximal restorations/ crowns/
onlays/inlays on teeth adjacent to the embrasure area selected
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al.,25 used a 7-day washout period in their crossover study comparing brushing 
and flossing sequencing. Data from the pilot study showed no significant intra-
subject differences at the start of each treatment phase, when a 2-week washout 
period was used, while when a 1-week washout was employed, there was no 
conclusive evidence that the washout was effective. Hence, a washout of 2-weeks 
was selected between treatment phases allowing the participants time to return 
to their original oral status and establish parity in baseline clinical measurements, 
prior to starting the second treatment phase. Moreover, the same inclusion and 
exclusion criteria were applied to all participants at the start of each treatment 
phase. Subjects were instructed to perform their normal oral hygiene practices of 
tooth-brushing with dentifrice and refrain from using any floss or any additional 
plaque biofilm control aids during the washout period.

Clinical Evaluations

Clinical evaluations of all subjects 
were performed beginning with baseline, 
and at 2-weeks, 4-weeks, and 6-weeks of 
each treatment phase. Adjacent teeth and 
gingiva at the test sites were scored with 
the Rustogi Modification of Navy Plaque 
Index (RMNPI),26 Lobene’s Modified 
Gingival Index (MGI),27 and Barnett’s 
Modified Papillary Bleeding Index 
(MPBI).28 Sequencing of the examination 
was specifically chosen as RMNPI, 
followed by MGI and MPBI, to avoid the 
possibility of plaque removal during the 
recording of the other two indices.14,29 A 
plaque disclosing agent was used to identify 
the location and quantity of plaque. 
Gingival trauma (GT) was assessed as the 
presence or absence of signs of trauma 
in the marginal and papillary gingiva of 
adjacent teeth according to methodology 
proposed by Carter-Hanson et al.14 
Facial and lingual surfaces were visually 
examined for gingival trauma. Presence 
of lacerations, floss cuts, or demarcation 
line/indentation at the site was scored as 
one, while a score of zero was recorded in 
the absence of any signs of trauma. The 
score per subject was obtained by totaling 
all scores and dividing by the number of 
sites examined.14 Indices were recorded 
by the second and fourth investigators. 
Intra- and inter-examiner reliability was 
calculated prior to the commencement of 
the study, as well as at two weekly intervals 
over the duration of the study by utilizing 
nine additional subjects who were not part 
of the sample. The study schedule was 
organized so that no more than six subjects 
reported for examination on any given 
day of the week. The two investigators 
involved in the recording of data were 
blinded as to which technique the subject 
was using as well as the amount of unused 
floss, if any, at the end of the respective 
treatment phase.

Table II. Subject instructions

1. Brush the teeth twice a day using only the supplied toothbrush and dentifrice 

2. Do not use any other oral hygiene aid except for the assigned floss

3. Use the assigned floss twice a day in the method previously instructed

CF Phase

Wrap the floss around the middle or index fingers. Hold 
the floss taut and gently slide the floss between the teeth 
and move it along the margin, curved into a “C” shape. 
Movement of the floss should be ‘up & down’ and ‘back & 
forth’ (in a push-pull motion) three to five times between 
each tooth without using excessive pressure. Finally allow the 
floss out through the embrasure by releasing the floss from 
one finger.

KF Phase

Wrap the floss around the middle or index fingers. Hold 
the floss taut   and gently slide the floss between the teeth in 
the portion that does not contain the knot. Move it along 
the margin, curved into a “C” shape. Movement of the floss 
should be ‘up & down’ and ‘back & forth’ (in a push-pull 
motion) three to five times between each tooth without using 
excessive pressure, such that the knotted area passes across 
the interdental area from buccal to lingual or vice-versa. 
Finally allow the floss out through the embrasure by releasing 
the floss from one finger.

Washout Phase
Perform normal oral hygiene practices of tooth-brushing 
with dentifrice. Refrain from using any floss or other plaque 
biofilm control aids.

4. Write in the diary (present in the sample kit) any flossing experience that you 
feel is significant, including missing a flossing activity, performing an extra oral 
hygiene procedure (like tooth picking), taking any medication or any gingival 
trauma, cut, etc..

5. Discuss queries regarding flossing only with the first and third investigator.  
Do not mention anything about your flossing experience to the second and  
fourth investigator.

6. Return all unused dental floss products to the first investigator at the end of each 
treatment phase.
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Subject cCmpliance

Each subject received a compliance diary at the baseline 
appointment of each treatment phase and the diaries were 
collected at the end of each phase by the first investigator. 
Participants recorded each flossing experience along with 
any other events he/she felt significant. Compliance was 
further established by dispensing a specific amount (90 
pieces) of the assigned floss product per treatment phase. 
Subjects returned any unused portion of floss product 
to the first investigator at the end of each phase; thus, 
non-compliance was estimated. Additionally, a patient 
satisfaction questionnaire consisting of specific choice 
type questions, substantiated compliance. Questions did 
not require participants to compare specific techniques 
by name, rather by phase 1 versus phase 2, and were 
completed by all participants at the completion of study. 
The first investigator later decoded the sequence of 
choices as per the random allocation performed at start 
of study.

Validity and Reliability

Prior to beginning the study, a panel of three 
experts consisting of senior staff members (two in the 
field of oral health and one in clinical psychology) 
evaluated the questionnaire used in the initial pilot 
study and deemed it to be valid. Intra and inter- rater 
reliability was established through the collection of 
data from subjects who were not part of the sample 
during pilot testing. Inter- and intra- rater reliability 
was measured at two-week intervals, using a minimum 
of nine randomly selected volunteers from the out-
patient clinic. These volunteers fulfilled the selection 
criteria but did not participate in the treatment phases. 
Reliability was assessed for the RMNPI and MGI. 

Statistical Analysis

Data were analyzed using SPSS software version 
17.0 (SPSS; Chicago, IL, USA). Gender wise 
distributions were compared and the mean age was 
calculated. A 3-factor analysis of variance (ANOVA) 
was conducted to examine the effects of sequence of 
the treatment phase and the possibility of any ‘carry-
over’ of the effects of the first treatment phase into 
the second, in spite of the 2-week ‘washout’ phase. 
Following statistical confirmation that treatment 
sequencing was not a significant factor, data was further 
analyzed as at baseline and post intervention. For each 
of the outcome variables, intra-group differences were 
analyzed using a paired t-test; inter-group differences 

were analyzed using the student’s t-test. Direct comparisons were 
performed on the questionnaire responses between the two groups. 
All results were examined for statistical significance (p ≤ 0.05).

Results 
Inter-examiner reproducibility for exact agreement (K = 0.76 ± 

0.07, SE) was assessed for readings made between the second and 
fourth investigators, indicating an excellent level of agreement. An 
intra-examiner reproducibility for exact agreement (K = 0.81 ± 0.06, 
SE) and (0.79 ± 0.08, SE) for replicating the readings were recorded 
by the second and fourth investigators, respectively, also indicating 
an excellent level of agreement.

Data gathered from one subject was excluded due to non-
compliance; the participant introduced a knot into the floss himself 
during phase-2 when the CF technique was to have been used. Another 
subject was withdrawn before the start of phase-2 as the plaque and 
gingival indices were below the sample selection requirements, even 
after the washout phase, and no longer met the inclusion/exclusion 
criteria. All clinical data is based on recordings from the twenty-eight 
subjects who successfully complied with, and completed both the 
treatment phases of study; no data was included from the two subjects 
that were withdrawn. Participant demographics are displayed in Table 
III. Each subject was scored in each of the two treatment phases at 
baseline, 2-weeks, 4-weeks and 6-weeks for RMNPI, MGI, and MPBI. 
Areas of GT were also assessed at 2- weeks, 4-weeks and 6-weeks in 
both treatment phases. Scores recorded from the subjects during 
use of the KF technique were grouped together and the means and 
standard deviation recorded. Similarly, scores recorded during use of 
the CF technique were grouped together, and means and the standard 
deviation were calculated.

Mean scores at baseline, 2 weeks, 4 weeks and 6 weeks for RMNPI, 

MGI, MPBI and GT are shown in Table IV. Baseline scores for the 
first three indices were similar. On comparison of RMNPI scores 
between the two groups, mean scores for the KF group were found 
to be significantly lower than those of the CF group at 2-weeks, 

Table III. Age / Gender Distribution of Subjects in Study (n=28)

Phase 1 Phase 2
Total

KF CF KF CF

Number 13 15 15 13 28

Males 4 5 5 4 9 (32%)

Females 9 10 10 9 19 (68%)

Age Range (years) 18 - 46 18 – 46 18 – 46

Mean Age (years) 31.3 (± 11.2) 31.3 (± 11.2) 31.3 (± 11.2)

CF = Conventional flossing         KF = Knotted flossing 
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4-weeks and 6-weeks. Comparison of MGI and MPBI mean scores did not reveal 
any statistically significant difference between both the groups at all the time points.

When comparing within respective group the mean difference in RMNPI scores, 
the differences in scores between baseline and 2-weeks, 2-weeks and 4-weeks, as well as 
scores between baseline and 6-weeks, were statistically significant for both treatment 
groups (p= 0.05). There was no significant difference between the mean RMNPI at 
4- weeks and 6-weeks for either group (Table V).

When comparing mean differences in MGI within each treatment group, it was 
noted that the differences within groups at baseline and 2-weeks, as well as baseline 
and 6-weeks, for both the CF and the KF treatment groups, were statistically 
significant (p≤ 0.05). The mean difference between MGI at 2-weeks and 4-weeks was 
also significant for the CF group but not for the KF group (Table V). No significant 
differences were found between MGI at 4-weeks and 6-weeks for either group.

Mean differences within groups between MPBI at baseline and 2-weeks and 
baseline and 6-weeks were statistically significant within both treatment groups  
(p≤ 0.05). No significant differences were identified between MPBI at 2-weeks and 
4-weeks, and 4-weeks and 6-week intervals for either treatment group (Table V). Patient 

compliance and satisfaction were 
estimated by way of the entries made 
in the compliance diaries, the amount 
of unused floss and the questionnaire 
completed at the end of final phase. 
Over 93% of the subjects reported 
flossing twice a day, 7 days a week. 
Participant responses and preferences 
identified in the questionnaire are seen 
in Table VI.

Over half of the subjects (54%) 
completing the study felt that the KF 
technique was easier to use than the CF 
technique, while 46% felt that CF was 
easier to use. An equal number said it 
took less time to use the CF technique.  
Three-fourths (75%) subjects were of 
the opinion that they were able to clean 
interproximal areas better when using 
the KF and 71% of the participants 
expressed a desire to continue using KF 
as their flossing method of choice in 
their future oral hygiene practices.

Discussion
Dental flossing is still one of the  

most effective means for the removal 
of interproximal plaque biofilm and 
cleansing of interdental areas post food-
impaction.13,30-32 However, investigators 
have reported that people, in general, 
do not use dental floss routinely,9,14  
creating  a need for alternative methods 
and interdental cleaning aids, to 
improve acceptability and compliance. 
In such an endeavor, Gomes et al18 in 
2016, proposed a KF technique which 
helped dislodge plaque biofilm and food 
debris from wider interdental areas, 
and therefore probably increased its 
acceptability. Results from the current 
98 day, 2-phase, clinical study indicate 
a similar ability of the KF technique 
as compared to CF with respect to 
removing interdental plaque, decreased 
gingival inflammation and bleeding. 
There were no statistically significant 
signs of gingival trauma arising from 

Table IV. Comparison of mean scores between treatment groups  
at various time intervals.

Index Examination Period CF* KF** p-value

Plaque Index 
(RMNPI26)

Baseline mean (SD) 2.57 (0.96) 2.61 (0.99) 0.813

2 week mean (SD) 1.71 (0.66) 1.36 (0.69) 0.010

4 week mean (SD) 1.21 (0.50) 0.96 (0.33) 0.017

6 week mean (SD) 1.18 (0.60) 0.89 (0.40) 0.014

Gingival Index 
(MGI27)

Baseline mean (SD) 2.5 (0.69) 2.66 (0.65) 0.153

2 Week mean (SD) 1.89 (0.52) 1.76 (0.42) 0.070

4 week mean (SD) 1.79 (0.42) 1.73 (0.40) 0.326

6 week mean (SD) 1.70 (0.48) 1.70 (0.48) 0.726

Bleeding Index 
(MPBI28)

Baseline mean (SD) 2.5 (0.79) 2.32 (0.72) 0.345

2 Week mean (SD) 1.85 (0.65) 1.71 (0.46) 0.326

4 week mean (SD) 1.75 (0.52) 1.68 (0.48) 0.573

6 week mean (SD) 1.71 (0.48) 1.61 (0.52) 0.413

Gingival Trauma Index 
(GTI14)

Baseline mean (SD) - - -

2 Week mean (SD) 0.71 (0.26) 0.11 (0.31) 0.663

4 week mean (SD) 0.00 (0.00) 0.00 (0.00) -

6 week mean (SD) 0.00 (0.00) 0.00 (0.00) -

*CF = Conventional flossing         **KF = Knotted flossing         SD = Standard Deviation
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either flossing technique. Additionally, the subjects at the end of the study stated a 
preference towards the KF technique and wished to continue to use it in the future.

In order to obtain an effective level of interdental plaque biofilm removal, the use of 
a dental floss or any other interdental device should be combined with a good brushing 
technique.25,33,34 The present trial evaluated the use of brushing combined with each of 
two techniques of flossing and not of dental floss technique exclusively.

Numerous studies in the literature compare the CF with mechanical flossing devices 
and other interdental aids.14,33,34 These studies have shown that flossing devices hold no 

clinical advantage in the reduction of 
plaque and improved gingival index 
scores when compared to CF. A study 
by Carter- Hanson et al.,14 is most 
comparable to the present study with 
its two-phase, single blind, crossover 
clinical design, although it was only 
74 days in comparison to 98 days of 
the present study. Carter- Hanson et 
al.,14 reported a significant decrease 
in plaque, gingival inflammation 
and bleeding scores over the period 
of their study with the use of CF and 
a floss holder. Patients preferred the 
floss devices in spite of the increased 
cost in comparison to use of CF.14  
In the present study, the KF 
technique did not involve any 
increased expenditures by the patient, 
unlike the floss devices used in 
previous studies.14,33,35 Carter-Hanson 
et al.,14 had expressed the opinion that 
such preference for a floss product 
could increase a patient’s compliance 
to incorporate flossing into their daily 
oral care routine.

Cronin et al.,33 compared the safety 
and efficacy of a battery-operated 
interdental cleaning device fitted with 
either a fork-like floss holder or a pick 
attachment, versus CF in the reduction 
of plaque biofilm scores and gingival 
inflammation when combined with 
manual tooth brushing over a 30-
day period. Participants were split 
equally into three parallel groups. 
All three groups showed similar scores 
at baseline but showed statistically 
significant reductions after 30 days in 
gingival inflammation and bleeding 
scores, while plaque scores reduced 
significantly in the floss holder device 
group and the CF group only. Plaque 
biofilm reduction was reported to 
be better for the floss holder device 
group as compared to the pick-
attachment group. The present trial 
has similar results, with the statistically 

Table V. Mean differences of scores within each treatment groups between  
various time intervals for Type 1 embrasure group

Index Examination Period CF p-value KF p-value

Plaque Index 
(RMNPI26)

Baseline – 2weeks 0.86 (0.58) <0.001 1.25 (0.57) <0.001

2weeks – 4weeks 0.50 (0.57) <0.001 0.39 (0.49) <0.001

4weeks – 6 weeks 0.04 (0.19) 0.309 0.07 (0.26) 0.146

Baseline – 6weeks 1.39 (0.98) <0.001 1.71 (0.88) <0.001

Gingival Index 
(MGI27)

Baseline – 2weeks 0.61 (0.59) <0.001 0.89 (0.71) <0.001

2weeks – 4weeks 0.11 (0.24) 0.026 0.04 (0.13) 0.146

4weeks – 6 weeks 0.09 (0.27) 0.085 0.04 (0.19) 0.309

Baseline – 6weeks 0.80 (0.62) <0.001 0.96 (0.72) <0.001

Bleeding Index 
(MPBI28)

Baseline – 2weeks 0.64 (0.67) <0.001 0.61 (0.77) . <0.001

2weeks – 4weeks 0.11 (0.31) 0.073 0.04 (0.19) 0.309

4weeks – 6 weeks 0.04 (0.19) 0.309 0.07 (0.26) 0.146

Baseline – 6weeks 0.79 (0.67) <0.001 0.71 (0.75) <0.001

*CF = Conventional flossing          **KF = Knotted flossing

Table VI.  Patient satisfaction questionnaire (n=28)

Questions CF* 
n (%)

KF** 
n (%)

Which floss did you find easier to use? 13 (46.4%) 15 (53.6%)

Which floss was faster to use? 15 (53.6%) 13 (46.4%)

With which floss did you have more pain and sensitivity? 16 (57.1%) 12 (42.9%)

Which floss did you feel cleans better between teeth? 7 (25.0%) 21 (75.0%)

If given a choice which floss would you continue to use? 8 (28.6%) 20 (71.4%)

*CF = conventional flossing         **KF = knotted flossing
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significant reductions seen in scores of plaque biofilm, gingival 
inflammation and gingival bleeding over a 6-week period 
after using either the CF or KF technique. The KF group had 
significantly more reduction in plaque biofilm indices from 
baseline scores and at time points from 2 weeks, 4 weeks and 
6 weeks in comparison with reductions seen in the CF group 
at identical time-points. Subjects selected for the study had 
moderate amount of plaque biofilm, gingival inflammation 
and gingival bleeding, as inferred by their baseline scores. 
Madan at al.,36 concluded that most dental patients do not 
have an awareness about flossing and hence in this study, 
patients were chosen who were not regular flossers and didn’t 
have any advanced periodontal disease. Hence, the sample 
was reflective of a standard population of relatively healthy 
individuals with gingivitis.

The presence of high compliance in this trial can be 
attributed to the subject’s psychological effect of impending 
study or the Hawthorne effect.14,37,38 The fact that observance 
of gingival trauma was negligible may be because of the 
proper flossing instructions at the start of the study. However, 
although the subjects demonstrated the flossing technique 
on typodonts to the satisfaction of the instructors, the actual 
flossing by the subjects was done unsupervised and with 
no interference by the instructors. During the time of oral 
examinations, the subjects were oblivious to the scores and 
were not given any instructions as to how to modify their 
flossing habits. Hence, the inference that the KF technique 
can be used safely for interdental cleansing of Type-1 gingival 
embrasures, albeit only after proper flossing instructions have 
been given.

A meta-analysis by Berchier et al.,39 explored the impact 
of adding flossing as an adjunct to brushing, and its effect 
on the indices of plaque biofilm and gingival health. They 
failed to find statistically significant improvement in these 
scores, but at the same time suggested that one has to have 
proper instructions to achieve a goal of high-quality flossing. 
In addition, there has been recent press coverage calling into 
question the recommendation for daily flossing.40 However, 
even though the average benefit of CF and modified 
techniques like the KF technique is probably small, there 
are no documented harms nor increased costs to the patient. 
Since more than half of all Americans are said to be affected 
by periodontal disease,41 even a small benefit to their oral 
hygiene may prove beneficial.32

In the present study, no preference was given to the 
selection criteria for choosing the test area (upper or lower 
jaws, left or right sides). Similarly, there was no criteria for 
inclusion of only left-handed (LH) or right-handed subjects 

(RH). In a study of 40 subjects, Kadkhodazadeh et al.,42 
reported that LH subjects have lower plaque biofilm scores 
in the right quadrants and RH subjects have lower plaque 
biofilm indices in the left quadrants. Cakur et al.,43 studied 
forty-six adolescents and reported that RH subjects have 
lower oral hygiene scores and a lower incidence of caries, 
possibly because of their better manual dexterity and brushing 
efficiency. These confounding variables do not necessarily 
affect the present  crossover  study,  as  these  variables  were 
common during both trial phases.

Limitations 

This trial was limited to the evaluation of the KF 
technique in type 1 embrasures in subjects who otherwise 
were not regular users of interdental oral hygiene aids and oral 
irrigators. The sample consisted of individuals of both sexes, 
different socioeconomic strata, and varied dietary habits. A 
crossover study on flossing by Torkzaban et al.,25 found that 
there was a significant influence of gender on the plaque 
scores and bleeding points index. The present trial did not 
compare the scores between different genders. Similarly, this 
evaluation of the KF technique was not performed in cohorts 
comprised of different types of embrasures, a variety of socio-
economic  groups, and groups with different kinds of eating 
habits. Hence, there is a need for a larger sample size such 
that all confounding variables are identified, their influences 
evaluated and compared. Volunteers who enrolled  into  the  
study were given instructions in flossing technique and were 
thus extra-motivated in diligently performing the procedure 
as required. It is uncertain whether favorable results in the 
efficacy of both flossing techniques were  achieved by cogni-
tive behavioral intervention, or by the Hawthorne effect.37 
This limitation may be diminished in a long-term study. 
Moreover, it cannot be guaranteed that a recommendation 
of twice a day flossing as performed in this study, will not 
have a negative compliance in the lay public. Hujoel et al.,44 
have cautioned against the extrapolation of results obtained 
from professionally supervised flossing, to typical floss users 
since unsupervised self-flossers didn’t show any significant 
reduction in incidence of interdental caries. Conversely, the 
fact that the subjects were not directly supervised during the 
flossing procedure per se, meant that the verification of their 
compliance depended only on their honesty.45  It is possible 
that the presence of a knot in an otherwise smooth dental 
floss has the increased potential to cause gingival trauma. 
For ethical reasons, this study excluded subjects with severe 
inflammatory gingival disease needing urgent professional 
care. Since severely inflamed gingival tissues are more prone 
to injury, it is probable such subjects would have had more 
cases of gingival trauma.
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Conclusion
Results from this two-phase, single blinded clinical trial 

demonstrate that KF is a safe and effective inter-dental oral 
hygiene cleansing technique for reducing plaque biofilm 
accumulation, gingival inflammation and bleeding, as 
compared to CF techniques in Type I gingival embrasures, 
when used in conjunction with regular tooth-brushing over 
an 6-week period. The KF technique is an effective alternative 
to CF provided proper instructions are given regarding its use 
and the procedure is performed in conjunction with tooth-
brushing. Patient preference for the KF technique indicate 
that it can be a viable alternative to CF in assisting patients 
in establishing regular and cost-effective interdental cleaning 
habits in Type I gingival embrasures.
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