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ABSTRACT

BACKGROUND

Although there are multiple studies comparing the efficacy of different interdental hygiene aids on natural teeth,
little or no data exists to show what method of interdental cleaning may be most effective on dental implants. The
aim of this study was to compare the effectiveness of two interdental hygiene aids (an interdental brush versus
dental floss) on dental implants, assessing their effects on clinical parameters that impact on implant tissue health,
as well as cytokines level in peri-implant crevicular fluid.

METHOD

This was a single blind, randomized controlled trial in a single centre.32 implant patients currently under
maintenance were evaluated at baseline, 3 and 6 months. One implant was studied per participant. 16 patients used
dental floss while the other 16 used interdental brushes. All hygiene aids used were supplied to participants after
randomized allocation. Clinical parameters evaluated include full-mouth plaque scores and full-mouth bleeding on
probing, width of implant keratinized mucosa, distance of papilla from the occlusal point of prosthesis, implant
probing depths, implant plaque levels and implant bleeding on probing. Peri-implant crevicular fluid samples were
also taken and IL-2,IL-4,1L-6,1L.-6,1L-10,TNF-alpha and IFN-gamma levels were measured.

RESULTS

The mean and median values of all clinical variables and cytokines for both groups were calculated and compared
analytically. A repeated measures analysis to compare group-time interaction was also carried out. There were
reductions from baseline to 6 months in most variables for both groups. While most results were not statistically
significant, there was an increase in mean probing depth of interdental brush group at 6 months for the distobuccal
(0.4mm) and lingual (0.25mm) implant surfaces that was statistically significant.

CONCLUSION

Although floss slightly outperformed interdental brushes in implant plaque index and full mouth bleeding scores,
other indices showed relatively comparative values between the two groups. We were unable to reject the null
hypothesis as determined within the limits of these 6-months results.

INTRODUCTION
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Dental Implants are an important treatment modality in rehabilitation of edentulous or partially dentate patients.
According to the American Association of implant dentistry, it is estimated that 3 million Americans have implants

and that number is growing by 500,000 a year.

Maintenance of an implant is absolutely crucial in order to prevent complications like peri-implant mucositis or
peri-implantitis, which could culminate in loss of the implant. Implants are a huge financial undertaking and it is
important that the patient attends regular maintenance appointments and be properly motivated to ensure thorough

implant hygiene practices at home.

There exists a complex ecological system in the oral cavity. The oral bacteria form complex biofilm communities
which can attach to a tooth or implant surface with release of virulent factors. The peri-implant crevice is usually
deeper than the gingival crevice of natural teeth, and may make it more susceptible to bacterial penetration
(Belibasakis et al, 2015). It is therefore important that the plaque and bacterial biofilm be regularly disrupted by

toothbrushing, interdental cleaning and scaling of the implant surface.

Interdental cleaning is an integral component of home plaque control. These are often the areas of ineffective plaque
control and usually where probing depths are the deepest (Loos et al, 1988; Loos et al, 1989). Studies have shown
that the toothbrush alone is insufficient at removing all interproximal plaque, and therefore patients need to resort
to additional techniques for maintenance of interdental health (Imai P. et al 2012; Sambujak et al 2011; Slot et al

2008).

There are various methods available for interdental cleaning around implants. No one method is suitable for all

patients. The effectiveness of the method used depends largely on the ease of use and patient motivation.
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Although there is a pool of studies comparing the efficacy of different interproximal tools in the natural dentition
(Chiongcharoen et al, 2012; Jordan et al, 2013; Larsen et al, 2016 ) ,there is very little ,if any, data about the most

effective way to remove interproximal plaque around dental implants.

While some studies have found differences in the effectiveness of interdental brushes versus dental floss on natural
teeth (Slot et al, 2008; Rasines G, 2009;Christou et al 1998), other studies did not find any difference between the
two methods (Poklekovic et al 2013 ; Noorlin & Watts 2007). It is therefore necessary to evaluate what method of
interdental hygiene aid may be most beneficial in improving clinical parameters and maintain a healthy implant.

Assessment of anti and pro-inflammatory cytokines in the peri-implant fluid may also be of benefit.

Cytokines are proteins and glycoproteins produced by immune defence cells such as T —lymphocytes,
monocytes, etc. They may also be produced by fibroblasts, epithelial and endothelial cells.

During inflammation, there is an increase in the level of these inflammatory cytokines around the peri-implant
tissues and this can be used as a qualitative/ quantitative method of analysing peri-implant inflammatory disease.
(Salvi et al. 2012; Pontoriero et al. 1994). The analysis of the levels of proinflammatory cytokines may be an
important predictor of disease activity around an implant. Several studies have reported the usefulness of
increased cytokine levels as markers for peri-implant disease (Liskmann et al, 2006;Lopez et al, 2006 ;Schierano

et al 2000 ;Salcetti et al 1997)

There is thus a huge need for evidence to confirm if there is any difference between use of interdental brushes or
dental floss as an adjunct to toothbrushing on dental implants. It is important to have scientific evidence through
which we can make recommendations to implant patients regarding what form of interdental hygiene care would
be most appropriate, not just in removing interdental plaque, but also how it might affect other clinical parameters

like pocket depths, bleeding on probing and amount of keratinized tissue.
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AIM

The aim of this trial was to compare the effectiveness of two interdental hygiene aids (an interdental brush versus
a dental floss) on dental implant, assessing their effects on clinical parameters that impact on implant tissue health,
as well as cytokines level in peri-implant crevicular fluid and perceived pain/discomfort over a one year period on

dental implant patients .

MATERIALS /METHODS

STUDY DESIGN

This was a randomized, controlled trial in a single centre. All clinical measurements were taken by a single,
calibrated, blinded investigator, while a single, calibrated dental hygienist was responsible for prophylaxis and
delivery of oral hygiene instructions to all study participants. The results from baseline up to the 6-month visit are

reported in this paper.

PARTICIPANT SCREENING

Participants were recruited from the Graduate Periodontics Clinic, University of Manitoba. The inclusion criteria
of this clinical trial include participants should have one single dental implant or splinted implants, implant probing
depths < 5 mm, participants should have no scaling/root planing in the last three months prior to start of study and
participants must be on a maintenance program at the Periodontics Graduate Clinic, University of Manitoba.
Exclusion criteria of the study were the use of anti-inflammatory medications, or antibiotics within the preceding 3
months, Non-compliant patients or patients with extensive implant prostheses, the presence of systemic conditions
that may compromise host immunity (e.g. uncontrolled diabetes mellitus), participants with limited manual
dexterity or inability to use a manual tooth brush.

Participants were advised that any medication which may affect plaque and inflammatory parameters e.g.

mouthrinses, NSAIDS, must be avoided during the duration of the clinical trial. Ethical approval was received from
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the Health Research Ethics Board, Bannatyne Campus, University of Manitoba and written informed consent was
obtained from all participants.

A total of 32 participants (19 females, 13 males) with age ranging from 38 -79 years were recruited in the study.
One single implant per participant was selected for assessment (6 sites per implant), and 32 implants (196 sites) in

total were assessed.

BLINDING
A single, calibrated investigator took all measurements. This investigator was a Periodontics Resident at the
University of Manitoba. Blinding was achieved by using codes for each participant, with the investigator being

unaware of what group the participant belonged to throughout the duration of the study.

RANDOMISATION

Subjects were assigned codes at the beginning of the study and randomly assigned to two groups by a research
coordinator using simple randomization.

Group Floss: 16 participants were assigned the use of floss (TePe bridge and implant floss; TePe
Munhygienprodukter AB, Sweden) for implant home care and a single implant was selected from each participant
to be assessed.

Group Brush: also consisted of 16 participants and they were assigned the use of Tepe interdental brush (; TePe
Munhygienprodukter AB, Sweden) for implant home care. Again, a single implant was selected from each

participant to be assessed.

STUDY DURATION

During the clinical trial, all participants were seen every 3 months for a one year period. All participants were
invited for a baseline , 3 months ,6 months , 9 months and 12 months appointment. The results from baseline up to
the 6-month visit are reported in this paper. During each tri-monthly appointment, the study investigator measured
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all the clinical variables after which the participants received OHI and SPT by a single, calibrated dental hygienist

(on the same appointment day). The OHI and SPT were standardized for all study participants.

At each appointment seven clinical parameters were recorded. After use of a disclosing solution, Full mouth plaque
score (FMPS) was evaluated. The presence of dental plaque was evaluated on 6 surfaces (distobuccal, buccal,
mesiobuccal, distolingual, lingual and mesiolingual) of all teeth and implants in the mouth. The positive plaque

surfaces were then expressed as a percentage.

Next, the amount of plaque on the buccal and lingual surfaces of the study implant was assessed using the Turesky
modification of the Quigley-Hein plaque index (QHI: Quigley Hein 1962, Tureskey et al. 1970) (0 —no plaque, 1 -
Separate flecks of plaque at the cervical margin of the tooth , 2 - A thin continuos band of plaque (up to one mm)
at the cervical margin of the tooth, 3- A band of plaque wider than one mm but covering less than one-third of the
crown of the tooth, 4- Plaque covering at least one-third but less than two-thirds of the crown of the tooth , 5- plaque
covering two-thirds or more of the crown of the tooth). Participants with grades 0,1 were placed in a “low-plaque

“category, while participants with grades 2,3,4 were categorized as “high plaque”.

Probing depths (PD) of the study implant were recorded at six sites (distobuccal, mid-buccal, mesiobuccal,

distolingual, mid- lingual and mesiolingual) to the nearest mm using a UNC 12 Colorvue® probe.

Bleeding on probing (BOP) was also assessed at the same 6 sites of the study implant (distobuccal, mid-buccal,
mesiobuccal, distolingual, mid- lingual and mesiolingual) using the modified Sulcus Bleeding Index(Mombelli et
al 2007) .The bleeding was graded: 0 = no bleeding, 1 = point of bleeding, 2 = line of bleeding, 3 = drop of bleeding

-interdental triangle filled with blood after probing. The presence/absence of suppuration was also noted.

The width of keratinized tissue at the buccal surface of the study implant (mm) was measured. The distance from
gingival margin to the most occlusal point of the implant prosthesis was measured in mm ,on both the mesial and

the distal papilla.
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Full mouth bleeding on probing scores (BOP) was measured as the presence of bleeding on six sites per
teeth/implants and expressed as a percentage using the Gingival Bleeding Index (Ainamo & Bay, 1975).
Immediately after recording of clinical parameters, the participants met with a single, calibrated dental hygienist.
The participants all received a thorough prophylaxis and detailed oral hygiene instructions. All participants
received a standardized toothbrush (TePe® manual toothbrush; TePe Munhygienprodukter AB,Sweden) and
toothpaste (Colgate Cavity Protection toothpaste; Colgate-Palmolive Canada Inc, Toronto, Canada) ,plus their
randomly assigned interdental hygiene product. All participants were instructed in the Modified Bass
toothbrushing technique twice daily, morning and night for two minutes at a time. Group Floss were instructed to
floss once daily, preferably at nighttime using the Tepe Bridge and Implant Floss® . Group Brush were instructed
in the use of Interdental brush(TePe Interdental brushes® ) from the facial surfaces interproximally once

daily, preferably at nighttime.

Participants were all instructed to use only the hygiene aids given, and to avoid mouthwashes or use of other hygiene
aids not supplied by the study. Participants were given adequate hygiene supplies to last for the duration of the
study, and were able to request more supplies at any time point in the study if required.

At each visit (baseline, 3 months, 6 months), the same measurements were taken by a single investigator, and a
single dental hygienist performed thorough prophylaxis and reinforcement of oral hygiene instructions. At the 12-

month visit, a pain questionnaire was administered and the results of that are discussed in another paper.

PERI-IMPLANT CREVICULAR FLUID SAMPLING

Peri-implant crevicular fluid was collected from four sites of the study implant (buccal, mesial, distal and lingual)
using paper strips (Periopaper; Oraflow Inc., Plainview, NY, USA) and a deep,intra-crevicular sampling
technique(Insertion into the crevice until a minimum form of resistance is felt ). This was done at the baseline, 3, 6
and 12 months appointments. The samples were taken immediately after plaque scores had been recorded and before
any probing or other clinical variables were measured. The area was first isolated with cotton wool rolls to prevent

salivary contamination and supragingival plaque was removed with hand scalers. The study site was gently air-
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dried using an air-water syringe. The paper strips were then gently inserted into the implant sulcus and left in place
for 30 seconds. Strips that were contaminated with blood were discarded and a new sample taken. Individual strips

were placed into coded eppendorf tubes and stored at -80 degrees centigrade until required for analysis.

MEASUREMENT OF IL-2, IL.-4, IL-6, IL-8, 1L-10, TNFa, IFN -gamma

The peri-implant crevicular fluid was analysed to determine the levels of IL-2, IL-4, IL-6, IL-8, IL-10, TNFa and
IFN-gamma. Measurements were carried out using V-PLEX human cytokine 30-PLEX kit according to the

manufacturer’s guidelines.

STATISTICAL ANALYSIS

Statistical analysis was carried out using SAS version 9.3 (SAS Institute, Cary NC). Analysis of all clinical variables
was computed with parametric tests for each variable at baseline, 3 and 6 months. The data for the cytokines was
skewed; therefore a log-transformation was carried out to ensure normality of cytokine data before analysis.

A repeated measures analysis was carried out for both groups from baseline to 6 months using PROC MIXED. A
group-by-time interaction was also computed and Tests of effect slices to compare differences between the groups

at each time point was performed. P values of <0.05 were accepted as statistically significant for all analysis.

RESULTS

A total of 32 participants (19 females, 13 males) participated in this clinical trial. Interdental brush group had 16
patients comprising of 16 implants and 96 sites (6 sites per implant) with participant age ranging from 43 -79years,
and floss group also had 16 patients comprising of 16 implants and 96 sites (6 sites per implant) with participant

ages ranging from 38 -79years. The demographics for the study population are presented in 7able 1. Two study
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participants did not attend the three-month visit due to scheduling conflicts. There were no adverse events reported

by any of the study participants as a result of the study.

TABLE 1 : DEMOGRAPHICS OF STUDY POPULATION

Total Sample Size, N =32
FLOSS INTERDENTAL BRUSH
N =16 N=16
AGE (years) MEAN (STD) 64.4(11.5) 65.9(.9)
MINIMUM 38 43
MAXIMUM 79 79
GENDER MALE 4 9
FEMALE 12 7
SMOKING NON-SMOKER 15 15
SMOKER 1 1

Figure 1: Consort flow chart
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[ Enrollment ]

Assessed for eligibility (n=50)

Excluded (n=18 )

Randomized (n=32)

+ Not meeting inclusion criteria (n= 13 )
+ Declined to participate (n=5 )
+ Other reasons (n= 0)

Allocation

Allocated to tepe interdentalbrush intervention
(n=16)

+ Received allocated intervention (n= 16 )

«+ Did noi receive allocated intervention (give
reaspns) (n=0 )

Allocated to floss intervention (n= 16 )
+ Received allocated intervention (n= 16 )

+ Did not receive allocated intervention (give
reasons) (n=0)

Follow-Up

Lost to follow-up (give reasons) (n= 0)
Discontinued intervention (give reasons)(n=0 )

Lost to follow-up (give reasons) (n=0)
Discontinued intervention (give reasons)(n= 0)

Analysed (n=15)
+ Excluded from analysis (give reasons) (n=1)
(Participant missed the 3-month appointment)

TABLE 2: Mean

Analysed (n=15)
+ Excluded from analysis (give reasons) (n=1)
(Participant missed the 3-month appointment)

values for clinical variables measured at baseline, 3 and 6 months
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BASELINE 3 MONTHS 6 MONTHS
MEAN MEDIAN MEAN MEDIAN MEAN | MEDIAN
VARIABLE GROUP (STD) (STD) (STD)
FULLMOUTH FLOSS 13.2 10.0 13.5 11.8 15.3 13.7
PLAQUE SCORES (8.9) (8.7) (6.3)
(%) BRUSH 13.4 12.2 16.4 13.9 15.9 17.3
(5.4) (8.2) (5.0)
FULLMOUTH
FLOSS 8.5 6.3 8.3 8.9 7.3 7.2
:?;.’I)EEDING SCORES 43) (2.6) (2.7)
BRUSH 8.6 8.8 8.9 8.6 9.5 8.4
(4.4) (3.4) (4
WIDTH FLOSS 3.8 4.0 3.6 3.5 3.3 3
KERATINIZED (1.5) (1.1) (1.2)
MUCOSA (mm) BRUSH 3.8 4.0 33 3 3.3 3
(1.5) (1.2) (1.3)
FLOSS
PAPILLA DISTANCE 6.3 6.3 7.0 7 6.6 6.5
(MESIAL) (mm) (1.7) (2.1) (1.8)
BRUSH 7.1 7.0 7.6 7 7.2 6.5
(2.2) (3.1) (2.7)
PAPILLA DISTANCE FLOSS 68 65 72 6.5 6.7 6
BRUSH 7.9 8 8.2 8.5 8.0 8.5
(1.8) (2.4) (2.1)

The results of the clinical variables over a 6-month period are presented in Table 3. A look at the seven clinical

variables studied in this randomized trial, showed no clinically significant differences in mean values between the

two groups at baseline.

For full mouth bleeding scores, the floss group showed a slight improvement from baseline to 6 months (from

8.5% to 7.3%), while the interdental brush group had slight worsening (from 8.6 %to 9.5%).
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Results for the probing depths around the study implant are also presented in a site-specific manner for the six
implant surfaces assessed. Statistically significant differences in probing depths were noted between the two
groups in the distobuccal and lingual surfaces of the implants. Probing depths showed slightly worsening with
an increase in mean probing depth of interdental brush group from baseline to 6 months of 0.4mm (distobuccal) and

0.25mm for lingual implant surfaces at 6 months.

Comparison of full mouth plaque scores and implant bleeding index showed no statistically significant differences
for both groups.

The effect of the hygiene aids on the width of peri-implant keratinized mucosa was also analysed. Both floss and
interdental brush groups had similar width of keratinized mucosa on the buccal implant surface at baseline
(3.8mm) which then dropped to 3.3mm at the 6-months visit for both groups. This translates to a 0.5mm increase
in recession buccally after 6 months for both groups.

The effect of the interdental hygiene aids on the papilla height is also presented. The distance from the most
occlusal point of the prosthesis (crown) to the tip of the papilla was measured both mesially and distally. This
distance increased from baseline to 6 months in both groups, showing that interproximal hygiene aids may
compress the interproximal papilla. The greatest distance was noticed at the three-month visit for both groups,
and then tended to decrease at the 6-month visit. At the 6-month visit, a statistically significant difference was

noted in the distal papilla of the interdental brush group.

There were clinical differences between the two groups for the study implant plaque index .The Floss group
showed a larger number of participants whose plaque index decreased from a “high plaque” category to a “low-
plaque”(Table 4).

Table 5 shows the results of a repeated measures model, where the overall group-by-time interaction was of
primary interest. No statistically significant values were revealed between the two groups.

TABLE 3: Comparison of Mean (STD) values for clinical variables measured at baseline, 3 and 6 months

13
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VARIABLE GROUP | MEAN P-VALUE | MEAN P-VALUE | MEAN P-VALUE
(STD) (STD) (STD)
FULLMOUTH FLOSS 13.2 13.5 15.3
PLAQUE 98.9) (8.7) (6.3)
SCORES 0.9371 0.4177 0.7886
(%)
BRUSH 13.4 16.4 15.9
(5.3) (8.2) (5.0)
FULLMOUTH FLOSS 8.5 8.3 0.6658 7.3 0.1022
BLEEDING (4.3) (2.6) (2.7)
SCORES (%) 0.9769
8.9 9.5
BRUSH 8.6 (3.4) (4.0)
(4.4)
WIDTH FLOSS 3.8 3.6 3.3
KERATINIZED (1.5) (1.1) (1.2)
MUCOSA
(mm)
BRUSH 8 1.000 33 04440 |33 0.8280
(1.5) (1.2) (1.3)
PAPILLA FLOSS 6.3 7.0 6.6
DISTANCE (1.7) (2.2) (1.8)
(MESIAL) (mm)
BRUSH | /1 03186 | ’® 04169 | /-2 0.4473
(2.2) (3.1) (2.7)
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PAPILLA
DISTANCE

(DISTAL) (mm)

STUDY
IMPLANT
PROBING
DEPTH (mm)

DISTOBUCCAL

BUCCAL

MESIOBUCCAL

DISTOLINGUAL

FLOSS

BRUSH

FLOSS

BRUSH

FLOSS

BRUSH

FLOSS

BRUSH

6.8
(1.2)

7.9
(1.8)

2.94
(0.25)

3.31
(0.70)

2.44
(0.89)

2.87
(0.96)

3.31
(0.79)

3.75
(1.00)
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0.0894

0.1066

0.1350

0.1705

7.2
(1.7)

0.1151

8.2
(2.4)

3.2
(0.68)

0.1805

3.53
(0.74)

2.5
(0.64)

0.8621

2.47
(0.92)

3.00
(0.85)
0.3826

3.33
(1.05)

6.7
(1.7)

8.0
(2.1)

3.06
(0.68)

3.56
(0.73)

2.38
(0.62)

2.69
(0.79)

3.13
(0.62)

3.38
(1.03)

3.19

0.0429*

0.0325*

0.2834

0.4306
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FLOSS 3.06
(0.44)
BRUSH | 313
(0.62)
LINGUAL
FLOSS 2.56
(0.51)

BRUSH 2.63
(0.72)

MESIOLINGUAL
FLOSS 3.0

(0.63)

BRUSH 3.25
(0.58)

*Statistically significant values
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0.8031

0.7684

0.2631

2.8
(0.68)

3.27
(0.88)

2.27
(0.46)

2.93
(0.70)

2.93
(0.70)

3.27
(0.70)

0.0830

0.0035*

0.1991

(0.91)

3.13
(0.62)

2.44
(0.51)

3.00
(0.63)

2.88
(0.62)

3.00
(0.52)

0.8031

0.0095*

0.5747
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TABLE 4: Table showing the Study implant plaque levels (categorized as low plaque or high plaque) on

buccal and lingual surfaces at baseline, 3 and 6 months.

BASELINE

3 MONTHS

6 MONTHS

LOW PLAQUE
(0,1)

HIGH PLAQUE
(2,3,4)

LOW PLAQUE
(0,1)

HIGH PLAQUE
(2,3,4)

LOW PLAQUE
(0,1)

HIGH PLAQUE
(2,3,4)

LINGUAL

FLOSS
(N=16)

13

14

15

ID BRUSH
(N=16)

12

15

12

* Two patients missed the three months appointment (one from each group).For 3 months visit, N=15.
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BUCCAL
FLOSS ID BRUSH
(N=16) (N=16)
9 11
7 5
7 11
8 4
12 10
4 6
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TABLE 5: MIXED EFFECT MODELS FOR THE CLINICAL VARIABLES USING TYPE 3 TESTS OF FIXED EFFECTS.
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VARIABLE

STUDY IMPLANT

PLAQUE INDEX

BUCCAL

LINGUAL

FULL MOUTH PLAQUE
SCORES

FULL MOUTH
BLEEDING ON
PROBING

STUDY IMPLANT
PROBING DEPTHS

DISTOBUCCAL
BUCCAL
MESIOBUCCAL
DISTOLINGUAL
LINGUAL
MESIOLINGUAL

STUDY IMPLANT
BLEEDING ON
PROBING

WIDTH OF
KERATINISED PERI-
IMPLANT MUCOSA

MESIAL PAPILLA
DISTANCE

DISTAL PAPILLA
DISTANCE

EFFECT

Brush_vs_Floss*TIME

Brush_vs_Floss*TIME

Brush_vs_Floss*TIME

Brush_vs_Floss*TIME

Brush_vs_Floss*TIME

Brush_vs_Floss*TIME

Brush_vs_Floss*TIME

Brush_vs_Floss*TIME

Num
DF

NINDNNNDNN

Den
DF

56.4

56.4

46

43.5

60.4
56.9
58.2
60.9
57.8
57.4

57.8

47.7

58.9

59

F Value

1.88

1.11

0.39

0.92

0.20
2.11
0.23
1.51
2.93
0.18

1.51

1.45

0.07

0.24

P value

0.1624

0.3363

0.6792

0.4076

0.8233
0.1300
0.7962
0.2287
0.0612
0.8384

0.2292

0.2448

0.9297

0.7911

TABLE 6: COMPARISON OF MEAN /MEDIAN VALUES OF CYTOKINES FOR BOTH GROUPS OVER TIME

Copyright © 2016 by Omonkhele Gertrude Nwachukwu

19



CYTOKINE

(pg) GROUP MEAN MEDIAN P-VALUE MEAN MEDIAN P-VALUE MEAN MEDIAN P-VALUE
1L-2 FLOSS | 6.96 4.58 13.33 4.14 4.83 2.96

BRUSH | 7.42 4.62 0.50 8.39 4.75 0.54 6.44 4.15 0.46
1L-4 FLOSS | 8.88 5.72 6.99 4.18 5.57 4.92

BRUSH | 8.21 5.50 0.890 7.38 4.40 0.931 25.80 4.77 0.262
1L-6 FLOSS | 166.6 11.75 15.17 5.52 21.16 10.28

BRUSH | 40.38 17.7 0.579 71.23 8.38 0.356 81.88 7.36 0.696
1L-8 FLOSS | 430283 | 25018.3 11361.0 | 7784.26 14047.0 | 9173.0

BRUSH 52489.5 | 36789.7 | 0.467 50435.4 | 10213.6 | 0.059 24951.5 | 14460.8 | 0.090

1L-10 FLOSS 100.72 33.50 49.58 13.99 27.89 13.04

BRUSH 78.68 40.61 0.425 89.39 28.26 0.016* 43.93 22.79 0.155

TNE- FLOSS | 87.33 30.75 36.92 18.19 51.57 17.82
alpha BRUSH | 84.54 28.84 0.918 100.81 | 30.71 0.087 129.80 | 25.65 0.343
IFN_ FLOSS | 140.55 | 41.62 66.55 55.90 296.36 | 38.28

BRUSH | 351.67 | 64.02 0.615 76.11 51.62 0.449 248.73 | 46.77 0.611
gamma

The results of the cytokine measurements are detailed in Table 6. The cytokine data was skewed and was log-
transformed before data analysis. The levels of the proinflammatory cytokines (IL-2, IL-6, IL-8, tumor necrosis
factor-alpha and interferon-gamma) showed a tendency to decrease over time for both groups, but this was not

statistically significant. For the anti-inflammatory cytokine (IL-10), statistically significant changes were seen at

the three-months visit.

DISCUSSION
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The removal of interproximal plaque around implants is necessary for the maintenance of implant health and
prevention of peri-implant diseases. Our study focused on the effects of dental floss versus interdental brushes,
evaluating their ability to maintain implant health. The American Academy of Periodontology describes poor plaque
control with inability to clean properly as a major risk factors for peri-implant mucositis and peri-implantitis in their
2013 report. Patients with implants need to be informed about the risk of peri- implant disease and be instructed in
proper implant hygiene practices. Home care oral hygiene regimes are thus an important aspect of short and long

term dental implant survival and success.

Studies have shown that the toothbrush alone is ineffective in plaque removal in interdental areas (Sambujak et al,
2011) and these interdental areas are usually the sites more likely to have gingival inflammation with deeper pocket
depths.

Various forms of interdental hygiene aids are available and they include interdental brushes, floss, wooden sticks,

plastic sticks and oral irrigation devices.

Floss is the most widely used method of interdental cleaning in North America and the American Dental Association
reports that up to 80% of interdental plaque may be removed by this method.

Individuals may have difficulty with flossing techniques (Asadoorian, 2006) and may find other methods of
interdental cleaning preferable. Interdental brushes come in various sizes and are usually composed of nylon
filaments twisted on a fine, stainless steel wire. They are usually conical or cylindrical in cross-section, but
triangular cross-section interdental brushes are also available (Slot et al, 2008; Dorfer et al, 1997).

Multiple studies on natural teeth have been carried out to determine the efficacy of interdental brushes compared to
dental floss in the removal of interdental plaque, and associated parameters like reduction in probing depths and

bleeding on probing.
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The attempts made to compare the results of our study to the most representative studies currently available, was
quite problematic. To our knowledge, there is very little, if any, literature comparing efficacy of dental floss and
interdental brushes on dental implants. Attempts were made to compare our study with studies that looked at
interdental cleaning aids on natural teeth but this presented some challenges due to differences in study design,
differences in study duration, types of clinical indices analysed, types of interdental hygiene aids used in the studies

and differences in the frequencies of maintenance appointments.

We evaluated how the type of interdental hygiene aid would affect the interdental papilla. This was done by
measuring the distance from the tip of the papilla to the most occlusal point of the prosthesis; both on the mesial
and distal implant surfaces. For the mesial papilla on the study implant, the floss group had an increase in distance
at the 3-month appointment of 0.7mm, while interdental brush group had an increase of 0.5mm at the 3-month visit.
This is in agreement with results from a study on natural teeth (Jackson et al, 2006). This shrinkage in papilla height
may be associated with reduction of oedematous soft tissue swelling from decreased inflammation, as well as
possible compression of the papilla by the interdental hygiene aid. At the six-month appointment for both groups,
the distance had decreased somewhat, but was not statistically significant. When the distal papilla was evaluated,
we found the same trend. At three months, there was an increased distance for both floss (0.4mm) and interdental
brush (0.3mm) group. At 6 months, the distance had decreased and this was statistically significant for the
interdental brush group. Jackson et al (2006) conducted a single blind, randomized trial on seventy-seven patients
to check the differences between floss and interdental brushes on chronic periodontitis patients. The authors
evaluated the distance from the tip of the papilla, to the most occlusal edge of the tooth and found an increase

distance by 12-weeks of 0.99mm in the brush group and 0.59mm in the floss group.

Full mouth plaque scores and full mouth bleeding scores were analysed for the two groups. We did not find any

appreciable statistical significant differences between the two groups. Although the mean full mouth bleeding scores
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were similar at baseline for both groups, the floss group had a 1.2 % decrease in bleeding scores at 6 months, while
the interdental brush group showed a 1% increase in bleeding scores at the 6-month appointment.

The mean full mouth plaque and bleeding scores for both study groups over the six month period was always less
than 20%. This maintenance of good oral hygiene may be explained by the fact that patients had a thorough
prophylaxis and oral hygiene instructions by a well trained hygienist at the baseline,3 months and 6 months
appointment. The removal of the plaque biofilm and elimination of potentially periodontopathic organisms is
reflected in the low mean plaque and bleeding scores. . Patients were motivated to achieve stellar home-care oral
hygiene. Prophylaxis was received at every visit and oral hygiene instructions reinforced This constant disruption
of the plaque bio-film would have helped to maintain the balance in the oral flaura and might explain why both
mean full mouth plaque and bleeding scores were less than 20% in our study at every time point. Studies have
shown that a 3-monthly maintenance regimen is sufficient for maintenance of periodontal health (Eccheverria et al
1996; Caton et al, 1982)

The Hawthorne effect may have also played a role in the low plaque levels observed from the study participants in

our clinical trial.

When the study implants were assessed using the Turesky modification of the Quigley-Hein plaque index, there
was a reduction in the number of participants in the high plaque category over the 6 months period for both groups.
This reduction in plaque was greater in the floss group. Though clinically significant, it was not statistically
significant. This is similar to the findings reported by Imai and Hatzimanolakis (2010). Their study was an examiner
blinded, randomized, split mouth 12-week trial on 30 volunteers comparing dental floss to interdental brushes on
natural teeth. The authors demonstrated that the use of floss or interdental brushes clinically reduced plaque, but

their results were also not statistically significant.

We used a repeated measures model to make comparisons between floss and interdental brushes over time. We
conducted “Type 3 tests of fixed effects” using PROC MIXED software to determine a group-by-time —interaction
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effect and a test of effect slices was also conducted to compare the floss and interdental brush groups at each time
period (baseline, 3 months and 6 months). We did not find statistically significant differences (Table 5) in the floss

versus interdental group over time.

Similar conclusions were reported by Noorlin & Watts (2007). Their split mouth study was on 10 patients with mild
to moderate periodontitis over a one-month period. Dental floss was used on one half of the mouth while interdental
brushes were used on the other side of the mouth. The authors compared changes in plaque scores, bleeding on
probing and pocket depth reduction. Results showed reduction in interproximal plaque, bleeding on probing and
pocket depth reduction for both dental floss and interdental brushes. There were no significant differences in results
for dental floss or interdental brushes. Both interdental hygiene methods reported similar beneficial effects on
interdental health. The study participants however reported a preference for interdental brushes due to ease of use.
It is important to note that smokers were excluded from this study as it could have been an important co-founding
factor. Poklekovic et al (2013) also conducted a systematic review to determine the efficacy of interdental brushes
as an adjunct to toothbrushing compared to dental floss as an adjunct to toothbrushing compared to toothbrushing
alone. The authors found insufficient evidence to determine whether interdental brushing was more effective than

dental flossing in the removal of interdental plaque and reduction of interproximal gingivitis on natural teeth.

The peri-implant crevicular fluid is an exudate within the implant sulcus or crevice. It contains inflammatory
mediators, tissue break down products and antibodies directed against oral bacteria (Adonogianaki 1995).
Analysis of this fluid is an important way of determining the inflammatory processes occurring around an
implant, and may be an important marker for monitoring peri-implant health. While many cytokines in the peri-
implant crevicular fluid are proinflammatory (for example IL-1, 1L-2,IL-6), several anti-inflammatory cytokines
also exist. IL-10 is one of the anti-inflammatory cytokines and it has been shown to inhibit the production of
various proinflammatory cytokines including IL-1, IL-2, IL-6, IL-8, tumor necrosis factor-alpha and interferon-
gamma.
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In our study, the levels of the proinflammatory cytokines (IL-2, IL-6, IL-8, tumor necrosis factor-alpha and
interferon-gamma) showed a tendency to decrease over time for both groups, but this was not statistically
significant. A systematic review by Candel-Marti et al (2011) evaluated the levels of IL-6,1L-8, 1L-10,1L-12 and
their influence upon dental implant osseointegration and peri-implant disease. The authors concluded that while
an increase in the levels of these cytokines were noted in sites with peri-implant disease ,there is still controversy
regarding a direct causal effect or association to implant failure.

Other studies have shown no relationship between interleukins and peri-implant disease and have disputed the
theory that increased levels of these cytokines are linked to peri-implant bone loss (Duarte et al 2009; Mengel et

al 1996)

CONCLUSION

The goal of this trial was to evaluate the efficacy of using either floss and interdental brushes on implant
maintenance patients. Though Floss slightly outperformed interdental brushes in implant plaque index and full
mouth bleeding scores, other indices showed relatively comparative values between the two groups. We were unable
to reject the null hypothesis as determined within the limits of these 6-months results. Further long-term studies are

required to address this issue more fully.

25
Copyright © 2016 by Omonkhele Gertrude Nwachukwu



REFERENCES

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Adonogianaki E, Mooney J, Wennstrom JL, Lekholm U, Kinane DF (1995) Acute-phase proteins and
immuno- globulin G against Porphyromonas gingivalis in peri- implant crevicular fluid: a comparison
with gingival crevicular fluid. Clin Oral Implants Res 6(1):14-23 .

Ainamo, J. and Bay I. Problems and proposals for recording gingivitis and plaque, Int Dent J, 25:229-
235, 1975.

American association of implant dentistry. www.aaid.com
Academy Report: Peri-Implant Mucositis and Peri-Implantitis: A Current Understanding of Their
Diagnoses and Clinical Implications. JOP April 2013, Vol. 84, No. 4, Pages 436-443
Asadoorian,J. Flossing: Canadian dental hygienists association position statement. Canadian Journal of
dental hygiene 2006;40:1-10.

Belibasakis GN1, Charalampakis G, Bostanci N, Stadlinger B. Adv Exp Med Biol. 2015;830:69-84. Peri-
implant infections of oral biofilm etiology.J Periodontol. 1998 Jul;69(7):759-64.

Candel-Marti ME1, Flichy-Fernandez AJ, Alegre-Domingo T, Ata-Ali J, Pefiarrocha-Diago MA. Med
Oral Patol Oral Cir Bucal. 2011 Jul 1;16(4):e518-21. Interleukins IL-6, IL-8, IL-10, IL-12 and
periimplant disease. An update
Caton J, Proye M, Polson M. Maintenance of healed periodontal pockets after a single episode of root
planing.JPeriodontol. 1982 Jul;53(7):420-4.

Chongcharoen N.,Lulic M., Lang N. Effectiveness of different interdental brushes on cleaning the
interproximal surfaces of teeth and implants: a randomized controlled, double-blind cross-over study.
Clinical oral implants research Volume 23, Issue 5 .May 2012 ,Pages 635-640

Christou V1, Timmerman MF, Van der Velden U, Van der Weijden FA. Comparison of different
approaches of interdental oral hygiene: interdental brushes versus dental floss. J Periodontol. 1998
Jul;69(7):759-64

Dorfer C.E., Spiry S., Stachle H. Cleaning efficacy of interdental brushes in vitro. Dtsch Zahnarstl Z
1997; 52: 427-430

Duarte PM, De Mendongca AC, Maximo MB, Santos VR, Bas- tos MF, Nociti Janior FH. Differential
cytokine expressions affect the severity of peri-implant disease. Clin Oral Implants Res. 2009;20:514-20.
Echeverria J., Manau G.,Guerrero A. Supportive care after active periodontal treatment: a review. J Clin
Periodontol. 1996 Oct;23(10):898-905.

Furst MM, Salvi GE, Lang NP, Persson GR (2007) Bacterial colonization immediately after installation
on oral titanium implants. Clin Oral Implants Res 18(4):501-508

Graves RC1, Disney JA, Stamm JW. Comparative effectiveness of flossing and brushing in reducing
interproximal bleeding. J Periodontol. 1989 May;60(5):243-7.

Heitz-Mayfield LJ, Lang NP (2010) Comparative biology of chronic and aggressive periodontitis vs.
peri- implantitis. Periodontol 2000 53:167-181

Imai P.H, Yu X., Macdonald D. Canadian journal of dental hygiene 2012; 46, no.1: 63—78. Comparison
of interdental brush to dental floss for reduction of clinical parameters of periodontal disease ;a systematic
review
Jackson MA1, Kellett M, Worthington HV, Clerehugh V. Comparison of interdental cleaning methods:
randomized controlled trial. J Periodontol. 2006 Aug;77(8):1421-9.

Jordan RA, HM Hong, A Lucaciu, S Zimmer, Efficacy of straight versus angled interdental brushes on
interproximal tooth cleaning: a randomized controlled trial, International Journal of Dental Hygiene,
2014, 12,2, 152

Koldsland OC, Scheie A, Aass AM. Prevalence of peri-implantitis related to severity of the disease with
different degrees of bone loss. J Periodontol 2010;81:231-238.

26

Copyright © 2016 by Omonkhele Gertrude Nwachukwu


http://www.aaid.com/
http://www-ncbi-nlm-nih-gov.proxy2.lib.umanitoba.ca/pubmed/?term=Belibasakis%20GN%5BAuthor%5D&cauthor=true&cauthor_uid=25366221
http://www-ncbi-nlm-nih-gov.proxy2.lib.umanitoba.ca/pubmed/?term=Charalampakis%20G%5BAuthor%5D&cauthor=true&cauthor_uid=25366221
http://www-ncbi-nlm-nih-gov.proxy2.lib.umanitoba.ca/pubmed/?term=Bostanci%20N%5BAuthor%5D&cauthor=true&cauthor_uid=25366221
http://www-ncbi-nlm-nih-gov.proxy2.lib.umanitoba.ca/pubmed/?term=Stadlinger%20B%5BAuthor%5D&cauthor=true&cauthor_uid=25366221
http://www-ncbi-nlm-nih-gov.proxy2.lib.umanitoba.ca/pubmed/?term=Candel-Mart%C3%AD%20ME%5BAuthor%5D&cauthor=true&cauthor_uid=21196889
http://www-ncbi-nlm-nih-gov.proxy2.lib.umanitoba.ca/pubmed/?term=Flichy-Fern%C3%A1ndez%20AJ%5BAuthor%5D&cauthor=true&cauthor_uid=21196889
http://www-ncbi-nlm-nih-gov.proxy2.lib.umanitoba.ca/pubmed/?term=Alegre-Domingo%20T%5BAuthor%5D&cauthor=true&cauthor_uid=21196889
http://www-ncbi-nlm-nih-gov.proxy2.lib.umanitoba.ca/pubmed/?term=Ata-Ali%20J%5BAuthor%5D&cauthor=true&cauthor_uid=21196889
http://www-ncbi-nlm-nih-gov.proxy2.lib.umanitoba.ca/pubmed/?term=Pe%C3%B1arrocha-Diago%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=21196889
http://www.ncbi.nlm.nih.gov/pubmed/?term=Christou%20V%5BAuthor%5D&cauthor=true&cauthor_uid=9706852
http://www.ncbi.nlm.nih.gov/pubmed/?term=Timmerman%20MF%5BAuthor%5D&cauthor=true&cauthor_uid=9706852
http://www.ncbi.nlm.nih.gov/pubmed/?term=Van%20der%20Velden%20U%5BAuthor%5D&cauthor=true&cauthor_uid=9706852
http://www.ncbi.nlm.nih.gov/pubmed/?term=Van%20der%20Weijden%20FA%5BAuthor%5D&cauthor=true&cauthor_uid=9706852
http://www-ncbi-nlm-nih-gov.proxy2.lib.umanitoba.ca/pubmed/?term=Graves%20RC%5BAuthor%5D&cauthor=true&cauthor_uid=2786959
http://www-ncbi-nlm-nih-gov.proxy2.lib.umanitoba.ca/pubmed/?term=Disney%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=2786959
http://www-ncbi-nlm-nih-gov.proxy2.lib.umanitoba.ca/pubmed/?term=Stamm%20JW%5BAuthor%5D&cauthor=true&cauthor_uid=2786959
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jackson%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=16881811
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kellett%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16881811
http://www.ncbi.nlm.nih.gov/pubmed/?term=Worthington%20HV%5BAuthor%5D&cauthor=true&cauthor_uid=16881811
http://www.ncbi.nlm.nih.gov/pubmed/?term=Clerehugh%20V%5BAuthor%5D&cauthor=true&cauthor_uid=16881811

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Larsen HC, DE Slot, C Van Zoelen, DS Barendregt, GA Van der Weijden, The effectiveness of conically
shaped compared with cylindrically shaped interdental brushes - a randomized controlled clinical trial,
International Journal of Dental Hygiene, 2016

Liskmann S, Vihalemm T, Salum O, Zilmer K, Fischer K, Zilmer M. Correlations between clinical
parameters and interleukin-6 and interleukin-10 levels in saliva from totally edentulous patients with peri-

implant disease. Int J Oral Maxillofac Implants. 2006;21:543- 50.

Loépez Carriches C, Martinez Gonzalez JM, Donado Rodriguez M. Variations of interleukin-6 after
surgical removal of lower third molars. Med Oral Patol Oral Cir Bucal. 2006;11:E520-6.

Mengel R, Stelzel M, Hasse C, Flores-de-Jacoby L. Osseointe- grated implants in patients treated for
generalized severe adult periodontitis. An interim report. J Periodontol. 1996;67:782-7.

Mombelli A1, Miiller N, Cionca N. Clin Oral Implants Res. 2012 Oct;23 Suppl 6:67-76. The
epidemiology of peri-implantitis.

Noorlin I, Watts TL. Oral Health Prev Dent 2007; 5: 13-18.A Comparison of the Efficacy and Ease of
Use of Dental Floss and Interproximal Brushes in a Randomised Split Mouth Trial Incorporating an
Assessment of Subgingival Plaque.

Poklepovic T1, Worthington HV, Johnson TM, Sambunjak D, Imai P, Clarkson JE, Tugwell P.Cochrane
Database Syst Rev. 2013 Dec 18;12:CD009857. Interdental brushing for the prevention and control of
periodontal diseases and dental caries in adults.

Pontoriero R, Tonelli MP, Carnevale G, Mombelli A, Nyman SR, Lang NP (1994)Experimentally
induced peri-implant mucositis. A clinical study in humans. Clin Oral Implants Res 5(4):254-259
Roos-Janséker AM, Lindahl C, Renvert H, Renvert S. Nine- to fourteen-year follow-up of implant
treatment. Part II: Presence of peri-implant lesions. J Clin Periodontol 2006;33:290-295.

Salvi GE, Aglietta M, Eick S, Sculean A, Lang NP, Ramseier CA (2012) Reversibility of experimental
peri- implant mucositis compared with experimental gingivitis in humans. Clin Oral Implants Res
23(2):182—-190
Sambunjak D1, Nickerson JW, Poklepovic T, Johnson TM, Imai P, Tugwell P, Worthington HV.
Cochrane Database Syst Rev. 2011 Dec 7;(12) Flossing for the management of periodontal diseases and
dental caries in adults.

Sanz M, Chapple IL. Clinical research on peri-implant diseases: Consensus report of Working Group 4. J
Clin Periodontol 2012;39(Suppl. 12):202-206.

Severino VO, Napimoga MH, de Lima Pereira SA (2011) Expression of IL-6, IL-10, IL-17 and IL-8 in
the peri- implant crevicular fluid of patients with peri- implantitis. Arch Oral Biol 56(8):823—828.
Schierano G, Bassi F, Gassino G, Mareschi K, Bellone G, Preti G. Cytokine production and bone
remodeling in patients wearing over- dentures on oral implants. J Dent Res. 2000;79:1675-82.

Salcetti JM, Moriarty JD, Cooper LF, Smith FW, Collins JG, Socransky SS, et al. The clinical, microbial,
and host response characteristics of the failing implant. Int J Oral Maxillofac Implants. 1997;12:32-42.

Slot DE1, Dorfer CE, Van der Weijden GA.Int J Dent Hyg. 2008 Nov;6(4):253-64.The efficacy of
interdental brushes on plaque and parameters of periodontal inflammation: a systematic review.

27

Copyright © 2016 by Omonkhele Gertrude Nwachukwu


http://www.ncbi.nlm.nih.gov/pubmed/?term=Mombelli%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23062130
http://www.ncbi.nlm.nih.gov/pubmed/?term=M%C3%BCller%20N%5BAuthor%5D&cauthor=true&cauthor_uid=23062130
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cionca%20N%5BAuthor%5D&cauthor=true&cauthor_uid=23062130
http://www-ncbi-nlm-nih-gov.proxy2.lib.umanitoba.ca/pubmed/?term=Poklepovic%20T%5BAuthor%5D&cauthor=true&cauthor_uid=24353078
http://www-ncbi-nlm-nih-gov.proxy2.lib.umanitoba.ca/pubmed/?term=Worthington%20HV%5BAuthor%5D&cauthor=true&cauthor_uid=24353078
http://www-ncbi-nlm-nih-gov.proxy2.lib.umanitoba.ca/pubmed/?term=Johnson%20TM%5BAuthor%5D&cauthor=true&cauthor_uid=24353078
http://www-ncbi-nlm-nih-gov.proxy2.lib.umanitoba.ca/pubmed/?term=Sambunjak%20D%5BAuthor%5D&cauthor=true&cauthor_uid=24353078
http://www-ncbi-nlm-nih-gov.proxy2.lib.umanitoba.ca/pubmed/?term=Imai%20P%5BAuthor%5D&cauthor=true&cauthor_uid=24353078
http://www-ncbi-nlm-nih-gov.proxy2.lib.umanitoba.ca/pubmed/?term=Clarkson%20JE%5BAuthor%5D&cauthor=true&cauthor_uid=24353078
http://www-ncbi-nlm-nih-gov.proxy2.lib.umanitoba.ca/pubmed/?term=Tugwell%20P%5BAuthor%5D&cauthor=true&cauthor_uid=24353078
http://www-ncbi-nlm-nih-gov.proxy2.lib.umanitoba.ca/pubmed/?term=Sambunjak%20D%5BAuthor%5D&cauthor=true&cauthor_uid=22161438
http://www-ncbi-nlm-nih-gov.proxy2.lib.umanitoba.ca/pubmed/?term=Nickerson%20JW%5BAuthor%5D&cauthor=true&cauthor_uid=22161438
http://www-ncbi-nlm-nih-gov.proxy2.lib.umanitoba.ca/pubmed/?term=Poklepovic%20T%5BAuthor%5D&cauthor=true&cauthor_uid=22161438
http://www-ncbi-nlm-nih-gov.proxy2.lib.umanitoba.ca/pubmed/?term=Johnson%20TM%5BAuthor%5D&cauthor=true&cauthor_uid=22161438
http://www-ncbi-nlm-nih-gov.proxy2.lib.umanitoba.ca/pubmed/?term=Imai%20P%5BAuthor%5D&cauthor=true&cauthor_uid=22161438
http://www-ncbi-nlm-nih-gov.proxy2.lib.umanitoba.ca/pubmed/?term=Tugwell%20P%5BAuthor%5D&cauthor=true&cauthor_uid=22161438
http://www-ncbi-nlm-nih-gov.proxy2.lib.umanitoba.ca/pubmed/?term=Worthington%20HV%5BAuthor%5D&cauthor=true&cauthor_uid=22161438
http://www-ncbi-nlm-nih-gov.proxy2.lib.umanitoba.ca/pubmed/?term=Slot%20DE%5BAuthor%5D&cauthor=true&cauthor_uid=19138177
http://www-ncbi-nlm-nih-gov.proxy2.lib.umanitoba.ca/pubmed/?term=D%C3%B6rfer%20CE%5BAuthor%5D&cauthor=true&cauthor_uid=19138177
http://www-ncbi-nlm-nih-gov.proxy2.lib.umanitoba.ca/pubmed/?term=Van%20der%20Weijden%20GA%5BAuthor%5D&cauthor=true&cauthor_uid=19138177

