
The ability to replace teeth in a stable, predictable way 
has changed the way edentulous patients are treated.  
It has been estimated that five to 10 years after placement, 
10% of implants in 20% of patients will have an inflam-
matory process around the devices.1 These inflammatory 
conditions have been classified as peri-implant mucositis 
and peri-implantitis. 

Peri-implant mucositis (PM) is a reversible inflammatory 
condition whose main clinical characteristic is bleeding on 
probing. Erythema, swelling, and/or suppuration may also 
be present. Peri-implantitis (PI) is an irreversible plaque- 
associated pathological condition occurring in tissues 
around dental implants, characterized by inflammation in 
the peri-implant mucosa and subsequent progressive  
loss of supporting bone.1

 
Regular appointments for preventive maintenance the- 
rapy (PMT) aim to maintain the health of peri-implant 
tissues in the long term.1 Subgingival microbioma  
studies revealed that a group of bacteria, especially 
Tannerella forsythia, Treponema denticola, Porphyro- 
monas gingivalis, Prevotella intermedia, Fusobacterium 
nucleatum, Campylobacter rectus, Prevotella nigrescens, 
Eubacterium nodatum, and Peptostreptococcus micros, 
have an important role in periodontitis (PE).1 

Additionally, microbiological reviews have shown that the 
peri-implant microbioma, whether in health or disease, is 
similar to that around natural teeth.1 Costa and colleagues 
(2019)1 reported on a trial that sought to evaluate, in a 
longitudinal period of five years, the peri-implant condition 
and the differences in the frequencies of T. forsythia, T. 
denticola, P. gingivalis, P. intermedia, F. nucleatum, and 
Actinomyces naeslundii in individuals initially diagnosed 
with PM in the presence and absence of PMT.

This Brazilian study took place after a five-year period 
during which a large task force was employed for the 
recruitment of the 212 initial participants who had re- 
ceived implant therapy. 

Contacts were made through direct approach, tele- 
phone calls, telegrams, emails, and/or text messages.  
Eighty individuals who were diagnosed with PM at  
the initial examination (T1—year 2006) were recovered  
and underwent a new periodontal peri-implant clini- 
cal examination and micro-biological collection (T2— 
year 2011). 

These individuals were divided into two groups: one  
group with preventive maintenance therapy during  
the study period (those carrying out regular PMT with  
dental visits at least once a year (GTP; n = 39) and  
another group without preventive maintenance therapy 
(GNTP; n = 41).
 
In terms of clinical examinations, the following clinical 
parameters for four peri-implant sites in each implant 
were evaluated using standardized criteria: suppuration, 
peri-implant probing depth (PDi), bleeding on probing 
(BOPi), and plaque index (PLI) around all implants. 
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Additionally, complete periodontal examinations were 
performed and included plaque index, periodontal  
probing depth (PD), clinical attachment level (CAL), and 
bleeding on periodontal probing (BOP) for four sites in 
each tooth.

During interviews at T2 (T2—year 2011), special  
attention was given to the occurrence and frequency of 
periodontal and peri-implant preventive maintenance 
within the five years following T (year 2006). Frequency 
of PMT was determined by self-reported information  
and confirmed in dental records (GTP group: at least  
five dental visits during the evaluation period (mean 
5.6 ± 0.3 visits); GNTP group: absence of dental visits 
during the evaluation period). 

During PMT visits, the following procedures were 
performed: (1) periodontal and peri-implant status 
assessment, (2) application of disclosing agents and oral 
hygiene instructions, and (3) coronal prophylaxis and 
non-surgical and surgical mechanical debridement, when 
necessary.

Peri-implant mucositis was defined as the presence 
of visual inflammation and BOPi. Peri-implantitis was  
defined as the presence of PDi ≥ 5 mm associated with 
BOPi and/or suppuration with peri-implant bone loss. 
Cases where the radiographs did not confirm the peri- 
implant bone loss were diagnosed as PM. 

Also, sub-gingival samples were collected at T1 and T2  
in eight peri-implant sites, two in each quadrant (the  
peri-implant sites with the higher PDi associated with  
BOPi were evaluated at both times), for each individual.  

Quantification of the total number of bacterial cells, 
A. naeslundii, P. gingivalis, T. forsythia, T. denticola, P. 
intermedia, and F. nucleatum was carried out by quanti-
tative real-time polymerase chain reaction (qPCR) 
using TaqMan assay (TaqMan® Universal PCR Master 
Mix II).

The characteristics of the sample at T1 (2006) and 
T2 (2011) are presented in Table 1. Individuals in the  
GNTP group had significantly higher values of plaque 
index when compared with GTP after five years  
(1.9 ± 0.5 vs. 1.4 ± 0.7; p = 0.001).

There was a significantly higher incidence of PI in GNTP 
(43.9%) than in the GTP (18%) group. It is noteworthy  
that patients with PI in GTP, despite maintenance and 
necessary surgical treatment, still persisted with PI 
diagnosis in the final exam. All subjects (n = 12) who 
presented PM resolution at T2 were in the GTP group. 

There was an increase in the number of individuals  
with PE in GNTP when comparing T1 (22.0%) with T2 
(41.5%) (see Table 1).

For the bacterial analysis, in the GTP group, there  
was a significant decrease in Total Bacterial load, in 
the frequency of the bacteria analysed in the orange  
complex, and in the isolated frequency of T. forsythia,  
P. gingivalis, P. intermedia, and A. naeslundii at T2 
(unadjusted and adjusted models). Additionally, there  
was a significant increase in the isolated frequency F. 
nucleatum (unadjusted model) at T2.

RESULTS

Table 1. Characteristics of the sample at T1 and T2.

Variables Baseline (T1) Final examination (T2)

GNTP n = 41 GTP n = 39 p GNTP n = 41 GTP n = 39 p

Gendera

Male 22 (53.7%) 24 (61.5%) 0.476 22 (53.7%) 24 (61.5%) 0.476

Female 19 (46.3%) 15 (38.5%) 19 (46.3%) 15 (38.5%)

Age (years)b 22 (53.7%) 24 (61.5%) 0.476 22 (53.7%) 24 (61.5%) 0.476

Smokers/Former smokersa

Yes 13 (31.7%) 8   (20.5%) 0.255 14 (34.1%) 8   (20.5%) 0.172

No 28 (68.3%) 31 (79.5%) 27 (65.9%) 31 (79.5%)

Diabetesa

Yes 6   (14.6%) 5   (12.8%) 0.814 6   (14.6%) 7   (17.9%) 0.688

No 35 (85.4%) 34 (87.2%) 35 (85.4%) 32 (82.1%)

Number of teethb 849 805 0.927 846 797 0.794

20.6±6.2 20.6±7 20.6 ± 6.2 20.3± 6.9

Average of lost teethb 2.9± 3.9 4.3 ± 5.6 0.283 2.9 ± 3.9 3.0 ± 4.8 0.607

Implant numberb 183 157 0.143 180 156 0.419

4.4± 3.8 3.9 ± 2.1 4.4 ± 3.8 4.5± 3.1

Installation time of the  
prosthesis (months)a

21.3± 7.1 24.7±17.4 0.454 80.5± 9 77.4 ± 12.5 0.457

Plaque indexb 1.6 ± 0.6 1.4 ± 0.6 0.176 1.9 ± 0.5 1.4 ± 0.7 0.001

Periodontal diagnosisa

Healthy 32 (78.0%) 29 (74.4%) 0.698 24 (58.5%) 28 (71.8%) 0.214

PE 9 (22.0%) 10 (25.6%) 17 (41.5%) 11 (28.2%)

Peri-implant diagnosisc

Healthy 0 0 NA 0 (0.0%) 12 (100%) 0.000

PM 41 39 NA 23 (56.0%) 20 (51.2%)

PI 0 0 NA 18 (43.9%) 7 (18%)
aChi-square test bAverage ± standard deviations compared by Mann-Whitney test cFisher’s exact test
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Local anaesthesia is frequently indicated in paediatric  
oral health care, and two techniques may be used:  
conventional intra-mucosal infiltration anaesthesia (CIA), 
frequently used by practitioners, and intraosseous 
anaesthesia (IOA), which delivers the local anaesthetic 
within the spongy bone adjacent to the tooth to be 
anaesthetized. 

Needle- and injection-related fears are common sources 
of dental anxiety in children in the case of CIA. Indeed,  
the needle is not only visible, but also injecting too  
quickly into the mucosa can lead to pain or discomfort. 
With IOA, the fear of the needle would be decreased 
because the pen grip is very close to the needle.  

Also, pain during injection would be decreased because 
IOA can be delivered by a computerized system (Quick- 
Sleeper™ system), which delivers local anaesthesia at a 
constant rate and pressure. 

Smaïl-Faugeron and colleagues (2019)1 reported on a 
trial that sought to compare pain during the insertion of 
the needle and injection with IOA against CIA for treat- 
ing first permanent molars with deep carious lesions 
or moderate to high severity (MIH) lesions in children  
and adolescents. 

Secondary objectives were to compare the two anaes- 
thesia types in terms of pain latency, the need for addi- 
tional anaesthesia and pain felt during the treatment. 

This was a multicentre randomized clinical trial (RCT) 
using both a split-mouth and parallel-arm design. For the 
split-mouth RCT, two permanent first molars located in 
the same dental arch were included per patient, and for 
the parallel-arm RCT, only one permanent first molar was 
included per patient.

The following inclusion criteria were established: patients 
between 7 and 15 years of age; mentally and generally 
disease-free; cooperative (score 0 to 2 on the Venham 
distress scale); with one (for the parallel-arm trial) or at  
least two (for the split-mouth trial) first permanent  
molars with deep caries (i.e. dentinal lesion involving 
more than 50% of the entire dentin thickness evaluated 
by radiography) or MIH lesion, with preserved pulp vitality 
as determined by clinical and radiographic observations 
(treatments could be conservative or endodontic limited 
to pulpotomy); and without the use of analgesic drug  
for 48 hours before randomization. 

METHODS
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In intra-group comparisons, there was a significant 
increase in Total Bacterial load, in the frequency of the 
bacteria analysed in the orange complex, and in the 
isolated frequencies of P. gingivalis, P. intermedia, and 
F. nucleatum in GNTP. There was an increase in the  
frequency (unadjusted model) of the red complex and  
A. naeslundii.

At T2, individuals diagnosed with PM and PI in the  
GNTP group presented a significantly higher TBL when 
compared with GTP. In both groups, individuals who 
progressed from PM to PI showed a significant increase  
in TBL. The GTP individuals who remained with PM 
showed a decrease in TBL.

the researchers concluded that there was a signifi- 
cant longitudinal increase in Total Bacterial count in the  
GNTP group compared with the GTP group. 

Preventative maintenance therapy was shown to be 
beneficial in maintaining peri-implant clinical stability  
and homeostasis of  the microbiological  condition.

Preventative maintenance therapy has been shown to  
be crucial for total bacterial control and clinical stability  
of the implant. Thus, frequent recall of these patients is  
an important indicator of future success and function- 
ing of the implant. 
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The exclusion criteria were periodontal alterations (peri- 
odontal pockets or dental mobility) or radiological de- 
fects (bone loss, furcation or periapical radiolucency  
and pre-operative clinical and radiographic observa- 
tions of irreversible radicular pulpal inflammation or pul- 
pal necrosis.

Before either type of anaesthesia was administered, 
a topical anaesthesia Xylocaïne® visqueuse 2% was 
applied for one to two minutes on previously dried 
mucosa. For CIA, a 16-mm-long needle was used to 
inject in the maxillary region and a 35-mm-long needle  
was used for mandibular anaesthesia. 

IOA was carried out using the QuickSleeper™ system 
following the three-step procedure described by the manufac- 
turer. The anaesthetic solution used in both techniques 
was 4% articaine with 1:200 000 adrenalin.
 
All outcomes were recorded on the day of the inter- 
vention. The primary outcome measure was pain felt 
during the insertion of the needle and injection of the  
anaesthetic, assessed at the end of the anaesthesia,  
with a Visual Analogue Scale (VAS) ranging from 0 cm  
(no pain) to 10 cm (very much pain). 

Three secondary outcomes were evaluated: latency,  
the need for additional anaesthesia during the treat- 
ment and pain felt  during the treatment. The latency 
was assessed examining the sensitivity of the vesti- 
bular sulcus for CIA or lingual sulcus for IOA by using  
a probe at the end of the injection (an exam was  
conducted every minute until the sulcus was in- 
sensitive to the probe). Patient assessed the pain  
felt during the treatment, recording on the VAS at  
the end of the dental treatment session.

For anaesthesia allocation, a computer-generated, per- 
muted-block randomization sequence was used for the 
parallel arm RCTs. For the split-mouth RCT, one perma- 
nent first molar was randomly allocated to one of the 
techniques (e.g., IOA) and the other permanent first  
molar belonging to the same dental arch in the same 
child was allocated to the other technique (e.g., CIA).  

A 7- to 21-day interval was established between the  
two procedures. For the parallel-arm RCT, one patient 
with one permanent molar first was randomly allocated 
to one of the techniques (IOA or CIA). Patients - evalu- 
ators - were unaware of which of the two techniques  
was used, whereas practitioners were not.

For each patient enrolled in the split-mouth RCT, about  
five were enrolled in the parallel-arm RCT, which allowed 
for not losing any eligible patients. In total, 158 children 
aged 7-15 years for whom parental consent had been 
obtained were deemed eligible for inclusion. 

Of these, 30 (mean age: 9.0 years, SD: 2.3) participated 
in the split-mouth RCT and 128 (mean age: 10.4 years, 
SD: 2.5) in the parallel-arm RCT. For the parallel-arm  
RCT, 63 patients were allocated to the IOA group and  
65 to CIA group.  

The mean VAS scores were 0.73 ± 1.31 cm for the IOA  
and 1.43 ± 1.45 cm for the CIA groups. The mean (95% 
CI) for the difference in paired proportions was -0.70± 
0.36 cm (-1.44 to 0.04), indicating that patients felt less 
pain on the insertion of the needle and the injection 
with IOA compared with CIA, but this difference was  
not statistically significant  (P = 0.06).

The mean latency was 1.07± 0.25 minutes for the IOA 
and 2.83 ± 2.64 minutes for the CIA groups. The mean 
(95% CI) for the difference in paired proportions was 
-1.77 ± 0.51 (-2.77 to -0.77), indicating that latency was 
statistically decreased with IOA compared with CIA with  
a statistically significant difference (P= 0.001).

For pain felt during treatment, the mean VAS scores  
were 1.07 ± 1.76 cm for the IOA and 0.53 ± 0.82 cm 
for the CIA groups. The mean (95% CI) for the differ- 
ence in paired proportions was 0.53±0.37cm (-0.19  
to 1.25), indicating that patients felt less pain during  
treatment with CIA compared with IOA, but this differ- 
ence was not  statistically significant (P = 0.14).

The mean VAS scores were 1.17 ± 1.40 cm for the IOA 
and 1.86 ± 1.81 cm for the CIA groups. The mean (95% 
CI) for the difference in paired proportions was -0.69 
± 0.29 cm ( -1.25 to -0.12), indicating that patients felt 
less pain on the insertion of the needle and the injec- 
tion with IOA compared with CIA, with a statistically sig- 
nificant difference (P = 0.02).

The mean latency was 1.63 ± 0.97 min for the IOA and 
3.08 ± 2.11 min for the CIA groups. The mean (95% CI) 
for the difference in paired proportions was -1.44 ± 0.29 
(-2.02 to -0.87), indicating that latency was statisti- 
cally decreased with IOA compared with CIA with a  
statistically significant difference (P = 2.87.10-6).

For pain felt during the treatment, the mean VAS scores 
were 0.90 ± 1.51 cm for the IOA and 0.88 ± 1.64 cm for 
the CIA groups. 

The mean (95% CI) for the difference in paired pro- 
portions was 0.03 ± 0.28 cm (-0.52 to 0.58), indicating 
that patients felt less pain during treatment with CIA 
compared with IOA, but this difference was not statis- 
tically significant (P = 0.92).

For all outcomes, findings from the two types of trials  
were consistent: for pain felt during insertion of the  
needle and injection, p value was equal to 0.98; for 
latency, p value was equal to 0.58; for need for additio- 
nal anaesthesia, p value was equal to 0.66; and for 
pain felt during treatment, p value was equal to 0.27.  

Hence, there was no significant difference for all of 
these variables when the results of the two types of  
study designs were combined.

RESULTS

Split-mouth RCT results

Parallel-arm RCT results

Combined treatment effect from split-mouth  
and parallel-arm RCTs
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For all outcomes, findings from the two types of trials  
were consistent: for pain felt during insertion of the  
needle and injection, latency, the need for additional 
anaesthesia and for pain felt during treatment, there  
were no signiicant differences between the two techni- 
ques (IOA vs CIA).

The evidence for computerised injection systems sug- 
gest that they are still not superior to the conventional 
methods of administering local anaesthesia for the out- 
comes that were assessed in this study.  
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