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Orthodontic tooth movement after periodontal 
regeneration of intrabony defects

The prevalence of intrabony defects in patients with advanced periodontitis 
stages III and IV is high. These patients usually need both periodontal treatment 
and orthodontic therapy, including tooth movement through bone defects, to 
improve masticatory function, aesthetics, and overall quality of life. Clinical 
practice guidelines recommend periodontal regenerative surgical interventions 
to resolve these defects and propose initiating orthodontic tooth movement 
(OTM) once periodontal therapy goals have been met. Surgical interventions 
using various regenerative technologies like barrier membranes and enamel 
matrix proteins, combined or not with bone replacement grafts, have proven 
effective in regenerating lost periodontal tissues. However, the combination 
of periodontal and orthodontic treatments requires consideration of how 
periodontal regenerative therapies influence OTM. Studies suggest that 
regenerated bone may differ in density, composition, vascularity, and cellular 
activity, potentially affecting the speed and efficiency of OTM, and potential 
root resorption of moved teeth. Understanding the sequence and timing of 
implementing OTM after regenerative periodontal interventions is crucial due 
to their interlinked processes of bone resorption and formation. This narrative 
review aims to uncover scientific evidence regarding these combined treatments, 
examining the impacts of different regenerative technologies on OTM and 
delineating their advantages, limitations, and best practices.
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INTRODUCTION

Orthodontic tooth movement (OTM) aims to cor-
rect tooth position to improve both dental occlusion 
and aesthetics, what positively impacts the perception 
of orthodontic treatment among adults.1 On the other 
hand, patients with periodontitis, due to the frequent 
sequelae of this disease (periodontal attachment and 
tooth loss), often require inter-disciplinary treatments, 
including OTM, for the effective rehabilitation of the 
masticatory function, aesthetics and improvement of 
their quality of life.2 This clinical scenario is frequent in 
patients with periodontitis stages III and IV, where the 
prevalence of intrabony defects is high and the need for 
OTM due to the pathologic tooth migration, requires 
the combination of periodontal regenerative treatments 
and orthodontic therapy.3 According to the recently 
published clinical practice guidelines for the treatment 
of periodontitis stage III4 and stage IV,2 the treatment 
residual deep pockets associated with intrabony defects 
after the steps I and II of periodontal therapy requires 
further periodontal treatment, including periodontal 
regenerative interventions for the resolution of the in-
trabony defects. Similarly, the clinical practice guide-
lines2 recommend the initiation of OTM, when indicated, 
once the endpoints of periodontal therapy have been 
achieved.

Deep intrabony defects are treated efficiently with sur-
gical interventions,5 which include the use of different 
regenerative technologies. The use of barrier membranes 
and enamel matrix proteins, either alone or combined 
with bone replacement grafts, have demonstrated ef-
ficacy to significantly improve periodontal attachment 
and bone gain in intrabony defects,6 also demonstrat-
ing ability to regenerate the lost periodontal tissues by 
formation of new cementum, periodontal ligament, and 
alveolar bone, in pre-clinical in vivo investigations.

When combining periodontal and orthodontic treat-
ments, it is important to understand what is the impact 
of the periodontal regenerative therapy and the likely in-
fluence of the different regenerative technologies used, 
on the OTMs. The combination of both therapies may 
influence the success of regenerative interventions, since 
OTM may enhance osteogenic activity,7 but also have an 
impact on the dynamics of the OTM through the regen-
erated tissues, which may differ from conventional tooth 
movement in natural bone. Pre-clinical in vivo investiga-
tions suggest that regenerated bone may demonstrate 
differences in density, composition, vascularity, and cel-
lular activity, thus affecting the speed and efficiency of 
OTM.8 Furthermore, possible side-effects, such as root 
resorption, associated with the use of different bioma-
terials as bone-replacement graft may also negatively 
affect the outcome of orthodontic therapy. Another 

matter of clinical relevance when undertaking combined 
periodontal regenerative and orthodontic treatments, is 
the understanding of the appropriate-preferable timing/
sequence of implementing OTM after the regenerative 
periodontal interventions, since these movements are 
based on controlled processes of bone resorption/forma-
tion that may be affected by the underlying periodontal 
regenerative process and the influence of the regenera-
tive technologies utilized.

It is, therefore, the purpose of this narrative review to 
unveil the scientific evidence behind these combined 
periodontal regenerative and orthodontic treatments to 
elucidate not only on the possible effects of the dif-
ferent regenerative technologies used (such as bone 
replacement grafts, barrier membranes or biologicals) 
on the OTM, but also to identify the advantages, limita-
tions, and best practices when combining these thera-
pies.

REGENERATIVE TECHNOLOGIES USED 
FOR PROMOTING PERIODONTAL 

REGENERATION IN HUMAN INTRABONY 
DEFECTS

Two main regenerative technologies, either the use 
of barrier membranes, from natural or synthetic sources 
(guided tissue regeneration) or the application of biolog-
icals, as the enamel matrix proteins, have demonstrated 
in pre-clinical in vivo investigations their biological abil-
ity to regenerate the periodontal tissues lost as a conse-
quence of periodontitis,6 as well as their clinical efficacy 
to treat periodontally affected teeth with intrabony de-
fects.9 Since these technologies do not provide a scaffold 
effect and hence, do not effectively maintain the space 
to be regenerated, they are often combined with the 
placement of different biomaterials as bone replacement 
grafts. In fact, clinical studies, have provided evidence 
that the combined therapy may be more efficacious in 
presence of the most frequent intrabony defects.10

Membranes used for periodontal regeneration, namely 
guided tissue regeneration (GTR), are barrier shields 
made of natural or alloplastic biomaterials (mainly 
natural porcine source) that are placed between the soft 
periodontal tissues and the root surface, thus isolating 
the defect and allowing the cells from the periodontal 
ligament to repopulate the wound and hence, allowing 
only cells with potentiality for periodontal regeneration 
and excluding the epithelial and connective tissue cells 
from the flap, from migrating into the healing area.

Growth factors and biological factors comprise dif-
ferent proteins with biological activities promoting 
periodontal regeneration. Although some autologous 
blood-derived products (ABPs) or recombinant human 
platelet-derived growth factor-BB (rhPDGF-BB) have 
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shown some potential in preclinical studies, their clinical 
efficacy is limited. Enamel matrix derivatives (EMD) ob-
tained from porcine tooth buds are a group of proteins 
involved in the embryological process of root forma-
tion, which when applied on root surfaces deprived from 
the periodontal attachment, promote new cementum 
formation and new periodontal attachment and bone 
formation. Differently from other growth factors, EMD 
have shown both histological and clinical efficacy in the 
treatment of periodontal intrabony defects.9

Both barrier membranes and EMDs enhance the re-
cruitment of stem cells from the defect walls, promote 
angiogenesis and encourage the deposition of bone 
matrix, thus facilitating the self-regeneration of lost or 
damaged bone tissue. Since these technologies enhance 
regeneration without the interposition of any scaffold-
ing material, their use may facilitate OTMs, but the fact 
that they do not possess any space maintenance proper-
ties, may significantly limit their clinical use in presence 
of wide and large intrabony defects.

Both barrier membranes and biologicals are frequently 
used in combination with bone replacement grafts, 
since they provide the scaffolding effect and contribute 
to both mechanical support and the guidance of the 
regenerative process. Depending on the properties of 
the biomaterial used, they may provide osteoinduction 
and enhance new bone formation, although the major-
ity will only provide osteoconduction, allowing bone 
growth through the three-dimensional structure of the 
graft, but without exerting any bone inductive activity. 
Osteoinduction, therefore involves the active differentia-
tion of the osteoprogenitor cells into osteoblasts, mainly 
through the release of bone morphogenetic proteins. A 
recent systematic review6 of human histologic studies 
has evaluated the potential for periodontal regeneration 
of the different biomaterials used as bone replacement 
grafts: autografts (autologous bone from the patient), 
allogenic bone (human bone from cadaveric sources), 
xenogeneic bone (natural bone of animal origin), and 
alloplastic (synthetic) materials.

Autografts are derived from the patient's own bone, 
and although considered as the gold standard graft-
ing material, due to its biocompatibility and osteogenic 
potentiality, since they can demonstrate osteogenesis, 
osteoinduction, and osteoconduction, they are seldom 
used due to limitations in quantity constraints and do-
nor site morbidity.

Allografts, being also from human source, although 
from genetically different individuals may share osteo-
inductive properties, and hence, they present a viable 
alternative to autografts, without restrictions due to 
donor site morbidity. However, potential challenges, 
such as the immunogenic reactions and variations in 
graft integration may limit their use. Freeze-dried bone 

allograft (FDBA) and decalcified freeze-dried bone al-
lograft (DFDBA) are the two most evaluate allografts, 
having demonstrated osteoconductive properties based 
on the release of bone morphogenetic proteins (BMPs), 
what may enhance bone formation.

Xenografts are sourced from species genetically dis-
tinct from humans. The source most frequently used 
and tested is bovine, mainly deproteinized bovine bone 
mineral (DBBM), which has shown high biocompatibility, 
osteconductivity and excellent scaffolding effect, since 
it has a very low degree of bioabsorbability, what may 
be positive as a space maintenance effect, but may po-
tentially hinder the OTM (Figure 1).

Alloplastic materials are biomaterials made by syn-
thesis or chemical processing. They offer advantages 
such as unlimited supply, no donor site morbidity, and 
reduced risk of disease transmission, although the bio-
logic activity of currently used alloplastic biomaterials in 
periodontal regeneration is limited. These alloplasts are 
mainly calcium phosphates (CaP), hydroxyapatite (HA) 
(conventionally sintered HA or nanophase HA), beta-
tricalcium phosphate ceramics (b-TCP), or biphasic CaP 
(composite of HA/b-TCP).

INFLUENCE OF DIFFERENT GRAFT 
MATERIALS ON ORTHODONTIC TOOTH 
MOVEMENT: EXPERIMENTAL STUDIES

The possible effect of different bone-grafting materi-
als used in periodontal regenerative interventions on 
subsequent OTM are of concern since they may affect 
the rate of tooth movement and potentially cause side 
effects, such as root resorption. The scientific evidence 
of this potential influence derives mainly from preclini-
cal in vivo investigations and some observational clinical 
studies, although recently, several split-mouth random-
ized clinical trial (RCT) have been carried out in humans. 
However, these studies did not use as the site for regen-
eration the periodontal intrabony defect, but the fresh 
extraction socket.11-14

Table 1 summarizes the available evidence from pre-
clinical in vivo investigations. Included investigations 
have been comparative studies with had at least one 
pair of comparisons. Most of these investigations used 
as animal model the dog,15-27 followed by rats28-30 and 
mice.31,32 Cat,33 goat,34 mini-pig,35 and rabbit36 models 
have also been used for assessing OTM through regener-
ated bone. These preclinical investigations, although al-
lowing for a controlled experimentation, provide limited 
direct translation to the human reality, not only due to 
species differences, but also due to very different envi-
ronmental conditions. On the other hand, animal studies 
exhibit genetic homogeneity and controlled living con-
ditions, thus reducing the variability in responses within 
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a time frame usually much shorter. Differences in dental 
anatomy and physiology between species may also lead 
to variations in tissue responses to orthodontic forces.

An ideal pre-orthodontic regenerative technology 
should promote full regeneration of the lost periodontal 
tissues, thus providing a natural bone and periodontal 
ligament environment for the intended OTM, without 
promoting any undesirable side-effects, like root resorp-
tion. The stability during the wound healing process at 
the defect site and therefore, the need for a biomaterial 
as a bone replacement graft that provides the adequate 
scaffolding effect for the new bone matrix formation, 
may affect the dynamics of subsequent OTMs depend-
ing on its bio absorbability and potentiality for root re-
sorption.

Autografts
Five studies have used autografts15,17,19,30,34 from tibia 

or iliac bone as bone replacement grafts. One of them, 
in dogs,17 included a negative control group, allowing 
for self-regeneration, and a third group combining the 
autograft with recombinant human bone morphoge-
netic protein-2 (rhBMP-2). No differences in OTM were 
found. Root resorption was partially observed only in 
the rhBMP-2 group.

Four studies, two in dogs,15,19 one in rats30 and one in 
goats,34 compared the use of autografts with alloplasts. 

Beta-tricalcium phosphate ceramics was used in all 
cases, alone, in combination with bone marrow stromal 
cells (bMSCs),19 or combined with HA and compared 
with a Xenograft (of human bone, used in rats) too.30 As 
a general outcome, augmented bone with b-TCP did not 
prevent tooth movement compared to autografts, dem-
onstrating similar results,15,30,34 although in one study 
the incidence of root resorption was lower in the b-TCP 
group.15 Zhang et al.19 found that OTM was faster in the 
b-TCP, compared to autograft, although when compared 
with b-TCP combined with bMSCs the rate of OTM was 
similar, as well as the root resorption, which was similar 
in the three groups.

Autografts generally demonstrated a lower risk of 
root resorption due to their higher biocompatibility and 
similarity to natural bone, although this outcome is also 
dependent on the magnitude of the orthodontic forces.

Allografts
Allografts have been evaluated in three studies, two 

using DFDBA, one in dogs20 and the other in rabbits.36 
The third study32 using femurs and tibias in mice com-
pared allografts to alloplasts (b-TCP). When comparing 
DFDBA to negative controls in experimental defects in 
dogs,20 there was a slight increase in OTM at grafted 
sites (P < 0.05). Also, there was a significant bone re-
sorption in the control site and successful socket pres-

A

B C

Baseline data 6 months data

6 mm intrabony component Xenograft: DBBM Membrane

Figure 1. Orthodontic tooth 
movement through regener-
ated intrabony defect. A, Sur-
gical procedure. B, Baseline 
data. C, Six months follow-
up.
DBBM, deproteinized bovine 
bone mineral.
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ervation in the experimental site. Reduction of root 
resorption at the augmented site was significant com-
pared to the unaltered healing site (P < 0.05). The same 
authors carried out an experiments in rabbits36 evaluat-
ing the effects of low-level laser therapy (LLLT) on OTM 
and root resorption after artificial socket preservation 
using the same allograft (DFDBA). The cycle was 10 days 
irritation, 14 days’ rest, 10 days irritation, 14 days’ rest, 
during the 48 days of the study. No significant differ-
ences were found in terms of OTM between the LLLT 
and the non-irradiated DFDBA grafted group. However, 
root resorption was significantly reduced in the LLLT 
group (0.18 ± 0.07 mm2) compared to the controls (1.61 
± 0.43 mm2) (P < 0.001). The effect of laser irradiation 
on tooth movement is still a matter of controversy with 
heterogeneous effects reported using different laser ir-
radiation periods, intensities and wavelengths. Further 
research is needed to evaluate the beneficial or deleteri-
ous effects of low-level laser on OTMs.

Another study32 compared the dynamics of OTM into 
Allograft, Alloplast (b-TCP) regenerated bone and un-
eventfully healed bone (negative control group) in the 
mouse model. Both test groups showed a clear reduction 
of OTM following 3-week application of orthodontic 
force (648.3 ± 31.6 mm in the allograft group; 707.3 ± 
30.6 mm in the alloplast group; 921.7 ± 48.9 mm in the 
control group; P < 0.05), although differences between 
the Allograft and Alloplast (b-TCP) groups were not sta-
tistically significant. these results demonstrating similar 
histological and radiographical healing of the grafted 
and control sites, while the regenerated bone demon-
strated OTM impairment, was contradictory with results 
reported in dogs, with slight increase of OTM in DBDB 
grafted sites.20 Graft-host compatibility and the degree 
of bone remodelling post-grafting can influence the rate 
of tooth movement through allografts and therefore, 
they may also influence the risk for root resorption.

Xenografts
Tooth movement through xenografts can exhibit dif-

ferences from natural bone mainly due differences in 
graft bio absorbability. Ten studies included in Table 1 
have assessed OTM through Xenografts. Five included 
only a negative non-grafted control group (three per-
formed in dogs,16,21,23 one in mice,31 and one in mini-
pigs35); three included comparisons with Control and 
Alloplast groups (two in dogs25, 26 and one in rats28); one 
in rats included a comparison with Autografts and Al-
loplasts groups;30 and one included only a comparison 
with Alloplasts without control group.27 Xenografts’ 
integration, potential resorption rates, and the degree 
of bone remodelling could influence the speed of tooth 
movement. All studies used DBB except one,35 that used 
a commercially available composite consisting of demin-
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eralized bovine cortical bone matrix, inorganic porous 
bovine bone, collagen, and a bovine bone morphoge-
netic protein (bBMP) pool associated with microgranular 
synthetic hydroxyapatite (DBB/bBMP/HA); and one30 
that used human bone as xenograft in rats.

When OTM was applied to DBBM, two studies16,26 
showed no statistically significant differences compared 
to Control sites, or grafted with Autografts.30 Also at 
DBB/bBMP/HA sites,35 similar OTM was found compared 
with non-grafted controls. However, in three stud-
ies25,28,31 slower OTM was reported in DBBM grafted sites 
compared to non-grafted controls, in spite of favour-
able radiological outcomes in DBBM sites (increased 
bone density and higher alveolar bone levels). One study 
found that immediate OTM movement was faster in 
DBB sites compared to control sites.21 Another study in-
cluding different timings and LLLT application, reported 
faster OTM in Xenograft grafted groups compared to 
non-grafted control sites,23 while rates of OTM were sig-
nificantly lower in the laser-irradiated groups compared 
to the nonirradiated groups. Low-level laser therapy 
significantly decreased the rate of OTM into the bone-
grafted defects by accelerating defect healing and matu-
ration, particularly when the start of postoperative OTM 
was delayed. The laser irradiated xenograft group LLLT 
exhibited less amount of OTM than the control group.

The comparisons between Xenografts and Alloplasts 
(b-TCP25 or b-TCP/HA28,30), did not show significant 
differences in the rates of OTM. Also non-significant 
differences were reported when comparing DBBM and 
BMP2-functionalized biomimetic CaP,26 nor between 
DBBM and granules of carbonated HA.27

In terms of root resorption, results are heterogeneous 
among the studies. Some did not report significant dif-
ferences in root resorption,30 or any differences between 
Xenograft and Control groups,16 while others reported 
significantly higher root resorption in the Control com-
pared with the Xenograft groups, both with DBB28 or 
with DBB/bBMP/HA.35 Conversely, other studies found 
higher incidence of root resorption in the Xenograft 
sites compared to Controls,26 specially in LLLT- irradiated 
sites.23

When Xenografts were compared to Alloplasts, one 
study reported similar outcomes,30 but two studies 
showed higher root resorption with xenografts than with 
alloplasts.26,28

Xenografts have shown a moderate risk of root resorp-
tion, probably due to differences in bone composition 
and potential immune reactions might impact the sus-
ceptibility of tooth roots to resorption during orthodon-
tic movement.

Alloplasts
OTM through alloplasts has shown similar rates or 

slightly slower when compared to non-grafted sites. 
Six studies (Table 1), three in dogs,22,25,26 one in rats,28 
one in mice,32 and one in cats,33 compared Alloplasts 
with Control non-grafted sites. Beta-tricalcium phos-
phate ceramics was the most commonly used alloplast, 
either alone25,32,33 or in combination with HA.28 OTM 
was faster in the control group than in b-TCP,28,32 or 
showed similar results in both groups.25,33 When OTM 
through BMP2-functionalized biomimetic CaP grafted 
sites was compared to control non-grafted sites, results 
were similar too.26 Another study compared nanocrystal-
line HA with non-grafted controls and found that OTM 
was faster in control sites than grafted sites.22 One study 
compared OTM through defects grafted with carbonated 
HA with bMSCs from iliac bone marrow of the implant-
ed dogs, with defects grafted only with carbonated HA 
and found no significant differences in the total amount 
of movement, but the rate of tooth movement varied on 
the control side.24

Comparisons with other graft materials, auto-
grafts,19,30,34 allografts,32 and xenografts,25-28,30 have been 
mentioned above.

In regards to root resorption, no differences between 
nanocrystalline HA22 and control sites have been report-
ed. Root resorption was higher in BMP2-functionalized 
biomimetic CaP when compared to control sites,26 but 
lower that control sites when b-TCP/HA was used.28 
When carbonated HA with bMSCs was compared to 
carbonated HA alone, root resorption was found in this 
second group.24 These heterogeneous results on the risk 
for root resorption may be related to the biomaterial 
composition and varying osteoconductive properties.

Growth factors and biological factors
The use of growth factors and other biologicals may 

influence the bone remodelling process during orth-
odontic treatment, potentially affecting the rate and 
quality of bone turnover around teeth, hence potentially 
impacting the speed or direction of tooth movement.

Recombinant human bone morphogenetic protein-2 
has been tested in two studies in dogs. One17 included a 
Control group, where the defect was left empty, and an 
Autograft group. Although OTM was similar in the three 
groups, the incidence of root resorption was higher in 
the rhBMP-2 group.

The same authors compared high dose (40 µg/100 
mL) rhBMP-2 with a lower dose (10 µg/100 mL).18 re-
porting no effect on OTM, but with a lower incidence 
of root resorption in the low dose group. Also, the onset 
of bone remodeling occurred significantly earlier in low-
dose rhBMP-2.

One study done in dogs,19 compared three types of 
grafts: autograft of iliac crest, b-TCP alone, and in 
combination with bMSCs. Authors found that bMSCs 
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combined with b-TCP scaffold resulted in higher bone 
formation and mineralization than the b-TCP scaffold 
alone. Orthodontic tooth movement however, was faster 
in the b-TCP group, compared with both autograft and 
b-TCP plus bMSCs groups, probably due to the lower 
resistance due to lesser bone density in the b-TCP scaf-
fold alone defects. Results indicated that the tissue-
engineered complex with bMSCs/b-TCP dramatically 
promoted new bone formation and mineralization and 
achieved a favorable height of the repaired alveolar 
when compared with b-TCP alone, demonstrating severe 
resorption. The overall effect of the tissue-engineered 
bone was equivalent to autologous bone, allowing the 
adjacent teeth to move into the newly formed bone in 
the grafted region.

INFLUENCE OF DIFFERENT GRAFT 
MATERIALS ON ORTHODONTIC TOOTH 

MOVEMENT: CLINICAL STUDIES

Different controlled clinical trials,7 retrospective37-39 
and case-series40-42 studies have evaluated the effect of 
combining periodontal and bone regenerative interven-
tions and orthodontic therapy, reporting favorable and 
stable long-term results, with maintenance of attach-
ment levels. One split-mouth RCT43 found improvements 
in periodontal clinical and radiographic parameters fol-
lowing OTM and adjunctive use of low-level diode laser 
therapy after periodontal regenerative therapy for the 
management of intrabony defects in chronic periodon-
titis patients where defects were filled with a bioactive 
glass. Results from a parallel RCT44 that compared the 
clinical efficacy of limited orthodontics combined with 
EMD/DFDBA in the treatment of 2- or 3-wall intrabony 
defects concluded that limited orthodontics provided an 
additional periodontal benefit to EMD/DFDBA in 2-wall 
defects compared to the group that did not receive orth-
odontic therapy.

These clinical studies together with data from obser-
vational studies have shown that current periodontal 
regenerative techniques are able to achieve significant 
periodontal attachment level gains in teeth with in-
trabony defect,45 what may positively impact the ensuing 
orthodontic treatments by providing a more favourable 
environment for tooth movement and stability within 
the regenerated structures. Moreover, early OTM may 
not jeopardize the regenerative effect, but on the con-
trary, it may have the potential to improve the overall 
efficiency of the treatment due to augmented biological 
activity.46,47

TIMING OF OTM INITIATION AFTER 
REGENERATIVE SURGERY

Time plays an important factor in the resorption pro-
cess of the graft and the replacement by new bone. 
Therefore, the optimal interval between regenerative 
periodontal surgery and orthodontic therapy is a critical 
consideration influencing treatment outcomes. Initiating 
OTM too early may compromise the regeneration pro-
cess by subjecting the newly formed tissues to excessive 
forces, leading to potential damage or disruption of the 
healing site. On the contrary, delaying the initiation of 
OTM could prevent the use of the full regenerative tissue 
potential, what may reduce the efficiency of the tooth 
movement, and might prolong the overall treatment du-
ration without significant benefits.

A significant reduction of treatment time and better 
oral health related quality of life was reported recently 
in a multicenter RCT46 that compared a time interval of 
4 weeks versus 6 months in stage IV periodontitis pa-
tients that underwent regenerative surgery with Bio-Oss 
as grafting material, in combination with orthodontic 
therapy. Periodontal outcomes were also reported 12 
and 24 months after surgery. At 12 months,48 no sta-
tistically significant differences between groups could 
be observed for clinical attachment level (CAL) gain and 
probing pocket depth. However, at 24 months, CAL gain 
was significantly higher in the early treatment group. 
The results of this RCT suggest that long healing periods 
are not needed.

In another split-mouth controlled clinical study,7 in-
trabony defects of periodontitis patients were treated 
with bioactive glass particles and collagen membrane. 
Each patient presented 3 defects, that received a) no 
OTM, b) immediate OTM, and c) OTM after 2 months. 
Results showed that OTM achieved significant improve-
ment in periodontal clinical (pocket reduction and CAL) 
and radiographic parameters (increase in bone density 
and bone fill). When comparing the different groups, a 
statistically significant difference was found with imme-
diate application of OTM.

The fact that the regenerative procedures may be en-
hanced during OTM, and that its effectiveness may vary 
depending on when the OTM is initiated, has also been 
proven in experimental studies. In a study on guinea-
pigs,49 evaluating the effectiveness of different times of 
initiating OTM on defects grafted with bioactive glass 
particles and collagen membranes, the immediate group 
revealed the greatest number of newly formed trabecu-
lae and total surface area of newly formed bone than 
the other experimental groups.

As seen in Table 1, different animal experiments have 
used different timings of OTM initiation, ranging from 
immediate onset to 6 months24 after surgery. An obser-
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vation found in most of the studies is a trend in tooth 
movement reduction from onset of OTM to the end of 
the experiment, despite regular appliance activations, 
confirming that the tooth movement rate relies on the 
density of the alveolar bone.

Three studies21,23,25 have compared the effect of dif-
ferent timings on the amount of OTM and presence 
of adverse effects, such as root resorption. All of them 
have included DBBM grafted defects compared to non-
grafted control defects. In one study LLLT was applied 
combined with DBBM, and another study included a 
group treated with b-TCP.

Ahn et al.21 compared DBBM grafted sites with non-
grafted sites, applying the OTM either immediately after 
the surgery, or 2 weeks and 12 weeks after. Both the 
OTM rate and the mean appositional length of mineral-
ized bone in the tension side of teeth were significantly 
increased when force was applied at 2 weeks in the con-
trol group and immediately in the experimental group (P 
< 0.001). The 12-week groups, particularly the control 
non-grafted group, showed the slowest rate.

Machibya et al.25 compared three groups of defects: 
DBBM, b-TCP, and non-grafted controls, where OTM 
was initiated 2 weeks and 4 weeks after surgery. The 
DBBM early and DBBM late subgroups reported the 
lowest amount of OTM compared with the other groups. 
The control group was inferior on bone density and 
bone height compared with the grafted groups (DBBM 
and b-TCP) but displayed the highest rate of OTM in 
the early group. The late OTM subgroup had favorable 
radiologic features and showed faster tooth movement 
than the early OTM in the b-TCP group.

Kim et al.23 compared 2 timings of initiation of OTM 
(immediate and 2 weeks after surgery) in three groups of 
defects: DBBM alone, DBBM with LLLT, and non-graft-
ed controls. The total amounts of OTM and new bone 
apposition rates were decreased by LLLT, with increased 
bone mineral density and trabecular maturation in the 
defects. Group LLLT_2 weeks had the slowest movement 
with root resorption in relation to less woven bone in 
the hyper matured defect.

Based on these results, it can be concluded that 
shorter times are desirable in non-grafted defects, prob-
ably due to the presence of the Regional Acceleratory 
Phenomenon (RAP) that occurs right after surgical pro-
cedures, what expedites the bone remodelling process. 
Results favouring the late groups in the grafted groups 
could be explained by the time needed for the defect 
to begin integrating into the bone and reduce potential 
associated inflammation. However, when orthodontic 
force is applied shortly after graft implantation, the 
tooth moves through immature, less-mineralized bone. 
Consequently, the findings from these studies might not 
purely demonstrate the impact of regenerative mate-

rial on OTM itself. Conversely, delaying the application 
of force enables bone regeneration to progress, result-
ing in a slower tooth movement through mature, well-
organized, and mineralized tissue.

It is important to mention that timing in animal stud-
ies cannot be directly extrapolated to timing in humans 
due to the differences among species in the duration 
of the biological processes. The ideal moment to start 
to apply orthodontic forces should consider a period 
for bone healing and regeneration, influenced by how 
quickly the material degrades and the metabolism of 
each species. Conversely, mechanical forces prompt both 
bone remodelling and graft degradation, indicating no 
necessity to wait for complete bony healing.

MAGNITUDE OF FORCE OF OTM

The magnitude and direction of orthodontic forces 
applied during tooth movement through grafted bone 
significantly impact the risk of root resorption. Excessive 
force or inappropriate force vectors can elevate this risk. 
In human studies, controlled light and continuous forces 
are applied in most cases. However, in the experiments 
considered in this review, there is a high variability re-
garding the force magnitude and duration for tooth 
movement, what could explain the heterogeneity in the 
reported results.

CLINICAL IMPLICATIONS

The findings underscore the significance of mate-
rial selection in periodontal grafting for practitioners 
engaged in orthodontic treatments. Understanding the 
influence of graft materials on OTM is crucial in achiev-
ing optimal treatment outcomes. Clinicians must me-
ticulously weigh the biological properties, limitations, 
and clinical implications of each graft material to tailor 
treatment strategies effectively. Patient-specific factors, 
such as the extent of bone loss, treatment goals, and in-
dividual preferences, should guide the selection process.

Each graft material’s unique properties, biocompatibil-
ity, integration with surrounding tissues, and potential 
influence on bone remodelling affect the rate of tooth 
movement. Understanding these differences is crucial for 
clinicians in predicting treatment duration and optimiz-
ing orthodontic outcomes based on the chosen graft 
material. Further research continues to explore these nu-
ances to refine treatment strategies in orthodontics and 
periodontics.

Understanding the potential risk of root resorption 
when moving teeth through grafted bone is crucial for 
treatment planning. Orthodontists must carefully bal-
ance the necessity of achieving tooth movement with 
the preservation of root structure to minimize the risk of 
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complications and ensure long-term dental health and 
stability.

CONCLUSIONS

In conclusion, the influence of different materials 
used in periodontal grafting on OTM is multifaceted. 
Autografts demonstrate superior biological properties 
but are accompanied by limitations in donor availability 
and potential morbidity. Allografts and xenografts offer 
alternatives but present concerns regarding immunoge-
nicity, integration, and potential resorption. Synthetic 
graft materials, while promising, necessitate further in-
vestigation for their role in supporting OTM. This review 
highlights the need for continued research and empha-
sizes the critical role of material selection in achieving 
successful outcomes in orthodontics and periodontal 
health.
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