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Abstract 

Objective: This study evaluated alveolar preservation using leukocyte-platelet rich fibrin (L-PRF) in adult patients, 

comparing it to control alveoli. Methods: Conducted from 2016 to 2018, the study included 17 adult patients, aged 

between 20 and 45 years, diagnosed with either Class I or Angle Class II-1 malocclusion. Participants underwent first 

premolar extractions, with L-PRF treatment applied to one side of their mouth, while the other side served as a control. 

This retrospective study compared tomography data from these patients, who also underwent maxillary canine 

retraction. One side of the mouth was treated as an experimental alveolus, preserved with L-PRF, and the other as a 

control. Data normality was assessed using the Shapiro-Wilk test. The Wilcoxon test was used for group comparisons, 

and the McNemar test was applied to fenestrations. Results: No statistically significant differences were observed in 

root length changes and surrounding bone tissue between the two sides (P > 0.05). Conclusion: The study found no 

significant differences in root length reduction and changes in supporting bone tissue between the experimental and 

control sides. This suggests that alveolar preservation with L-PRF does not alleviate the deleterious effects observed 

during maxillary canine distalization. 

Keywords: Cuspid; Tooth movement techniques; Platelet rich fibrin; Root resorption; Orthodontics. 

 

Resumo 

Objetivo: Este estudo avaliou a preservação alveolar utilizando fibrina rica em leucócitos e plaquetas (L-PRF) em 

pacientes adultos, comparando-a com alvéolos controle. Métodos: Realizado de 2016 a 2018, o estudo incluiu 17 

pacientes adultos, com idades entre 20 e 45 anos, diagnosticados com maloclusão Classe I ou Classe II-1 de Angle. Os 

participantes foram submetidos à extração do primeiro pré-molar, com tratamento L-PRF aplicado em um lado da boca, 

enquanto o outro lado serviu como controle. Este estudo retrospectivo comparou dados tomográficos desses pacientes, 
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que também passaram por retração de caninos maxilares. Um lado da boca foi tratado como um alvéolo experimental, 

preservado com L-PRF, e o outro como controle. A normalidade dos dados foi avaliada usando o teste de Shapiro-Wilk. 

O teste de Wilcoxon foi usado para comparações entre grupos, e o teste de McNemar foi aplicado a fenestrações. 

Resultados: Não foram observadas diferenças estatisticamente significativas nas alterações do comprimento radicular e 

tecido ósseo circundante entre os dois lados (P > 0,05). Conclusão: O estudo não encontrou diferenças significativas na 

redução do comprimento radicular e nas mudanças no tecido ósseo de suporte entre os lados experimental e controle. 

Isso sugere que a preservação alveolar com L-PRF não alivia os efeitos deletérios observados durante a distalização do 

canino maxilar. 

Palavras-chave: Dente canino; Técnicas de movimentação dentária; Fibrina rica em plaquetas; Reabsorção da raiz; 

Ortodontia. 

 

Resumen 

Objetivo: Este estudio evaluó la preservación alveolar utilizando fibrina rica en leucocitos y plaquetas (L-PRF) en 

pacientes adultos, comparándola con alvéolos de control. Métodos: Realizado de 2016 a 2018, el estudio incluyó a 17 

pacientes adultos, de entre 20 y 45 años, diagnosticados con maloclusión de Clase I o Clase II-1 de Angle. Los 

participantes se sometieron a extracciones del primer premolar, con tratamiento de L-PRF aplicado en un lado de la 

boca, mientras que el otro lado sirvió como control. Este estudio retrospectivo comparó datos tomográficos de estos 

pacientes, que también se sometieron a retracción de caninos maxilares. Un lado de la boca fue tratado como un alvéolo 

experimental, preservado con L-PRF, y el otro como control. La normalidad de los datos se evaluó utilizando la prueba 

de Shapiro-Wilk. La prueba de Wilcoxon se utilizó para comparaciones entre grupos, y la prueba de McNemar se aplicó 

a las fenestraciones. Resultados: No se observaron diferencias estadísticamente significativas en los cambios de longitud 

de la raíz y el tejido óseo circundante entre ambos lados (P > 0,05). Conclusión: El estudio no encontró diferencias 

significativas en la reducción de la longitud de la raíz y los cambios en el tejido óseo de soporte entre los lados 

experimental y control. Esto sugiere que la preservación alveolar con L-PRF no alivia los efectos deletéreos observados 

durante la distalización del canino maxilar. 

Palabras clave: Diente canino; Técnicas de movimiento dental; Fibrina rica en plaquetas; Reabsorción radicular; 

Ortodoncia. 

 

1. Introduction 

External apical root resorption (EARR) affects 46% of orthodontic patients (I Castro, Valladares-Neto, & Estrela, 2015; 

Reitan, 1974). It involves root exposure during orthodontic movement, leading to irreversible damage. EARR has mechanical 

factors (force amount, direction, duration) and biological factors (genetic predisposition, age, root shape, retained teeth, gender). 

(Al-Qawasmi et al., 2003; Reitan, 1957; Sameshima & Sinclair, 2001a). Extraction of premolars prolongs treatment especially 

in adults and increases EARR risk, as it requires closing the extraction spaces and ensuring correct root alignment (Fisher et al., 

2010; Mavreas & Athanasiou, 2008; Sameshima & Sinclair, 2001b). 

Dehiscences occur when there is a loss of the bone cortex on the vestibular or lingual surface, leading to root exposure 

and marginal bone loss. In contrast, fenestrations involve the presence of marginal bone tissue with root exposure. (Evangelista 

et al., 2010) Teeth affected by these defects are more prone to relapse and may exhibit an unaesthetic appearance due to gingival 

recession resulting from inadequate bone tissue support (Wennström, 1996). The use of leukocyte-platelet rich fibrin membrane 

in treating gingival recessions has been observed to have beneficial effects (Munhoz et al., 2022). 

Cone-beam computed tomography (CBCT) is particularly effective in diagnosing EARR (I Castro et al., 2015; Yi et al., 

2017) and can also detect the presence of dehiscences and fenestrations before or during orthodontic treatment (Castro et al., 

2016; Evangelista et al., 2010). 

Leukocyte-platelet rich fibrin (L-PRF) is a second-generation biomaterial based on blood plasma. L-PRF consists of 

blood without the addition of any other components. The most significant advantages of L-PRF are the ease and low cost of 

producing the plasma membrane through centrifugation (Dohan et al., 2006a). It contains bioactive components, including 

proteases, antiproteases, cytokines, chemokines, and growth factors, which collectively contribute to angiogenesis, bone 

formation, cell proliferation, wound healing, and bone repair (Dohan et al., 2006b, 2006c). 

Although the use of blood derivatives, such as platelet-rich plasma (PRP), injectable PRP (i-PRP), and L-PRF, to 

accelerate orthodontic movement has been explored, the evidence from human studies remains limited and inconclusive (El-
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Timamy et al., 2020; Pacheco et al., 2020; Zeitounlouian et al., 2021). Studies evaluating the effects of these blood derivatives 

on orthodontic movement, root length, and adjacent bone have yielded controversial findings, making it necessary to further 

investigate the potential benefits they may offer to patients during treatment. 

Therefore, the objective of this study was to compare changes in root length and surrounding bone tissue during 

distalization in alveoli preserved with L-PRF versus control alveoli in adult patients. The null hypothesis (H0) assumes no 

significant difference between the two groups. 

 

2. Methodology 

The retrospective study was performed using samples from a randomized controlled clinical trial of a split-mouth design 

that assessed the rate of maxillary canine distalization in adult patients (Pacheco et al., 2020). Patients with Angle Class I and II 

malocclusion were treated with the extraction of their first premolars, followed by alveolar preservation using L-PRF on the 

experimental side. The other side served as the control, with only a blood clot present. The randomization sequence of the sides 

was generated using an Excel spreadsheet that used the random number generation function.  

The study was conducted at the (name was omitted). This study was approved by the bioethics committee (ID: COBE-

FACS-M.EST-CSTA-004-2-2015-2016) and was performed between 2016 and 2018. All patients signed an informed consent 

form before the study commenced. 

The study included a sample of 17 adult patients (12 females and five males) aged between 20 and 45 years (mean age 

33 ± 5.9 years). The patients were diagnosed with either Class I malocclusion (n=14) or Angle Class II-1 malocclusion (n=3). 

All the patients required orthodontic treatment involving extractions of their maxillary first premolars. 

The patients received treatment with pre-adjusted MBT prescription brackets with a 0.022” inch (ABZIL Kirium, 3M, 

Brazil). The archwire sequence used was nickel-titanium (NiTi) 0.014”, 0.016”, and stainless steel 0.018”, 0.020”, and 0.019 x 

0.025”. Maxillary canine distalization was initiated 15 days after the extraction of the first premolars and the placement of  the 

L-PRF membrane on the experimental side. To achieve the distalization of canines, a force of 150 g/f was applied using chain 

elastics from the second premolar to the canine, as described previously (Burrow, 2010; Mezomo et al., 2011). The first molar 

and second premolar were tied with a 0.008” metal ligature wire as an anchorage unit, while the canines were tied to the distal 

wing of its brackets. Activations were performed once a month for a total of 5 months, with force measurements taken using the 

Correx tensiometer (50-250 g; Haag Streit, Bern, Switzerland). 

To obtain L-PRF, the collected blood was centrifuged in an IntraSpin device (Boca Raton, FL, USA) for 12 min at 2,700 

RPM, in accordance with the manufacturer's specifications. The experimental socket was preserved with the L-PRF membrane. 

The edges of the socket were brought together and sutured with Nylon 4-0 (Mononylon-Ethicon, Johnson & Johnson, New 

Brunswick, NJ, USA) to promote healing. 

CBCT scans were taken prior to the extraction of the first premolars, after the alignment and leveling phase was 

completed (T1), and again 5 months later (T2). The scans were performed using the Plan Meca ProMax 3D Max machine, with 

a field of view measuring Ø23 × 26 cm, exposure time of 18-30 s, voxel size of 0.200, reconstruction time of 30-150 s, and 

radiation dose ranging between 101-252 mSv. 

 

Root length 

To evaluate the possible presence of root resorption, the maximum linear root length of the pre- and post-distalized 

canines was measured. A line was traced on the long axis of each tooth from the apex to the cusp. The teeth were located using 

axial navigation guidance from the multi-planar reconstruction (axial, sagittal, and coronal) of the CBCT (Castro et al., 2013; 

Castro et al., 2015). The distances between reference points were measured (mm) using Romexis Viewer 3.8.2 software 
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(Planmeca, Helsinki, Finland) (Figure 1). The difference in root length between T1-T2 represented the amount of root resorption 

that occurred during distalization. 

 

Figure 1 - Multiplanar reconstruction was used to mark Cusp-apex reference points to measure maximum linear root length (pre & post distalization) of 

maxillary canines on both sides to assess the possible root resorption. 

 

Source: Research data 

 

 

Dehiscences and fenestrations 

The assessment of alveolar bone dehiscences was carried out as previously described. The long axis of the tooth was 

located through guided axial navigation with multi-planar reconstruction. Subsequently, a line was drawn from the apex of the 

tooth to the cusp, which served as a reference point for measuring the vestibular and palatal distances from the cemento-enamel 

junction to the bone crest in the sagittal section (Figure 2). Distances ≤2 mm were considered normal, while distances >2 mm 

were considered alveolar bone dehiscences. (Castro et al., 2016). 
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Figure 2 - Multiplanar reconstruction for assessment of bone dehiscence on the buccal and palatal sides of the maxillary right 

canine in the sagittal plane. Distances greater than 2mm were considered has dehiscences. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Research data. 

 

The frequencies of fenestrations were recorded using tomography scans, following the criteria established by 

Evangelista et al. (Evangelista et al., 2010) for classifying bone surface defects. Both axial and sagittal planes were used to 

capture the images. Images that showed the absence of cortical bone on the root surface, while maintaining cervical bone in at 

least three consecutive image sections, were identified as fenestrations (Figure 3). 

 

Figure 3 - Evaluation of the continuity of the buccal and palatal cortical bone of the maxillary canine searching for of bone 

fenestrations using the sagittal plane. 

 

 

 

 

 

 

 

 

Source: Research data. 

 

Statistical analyses 

In the assessment of root length, the intra-class correlation coefficient (ICC) was calculated to verify the reliability of 

the measurements taken by the operator. High reliability and homogeneity of the measurements was evident (experimental side 
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= 0.87 / control side = 0.81). The Shapiro–Wilk test was applied to evaluate the distribution of the data, which showed a non-

normal distribution. Subsequently, the Wilcoxon signed rank test was performed to compare the differences in root length 

between the canines. 

Regarding dehiscences, the reliability of the measurements was assessed by calculating the ICC, which yielded a value 

of 0.88 for the control side and 0.72 for the experimental side. The Shapiro–Wilk test indicated that the sample had a non-normal 

distribution. Therefore, the non-parametric Wilcoxon signed rank test was used to compare the two groups. The frequency of 

fenestrations between the groups was compared using the McNemar test. 

All statistical analyses were conducted using IBM® SPSS® Statistics software (Release 21.0.0; SPSS Inc., Chicago, 

IL, USA) with a significance level of 0.05. 

 

3. Results 

Root length 

The sample comprised 34 maxillary canines (17 from the control group and 17 from the experimental group), collected 

from 17 patients. The average reduction in root length of the distalized canines was similar in both groups (experimental group 

= 1.32 mm, control group = 1.41 mm; P>0.05), with a difference of 0.09 mm between the groups. The control group demonstrated 

a normal distribution of the data (0.385) and had a minimum reduction in root length of 0.62 mm and a maximum reduction of 

2.72 mm. 

In the experimental group, the distribution of data was non-normal (0.003), with a minimum reduction in the length of 

the root of 0.45 mm and a maximum reduction of 3.36 mm. The values for both groups are provided in Table 1.  

 

Table 1 - Comparison of root length before (T1) and after (T2) distalization of maxillary canines. 

                                                                                                                    Wilcoxon 

                                                                                                                   signed rank 

                                                                                                                        Test 

                                 n              Minimum         Maximum         Mean        (P-value) 

Side                                                                                                                         

    

Control                  17                    0.62                 2.72                1.41          0.687      

                                                                                                                                

Experimental          17                   0.45                3.36                 1.32           

 

p =significance level of 0.05. Source: Research data. 

 

After 5 months of distalization, no statistically significant difference (P=0.687) was observed between the experimental 

and control sides. Thus, the null hypothesis of no difference in canine root length between the two groups was maintained. 

   

Dehiscences 

Sixty-eight root surfaces were evaluated and compared at T1 and T2. An increase in the distance from the cemento-

enamel junction to the alveolar crest was observed in 27 surfaces (39.70%) at T1 and 32 (47.05%) at T2. 

On the control side, the values of the cemento-enamel junction to the marginal alveolar crest exceeded 2 mm 

(dehiscences present) in 11 of 34 root surfaces at T1, and 16 of 34 root surfaces on the experimental side. The frequency of 

dehiscences increased at T2 on both sides (Table 2). 

 

TABLE 1. COMPARISON OF ROOT LENGTH BEFORE (T1) AND AFTER (T2) DISTALIZATION OF 

MAXILLARY CANINES.  
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Table 2 - Absolute frequency and percentage of distances >2 mm from the cemento-enamel junction to the bone crest on 

buccal and palatal surfaces of distalized maxillary canines. 

 

 

 

 

 

 

 

 

Source: Research data. 

 

On the control side, there was a non-normal distribution on the buccal surface (0.01) and a normal distribution on the 

palatal surface (0.159). On the experimental side, the distribution was non-normal on both root surfaces. 

On the control side, the values of the distance from the cemento-enamel junction to the bone crest increased by 0.41 

mm on the buccal surface and 0.42 mm on the palatal surface. On the experimental side, the values of the distance from the 

cemento-enamel junction to the bone crest increased by 0.02 mm on the buccal surface and 0.29 mm on the palatal surface. 

The descriptive statistics of the sample are presented in Table 3. Positive values indicate a decrease in the distance from 

the cemento-enamel junction to the bony crest. Negative values indicate an increase in the distance. No statistically significant 

differences were evident between the groups on the buccal surface (P=0.365) and palatal surface (P=0.733). Thus, the null 

hypothesis of no difference between the sides was maintained. 

 

Fenestrations 

Thirty-four root surfaces were evaluated for lack of continuity in the cortical bone on both the buccal and palatal sides 

in T1 and T2. Fenestrations were observed in five surfaces (14.70%) in T1 and in eight surfaces (23.52%) in T2. All were located 

on the buccal surface. No statistically significant differences were observed between the sides (P = 0.35), supporting the null 

hypothesis that there is no difference in the frequency of fenestrations. 

On the control side, the lack of bone continuity was observed in two surfaces in T1 and in six surfaces in T2. All were 

found in the middle and apical thirds of the roots. On the experimental side, the continuity was not observed in three surfaces in 

T1, and two surfaces remained in T2, with the third surface showing evidence of bone repair.  

 

  

             T1 (n=17)            T1 (n=17)            T2 (n=17)             T2 (n=17) 

                      f(a)                 fr%                    f(a)                         fr%   

Side    

Control  

Buccal                         5                          7.35                      7                     10.29 

Palatal                         6                          8.82                      7                     10.29     

Experimental 

Buccal                         7                         10.29                      8                     11.64 

Palatal                         9                         13.23                    10                     14.70 

Total                          27                         39.7                      32                       47 
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Table 3 – Values of the distance from the cemento-enamel junction to the bone crest on the buccal and palatal surfaces of 

distalized maxillary canines. 

                                   Buccal                             Palatal 
 

Note: Values are presented in millimeters. Min, minimum; Max, maximum; Stand. D, standard deviation. Negative values indicate the 

increase in millimeters from T1 to T2. P =significance level of 0.05. Source: Research data. 

 

4. Discussion 

In orthodontics, studies of the use of blood derivatives and their relationships to tooth movement have become a recent 

focus of research. The results have been conflicting (Liu et al., 2021; Pacheco et al., 2020; Tehranchi et al., 2018; Zeitounlouian 

et al., 2021). Little is known about the effects of the placement of these biomaterials on root length of the moved tooth and on 

the surrounding supporting bone tissue during orthodontic movement. This study aimed to evaluate and compare these effects 

after distalization of maxillary canines in alveoli preserved with L-PRF and control alveoli in adult patients using CBCT. To the 

best of our knowledge, this is the second study to evaluate these variables with blood derivatives and the first to use L-PRF. The 

first study was performed with i-PRF applied monthly for 3 months (Zeitounlouian et al., 2021). 

Both PRP and L-PRF derivatives are used to support the regeneration of bone defects. However, L-PRF has a higher 

concentration of platelets and leukocytes, which are retained within a fibrin mesh created by blood centrifugation, allowing for 

a more gradual and sustained release of growth factors compared to PRP (Dohan Ehrenfest et al., 2012). This study focused on 

L-PRF, which is a second-generation blood derivative that accelerates angiogenesis, chemotaxis, mitosis, and cell proliferation. 

These phenomena could be beneficial during orthodontic treatment for adult patients, as the prevalence of bone defects tends to 

increase with age, and since orthodontic treatment can potentially increase the risk of apical root resorption and loss of bone 

crest height.(Harris & Baker, 1990) All patients in this study were adults who underwent extraction of maxillary first premolars, 

which is a procedure that tends to increase the treatment time. Longer treatment duration is associated with an increased risk of 

EARR (Deng et al., 2018; Sameshima & Sinclair, 2001b). The regenerative potential of L-PRF motivated this research. 

CBCT is a useful tool for evaluating changes in root length of teeth and surrounding bone tissue.(I Castro et al., 2015; 

L. Castro et al., 2016; Evangelista et al., 2010) The voxel size of 0.2 mm was chosen for its optimal accuracy in measuring 

alveolar bone height with soft tissue present, as compared to the 0.4 mm voxel.(Wood et al., 2013) The use of a 0.4 mm voxel 

may lead to overestimation of bone dehiscences (Sun et al., 2011). 

The use of tomography eliminates distortion and magnification of the obtained images, providing real anatomical 

measurements (1:1) in both vertical and horizontal dimensions. Therefore, the use of CBCT is preferred over two-dimensional 

images in clinical practice for these types of measurements (Alqerban et al.,2011).   

During orthodontic treatment, a common side effect is the reduction of root length, often caused by orthodontically-

induced inflammatory root resorption, which tends to be more severe in patients undergoing treatment (Weltman et al., 2010). 

Previous studies have shown that cytokines such as interleukin (IL)-1β, IL-6, and tumor necrosis factor-alpha released from L-

PRF (Dohan et al., 2006c) which have therapeutic and anti-inflammatory properties, could potentially decrease this deleterious 

effect. However, in the present study, the experimental group did not experience a significant decrease in root length compared 

                                                                                                     Wilcoxon                                                                   Wilcoxon 

                           N            Mean      Max.       Min.      Stand.      Signed         Mean      Max.      Min.         Stand.      Signed 

                                            Dif.                                       D.       Rank Test        Dif.                                         D.       Rank Test 

                                          T1-T 2                                                (P-value)       T1-T2                                                  (P-value) 

 

Control           17           -0.41        0.53      -2.72       0.90          0.365            -0.42        1.08      -2.33        0.90         0.733 

 

Experimental   17           -0.06        2.07     -1.72       0.75                               -0.29        1.50       3.06        0.99 
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to the control group, with a mean decrease of 1.32 mm and 1.41 mm, respectively. These findings are consistent with a previous 

study that evaluated the distalization of maxillary canines using i-PRF injected on the buccal and palatal surfaces, which found 

no significant difference between the experimental and control groups. Therefore, while cytokines released from L-PRF may 

have potential therapeutic benefits, they do not seem to have a significant effect on reducing orthodontically-induced 

inflammatory root resorption in the context of this study. 

After tooth extraction, the alveolar ridge decreases in size in both width and height, with the most significant loss in 

width (Van der Weijden et al., 2009). Vertical bone loss is typically observed on the buccal surface. Orthodontic tooth movement 

can worsen pre-existing bone dehiscences and fenestrations (Wang, 2020). If teeth are moved through atrophic alveolar ridges, 

the incidence of these bone defects can be increased (Ramos et al., 2020). 

 In all patients included in this study, maxillary canine distalization was performed using 0.020” stainless steel wires, 

applying 150 g of force with the use of an elastic chain, which is an option along with nickel-titanium springs, producing similar 

effects on distalization, rotation, and angulation rate (Barsoum et al., 2021). Vertical bone and thickness loss during the retraction 

of anterior teeth is common and is due to the concentration of orthodontic forces in the cervical region (Guo et al., 2021) which 

represents 60% of the tooth's periodontal support (Consolaro, 2019). In adult orthodontic patients, there is an increase in the 

distance from the cement-enamel junction to the marginal bone crest compared to adolescents, resulting in decreased bone 

support (Harris & Baker, 1990). In these patients, the alveolar bone becomes denser, and the periodontal ligament becomes more 

acellular and fibrotic, leading to the release of inflammatory markers such as cytokines and osteoclasts, which are maintained 

continuously and for longer periods in adults than in adolescents. The inflammatory process is more prolonged in adults, which 

may explain the occurrence of these deleterious effects in our patients. 

The maxillary canines are one of the teeth with the highest risk of vertical bone loss on the buccal surface during 

orthodontic treatment with fixed appliances (Castro et al., 2016; Jäger et al., 2017). However, in cases where first premolars are 

extracted, the bone height significantly increases on the buccal surface (Guo et al., 2021). In the present study, the frequency of 

dehiscence in patients was similar on both sides, indicating that the regenerative properties of L-PRF did not limit the vertical 

reduction of alveolar bone. The frequency of pre-distalization dehiscences exceeded 10%, which agrees with the value of 11% 

in a previous study (Castro et al., 2016). While this value may seem high for the number of patients in this study, it can be 

attributed to the sample size, previous orthodontic treatment during the alignment and leveling phases, dental extractions, and 

because all patients were adults. 

The incidence of fenestrations in this study (14.6%) differs from the 36.51% reported by Evangelista et al.16 in adult 

patients with untreated Angle Class I and II malocclusion. The frequency of fenestrations increased at T2 due to orthodontic 

treatment, likely because of using 0.020'' stainless steel wire, which may have led to a lack of three-dimensional control and 

subsequently the increased exposure of the root in its middle to apical third. 

From a statistical standpoint, our null hypothesis of no difference between the control and experimental sides was 

maintained. However, from a clinical perspective and based on the results of this study, the use of L-PRF to prevent a decrease 

in root length and the occurrence of bone defects (dehiscences and fenestrations) for alveolar preservation may not be justified. 

 

Limitations 

To expand the sample size in future research is advisable. 

 

5. Conclusions 

The null hypothesis was maintained. Over a five-month period, maxillary canine distalization in alveoli preserved with 

L-PRF demonstrated comparable outcomes in both root length and adjacent bone tissue as those observed in untreated alveoli. 

http://dx.doi.org/10.33448/rsd-v13i2.44933
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Further investigations could include larger sample sizes, diverse patient demographics, and longer follow-up periods to 

assess the long-term efficacy. Explore the molecular and cellular responses of alveolar bone to various preservation materials 

could also yield valuable information for developing more effective clinical protocols for dental and orthodontic treatments. 
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