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ABSTRACT

Background and Objectives. gonsumption of toxic substances like alcohol is widespread in the general
population and thus also in patients receiving orthodontic treatment. gonsidering the effect of alcohol on
bones, consuming alcohol may have some consequences on orthodontic tooth movement (OTM). Several
recent improvements in science to accelerate orthodontic tooth movement. Though the ethanol content of
alcohol has been shown in multiple studies to accelerate the formation of orthodontic teeth, the results of
these investigations remain conflicting. The aim of this research is to investigate in a systematic way and
appraise the quality of the available evidence from studies regarding the effect ethanol intake on the rate of
OTM.
Materials and Methods. A comprehensive literature search was conducted using databases; an
electronic search for relevant randomized controlled trials (RCTs) using PubMed, Cochrane, Plos one,
Wiley, and hand searching with a publication period from 2012-2022. The quality of available evidence
was assessed using the selection criteria established in the PRISMA.
Results. A total of 343 titles and abstracts were identified.r the review process, 10 full-text articles
met the inclusion criteria. The results show that ethanol affect bone mass and %re was no statistically
significant difference abserved betwg ethanol and the group control of tooth movement.
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Conclusions: Alcohol can have an effect on bone remodeling during OTM.
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Abbreviations:
OTM = Orthodontic Tooth Movement

RCTs = randomized Controlled Trials

INTRODUCTION
The result of a biologic response to interference in the physiologic equilibrium of the dentofacial

complex by an externally applied force" is the definition of orthodontic tooth movement (OTM).
Numerous studies have been conducted on the order of cellular, molecular, and tissue-reaction
processes during OTM. The rate of movement may be impacted by changes in bone turnover and

density, which may occur alone or in combination with other factors to influence remodeling
processes and eventual tooth displacement. In this way, a variety of biological substances
contribute to the inflammatory process and dify the pathways involved in the remodeling of the
bone that occurs along with OTM [1].

When a regulated mechanical force is applied, OTM takes place. OTM is characterized by changes
in cellular activity and collagen fiber stretch and compression brought on bye movement of the
tooth inside the periodontal space when the regions of the compression side that are hyalinized
(cell-free) as a result of inflammatory cytokines and blood flow disturbance are eliminated [2,3].
anges in the distribution of stress and strain in the periodontium cause the alveolar bone to
undergo (re)modeling, which is the process through which orthodontic teeth shift [4,5].

The connection of resorption and creation is a key notion in bone remodeling. It has been suggested
that coupling mechanisms prevent bone from being acquired or lost during healing. Though the

precise process through which coupling occurs is unclear. The presence of various paracrine factors




(e.g., IGF-IIL, IGFBP-5 or -0) in cementoblasts and lacunae during the early phases of tooth
movement healing implies that they may be involved in regulating this remodeling sequence [6].
Alcohol has bioactivity that surpasses its nutritional worth, making it a significant non-essential
component of diet. In many nations, the amount of alcohol consumed per person accounts for five
to ten percent of daily energy needs [7,8].

An optical densitometric assessment was done to determine how bone density and alcohol-induced
OTM are connected. According to several research shows alcohol consumption affects bones,
alcohol causes rats' cortical and cancellous bone mass to decrease, a reduction that persists
throughout the animal's lifetime [9,10].

Contradictory benefits of alcohol in bone remodeling have been outlined in various journals.
Therefore, it is necessary to re-analyze whether alcohol consumption has an effect on OTM. The
purpose of this systematic review was to examine and evaluate the quality of the scientific data

from research that was currently available about the impact of alcohol consumption during OTM.

MATERIALS AND METHODS

termination of journals collected with inclusion criteria: (1) Research journals related to effect
ethanol intake during OTM. () English-language research journals (3) Year of Publication 2012-
2022.

Search Method Data was collected through electronic search. Sources of data search conducted
included Google Scholar, PubMed, Wiley, Ebsco with a publication period from 2012-2022.
Search Details Journal searches used keywords: orthodontic tooth movement (OTM), ethanol,
alcohol consumption, bone remodeling, osteoblast, osteoclast.

ata Collection and Data Analysis The author obtained research journal articles through electronic
databases according to keywords of 343 journals. The author selects the research journals that result

from searches based on the title and abstract of the research, in order to obtain relevant titles and

abstracts of 55 journals. Authors read full-text journal articles to determine that the study met the




criteria. Studies that met the criteria then underwent quality assessment and data extraction. The

author reviews and selects 10 journal articles that are included in the synthesis table.

RESULTS

Table. A Synthesis of Literature Review

DISCUSSION

There exists only a single report regarding the effects of ethanol during orthodontic movement,
despite numerous research suggesting that it may have a detrimental effect on alveolar bone and
the periodontum [11].

Mild and continuous EtOH exposure may interfere with the generally long-lasting orthodontic
treatments by altering the aforementioned proteins and genes, which could result in orthodontic
failure or other undesirable outcomes [12].

Ethanol had no effect on bone metabolism in the current investigation, regardless of tooth mobility.
Despite progress in comprehending the intricate effects of alcohol on bone, numerous questions
remain [13,14].

Research on the skeletal effects of persistent high alcohol drinking has been conducted in elderly
rats. In one rare instance, giving 8-month-old female rats as low as 3% of their calories in the form
of alcohol decreased the production of bone in the rats [15].

In summary, ethanol did not cause any cytotoxicity or affect apoptosis or necrosis in PDL
fibroblasts, suggesting that this cell type is very resistant to ethanol [16,17]. Although ethanol
demonstrated anti-inflammatory properties, it also heightened prostaglandin induction, which
causes pain, inflammation, and osteoclastogenesis and it might also raise the chance of undesired
root resorption or periodontal bone loss [18,19].

Low to moderate level alcohol use may benefit the cardiovascular system, but everyday large-scale

alcohol consumption over time may have disastrous consequences for tissue systems used in

orthodontic treatment, such as the skeletal system [20,21].




The %cration of the surrounding bone architecture is one recognized biological reaction to
orthodontic stresses. This may stimulateteoclastogenesis in compression areas of the periodontal
ligament during OTM, impact on hPDL fibroblasts may therefore contribute to the restoration of
e circulation at compression sites, which is disrupted during tooth movement [22,23].

Following alcohol delivery, osteocalcin levels were shown to significantly decrease in both
investigations. During abstinence, a noteworthy rise in the carboxy-terminal propeptide of type I
procollagen was observed by everyone [24,25]. On the other hand, the majority of data regarding
the relationship between bone density and alcohol use point to a linear relationship between
increased alcohol consumption and decreased bone loss over time [26,27].

There is currently not enough data to pinpoint a specific level of alcohol consumption that is linked
to increased bone density because studies on relationship between bone density and alcohol
consumption only involved a small number of heavy drinkers [28,29].

Our findings are consistent with those observed in humans, suggesting that the mature rat is not
only a useful model for adult alcohol misuse but also potentially predictive of the skeletal effects
of moderate alcohol consumption. Adolescents who consume ethanol may, on the one hand, have
lower peak bone mass, which puts them at risk for osteoporosis [30,31].

cohol consumption may not have an impact on the active ingredient or the study rate of tooth
movement because a balance between the apoptotic impact on the osteoclasts and the osteopenic
effects has been obtained [32,33].

Osteocytes, which resorb bone,teoblasts, which create bone, and osteoclasts, which resorb bone,
are the three main cell types involved in bone remodeling. Early researchers analyzed osteocalcin,
a protein created by osteoblasts that is assumed to be a marker of their function and is dependent
on vitamin K, to ascertain whether ethanol had a direct effect on osteoblasts [25,27].

This study revealed that alcohol exposure did not appear to have an impact on orthodontic therapy.
As a result, our results cannot be directly applied to clinical situations. These variables may

eventually impact OTM and have a connection to bone remodeling. Orthodontists ought to focus

more on their patients problematic alcohol consumption habits [32,34].




However, a different study found a dose-dependent link between ethanol use and bone loss.
Additionally, they discovered that alveolar bone loss is not considerably impacted by low ethanol
concentrations [14,16].

The contrast in weight increase between the control and experimental groups may have been
influenced by the animals exposed to ethanol eating less and by the ethanol's direct impact onrats'
capacity to convert dietary nutrients into body weight. Although opinions on how ethanol affects
bone remodeling are still divided [17,20].

However, we discovered that ethanol encouraged an unbalanced resorption of bone. Additionally,
as tooth mobility is a process that depends on bone, its consequences must be carefully taken into
account from an orthodontic perspective [10].

The mechanisms of collagen deposition and bone neoformation are unaffected by ethanol because
ethanol intake at the end of OTM encourages a reduction in resorption. Because ethanol alters bone
metabolism, it may cause an OTM delay [13,33].

The decrease in indicators of bone resorption suggests that the reduction in bone remodeling that
we observed in alcohol drinkers in our study may be the primary cause of their increased BMD,
because creation and resorption are intertwined, serum osteocalcin, a marker of bone formation
released by osteoblasts, has a strong correlation with resorption [14,33].

In skeletally adult rats, the main consequence of long-term heavy alcohol consumption is a
remodeling imbalance that causes progressive but gradual bone loss. Studies have also been
conducted on the impact of alcohol use on estrogen levels. Estrogens affect how bones are
metabolized, controlling the activation of bone remodeling units and preserving the ideal ratio of

osteoblast to osteoclast activity [8,9].

CONCLUSION

Alcohol can have an effect on bone remodeling during OTM.

CONFLICT OF INTEREST




There is no conflict of interest.

AUTHOR’S CONTRIBUTIONS
All authors are contributed to the design and implementation of the research, to the analysis of

the results and to the writing of the manuscript.

ACKNOWLEDGEMENTS




REFERENCES

1. Arqub SA, Gandhi V, Iverson MG, Ahmed M, Kuo CL, Mu J, Dutra E, Uribe F. The
effect of the local administration of biological substances on the rate of orthodontic tooth
movement: a systematic review of human studies. Progress in Orthodontics. 2021
Dec;22:1-2.

2. Brooks PJ, Nilforoushan D, Manolson MF, Simmons CA, Gong SG. Molecular markers
of early orthodontic tooth movement. The Angle Orthodontist. 2009 Nov 1;79(6):1108-
13.

3. Zainal Ariffin SH, Yamamoto Z, Zainol Abidin LZ, Megat Abdul Wahab R, Zainal
Ariffin Z. Cellular and molecular changes in orthodontic tooth movement. The Scientific
World Journal. 2011;11(1):1788-803.

4. Cattaneo PM, Dalstra M, Melsen B. The finite element method: a tool to study
orthodontic tooth movement. Journal of dental research. 2005 May;84(5):428-33.

5. Jang I, Tanaka M, Koga Y, lijima S, Yozgatian JH, Cha BK, Yoshida N. A novel method
for the assessment of three-dimensional tooth movement during orthodontic treatment.
The Angle Orthodontist. 2009 May 1,79(3):447-53.

6. Wise GE, King GJ. Mechanisms of tooth eruption and orthodontic tooth movement.
Journal of dental research. 2008 May;87(5):414-34.

7. Kaplan M, Kalajzic Z, Choi T, Maleeh I, Ricupero CL, Skelton MN, Daily ML, Chen J,
Wadhwa S. The role of inhibition of osteocyte apoptosis in mediating orthodontic tooth
movement and periodontal remodeling: a pilot study. Progress in Orthodontics. 2021
Dec:22:1-0.

8. Cho KW, Cho SW, Oh CO, Ryu YK, Ohshima H, Jung HS. The effect of cortical

activation on orthodontic tooth movement. Oral diseases. 2007 May;13(3):314-9.




10.

I1.

12.

13.

14.

15.

16.

17.

Gaddini GW, Turner RT, Grant KA, Iwaniec UT. Alcohol: a simple nutrient with
complex actions on bone in the adult skeleton. Alcoholism: clinical and experimental
research. 2016 Apr;40(4):657-71.

Dutra EH, Ahmida A, Lima A, Schneider S, Nanda R, Yadav S. The effects of alveolar
decortications on orthodontic tooth movement and bone remodelling in rats. European
journal of orthodontics. 2018 Jul 27;40(4):423-9.

Ahmad Akhoundi MS, Mirhashemi A, Sheikhzadeh S, Ansari E, Kheirandish Y, Momeni
N, Khaarazifard MJ. Alcohol Induced Osteopenia Can Cause Accelerated Orthodontic
Tooth Movement in Male Wistar Rats. Journal of Iranian Dental Association. 2016 Jul
10;28(3):104-9.

Lin Y, Fu ML, Harb I, Ma LX, Tran SD. Functional biomaterials for local control of
orthodontic tooth movement. Journal of Functional Biomaterials. 2023 May 25;14(6):294.
Barcia JM, Portolés S, Portolés L, Urdaneta AC, Ausina V, Pérez-Pastor GM, Romero FI,
Villar VM. Does oxidative stress induced by alcohol consumption affect orthodontic
treatment outcome?. Frontiers in physiology. 2017 Jan 25;8:22.

Araujo CM, Rocha AC, Araujo BM, Johann AC, Pereira LF, Tanaka OM, Guariza Filho
O, Camargo ES. Effect of acute administration of nicotine and ethanol on tooth movement
in rats. Brazilian Oral Research. 2018 Oct 11:32:e96.

Hong K, Kim WH, Eghan-Acquah E, Lee JH, Lee BK, Kim B. Efficient design of a clear
aligner attachment to induce bodily tooth movement in orthodontic treatment using finite
element analysis. Materials. 2021 Aug 30;14(17):4926.

Schroder A, Kiichler EC, Omori M, Spanier G, Proff P, Kirschneck C. Effects of ethanol
on human periodontal ligament fibroblasts subjected to static compressive force. Alcohol.
2019 Jun 1;77:59-70.

Johnson JT, Hussain MA, Cherian KE, Kapoor N, Paul TV. Chronic alcohol consumption
and its impact on bone and metabolic health—a narrative review. Indian Journal of

Endocrinology and Metabolism. 2022 May 1;26(3):206-12.




18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

Krishnan V, Davidovitch Z. The effect of drugs on orthodontic tooth movement.
Orthodontics & Craniofacial Research. 2006 Nov;9(4):163-71.

Berg KM, Kunins HV, Jackson JL, Nahvi S, Chaudhry A, Harris Jr KA, Malik R, Arnsten
JH. Association between alcohol consumption and both osteoporotic fracture and bone
density. The American journal of medicine. 2008 May 1;121(5):406-18.

Turner RT, Kidder LS, Kennedy A, Evans GL, Sibonga JD. Moderate alcohol
consumption suppresses bone turnover in adult female rats. Journal of Bone and Mineral
Research. 2001 Mar 1;16(3):589-94.

Makrygiannakis MA, Athanasiou CA, Kaklamanos EG. May alcoholic and non-alcoholic
drinks affect the rate of orthodontic tooth movement? A systematic review of animal
studies. European Journal of Orthodontics. 2023 Apr 1;45(2):186-95.

Dyer SA, Buckendahl P, Sampson HW. Alcohol consumption inhibits osteoblastic cell
proliferation and activity in vivo. Alcohol. 1998 Nov 1;16(4):337-41.

Pavlin D, Anthony R, Raj V, Gakunga PT. Cyclic loading (vibration) accelerates tooth
movement in orthodontic patients: A double-blind, randomized controlled trial.
InSeminars in Orthodontics 2015 Sep 1 (Vol. 21, No. 3, pp. 187-194). WB Saunders.
Holland R, Bain C, Utreja A. Osteoblast differentiation during orthodontic tooth
movement. Orthodontics & craniofacial research. 2019 Aug;22(3):177-82.
Shoji-Matsunaga A, Ono T, Hayashi M, Takayanagi H, Moriyama K, Nakashima T.
Osteocyte regulation of orthodontic force-mediated tooth movement via RANKL
expression. Scientific reports. 2017 Aug 18;7(1):8753.

Han J, He H. Expression and function of osteogenic genes runt-related transcription factor
2 and osterix in orthodontic tooth movement in rats. International journal of clinical and
experimental pathology. 2015;8(9):11895.

Cobb AM, Yusoff S, Hayward R, Ahmad S, Sun M, Verhulst A, D’Haese PC, Shanahan

CM. Runx2 (runt-related transcription factor 2) links the DNA damage response to




28.

20.

30.

31.

32.

33.

34.

osteogenic reprogramming and apoptosis of vascular smooth muscle cells.
Arteriosclerosis, thrombosis, and vascular biology. 2021 Apr:41(4):1339-57.

Li C, Chung CJ, Hwang CJ, Lee KJ. Local injection of RANKL facilitates tooth
movement and alveolar bone remodelling. Oral Diseases. 2019 Mar;25(2):550-60.
Carvalho-Lobato P, Garcia VJ, Kasem K, Ustrell-Torrent JM, Tallon-Walton V,
Manzanares-Céspedes MC. Tooth movement in orthodontic treatment with low-level laser
therapy: a systematic review of human and animal studies. Photomedicine and laser
surgery. 2014 May 1;32(5):302-9.

Higashikawa A, Saito T, Ikeda T, Kamekura S, Kawamura N, Kan A, Oshima Y, Ohba S,
Ogata N, Takeshita K, Nakamura K. Identification of the core element responsive to runt-
related transcription factor 2 in the promoter of human type X collagen gene. Arthritis &
Rheumatism. 2009 Jan;60(1):166-78.

Kamei H, Ishii T, Nishii Y. Semaphorin 3A regulates alveolar bone remodeling on
orthodontic tooth movement. Scientific reports. 2022 Jun 2;12(1):9243.

Yang F, Wang XX, Li I, Nie FJ, Cui Q, Fu YJ, Zhang I. The effects of binge alcohol
exposure on tooth movement and associated root resorption in rats. Alcohol. 2020 Nov
1;88:1-9.

Araujo CM, Johann AC, Camargo ES, Tanaka OM. The effects of binge-pattern alcohol
consumption on orthodontic tooth movement. Dental press journal of orthodontics. 2014
Nov;19:93-8.

Rapuri PB, Gallagher JC, Balhorn KE, Ryschon KL. Alcohol intake and bone metabolism

in elderly women. The American journal of clinical nutrition. 2000 Nov 1;72(5):1206-13.




FIGURES, TABLES AND SCHEMES

TABLES
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Reprogrammin
g and

The
development
of ectopic
vascular
calcification is
strongly linked
with
organismal
aging, which is
primarily

The isolates used
in this study were
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damage signaling
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time. As between passages 9 | participated in DNA
Runx2 (Runt- | and 20. Control repair by regulating
related mouse VSMCs phosphorylation
transcription (Runx2f/f) and events on histone
factor 2) has Runx2 KO VSMCs | H2AX, with
been identified | (Runx2ASM) were | exogenous
as aregulator | cultured in the expression of Runx2
of vascular same media. resulting in
smooth muscle unrepaired DNA
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number of
osteoclasts at 7 and
14 days.
Furthermore, a




decortication was

fibrous tissue was

done using a high found to replace the
speed, quarter alveolar bone in the
round bur adjacent | spring + AD group at
to the left first day 14
maxillary molar, on
the palatal alveolar
bone. At each
endpoint, rats were
sacrificed and
microfocus
computed
tomography and
histological
analysis were
performed.
Frontiers in | Jorge M. | Does To known A literature review | Orthodontic
Physiology, | Barcia , Oxidative about the with keyword : treatment implicates
2017 Sandra Stress Induced | potential role | ethanol, oxidative | mechanical forces on
Portolés , | by Alcohol of the stress, orthodontic teeth. Interestingly,
Laura Consumption oxidative movement, the extra- and intra-
Portolés , | Affect conditions periodontal cellular responses of
Alba C. Orthodontic induced by ligament, periodontal cells to
Urdaneta , | Treatment ethanol intake | orthodontic mechanical
Veroénica | Outcome? as a possible treatment. movement show a
Ausina , setback for suggestive similarity
Gema M. orthodontic with the effects
A. Pérez- treatment in induced by ethanol
Pastor , adults. metabolism on bone
Francisco and other cell types.
1.
Romero,
etal
Int J Clin Jinyou Expression To investigate | 24 Wistar rats were | The mRNA levels of
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Figure 1. Diagram of the study selection process

Records identified via

search (PubMed n=5)

(Science Direct n=18)
( Scholar n=155)

Total = 343

!

Notes obtained by title
and abstract Excluded notes

(n=55) — n=288

!

Full-text notes for Excluded full-text

eligibility — notes (n=45)

(n=10)

!

Articles that are
approved according to
the inclusion criteria for
review

n=10

Identification

[ Screening

Eligibility




