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ABSTRACT 
 

Interrelationship between the menstrual cycle and the phenomena 

associated with orthodontic tooth movement: a systematic review 

Hayat Almansour 

Principal supervisor: Associate Professor Eleftherios G. Kaklamanos 

Co-Supervisor: Professor Athanasios E. Athanasiou 

 

Background: As female hormone levels affect bone metabolism, the changes 

encountered during the menstrual cycle may exert an influence on the phenomena 

associated with orthodontic tooth movement. 

Aim: To systematically investigate the available evidence from human studies 

regarding the interrelationship between the menstrual cycle and the phenomena 

associated with orthodontic tooth movement. 

Materials and Methods: Search without restriction for published and unpublished 

literature and hand searching took place. Studies investigating the interrelationship 

between the menstrual cycle (e.g., specific stage of the cycle, duration of menstrual 

bleeding, menstrual cycle length, etc.) and the phenomena associated with orthodontic 

tooth movement (e.g., rate of tooth movement, pain, biomolecule levels, etc.) were 

reviewed. Study retrieval and selection were followed by extraction of relevant data, 

and bias risk assessment using the Cochrane ROB tool for randomized controlled 

studies and the Newcastle-Ottawa Scale. 

Results: From the final records, 6 studies met the inclusion criteria. During 

menstruation, orthodontic tooth movement was higher. Osteocalcin levels were found 

to increase as well. Orthodontic pain was found to be affected by the periodic phase of 
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menstruation and was increased in patients with primary dysmenorrhea. Moreover, 

fixed orthodontic treatment influences the menstrual cycle length in the first month after 

bonding but showed no effect on the duration of menstrual bleeding or subsequent 

menstrual cycle length. The risk of bias assessment revealed shortcomings in certain 

domains. 

Conclusion: Menstrual cycle presents interrelationship with the phenomena associated 

with orthodontic tooth movement and the orthodontist should consider the possible 

implications. 
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1. INTRODUCTION 

Orthodontic therapy aims at providing a functional and pleasing occlusal result that is 

stable, in balance with the overall esthetics of the face (1). Apart from the numerous 

benefits patients might exhibit some undesirable side effects such as pain, discomfort, 

anxiety, dietary changes, and even oral tissue damage. Patients may experience stress 

or psychological changes as a result of these undesirable effects (2-5).  

The demand for orthodontic treatment is mainly from adolescent and adult females (1). 

Females are more susceptible to orthodontic pain than males, an uncomfortable 

sensation that more than 90% of patients report throughout orthodontic treatment (6, 

7). Females reported more intense discomfort than males, which was observed from 

days 3 to 7 after orthodontic pressures were applied. Furthermore, the pain in women 

lasted longer (7-9) . It has been proven that physical and psychosocial factors, such as 

high-density exercise and changes in nutrition, occupation, and lifestyle, are linked to 

menstruation abnormalities (10, 11). The effects of female gonadal hormones could 

explain the gender variation in pain perception (12, 13). The follicular phase and the 

luteal phase are the two separate phases of a female menstrual cycle. Pain sensations 

changed in different menstrual phases, according to numerous well-founded research 

(14-16).  

The menstrual cycle is a normal physiological alteration that occurs in women on a 

regular basis. Estrogen is one of the most important sex hormones for maintaining 

regularity during the female menstrual cycle, as well as for the construction and 

function of human bone tissue. It has a near-monthly periodicity (17, 18). As 

orthodontic tooth movement progresses, alveolar bone metabolism plays a significant 

role. Changes in estrogen levels may affect the movement of teeth, especially in the 

local environment of alveolar bone, where estrogen plays a critical role in bone 
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structure modification, bone mass maintenance, and the bone tissue remodeling process 

(19, 20). Estrogen levels fluctuate regularly during a woman's typical physiological 

cycle, with low levels during menstruation, a peak during ovulation, and a near-monthly 

rhythmicity. When estrogen levels are high (during the ovulation period), osteoblast 

function is active and osteoclast function is low, resulting in a higher rate of 

osteogenesis than bone loss, which could lead to orthodontic tooth movement inhibition 

and decreased orthodontic tooth movement. When estrogen levels are low (during the 

menstrual period), osteoclast function is active and osteoblast function is low, resulting 

in a rate of bone loss that is greater than the rate of osteogenesis, favoring a high rate 

of orthodontic tooth movement. Estrogen levels after menopause are low, therefore 

women in this age group are more susceptible to osteoporosis symptoms (21). As a 

result, knowing how the menstrual cycle affects tooth movement in orthodontics and 

evaluating the ramifications could be beneficial to the clinical orthodontist. 

In animals, when estrogen and/or progesterone levels are low during estrus cycle, 

orthodontic tooth movement is seen to increase (22). However, to the best of the 

authors’ knowledge, evidence-based summary of the information regarding the 

interrelationship between the menstrual cycle and the phenomena associated with 

orthodontic tooth movement has not been compiled. 
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2. REVIEW OF THE LITERATURE 

The underlying principle of orthodontic therapy is that when mechanical pressures are 

applied to teeth, they trigger a series of biological responses that lead to bone adaptation 

in a new environment and, as a result, to tooth movement (23). Clinicians have always 

aspired to understand the fundamental concepts of tooth movement mechanisms in 

order to reduce treatment time and improve patient satisfaction (24). 

2.1. Tooth movement and bone physiology 

2.1.1. Orthodontic tooth movement 

When external forces, either intermittent or continuous, are applied to teeth, orthodontic 

tooth movement occurs because of a variety of biological responses. The periodontal 

ligament distorts and the bone bends as a result of these loads, changing the mechanical 

environment of the teeth and surrounding tissues (24). In an attempt to explain the 

mechanisms involved in tooth movement related to orthodontic therapy, numerous 

theories have been proposed in the literature (23). In general, hypotheses have focused 

on the fact that the stimuli target the bone and the periodontal ligament (25). These 

orthodontic tooth movement hypotheses are still theoretical to some extent, but the 

histology evidence is indisputable (26). In order to explain and forecast tooth 

movement, physicians have traditionally relied on the pressure tension theory, which is 

based on over a century of observations (27). Carl Sandstedt, a Swedish dentist, 

conducted in 1904 the pioneering studies on dogs that are the foundation of our present 

understanding of the phenomena associated with the movement of teeth. Sandstedt 

found in his seminal tests that applying force to the periodontal ligament and alveolar 

bone caused tissue changes (27).  

Following this, Oppenheim in 1911, discovered that as a teeth move, the periodontal 

ligament forms a "pressure side" and a "tension side." (27). According to Schwarz’s 
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studies in 1932, orthodontic forces should not be "higher than the pressure in the 

capillary blood," (27). Due to the compression of periodontal fibers, the change in blood 

flow leads to reduced oxygen supply in the pressure side and a higher oxygen supply in 

the tension side. On the pressure side, alveolar bone resorption is visible, while on the 

tension side, new bone apposition is observed (27). Compression can cause tissue 

necrosis by deprivation of oxygen supply in the periodontium if the capillary blood 

pressure is surpassed (28). Reitan in 1957 discovered that hyalinization might develop 

in the periodontal ligament if even light forces are applied. Additional hyalinization 

occurs after force application when roots are shorter, resulting in higher pressure 

development (27). 

The bone bending theory describes the phenomena associated with the transfer of forces 

applied to teeth when an orthodontic appliance is placed (29). The periodontal ligament 

and osseous tissue are mechanically perturbed as a result of these stresses leading to 

bending of bone. Bone has been discovered to be more elastic than other tissues, 

bending significantly more easily in response to force (30). When a force is applied to 

a tooth, the tooth is displaced several times greater than the width of the periodontal 

ligament, and bone bending is necessary for this to happen (26). Researchers were able 

to explain clinical observations such as the rapidity of tooth movement toward an 

extraction site or in thin bone, as well as the relative slowness of en-masse tooth 

movement, using this theory. This theory could also help explain why children's teeth 

move faster than adults' since their bones are more flexible and less calcified (26). 

Orthodontic tooth movement has also been linked to potential electrical signals created 

following alveolar bone bending (1). In the 1960s, there was a lot of interest in 

piezoelectricity as a bone remodeling stimulant. It was discovered that crystalline 

structure distortion produced tiny electrical charges, which could be responsible for 
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signaling osseous changes caused by mechanical force application. Clinical trials using 

pulsed magnetic fields to accelerate the rate and amount of tooth movement have been 

conducted based on this notion (1).  

2.1.2. Cell types in bone 

Bone is a dynamic tissue that responds to mechanical forces by remodeling. The cells 

that carry out this response are scattered throughout the bone, each performing unique 

duties such as activating cells, resorbing bone, and depositing new bone matrix to fulfill 

the skeleton's role (25). Osteoblasts, osteoclasts, and osteocytes are the three primary 

types of cells in the alveolar bone that respond to orthodontic stimuli (31). Osteoblasts 

are mononuclear, bone-forming cells that can be detected on the surface of the bone at 

apposition sites (25). They secrete bone matrix and type I collagen. Furthermore, 

osteoblasts respond directly to strain from orthodontic stimuli (23). Although 

osteoblasts are important in maintaining the integrity of alveolar bone during tooth 

movement, they are not the cells that determine how quickly a tooth moves (25). The 

teeth can only move towards areas of resorbed bone after the initial movement in the 

periodontal ligament space. The osteoclasts, the second type of osseous tissue cell, play 

a critical role. Osteoclasts are specialized macrophages that develop from multiple 

monocytic progenitor cells fusing into a single multinucleated cell. In fact, the rate of 

bone resorption and, as a result, the rate of tooth movement is determined by the 

osteoclasts (25). The osteocytes, the third type of cell, are mature osteoblasts embedded 

in osseous lacunae. Proprioceptive and responsive characteristics are present in these 

cells (23). To some extent, the precise function of osteocytes is unknown, however they 

have been discovered to coordinate the activation of osteoblasts and osteoclasts (31). 

The bone lining cell is a fourth cell type that is important in bone protection and the 

maintenance of bone fluids. These cells could possibly play a role in the propagation of 
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the activation signal that triggers bone resorption and remodeling. Finally, 

osteoprogenitor cells are a type of stem cell that is responsible for producing osteoblasts 

(23). Colony-Stimulating Factor (CSF), Receptor Activator of Nuclear Factor-Kappa B 

Ligand (RANKL), Osteoprotegerin (OPG), and Bone Morphogenic Proteins (BMPs) 

are bone soluble factors that govern osteoclast differentiation (23). Osteocytes in the 

alveolar bone and osteoblasts in the periodontal ligament produce them all. The 

differentiation of osteoclasts is aided by CSF, RANKL, and its receptor, RANK. The 

crucial molecule in the maturation of osteoclasts is RANKL in particular. Osteocytes 

are the primary producers of RANKL in the bone, and their release of soluble RANKL 

promotes osteoclastogenesis. This enhances its interaction with osteoclast precursors, 

causing differentiation and activation to occur. As a result, osteocytes in alveolar bone 

may be responsible for the increase in orthodontic tooth movement-induced RANKL 

expression (23).  

2.1.3. Bone remodeling cycle  

Throughout life, bone tissue maintains its integrity and responds to changes through a 

continuous turnover, a process known as bone remodeling. Bone remodeling in 

orthodontic tooth movement consists of bone mass loss at periodontal ligament pressure 

areas and bone apposition at tension areas. This sequence of events is the central theme 

of the pressure-tension hypothesis (32). 

The bone remodeling cycle includes three phases: the resorption phase, the reversal 

phase and the formation phase. During the resorption phase, resorption and digestion 

of old bone by the osteoclasts occurs. Then mononuclear cells appear during the second 

phase, the reversal phase. The resorbed bone is completely replaced by a layer of new 

bone carried out by the osteoblasts during the formation phase. Hormones and a variety 

of other proteins appear to regulate bone integrity. The bone remodeling cycle is 
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governed by both systemic and local factors. Thyroid hormones are significant systemic 

regulators, with parathyroid hormone (PTH) being the most important, in addition to 

calcitriol, glucocorticoids, growth hormones, and sex hormones (33). As long as the 

balance between resorption and bone formation stays constant, skeletal homeostasis is 

maintained (31). 

Bone remodeling units (BRU) are the fractions of bone that are renewed at any time 

during remodeling. In a process taking few weeks, the bone in the activated BRU is 

first digested by osteoclasts. After that, osteoblastic bone growth replaces the missing 

bone, which might take up to 3-4 months for a packet. This explains why, in the case 

of menopause and estrogen deprivation, greater resorption, even when coupled by 

increased bone production, can result in overall bone loss (34). 

Bone mass is mostly determined by the period preceding and following puberty. During 

puberty and years of growth spurts, approximately 25% of calcium is deposited in the 

skeleton (35). High calcium intake, greater food absorption via the intestine, and lower 

bone resorption are all linked to increased calcium bone retention (36). The latter 

phenomenon is thought to be caused by an increase in estrogen levels (37, 38). Girls 

appear to gain more skeletal mass during their pubertal period than is required for their 

level of physical work. The excessive increase in estrogen levels during puberty has 

been proposed to lower the remodeling threshold, resulting in less bone resorption while 

modeling and longitudinal growth continue (37, 38). During the pubertal phase, males 

gain bone primarily on periosteal surfaces, whereas females gain bone primarily on 

endocortical surfaces (39). Bone added to endocortical surfaces has a lower impact on 

bone strength than bone added to periosteal surfaces. As a result, it is possible that the 

human female skeleton acquires calcium in excess of its immediate needs during 

puberty as an adaptation mechanism for the needs of subsequent reproductive cycles 
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rather than for structural reinforcement. This phenomenon appears to be shared by all 

vertebrates and is not limited to mammals. 

2.2. Hormones and their effect on bone 

Estrogens, thyroid hormones, calcitonin, and other hormones are considered as 

important regulators of calcium homeostasis. They regulate RANKL and OPG 

expression and secretion. RANKL is a cytosine that is released by bone marrow cells, 

osteoblasts, and osteocytes and is involved in the development and differentiation of 

osteoclasts. RANK is the receptor for RANKL on osteoclast precursors and is part of 

the RANK/RANKL/OPG signaling cascade, as previously discussed. The binding of 

RANKL to RANK increases the differentiation of osteoclasts and, as a result, bone 

resorption (40). 

2.2.1. Estrogens 

Estrogens are the primary female sex hormones produced by the endocrine system and 

distributed in local tissues and the bloodstream. Estrogens occur naturally in three major 

forms: estrone E1, estradiol E2, and estriol E3. Among the most significant hormones, 

estradiol is produced by the ovaries, and is responsible for regulating sexual and 

reproductive activities (41). Estradiol and estrone are the most dominant estrogens in 

adult women, while estradiol is the main estrogen in pregnant females (42-44). During 

puberty, estrogens cause considerable changes in the female body, such as growth and 

development of the female sex organs. Furthermore, they aid in the development of 

mammary ducts and glands noted during the same time period. Estrogens have an effect 

on bones because they regulate osteoclastic activity and stimulate osteoblastic activity, 

making them necessary for optimal bone mineralization (45). 

Estrogen levels are widely known to play an important function in bone mass 

preservation (46). Human cells have been found to have estrogen receptors (47) and 
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several lines of evidence suggest that estrogen inhibits bone remodeling by preventing 

osteoclastogenesis in marrow precursors and inducing the Fas/FasL pathway, which 

leads to osteoclast death (48, 49). Estrogen also inhibits bone resorption via influencing 

the receptor activator of nuclear factor-Kappa B (RANK)/RANK ligand 

(RANKL)/osteoprotegerin (OPG) pathway as well as the production of several pro-

resorptive cytokines (e.g. IL-1, IL-6, IL-7, TNF) (50-56). However, estrogen also has a 

direct effect on osteoblastic lineage cells, which contributes to bone preservation (57, 

58).  

The decrease in estrogen levels during menopause is critical for changes development 

in the osseous tissues (59). Estrogen's osteoprotective actions are mediated through 

alpha receptors (ERα) in both osteoblasts and osteoclasts (60). Osteoclast ERα deletion 

causes an increase in osteoclast proliferation and survival, which leads to osseous loss 

(48). In terms of bone deposition, activation of the ERα of osteoblasts increases bone 

mineral density through upregulating OPG and Interleukin-6. The absence of estrogens 

has also been shown to have negative effects on the quality of freshly produced bone 

(61, 62). Estrogen insufficiency may impair bone matrix development and impact the 

early phases of bone formation by lowering the levels of key proteins such osteogenin 

and bone morphogenic proteins (61). Histomorphometric data also revealed a decrease 

in osteoblast numbers, as well as further unfavorable impacts on bone production in the 

later stages (62). As a result of the lack of estrogens, osteoclastogenesis and bone 

resorption would increase, as well as the amount of trabecular bone and the quantity of 

trabeculae in the alveolar processes, leading in faster tooth movement (63-65). 

Estrogen levels fluctuate throughout the menstrual cycle, with the lowest levels 

occurring during menstruation and gradually increasing during the follicular phase, 

peaking a few days before ovulation. Estrogen levels drop following ovulation, despite 
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the fact that estrogen production is kept at a low level during the majority of the luteal 

phase before plummeting even further and reaching a nadir during menstruation (66). 

2.2.2. Progesterone 

Progesterone is a steroid sex hormone as well. It's in charge of the endometrium's 

progestational alterations. Progesterone supports breast development in a 

complimentary manner to estrogens. Progesterone is also thermogenic, which means it 

contributes to the 0.5 degree increase in baseline temperature that some women 

experience following ovulation. It has also been demonstrated that progesterone has 

bone-protective properties (67). These findings appear to be mediated directly by 

osteoblast progesterone receptors (68), in addition to indirectly acting as a 

glucocorticoid receptor ligand (67, 69). Furthermore, progesterone's inhibitory effect 

on metalloproteinase may play a role in bone matrix modulation (70, 71). 

2.3. Menstrual cycle 

The ovarian cycle and the uterine cycle, i.e., the physiological cycle of orderly shedding 

of the endometrial lining of the uterus, correspond to the menstrual cycle's typical 

changes taking place in the ovarian follicles. There are three phases to both cycles. The 

ovarian cycle is split into the follicular, ovulation, and luteal phases, while the uterine 

cycle into the menstruation, proliferative, and secretory phases (66, 72). 

The number of days between the first day of menses (bleeding) and the start of the next 

cycle menses corresponds to the length of the menstrual cycle. The majority of cycles 

last between 25 and 30 days (66). 

2.3.1. Phases of the ovarian cycle 

Ovulation separates two distinct periods in the ovarian menstrual cycle (Figure 1). The 

follicular phase lasts from the first day of menstruation through the day of ovulation. 

The luteal phase begins after ovulation and lasts until the following menstruation (72). 
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The follicular phase begins on the first day of menstruation, when the body begins to 

prepare the oocytes for a prospective pregnancy. The levels of Follicle Stimulating 

Hormone (FSH) rise, stimulating the oocytes. The oocytes are encased in a sac called a 

follicle, which lends this phase its name. The Follicle Stimulating Hormone also 

stimulates the follicles to create estradiol, which inhibits the anterior pituitary gland's 

release of the Luteinizing Hormone (LH). Follicular selection occurs between days 5 

and 7 of the menstrual cycle, allowing only one follicle to ovulate while the others 

undergo atresia. There are three stages to the follicular phase: early, medium, and late. 

The early follicular phase lasts from the first to the fourth day of menstruation, followed 

by the middle phase (days 5 to 7) and the late phase (days 8 to 12). Estrogen levels are 

at their peak in the late phase (66, 72). 

Figure 1. The human menstrual cycle [from Lebron-Milad and Milad, 2018]. 

The mature oocyte is discharged from the ovarian follicles into the oviduct during the 
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following step of the ovarian cycle, ovulation. Estradiol levels reach a particular 

threshold at this stage of the ovarian cycle, over which the LH suppressing effect seen 

during the follicular phase is reversed, resulting in an LH surge caused by the 

production of a substantial amount of LH. When the oocyte reaches a certain level of 

estradiol, the effect is reversed, and estrogen encourages the synthesis of a substantial 

amount of LH. The LH surges cause the oocyte to mature and the follicle wall to weaken 

in the ovary, allowing the fully grown follicle to release the secondary oocyte (66, 72). 

The luteal phase is named after the transformation of the follicular cavity into a corpus 

luteum, which continues to produce estrogen and considerable levels of progesterone. 

Women's average total body temperature is consistently 0.5°C higher in this phase than 

in the follicular phase (72). 

2.3.2. Phases of the uterine cycle 

Menstruation, proliferative phase, and secretory phase are the three phases of the 

uterine cycle (66).  

Menstruation occurs when the endometrial lining of the uterus sheds, resulting in 

menstrual bleeding, period, or menses. It lasts about 5 days on average, and estrogen 

and progesterone levels are low during this time. During menses, the average blood loss 

is 35 ml, with a range of 10 to 80 ml considered typical (66). 

The second phase of the uterine cycle is the proliferative phase, during which the 

endometrial lining of the uterus proliferates due to an increase in estrogen levels. 

Estradiol levels rise as the ovarian follicles mature, triggering the formation of the 

proliferative endometrium. Estradiol also causes the cervical crypts to produce mucus, 

resulting in vaginal discharge (66). 

The secretory phase is the final stage of the uterine cycle and corresponds to the luteal 

phase of the ovarian cycle. The corpus luteum produces progesterone during this stage, 
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which is necessary to prepare the endometrium for blastocyst implantation. 

Progesterone is also important in the early stages of pregnancy because it causes an 

increase in uterine blood flow, an increase in uterine secretions, and a decrease in 

smooth muscle contractile activity. As previously stated, it causes a 0.5°C increase in a 

female's basal body temperature over the previous phases. 

2.4. Hormonal fluctuations during the menstrual cycle and orthodontic tooth 

movement 

The goal of orthodontic treatment is to provide a functional, stable, and aesthetically 

pleasing occlusion that is in harmony with overall facial esthetics (1). According to 

studies, the majority of patients seeking orthodontic treatment are adolescent females 

(73). Furthermore, increased awareness of the benefits of a functional occlusion and a 

pleasing appearance has resulted in an increase in the number of adults seeking 

orthodontic treatment (74). One in every three orthodontic patients in the United States 

is an adult, with females making up the majority (75). 

Because orthodontic tooth movement is achieved through changes in the balance of 

alveolar bone resorption and formation, it could potentially be modulated by any 

development affecting the relevant cellular and bimolecular networks (76, 77). 

Hormonal variations, particularly estrogens, that occur normally in healthy adolescent 

and adult females during the menstrual cycle may further influence bone metabolism 

on a regular basis (59). As a result, knowing how the menstrual cycle affects 

orthodontic tooth movement and evaluating the ramifications could be beneficial to the 

clinical orthodontist. 

However, to the best of the authors’ knowledge, evidence-based summary of the 

information regarding the interrelationship between the menstrual cycle and the 

phenomena associated with orthodontic tooth movement has not been compiled.  
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3. AIM 

3.1. Aim of the systematic review  

To systematically investigate the available evidence from human studies regarding the 

interrelationship between the menstrual cycle (e.g., specific stage of the cycle, duration 

of menstrual bleeding, menstrual cycle length), etc. and the phenomena associated with 

orthodontic tooth movement (e.g., rate of tooth movement, pain, biomolecule levels, 

etc.).  

3.2.Objectives of the systematic review  

To retrieve information from human studies regarding the interrelationship between the 

menstrual cycle (e.g., specific stage of the cycle, duration of menstrual bleeding, 

menstrual cycle length), etc. and the phenomena associated with orthodontic tooth 

movement (e.g., rate of tooth movement, pain, biomolecule levels, etc.).  

3.3. Null hypothesis 

There is no difference in the phenomena associated with orthodontic tooth movement 

(e.g., rate of tooth movement, pain, biomolecule levels, etc.). between the various stages 

of the menstrual cycle. 

There is no difference in various characteristics of the menstrual cycle (e.g., duration 

of menstrual bleeding, menstrual cycle length, etc.) between females subjected to 

orthodontic tooth movement and control groups. 

3.4.Alternative Hypotheses 

There is a difference in the phenomena associated with orthodontic tooth movement 

(e.g., rate of tooth movement, pain, biomolecule levels, etc.). between the various stages 

of the menstrual cycle. There is a difference in various characteristics of the menstrual 

cycle (e.g., duration of menstrual bleeding, menstrual cycle length, etc.) between 

females subjected to orthodontic tooth movement and control groups.  
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4. MATERIALS AND METHODS 

4.1 Protocol development  

The current review is based on a specific protocol that was developed and piloted in 

accordance with the PRISMA-P statement guidelines (78). In addition, conduct and 

reposting The Cochrane Handbook for Systematic Reviews of Interventions was 

followed (79) as well as the PRISMA declaration (80), respectively.  

 4.2 Eligibility criteria 

The selection criteria, followed the PICOS approach, and were the following for the 

domains of study design, participants’ characteristics, intervention characteristics and 

principal outcome measures: 

Types of study design 

Studies included were prospective controlled studies investigating the interrelationship 

between the menstrual cycle (e.g., specific stage of the cycle, duration of menstrual 

bleeding, menstrual cycle length), etc. and the phenomena associated with orthodontic 

tooth movement (e.g., rate of tooth movement, pain, biomolecule levels, etc.) were 

reviewed. Animal studies, ex vivo, in vitro, in silico, non-comparative research (case 

reports and case series) and reviews (traditional reviews, systematic reviews as well as 

meta-analysis) were excluded from the present investigation. The type of study design 

was assessed using the algorithm available from SIGN (Scottish Intercollegiate 

Guidelines Network) available from http://www.sign.ac.uk (Appendix I). 

Types of participants  

The included studies involved healthy female humans (with menstrual cycle) 

undergoing orthodontic tooth movement.  
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Types of interventions 

The included studies involved orthodontic force application in various stages of the 

menstrual cycle. 

Types of outcome measures  

The studies had to report either on menstrual cycle characteristics (e.g., specific stage 

of the cycle, duration of menstrual bleeding, menstrual cycle length), etc. or on the 

phenomena associated with orthodontic tooth movement (e.g., rate of tooth movement, 

pain, biomolecule levels, etc.). 

4.3. Information sources and search strategy  

For each database, the principal investigator devised specific search strategies. These 

were based on the MEDLINE strategy but were modified to account for differences in 

controlled vocabulary and syntax rules for each database. The following electronic 

databases were searched (Appendix II): MEDLINE via PubMed, CENTRAL, Cochrane 

Systematic Reviews, Scopus, Web of Science TM
 Core Collection, Arab World 

Research Source, Clinical Trials registry and ProQuest Dissertations & Theses Global 

databases are all available. 

There were no restrictions placed on the language, date or status of publication. In 

addition, efforts were made to obtain conference proceedings and abstracts where 

possible and the reference lists of all the eligible studies for additional records were 

searched. 

4.4. Study selection  

The main investigator and the thesis principal supervisor independently evaluated the 

retrieved records for inclusion They were not blinded to the authors' identities, 

institutions, or research findings. The full-text of the records considered to meet the 

inclusion criteria by either reviewer were obtained and independently assessed, while 
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disagreements were resolved through discussion with the co-supervisor. 

4.5. Data collection and data items  

The primary investigator and the thesis principal supervisor extracted data 

independently, and any disagreements were resolved through discussion with the co-

supervisor. To record the desired information, data collection forms were used. 

a.The study's bibliographic information 

b.Details about the study's design and verification of study eligibility 

c.Subject characteristics (where available number, age, weight) 

d.Tooth movement model 

e.Details on outcomes characteristics and results  

f.Additional information: a prior sample size calculation, error of the method 

assessment 

If clarifications or additional material were required regarding the published data, 

attempts would be made to contact the corresponding authors. 

4.6. Risk of bias in individual studies  

The risk of bias in the included randomized controlled trials was assessed independently 

and in duplicate by the main investigator and the thesis principal supervisor, with the 

RoB2 tool for RCTs (79). The risk-of-bias VISualization (robvis) web application was 

then used to enter the assessments (81). 

For the non-randomized studies the risk of bias was assessed using the Newcastle-

Ottawa Quality Assessment scale for Cohort Studies (82). The Newcastle-Ottawa 

Quality Assessment scale for Cohort studies includes the following domains: 

1: Was the exposed cohorts representative of average child in the community? 

2: Was selection of non-exposed cohort drawn from the same community as the 

exposed cohort? 
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3: Was the exposure ascertained ? 

4: Was the outcome of interest present at start of study? 

5: Was the groups comparable in regard to age and sex? 

6: Were there additional risk factors more than two, other than age and sex? 

7: Were outcomes assessed using independent blinding or record linkage? 

8: Was follow up long enough for outcome to occur? 

9: Were the follow up cohort adequate or subjects lost to follow up unlikely to interduce 

bias?  

After entering the data extraction form the information reported in each study, every 

domain would receive a judgment of poor, fair or good risk of bias (82). 

Disagreements were resolved through discussion in all of the processes mentioned 

above; kappa statistics were not calculated as a result of the relevant suggestions (79). 

 

4.7. Summary measures and synthesis of results  

Despite the fact that a synthesis of the results was planned in accordance with the 

research protocol, it was not carried out in the end due to a lack of sufficient data. 

4.8. Additional analyses  

As an insufficient number of trials was identified, analyses for “small-study effects” 

and publication bias (79) were not possible. Furthermore, subgroup analyses and meta-

regression was not carried out due to the lack of adequate amount of data. 
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5. RESULTS 

5.1. Study selection 

Figure 2 shows the flowchart of records as they go through the review process.  The 

data search took place in February 2022. Initially 43 records were identified through 

the data base and 11 records were excluded as duplicates. Furthermore, 23 records were 

excluded as irrelevant and another 3 as involving animal studies (83-86). Finally, 6 

records were included in the systematic review(3, 86-90).  

5.2. Study characteristics 

Tables 1 and 2 present the features of the retrieved studies. The studies were published 

between 2014 and 2017, and were 2 randomized controlled trials (86, 87) and 4 cohort 

studies (3, 88-90). 

The two randomized controlled trials (86, 87) investigated the effects of orthodontic 

force applied at different stages of menstrual cycle in terms of tooth movement rate in 

adolescent females aged between 14 and 18 years old (87), as well as the changes in 

estrogen (E2), osteocalcin (OCN), receptor activator of nuclear factor-κ B ligand 

(RANKL), and osteoprotegerin (OPG) levels in the gingival crevicular fluid (GCF) in 

adult females aged 18 to 28 years old (86). Both studies involved individuals with 

maxillary premolar extractions. 

Wang et al. (87) was a split-mouth randomized controlled study. After extraction of the 

first maxillary premolar, the left and right maxillary canines of the same patient were 

randomly grouped into the menstrual period activation group and the ovulation 

activation group. All 12 patients were being treated with the MBT brackets and 

underwent alignment until a 0.018 × 0.025 stainless steel wire could be fully inserted. 

In the menstrual phase activation side, a 150g distally directed force was applied on the 
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canine with a NiTi spring, attached on mini screws, on the first day of the menstrual 

period and for a period of 4 weeks. In the ovulation phase activation side, the same was 

done on the first day of ovulation (measured by ovulation test strip) and for a period of 

4 weeks. Alginate impressions were taken on the day of force application and 4 weeks 

later. The distance of the canine apex and the mesiobuccal cusp of the maxillary first 

molar on the same side was measured. Each measurement was performed 6 times and 

averaged. 

In the Yang et al. (86) randomized study all patients were being treated with the MBT 

brackets and underwent alignment until a 0.018 × 0.025 stainless steel wire could be 

fully inserted. Six patients were randomly assigned to the menstrual activation group 

and six patients to the ovulation activation group. In the menstrual activation group, a 

150g distally directed force was applied on the right canine with a NiTi spring, attached 

on mini screws, on the first day of the menstrual period. In the ovulation activation 

group, a 150g distally directed force was applied on the right canine with a NiTi spring, 

attached on mini screws, on the first day of ovulation (measured by ovulation test strip). 

Periodontal scaling was performed on all patients 1 week before force application and 

oral health advise was given. The gingival crevicular fluid from the distal side of the 

right canine was sampled before force application on day 0 (T0), as well as at 15 (T1), 

30 (T2), and 45 days (T3) later. Each sampling was repeated three times and averaged.  

Three studies (3, 88, 90) focused on the overall theme of pain experience by the 

application of orthodontic forces.  

Long et al. (3) investigated the effect of applying orthodontic force during the follicular 

or the luteal phase of the menstrual cycle following initial archwire placement. A total 

of 76 consecutive adult female patients were recruited and depending on their menstrual 
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cycle stage on the day of bonding they were assigned to a follicular or a luteal phase 

intervention group. Orthodontic pain levels were assessed by a visual analogue scale 

(VAS) on days 1, 2 and 3 following initial engagement of a .012” NiTi archwire. 

Similarly, Ileri et al. (90) investigated the effect of applying orthodontic force during 

the follicular or the luteal phase of the menstrual cycle on canine distalization with 

lacebacks. A total of 48 consecutive adult female patients were recruited and depending 

on their menstrual cycle stage on the day of bonding they were assigned to a follicular 

or a luteal phase intervention group. Orthodontic pain levels were assessed by a visual 

analogue scale (VAS) on days 1 and 2 following initial activation. 

Ye and coworkers (88) aimed to examine whether a relationship exists between primary 

dysmenorrhea (PD) and pain experience by the application of orthodontic forces. 

Orthodontic treatment was initiated within one week following the end of the previous 

menstrual period. Orthodontic pain levels were assessed by a visual analogue scale 

(VAS) on days 1, 2, 4, 7, 14 and 28 following initial engagement of a .014” NiTi 

archwire. 

Finally, Duan and coworkers (89) investigated the effect of bonding braces and 

engaging a .012” NiTi archwire on menstrual cycle length, duration of menstrual 

bleeding and amount of blood lost, in adult female patients. Data were collected over 

six consecutive cycles from a group of 164 women with normal cycles. 
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Figure 2. Flowchart of records through the reviewing process. 
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Table 1. General characteristics of the studies included in the systematic review. 

Study Intervention characteristics Outcomes & assessment methods  Additional information 

Duan et al. 2016 

Cohort study 

 

Initial engagement of a .012” NiTi archwire 

Orthodontic treatment group 

No treatment group 

Menstrual cycle characteristics 

menstrual cycle length, duration of menstrual bleeding and amount 

of blood lost 

Power calculations: Yes 

 

Ileri et al. 2016 

Cohort study 

Extractions of Mx first premolars and canine distal movement with 

lacebacks 

G1: The menstrual cycle's follicular phase 

G2: the menstrual cycle's luteal phase 

 

Orthodontic pain 

VAS; days 1, 2 following initial activation 

Verbal rating scale 

Power calculations: Yes  

Long et al. 2017 

Cohort study 

Initial engagement of a .012” NiTi archwire 

G1: The menstrual cycle's follicular phase 

G2: the menstrual cycle's luteal phase 

 

Orthodontic pain 

VAS; days 1, 2 and 3 following initial engagement 

Power calculations: Yes  

Wang et al. 2014 

Randomized controlled study 

Split mouth 

Extractions of Mx first premolars and canine distal movement on a 

0.018×0.025 SS wire 

150g distally directed force was applied on the canine with a NiTi spring, 

attached on mini screws 

G1: menstrual phase activation side 

G2: ovulation phase activation side 

Rate of tooth movement 

Measured on casts; distance of the canine apex and the mesiobuccal 

cusp of the maxillary first molar on the same side after 4 weeks of 

force application 

Power calculations: NM 

 

Ye et al. 2014 

Cohort study 

 

Initial engagement of a .014” NiTi archwire 

3 groups according to primary dysmenorrhea 

 

Orthodontic pain 

VAS; days 1, 2, 4, 7, 14 and 28 following initial engagement 

Power calculations: NM 

 

Yang et al. 2014 

Randomized controlled study 

Extractions of Mx first premolars and canine distal movement on a 

0.018×0.025 SS wire 

150g distally directed force was applied on the canine with a NiTi spring, 

attached on mini screws 

G1: menstrual phase activation group 

G2: ovulation phase activation group 

E2, OCN, RANKL OPG levels in GCF 

Sampling on the distal side of the canine on day 0 (T0), as well as at 

15 (T1), 30 (T2), and 45 days (T3) later 

Power calculations: NM 

 

ES: Estrogen; G: group; GCF: gingival cervical fluid; NiTi: Nickel-titanium; NM: not mentioned; OCN: osteocalcin; OPG: osteoprotegerin; RANKL: receptor activator of 

nuclear factor- B ligand, SS: stainless steel; VAS visual analogue scale  
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Table 2. Sample characteristics in the studies included in the systematic review. 

Study Inclusion and exclusion criteria Analyzed sample 

Duan et al. 2016 

Cohort study 

 

Inclusion criteria: MCL & DMB fluctuates no more than 3 days and 1 day respectively for at least 1 year, 

no dysmenorrhea or other reproductive system disease, no oral oral diseases other than teeth irregularity. 

Exclusion criteria: smokers or alcoholic, suffering from psychological diseases, suffering from systematic 

diseases, using medications, requires orthognathic surgery and using contraceptives. 

164 adult female patients  

Aged 18-40 years 

 

Ileri et al. 2016 

Cohort study 

Inclusion criteria: American Society of Anesthesiologists (ASA) physical status, regular menstrual cycles, 

scheduled to undergo the extraction of two upper first premolars  

Exclusion criteria: history of psychiatric treatment, mild-to-severe periodontal disease, a history of 

orthodontic treatment, difficulty in communication, irregular menstrual cycles, amenorrhea, pregnancy, 

history of combined oral contraceptive use, pain in any part of the body on the appointment day, and 

concomitant use of an analgesic within the previous 24 h 

48 female patients  

Aged 16-20 years 

 

Long et al. 2017 

Cohort study 

Inclusion criteria: good general health, regular menstrual periods 

Exclusion criteria: Previous orthodontic Tx, recent orofacial pain, pregnancy, recent medical history, uses 

contraceptives. 

76 female patients 

age >18 years 

Wang et al. 2014 

Randomized controlled study 

Split mouth 

Inclusion criteria. have menarche, and regular menstrual cycle, Class I, requiring maxillary first premolar 

extraction  

Exclusion Criteria: Severe dentition crowding, Canine relationship was of significant Class II and III or 

crossbite relationship. 

12 female patients 

14-18 years old 

Ye et al. 2014 

Cohort study 

 

Inclusion criteria: mild crowding <4 mm in each jaw, no extraction, no other malocclusions, no crowding, 

no pregnancy or abortion, regular menstrual cycle, with experienced painful menstrual cycle 

Exclusion criteria: Had previous orthodontic Tx, had analgesic 3 days prior orthodontic Tx, recent 

toothache, excessive anxiety according to the T-AI 57, abnormal CPT <3 sec or >60 sec and abnormal pain 

tolerance >5 min. 

124 female patients  

age >18 years  

Yang et al. 2014 

Randomized controlled study 

Inclusion criteria: age 18 to 28 years old, good physical condition, not pregnant, no systemic diseases, no 

use of hormones or immunomodulators in the past 6m, regular physiological cycles in the past 12m, good 

oral hygiene/periodontal conditions, no history of orthodontic treatment. 

12 female patients 

age 18 to 28 years old 

Tx: treatment; T-AI: Trait-Anxiety Inventory; CPT: cold pressor test;; m: months; MCL: menstrual cycle length; DMB: duration of menstrual bleeding 

 



 
 

25 

5.3. Risk of bias within studies 

The risk of bias assessment for all randomized studies showed some concerns regarding 

the randomization process (Figure 3). 

 

Figure 3. Risk of bias assessment for the randomized studies. 

The summary of risk of bias assessment for the non-randomized studies is presented in Table 

3. All 4 included studies received the maximum score. 

Table 3. Summary of risk of bias assessment for the non-randomized studies  

 

  

Quality assessment criteria Duan et al. 

[2016] 
Ileri et al. 

[2016] 

Long et al. 

[2017] 

Ye et al. 

[2014] 

Representativeness of exposed cohort?  * * * * 

Selection of the non-exposed cohort?  * * * * 

Ascertainment of exposure? * * * * 
Demonstration that outcome of interest was not present at start of study?  * * * * 

Study controls for age/sex?  * * * * 

Study controls for at least 3 additional risk factors?  * * * * 

Assessment of outcome? * * * * 

Was follow-up long enough for outcome to occur? * * * * 

Adequacy of follow-up of cohorts?  * * * * 
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5.4. Results of individual studies  

Regarding the effects of orthodontic force applied at different stages of menstrual cycle, 

it was shown that teeth with the application of orthodontic force at the menstrual period, 

when estrogen levels are low, move faster than teeth with the application of orthodontic 

force at the ovulatory phase (87). Yang et al. (86) observed that E2 and the ovulation 

phase group had significantly greater OCN levels than the menstrual period group 

(p<0.05), promoting faster movement of teeth. No significant differences were found 

in RANKL and OPG levels, as well as the RANKL/OPG ratio, were noted between the 

two groups (p>0.05).  

Pain levels associated with the application of orthodontic forces were higher in patients 

in the luteal phase than those in the follicular phase of the cycle (3, 90). Ye and 

coworkers (88) reported that there was a positive correlation between the severity of 

primary dysmenorrhea and the intensity of orthodontic pain. Females who experienced 

more menstrual pain tended to experience orthodontic pain with greater intensity and 

for a longer period. 

Finally, Duan et al. (89) observed that the length of the menstrual cycle may be affected 

by fixed orthodontic treatment in the first month after bonding, but there was no effect 

during follow-ups. When compared to baseline, the menstrual cycle length of the first 

menstrual cycle was considerably lengthened by 2.1 ± 0.5 days (p=0.003). No 

differences were shown for the duration or amount of bleeding.  

5.5. Additional analyses  

Subgroup analyses, as well as analysis for "small-study effects" and publication bias, 

were not possible.  
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6. DISCUSSION 

6.1. Summary of available evidence 

Adolescent and adult females make up the majority of orthodontic patients (1). 

Fluctuation of hormone levels during the menstrual cycle may affect alveolar bone 

metabolism (91). Tooth movement was stronger during the menstrual part of the cycle, 

when estrogen and/or progesterone levels are lower, according to the data from the 

human studies retrieved throughout the evaluation. Pain levels associated with 

orthodontic forces were lower during the same period. Females who experience more 

menstrual pain tended to experience orthodontic pain with greater intensity and for 

longer periods. Finally, menstrual cycle characteristics (length of cycle, duration, or 

amount of bleeding), were not influenced in the long term by the application of 

orthodontic forces. Until additional scientific knowledge becomes available, 

orthodontists should consider the possibility that female patients respond differently 

during the various stages of the menstrual cycle, as well as the potential repercussions. 

Regarding the effect of applying forces at different stages of the menstrual cycle, it was 

shown that when force is applied during the menstrual period teeth move faster (87). 

At this stage, estrogen and progesterone levels are lower (1). Estrogens are known bone 

resorption inhibitors and help to maintain bone mass (92). Previous research has shown 

that the rate of tooth movement is closely related to the activity of osteoclasts (93).  

Previous research has found a link between the rate of tooth displacement and the 

activity of osteoclasts (93) and estrogen can inhibit it (51). Furthermore, the 

reconstruction of periodontal tissue during tooth movement also involves the 

reconstruction of periodontal fibers; and estrogen can affect the deposition and cross-

linking of collagen fibers (85). Progesterone has also been linked to bone preservation, 

either directly through its action on osteoblasts or indirectly through its influence on 
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glucocorticoid receptors and metalloproteinases (67) It's also been connected to a 

slower pace of tooth movement (94). Osteocalcin is marker of bone formation (95). 

A previous systematic review on animal studies concluded that tooth movement was 

increased in the stages of the estrus cycle where the estrogen and/or progesterone levels 

were lower (22). The rate of movement after orthodontic forces was higher in the estrus 

group in two investigations on rats, when estrogen and progesterone levels are supposed 

to be at their lowest. In contrast, it was lower in proestrus animals, when estradiol levels 

are meant to be at their highest (83, 96). Estradiol levels varied as expected depending 

on the stage of the estrous cycle, with a peak in proestrus and the lowest concentration 

in estrus (83, 96). Estradiol levels were inversely related to the rate of tooth movement 

(83). There were also negative correlations between estradiol and serum TRAP activity, 

as well as pyridinoline, both of which are markers of bone resorption (83).The 

fluctuating pattern of serum progesterone differed from that of estradiol, with the peak 

occurring in diestrus. The lowest levels, like estradiol, were measured during estrus 

(83). Serum osteocalcin, a bone development marker, had a substantial relationship 

with progesterone (83). 

Celebi et al. (85) who experimented on cats found that the estrus group had slower tooth 

movement, however this period in cats is marked by elevated estrogen levels. 

Exogenous administration of equine chorionic gonadotropin induced folliculogenesis 

and estrus in this group (eCG) (97). The concentrations of PGE2 and IL-1b were 

significantly higher in anestrus animals, which had the fastest tooth movement rate. 

From the studies investigating the overall theme of pain during orthodontic treatment, 

it was shown that pain levels are higher in patients in the luteal phase than those in the 

follicular phase of the cycle (3, 90), when estrogen and progesterone levels are lower 

(1). The effects of female sex hormones on pain have been documented (12, 13, 98). 
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Ring et al. (99) and Ahmed et al. (14) have shown that pain is lower when estrogen 

levels are lower. However, others have shown opposite results (15, 100). Pain 

perception might be influenced by other parameters as well. Anxiety and quality of life 

have been shown to alter patients' perceptions of orthodontic discomfort (87, 101). Pain 

perception during dental treatment procedures may get affected by patients’ anxiety 

(102, 103). Education levels are negatively connected with patients' first-day 

orthodontic pain levels, indicating that patients with higher educational levels may 

perceive less pain (104). 

According to Ye et al. (88), females with severe primary dysmenorrhea tend to feel a 

persistent orthodontic pain, suggesting that dysmenorrhea could potentially serve as a 

reference to preliminarily predict orthodontic pain in females. Pain prediction for 

females could be important for medical and social reasons, but existing approaches are 

not practical enough for general application in clinical settings. Orthodontic pain and 

dysmenorrhea share common biomolecular pathways. Calcitonin gene-related peptide 

increases the feeling of pain perception by favoring the release of substance P, (105), 

induces orthodontic pain (106, 107)) and is highly expressed in patients with 

dysmenorrhea (108). Moreover, orthodontic pain and dysmenorrhea present common 

temporal characteristics on a near monthly basis and peak at the beginning  

Duan et al. (89) showed that at the beginning fixed orthodontic therapy may lead to 

elongation the first month menstrual cycle, but not subsequently. Other characteristics 

like the duration or amount of bleeding where not shown to be affected. The influence 

of fixed orthodontic treatment on menstrual cycle length in not yet clear although 

majority of previous studies have revealed negative effect of stress and psychological 

factors on the menstrual cycle (109).  

Even from this limited set of data, one could understand that it would be useful for the 
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orthodontist not to ignore the fact that menstruating patients could exhibit differential 

physiological bone remodeling in different menstrual cycle stages, as well as the 

possible clinical implications. In terms of mechanotherapy, it is important to remember 

that patients may require more anchorage preparation if force is applied during the 

phases when estrogen levels are lowest. On the contrary, activation during these stages 

may promote tooth movement, thereby shortening the total duration of orthodontic 

treatment. Fixed appliances should be removed during periods when high amounts of 

estrogen or progesterone are circulating, however this is not explicitly studied in the 

material collected. Finally, the phase of the cycle influences significantly how females 

perceive orthodontic pain, and the severity of menstrual pain can be a marker of pain 

associated with orthodontic forces. 

6.2. Strengths and limitations of the present review 

The adoption of a well-established technique is one of the review's strengths. The data 

retrieval approach used for electronic and manual sources was complete and 

comprehensive, with no pre-set constraints on language, publication date, or status. In 

order to avoid potential biases, screening, eligibility verification, information 

abstraction, and bias risk assessment were all done twice, and any disagreements were 

resolved through conversation until a final agreement was reached. The current 

evaluation has some limitations, which stem mostly from the nature and characteristics 

of the studies included in it, as well as the data gathered during the review process. 

Furthermore, the employment of specific modes to elicit orthodontic tooth movement 

limits the applicability of the acquired data to real clinical situations.  

6.3. Recommendations for future research 

Because female patients make up the majority of orthodontic patients, more well-

designed experimental studies to examine and understand the effect of the menstrual 
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cycle on orthodontic tooth movement could be useful to clinicians. Standardization of 

study designs is highly desirable (110). Furthermore, future research should simulate, 

as closely as possible, scenarios in clinical practice in humans in terms of force 

magnitude as well as the characteristics of the force delivery method used. 
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7. CONCLUSION 

Menstrual cycle presents interrelationship with the phenomena associated with 

orthodontic tooth movement and the orthodontist should consider the possible 

implications. 
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9. APPENDICES 

Appendix I. Scottish Intercollegiate Guidelines Network (SIGN) algorithm for classifying study design for questions of effectiveness. 
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Appendix II. Strategy for database search. 

Database [2022 02 01] Search strategy Hits 

PubMed  

 

(estrus OR oestrus OR estrus OR oestrus OR anestrus OR anoestrus OR anestrus OR anoestrus OR proestrus OR proestrus OR proestrus OR proestrus OR metestrus OR 

metoestrus OR metestrus OR metoestrus OR diestrus OR dioestrus OR diestrus OR dioestrus OR "ovarian cycle" OR ovulation OR "luteal phase" OR "uterine cycle" 

OR menstruation OR menses OR menstruating OR menstrual OR amenorrhea OR "proliferative phase" OR "secretory phase") AND ("tooth movement" OR "orthodontic 

movement" OR "orthodontic anchorage" OR root resorption) 

12 

Cochrane Central Register of Controlled Trials  

 

(estrus OR oestrus OR estrus OR oestrus OR anestrus OR anoestrus OR anestrus OR anoestrus OR proestrus OR proestrus OR proestrus OR proestrus OR metestrus OR 

metoestrus OR metestrus OR metoestrus OR diestrus OR dioestrus OR diestrus OR dioestrus OR "ovarian cycle" OR ovulation OR "luteal phase" OR "uterine cycle" 

OR menstruation OR menses OR menstruating OR menstrual OR amenorrhea OR "proliferative phase" OR "secretory phase") AND ("tooth movement" OR "orthodontic 

movement" OR "orthodontic anchorage" OR root resorption) in Title Abstract Keyword - (Word variations have been searched) 

3 

Cochrane Database of Systematic Reviews  

 

(estrus OR oestrus OR estrus OR oestrus OR anestrus OR anoestrus OR anestrus OR anoestrus OR proestrus OR proestrus OR proestrus OR proestrus OR metestrus OR 

metoestrus OR metestrus OR metoestrus OR diestrus OR dioestrus OR diestrus OR dioestrus OR "ovarian cycle" OR ovulation OR "luteal phase" OR "uterine cycle" 

OR menstruation OR menses OR menstruating OR menstrual OR amenorrhea OR "proliferative phase" OR "secretory phase") AND ("tooth movement" OR "orthodontic 

movement" OR "orthodontic anchorage" OR root resorption) in Title Abstract Keyword - (Word variations have been searched) 

0 

Scopus  

 

TITLE-ABS-KEY((estrus OR oestrus OR estrus OR oestrus OR anestrus OR anoestrus OR anestrus OR anoestrus OR proestrus OR proestrus OR proestrus OR proestrus 

OR metestrus OR metoestrus OR metestrus OR metoestrus OR diestrus OR dioestrus OR diestrus OR dioestrus OR "ovarian cycle" OR ovulation OR "luteal phase" OR 

"uterine cycle" OR menstruation OR menses OR menstruating OR menstrual OR amenorrhea OR "proliferative phase" OR "secretory phase") AND ("tooth movement" 

OR "orthodontic movement" OR "orthodontic anchorage" OR root resorption)) 

12 

Web of Science™ 

 

TOPIC: ((estrus OR oestrus OR estrus OR oestrus OR anestrus OR anoestrus OR anestrus OR anoestrus OR proestrus OR proestrus OR proestrus OR proestrus OR 

metestrus OR metoestrus OR metestrus OR metoestrus OR diestrus OR dioestrus OR diestrus OR dioestrus OR "ovarian cycle" OR ovulation OR "luteal phase" OR 

"uterine cycle" OR menstruation OR menses OR menstruating OR menstrual OR amenorrhea OR "proliferative phase" OR "secretory phase") AND ("tooth movement" 

OR "orthodontic movement" OR "orthodontic anchorage" OR root resorption)) 

Timespan: All years. Databases:  WOS, KJD, RSCI, SCIELO, ZOOREC. 

Search language=Auto   

12 

Arab World Research Source 

 

TI tooth movement OR AB tooth movement 

 

3 

ProQuest Dissertations and Theses Global 

 

ti((estrus OR oestrus OR estrus OR oestrus OR anestrus OR anoestrus OR anestrus OR anoestrus OR proestrus OR proestrus OR proestrus OR proestrus OR metestrus 

OR metoestrus OR metestrus OR metoestrus OR diestrus OR dioestrus OR diestrus OR dioestrus OR "ovarian cycle" OR ovulation OR "luteal phase" OR "uterine cycle" 

OR menstruation OR menses OR menstruating OR menstrual OR amenorrhea OR "proliferative phase" OR "secretory phase") AND ("tooth movement" OR "orthodontic 

movement" OR "orthodontic anchorage" OR root resorption)) OR ab((estrus OR oestrus OR estrus OR oestrus OR anestrus OR anoestrus OR anestrus OR anoestrus OR 

proestrus OR proestrus OR proestrus OR proestrus OR metestrus OR metoestrus OR metestrus OR metoestrus OR diestrus OR dioestrus OR diestrus OR dioestrus OR 

"ovarian cycle" OR ovulation OR "luteal phase" OR "uterine cycle" OR menstruation OR menses OR menstruating OR menstrual OR amenorrhea OR "proliferative 

phase" OR "secretory phase") AND ("tooth movement" OR "orthodontic movement" OR "orthodontic anchorage" OR root resorption)) 

1 

 

 


