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ABSTRACT 

 

Effect of ovariectomy-induced menopause on the rate of orthodontic 

tooth movement: a systematic review of animal studies 

Ayesha Omar Mohammed, BDS 

Supervisor: Associate Professor Eleftherios G. Kaklamanos 

 

Background: The menopause may theoretically affect the biochemical events leading 

to orthodontic tooth movement. 

Aim: To systematically investigate and appraise the quality of the available evidence 

from animal studies regarding the effect of experimentally induced menopause on the 

rate of orthodontic tooth movement.  

Materials and Methods: Search without restriction for published and unpublished 

literature and hand searching took place. Controlled studies investigating the effect of 

ovariectomy-induced menopause on the rate of orthodontic tooth movement were 

reviewed. Following study retrieval and selection, relevant data was extracted and the 

risk of bias was assessed using the SYRCLE’s Risk of Bias Tool. 

Results: From the initially identified records, finally, 11 studies met the inclusion 

criteria. The majority of the retrieved studies were found to be of an unclear risk of 

bias. The rate of orthodontic tooth movement in ovariectomized animals was greater 

than in the control group. This difference between the two groups gradually widened 

as the duration of force application increased. 

Conclusion: Ovariectomy-induced menopause may affect the rate of orthodontic tooth 

movement. Although the overall quality of evidence only provides the clinician with a 
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cautious perspective on the strength of the relevant recommendations, the orthodontist 

should be capable of identifying such patients and consider the possible implications. 
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1. INTRODUCTION 

In recent years, the numbers of older adult individuals seeking orthodontic treatment 

has risen significantly as a result of the increased awareness of the benefits associated 

with providing a stable, acceptable function, as well as having a pleasant appearance 

(Tanaka et al., 2012; Yamashiro and Takano-Yamamoto, 2001). As orthodontic tooth 

movement is achieved by alternating processes of bone resorption and formation, the 

rate of movement is determined by several factors, including the quality of alveolar 

bone and surrounding tissues (Proffit et al., 2019). In post-menopausal women, lack of 

estrogens will lead to hormonal imbalances increasing bone turn-over (Tanaka et al., 

2002; Hsieh et al., 1995). When bone resorption rate exceeds bone deposition, the 

osteoporosis occurs. The alveolar processes are sites commonly affected by 

osteoporosis (Dai et al., 2014; Tanaka et al., 2002).  

Understanding the impact of menopause on orthodontic tooth movement and 

considering the possible implications related to the proposed treatment could be of 

benefit to the clinical orthodontist. However, relevant information has not been 

summarized in an evidenced-based manner. The aim of the present study was to 

systematically investigate and critically appraise the quality of evidence regarding the 

effect of experimentally induced menopause on the rate of orthodontic tooth movement. 
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2. REVIEW OF THE LITERATURE 

Women in their life pass through different stages including puberty, menstruation, 

pregnancy and menopause (Suri and Suri, 2014; Morabia et al., 1998). Menopause is 

the permanent cessation of menses for 1 year in healthy individuals aged 45-65 years, 

while post-menopause is defined as the period after the last menstrual period (Kase, 

2009; Speroff et al., 1999).  

Menopause can be divided into natural menopause, surgical menopause, radiation-

induced and chemotherapy-induced menopause (Nelson, 2008). Natural menopause is 

cessation of menses for 1 year without a known cause such as pregnancy while surgical 

menopause occurs by removing the uterus with one ovary or removing both ovaries 

with or without uterus removal. Both types of surgery will result in cessation of menses, 

but only the later will cause severe reduction in sex hormones levels (Sonja, 1996). 

Women undergoing chemotherapy or radiation will also demonstrate severe 

menopausal symptoms as a result of ovarian inadequacy (Santen et al., 2017).  

With ageing, the natural death of ovarian cells will cause a noticeable reduction in 

ovarian estrogen (Kase, 2009). The menopausal period is usually divided into 3 

different phases: peri-menopause, menopause and post-menopause (Kase, 2009).  

Peri-menopause is the stage of approximately 2-8 years prior to menopause 

characterized by irregular periods with increased frequency of amenorrhea and the 

periods becoming irregular until they stop completely (Kase, 2009; Sonja, 1996). This 

stage, at which an increased reactivation of ovarian follicles is observed before 

complete cessation, is diagnosed by when the number of follicles reaches around 25000, 

together with a reduction in Inhibin B levels and a marked increase in Follicular-

Stimulating Hormone (Prior, 1998). On the contrary, the Luteinizing Hormone in this 

phase remains stable and unchanged (Santoro et al., 2011; Hee et al., 1993; Faddy et 
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al., 1992; MacNaughton et al., 1992). Moreover, earlier in this phase, the increased 

Follicle Stimulating Hormone levels will result in a temporary activation of small 

ovarian follicles causing a rise in the circulating estradiol levels (Kase, 2009). 

Menopause is the final year of the menstrual period, while post-menopause is defined 

as the period after the last menstrual period and is further divided into the early post-

menopause, when estrogen levels are rapidly decreasing, and the late post-menopause, 

when a prolonged decrease in estrogen levels is observed (Society, 2010; Kase, 2009; 

Speroff et al., 1999). The term climacterium has also been used to describe the entire 

midlife period including peri-menopausal, menopausal and post-menopausal periods’ 

symptoms. However, the World Health Organization has abandoned this term to avoid 

confusion (World Health Organization, 1996). 

The Stages of Reproductive Aging Workshop developed a model to divide the stages 

of women’s reproductive ageing into reproductive, menopausal transition and post-

menopause stages. The reproductive stage features a normal and regular menstrual 

cycle; the menopausal transition stage shows a rise in Follicle Stimulating Hormone 

level along with fluctuating menstrual cycles; and the post-menopausal stage starts 

from the last menstrual period and lasts till the end of life (Soules et al., 2001).  

Menopausal associated changes commonly start from mid to late 40’s and can continue 

for several years, with the final menstrual cycle occurring between 40 and 58 years old. 

Cessation of menses before the age of 40 is known as premature menopause. Several 

studies have suggested that low socioeconomics and smoking are associated with 

premature menopause (Gold et al., 2001). Other factors affecting the age at which the 

last period can be observed, include body-mass index, ethnicity, use of contraceptive 

medication and the age at menarche (Melby et al., 2005).  
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2.1. Consequences of menopause 

The menopausal period is a point in women’s lives when they pass through multiple 

changes in their body and life due to alterations in their biological and endocrine 

functions as a result of reduction in the sex hormones levels (Brace et al., 1997; 

Matthews, 1992).  

The main consequences of menopause are due to the decrease of estrogens circulating 

in the female body. Estrogens are important to maintain the health of bones, as well as 

growth and function of multiple organs and tissues. Estrogen deficiency has an impact 

not only on the reproductive system but also on the other organs and systems in the 

body and women suffering from it can end up with multiple menopause associated 

problems including osteoporosis (Brzozowski et al., 1997; Turner et al., 1994). Case 

reports from males with estrogen receptor mutations have also shown abnormal bone 

density confirming that estrogens play an important role in maintaining bone density in 

both men and women (Smith et al., 1994). 

Estradiol is the most important estrogen hormone, produced in the ovaries and 

responsible for the reproductive and sexual function (Gruber et al., 2002). In a normal 

non-pregnant woman, the most dominant estrogens are estrone and estradiol while in 

the pregnant women the main estrogen is estriol. Estrogens circulating in the blood will 

diffuse to cells and can be retained in the nuclei. Once estrogens bond to estrogen 

receptors, the receptor will go in a series of changes allowing it to modulate the 

expression of target genes (Marino et al., 2006; Ray et al., 2002; Jensen et al., 1972).  

Estrogen receptors (ER) are nuclear hormone receptors. Two receptors are known, ERα 

and ERβ. In 1985, ERα was cloned for the first time and classified as a member of the 

nuclear receptor family and was called the ‘Jensen’ receptor. Later the second receptor 

was discovered and the two receptors were named as ERα and ERβ (Kuiper et al., 1996; 
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Greene et al., 1986). Both estrogen receptors are widely expressed in different tissue 

types; ERα is the most common in endometrium and mammary glands, while ERβ 

receptors are very plentiful in tissues that were previously classified as estrogen 

insensitive, such as colon and parenchyma of the lungs (Thompson et al., 2001).  

 

2.1.1. Menopause associated systemic changes 

At the beginning of the menopausal transition, hormonal levels start to fluctuate and 

become unstable leading to the gradual appearance of several symptoms (Santoro et al., 

1996). The first symptom is usually a change in the menstrual period with lighter or 

heavier periods together with irregularity of occurrence (Ballinger et al., 1987). 

Vasomotor symptoms including hot flushes and night sweats will appear as red areas 

over the head, face and chest associated with a warm feeling mainly located over the 

chest area and accompanied with anxiety, perspiration and palpitations. Multiple 

triggers are known to aggravate this condition including stress, hot climate and food. 

Hot flushes show a great variability between women in intensity, duration and 

frequency and this variation has led large numbers of patients to seek medical care to 

treat them as they may interfere with sleep or daily activities (Santoro et al., 1996).  

The theories behind the vasomotor symptoms are still not clear and fully understood. 

One theory is that dropping of estrogen levels during menopause will cause endorphins 

level to decline in the hypothalamus. Thus, both serotonin and norepinephrine 

neurotransmitters levels increase, which in turn lowers the set point of the 

thermoregulatory nucleus and causes inappropriate sweat loss (Freedman et al., 1995; 

1999; Casper et al., 1985). 

Emotional disturbances at this stage are secondary problems which can be aggravated 

by lack of sleep and hot flushes, although hot flushes are considered insufficient to 
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awaken a woman but enough to affect the quality of sleep (Joffe et al., 2013; 2016). 

Other psychological changes that can exert a deleterious effect on the patient are very 

common at this period. Symptoms such as irritability, mood swings, anxiety and panic 

attacks, poor memory and concentration, irritability and insomnia can be experienced.  

In general, differences in the incidence of cardiovascular disease appear to be more 

clinically significant 10 years later in women than in men and menopause was found to 

be one of the contributing factors (Pepine et al., 2006). Coronary artery disease has 

been found to be the leading cause of death in post-menopausal women (Roger et al., 

1998; Kannel, 1995).  

Genitourinary symptoms including urethritis, urinary incontinence, dysuria, urinary 

frequency and recurrent urinary tract infections can be a result of mucosal thinning of 

the bladder and the urethra (Raz, 1993). Vaginal dryness and itching will cause sexual 

disturbances as estrogen levels drop and the mucosa is thinning (Biglia et al., 2003).  

 

2.1.2. Menopause associated oral changes  

There are a number of physical manifestations associated with menopause, some of 

which are manifested in the oral cavity. Periodontal tissues are very sensitive to 

hormonal imbalances during the menopausal transition phase which will affect the 

body’s ability to fight back infections and maintain a healthy oral environment (Dutt et 

al., 2013). The effect witnessed in the oral cavity is very similar to that seen in the 

vagina due to their histological similarity. Estrogen receptors have also been detected 

in the gingiva, the oral mucosa and the salivary glands (Marrioti, 1994; Välimaa et al., 

2004; Thompson et al., 2001; Leimola‑Virtanen et al., 2000; 1997). 

Estrogen receptors can be found in the periodontal fibroblasts and osteoblasts. Changes 

in sex hormones during the different phases of women’s reproductive life will cause a 
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variable response in these receptors. As a result of low estrogen levels, impairment of 

tissues health will occur, as well as changes in inflammatory mediators, growth and 

differentiation of the fibroblasts and vascular permeability (Mascarenhas et al., 2003; 

Amar et al., 1994). Post-menopausal women are more commonly presented with 

periodontal problems that are more severe than those at younger ages (Yalcin et al., 

2006). 

Burning mouth syndrome, taste alterations and atrophic gingivitis can be seen during 

menopause as a result of atrophy of the oral mucosa (Friedlander, 2002; Frutos et al., 

2002). Disorders such as lichen planus, pemphigus vulgaris and Sjögren’s syndrome 

have been also documented as mucosal changes (Agha-Hosseini et al., 2009; 

Friedlander, 2002). 

Non-medication related xerostomia has been found to be higher in post-menopausal 

women as a result of reduction in both stimulated and unstimulated sublingual and 

submandibular gland secretion (Friedlander, 2002). Moreover, the composition of 

saliva is also affected by the reduction in hormonal levels and the sympathetic 

activation which increases the concentrations of IgA and salivary proteins (Aryeh et al., 

1996). As a secondary effect, women may suffer from increase in caries activity, 

periodontal problems, an unpleasant metallic taste in the mouth, glossodynia, oral 

candidiasis, difficulty in eating and swallowing, in addition to lack of stability of 

removable prosthesis if present (Friedlander, 2002). 

Trigeminal neuralgia occurs due to a pressure on any division of the trigeminal nerve 

and it is one of the conditions reported during menopause (Friedlander, 2002). 

Electrical-like shock pain in the lower and the middle part of the face are the main 

symptoms frequently reported by patients and have been found to increase in women 

with long-term estrogen deficiency (Raina et al., 2012; Agha-Hosseini et al., 2009; 
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Friedlander, 2002; Frutos et al., 2002). Women suffering from long-term estrogen 

deficiency can also be at a high risk of developing other neurological diseases, such as 

Alzheimer’s disease (Friedlander, 2002).  

 

2.2. Hormonal replacement therapy 

Postmenopausal hormone administration has been used to resolve and eliminate 

symptoms associated with gradual reduction of estrogens. Different methods can be 

used to deliver those hormones to women including oral, cream or gel, patches and 

intrauterine devices. In the 20th century Ovarin was developed. Ovarin was extracted 

from cow ovaries to treat post-menopausal symptoms and remained in use until pills 

derived from human pregnancy urine were developed. These products were later 

replaced by products developed from the urine of pregnant mares, like Premarin 

(Stefanick, 2005). 

Estrogen-only therapy or estrogen combined with progesterone (or the synthetic form 

progestin) can be used as a line of treatment depending on the woman’s medical history 

when the treatment is prescribed. Estrogen-only therapy is prescribed to women who 

have undergone a hysterectomy and can be used either transdermally or orally (Kuhl, 

2005). However, it is not used for women with an intact uterus because it is associated 

with an increased risk of cancer (Furness et al., 2012). Non hysterectomized women 

receive combined treatment of both estrogen and progesterone, as progesterone is used 

to prevent hyperplasia of the uterus lining that may lead to uterine neoplasia (Martin et 

al., 2008).  

Numerous studies have been conducted worldwide to justify the use of hormonal 

therapy, not only to treat symptoms such as hot flushes but also to protect women from 

other pathological conditions including osteoporosis and cardiovascular diseases 
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(Grodstein et al., 1995). The results of these studies have shown that the effectiveness 

of hormonal therapy can be affected by several factors including age, formulation, 

dosage, associated diseases and mode of administration (Harman, 2006).  

Moreover, several studies have highlighted the possible elevated risk of breast cancer 

associated with the increased levels exogenous estrogen (Lee et al., 2005). Hormone 

replacement therapy associated with such risks received increased publicity when the 

results from large population studies focusing on the prevention of cardiovascular 

diseases, such as the Heart and Estrogen/progestin Replacement StudyI and II (post-

menopausal women with an average age of 66.7 years), the Million Women Study 

(conducted in the UK to a group of women with an age range between 50-64 years) and 

the Women’s Health Initiative study (post-menopausal women with age range between 

50-79 years) were published. All three epidemiological studies did not guarantee the 

prevention of cardiovascular disease after the long-term use of hormonal replacement 

therapy but recommended the use of those hormones for the treatment of severe 

menopausal symptoms for a short period duration (European Medicines Agency, 2005; 

Ballard, 2002; Hulley et al., 1998). A randomized controlled trial conducted in 

Denmark from 1990 to 1993, was the first study to highlight the appropriate timing and 

the long-term effect of hormonal replacement therapy on cardiovascular diseases. This 

study showed that after 10 years of using hormonal replacement therapy women would 

have significant reduction in cardiovascular related diseases and mortality rate 

(Schierbeck et al., 2012). A short-term use of hormonal therapy with the lowest 

effective dose would be sufficient to reduce vasomotor symptoms. However, they must 

be evaluated annually to confirm the need to those hormones (UK public assessment 

report, 2007)  
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Several studies were conducted to explore the benefit of hormone replacement therapy 

on the reduction of oral symptoms associated with menopause. Estrogen therapy has 

been shown to increase salivary flow, alter the composition of saliva and improve oral 

symptoms (Eliasson et al., 2003). On the periodontium, hormonal therapy was shown 

to result in increased retention of teeth by making the periodontium stronger but showed 

no effect on increasing bone height or reducing its porosity (Taguchi et al., 2004). In 

contrast, other investigators demonstrated no significant effects (Marcos et al., 2005).  

 

2.3. Menopause related osteoporosis 

Menopause related osteoporosis is defined by the World Health Organization as “a 

progressive systemic skeletal disease characterized by low bone mass and micro 

architectural deterioration of bone tissue, with a consequent increase in bone fragility 

and susceptibility to fracture” (World Health Organization, 1994). According to the 

World Health Organization, it is diagnosed when bone mineral density is at least 2.5 

standard deviations lower than the average value for healthy young women (World 

Health Organization, 2007). It is a disease that can present with only low bone density 

until a fracture occurs. The most common sites of fractures include the hips, the spine, 

the proximal humerus and the forearm (Malhotra et al., 2008; World Health 

Organization, 2007).  

Osteoporosis can be classified into localized and generalized, as well as primary and 

secondary. Post-menopausal osteoporosis is recognized as secondary to the reduction 

of estrogen levels (Riggs et al., 1982).  
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2.3.1. Pathophysiology  

The human body involves two types of osseous tissue; cortical bone and trabecular bone 

that presents with a distinct honeycomb appearance filled with bone marrow and fat 

cells. Bone formation and resorption processes are four to eight times faster in 

trabecular bone than cortical bone. Women develop almost all their bone mass in the 

hips and the vertebrae by late adolescence. After that period there is slight increase in 

the skeletal bone mass which stops around 30 years of age. Once peak bone mass is 

determined, remodeling is maintained by the interplay between RANKL (Receptor 

Activator of Nuclear Factor-Kappa B Ligand), RANK (Receptor Activator of Nuclear 

Factor-Kappa B) and OPG (Osteoprotegerin). Osteoclasts contain RANK that is 

responsible of increasing its activity, osteoblasts contain RANK Ligand (RANKL) 

which in turn, proceeds to bind to RANK receptors in the osteoclasts. OPG is formed 

by osteoblasts and binds to RANK to prevent it from binding with RANKL, thus the 

resorption process is mainly controlled by the interaction between RANK and OPG 

(Sandy et al., 1993).  

After the age of 30 years there a decline in the bone mass density by 0.7% per year 

(Matkovic et al., 1994; Theintz et al., 1992). Following the menopause, the total bone 

mass loss accounts to 1-1.15% per year (Ettinger, 1988; Lindsay, 1986). 

Overall, estrogens are responsible for creating a balance between osteoblastic and 

osteoclastic activity; when there is absence of estrogens resorption will exceed 

formation. Estrogen receptors ERα and ERβ are expressed in osteoblasts. Estrogen is 

also known to decrease the function of osteoclasts and increase their apoptosis, thus 

protecting pre-menopausal women from bone loss (Bord et al., 2001; Manolagas, 

2000). In the post-menopause phase, the fluctuation of hormones will increase RANKL 

causing an increase in the osteoclastic activity and a shift towards resorption of the bone 
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and osteoporosis (Khanna et al., 2017). The greatest bone loss is seen in cancellous 

bone which is found in the vertebra and metaphyses of the long bones, thus accounting 

for the high fracture rate at these sites (Lindsay, 1991). Jeffcoat and co-workers also 

highlighted the correlation between systemic osteoporosis and alveolar bone loss 

(Jeffcoat, 2005).  

Moreover, cytokines such as IL-1, IL-6 and Insulin-like Growth Factors I and II which 

are responsible for bone resorption are modulated by estrogens. Estrogens also increase 

vitamin D receptors in the osteoblasts thus affecting vitamin D activity in bone. 

However, little evidence about the relation between estrogens and its effect on the bone 

by modulating calcium metabolism has been found (Liel et al., 1999; Pacifici, 1998; 

Prince, 1994; Turner et al., 1994). Estrogens can also inhibit bone turnover by 

promoting collagen synthesis (Clarke et al., 2010).  

There are also other factors which can predispose women to post-menopausal 

osteoporosis by lowering the peak bone mass and increasing age-related bone 

deficiency. These factors include endocrine disorders, genetic and life style associated 

changes such as alcohol abuse, smoking, reduced calcium intake in the diet and vitamin 

D deficiency (Ismal, 1997).  

 

2.4. Can menopause related osteoporosis affect orthodontic tooth movement? 

Tooth movement is achieved by alternating processes of bone resorption and formation 

in response to pressure and tension, respectively. The rate of orthodontic tooth 

movement is determined by several factors, including the amount of applied force and 

the quality of alveolar bone and surrounding tissues (Proffit et al., 2019). In the post-

menopause, lack of estrogens will lead to hormonal imbalance increasing bone turn-

over (Tanaka et al. 2002; Hsieh et al. 1995) During this period, the mandible has been 
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shown to exhibit structural changes with bone appearing more aged, rough with uneven 

walls and reduced number of cells in the lacunae, in addition to the presence of fat cells 

between the marrow tissue (von Wowern et al., 1994). Comparison of the bone mineral 

density of the mandible to other different areas in the body (lumbar and femoral) with 

the use of DEXA test, showed a significant correlation between those sites. 

Consequently, alveolar bone is affected similarly by osteoporosis to elsewhere in the 

body, possibly affecting the cascade of phenomena associated with orthodontic tooth 

movement (Horner et al. 1996).  

Tooth movement is a process that is affected by multiple factors including age, resulting 

in a delayed initial tissue reaction to orthodontic forces in adults (Melsen, 2012). Age 

associated changes involve reduction in the proliferative activities of the fibroblast-like 

cells(Kyomen and Tanne, 1997). Moreover, vascularity is affected by ageing 

phenomena, thus decreasing the amount of the progenitor cells for bone formation 

(Norton, 1988). Overall, the duration of orthodontic treatment was found to increase in 

adult patients as a result of reduced bone density and alteration in cellular reaction to 

those forces, Orthodontists need to use low forces and alter the mechanism used to 

induce tooth movement (Melsen, 2012).  

Orthodontic treatment is not only used nowadays to correct the alignment of teeth and 

fix skeletal problems in adolescent patients but also used as a method in a 

multidisciplinary approach to aid in providing a stable, acceptable function as well as 

having a pleasant appearance in adults patients. With age, bone physiology is affected 

by multiple medical and systemic conditions including menopause which alter bone 

physiology directly and indirectly (Proffit et al., 2019).  

Understanding the impact of menopause on orthodontic tooth movement and 

considering the possible implications related to the proposed treatment could be of 
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benefit to the clinical orthodontist. However, relevant information has not been 

summarized in an evidenced-based manner.   
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3. AIM 

 

3.1. Aim of the systematic review  

To systematically investigate and appraise the quality of the available evidence from 

animal studies regarding the effect of experimentally induced menopause on the rate of 

orthodontic tooth movement.  

 

3.2. Objectives of the systematic review  

To retrieve information on the effect of ovariectomy, i.e. experimentally induced 

menopause, on the rate of tooth movement in animals undergoing orthodontic tooth 

movement. 

 

3.3. Null hypothesis 

There is no difference in the rate of tooth movement between ovariectomized and 

control group animals. 
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4. MATERIALS AND METHODS 

 

4.1. Protocol development and registration  

The present review was based on specific protocol developed and piloted following the 

guidelines outlined in the PRISMA-P statement (Shamseer et al., 2015) and registered 

in PROSPERO (CRD42018118003; Appendix I). In addition, conduct and reposting 

followed the Cochrane Handbook for Systematic Reviews of Interventions (Higgins 

and green, 2011) and the PRISMA statement (Moher et al., 2009), respectively.  

 

4.2. Eligibility criteria  

The selection criteria for the domains of study design, participants’ characteristics, 

intervention characteristics and principal outcome measures applying to the present 

review were followed: 

 

 Types of study design  

Studies included were prospective controlled studies evaluating the rate of tooth 

movement in ovariectomized animals (i.e. animals with experimentally induced 

menopause) undergoing any kind of active orthodontic tooth movement. Human 

studies, ex vivo, in vitro, in silico, non-comparative studies (case reports and case 

series) and reviews (traditional reviews, systematic reviews and meta-analyses) 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 II). 
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 Types of participants  

The included studies involved bilateral ovariectomized female animals (experimentally 

induced-menopause) undergoing orthodontic tooth movement. Studies on subjects 

undergoing any kind of orthodontic tooth movement in conjunction with other 

interventions such as tooth extraction etc., on subjects after the cessation of active 

orthodontic tooth movement or on subjects with other co-morbidities were excluded. 

 

 Types of interventions 

The included studies involved ovariectomized female animals (experimentally 

induced-menopause) compared to healthy, naive female animals. 

 

 Types of outcome measures  

The studies had to report the rate of orthodontic tooth movement (i.e. mean values of 

the amount of tooth movement during a specific period of time together with 

appropriate data on dispersion like standard deviation, standard error, etc.).  

 

4.3. Information sources and search strategy  

The principal investigator developed detailed search strategies for each database. These 

were based on the strategy developed for MEDLINE, but revised appropriately for each 

database to take account of the differences in controlled vocabulary and syntax rules. 

The following electronic databases were searched (Appendix III): 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 database. 
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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 (AOM) and the thesis supervisor (EGK) assessed the retrieved 

records for inclusion independently. They were not blinded to the identity of the 

authors, their institution, or the results of the research. The full-text of the records 

considered by either reviewer to meet the inclusion criteria, were obtained and assessed, 

again independently, while disagreements were settled by discussion. 

 

4.5. Data collection and data items  

The main investigator and the thesis supervisor performed data extraction 

independently and any disagreements were again resolved by discussion Data 

collection forms were used to record the desired information. 

a. Bibliographic details of the study  

b. Details on the study design and verification of the 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, reliability assessment. 

If clarifications were needed regarding the published data, or additional material was 

required, then attempts to contact the corresponding authors would be made.  
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4.6. Risk of bias in individual studies  

The main investigator and the thesis supervisor assessed the risk of bias in the included 

studies, independently and in duplicate, during the data extraction process, using the 

SYRCLE’s risk of bias tool (Hooijmans et al., 2014). Any disagreements were resolved 

by discussion. The SYRCLE’s risk tool assessment tool includes the following 

domains: 

1: Was the allocation sequence adequately generated and applied? 

2: Were the groups similar at baseline or were they adjusted for confounders in the 

analysis? 

3: Was the allocation adequately concealed? 

4: Were the animals randomly housed during the experiment? 

5: Were the caregivers and investigators blinded to the intervention that each animal 

received? 

 6: Were animals selected at random for outcome assessment? 

7: Was the outcome assessor blinded? 

8: Were incomplete outcome data adequately addressed? 

9: Are reports of the study free of selective outcome reporting? 

10: Was the study apparently free of other problems that could result in high risk of 

bias?  

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

domain would receive a judgment of low, high, or unclear risk of bias (Hooijmans et 

al., 2014). The risk of bias within a study was assessed in summary according to 

Higgins and Green (2011). 
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4.7. Summary measures and synthesis of results  

The random effects method for meta-analysis was to be used to combine the rate of 

orthodontic tooth movement data at the longest point of observation from each study in 

appropriate statistical forms (Weighted Mean Difference (WMD) together with 

measures of dispersion) (Der Simonian and Laird, 1986, Borenstein et al., 2009), since 

they were expected to differ across the studies due to clinical diversity in terms of 

participants and intervention characteristics. 

To identify the presence and the extent of between-study heterogeneity, the overlap of 

95% CI for the results of individual studies was to be inspected graphically, and 

Cochrane’s test for homogeneity and the I2 statistics were to be calculated (Higgins and 

Green, 2011). The results of the I2 statistic were to be interpreted as follows (Higgins 

and Green, 2011): 

• I2 from 0% to 40%: heterogeneity might not be important; 

• I2 from 30% to 60%: may represent moderate heterogeneity; 

• I2 from 50% to 90%: may represent substantial heterogeneity; 

• I2 from 70% to 100%: considerable heterogeneity. 

All analyses were to be carried out with Comprehensive Meta-Analysis software 

version 3 (©2014 Biostat Inc., New Jersey, USA). Significance (a) was set at 0.05, 

except for 0.10 used for the heterogeneity tests (Ioannidis, 2008). 

 

4.8. Additional analyses  

If a sufficient number of trials were identified, analyses were planned for “small-study 

effects” and publication bias (Higgins and Green, 2011). If deemed possible, subgroup 

analyses and meta-regression were planned.   
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5. RESULTS 

 

5.1. Study selection 

The flowchart of records through the reviewing process is demonstrated in Figure 1. 

The data search took place until March, 2018. Initially 1476 records were identified 

through data base screening and 2 through hand searching. Two hundred ninety were 

identified as duplicates and further 1166 were excluded on the basis of their title and 

abstract. Subsequently, 22 full-text records were assessed for eligibility and 11 records 

were excluded for the following reasons: five records for being irrelevant to the scope 

of the present investigation and six records for not including information in appropriate 

statistical forms (the corresponding authors were contacted but no reply was received) 

(Dai et al., 2017; Mackie et al., 2016; Xu et al., 2013; Tan et al., 2008; Tan et al., 2006; 

Yamashiro & Takano-Yamamoto, 2001). Finally, 11 full text reports were included in 

the meta-analysis (Jin et al., 2000; Arslan et al., 2007; Salazar et al., 2011; Sirisoontorn 

et al., 2011; 2012; Celebi et al., 2013; Hashimoto et al., 2013; Salazar et al., 2015; Seifi 

et al., 2015; Dahhas et al., 2015; Tsolakis et al., 2018). 

 

5.2. Study characteristics 

The general characteristics of the studies included in the present systematic review, as 

well as sample characteristics, are presented in Table 1.  
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Figure 1. Flowchart of records through the reviewing process 
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The retrieved studies had all been published between 2000 and 2018 and investigated 

the effect of ovariectomy on the rate of orthodontic tooth movement in experimental 

animals, usually rats. Orthodontic tooth movement was usually induced by the use a 

nickel titanium coil spring between the incisors and the molars. An expansion spring 

was used in one study to apply an expansion force between maxillary central incisors 

(Arslan et al., 2007), while another used a coil spring anchored with miniscrews to 

retract the canines (Celebi et al., 2013). The force exerted by the appliance ranged 

between 10 to 80 g and the duration of force application ranged from 0.5 to 14 weeks. 

Different methods were used to  determine the changes in tooth position and the rate of 

orthodontic tooth movement including digital caliper measurements, directly or on 

casts (Arslan et al., 2007; Celebi et al., 2013; Seifi et al., 2015) , measurements on 

micro-CT images (Dahhas et al., 2015; Hashimoto et al., 2013; Sirisoontorn et al., 2011; 

2012;) or special dorsoventral radiographs (Tsolakis et al., 2018), and measurements 

on histological sections, directly (Salazar et al., 2011; Jin et al., 2000) or on digital 

images (Salazar et al., 2015). Most studies did not report method of error calculation. 
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Table 1. Characteristics of the included studies. 

Study  Subjects & tooth movement model Group characteristics Measurement methodology 

Arslan et al. 

2007 
Sprague-Dawley rats; 90( 10) d; 200-250g 

SS expansion spring between Mx CIs [10g] 

Force application: 18d 

EG: 20 

CG: 22 

Sample size calculation: nm 

Digital caliper: Direct measurements at a distance 2mm from the gum. 

Method error assessment: Yes 

Celebi et al. 

2013   

Cats; 2-4 yrs;  

NiTi CCS from mini implants to Mx C [80g] 
Force application: 12d 

EG: 6 

CG1: 6; Estrous group 
CG2: 6; Anestrous group 

Sample size calculation: nm 

Digital caliper: Measurements on plaster models from silicone impressions. 

Method error assessment: nm 

Dahhas et al. 

2015 

Wistar rats; 4 w; 120g 

NiTi CCS from Mx CIs to left FM [50g] 

Force application: 4w 

EG: 8 

CG: 8 

Sample size calculation: nm 

Micro-CT images: Distance from the distal contact point of the left Mx FM 

to the mesial contact point of the left Mx SM 

Method error assessment: nm 

Hashimoto et al. 

2013 

Wistar rats; 10 w; 170-180g 

NiTi CCS from Mx Cis to left FM [25g] 

Force application: 14 w 

EG: 7 

PG: 7 

Sample size calculation: nm 

Micro-CT images: Distance from the distal contact point of the left Mx FM 

to the mesial contact point of the left Mx SM 

Method error assessment: nm  

Salazar et al. 

2011 

Wistar rats; 8 w; 170-180g 

NiTi CCS from Mx Cis to left FM [40cN] 
Force application: 1w 

EG: 8 

PG: 8 
Sample size calculation: nm 

Ruler coupled with optical microscope: Distance between FM and SM 

from each cervical enamel edge 

Method error assessment: nm 

Salazar et al. 

2015 

Wistar rats; 8 w; 215g 

NiTi CCS from Mx CsI to right FM [50cN] 

Force application: 5 or 7 d 

EG: 6 force for 5d and 6 force for 7d 

PG: 6 force for 5d and 6 force for 7d 

Sample size calculation: nm 

Digital images of histological cuts: Smallest distance between the distal 

surface of the FM and mesial surface of SM 

Method error assessment: nm 

Seifi et al. 
2015 

Wistar rats; 60 days 
NiTi CCS from Mx CIs to right FM [60g] 

Force application: 3w 

EG: 10 
PG: 10 

Sample size calculation: nm 

Digital caliper: Direct measurements the distal surface of the FM and mesial 
surface of SM 

Method error assessment: nm 

Sirisoontorn et al. 

2011 

Wistar rats; 10 w; 170-190g 

NiTi CCS from Mx CIs to FM [25g] 

Force application: 4w 

EG: 5 

PG: 5 

Sample size calculation: nm 

Micro-CT images: Distance from the distal contact point of the left Mx FM 

to the mesial contact point of the left Mx SM 

Method error assessment: nm  

Sirisoontorn et al. 

2012 

Wistar rats; 10w; 170-180g 

NiTi CCS from Mx CIs to FM [25g] 

Force application: 4w  

EG: 5 

PG: 5 

Sample size calculation: nm 

Micro-CT images: Distance from the distal contact point of the left Mx FM 

to the mesial contact point of the left Mx SM 

Method error assessment: nm 

Tsolakis et al. 

2018 

Wistar rats; 6 months; 255g 

NiTi CCS from Mx right CI to FM [60g] 
Force application: 2w 

EG: 12 

CG: 12 

Sample size calculation: nm 

Special dorsoventral radiographs: Difference in the distance between a 

mesial occlusal point on FM and distal occlusal point on third molar between 
side under tooth movement and non-movement side 

Method error assessment: Yes 

Jin et al. 

2000 

Sprague-Dawley rats; 12w; 185± 5g 

NiTi CCS from Mx CIs to FM [30g] 
Force application: up to 60d [weekly reactivation] 

EG: 5 force for 30d and 5 force for 60d 

CG: 5 force for 30d and 5 force for 60d 
Sample size calculation: nm 

Ruler coupled with optical microscope: Distance between FM and SM 

from each cervical enamel edge 

Method error assessment: nm 

 

CCS: closed coil spring; CG: Control group of healthy naive animals; CI: central incisor(s); d: days; EG: Ovariectomy group, FM: first molars; Mx: Maxillary; PG: Placebo group receiving sham operation SM: Second 

molar; SS: Stainless steel; w: week(s) 
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5.3. Risk of bias within studies 

Table 2 presents the summary of findings regarding risk of bias assessment. Most 

included studies exhibited an unclear risk of bias, while few showed an overall high 

risk (Tsolakis et al., 2018; Salazar et al., 2011; 2015). 

In regards to allocation sequence generation, application and concealment, most studies 

were assessed to be at unclear risk of bias, while few showed a high risk (Tsolakis et 

al., 2018; Salazar et al., 2011; 2015). The risk of bias for the domain of baseline 

similarity was assessed to be low for most studies, with the exception of Celebi et al. 

(2013) that included the study of estrous and anestrous cats. Regarding the selective 

outcome reporting domain, the risk of bias was assessed to be low and for the rest the 

examined domains unclear.  
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Table 2. Summary of risk of bias assessment. 

 Signalling questions 

Study 1 2 3 4 5 6 7 8 9 10 Summary 

Arslan et al., 2007  Unclear Low Unclear Unclear Unclear Unclear Unclear Unclear Low Unclear Unclear 

Celebi et al., 2013  Unclear High Unclear Unclear Unclear Unclear Unclear Unclear Low Unclear Unclear 

Dahhas et al., 2015  Unclear Low Unclear Unclear Unclear Unclear Unclear Unclear Low Unclear Unclear 

Hashimoto et al., 2013 Unclear Low Unclear Unclear Unclear Unclear Unclear Unclear Low Unclear Unclear 

Salazar et al., 2011 High Low High Unclear Unclear Unclear Unclear Unclear Low Unclear High 

Salazar et al, 2015 High Low High Unclear Unclear Unclear Unclear Unclear Low Unclear High 

Seifi et al., 2015  Unclear Low Unclear Unclear Unclear Unclear Unclear Unclear Low Unclear Unclear 

Sirisoontorn et al., 2011  Unclear Low Unclear Unclear Unclear Unclear Unclear Unclear Low Unclear Unclear 

Sirisoontorn et al., 2012 Unclear Low Unclear Unclear Unclear Unclear Unclear Unclear Low Unclear Unclear 

Tsolakis et al., 2018  High Low High Unclear Unclear Unclear Unclear Unclear Low Unclear High 

Jin et al., 2000  Unclear Low Unclear Unclear Unclear Unclear Unclear Unclear Low Unclear Unclear 
 

1: Was the allocation sequence adequately generated and applied?; 2: Were the groups similar at baseline or were they adjusted for confounders in the analysis?; 3: Was the allocation adequately concealed?; 4: Were the 

animals randomly housed during the experiment?; 5: Were the caregivers and investigators blinded to the intervention that each animal received?; 6: Were animals selected at random for outcome assessment?; 7: Was 

the outcome assessor blinded?; 8: Were incomplete outcome data adequately addressed?; 9: Are reports of the study free of selective outcome reporting?; 10: Was the study apparently free of other problems that could 

result in high risk of bias? 
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5.4. Synthesis of results 

Quantitative synthesis of the results of the included studies is shown in Figure 2. 

Overall, the rate of orthodontic tooth movement was found to increase in 

ovariectomized animals compared to control or sham operated experimental groups 

(Mean Difference: 0.125 mm; 95% Confidence Interval: 0.06-0.19; I2: 95%). 

 

5.5.  Additional analyses  

It was not possible to conduct analyses for “small-study effects” and publication bias, 

as well as subgroup analyses.  

Meta-regression showed that the difference in the rate of orthodontic tooth movement 

between ovariectomized animals and control or sham operated experimental groups 

increased as the duration of force application increased (Figures 3 and 4). 
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Figure 2. Quantitative synthesis of the results of the included studies. 
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Figure 3. Meta-regression 
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Figure 4. Meta-regression model. 
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6. DISCUSSION 

6.1. Summary of available evidence  

Age-related menopause affects bone physiology with possible to repercussions on 

orthodontic tooth movement (Proffit et al., 2019; Khanna et al., 2017). Based on the 

information from the controlled studies retrieved in the present review, the menopause 

is associated with a small but statistically significant acceleratory effect on the rate of 

orthodontic tooth movement compared to the control group that seems to become more 

evident over time. Although the risk of bias was assessed to be unclear for the majority 

of studies, clinicians should not ignore the fact that patients in menopause may exhibit 

alterations in the physiological bone remodeling required for orthodontic tooth 

movement, as well as the possible implications.  

Overall, the rate of orthodontic tooth movement was found to increase in 

ovariectomized animals compared to control or sham operated experimental groups. 

This difference can been attributed to the increase in bone turnover due to the alterations 

in RANK/ RANKL/OPG system that is important in maintaining regulatory control of 

the osteoclastogenesis in both tension and pressure sides (Tyrovola et al., 2008). In 

addition, as already mentioned, lack of estrogens will increase osteoclastogenesis and 

bone resorption, as well as affect negatively trabecular bone volume and the number of 

trabeculae in the alveolar bone, resulting in faster tooth movement (Khanna et al., 2017; 

Jeffcoat, 2005; Tanaka et al., 2002; Horowitz, 1993). 

Regarding bone deposition, the negative effects of the lack of estrogens on the quality 

of newly formed bone have been also reported (Kubo et al., 1999; Cesnjaj et al.,1991; 

Wronski et al., 1989). Estrogen deficiency might affect the production of important 

proteins, such as osteogenin and bone morphogenic proteins, causing a disruption of 

bone matrix formation and affecting the early stages of bone formation (Cesnjaj et 
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al.,1991; Wronski et al., 1989). Histomorphometric data have also shown a reduction 

in osteoblast counts and further negative effects on the later stages of bone formation 

(Arslan et al., 2007; Kubo et al., 1999).  

Based on the meta-regression analysis, the statistically significant acceleratory effect 

on the rate of orthodontic tooth movement became more evident over time. Tooth 

movement in rats can be summarized in 3 phases: instantaneous tooth movement (first 

phase), delayed tooth movement (second phase) and linear phase of tooth movement 

(third phase) (Bridges et al., 1988). The difference on the rate of orthodontic tooth 

movement has been reported to be minimal on day 1 and is thought to occur due to the 

initial compression within periodontal ligament space after force application. From day 

1 until day 7, tooth movement was found to gradually increase, and exhibited steep 

increase afterwards (Sirisoontorn et al., 2011). Other investigators have also confirmed 

that ovariectomy increases the rate of tooth movement significantly during the linear 

phase (Yamashiro & Takano-Yamamoto, 2001). In general, the action of resorption is 

faster than deposition and usually requires at least 3 months to rebuild bone that was 

resorbed in 2-3 weeks. Thus, even when increased resorption does not coincide with 

impairment in bone formation, still bone loss will occur due to the difference in the rate 

of action between these two processes (Harada and Rodan, 2003). The studies retrieved 

in the present review lasted up to 2 months. Since orthodontic treatment involves a 

significantly longer time period, the possible implications of the gradual increase in the 

difference of the rate of tooth movement between the two groups cannot be overlooked. 

Even from this small set of animal data, clinicians might get an insight into the relevant 

clinical considerations related to treatment of patients in menopause. It is possible that 

the estimation of the duration of active treatment should be modified and appointments 

might need to be more frequent in order to check and control the progress. Also, in 
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terms of mechanotherapy, patients might present increased needs for anchorage 

preparation because of the altered bone turnover. Following active correction of tooth 

position, menopause might negatively affect the stability and maintenance of the 

corrections. From a clinical point of view, clinicians might encounter greater difficulty 

in planning retention in estrogen deficiency patients, as post-treatment changes might 

occur more commonly. 

 

6.2. Strengths and limitations of the present review 

The strengths of the present review include the use of a well-established methodology. 

The strategy employed for data retrieval from electronic and manual sources was 

exhaustive and comprehensive, without pre-set limitations regarding language, date and 

status of publication. Moreover, the processes of screening, verification of eligibility, 

abstraction of information, assessment of risk of bias and the quality of evidence were 

performed in duplicate so as to diminish all possible biases. Disagreements were 

resolved by discussion. 

There are also some limitations to the present review, arising mainly from the nature 

and the characteristics of the included studies and the data retrieved during the review 

process. Animals involved in similar studies must be of a certain age to be able to 

stimulate the results of post-menopausal osteoporosis. It has been suggested that rats 

should not be younger than 6 months as they reach skeletal maturation after sexual and 

the peak bone mass is achieved by 9 months of age (Jee and Yao, 2001). Only the study 

by Tsolakis and co-workers (2018) employed 6-months-old rats, while in the 

remaining, the age range of the animal subjects ranged between 1 and 3 months. Rats 

continue to grow at the age of 3 months and it might possible that the ovariectomy 

effect in them is confounded by the skeletal growth effect (Jee and Yao, 2001).  
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Furthermore, after the surgical removal of the ovaries, bone loss starts at the earliest in 

two weeks, reaches 50% approximately after 4 to 8 weeks and stabilizes within 12 

weeks (Wronski et al., 1989). Studies included in this review began orthodontic tooth 

movement from 4 to 12 weeks post ovariectomy. However, less than half of the 

retrieved studies confirmed the expected ovariectomy associated changes by various 

methods, including histological examination of tibia sections (Tsolakis et al., 2018; 

Hashimoto et al., 2013), observing atrophy of the uterine horns (Arslan et al., 2007), 

obtaining blood samples to measure estrogen and progesterone levels (Seifi et al., 2015) 

and measuring bone mineral density of the diaphysis of the femur bone (Salazar et al., 

2015). In addition, in the majority of studies, the control groups involved animals 

possibly in various stages of the estrous cycle. Responses to orthodontic force 

application might vary depending on the specific phase of the menstrual cycle (Chiu et 

al., 1999; Zittermann et al., 2000; Haruyama et al., 2002). 

Moreover, one should not forget that the currently available information is not only 

indirectly related to humans because the data originate from animal studies, but also 

involves a surgical procedure to produce a result similar to a condition that naturally 

occurs in humans. Finally, the lack of power sample calculations increases the 

uncertainty about the precision of the observed estimates, as well as, the clinical 

significance of the results, in seeking to extrapolate the retrieved animal information to 

everyday clinical scenarios in humans. 

 

6.3. Recommendations for future research 

Since, the number of adult female patients seeking orthodontic treatment appears to be 

on the rise, further well-designed experimental studies to investigate the phenomena 

more comprehensively and understand the effect of hormonal changes associated with 
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menopause could be useful for the clinician. It is highly desirable that study designs 

become standardized (Kilkenny et al., 2012) and possible sources of risk of bias receive 

the appropriate attention (Hooijmans et al., 2014). Moreover, future investigation 

should simulate, as closely as it is feasible, scenarios in clinical practice in humans in 

terms of magnitude of force as well as the characteristics of the employed method of 

force delivery.  
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7. CONCLUSIONS 

Ovariectomy-induced menopause may affect the rate of orthodontic tooth 

movement. Although the overall quality of evidence provides the clinician with a 

cautious perspective on the strength of the relevant recommendations, the 

orthodontist should be capable of identifying such patients and consider the possible 

implications. 
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9. APPENDICES  

 

Appendix I. Systematic review protocol used for registration with international 

prospective register of systematic reviews (PROSPERO).  

 

Review question 

To investigate current data on effect of pregnancy, lactation and menopause on 

orthodontic tooth movement 

 

Context and rationale 

Clinical practice has shown that the rate of orthodontic tooth movement and root 

resorption during treatment, tend to vary among individuals and might be influenced 

by factors such as nutrition, hormones, supplements, medications, and conditions. 

Adults and especially women, constitute a growing proportion of patients under 

orthodontic treatment. The objective of the present review is to systematically inspect 

and appraise the quality of the available evidence from animal studies regarding the 

effect of the hormonal changes that occur during pregnancy, lactation and menopause 

on the rate of orthodontic tooth movement and risk of root resorption. 

 

Searches 

Comprehensive electronic database searches will be undertaken without language 

restriction in the following databases: 

MEDLINE via PubMed (http://www.ncbi.nlm.nih.gov/PubMed), Scopus 

(www.Scopus.com), Web of Science™ Core Collection 

(http://apps.webofknowledge.com/), Arab World Research Source (http://0-
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web.a.EBSCOhost.com.amclb.iii.com) and ProQuest Dissertations & Theses Global 

database. 

Efforts will be made to obtain conference proceedings and abstracts where possible. 

Authors will be contacted to identify unpublished or ongoing clinical trials and to 

clarify methodology and data as necessary. Reference lists of included studies will be 

screened for additional relevant research. 

 

Study designs to be included 

Inclusion criteria: 

Controlled studies with a separate control group 

Exclusion criteria: 

Case studies, cross-over studies, studies without a separate control group. 

 

Human disease modelled 

Orthodontic tooth movement during pregnancy, lactation and menopause 

 

Animals/population 

Inclusion criteria: 

Female animals during pregnancy, lactation or menopause 

Exclusion criteria: 

Male; ex vivo, in vitro and in silico models [humans are not going to be included], 

 

Intervention(s), exposure(s) 

Inclusion criteria: 

All types of orthodontic interventions to induce movement of teeth, either during or 
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after orthodontic tooth movement. 

Exclusion criteria: 

Other kinds of interventions, like growth modification, etc 

 

Comparator(s)/control 

Inclusion criteria: 

Animals not in pregnancy or lactation, healthy [not in menopause], naive animals 

Exclusion criteria: 

Male animals; humans; ex vivo, in vitro and in silico models 

 

Other selection criteria or limitations applied 

Inclusion criteria:  

All languages, all publication dates.  

Exclusion criteria:  

None. 

 

Outcome measure(s) 

Inclusion criteria: 

Rate of tooth movement and root resorption [quantified measurements] 

Exclusion criteria: 

Rate of tooth movement and root resorption [not quantified measurements] 

 

Study selection and data extraction 

Procedure for study selection 

All assessments including titles and/or abstract screening and full text evaluation will 
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be performed independently and in duplicate by two reviewers. The investigators will 

not be blinded to the authors or the results of the research. Disagreements will be 

resolved by discussion. 

Prioritize the exclusion criteria 

1. Not animal study; 2. Not Pregnancy, lactation, menopause; 3. Not orthodontic tooth 

movement model; 4. Not quantified measurements on the rate of tooth movement and 

root resorption 

Methods for data extraction 

Extraction of data will be performed independently and in duplicate by two reviewers, 

from text and tables. In case of need authors of eligible studies will be contacted with 

e-mail to provide missing or additional data. 

Data to be extracted: study design 

Study design, number of groups 

Data to be extracted: animal model 

Species, age, weight, number 

Data to be extracted: intervention of interest 

Model of orthodontic movement 

Data to be extracted: primary outcome(s) 

rate of tooth movement [mm; continuous] and root resorption [number of resorption 

lacunae; resorption area (mm2) and volume (mm3); continuous; resorption area to total 

root area ratio; continuous] 

Data to be extracted: secondary outcome(s) 

Not applicable 

Data to be extracted: other 

bibliographical details, such as author, year and language. 
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Risk of bias and/or quality assessment 

By use of SYRCLE’s risk of bias tool. 

The risk of bias in individual studies will be assessed independently and in duplicate. 

Discrepancies will be resolved by discussion. 

 

Strategy for data synthesis 

Planned approach 

If more than 2 for pregnancy, lactation or menopause, at each time point, exist, then 

exploratory data synthesis will be carried out. 

Effect measure 

rate of tooth movement [mm; continuous - mean difference] and root resorption 

[number of resorption lacunae - mean difference; resorption area (mm2) and volume 

(mm3); continuous - mean difference; resorption area to total root area ratio; continuous 

- mean difference] 

Effect models 

random-effects 

Heterogeneity 

Heterogeneity will be assessed using both the χ² test and the I² statistic. 

Analysis of subgroups or subsets 

Subgroup analyses 

Species, stage of pregnancy, timing since induction of menopause 

Sensitivity 

None planned 
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Publication bias 

For meta-analyses using the mean difference or risk ration as effect measure and 

containing at least 20 studies, we will produce funnel plots and assess publication bias 

using Egger’s regression test. 
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Appendix II. Scottish Intercollegiate Guidelines Network (SIGN) algorithm for 

classifying study design for questions of effectiveness. 
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Appendix III. Strategy for database search. 

 

Database Search strategy Hits 

PubMed  (premenopaus* OR postmenopaus* OR menopaus* OR perimenopaus* OR amenorrh* OR climacter* OR ovar* OR ovariect* OR 

oophorect* OR hysterectomy OR “ovarian failure” OR estrous OR estrogen* OR estradiol* OR oestradiol* OR estrone* OR oestrone* 

OR estriol* OR oestriol* OR progestogen* OR progesterone OR osteopor* OR ovulation) AND ("tooth movement" OR "orthodontic 

movement" OR "orthodontic anchorage" OR root resorption) 

140 

Cochrane Central Register of Controlled Trials  (premenopaus* OR postmenopaus* OR menopaus* OR perimenopaus* OR amenorrh* OR climacter* OR ovar* OR ovariect* OR 

oophorect* OR hysterectomy OR "ovarian failure" OR estrous OR estrogen* OR estradiol* OR oestradiol* OR estrone* OR oestrone* 

OR estriol* OR oestriol* OR progestogen* OR progesterone OR osteopor* OR ovulation) AND ("tooth movement" OR "orthodontic 
movement" OR "orthodontic anchorage" OR root resorption) in Title, Abstract, Keywords in Trials 

3 

Cochrane Database of Systematic Reviews  (premenopaus* OR postmenopaus* OR menopaus* OR perimenopaus* OR amenorrh* OR climacter* OR ovar* OR ovariect* OR 

oophorect* OR hysterectomy OR "ovarian failure" OR estrous OR estrogen* OR estradiol* OR oestradiol* OR estrone* OR oestrone* 

OR estriol* OR oestriol* OR progestogen* OR progesterone OR osteopor* OR ovulation) AND ("tooth movement" OR "orthodontic 

movement" OR "orthodontic anchorage" OR root resorption) {Including Limited Related Terms} 

0 

Scopus  
 

TITLE-ABS-KEY( premenopaus* OR postmenopaus* OR menopaus* OR perimenopaus* OR amenorrh* OR climacter* OR ovar* 
OR ovariect* OR oophorect* OR hysterectomy OR "ovarian failure" OR estrous OR estrogen* OR estradiol* OR oestradiol* OR 

estrone* OR oestrone* OR estriol* OR oestriol* OR progestogen* OR progesterone OR osteopor* OR ovulation ) AND ( "tooth 

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

1045 

Web of Science™ 
 

TOPIC: ((premenopaus* OR postmenopaus* OR menopaus* OR perimenopaus* OR amenorrh* OR climacter* OR ovar* OR ovariect* 

OR oophorect* OR hysterectomy OR "ovarian failure" OR estrous OR estrogen* OR estradiol* OR oestradiol* OR estrone* OR 
oestrone* OR estriol* OR oestriol* OR progestogen* OR progesterone OR osteopor* OR ovulation) AND ("tooth movement" OR 

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

Timespan: All years. 

Search language=Auto   

251 

Arab World Research Source TI tooth movement AND AB tooth movement 2 

ClinicalTrials.gov (orthodontic OR orthodontics) AND (tooth movement) 34 

ProQuest Dissertations and Theses Global (premenopaus* OR postmenopaus* OR menopaus* OR perimenopaus* OR amenorrh* OR climacter* OR ovar* OR ovariect* OR 
oophorect* OR hysterectomy OR “ovarian failure” OR estrous OR estrogen* OR estradiol* OR oestradiol* OR estrone* OR oestrone* 

OR estriol* OR oestriol* OR progestogen* OR progesterone OR osteopor* OR ovulation) AND ("tooth movement" OR "orthodontic 

movement" OR "orthodontic anchorage" OR root resorption) 

1 
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