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Abstract

:

The presence of female athletes has only increased in recent years, as has the incidence of injuries in female sports activities. These injuries are conditioned by multiple factors, including hormonal agents. It is estimated that the menstrual cycle may be related to the predisposition to suffer an injury. However, a causal relationship has not yet been established. The aim of this study was to analyse the relationship between the menstrual cycle and injuries in female sports practice. A systematic search of the scientific literature available in PubMed, Medline, Scopus, Web of Science, and Sport Discus was carried out in January 2022. With 138 articles, only eight studies were found that met the selection criteria for this study. Peak estradiol is associated with increased laxity, strength, and poor use of neuromuscular control. Thus, the ovulatory phase is associated with an increased risk of injury. In conclusion, it seems that hormonal fluctuations throughout the menstrual cycle alter values such as laxity, strength, body temperature, and neuromuscular control, among others. This fact causes women to constantly adapt to hormonal variations, which exposes them to a higher risk of injury.
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1. Introduction


The female reproductive stage begins at puberty and lasts until the climacteric years. During these years, the menstrual cycle (MC) occurs consecutively [1]. This cycle is a periodic phase that occurs in the female genital organs and is characterised by a series of structural and functional changes induced by hormonal interactions in the hypothalamic-pituitary-ovarian axis [1,2,3,4]. The most characteristic phenomenon of this period is endometrial bleeding, which also allows for measurement of the cycle’s duration [1,2,3,4,5]. It begins on the first day of menstruation and persists until the start of the next period, ranging from 21–35 days [6,7,8]. The duration of uterine bleeding ranges from 4–8 days, and the amount of fluid expelled varies between 30 and 80 mL per cycle [1,2,3,4,5,6,7,8].



The presence of female athletes has only increased in recent years, and the incidence of injury among female athletes has increased accordingly [9]. For example, it is estimated that women are approximately five times more likely to sustain an anterior cruciate ligament (ACL) injury than men [9]. The aetiology of sports injuries is believed to be multifactorial in origin [10], i.e., when these factors align, the risk of injury increases significantly. However, each factor alone is not sufficient to cause injury, but they can cause injury when combined. This model argues that injury is caused by the interaction of environmental, anatomical, biomechanical, and hormonal factors [11]. With regard to environmental factors, it is believed that both the design of shoes and the type of sport can be a conditioning factor for injury [12,13]. For example, the shoulder is among the most injury-prone joints in overhead athletes [14]. Anatomical differences between the sexes may also influence the incidence of sports injuries. A morphological example would be the presence of a more pronounced Q angle in women that, therefore, generates greater overload on the knee ligaments [10]. In terms of biomechanics, there is evidence of neuromuscular control where the quadriceps had greater muscle activation than the hamstrings. This results in anterior slippage of the tibia relative to the femur and may cause injury [15]. However, with the hormonal factors, their influence on sports injuries is still unknown, as there are discrepancies between existing studies that evaluate female hormones and sports injuries [15,16,17,18,19]. Previous research suggests that this higher risk of injuries may be due to the increase in laxity and the effects of the hormones on the tissues, but this is still a hypothesis that should be confirmed in further research [15,16,17,18,19].



For this reason, the present study is focused on analysing the relationship between the hormonal cycle and injuries in sports practice. A secondary objective is to determine at which phase of the cycle women are more susceptible to injury.




2. Materials and Methods


In order to carry out this systematic review, an in-depth search was conducted following the guidelines of the “Preferred Reporting Items for Systematic Reviews and Meta-Analyses” (PRISMA) [20] in the following databases: PubMed, Medline, Scopus, Web of Science (WoS), and Sport Discus. The search was carried out in January 2022.



The descriptors used for this search were “menstrual cycle”, “athletic injuries”, “sports injuries”, “wounds and injuries”, “sport”, and “athletes”. All terms are from the Medical Subject Headings (MeSH) thesaurus, except “sports injuries”, which was used as a keyword in Sport Discus. These descriptors were related to each other with the boolean operator “AND”. Table S1 shows the equations used in the different databases mentioned above (Supplementary Material).



In order to select the articles that most closely matched the topic of this systematic review, selection criteria were established. Inclusion criteria were scientific articles in English or Spanish that analysed healthy female athletes. Specifically, only articles published in 2011 or later were included to achieve up-to-date information [21]. Exclusion criteria included repeated studies, studies with a different aim, systematic reviews, case reports, and studies in women with menopause, pregnancy, breastfeeding, or using hormonal contraceptives. Regarding the methodological quality of the studies included, the guidelines of the quantitative study form developed by Law et al. [22] of McMaster University were followed.




3. Results


According to the PRISMA guidelines, the search and selection processes for this systematic review are described in Figure 1, in a flow chart. After the search and the eligibility criteria, eight studies were considered valid and included [23,24,25,26,27,28,29,30]. In addition, the degree of contribution of each study to the systematic review was determined by the quantitative study form described by Law et al. [22], as reflected in Table 1. Thus, the more precise the study is, the more influence it will have on the results.



In this regard, it is shown that the study conducted by Bell et al. [29] was the only one that met all the criteria, making it the reference with the greatest methodological rigour. On the other hand, the remaining studies did not meet all the guidelines established by the form [23,24,26,27,28,30], especially Sommerfield et al. [25], which did not address four fundamental aspects and had the lowest score on the methodological scale.



The relevant data from the articles selected for the systematic review have been compiled and presented in three tables.



Table 2 shows the characteristics of the sample. Detailing this table, the sample size appears to be small in all the articles [24,26,27,28,29,30] except in two of them, which work with samples of 103 participants [25] and 179 subjects [23]. Mostly, the sample was studied without using groups [23,24,25,27,29], except in three articles [26,28,30], where a division was made between experimental and control groups [26,28] in men or women and in participants with or without rupture of the anterior cruciate ligament, respectively. Furthermore, in the study by Schmitz and Shultz [30], they compared knee laxity in two groups of subjects. On the other hand, the mean age is homogeneous, ranging from 14 years [25] to 25.6 years [27]. The physiological characteristics of weight, height, and body mass index are also shown. Regarding the selection criteria of the studies, the most common were: having a normal MC [24,26,29,30], no history of pregnancy [24,27,29,30], and no use of hormonal contraceptives [23,24,26,27,29,30].



Accordingly, Table 2 also shows the characteristics of the sporting activity. The table shows that football [23,28,29] and athletics [25,27,28] were the most popular sports in the studies. Similarly, it also shows the level at which the sporting activity is performed, i.e., at a professional level [23,28] or as a recreational activity [24,25,26,28,28,30], and the frequency of this exercise per week.



Finally, Table 3 shows the characteristics of the studies and the results obtained. With regard to the variables studied, most of them analysed injuries and exposure time [23,25], laxity [24,27,28,29,30], the phases of the MC [23,24,25,27,30], and hormone concentrations [26,27,29]. The tools to assess these variables are shown, generally using ovulation kits [24,27,30], venous blood samples [26,27,29], and the KT knee arthrometer [27,29,30]. The study time is shown, which in most of them covers 1 MC [24,26,27,28,29], with the exception of three articles that delimit it to a school year [25], a sports season [23], or 2 consecutive MCs [30]. The number of measurements taken throughout the study is shown, ranging from 2 measurements [27,28,29] to 4 measurements [26,30], although in the studies conducted by Lagos-Fuentes et al. [23] and Sommerfield et al. [25], the measurements were taken once the season was established. The results obtained by each study are also reported.




4. Discussion


Once the results of the seven studies [23,24,25,26,27,29,30] have been analysed, a clear trend appears in terms of the time frame within which injuries occur. The phase most susceptible to injury was found to be the ovulatory phase [24,26,27,29,30], and only one study reported higher risk at the follicular phase [23], while two studies reported higher risk in the luteal phase [24,25]. The reason for such discrepancies between the current results is the difference in establishing the phases of the MC. In agreement, studies used self-reported cycle length to estimate the menstrual phase [23,25]. Despite the discordance, five of the articles found greater injury during the ovulation phase, reinforced by the study of Shagawa et al. [31], which aimed to examine variability in joint laxity as a risk factor for ACL injury during the MCs in 15 female university students with regular MCs. This recent study showed that estradiol concentrations and overall joint laxity were higher in the ovulatory phase.



Secondly, regarding the etiology of injury in athletes, six studies have investigated the origin of the relationship between injuries and MCs [24,26,27,28,29,30]. In all of them, the results related to ligament laxity were analysed. Four of the six articles witnessed an increase in ligamentous laxity in the ovulatory phase [26,27,27,29,30] and the other two witnessed no change during follow-up [24,28]. This may be explained by the measurement method used to assess laxity, which was performed without an arthrometer and used tests such as the anterior and posterior drawer, the groove sign [24], and the Beighton test [28], which are less objective. Thus, despite identifying changes in laxity, these appear not to be related to the body temperature of the MC. It is known that heat increases the elasticity of a tissue [32,33,34], but in this case, the causal association is not established. Conversely, other studies provided opposite arguments to the above theory [35,36], stating that no association has been reported between MCs and a higher risk of knee injuries.



In this sense, estradiol appears not to be the only hormone that may influence ligament laxity. Other studies have found that relaxin alters ligamentous stiffness. Therefore, relaxin is not only a pregnancy-related hormone. In non-pregnant women, relaxin has been detected during the follicular and luteal phases of the MC. The study conducted by Pearson et al. [37] associated a decrease in patellar tendon stiffness with an increase in blood relaxin levels, and Dragoo et al. [36] observed that athletes with anterior cruciate ligament tears have higher serum relaxin concentrations than those without tears.



Continuing with the injury etiology, variations in strength [24], proprioception [24], and neuromuscular control [26,27] were also found. Forouzandeh et al. [24] highlighted an increase in strength during the ovulatory phase. This fact can be explained by the study conducted by Lowe et al. [38], since they stated that estradiol is closely related to muscle strength. Thus, estrogen seemed to improve the intrinsic quality of skeletal muscle by binding myosin to actin, improving muscle contractions.



In contrast, neuromuscular control was inferior in the follicular [27] and ovulatory phases [26]. Prior research supported the notion that the MC can negatively alter neuromuscular control [39,40,41,42]. These findings might be explained in the ovulation phase, where peak estradiol produces increased quadriceps strength, decreased muscle relaxation time, and increased muscle fatigability. On the other hand, other studies affirmed that estrogen or progesterone may influence the central nervous system [43,44] and, thus, have a negative impact on neuromuscular recruitment.



Finally, Forouzandeh et al. [24] found a decrease in shoulder proprioception in the luteal phase. Due to the lack of studies on this topic, these results could not be compared with similar research. Nevertheless, the aforementioned theories could shed light on this variable [43,44], but further investigation is necessary.



Regarding the characteristics of the participants, the mean age of the women was homogeneous, ranging from 14 years [25] to 25 years [27]. This is compatible with the fact that the mean age of onset of menarche in Spain is 12.6 years [7]. The sample size has generally been small in most of the articles [24,26,27,28,29,30], apart from two of them that work with samples of 103 subjects [25] and 179 participants [23]. This fact should be taken into consideration because the larger the sample size, the greater the internal validity of the research [45,46].



In terms of sporting activity, soccer [23,25,28,29] and athletics [25,27,28] stood out as more popular among other sports [24,26,30]. Both are sports with a high risk of injury [47,48,49,50] as well as being the most practiced sports worldwide [51]. Another aspect to highlight in sports activity is found in the study by Khowailed et al. [27], where physical activity is limited to seven hours or 20 km per week. This fact may be related to the fact that athletic women may experience alterations during their MCs when subjected to a high physical load [52].



Regarding the study variables, a great deal of variability was reported. The MC stood out in all the studies where hormone concentrations or the phases of the cycle were examined. Five of the nine studies examined the knee joint through neuromuscular control [27], tibial acceleration [26], and joint laxity [27,28,29,30], while Forouzandeh et al. [24] assessed the shoulder for strength, proprioception, joint laxity, and functional stability. The studies conducted by Lago-Fuentes et al. [23] and Sommerfield et al. [25] did not assess a specific body part; they looked at the time of exposure to injury and the injured body part. Comparing these aspects with other studies, most of them have studied the knee joint [19,53,54,55,56].



Regarding follow-up time, most of the studies examined the subjects during a normal MC, i.e., 4 weeks [24,26,27,28,29]. Only two studies have been able to perform a more complete approach, over the course of two consecutive indoor soccer seasons [23] and during a school year [25]. On the other hand, other studies in the scientific literature established a follow-up of eight weeks, i.e., two MCs [43,57,58,59,60,61,62] and concluded the need for a longer follow-up time in order to take into account intrasubject variations in the cycle.



This systematic review presents several limitations. First, this study was limited to a specific profile of eumenorrheic female athletes without a history of pregnancy and without hormonal contraceptives, whereas studies in other athletes might provide different results. Second, the sample size of the studies and the heterogeneity of the studies were limited, causing methodological complexity when analysing the association between the MC and sports injuries. Third, the study time was mostly one complete MC, which could be insufficient to determine a relationship. Fourth, sports injuries have a multifactorial ethology, so several factors in addition to the MC could be influencing the results of the studies included in this systematic review. Finally, due to the heterogeneity of the variables and measurements, no meta-analysis was conducted.



Future research in this vein should consider analysing and measuring hormone levels throughout the MC and reporting the use of hormonal contraceptives, which may play a crucial role in injury rates. Relaxin, estrogen, and progesterone concentrations are regulated [47], so it is important to investigate whether hormonal contraceptives could be a protective factor in relation to sports injuries. It has been revealed by the Spanish Association of Midwives [63] that women who have breastfed their offspring can delay their MC until weaning. Therefore, with this research, the question arises as to whether breastfeeding can be a protective factor against sports injuries.




5. Conclusions


In conclusion, hormone variations during MCs appear to be related to an increased risk of injury, especially during ovulation. Moreover, laxity, neuromuscular control, and strength oscillate throughout the MC, with these oscillations peaking in the ovulatory phase and coinciding with an estrogenic peak. For these reasons, women need to constantly adapt to hormonal variations, which exposes them to a higher risk of injury.



The lack of scientific evidence on this topic is remarkable, and further research is needed in order to validate these hypotheses. Likewise, sports injuries have a multifactorial etiology, and future research should consider all aspects of female athletes and sports practices in order to prevent them from being injured.
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Figure 1. Flow chart (PRISMA). 
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Table 1. Methodological quality of the studies included.






Table 1. Methodological quality of the studies included.





	
Item

	
Studies




	
Lago-Fuentes et al. [23]

	
Forouzandeh et al. [24]

	
Sommerfield et al. [25]

	
Hohmann et al. [26]

	
Khowailed et al. [27]

	
Stijak et al. [28]

	
Bell et al. [29]

	
Schmitz, Shultz. [30]






	
Is the purpose clearly established?

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes




	
Was relevant background

literature reviewed?

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes




	
Study design

	
PCS

	
TS

	
PCS

	
CS

	
NR

	
CCS

	
CS

	
DS




	
Sample size

	
179 W

	
15 W

	
103 W

	
11 W/6 M

	
12 W

	
24 W

	
20 W

	
38 W




	
Is the sample described in detail?

	
Yes

	
Yes

	
No

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes




	
Is the sample size justified?

	
Yes

	
Yes

	
No

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes




	
Are the results confident?

	
No

	
Yes

	
No

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes




	
Are the results valid measurements?

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes




	
Is the intervention described in detail?

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes




	
Contamination was avoided?

	
NR

	
NR

	
NR

	
Yes

	
NR

	
NR

	
NR

	
NR




	
Cointervention was avoided?

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR




	
Are the results meaningful in terms of statistical significance?

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes




	
Were the analyses appropriate?

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes




	
Was the clinical relevance reported?

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes




	
Were the losts reported?

	
Yes

	
No

	
No

	
No

	
No

	
No

	
Yes

	
No




	
Are the conclusions appropriate considering the methods and results?

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes








CCS: case and control study; CG: control group; CS: controlled study; DS: descriptive study; M: men; NR: No response; PCS: prospective cohort study; TS: transversal study; W: women.
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Table 2. Characteristics of the sample, sports practice, and eligibility criteria.
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Authors

	
Characteristics of the Sample

	
Characteristics of Sports Practice




	
Sample Size

	
Group

	
Age (Years)

	
Weight

(Kg)

	
Height (cm)

	
BMI (Kg/m2)

	
Type of Sport

	
Level of Professionality

	
Exercise Frequency per Week






	
Lago-Fuentes et al. [23]

	
179

	
-

	
-

	
59.9 ± 7.8

	
164.2 ± 5.6

	
22.2 ± 2.3

	
Futsal

	
professional

	
5–8 h + 1 competition




	
Forouzandeh et al. [24]

	
15

	
-

	
23.27 ± 1.66

	
57.60 ± 6.75

	
167 ± 0.05

	
-

	
Overhead athletics

	
recreational

	
3 sessions




	
Sommerfield et al. [25]

	
103

	
-

	
14.0 ± 0.6

	
57.4 ± 9.8

	
162.6 ± 5.8

	
-

	
Netball, soccer, hockey, lacrosse, swimming, badminton, athletics, and kayak

	
recreational

	
3.4 h training + 1 competition + 2.2 h physical training




	
Hohman et al. [26]

	
17

	
EG = 11 W

CG = 6 M

	
16.3 ± 0.7

	
60.7 ± 6.3

	
164 ± 6.2

	
-

	
EG = netball

CG = Rugby

	
recreational

	
-




	
Khowailed et at. [27]

	
12

	
-

	
25.6 ± 3.7

	
56.8 ± 8.2

	
160.2 ± 8.6

	
22 ± 2.2

	
Athletics

	
-

	
No more than 20 Km or 7 h




	
Stijak et al. [28]

	
24

	
EG = 12 W ACL injury

CG = 12 W no ACL injury

	
EG = 24.2

CG = 24.8

	
-

	
-

	
-

	
Volleyball, athletics, handball, and soccer

	
18 professional

6 recreational

	
CG = 4.2 sessions

EG = 4 sessions




	
Bell et al. [29]

	
20

	
-

	
19.6 ±1.3

	
66.2 ± 9.1

	
168.6 ± 5.3

	
-

	
Soccer

	
-

	
-




	
Schmitz, Shultz. [30]

	
38

	
-

	
G1: 21.4 ± 2.6

G2: 22.5 ± 3.5

	
G1: 64.4 ± 9.7

G2: 60.2 ± 7.5

	
G1: 164 ±0.06

G2: 166 ± 0.06

	
-

	
-

	
recreational

	
2.5–10 h








ACL: anterior cruciate ligament; BMI: body mass index; CG: control group; EG: experimental group; G1: group 1; G2: group 2; M: men; W: women.













[image: Table] 





Table 3. Variables of studies and results.
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	Authors
	Variables
	Tools
	Intervention Time
	Measurements
	Results





	Lago-Fuentes et al. [23]
	Injuries and exposure time

MC phases
	Excel and calendar
	Two sport seasons in soccer
	-
	191 injuries (104 in training and 87 in matches)

22% in quadriceps

40.8% distension

More risk found during the follicular phase.



	Forouzandeh et al. [24]
	MC phases

Strength

Proprioception

Laxity

Stability
	Ovulation kit

Lafayette hand-held dynamometer

Inclinometer

ACL test
	Complete MC (four weeks)
	3:

Menstruation, ovulation, and medium luteal phase
	Shoulder strength increased significantly during ovulation.

Proprioception decreased significantly during the luteal phase.

No significant changes were reported in stability or laxity.



	Sommerfield et al. [25]
	Injuries and exposure time

MC phases
	OSTRC

physical training assistance

FITrWoman or My Calendar App
	1 year
	-
	595 injuries in 74 participants

51% in the knee

35% in the ankle

No significant relationship was found between the phase of the MC and the risk of injury.

A slightly greater tendency to be injured was observed in the luteal phase.



	Hohmann et al. [26]
	LH, FSH, E2, and P4

Tibial acceleration
	Blood sample

Acceleration during a jump
	Complete MC (four weeks)
	3:

Menstruation, ovulation, follicular, and medium luteal phase
	Higher levels of E2 and AKL were found during ovulation.

Lower levels of E2 and AKL were found in CG compared to EG.

LH and tibial acceleration were similar in both groups.



	Khowailed et al. [27]
	MC phases

E2 and AKL levels

Neuromuscular control
	Ovulation kit

Blood sample

Arthrometer KT-2000

Run 6 min

Electromyography
	Complete MC (four weeks)
	2: follicular and ovulation
	Higher levels of E2 and AKL were found during ovulation.

In the follicular phase, a higher recruitment in quadriceps was found compared to a lower recruitment in hamstrings when running.



	Stijak et al. [28]
	E2, P4, AKL, and testosterone
	Saliva samples

Beighton test
	Complete MC (four weeks)
	2: luteal and ovulation phases
	Women with an ACL injury had significantly lower levels of testosterone and higher levels of E2 and P4.



	Bell et al. [29]
	E2, P4, AKL, and testosterone

Cinematic evaluation of knee and hip
	Blood sample

Arthrometer KT-2000

Electromyography
	Complete MC (four weeks)
	2: menstruation and ovulation
	Levels of E2, AKL, and P4 were significantly higher during ovulation.

No significant changes were found in testosterone levels.



	Schmitz and Shultz [30]
	MC phases

AKL levels
	Ovulation kit

Arthrometer KT-2000
	2 complete MCs (8 weeks)
	2: menstruation and ovulation (two times)
	Women with higher AKL levels during the ovulation phase also had a significantly higher tolerance to changes.







ACL: anterior cruciate ligament; AKL: anterior knee laxity; CG: control group; EG: experimental group; E2: estradiol; LH: luteal hormone; MC: menstrual cycle; OSTRC: “Oslo Sports Trauma Research Center”; P4: Progesterone.
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