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ABSTRACT

Background: Strength deficits are common following anterior cruciate ligament reconstruc-
tion (ACLR). Best practice guidelines recommend resistance training post-ACLR to target these
strength deficits. Research has supported menstrual cycle (MC) phase-based resistance training
for eumenorrheic women, however its applicability for women post-ACLR was unknown.
Objectives: This study aimed to establish whether there was a role for MC phase-based
resistance training for women post-ACLR.

Methods: Authors searched seven databases (MEDLINE, Scopus, CINAHL, SportDiscus, Web
of Science, Cochrane Library, and Google Scholar) between 6/12/21 - 22/12/22. Primary
studies or reviews describing MC phase-based resistance training at least one MC duration,
published in academic journals, and written in English were included. Studies which investi-
gated the effect of the oral contraceptive pill on training responses were excluded.

Results: The search yielded 1942 titles and abstracts, with 14 studies included in the final
analysis (eight primary studies). No studies were found that investigated MC phase-based
resistance training in women post anterior ligament reconstruction. Studies were limited by
methodological issues. Six primary studies supported follicular phase-based training to
enhance responses, including superior strength, power, lean mass gain, and reduced dys-
menorrhea symptoms. One study reported no difference in strength gain between follicular
and luteal phase-based resistance training, and another study reported that underweight
participants obtained superior strength gain following luteal phase-based resistance training.
Conclusions: The results suggest that MC phase-based training may influence responses
pertinent to women post-ACLR. There is scope for future research to investigate follicular
phase-based resistance training in women following ACLR.
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Introduction target these postoperative strength deficits, prepare to

The participation of women involved in sports has return to sport, and prevent reinjury. Strength deficits

increased more than tenfold in the last four decades
[1]. In line with this increased participation in

in the quadriceps and hamstring muscle groups are
common following ACLR [5]. Women have reduced

sports, there has also been an increase in anterior quadriceps and hamstring strength recovery of their

cruciate ligament (ACL) injuries in women [2].
After an ACL injury, most athletes undergo ACL
reconstruction (ACLR) surgery [2]. There has been
a noted increase in women undergoing ACLR in
New Zealand [2]. This increase in women under-
going ACLR is not unique to New Zealand but is an
international phenomenon [3].

Best practice guidelines recommend that resistance
training (RT) programmes commence six weeks post-
ACLR to target strength deficits [4]. After surgery,
athletes attend rehabilitation with physiotherapists to

injured leg post-ACLR compared to men, despite
similar timeframes post-surgery, pre-injury activity
levels, and graft source [5]. In particular, inferior
quadriceps recovery is of concern as persistent
impairments in quadriceps strength are associated
with reduced patient outcomes, including reduced
function, inferior activity levels and increased rein-
jury rates [5-7]. In line with this inferior quadriceps
strength recovery, women display significantly infer-
ior knee function, report reduced activity levels, and
are less likely to return to sports following ACLR
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than men [8]. Subsequently, restoring lower limb
strength, particularly quadriceps strength, is a leading
rehabilitation priority for women post-ACLR [6].

These postoperative RT programmes provide a
stimulus for muscular adaptation. Many factors
mediate muscular adaptations, including the phys-
ical stress placed on the body (training volume,
loading and frequency), recovery, diet, sleep, and
hormonal responses to RT [9-11]. In eumenorrheic
women, following puberty and prior to menopause,
despite intra- and inter-individual variation, the
steroid hormones oestrogen & progesterone fluctu-
ate in a predictable rhythm throughout the men-
strual cycle (MC). Oestrogen is known to have an
anabolic effect on skeletal muscle [12]. This anabolic
effect is partly due to antioxidant, membrane stabi-
lizing and neuro-excitatory effects, including satellite
cell activation and proliferation [13,14]. In contrast,
progesterone has anti-oestrogenic effects and is con-
sidered catabolic [15]. Furthermore, hormonal varia-
tions in oestrogen can influence motivation and
mood, affecting training motivation [16].

Previous research has investigated hormonal fluc-
tuations’ chronic effects on RT adaptations [17,18],
specifically MC phase-based RT, where women peri-
odize RT around their MC phases. In follicular
phase (FP)-based RT, resistance exercise is per-
formed in the FP when oestrogen and progesterone
concentrations are low, and oestrogen slowly rises
to a pre-ovulatory surge [17]. Research has com-
pared FP-based training with linear/unilateral train-
ing, where RT is not periodized specific to the MC,
and luteal phase (LP)-based RT, where high volume
and intensity RT is specific to the LP. Throughout
phase-based RT, women track their MCs using vari-
ous methods, including calendar tracking, basal
body temperature testing, urinary ovulation Kits,
and serum blood analysis. A recent systematic
review supported specific FP-based RT for enhanced
RT strength outcomes in eumenorrheic women [19].
It suggested that athletes with an ovulatory MC con-
centrate on RT during the FP of their MC [19].

However, this systematic review did not include
or discuss recommendations or applications for
women completing RT as part of rehabilitation. It is
expected that a woman post-ACLR would respond
similarly to a non-injured woman engaging with
MC phase-based RT. Nevertheless, it is still being
determined whether the protocols and results of
previous MC phase-based RT research with non-
injured women are relevant or applicable to women
post-ACLR. Given the implications of maximal
quadriceps strength recovery post-ACLR and wom-
en’s specific need for this increased strength recov-
ery, it is pertinent to investigate the efficacy of MC
phase-based RT in this population.

For these reasons, this scoping review was con-
ducted to establish current literature in this area,
identify gaps in knowledge, and propose future
research directions. A scoping review was consid-
ered most suitable, as scoping reviews are explora-
tory and aim to map critical concepts underpinning
a complex research area [20]. The overarching
research question is: Is there a role for MC phase-
based RT for women post-ACLR? The review will
address the following questions: (1) Have MC
phase-based RT programmes been investigated in
women post-ACLR? (2) What is known about the
methodologies of MC phase-based RT programmes?
(3) What is known about the effects of MC phase-
based RT? and (4), Do these findings provide a gap
for future experimental studies in an ACLR rehabili-
tation context?

Materials and methods

This scoping review followed the Preferred
Reporting Items for Systematic Reviews and Meta-
Analysis extension for scoping reviews [21] and the
Joanna Briggs Institution review manual [22] based
on the original five stages scoping review method-
ology [23]. An a priori scoping review protocol was
developed and is registered on the Open Science
Framework (https://doi.org/10.17605/OSF.IO/9FNJP)
and has been previously published [24]. The scoping
review has one variation from the protocol. The
authors broadened the scope of the third review
question from ‘what is known about menstrual cycle
phased RT effects on strength outcomes and motiv-
ation for training? to ‘what is known about the
effects of MC phase-based RT?" The authors broad-
ened the question as more results from included
studies were considered relevant for women post-
ACLR (pain symptoms, fat-free mass, adherence to
exercise, participant preference).

Eligibility criteria

The review included any primary research study
which reported outcomes following MC phase-based
RT of at least one MC duration. Initial searching
did not find any studies investigating MC phase-
based RT in injured women; therefore, the final
search strategy included naturally cycling women
regardless of injury status. Similarly, the review
included studies which investigated both MC phase-
based RT and oral contraceptive pill (OCP) phase-
based RT (i.e. exercises periodized to the sugar pill
week versus the rest of the month). These studies
were included as they provide information regarding
MC phase-based training [25]. In addition, the
review included narrative, systematic and scoping
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reviews and if they discussed methodologies or
effects of MC phase-based RT. Reviews were
included as they provided a wide historical overview
of the research area and the comparison of the
review findings with the current body of knowledge
offered valuable insights into the current research
area. Studies must have been published in English
to be reviewed by the research team (EOL, DR, SS)
and assessed for suitability. The review did not use
date restrictions, but studies must have been pub-
lished in peer-reviewed academic journals to ensure
a minimum quality standard. The review excluded
studies that specifically investigated the effect of the
OCP on RT responses, as women taking the OCP
have different hormonal profiles from those with a
natural MC. This review aimed to investigate the
effect of the endogenous MC only.

Search strategy

In March 2020 and October 2021, the primary
author (EOL) and an experienced librarian per-
formed pilot tests of study selection procedures
(Supplementary Material 2). These searches tested
the literature search strategy and proposed study
selection criteria. The results, keywords, and index
terms were reviewed by the primary author (EOL)
and the librarian (MF). No studies were found that
investigated MC phase-based RT for women follow-
ing an ACL injury. Zero studies met the criteria
after abstract review. This pilot exercise informed
the development of the complete search strategy by
the librarian (MF) and the primary author (EOL) to
include broader search terms. These broader terms
aimed to find studies examining MC phase-based
training in women regardless of injury status
(Supplementary File 2). Searching was then under-
taken in the following databases: CINAHL, Medline,
SportsDiscus, Web of Science, Scopus, the Cochrane
Central Library, and Google Scholar (Supplementary
File 2). Following the search, all identified citations
were collated and uploaded into EndNote V17
(Clarivate Analytics, PA, USA), and duplicates were
removed.

Study/source of evidence selection

Relevant titles and abstracts were independently
evaluated against the eligibility criteria by two
authors (EOL, DR). If there were no consensus
regarding inclusion or exclusion decisions, the study
proceeded to a full-text review. Potentially relevant
sources were retrieved in full. The full text of
selected citations was assessed in detail against the
inclusion criteria by two authors (EOL, DR). The
primary author sent each screening step’s Endnote
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Library (Clarivate Analytics, PA, USA) to the other
authors (SS), who agreed with all included studies.
Subsequently, reference list and citation searching
were carried out on Ovid. All potentially relevant
citations were collated and uploaded into EndNote
V17 (Clarivate Analytics, PA, USA). Relevant titles
and abstracts were evaluated against the eligibility
criteria by two authors (EOL, DR), and two authors
(EOL, DR) assessed relevant full texts. Initial search-
ing took place between 6/12/21 —14/12/21, and the
search was updated during the manuscript peer
review on 22/12/22.

Data extraction

The authors adapted the data charting form used in
this review from the Joanna Briggs Manual template
(Supplementary File 3) [22]. The primary and sec-
ondary authors (EOL, DR) independently extracted
the data from all studies. In line with guidelines for
scoping review methodology, the review did not
conduct a methodological quality appraisal of the
included studies [21].

Results

A review flow diagram summarises the results from
the search process (Figure 1). The initial database
search results yielded 1,250 records after duplicates
were removed. After the exclusion of 1,196 records
during the title/abstract screening, a total of 54 stud-
ies were retained for full-text screening. A further
41 reports were excluded at full-text screening. The
excluded studies’ names and reasons for exclusion
are reported in Supplementary File 4. With the add-
ition of one extra study identified from reference
list screening & citation searching, the final number
of included studies was 14 (see Figure 1 and
Supplementary File 4). These 14 studies included
eight primary research studies and six review
articles. All eight primary studies compared FP-
based RT to LP-based RT or regular RT. In add-
ition, the study also included one systematic review
and five narrative reviews. Results are summarized
as to the research questions and in Table 1.

Participants

No women with ACL injuries were included as par-
ticipants in any of the included studies. All studies
included non-injured participants. However, Zainab
et al. [29] included 150 university students with
moderate to severe primary dysmenorrhea. Many
primary studies had low participant numbers
(median # =20, minimum #n=7, maximum
n=150). Among the six original research studies,
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Identification of new studies via databases and registers

Records identified from:
Databases (n = 1,942):
Medline (n = 269)

Records removed before screening:

CINAHL (n= 162)
Scopus (n = 476) _,| r -
Cochrane Central (n = 99) Duplicate records (n = 692)

Identification

Web of Science (n = 402)
SportsDiscus (n = 135)
Google Scholar (n = 400)

Records excluded

(n=1196)

Records screened
(n=1,250)

!

Reports not retrieved
(n=0)

11

Reports sought for retrieval
(n=54)

Screening

Reports excluded:
Did not report responses/methods
of menstrual cycle phase-based
resistance training (n = 19)
Reports acute effects of MC phased
resistance exercise (n = 8)
Book chapter (n = 2)
Conference (n = 5)
Examined aerobic exercise
periodization (n = 1)
Magazine (n = 1)

Not in English (n = 1)
Editorial (n = 3)

Opinion Piece (n = 1)

Reports assessed for eligibility
(n=54)

New studies included in review

Identification of new studies via other methods

Records identified from:
Citation searching (n = 830)

v

Reports sought for retrieval Reports not retrieved

(n=16) (n=0)
Reports excluded:
v Did not report responses/methods
T of menstrual cycle phase-based
Reports ass(esfecé;or eligibility o resistance training (n = 13)

Reports acute effects of MC phased
resistance exercise (n = 1)
Book chapter (n = 1)

(n=14)

Included

Figure 1. PRISMA flow diagram.

three included participants who were not resistance-
trained [17,27,28]. Additionally, two studies did not
provide information on the training status of the
participants [18,29]. In addition, Sung and Kim [28]
did not report the number of participants in each
training group or how they distributed subgroups of
participants with different BMI levels between
phase-based training groups.

The two studies by Wikstrom-Frisén et al. [25,26]
included 59 participants who had previous experi-
ence with RT for leg press & leg curl for a min-
imum of two months, three times per week before
the start of the study. In these studies, MC-phase
and OCP-based training were combined, with OCP
users (n=32) and non-OCP users (n=27) distrib-
uted evenly throughout the three groups. Vargas-
Molina et al. [30] included women with two months
of three times weekly RT experience for two months
or more. Participants who served as their own con-
trol were included in four studies [25,26,28,29],
whereas the remaining four studies utilized a control
group [25,26,28-30].

The systematic review by Thompson et al. [19]
included 418 women aged 18-38years to identify
the effect of the MC on acute and chronic responses
to RT, and the effect of the OCP on responses to
RT. All other reviews were narrative reviews, which
did not have defined participant inclusion criteria.

RT programme design

In four studies, resistance training (RT) programs
with a duration of twelve weeks were included
[17,27-29]. Two studies reported eight-week RT
programs [18,30], and the studies by Wikstrom-
Frisén et al. [25,26] described a sixteen-week RT
program. Lower limb RT exercises, including knee
extension exercises [18,28], leg press [17,25,26], and
leg curls [25,26], were included in four studies. The
study by Sakamaki-Sunanga et al. [27] included arm
curls, the study by Vargas-Molina et al. [30]
included a mix of upper and lower limb exercises,
including bench press and squat training, whilst a
study by Zainab et al. [29] included core RT, includ-
ing crunches, pelvic bridges, superman exercise, and
bilateral single-leg raises, forearm planks, side
planks, and cat and camel exercises.

Most studies provided guidance on RT parame-
ters, including exercise session frequency and pro-
gression protocols. In terms of recommended sets
and repetitions, six studies recommended either 2-3
sets of 8-15 repetitions at 80% of the repetition
maximum [17,18,28], or 8-12 repetitions maximum
[25-27]. Zainab et al. [29] recommended ten reps of
each exercise prescribed per day. Interestingly, only
Vargas-Molina et al. [30] prescribed the same num-
ber of sessions per week but varied the RT session



PHYSICAL THERAPY REVIEWS (&) 5

(panuijuod)

"9duewlopad [N pue
ssaud youaq palyauaq
weiboid pasojiel DN YL

14 paseq

d1 01 pasedwod se

SA1DRYD 2I0W S| d4 3y}
Buunp 1y 310> bupasjdwo)

‘uswiom 1yBramiapun 1oy
s)nsal yibuals apsnw
2dUBNYUI URd |Y paseq d

‘suoneydepe

1Y paseq 47 pue
dd USaMIaq DUBIBYIP ON

‘syuedpiyed
Aq paidadde [jam sI 8
$9JUaNbasuod [euowioy
aAlebaU Yum pajedosse
JoU sem |Y paseq d4
‘buiuiesy sejnbas
0} pasedwod Wg]
J1abae| Ul paynsas osje
14 Poseq d4 1Y peseq
-d7 03 paiedwod synsal
aziwndo 03 Jouadns S|
14 paseq d4 awn|oA ybIH

"¥SD dpPsnw
13 wawdojansp Yibuans
10y Jo13dns S| 1Y paseq d4

Juswdolansp yibuais
Joy Jouadns si |y paseq d

AjuQ °1 dnoig buunoney ssaud
youaq yum ‘sdnoib yioq Joy
PaAIDSCO dI9M Ssasealdul yibuails

g dnoip ueyy

dJow 10D pasealdul R ‘910s
aanvm paseanap pey y dnoin

‘dnosb

1ybramiapun oy |y paseq

d7 40} 3SB3IDUI 3210} JLIBWOS]

xew J9iealb big ‘sdnoib 1y

paseq 41 pue d4 Joj paseasul
yibuans uoisuaixa ba| xep

'¥SD dpshw
10 U01dRIIUOD AIRIUN|OA
wNWIXew uj 9dUaJaylp oN

14 paseq

dd4 pausyaid syuedpdineq ‘dnoib

Jayae ul AJIsusp [elsuIW Suoq

‘1e} Apoq ‘sauowioy yimoib
pue x3s uo 1edwi aanebau oN

‘Ajuo dnoib 44
ul INg1 paseaidu] ‘1Y paseq d1
0} pasedwod yibuains J191eald
dnoib |013u0) *d7 03 pasedwod
14 paseq d4 1oy yibuans
9psnw pue dwn( jenbs paseasnu|
‘1Y Paseq-d4 Jaye Ajuo onel
9Iq1§-03-19]2NU |9 Ul pue sIql
|| 9dA} Jo IS13WeIp BIqY Ul
9SeadU| "] UBY} YSD dPsSnw ul
aseanul 1aybiy e pamoys osje
dnoib |y paseq-d4 ‘dnoib 1y
paseg-d4 ul yibuains uolsusixs
99UY WINWIXeW Pasealdul %67

‘dnoib 1Y paseq-d4
U1 dURIRYIP YIBULIS UOISUBIXD
99U WNWIXeW 3seainul %07

Bunsal
uofie|nao Aieunn

‘el
uoIsn|PXa oN
*UOIEdILIBA DN ON

"eLIRID
uoisn|>xa oN ‘199

RIICIT)
uoIsnpxa oN 199

‘papnjpxa
7=u 'skepge<
324> 41 uoisnpx3
‘bupjoel) Jepusje)

‘papnPxe
7=u skepge<
9PA> J1 uoisnpx3
Bupyesy Jepusje)

sisjeue 199 Aq
pspnpPXxe =N
sisjeue wnias

pooiq 7 ‘199
‘bupjoel) Jepusje)

'siskjeue poojq

Aq papnjxa

| =N ‘sisAeue

wnias poo|q B
‘s1 uone|nAo ‘199

¥ 01Ul papiAlp
Bujuresy bunenpun
/=N :z dnoin

d1u

Ajlep (sas1219%3 2100

0L) 1Y pawiopad
G/ =N :g dnoip

"d4 Ul sswin
{X pue 47 ut sswn
8X 1Y UOISUIXd
637 :dnoib [osu0)
KERCH
y9am/Kep | pue
d1 ut yoam/skep ¢
14 Spnd [[leqquinp
|esa3ejiun wie axsoddo

"W Buunp

Xoam/sAep € 1Y

14N> 63| pue ssaid
637 :dnoib josuo)

W Buunp

Yoam/shep € |y

nd B3| pue ssaud
637 :dnoib [osu0)

3PAd

13d ¢4 U 7 B d1

ul suo|ssas |y ssaid

63| jesarejiun quui|

1amo| g paie|dwod
qui Jlamo| ausoddp

‘(bujuresn

Jeinbal) HN Yy

noybnoiyy Aep piayy

KI9A3 1Y UOISUDIXD

93Uy [eJa1e|Iun

quil| J9Mo| IO
paued 63| aysoddo

Bujuieny AydospadAy
‘d4 ays buunp bujuien
yibuang /=y :| dnoip

dd4 u1 Ajiep (sasiiaxa
2102 L) 1Y pawIopadd
'S/ =Ny dnoip

"d7 Ul sswi X pue 44
Ul SaWI} 8X |Y UOISUIIXd
637 :dnoib uonuanId|

"d17 ut yoam/Aep |

pue ‘d4 ul yoam/skep ¢

14 spnd [joqquinp
|es3ejun qui| Jaddn

“dd Ul Y9am/|X

"d7 Ul jam/skep g 1y

14N> B3] pue ssaid b3

1z dnoin “¢7 ul Yeam/x|

‘dd Ul e9Mm/eX |y |4nd
63| pue ssaid 637 :| dnoip

“dd Ul Pdam/LX

"d7 ut yoam/skep s 1Y

N> 63| pue ssaid ba

:z dnoio “47 ul yeam/x|

‘dd Ul )99M/GX LY [4nd
69| pue ssaid 637 :| dnoip

W Rd Uz R
d4 Ul suoissas 1y ssaid
69| |eJa1ejlUN qui| Jamo| 8

*d7 Ul Y99Mm/|X 10 153y
"d4 3y} ul Aep puodas
AI9A9 1Y uoISUIXD

99Uy [RJIIBJIUN quI| JAIMOT

UoN ‘9du3aLIdXd
14 40 s1ehT yL=N
sleak zz
-g| =aby ‘pajou
Jou snyels bujures)
‘eayliouswsAp
Krewnd
YuM SIUSpNIS 0G| =N

siedk / F Gz:aby

‘painfui-uoN

"9A1DR A[jeuonieasnal
1o Aleyuapas 9s =N

sleskzF 1T

196y ‘painfuiun
‘pautenun yL =N

sieaky ¥ 6¢

by “painful

-UON ‘ddualadxd 1Y

SyuoW g < YIIM/eX

dd0 ou /Z=N dD0
buisn ze=N65=N

siedky F 67

296y ‘painful

-UON "dduauadxa 1Y

syuow 7 < Y9am/ex

'dJ0 ou /Z=N 'dd0
buisn ze=N65S=N

SISy F6'ST
296y *painful

-UON SIuapnIs

pautenun gz =N

s1eak G'¢ F 7 by

‘painfui-uop "pajou

jou sniels bujures)
SJudPNIS £ =N

sy2am g Apnis 10

SEENYA]
[el} p3jjos3uod
pasiwopuey

SEENYA]
[eLL P3]|011U0d
PazIWOpURI-UON

SEENYA]
[eL} pa]|013u0d
paziWopueI-UON

SHRM 9|
|el} pajjoJIuo)
pasiwopuey

SHIIM 9|
[el) pajjoIuo)
pasiwopuey

SEENYA]
‘|ell pa||01Iu0d
pasiwopuey

syoamg
‘|el} pajj011uod
paziWopueI-UoN

ureds [0€] zz0T
‘|e 19 euljoN-sebiep

eipu| [67]
L¢0T '[e 1° qeutez

ealoy [87] 610
‘wry pue bung

ueder

[£2] 910 e 1@
ebeung-peweyes

uspams
[97] 910T |e 18
USLI-WOoASYIM

uspams
[s2] 10T e 39
USH4-WOASHIM

Auewso [/1]
10T ‘[e 12 bung

Kuewan
[8L] S661 ‘le 19 siay

suoIsn|puo)

sinsay

uonesyLdaA DI

uospedwo)

wiy Malnay/ubisaqg Apms

uofie|ndod

uoneing
19 ubisag Apnis

uoned0]
‘1ea ‘loyny

"BIISD UOISN|DUI 19W 1Y} SM3IADJ pue salpnis Alewnd jo sonsuaeleyd Apnis *| ajqel



6 (&) E OLOUGHLIN ET AL.

L WYL swedpined jo JaquinN ‘=N -3|qediddy 10N :y/N ‘duowuoH Buisiueing 47 -ainesadwa) Apog |eseg :1gg Buiulesy aduelsisay 1Y dseyd Jendljo4 :d4 'dSeyd [eawnT 47 |

*3J17 40 Aujenp :70Q "2103s eAYLOUBWSAQ ‘Uled Jo sheq ‘Aususiu| ‘uonedoT ‘Aujige BUBIOM GaITYM “dwinf JUSWSAO J3IUNOD) ) Ssew Apoq ueaT g7 1S9 wnwixep uonnaday

aA1dadRIIUO) [RID (dDO BPAD [enASUSIN DWW

14 paseq

-d4 buipnpui ‘sav|yie
USWOM 10} 3DURAD|DI
paseq-aduapInd

pue saiunuoddo
yoaeasal saybiybiy

0S|e M3IA3I BY )|

"M3IAd) 3y} Aq papinoid

"1Y paseq-d4 wol
Bujuayibuans spsnw Iaealb
suredxa yaiym ‘suoialsaboid

Aq pa191unod i uolssadxa
duab pajabiel-usabonss Aq
pauoddns uonduny (193 ay93eS
‘SWISIUBYDRW 9)eUWLIdIdpUL

Aq d1 ay1 buunp wsijogeied

‘wisijoqelaw
3SIDIAX3 Ul ANjIgerie
aseyd [ennsusw

1o} swisiueydaw ay}
salepdn|d eyl buljeubis
Jejnd3jow suowloy
UBLIBAO U] S9DUBAPE

[s€] €20t

dJe S199 dAlRSNE) udl01d S3seaIdUI U0IASIB0IJ V/N V/N 1U23J BUIINQ Wiy 213D UOISNPUl ON MIIAY PIMUAU| ‘e 19 3sknyisoQ
W Jo ‘pawLjuod
aseyd ‘63 ‘suolypuod u33q J0uU sey siyl ‘d] ‘uoneydepe
JudJayIp Japun Abojoiq Buunp 1y 03 pasedwod ‘ssew dPsnw uo edwi JidY}
9Psnw uo suabolysao d)PsNW pue olnel gy 01 1IdPNU pue sasuodsas [euowloy
SY1 Jo s19Y° Y1 Ajuep v || 9dAy 2uqy paseanul padnpul |y Ul sadueApe [¥€] 0z0T
0] pPapaaU dJe sjely aIning ul 3nsas 01 sieadde ¢4 a1e| ul 1Y V/N V/N uo ajepdn ue apirold ‘wiy 213D UOISNPUl ON MIIADY dANIRLEN ‘e 19 1ybepyeleyn
'ssew pue Jaaouiny
updy04d uabe|j0d
W jo aseyd ‘63 ‘suonipuod uopua} pue 3pshw
‘panwi| JuaI3YIp Japun ABojoiq pPsnw Uo sauowloy dewsy
135 S| B3JE B} UIYUM uo suaboIIS30 Y} JO SIAYS By} J0 1293 3y} buipiebas [€€] 810T
S3IPNIS JO JaqUINU Y| Aj1ie[> 0} papaau ale s|euy aInin4 V/N V/N 2IN1RIDY| Y} MIIAJY Wiy e1I3ID UOISNPUl ON MIIADY dANRLEN ‘e 19 uasuey
‘spenbs
ul speo| buizijeuossad jo
sabuajjeyd [ednsibo| ayy
Bunou ‘uoneyuswajdwi Bujuiesy seinbas
910499 paiinbai 0} paJedwod 1o 47 3y} 01
S| Ydeasas Jayun4 pasedwod d4 ay1 ul pawiopad ‘s19fe|d 19320s
'sasuodsal dziwixew sem 1Y Adouanbauy 1aybiy uswom o} buneas
0} eale Huisiwoid U3YM S3IpNIS Ul PIAIISJO UIQ sa1doy Jofew Jay3o [z€] LzoT
e S| |y paseq-aseyd aney bujuiesy o) sasuodsas Ja1ealn V/N V/N Buissaippe ydieasas ssnasig e1ISID UOISNPUl ON MIIASY dANRLEN ‘e 19 ||]9puey
14 01
sasuodsal uo ddQ pue
'sasuodsal |y 1aye Aew ‘sanss| |ed1bojopoyiaw JW 31 JO 13443 Y} uo ‘sieak ge-g| by
S9UOWLIOY 3[eWw?) Jey) R s1aquinu juedpiyed saIpn1s Juaund asieidde (uswom gLy = u) [61] 0Z0T
15966ns 0} Jeadde synsay Jlews ‘sbuipuly bundiuod) V/N V/N Ajjeo1ud pue Auap) Sa1pNIs papnpul /L =N MIIADY D11eWISAS ‘le 39 uosdwoy]
‘pajueliem "SSWODIN0 | Y ddUINJUI
SI YdJeasal Jayuny Kew 1ey} sajgersen
ybnoyye ‘uswom ul W 3y1 ybnouayy Jeuowlioy uo pasndoy
S9WO01N0 dduewlopad Bujuiesy ;omod,/yibuais ‘uswom uj uopeldepe
9ziwndo pjnod jeyy pauIqwod YuMm Jo ‘1Y paseq dPsnw pue duewiopad
sad1eud 1Y 9|qissod d4 Buiziseydws Aq psziwndo 1Y buipiebas ydieasas [L€] 610C
s15966ns duapIAS JUALIN) 9q Aew uoneydepe apsnpy V/N V/N JUBLIND Y} MIIAIDAQ e1ISID UOISNPUl ON MBIIASY dANRLEN ‘e 19 samouy|
-91dwes
J13bae| e Buikojdwd 'L dnoig painoney *K19A0231 pue -aseyd
>1do} ay) d1ebisanul sabueyd 9injosqe Janamoy ‘9dUeINPUS JejNdsnw |enssuawaid ayy buunp
01 %935 p|noys ‘z dnouo 1oy pansasqo sem g1 ‘AydoipiadAy K19n0231 pue ‘d7 buunp
sa1pn3s ainin4 ‘a|dwes ul aseasnul uedyubis v D ‘yibuains 9dUeINPUI JB|NdSNW s1eak '€ F9°9¢
|lews Aq paywi] Ul S9dUJRYIP pamoys | dnoio :yjuow Jad saseyd ‘uorie|nao buunp by "painful
suoisnpuo) synsay uonedyudA DWW uosuedwo) wiy maindy/ubisag Apnis uone|ndod uoneing uonedx07

1 ubisag Apms ‘1ea ‘loyny

‘panunuo) °| |qel



to participants” MC phase. Vargas-Molina prescribed
strength training during the FP (3-5 repetition max-
imum load until one or two reps before failure, then
a three-minute break between sets), hypertrophy
training during the ovulatory phase (eight to ten
repetition maximum load until failure, then a 90-
second break between sets), muscular endurance
during LP (20-25 repetition maximum load until
failure, then a 45-second break), and recovery (12-
15 repetition load), during the premenstrual phase.

Studies provided different participation adherence
rates; Sung et al. [17] reported 92% adherence,
Sakamaki-Sunaga et al. [27] reported 100% adher-
ence, and Vargas-Molina et al. [30] excluded two
participants due to non-adherence to training.
Wikstrom-Frisén et al. [25] reported that partici-
pants in both groups had equal adherence as per
participant training logs.

MC verification methods

All primary studies used different methods to track
and verify participants’ MC phase and status. Reis
et al. [18] used basal body temperature testing, ovu-
lation prediction kits and blood serum analysis to
confirm participants’ MC phase. Similarly, Sung
et al. used [17] calendar tracking, basal body tem-
perature and serum blood analysis to verify partici-
pants MC phase. In contrast, Sakamaki-Sunaga
et al. [27] and Sung and Kim [28] used basal body
temperature only to verify the MC phase, whilst
Wikstrom-Frisén et al. [25,26] used calendar track-
ing only, and Vargas-Molina et al. [30] utilized ovu-
lation testing only. Zainab et al. [29] did not report
any MC verification method. Three studies excluded
participants who did not meet stipulated MC crite-
ria [17,18,25,26].

Effects of MC phase-based RT

The effect of MC phase-based RT on strength meas-
ures was reported in six primary research studies. In
four studies, participants who engaged in FP-based
RT demonstrated superior changes in strength
measures, compared to those who engaged in LP-
based RT [18,26], regular RT [19], or an undulating
RT programme [30]. These strength measures
included maximum knee extension, leg, press, bench
press and squat jump strength (Table 1). Wikstrom-
Frisén et al. [26] also reported that participants in
the control group, who carried out regular RT,
gained significantly more strength than the LP-based
RT group. In contrast, Sakamaki-Sunaga et al. [27]
recorded no significant differences in strength
change between their FP-based and LP-based RT
groups. Sung and Kim [28] divided their
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participants’ results into three groups: an under-
weight group, a group within the normal range BMI
score, and an overweight group. This study reported
that the underweight participants gained signifi-
cantly more strength in the LP-based RT group.

The included studies also recorded several other
outcomes applicable to women post-ACLR. Firstly,
Sung et al. 2014 reported an increase in the quadri-
ceps muscle cell nuclei-to-fibre ratio following
FP-based RT only, as compared to the LP-based
training group. Secondly, Wikstrom-Frisén et al.
[25] and Vargas-Molina et al. [30] reported
increases in power measures such as squat jump
and countermovement jump compared to LP-based
or undulating RT, respectively. Thirdly, Wikstrom-
Frisén et al. [25] reported that only FP-based RT
increased participants’ lean body mass. Likewise,
Sung et al. [17] reported a superior increase in
muscle diameter following FP-based training com-
pared to LP-based RT. Moreover, a pilot study by
Vargas-Molina et al. [30] noted that although sig-
nificant increases in lean body mass were observed
for their undulating training group, absolute
changes favoured MC phase-based RT.

In addition, Wikstrom-Frisén at al. [26] reported
that participants experienced the LP-based RT pro-
gram as positive, but participants in LP-based RT or
the control group did not. Similarly, Zainab et al.
[29] also reported that their FP-based RT group
reported reduced dysmenorrhea symptoms and
increased quality of life compared to the LP-based
RT group.

Other reviews

A systematic review by Thompson et al. [19] aimed
to identify and critically appraise studies examining
acute and chronic effects of the MC on responses to
RT. This review included 17 studies and four ori-
ginal research articles in this scoping review
[17,18,25,27]. The authors reported conflicting find-
ings, small participant numbers and methodological
issues. Specifically, regarding programme design,
Thompson et al. [19] noted a lack of validated men-
strual cycle verification methods, and a concern
regarding confounding results in studies where par-
ticipants acted as their own control.

Regarding effects of MC phase-based RT pro-
grammes, the systematic review by Thompson et al.
[19] concluded that female hormones might affect
RT responses & advocated for further experimental
studies in the area. A narrative review by Knowles
et al. [31] also concluded that women may be able
to optimize performance or muscle adaptation by
emphasizing RT frequency during the FP of the MC
or with combined strength/power training
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throughout the cycle. Another narrative review by
Randell et al. [32] reported that phase-based RT is a
promising area with the potential to maximize train-
ing responses in soccer players. The authors advised
further research before implementation in a soccer
environment due to the logistical challenges of per-
sonalizing training loads in squads. In addition, two
narrative reviews recommended further research in
this area due to the small number of trials and to
clarify effects [33,34].

Furthermore, a recently published mechanistic
review paper by Oosthuyse et al. [35] discussed the
effects of MC phase-based RT on muscle regener-
ation. Oosthuyse et al. [35] concluded that by
unknown mechanisms, progesterone increases pro-
tein catabolism during the LP. In addition,
Oosthuyse et al. [35] noted that muscle regeneration
and strengthening are mostly greater during the FP
when oestrogen is present alone without progester-
one. Subsequently, Oosthuyse et al. [35] outlined
that when women train during the FP when oestro-
gen is high, superior muscle strengthening results
from oestrogen-activated superior satellite cell func-
tion. Whereas, when women train during the LP,
that progesterone counters this activation of satellite
cells. Therefore, Oosthuyse et al. [35] recommend
that women plan RT sessions during the FP because
progesterone is less active and will not suppress the
activation of satellite cells.

Discussion

This review aimed to establish what is known from
the literature about MC phase-based RT research
for women post-ACLR. Furthermore, it aimed to
establish any gaps in this literature. No original
studies were found that investigated MC phase-
based RT in women with ACL injuries. Six out of
eight included primary research studies provided
support for FP-based RT [17,18,25,26,29,30].

Participants

The participants included in this review were unin-
jured and had not undergone ACLR. Therefore, to
date, MC phase-based RT programmes have not
been investigated in women with ACL injuries.
However, most primary studies in this review had
participants who were students in their late teens or
twenties [17,18,25-27,29] which is in line with the
most at-risk female age groups that are affected by
ACL injuries [2].

Similarly, participant training status may have
implications for research in this Three
[17,27,28] out of eight primary studies included
non-resistance-trained participants, and two did not

area.

note RT status [18,29]. When studies do not use
resistance-trained participants, the initial training
effect may be more significant than the MC hormo-
nal training response. In an ACLR environment,
many sporting women may engage with RT regu-
larly as part of their sporting programme. However,
Parsons et al. [36] noted that some women post-
ACLR may have reduced familiarity with gym envi-
ronments due to factors including expectations of
weightlifting as masculine. Consequently, there may
be a proportion of women who may be more likely to
be non-resistance trained on entry to RT programmes
or likewise when commencing rehabilitation post-
ACLR. Rather than excluding non-resistance-trained
women from future trials, participants’ allocations
could be matched for their initial hormonal and train-
ing status to guarantee a homogenous distribution
between groups in future research.

Three studies included participants who served as
their own control [17,18,27]. With this method, the
cross-transfer effects of unilateral training would
influence these results [37]. Therefore, future
research should investigate participants who do not
serve as their own control. Participants not serving
as their own control would be especially pertinent
in a cohort following ACLR, considering the under-
lying strength asymmetry between bilateral lower
limbs postoperatively. In addition, Wikstrom-Frisén
et al. [25,26] used control groups that distributed
OCP and non-OCP users evenly throughout three
groups and compared the results across these three
groups. These women using the OCP would not
have had natural MC hormonal fluctuations.
Nevertheless, they were grouped randomly with nat-
urally cycling women, making it challenging to
establish the hormonal effects on the RT responses
of those in this study with a regular MC taking the
OCP [38]. Elliot Sale et al. [39] have provided meth-
odological guidance regarding using OCP groups as
control or experimental groups, guiding future
research in this area.

It is also worth noting that many of the included
experimental studies had low participant numbers
(median »n=20, minimum #n=7, maximum
n=150). Women have significant inter-and intra-
individual variations in reproductive hormone sta-
tus, which, combined with low participant numbers,
may lead to underpowered studies [39]. Therefore,
there is a need for future research in this area to
recruit and maintain more significant participant
numbers.

RT design

Six out of eight primary studies included RT proto-
cols which guided training frequency, intensity,



volume, progression, and duration of the training
period [17,18,25-28]. The guidance is in line with
recommendations of a systematic review investigat-
ing RT documentation after ACLR [40]. Therefore,
the reported training protocols would be considered
adequate in detail to apply and relate to a post-
ACLR environment. Similarly, the primary research
studies included RT programmes between eight-
and sixteen weeks. This duration range is in line
with recommended RT hypertrophy and strength
recovery timeframes post-ACLR, following an initial
five to six weeks of postoperative recovery [41].
Therefore, the reported training protocols would
also be considered similar in duration to apply and
relate to a post-ACLR environment.

In addition to the training detail and duration,
participation adherence rates are also pertinent to
record to establish between and within group differ-
ences in outcome measures related to participants’
participation in the RT programme [42].
Furthermore, women post-ACLR must also com-
plete cardiovascular, neuromuscular and agility
training as part of their rehabilitation. In line with
this, Wikstrom-Frisén et al. recommended that par-
ticipants engaging in FP-based RT include these
other exercise modalities during training sessions in
the LP [25,26].

MC verification methods

One of the challenges in MC phase-based research
is establishing the MC phase and status of partici-
pants. This challenge is due to incidences of anovu-
lation and LP insufficiency in athletic women [43].
Recent research recommends a three-step gold
standard, which includes MC calendar mapping,
urinary ovulation prediction kits and blood serum
analysis to verify ovarian hormone status [43]. Only
one primary study reported using the gold standard
three-step method for MC verification [18].
Furthermore, recent research recommends that if
participants do not meet the theoretical or stipulated
hormonal concentration requirements, researchers
should exclude this data from the study [39]. Only
Sung et al. [17] and Reis et al. [18] used blood
serum analysis post hoc to confirm hormone levels
to exclude participants, whilst Wikstrom-Frisén
et al. excluded participants whose MC was longer
than 35 days [25,26].

Consequently, as a recent methodological paper
recommended, further research is needed in this
area to establish the effect of the MC on chronic RT
responses using a robust methodology, including
gold-standard three-step MC verification and post
hoc data exclusion [39]. Regarding the feasibility of
tracking the MC in cohorts post-ACLR, it is worth
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noting that recent research reported that fifty per
cent of elite women athletes in New Zealand record
their MC [44]. In addition, rehabilitation post-
ACLR is a solitary endeavour, and injured women
would not be restricted by the logistical challenges
of MC tracking and personalizing training loads in
large squads. Therefore, further research to establish
the effect of the MC on chronic RT responses,
including the incorporation of a robust MC verifica-
tion methodology, could be conducted in sporting
or rehabilitation environments.

Effects of MC phase-based RT

The two included studies that confirmed MC phases
by blood serum analysis [17,18] concluded that FP-
based RT resulted in superior strength gain than
regular and LP-based RT by 20% and 29%.
Similarly, the systematic review by Thompson et al.
[19] concluded that female hormones may affect RT
strength responses, and where possible, to schedule
RT in the FP of the MC. Therefore, overall, the
results from this review support that the potential
positive effects of FP-based RT on strength out-
comes are relevant to investigate for women post-
ACLR. As previously discussed, persistent impair-
ments in strength are associated with reduced
patient outcomes, including reduced function, infer-
ior activity levels and increased reinjury rates [6]. It
is also important to note that even minimally super-
ior gains in strength can positively influence recov-
ery post-ACLR [7].

Several other reported results are applicable to
women’s recovery post-ACLR. Firstly, the higher
increases in squat and countermovement jump
power measures reported by Wikstrom-Frisén et al.
[25] and Vargas-Molina et al. [30] apply to women
post-ACLR. Sports such as netball and skiing, which
have high rates of ACL injuries, often include jump-
ing and landing [2]. Therefore women engage in
plyometric training to increase their proficiency in
these functional movements during ACL rehabilita-
tion. Furthermore, vertical and countermovement
hop tests are part of the battery of tests used to
clear women back to sport following ACLR [7].

Secondly, Wikstrom-Frisén et al. [25,26], Sung
et al. [17] and Vargas-Molina [30] et al. reported
lean body mass changes favoured MC phase-based
RT. On this note, Sung et al. [17] reported that
women’s quadriceps nuclei to cell ratio increased
after FP-based training only. As mentioned in the
mechanistic review from Oosthuyse et al. [35], these
results suggest increased satellite cell recruitment for
women who resistance train in the FP of their MC.
Increased satellite cell recruitment can lead to sev-
eral benefits, including reduced muscle atrophy and
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improved muscle repair and growth [12,13]. These
superior lower limb muscle mass and increase in
nuclei-to-cell ratio results are pertinent for women
post-ACLR. Disuse atrophy of the quadriceps is
common post-ACLR, and recent research has rec-
ommended further research into establishing opti-
mal methods to tackle postoperative atrophy [45].

Considering the physical differences noted above,
it is also pertinent to consider if women engage in
and prefer this type of training. The included stud-
ies reported no differences in adherence for different
training types. However, Wikstrom-Frisén et al. [26]
reported that more participants experienced
FP-based RT as positive, compared to regular or
LP-based training [26], indicating that FP-based
training may be favourable for women. It is
unknown whether this noted preference for FP-
based training may relate to MC phase differences
in mood or motivation. Mood or motivation for
training was not reported or monitored in any of
the included studies despite recent research report-
ing that hormonal fluctuations can affect both fac-
tors [46,47]. Motivation for training is essential in a
rehabilitation environment [42], and for athletes
post-ACLR, higher motivation during rehabilitation
is associated with returning to pre-injury sport [48].
Therefore, there is a role for future research to
investigate this topic and explore the rationale for
participants’ preference for FP-based RT, which is
also relevant for women post-ACLR.

Likewise, Zainab et al. [29] reported a superior
reduction in pain symptoms for their FP-based RT
participant group with dysmenorrhea. The impact of
RT on pain symptoms is also applicable and rele-
vant to women post-ACLR, as pain symptoms may
affect their ability to engage in RT following ACLR.

Limitations

This review is the first to consider the methodolo-
gies of MC phase-based RT and identify an oppor-
tunity for future research in a population group that
needs efficient and effective RT approaches. There
are several limitations to consider. The researchers
are English-speaking and thus this scoping review is
limited to English language research only.
Furthermore, this scoping review is limited to the
available research, including several studies with
small sample sizes and methodological issues. In
addition, this review did not undertake any formal
methodological quality assessment. Because the aim
was to provide a general overview of existing litera-
ture, there is no synthesized result or answer to any
question. Furthermore, this scoping review is at risk
of bias from different sources, including selection
bias [21]. However, the complete search strategy,

including the iterations, was all documented to
acknowledge and mitigate this risk of selection bias.
Similarly, as the Open Science Framework does not
permit modifications to registered protocols, the
changes made to this study may not be apparent to
other researchers. However all protocol changes
were noted in the Material and Methods section to
ensure transparency and reliability.

Conclusion

This scoping review provides an overview of current
literature relating MC phase-based RT for women,
providing implications for future research for post-
ACL rehabilitation. To date, there are no current
published studies investigating the effects of MC
phase-based RT following ACLR. This
included eight original research studies, six support-
ing FP-based RT to enhance training responses. The
included studies described RT protocols and results

review

relevant and applicable to women post-ACLR.
Specifically, the studies that confirmed MC phases
by blood serum analysis concluded that FP-based
RT resulted in superior strength gain than regular
and LP-based RT. In addition, studies reported
superior training results for FP-based RT, including
increased lean body mass, nuclei-to-cell ratio, super-
ior power measures, participant preference, quality of
life, and symptom improvement measures. These
results support that these described FP-based training
protocols may influence responses relevant to women
post-ACLR. Therefore, this review also supports
future research which examines how FP-based RT
affects naturally cycling women following ACLR.
Researchers should conduct all future research in line
with up-to-date methodological recommendations.
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