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ABSTRACT

EEL el ke N (a1 Menstrual cycle may affect the training of strength and muscle size. The aim of
the present study was to determine the effect of exercise volume distribution in the 2 follicular and luteal

Received: 17 Oct 2021 phases of the menstrual cycle on serum Insulin-like Growth Factor 1 (IGF-1) and muscle mass in women.
Accepted: 13 Nov 2021 : [VMIETEEE in this semi experimental study’ 20 amenorrheic women with a mean age of 2245 years, with-
Available Online: 21 Jan2022 . outcontraceptive use and a history of eight weeks of resistance training were selected. Each subject had

8 training sessions on one leg in the first 14 days of menstruation and 2 training sessions on the second
14 days of menstruation (training in the follicular period) and the other leg had 2 training sessions on the
first 14 days of menstruation and 8 training sessions on the second 14 days of menstruation (training in
the luteal period). The training protocol was consist of unilateral leg extension.

[(EENTE the quadriceps Muscle diameter (according to pretest size) in follicular training (FT) (0.67+0.34

Keywords: © (cm)) was higher than luteal training(LT) (0.46, 0.41 cm) (P=0.012). Also, insulin-like growth factor in-
Menstrual cycle. creased in both groups (13%) regardless of the type of exercise schedule (P> 0.001).

Resistance training, i [ETTEERT According to this study it is recommended that follicular based training may cause more mus-
Follicular, Luteal, © cle hypertrophy and maximum strength than luteal based training in young amenorrheic women who
Muscular hypertrophy :  do not take birth control pills.
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7. Insulin-like Growth Factor 1 (IGF-1)
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5. Follicular training (FT)
6. Myosin heavy chain (MHC)
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8. Luteal training (LT)
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9. chemiluminescence immunoassay (CLEA)

dudr A (Sasld Jol 59, VF yo 55058 09,5 o b S5 oy
by cudls (Fasl pgd 59, 1F 10 (nyed dudar ¥ g 0yl
A g ryes dualz ¥ ( Sacld Jol 59,1y Jlisgl og)8" 50 500
() ojles Jogaz) cuils Sacld pgo 59, VT 10 (1 pod ad>

V30 03 (Bl g dbewg s b 9 0 o loz alae ,lad
SBY 59, 50 eizren g Sliyyed £9,8 5l S (Sosld
e Ol 4 (S siges il g S eplil (o3 atin Al sy
ALéc‘s?)lp'-sGl&b LsL:...:Léw.‘:dLolé 6}:§03|A3| W) |).?|
Ve 3o b Ggo glgal S5 ol a5 (glge 1Sl by ool
.AJI:L:‘SA |)|.> |) alac )145 Gﬂfo}b&‘ LS‘):’ alac 6)3'%5:-’L“’
&b plodl alae Jes 5Lad (p yiSzsS o b s pSojll
D5 51 S gigms 3 B alBo Yo Se 4y L Sge3l [YA]
3 oo sl b tolesl s U aind aie alae (gbiwy
b b &g o sngesT ples [YA] wiSs ,is lalil oyl
b ad)S )3 ()5 gig oliws oo (59 00 o3 55 9
28,55 3 gl n5 gy b Gl g 9 993 L2l Gl
Ol Jloy 895 o (et Lawg alold yo LiBs (3,5 gigu
ol 69y )l 42 (@95) K g 0 plovil il; Juaie § o
R g s (59, jLid cely b 8,5 18 o Sogel
zeoly Kiuled 10 pgai b cd )T )| Falac Lax 0 ay4l; o
g A 5258 9 00alpo Saled 4y Kaled o gl .l
D9d 5yeSojlail dlae 8 b ab )b pSe pgas
(S e (I e alae T e Sl ¥ nSile
alae jld b ol poz pal alall S o Sy ) 9 (Gloo 2
2l pSoadl Ghay 0 w9 658 Jore il o 4
20 UalesT o8 (6,503l s yo B o ol o 4y S
d plool abais olon

Jol 595 9 pes J5S (Sasls Jol 39, 55 095 sialey]
Ay Jole o opannd (gl sl S jalew ) poey (Sacld

oS Jo £95 9 53 (o Voplgedl 4w Jule i £ Jgoa

Saro B itk il
P95 595 P W0 4 O pauks P
o9o3lom 093l
AN W VY -2VSIY YAOEISIY (p5 sl 5 55) Y sefgusl s 15y Jole
el su—e

sioglie Uiy o3 41 (515 3w 43 JU ) Al yo ds Cond NgKeld Al yo 33 oy you o Al 0311 5V (idguudlagsd sy Jole C51puadd o g (50ame o



http://jsmj.ajums.ac.ir/

7 0ylods Y+ 0,90 NFee wiil g cpon

R é—wm—nkdm

F o)t Jadzr) (P<+/++ )

BV 5o Sluped jf ey gley 0 LSS Aty &8

b 99 o dipden )08 Clla (Sl oo b JUSof 9 }YeSC)s0

S obine Soglis B 4y S (2 03 (sl £98 90 2 )0

P95 e Ao (O yuizmo (P<efe o V) cadls )il jo

g0t Y5Sdgd 0g)F 40 Ao &8 il ol (lad b
AV 0 )lod pagua) 92 Y5Slsd 3l i (5 loline

o
d

Y558 09,5 18 ©yu8 (alil (3o pl aidly (2 hege

Alie (gl 093 (A0 A0 JIS o) 09,5 s Cunsd (duoyd VEY)
o33l Wogy ooy lias aS abl oo gueed LB Clados L
L JU5o) a5 09,5 5l e ;Y55CI98 (52 a3 09,5 5o iy
3 €508 g ol andl dA-Y o] ol (sole wujg5 b o pes
Jelge 5 (i ped ol (5)l9d Jlows S5 (Sl sz Jobo
S .cud a8 5@ jad mhaw p Shej e 0 a4y Ko
S8 09739 9 359l g b 508 Ol kS sy o0

)%l_w SS—>

Ol ez alae a8 (unss gl (T gigm s ) jrgad

PRV PR FEI K V3 PESPEPSN DRSO - SOV D JNK 98
.A&Aﬁ;)ﬁl)ap<’/’é‘5)h1‘5)bbuc|auw‘

Laisly

Bﬁ:lﬁ C)yoj L odal Cawddy Sleb| &9 o9 ‘slﬁ-:-b
Al oo o slaog)S 0 o jo oz alae

Gy 55 2 5l am yuler alae Hld ol las mls
NSalsh e das yofaz e S8 il P+ +1)
) cyaye3 51 oyoline Syt (yo siilust [FYEL/TE)
(Y o)louds Jguz) 099 yiiion (+/F7L+/FY)

Sl e )l (s (6l (B g mlis ) ojleds g
a8 oo Gl ) oy

2199 3l g so e Vgl s 0y Jole ol s
als ol gyl polie 4y Cand (5 loline 2al38l oy a3

waglilo iy pod &1 (5575w 43 JUS9) Al yo & Cund )¥5S0d a3 53 oy yow o Al 031515 I gl Al Jolos i -y 5R0 9 (Gudomne e



http://jsmj.ajums.ac.ir/

)%L.}; (SS—r>
70
60

50

40

30 275

Strnght (1RM)

20

10

DYl

Juisd G

# 0ylols Y+ 0,90 NF

DY S O
o8 ol sla (e

Jus gl

N ¥ p—— T

Sy emode alna

el su—

Tl 4 T Se3S (g 8 Jorol il 9 (y9yimsgins aiile
(silej 0393500 18 (65657 sl o 41 998 nl [VF] s oo
5 il g cdlde i o Jale 51 Sy o S S
Sgoae 3| polo- Buiod Wiz o el YeSlgd i pos 3 SBU
L4z b silwalas glp o5 S0l 8,90 50 Sliniod
OBy e b oS wdly oo obe Jsb 4o U5 (g0 y90 Slilugs
@l Ll el 00 T2 gy o cymr el yiadl 5 o Joiliad
e 35 (6 iy liging anee) ol 5 (6 S e
i plogl Ko 5 Bl  SLlSLs Lansgs 45 s 1o
lae ol p 65 YeSded 518 15 (el W3S (A5
Geizs gl b aS [V ] o)las Jlsgh 18 50 s 4y o
S 4 ol (San gl jo Solds o i gunods ol
£S5 #6500 L iy, Bras g b dogel (0,55 (ruyed
Aot 4 (g e (nl Cal o adetie Al (2859
oa)S;Z onyed ol yaizmen IV s atgy (s3lwaliae (ol
O Ylatol g sy oo Ay 4 (i o3 S 2 (02,588 b
Otred Cglite (giacyleg Coglis 4y Sl Jul (o 4 o]

I PRKY

M9SIsd 09,5 53 Ljad e alil g cdlae jiins Wb,
Al 86 Vleza! G cpl j3 JUSg) 09)5 dr Copnd
Jol 0395 VE 30 o1 (g fasginss g ol (y92usgiund grlas (3091
g 0t (5 uSoihl pols gaios o o [A] wib e (Sacls
Sligdos b Gub il oo pol> Gubon slacgsgas |l
N5dgd B 9y 10 (5 )3 (g ymgind ghaw ASALY
oles 5 b J8 ids 9wl 995 ghaw (nyomb
sy 0 095zl 41 (Sl 59, Jgo> gin (5 5SS
AV Jed> 4 VgSlgh e 5l AU (Dlde 2w, 0l
SgblS (1L STl (g9 590 S lgreds el sl (p09:
Olpeds g ylon 9o (09 Vb 9 YSlsd al>ye y

JW5g) 9 ,¥9Sdo8 (slajld 40 oy ye (sloog )T 40 4il; jguaiiinT dlie &8 Ol i Y prguad

PESPR - PSR PURUIN - JUCER 23 PUBWEE, [E BRI
SYeSCdsd 518 o oUs 5l 6)1,..:9 Lol cams ylias @ ya8 5 Sacld
4 Jouol il Cons oS Sl LB g (5,05 S35 (> 03a54
608 Sazs 5l ms IV] s 5698 s Yl 9553
09739 4 (gl Comad (0B (wgSan Ly ol yo alolidly
Pt 02395 (3280 il a4y dz g sy o0 NS 005
B S Sl iy 0508 &5 Jlej p0 (pped e
Sy oo B Ay Dgb o (6 ©)a8 S ey ;Y 5SCIg
onl e Sl Lyl » Hhas o> ol g
Ol CiS by £9.590 (al Sl )0 Al e 0 ja8 iglas
D91 iy JUg) 09,5 4y Cond Y55 05,5 y0 aliae b
0 deelz 5 5l G (B Sl i oS LS altns
Sl (Sl 452 JUsgl al> pe 4y Cod V5SUgd al> e

IA-Y <1 595 00 0l 35 ax838 liios s a5 [V4]

slo)giSl 4 guo b (Dl 0355 JyuS aSul 4 4295 L

Jelge 51 (o Voadgual 4l a) Jole o)l (St a2
$90392 (st yd Miloe (Dae ad; b b ye geen
Oizeed L8l (ol (g lolins & jgoas (2 o5 4an A Sl g
2§ b 55 ( Sucl pulil 02 503 (gta0le) dd (aseltee
Sy Facld Jol 35, 30 (oo V gl a0l ke xban
Vsl gaasil a0y Jale duylin pas ¢ pol> 3o Cydgasee
i a8l aydzrgi bl JUSgl o Y9598 38T 55 o0y
Jole 0 (Dlae ©08 5 (B pals dulie Jolo 4 2l
5500 6l boyd LSS auslin & yg0d; dilale JSow calises
Gy aileale S calizes slajl il dunlie Sl gy 395
2V Oelamdl ard 0y Jolo (25 4 4295 b g pdy il Lo
JUBg) 4 o Y5008 09,5 gy bl eodlae i ud,
azgs JUSgl 9 YeSded sl 10 (5090 (nl Slpss L,
o2 90,88 Oyl Zhas wilosls lis Cladod 5,90 () j0 0,5

sioglie Uiy o3 41 (515 3w 43 JU ) Al yo ds Cond NgKeld Al yo 33 oy you o Al 0311 5V (idguudlagsd sy Jole C51puadd o g (50ame o

OFY



http://jsmj.ajums.ac.ir/

7 0ylods Y+ 0,90 NFee wiil g cpon

DA ¥Y] asl o J5gd al e 0 Sl (yg0j90 SO
al> 1o 0 g Sy o0 395 ol Ay (6 S Sas 3| 3 Jasol yiudl
9 gl sl ojlail 4 JBlax) il o Vb (o5 pa JUisy)
9o & Cenlomi] JStie (S9N 59, 50 Jouol
P9 GITSL3S | am Col mly YeSClgh al> e o 45
STl ST b Talls 5 sy oo ol 42 53} alo o
WS (oo (i g dl>ye 0 0o 1) Jgaol ] SIS
3 5L B9yl gl ouiiSaeg5 wilg se a5 [¥e V4]

2l JUsgl g ¥gSelgb 516 98 50 (Jaglie iy ya

L

Cacls ;Yo5CI98 0 o3 8l (LS Boiod (i (SIS yolos
JUS8) (i yed 4 S (i p08 RaljBl g (Dlae u
Ol (Saeld ddron 39 00 (i pod dlib b gz (U 50
S ol 4 Gl &5 Cond 59) YA 390> 5 plate &g
Sl BY o olgly (S 0 o8 ol 9,5 (55,2l p
Lol cnly axtls cpped 3 65830 &5 Canad ugune iz
T30 4 (Sl a5 > gl doi 0 Sl Lapzma 0929
Sl Sl o 00l LS Babods oyl 9 AT Clddod jo
Wb slog 1o 5 g iyfs salain (Sucld a5 0,9000 ) 395 0
g oo i (oxasb (Sgeym Jilgy piS Sl 45 05k
ool 1y 095 5508 Gl pod (guiile) «isS sod oolaiul
S i 55,3 Sl

YRR

Aagi B Jaol 3l (595w

oS dlicols, bouuSes b (Koo jl yol> aslllae jo
Sledlbl as” 0 ools bl b Soge3T 4y .o iy o ailalsT
Wil oo (Bl dile yre O yge0 4y ) Kt g5 855 oy Lo (o2
so5ls> oliils D aeS Lawgs pol> Gaions o o plod
R PRV d:.gi?
o ol>
Syl Jbe Jol> allis oy

iy (g5l 9 S)bulig (o) 9 B o(53lupgrie
(00 C)L“j'é §(S ) IS ((§ATms Suo>

&8lo o,

waglilo iy pod &1 (5575w 43 JUS9) Al yo & Cund )¥5S0d a3 53 oy yow o Al 031515 I gl Al Jolos i -y 5R0 9 (Gudomne e



http://jsmj.ajums.ac.ir/

Jundishapur

Journal of Medical Sciences

References

[1] Shahidi F, Sarhadi S. [Comparison of some physiological indices
of mature girls in luteal and follicular phases of menstrual cycle
(Persian)]. Iran J Obstet Gynecol Infertil. 2015; 18(164):11-8.
https://ijogi.mums.ac.ir/article_5615.html

[2] Longcope C. 1 Adrenal and gonadal androgen secretion in
normal females. Clin Endocrinol Metab. 1986; 15(2):213-28.
[DOI:10.1016/S0300-595X(86)80021-4]

[3] Van Look P, Baird D. Regulatory mechanisms during the men-
strual cycle. Europ J Obstet Gynec Reprod Biol. 1980; 11:121-
44.[D0I:10.1016/0028-2243(80)90018-0]

[4] Constantini NW, Dubnov G, Lebrun CM. The menstrual cycle
and sport performance. Clin Sports Med. 2005; 24(2):e51-82.
[DOI:10.1016/j.csm.2005.01.003] [PMID]

[5] Janse de Jonge XA. Effects of the menstrual cycle on ex-
ercise performance. Sports Med. 2003; 33(11):833-51.
[DOI:10.2165/00007256-200333110-00004] [PMID]

[6] Lebrun CM. The effect of the phase of the menstrual cycle and
the birth control pill on athletic performance. Clin Sports Med.
1994; 13(2):419-41. [DOI:10.1016/50278-5919(20)30339-2]

[7] Blagrove RC, Bruinvels G, Pedlar CR. Variations in strength-
related measures during the menstrual cycle in eumen-
orrheic women: A systematic review and meta-analysis.
J Sci Med Sport. 2020; 23(12):1220-7. [DOI:10.1016/j.
jsams.2020.04.022] [PMID]

[8] Reis E, Frick U, Schmidtbleicher D. Frequency variations
of strength training sessions triggered by the phases of
the menstrual cycle. Int J Sports Med. 1995; 16(8):545-50.
[DOI:10.1055/5-2007-973052] [PMID]

[9] Sung E, Han A, Hinrichs T, Vorgerd M, Manchado C, Platen P. Ef-
fects of follicular versus luteal phase-based strength training in
young women. Springerplus. 2014; 3:668. [D01:10.1186/2193-
1801-3-668] [PMID] [PMCID]

[10] Wikstrom-Frisén L, Boraxbekk CJ, Henriksson-Larsen K. Ef-
fects on power, strength and lean body mass of menstrual/
oral contraceptive cycle based resistance training. J Sports
Med Phys Fitness. 2017; 57(1-2):43-52. [DOI:10.23736/50022-
4707.16.05848-5]

[11] Sakamaki-Sunaga M, Min S, Kamemoto K, Okamoto T. Effects
of menstrual phase-dependent resistance training frequency
on muscular hypertrophy and strength. J Strength Cond Res.
2016; 30(6):1727-34. [DOI:10.1519/JSC.0000000000001250]
[PMID]

[12] Ahlborg B, Bergstrom J, Ekelund LG, Hultman E. Mus-
cle glycogen and muscle electrolytes during prolonged
physical exercisel. Acta Physiol Scand. 1967; 70(2):129-42.
[DOI:10.1111/j.1748-1716.1967.tb03608.x]

[13] Jabbour HN, Kelly RW, Fraser HM, Critchley HO. Endocrine
regulation of menstruation. Endocr Rev. 2006; 27(1):17-46.
[DOI:10.1210/er.2004-0021] [PMID]

[14] Enns DL, Tiidus PM. The influence of estrogen on skel-
etal muscle: Sex matters. Sports Med. 2010; 40(1):41-58.
[DOI:10.2165/11319760-000000000-00000] [PMID]

January & February 2022, Volume 20, Number 6

[15] Lowe DA, Baltgalvis KA, Greising SM. Mechanisms be-
hind estrogens’ beneficial effect on muscle strength in fe-
males. Exerc Sport Sci Rev. 2010; 38(2):61-7. [DOI:10.1097/
JES.0b013e3181d496bc] [PMID] [PMCID]

[16] Pellegrini M, Bulzomi P, Galluzzo P, Lecis M, Leone S, Pallot-
tini V, et al. Naringenin modulates skeletal muscle differentia-
tion via estrogen receptor o and B signal pathway regulation.
Genes Nutr. 2014; 9(5):425. [DOI:10.1007/s12263-014-0425-
3] [PMID] [PMCID]

[17] Dieli-Conwright CM, Spektor TM, Rice JC, Sattler FR, Schroed-
er ET. Influence of hormone replacement therapy on eccentric
exercise induced myogenic gene expression in postmeno-
pausal women. J Appl Physiol (1985). 2009; 107(5):1381-8.
[DOI:10.1152/japplphysiol.00590.2009] [PMID] [PMCID]

[18] Enea C, Boisseau N, Fargeas-Gluck MA, Diaz V, Dugué B. Circu-
lating androgens in women: Exercise-induced changes. Sports
Med. 2011; 41(1):1-15. [DOI:10.2165/11536920-000000000-
00000] [PMID]

[19] Oosthuyse T, Bosch AN. The effect of the menstrual cycle on
exercise metabolism: Implications for exercise performance
in eumenorrhoeic women. Sports Med. 2010; 40(3):207-27.
[DOI:10.2165/11317090-000000000-00000] [PMID]

[20] Gharahdaghi N, Phillips BE, Szewczyk NJ, Smith K, Wilkin-
son DJ, Atherton PJ. Links Between testosterone, oestrogen,
and the growth hormone/insulin-like growth factor Axis and
resistance exercise muscle adaptations. Front Physiol. 2021;
11:621226. [DOI:10.3389/fphys.2020.621226] [PMID] [PM-
CID]

[21] Kraemer WJ, Ratamess NA. Hormonal responses and adap-
tations to resistance exercise and training. Sports Med. 2005;
35(4):339-61.  [DOI:10.2165/00007256-200535040-00004]
[PMID]

[22] Crewther B, Cronin J, Keogh J. Possible stimuli for strength and
power adaptation: Acute mechanical responses. Sports Med.
2005; 35(11):967-89. [DOI:10.2165/00007256-200535110-
00004] [PMID]

[23] Florini JR, Ewton DZ, Coolican SA. Growth hormone and the
insulin-like growth factor system in myogenesis. Endocr Rev.
1996; 17(5):481-517. [PMID]

[24] Ovesen P, Vahl N, Fisker S, Veldhuis JD, Christiansen JS, Jgr-
gensen JOL. Increased pulsatile, but not basal, growth hor-
mone secretion rates and plasma insulin-like growth factor
| levels during the periovulatory interval in normal women.
J Clin Endocrinol Metab. 1998; 83(5):1662-7. [DOI:10.1210/
jcem.83.5.4761] [PMID]

[25] Kelly G. Body temperature variability (Part 1): A review of the
history of body temperature and its variability due to site se-
lection, biological rhythms, fitness, and aging. Altern Med Rev.
2006; 11(4):278-93. [PMID]

[26] Owen JA Jr. Physiology of the menstrual cycle. Am J Clin Nutr.
1975; 28(4):333-8. [DOI:10.1093/ajcn/28.4.333] [PMID]

[27] Schoenfeld BJ. science and development of mascular hy-
pertrophy. Champaign: Human Kinetics; 2016. https://www.
google.com/books/edition/Science_and_Development_of _
Muscle_Hypert/cvR6DwWAAQBAJ?hl=en&gbpv=0

Masjedi H, et al. Changes in IGF-1 and Quadriceps Muscle Size in Follicular Stage Compared to Luteal Stage. JSMJ. 2022; 20(6):556-565.



http://jsmj.ajums.ac.ir/?lang=en
https://ijogi.mums.ac.ir/article_5615.html
https://doi.org/10.1016/S0300-595X(86)80021-4
https://doi.org/10.1016/0028-2243(80)90018-0
https://doi.org/10.1016/j.csm.2005.01.003
https://www.ncbi.nlm.nih.gov/pubmed/15892917
https://doi.org/10.2165/00007256-200333110-00004
https://www.ncbi.nlm.nih.gov/pubmed/12959622
https://doi.org/10.1016/S0278-5919(20)30339-2
https://doi.org/10.1016/j.jsams.2020.04.022
https://doi.org/10.1016/j.jsams.2020.04.022
https://www.ncbi.nlm.nih.gov/pubmed/32456980
https://doi.org/10.1055/s-2007-973052
https://www.ncbi.nlm.nih.gov/pubmed/8776210
https://doi.org/10.1186/2193-1801-3-668
https://doi.org/10.1186/2193-1801-3-668
https://www.ncbi.nlm.nih.gov/pubmed/25485203
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4236309
https://doi.org/10.23736/S0022-4707.16.05848-5
https://doi.org/10.23736/S0022-4707.16.05848-5
https://doi.org/10.1519/JSC.0000000000001250
https://www.ncbi.nlm.nih.gov/pubmed/26554551
https://doi.org/10.1111/j.1748-1716.1967.tb03608.x
https://doi.org/10.1210/er.2004-0021
https://www.ncbi.nlm.nih.gov/pubmed/16160098
https://doi.org/10.2165/11319760-000000000-00000
https://www.ncbi.nlm.nih.gov/pubmed/20020786
https://doi.org/10.1097/JES.0b013e3181d496bc
https://doi.org/10.1097/JES.0b013e3181d496bc
https://www.ncbi.nlm.nih.gov/pubmed/20335737
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2873087
https://doi.org/10.1007/s12263-014-0425-3
https://doi.org/10.1007/s12263-014-0425-3
https://www.ncbi.nlm.nih.gov/pubmed/25156241
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4172642
https://doi.org/10.1152/japplphysiol.00590.2009
https://www.ncbi.nlm.nih.gov/pubmed/19696363
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2777804
https://doi.org/10.2165/11536920-000000000-00000
https://doi.org/10.2165/11536920-000000000-00000
https://www.ncbi.nlm.nih.gov/pubmed/21142281
https://doi.org/10.2165/11317090-000000000-00000
https://www.ncbi.nlm.nih.gov/pubmed/20199120
https://doi.org/10.3389/fphys.2020.621226
https://www.ncbi.nlm.nih.gov/pubmed/33519525
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7844366
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7844366
https://doi.org/10.2165/00007256-200535040-00004
https://www.ncbi.nlm.nih.gov/pubmed/15831061
https://doi.org/10.2165/00007256-200535110-00004
https://doi.org/10.2165/00007256-200535110-00004
https://www.ncbi.nlm.nih.gov/pubmed/16271010
https://www.ncbi.nlm.nih.gov/pubmed/8897022
https://doi.org/10.1210/jcem.83.5.4761
https://doi.org/10.1210/jcem.83.5.4761
https://www.ncbi.nlm.nih.gov/pubmed/9589674
https://pubmed.ncbi.nlm.nih.gov/17176167/
https://doi.org/10.1093/ajcn/28.4.333
https://www.ncbi.nlm.nih.gov/pubmed/1091131
https://www.google.com/books/edition/Science_and_Development_of_Muscle_Hypert/cvR6DwAAQBAJ?hl=en&gbpv=0
https://www.google.com/books/edition/Science_and_Development_of_Muscle_Hypert/cvR6DwAAQBAJ?hl=en&gbpv=0
https://www.google.com/books/edition/Science_and_Development_of_Muscle_Hypert/cvR6DwAAQBAJ?hl=en&gbpv=0

[ ]
Jundishapur

Journal of Medical Sciences

[28] Martinson H, Stokes MJ. Measurement of anterior tibial
muscle size using real-time ultrasound imaging. Eur J Appl
Physiol Occup Physiol. 1991; 63(3-4):250-4. [DOI:10.1007/
BF00233856] [PMID]

[29] Reimers CD. [Sonographie der muskeln, sehnen und nerven:
Untersuchungstechnik und befundinterpretation; mit 103 ta-
bellen (German)]. Cologne: Dt. Arzte-Verlag; 2004. https://
www.google.com/books/edition/Sonographie_der_Muskeln_
Sehnen_und_Nerve/AYEQLoLRgPwC?hl=en&gbpv=0

[30] Haff GG, Triplett NT. Essenssial of strength training and con-
ditioning. Champaign: Human Kinetics; 2016. https://www.
google.com/books/edition/Essentials_of Strength_Training_
and_Cond/bfuXCgAAQBAJ?hl=en&gbpv=0

[31] Alexander GM, Sherwin BB, Bancroft J, Davidson DW. Tes-
tosterone and sexual behavior in oral contraceptive users and
nonusers: A prospective study. Horm Behav. 1990; 24(3):388-
402. [DOI:10.1016/0018-506X(90)90017-R]

[32] Reilly T. The menstrual cycle and human performance:
An overview. Biol Rhythm Res. 2000; 31(1):29-40.
[DOI:10.1076/0929-1016(200002)31:1;1-0;FT029]

Masjedi H, et al. Changes in IGF-1 and Quadriceps Muscle Size in Follicular Stage Compared to Luteal Stage. JSMJ. 2022; 20(6):556-565.



http://jsmj.ajums.ac.ir/?lang=en
https://doi.org/10.1007/BF00233856
https://doi.org/10.1007/BF00233856
https://www.ncbi.nlm.nih.gov/pubmed/1761016
https://www.google.com/books/edition/Sonographie_der_Muskeln_Sehnen_und_Nerve/AYEQLoLRqPwC?hl=en&gbpv=0
https://www.google.com/books/edition/Sonographie_der_Muskeln_Sehnen_und_Nerve/AYEQLoLRqPwC?hl=en&gbpv=0
https://www.google.com/books/edition/Sonographie_der_Muskeln_Sehnen_und_Nerve/AYEQLoLRqPwC?hl=en&gbpv=0
https://www.google.com/books/edition/Essentials_of_Strength_Training_and_Cond/bfuXCgAAQBAJ?hl=en&gbpv=0
https://www.google.com/books/edition/Essentials_of_Strength_Training_and_Cond/bfuXCgAAQBAJ?hl=en&gbpv=0
https://www.google.com/books/edition/Essentials_of_Strength_Training_and_Cond/bfuXCgAAQBAJ?hl=en&gbpv=0
https://doi.org/10.1016/0018-506X(90)90017-R
https://doi.org/10.1076/0929-1016(200002)31:1;1-0;FT029

