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For many years strength has been recognized as a major factor contributing to success in
athletic performance. For this reason, the development and assessment of muscular strength
have been of vital interest to athletes, exercise physiologists, and individuals involved in
rehabilitation programs. However, much of the available literature has concentrated on the
study of male subjects (5, 6, 7, 9, 10, 25, 26, 33, 34). A comparatively small number of
studies have examined muscular strength in females (1, 23, 36). Conclusions derived from
studies utilizing male subjects are often applied to female subjects without reservation.

The basis for this practice is the assumption that male and female musculature exhibit
similar strength characteristics (e.g., contractile properties, force velocity curves). However,
a review of the literature would suggest this may not be a valid assumption.

Wilmore (36) has reported that when strength values are corrected for size of the lean body
mass, little, if any, difference exists between genders. In contrast, Asmussen (3) has reported
that, even when height and weight of subjects are equated, males are stronger than females.
Hoffman, Stauffer and Jackson (15) have indicated that while relative differences exist
between males and females in upper body strength, there are not demonstrable differences
in lower body strength. However, college women have been reported having 50% less arm
and shoulder strength, and approximately 30% less leg strength than college men (30). Ikai
et al. (16) found strength relative to the cross-sectional surface area of the muscle to be

the same for males and females. However, Morris (22) found males stronger than females
even when accounting for muscular size. Kroll et al. (19, 20) have reported differences in
strength between genders and have suggested that differences in muscle fiber composition
may account for the differences observed in muscular strength when comparing specific
muscle groups.

The observed differences also may in part be related to the use of different assessment
techniques. Isotonic (IT), isometric (IM), and isokinetic (1K) methods have each been
utilized in research to assess strength. Several factors may influence the maximum force
potential of the different types of contractions (i.e., the pattern of motor-unit recruitment).
Rosentswieg and Hinson (29) have examined the electromyographical patterns (EMG) of
three types of contraction and have shown IK contractions elicit the greatest EMG activity.
While Rasch and Pierson (28) have shown that greater force can be developed in an IM
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contraction than an IT contraction, Thorstensson (33, 34) has shown maximum IM force is
greater than IK derived strength values.

In view of the confusing data, it seems apparent that the similarities (or differences) in the
muscular strength characteristics of males and females may be an unresolved issue. For
this reason additional study of the strength characteristics of females appears warranted.
Therefore, the purpose of this study was to investigate the interrelationships of isotonically,
isometrically, and isokinetically derived measures of maximum force development in the
quadricep femoris muscle group of females, and, to compare the strength characteristics of
females with those of males as previously reported in the literature.

Physical characteristics (age, height and weight) and strength measures were collected from
63 active, healthy volunteer female subjects. Subjects were informed of any risk associated
with participation in the study and signed letters of informed consent prior to participation in
the study. The subjects’ medical records were reviewed to ensure that the type of maximum
exertion required in this study was not contraindicated for any reason.

Testing sessions

Each of the three assessment methods were duplicated on separate days with the mean of the
two greatest determinations serving as the score for subsequent statistical analysis (31). All
testing was conducted on the quadriceps femoris muscle group of the left leg because of the
ease of measurement and the availability of comparative data (32, 33, 34).

A testing session consisted of a warm-up period followed by one of the three treatments, an
18 minute rest period, a second treatment, an 18 minute rest period, and the final treatment
(11, 21). The order of treatments were determined by a Latin square design with test
sessions separated by a minimum of 24 hours of recovery.

Each subject reported to the appropriate testing area in gym shoes, shorts and exercise
shirt. Subjects were allowed a ten minute flexibility warm-up session. After being
positioned for the test, further warm-up was allowed appropriate to the test apparatus.
This additional warm-up consisted of five leg extension/flexion movements against a sub-
maximal resistance.

Isotonic testing procedures

Isotonic assessments were made on a Universal Gym Centurion Leg Extension Machine
(model 9335, Kiddle Co.). The apparatus was equipped with an adjustable lifting arm to

suit the subject’s leg length. Weight increments were in 2.24 N (10 Ibs). A weight locking
device was attached so that smaller increments could be selected. The procedure used to
determine the one repetition maximum (1 RM) was a modification of that suggested by
Berger (5). Following the standard warm-up activities each subject was positioned for the
test. The lever arm of the apparatus was adjusted to rest on the tibia just above the ankle. The
subject was then verbally encouraged to extend her left leg in an attempt to overcome the
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resistance provided by the attached load. The load was then increased by 2.24 N after each
successful effort until the load became difficult. A 1.12 N load increment was subsequently
utilized until the subject was not successful in achieving at least 90 degrees of extension as
suggested by Berger (5). Inter-trial rest was maintained at 3 minutes (5, 17). The maximum
load successfully lifted served as the score for statistical analysis. Care was exercised to
determine the 1 RM within three trials in an effort to enhance the validity of comparisons
between assessments, however, several subjects (n=6) did require a fourth trial.

Isometric testing procedures

A Cybex Il (Lumex, Inc.) was used to conduct all IM and IK strength assessments. For the
purposes of this study, the apparatus consisted of a supportive chair with thigh-securing
strapping, an adjustable dynamometer with an adjustable lever arm with strapping for
securing to the tibia. Subjects were positioned in the right chair of the testing apparatus. The
subject’s left leg was secured at the thigh by a Velcro strap. The dynamometer was adjusted
to be in alignment with the subject’s left knee joint axis of rotation. The lever arm of the
dynamometer was secured on the tibia just above the ankle joint by another Velcro strap.
Following the prescribed warm-up, the subject’s knee joint was placed in a position of 115
degrees extension, as determined by use of a gonimeter (9), and held in position by setting
the speed selector control at zero degrees per second (°/sec). The subject was verbally
encouraged to attempt extension of the leg as forcefully as possible against the lever arm
for six seconds as described by Muller (24), while the torque generated was simultaneously
recorded. Three trials to determine maximum torque were given with inter-trial rest of 3
minutes (5, 17). The highest torque value of the three trials served as the score used for
statistical analysis.

Isokinetic testing procedures

For assessment of the maximum IK strength the testing apparatus was used in the same
manner as during IM testing, with the exception that the speed setting was set at 30, 180, and
300°/sec. Subjects were then positioned in a manner similar to that described for assessment
of maximum IM strength. Following the prescribed warm-up, the subject performed three
maximal leg extensions in succession. The movement was made through the full range of
motion utilizing the protocol described by others (21, 33). A three minute inter-test rest
period was provided between the assessments made at the three different speeds. Peak
torque generated at each speed served as the score for statistical analysis.

Statistical analysis

Result

Statistical analysis involved bivariate regression analysis, as well as a repeated measures
ANOVA for statistical comparison of the two strength measures expressed in terms of torque
(i.e., IK and IM). Significance of the statistical analysis was interpreted at the 0.05 level of
significance.

The subjects were composed of a relatively homogeneous group of females. The mean
(£S.D.) age, height and weight were 21.8 + 3.0 years; 166.2 + 7.0 cm; and 59.3 + 8.9 kg,
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respectively and compare favorably to other samples of active healthy college-age females
(18).

The strength data were expressed initially in absolute terms and subsequently relative to
body weight (Table 1). The IT strength measure was expressed in Newtons (N) while the
other strength measures were expressed as Newton-meters (N-m). The absolute value for IM
force development differed significantly (p < 0.05) from the IK at 180°/sec (IK180) and the
IK300 scores; however, no significant difference was observed between the IM and 1K30
score. All IK strength values differed significantly (p < 0.05) from each other and decreased
in magnitude with increasing speed of movement.

The relative IM and IK scores mirror the trend observed in the data expressed without regard
for body weight. The greatest force development was observed at 1K30 with 1M slightly less
(p > 0.05). As well as differing significantly from each other, the faster IK values (180 and
300°/sec) differed significantly from the 1K30 and IM values. In addition, it might be noted
that with increasing speed of movement torque values decreased.

Correlation coefficients were computed for all measures (Table 2). The correlation
coefficients indicate that IM and relatively slow contraction speeds (i.e., IT to determine

the 1 RM and IK30) have higher correlations with each other than with the faster contraction
speeds (i.e., IK180 and 1K300). This pattern was evident irrespective of the manner of
expressing the strength score (absolute or relative to body weight) while the faster speeds of
contraction showed significant relationships among themselves. The data of Table 2 would
indicate that quantification of strength in absolute terms or relative to body weight reflect

a tendency of scores employing similar methods of assessment and movement speeds to
correlate more highly with each other than with scores derived from assessment methods
utilizing extreme movement speeds (i.e., IM and 1K300).

Regression analyses were performed to determine the feasibility of predicting various
strength scores from others derived by a different method. These results appear in Table
3 for variable(s) accounting for the largest variance.

The IM strength scores and strength scores derived from slow movement speed assessment
techniques (IT, 1K30) accounted for the greatest variance between each other, while strength
scores derived from fast movement speed assessment techniques (1K180, IK300) accounted
for the greatest variance between each other. These observations were apparent for both

the absolute and relative equations. All equations produced relatively high correlation
coefficients while the standard errors of estimate ranged from 12.5 to 17.7 percent.
Correlation coefficients between the dependent and independent variables ranged from
+0.69 to +0.81, indicating all independent variables account for approximately 50 percent,
or greater, of the variance in the dependent measures.

Discussion

The literature regarding strength presents conflicting data and thus it was the purpose of the
present study to examine the strength characteristics of young adult females and to compare
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the relationships between various methods of strength assessment to those relationships
previously observed in male subjects.

In the present study, sixty-three adult females were tested for maximal IM, IK and IT
strength of the left leg extensors. Maximum IK torque (absolute and relative) decreased with
increasing speed of movement and differed significantly from maximum IM torque except
for IK30 which did not differ significantly from IM. In addition, it was apparent that IT
force development had a significant relationship only with the IM and IK30 values.

Anderson et al. (1) demonstrated that females exhibit the same IK force velocity
characteristics as males; with increased speed of movement eliciting a decreased force
production. Force development was reduced by approximately 68% as the speed of
movement progressed from IK30 to 1K300 °/sec. A comparable decrease was observed

in the present data (61%). However, Anderson et al. (1) expressed strength relative to the
lean body weight rather than total body weight. In addition, males were observed to produce
greater relative force at higher velocities. Thorstensson et al. (33) as well as Grimby et al.
(12) have reported similar results in force production in studies involving males and females.
Therefore, it appears that males and females do exhibit similar IK force velocity curves, but
males generally produce greater force at all velocities.

Thorstensson et al. (33), Grimby et al. (12), and Osternig et al. (25) have each reported

IM leg extension scores for males (15 through 90 degrees of the range of motion) which
exceed maximal IK force development (speed of movement ranging from 30 to 300°/sec).
Kroll (19) and Anderson et al. (1) have reported similar findings for females. However,
results of the present study do not support these findings. Asmussen (3), Hettinger (14)

and Wilmore (36) have each suggested there should be greater similarity between genders

in the lower extremities than in other parts of the body due to the similarity of use of the
involved musculature relative to maintaining posture and walking. However, the present data
demonstrate different force development characteristics at least in these female subjects.

Unfortunately, the reason why the maximal 1M torque did not exceed IK at 30°/sec cannot
be determined from the present data. Possible differences in the muscle fiber composition,
the patterns of muscle fiber recruitment, or inherent contractile properties of the involved
musculature may each be considerations in accounting for the observed differences. Morris
(22) indicated that even with equal cross-sectional surface area, and leverage, females could
only develop approximately 78% of the force developed by males. Morrow and Hosier (23)
found untrained males to have greater relative upper and lower body strength than trained
females. In addition, Morris (22) reporting work completed by Wendler suggested that the
total body strength of males is approximately 40% greater than that of females.

Kroll et al. (19,20) have investigated the maximal 1M strength and muscle fiber composition
of the leg extensors of males and females. Male subjects generally produced greater force
and contained a greater percentage of slow twitch fibers than females. This suggests that

a difference in fiber type composition may in part account for the difference in the force
velocity relationships observed in the present study. Unfortunately, without assessment of
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the fiber type composition of the present subjects and a representative sample of male
subjects this consideration cannot be addressed.

Any assumption that male and female musculature at the same anatomical site display the
same strength characteristics is not supported by the literature. This study also suggests that
such an assumption may be invalid. However, more definitive research may be required

to determine the significance of such findings with respect to strength training. Generally,
the relationships observed for IT strength with IM and IK strength assessments are in
agreement with the literature. Rasch and Pierson (28) and Astrand and Rodahl (4) have
reported correlations of +0.69 to +0.80 between maximal IM and IT strength measures

and suggest that dynamic strength can be roughly predicted from simple measures of IM
strength. Asmussen et al. (2) have shown that the correlation between force development

as measured by IM and dynamic IT methods to be +0.80. Correlations in the present study
ranged from +0.10 to +0.73, with the lower correlations involving dynamic movements (i.e.,
IK180, IK300). Clarke (8), Henry and Whitley (13), Rasch (27), and Whitley and Smith (35)
found these relationships (IT to IM, IT to IK) to increase as the dynamic load increased,

i.e., simulating an effort more static in nature. Their findings indicating the similarity of the
relationships of IT to both IM and IK between genders is supported by the present study.

While data from the present study indicate very similar strength characteristics between
genders in relationship to the development of maximum force, the findings of greater force
development with 1K30 as opposed to IM may suggest a unique characteristic which may be
important to consider, particularly when assessing potential force development of females.
Whether these findings have implications for the design of strength training programs for
women remains to be seen. Further research is need to more specifically identify the force-
velocity curves of females. From the present data, it appears that females may possibly be
capable of greater force development with some degree of movement than a truly isometric
effort.

References

1. Anderson MD, Cote RW, Coyle EF, and Roby FB. 1979. Leg power, muscle strength and peak emg
activity in physically active college men and women. Medicine and Science in Sports 11:81-82.

2. Asmussen E, Hansen O, and Lammert. 1965. The relationship between isometric and dynamic
strength in males. Communications from the Testing and Observation Institute of the Danish
National Association for Infantile Paralysis 20:1-11.

3. Asmussen E 1962. Muscular performance. In: Muscle as a tissue, ed. Rodahl K and Horvath S. New
York: McGraw-Hill.

4. Astrand PO, and Rodahl KR. 1970. Textbook of work physiology. New York: McGraw-Hill.

5. Berger RA 1962. Effect of varied weight training programs on strength. Research Quarterly 33:168—
81.

6. Berger RA 1963. Comparison between static training and various dynamic training programs.
Research Quarterly 34:131-35.

7. Berger RA 1965. Comparison of the effect of various weight training loads on strength. Research
Quarterly 36:141-46. [PubMed: 14324563]

8. Clarke DH 1980. Correlations between stength/mass ratio and speed of arm movement. Research
Quarterly 37:570-74.

9. Clarke HH 1948. Objective strength test of affected muscle groups in orthopedic disabilities.
Research Quarterly 19:118-47. [PubMed: 18870931]

Natl Strength Cond Assoc J. Author manuscript; available in PMC 2021 August 25.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hackney et al.

10.

11.

12.

13.

14.
15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.
31.

32.

33.

34.

Page 7

Coyle E, Costili D, and Lesmes G. 1979. Leg extension power and muscle fiber composition.
Medicine and Science in Sports 11:12-15. [PubMed: 158119]

Doss WS, Karpovich PV. 1965. A comparison of concentric, eccentric, and isometric strength of
elbow flexors. Journal of Applied Physiology 20:351-53.

Grimby G, Gustafsson E, Peterson L, and Renstrom P. 1980. Quadriceps function and training
after knee ligament surgery. Medicine and Science in Sports and Exercise 12:70-75. [PubMed:
7188589]

Henry EM, Whitley JD. 1960. Relationship between individual differences in strength, speed, and
mass in arm movement. Research Quarterly 31:24-33.

Hettinger T 1961. Physiology of strength. Springfield, Illinois: Charles C. Thomas.

Hoffman T, Stauffer R, and Jackson A. 1979. Sex differences in strength. American Journal of
Sports Medicine July/August 264—-67.

Ikai M, Fukunaga T. 1968. Calculation of muscle strength per unit cross-sectional area of human
muscle by means of ultrasonic measurements. Int Z Angew Physiol 26:26-32. [PubMed: 5700894]
Jackson A, Watkins M, and Patton RW. 1980. A factor analysis of twelve selected maximal
isotonic strength performances on the Universal Gym. Medicine and Science in Sports and
Exercise 12:274—77. [PubMed: 7421478]

Katch EL, McArdle WD. 1975. Prediction of body density from simple anthropometric
measurements in college-age men and women. Human Biology 45:445-54.

Kroll W, Clarkson PM, Kamen G, and Lambert J, 1980. Muscle fiber type composition and knee
extension—isometric strength fatigue patterns in power and endurance trained males. Research
Quarterly 51:323-33.

Kroll W, Clarkson PM, Melchionda AM, and Wilcox A. 1981. Isometric knee extension and
plantar flexion muscle fatigue and fiber type composition in female distance runner. Research
Quarterly 52:200-202.

Moffroid M, Whipple R, Kofkoch J, Lowman E,. and Thistle H. 1969. A study of isokinetic
exercise. Physical Therapy 49: 735-46. [PubMed: 5791333]

Morris CB 1948. The measurement of the strength of muscle relative to the cross section. Research
Quarterly 19:295-303. [PubMed: 18108557]

Morrow JR, Hosler WW. 1981. Strength comparisons in untrained men and trained women
athletes. Medicine and Science in Sports and Exercise 13:194-98. [PubMed: 7253873]

Muller A 1957. The regulation of muscular strength. Journal of Association for Physical and
Mental Rehabilitation 11:41-47.

Osternig LR, Bates BT, and James SL. 1977. Isokinetic and isometric torque force relationships.
Archives of Physical Medicine and Rehabilitation 58:254-56. [PubMed: 871238]

Pipes T, Wilmore J. 1975. Isokinetic vs. isotonic strength training in adult men. Medicine and
Science in Sports 7:262-74. [PubMed: 1235149]

Rasch PJ 1954. Relationship of arm strength, weight, and length to speed of arm movement.
Research Quarterly 25:328-32.

Rasch PJ, Pierson WR. 1963. Some relationships of isometric strength, isotonic strength, and
anthropometric measures. Ergonomics 6:211-15.

Rosentswieg J, Hinson M. 1972. Comparison of isometric, isotonic and isokinetic exercises by
electromyography. Archives of Physical Medicine and Rehabilitation 53:49-53, 60.

Sharkey BJ 1979. Physiology of fitness. Champaign, Illinois: Human Kinetics, p. 66.

Singh M, Karpovich PV. 1966. Isotonic and isometric forces of forearm flexors and extensors.
Journal of Applied Physiology 21:1435-37. [PubMed: 5916693]

Thistle HG 1967. Isokinetic contractions: a new concept of resistive exercises. Archives of Physical
Medicine and Rehabilitation 48: 279-82. [PubMed: 6026595]

Thorstensson A, Grimby G, and Karlsson J. 1976. Force-velocity relations and fiber composition in
human knee extension muscles. Journal of Applied Physiology 40: 12-16. [PubMed: 1248977]
Thorstensson A, Larsson L, Tesch P, and Karlsson J. 1977. Muscle strength and fiber composition
in athletes and sedentary men. Medicine and Science in Sports 9:26-30. [PubMed: 870781]

Natl Strength Cond Assoc J. Author manuscript; available in PMC 2021 August 25.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Hackney et al. Page 8

35. Whitley JD, Smith LE. 1965. Velocity curves and static strength action strength correlations in
relation to mass moved by arm. Research Quarterly 34:379-95.

36. Wilmore J 1974. Alterations in strength, body composition and anthropometric measurements
consequent to a ten-week weight training program. Medicine and Science in Sports 6:133-38.
[PubMed: 4461973]

Natl Strength Cond Assoc J. Author manuscript; available in PMC 2021 August 25.



Page 9

Hackney et al.

‘00eMI

< 08TMI < 0SM1 pue | Buijeanas (ayayds) sisAjeue a0y 1sod Juanbasqns yum (y°gos = 98T €4) sainseaw ybuains aaejal pue (£g8z = 98T'€4) anjosqe oy SaouaiayIp JuedIubIS Aj[esnsiers ;€9 = u

Author Manuscript

‘T al1qeL

Author Manuscript

13

NTTOFS9E N69TGYIZ 1
BY/WN L00 F90'Z  W-N 8'E F 8021 W
BY/W-N 900 F¥T'Z  W-NG'EF 8'GZT ]
BY/WN Y00 F€2T WNSTFSTL 08T
BY/WN 00 F V80 W-N9QTF L8y 00EXI

aniepY aInjosqy POUB I JUSWISSSSY

,HUBLUSSBSSE POyIBLU JO UoKdUN B Se ( d° SFX) $8109s YiBua.s

Author Manuscript

Author Manuscript

Natl Strength Cond Assoc J. Author manuscript; available in PMC 2021 August 25.



Page 10

Hackney et al.

Author Manuscript

‘¢ 9|qeL

Author Manuscript

'G0°0 = 2 1e Jueoyiubis
S0°0 1 By

€9 = cNmv
- - - - - 008
T80+ - - - - 08Dl
O8O0+ BE0H - - - eI
w100 pzo+ 080+ - - I
oT'0+ €20+ 40690+ 000+ - 1

(B3/w-N 10 BX/N) 1yBram Apog 01 aAIIe|a. passaIdxa $3109S YA

- - - - - ooedl
5 SL0F - - - - o8l
S 1E0F L TEO - - - ]
€20+ LT+ 4180+ - - Wi
TT0+ €T0+  xEL0+ 290+ - 1

(W-N 0 N) SwJa) 8INjosge ul passaldxa $8109S YA

00EM | 08T M| 0EMI NI Ll

m“mmw._oum JuBWISSasse Y1huas pa1dales JO Saolijew uolie|allod

Author Manuscript Author Manuscript

Natl Strength Cond Assoc J. Author manuscript; available in PMC 2021 August 25.



Page 11

Hackney et al.

Author Manuscript

'G0'0 = & e ueoylubis
500 1] S

€9= cm
%LLT 690+ 90 G9°0 + 0EMI x 66E'T = 11
%191 080+ TI€0 L0°0 + 0EMI x 0€6°0 = Al
%G'CT 080+ L0 ¢L'0+ NI xT690= 0EMI
%8€T T80+ LT'0  Ty0+00EMIx/860= 08TMI
%89T T80+ IO 0000+ 08T x ¥/90= 00EM1
(63/w-N 10 Bx/N) 1yBram Apog 01 dAIIe|a. passaIdxa $3109S YA
%S'LT €L°0+ 0928  OT'€E+ 0EMI x ev¥'T = 11
%SvT 180+ 0SLT €0 TT+0EMI x€.80= Al
#06CT T80+ 08°9T  8LYE+INIXEGL0= eI
%Y'€T  SGL0+ 296  99°8C + 00€MI x 0880 = 08TMI
%0°LT GL0+ /28 TT'C +08TMI x TS990 = 00eXI
(W-N J0 N) swia} aInjosge Ul passaldxa $a109S YA
10113 % 1 33s uolyenbg sa|qel e/ uolellD

,58100 Y3Bua1ls SnoLIeA Jo UoRDIPaId Joy suolenba uoissaifal Jeaur ]

‘€ 9|qeL

Author Manuscript

Author Manuscript

Author Manuscript

Natl Strength Cond Assoc J. Author manuscript; available in PMC 2021 August 25.



	Methods
	Subjects
	Testing sessions
	Isotonic testing procedures
	Isometric testing procedures
	Isokinetic testing procedures
	Statistical analysis

	Result
	Discussion
	References
	Table 1:
	Table 2:
	Table 3:

