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ABSTRACT

Background and Purpose. One repetition maximum (1RM) for leg press is used to

be a clinical reference for resistance training of lower extremities. However, the

Western standard was built on“bilateral”leg press test from“full”hip and knee joint

flexion to extension regardless of race and clinical application. Subjects and

Methods. Two hundred and twenty healthy sedentary volunteers(105 males and 115

females) aged 20-80 years old and 17< BMI< 31 performed as many repetitions of

unilateral leg press from 90°knee flexion to extension as possible. Results. 1RM

strength for leg press was correlated with body weight, age and gender (p<.05 ). The

regression equation was: unilateral 1RM= 8.6+ 1.0 x BW (kg)- 8.3 x Age (1-3,

representing 20-39, 40-59, 60-80 y/o, respectively) + 10.2 x Gender (female=1,

male=2), R2=0.74 .Discussion and Conclusion. The ability to perform leg press

increases with weight, decreases with increasing age, and females do not perform as

well as males. The present study provides a more realistically reference for clinical

applications.
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INTRODUCTION

Resistance training has been shown to be one of the most effective methods for

strength training of lower extremities. It can not only promote the strength of lower

extremities, but also improve the functional performance of jumping and running in

the youth. In addition, it could help the elderly to maintain or increase

cardiopulmonary fitness, prevent cardiovascular disease, improve muscle strength,

maintain joint flexibility and walking balance, prevent falls, decrease anxiety,

depression, and promote their social activities, as well as quality of life.

One repetition maximum (1RM) for leg press is used to be a clinical reference for

resistance training of lower extremities. According to the past research report, it was

proved that the 1RM of male or female was related to their weight. However, the

Western standard was built on bilateral leg press test from full hip and knee joint

flexion to extension. It is hard for therapists to apply it to clinic directly, because the

body figures, life styles, and exercise habits of people in Taiwan differ from

Easterners. And bilateral leg press is not suit for unilateral injured case, because

therapists can not know how much effort the affected side does make, and can not

control the appropriate training dosage also. Furthermore, leg press from full hip and

knee joint flexion to extension is not suit for some case such as patients with



patellofemoral pain syndrome, because the joint stress increases gradually with

increasing knee flexion angles in closed kinetic chain exercise. And it is also hard for

elderly people to make effort in such a situation that full flex the hip and knee joints.

In order to approach a more realistically assessment of leg-press 1RM strength for

further clinical uses, the purpose of the present study was to investigate unilateral

1RM strength for leg press from 90° knee flexion to extension in different genders

and age groups.



METHODS

Participants

Healthy participants aged 20 to 80 years old without lower limb lesions or injuries

involving hip, knee, or ankle joints, and free of low back pain and cardiopulmonary

diseases were recruited from Taipei city, Taiwan using advertisement. The exclusion

criteria were inability to walk continuously more than 30 minutes without joint pain,

or preservation of less than 70% range of motion of hip, knee, or ankle joint, or being

engaged in some regular exercise (defined as physical activity at least three times per

week, and exercise of more than 15 min after warm-up exercise), or BMI≧31,≦17.

The reason to exclude people with regular exercise habits and abnormal BMI are that

only 20.5% people in Taiwan exercise regularly and people with abnormal body

figures are relatively smaller population than usual ones. Thus we think they can not

present mostly healthy people in Taiwan.

All participants were volunteered to participate in this study. Initially 240 healthy

participants (113 males and 127 females) were recruited. Subsequent exclusion were

based on an inability to walk continuously more than 30 minutes without joint pain

(n=4), presence of regular exercise habits (n=11), and BMI≧31 or ≦17(n=5).

Finally a total of 220 participants (105 males and 115 females) involved in the study.



All participants aged 20 to 80 years old were initially recruited from 6 decades. Since

no statistical differences of leg-press 1RM strength were found between these

adjacent decades (p>.05), all participants were than re-grouped into 3 groups: 20-39,

40-59 and 60-80 for further statistical analyses.

Measurement of 1RM strength for leg press

We used EN-Dynamic Track leg press machine for 1RM strength measurement. The

initial testing position was sitting with 90°knee flexion with foot on force plate and

hands on the seat’s handles. We defined leg press movement as forward and backward

movement, indicating knee flexion to full extension, than back to initial position. The

dominant limb and non-dominant limb were tested by climbing stairs then tested for

1RM in a random order. The initial resistance setting depended on the gender and age

of the participants. For male participant, the resistance was set at 1.0, 0.8, 0.6 times of

their body weight, and 0.9, 0.7, 0.5 times of body weight for female participants. All

participants were encouraged to do their best to repeat unilateral leg press

continuously with the first second and the following second pressing the leg forward

and backward until they could press no more ones or failed to complete a full range of

motions again, thus the test discontinued. In addition, during the test the therapists

would remind the participants to avoid Valsalva maneuver and forcefully lock out the



knees during extension. Finally, the resistance loadings and repetition times of each

participant were recorded for 1RM calculation using Holten Diagram.

To assess the intra-rater reliability of these measurement protocols, 16 participants

were repeatedly measured 3 to 5 days apart. The ICC value was 0.98, suggesting a

high intra-rater reliability of 1RM strength for leg press test.

Statistical Analyses

SPSS 11.0 software was used for the statistical analyses. Descriptive statistics were

used to depict the subjects’characteristics, such as age, body height, and body weight.

3x2 two-way independent ANOVA was used to compare gender and age differences

in 1RM strength. The significant level was set at α=.05. If any significance was

found post hoc comparisons were further tested with Bonferroni adjustment. The

stepwise regression was then performed to analyze the association of 1RM strength

with gender, age, body height (BH), body weight (BW), body mass index (BMI), and

limb dominance to find out the relationships.



RESULTS

Table 1 presents the demographic information of the healthy participants. Among all

participants 96.8% were right-leg dominant. The normalized 1RM strength for leg

press was presented as 1RM/BW of dominant or non-dominant limb for further

comparison between participants. There was no significance between limbs (p>.05),

and the unilateral 1RM strength for leg press in different genders and age groups were

shown in Table 2. Female participants’unilateral 1RM strength were about 1.2, 1.1,

and 1.0 times of their body weight for 20-39, 40-59, and 60-80 age groups while male

participants’were about 1.3, 1.2, and 1.1 times of body weight.

----------------Insert Table 1 and Table 2 about here-----------------------

Figure 1 and Figure 2 present the gender and age differences in unilateral 1RM

strength for leg press. Female participants’1RM strength were always less than those

of male participants despite the age (all p<.05 ). And 1RM strength decreased with

increasing age in both female and male groups (all p<.05 ).

----------------Insert Figure 1 and Figure 2 about here-----------------------



The means and standard deviations (SD) of unilateral 1RM strength for leg press were

then used for grading strength value into 5 grades: excellent, good, average, fair, and

poor. We defined average grade as mean value plus or minus a SD (mean±SD), good

and fair grade as mean value plus or minus 1 SD to 2 SD, excellent and poor grade as

above or below mean value plus or minus 2 SD, shown in Table 3.

----------------Insert Table 3 about here-----------------------

Stepwise regression analysis showed that unilateral 1RM strength for leg press was

correlated with body weight, age and gender (p<.05 ). The regression equation was:

unilateral 1RM= 8.6+ 1.0 x BW (kg)- 8.3 x Age (1-3, representing 20-39, 40-59,

60-80 y/o, respectively) + 10.2 x Gender (female=1, male=2), R2=0.74 .



DISCUSSION

The present study reveals the performance of unilateral leg press from 90° knee

flexion to extension in healthy adults. We recognize the unilateral 1RM strength for

leg press in different genders and age groups. These values provide therapists some

information while comprising with clinical patients or frail elderly.

Our finding that there was no significance between dominant and non-dominant limbs

in 1RM strength for leg press was consistent with previous studies that had reported

no differences between torque, maximal power and endurance generated by left and

right knee extensors and flexors. Although the previous studies used the isokinetic

machines and tested only a single muscle group of lower extremities that differed

from our study that measured the closed kinetic chain performance of multiple muscle

groups of lower extremities that was more closely to our life style, we got the same

results that the dominant limb tended to be better than the non-dominant limb in

functional use, but not in exertion performance for a short time.

In general, muscle strength differs in men and women, and weakens with increasing

age due to different muscle structure and function. The present study results supported

these finding. We also found that there were no differences of leg-press 1RM strength



between adjacent decades that the same as another study that tested the strength of the

ankle plantar flexors using manual muscle test. There were two common sides of

these two tests, first we both tested the anti-gravity muscle groups of lower

extremities, and second both studies gave their participants a constant load to test the

repetition times as the results to calculate strength performances, thus the outcomes

are reasonable and acceptable .

The present study first used the unilateral leg press test from 90° knee flexion to

extension to test the 1RM performance because the practical concerns in clinic. Due

to the effects of unilateral limb performance, different joint position angle, race and

culture, we could not compare our study results with the reported values of other

studies directly. However we build a new reference for Easterners. We can estimate

one’s leg 1RM strength by regression equation and grading of his or her strength for

further comparison with people in the same age group and with the same gender.

When generating the results to populations, there is a caution that they might meet

some criteria such as sedentary lift style and normal body figures (17< BMI< 31), this

is also the area where we can make further efforts to establish the normative data for

different populations.



CONCLUSION

“Unilateral”1RM strength for leg press“from 90° knee flexion to extension”provide

clinicians to view the 1RM performance of lower extremities more practically.

Leg-press 1RM strength was varied with body weight, age and gender. The ability to

perform leg press increases with weight, decreases with increasing age, and females

do not perform as well as males. The present study provides a more realistically

reference for clinical applications.



REFERENCES

1. Kraemer WJ, Adams K, Cafarelli E, Dudley GA, Dooly C, Feigenbaum MS, et

al. Progression models in resistance training for healthy adults. Med. Sci. Sports.

Exerc. 2002;34:364-380.

2. Delecluse C, Coppenolle HV, Willems E, Leemputte MV, Diels R, and Goris M.
Influence of high-resistance and high-velocity training on sprint performance.
Med. Sci. Sports. Exerc. 1995;27:1203-1209.

3. Blackburn JR, Morrissey MC. The relationship between open and closed kinetic
chain strength of the lower limb and jumping performance. J Orthop Sports Phys
Ther 1998;27:430-435.

4. 劉玫舫、陳淑雅、林泰薇:下肢推蹬訓練對下肢等速肌力及功能性表現的影

響.中華民國物理治療學會雜誌,1997;22:167-173.

5. Tideiksaar R. Preventing falls: how to identify risk factors, reduce complications.
Geriatrics 1996;51:43-53.

6. Luukinen H, Koski K, Laippala P, Kivela SL. Factors predicting fractures during
falling impacts among home-dwelling older adults. J Am Geriatr Soc.
1997;45:1302-09.

7. Rooney EM. Exercise for older patients:Why it’s worth your effort. Geriatrics 
1993; 48:68-77.

8. Mazzeo RS, Cavanagh P, Evans WJ, Fiatarone M, Hagberg J, McAuley E, et al.
Exercise and physical activity for older adults. Med. Sci. Sports. Exerc.
1998;30:992-1008.

9. Baker KR, Nelson ME, Felson DT, Layne JE, Sarno R, Roubenoff R. The
efficacy of home based progressive strength training in older adults with knee
osteoarthritis: a randomized controlled trial. J.Rheum.2001;28:1655-65.

10. Häkkinen A, Sokka T, Kotaniemi A, Hannonen P:A randomized two-year study
of the effects of dynamic strength training on muscle strength, disease activity,
functional capacity, and bone mineral density in early rheumatoid arthritis. Arthr.
Rheum.2001; 44:515-22.

11. Visser M, Deeg DJ, Lips P, Harris TB, Bouter LM. Skeletal muscle mass and
muscle strength in relation to lower-extremity performance in older men and
women. J Am Geriatr Soc.2000;48:381-6.



12.Schilke JM, Johnson GO, Housh TJ, O’dell JR. Effects of muscle-strength
training on the functional status of patients with osteoarithritis of the knee joint.
Nurs Res 1996;45:68-72.

13. Rutherford OM, Jones DA. The role of learing and coordination in strength
training. Eur. J. Apply. Physiol. 1986;55:100-105.

14. Lord SR, Ward JA, William P, Strudwick M. The effect of a 12-month exercise
trial on balance, strength, and falls in older women: a randomized controlled trial.
J Am Geriatr Soc. 1998;43:1198-1206.

15.Frontera WR, Meredith CN, O’Reilly KP et al. Strength conditioning in older 
men:skeletal muscle hypertrophy and improved function. J Appl Physiol
1988;64:1038-1044.

16. Charlette SL, McEvoy L, Pyka G et al. Muscle hypertrophy response to
resistance training in older women. J Appl Physiol 1991;70:1912-1916.

17. Vincent KR, Braith RW. Resistance exercise and bone turnover in elderly men
and women. Med. Sci. Sports. Exerc. 2002;34:17-23.

18. Nichols JF, Omizo DK, Peterson KK, Nelson KP. Effecacy of heavy resistance
training for active women over sixty: muscular strength, body composition and
program adherence. J Am Geriatr Soc. 1993;41:205-210.

19. McArdle WD, Katch FI, Katch VL, editors. Muscular strength: training muscle
to become stronger. In:Exercise Physiology-Energy, Nutrition and Human
Performance.4th ed. Willams ＆ Wilkins; 1996. p.417-455.

20. McArdle WD, Katch FI, Katch VL, editors. Training muscle to become stronger.
In: Essentials of Exercise Physiology. 2nd ed. Lippircott: Willams ＆ Wilkins;

2000.P392-425.

21. Kerr K. Exercise in rehabilitation. In: Pitt-Brooke J, Reid H, Lockwood J, Kerr K,
editors. Rehabilitation of Movement Theoretical Basis of Clinical Practice.WB
Saunders; 1998.

22. Morrissey MC, Harman EA, Johnson MJ. Resistance training modes: specificity
and effectiveness. Med. Sci. Sports. Exerc. 1995;27:648-660.

23. Shelbourne KD, Klootwyk TE, Wilckens JH, DeCarlo MS. Ligament stability
two to six years after anterior cruciate ligament reconstruction with autogenous
patellar tendon graft and participation in accelerated rehabilitation program. Am
J Sport Med 1995;23:575-9.



24. Ellenbecker TS, Davies GJ. Closed kinetic chain exercise: a comprehensive
guide to multiple-joint exercise. Human Kinetics;2001.

25. Kibler WB, Livingston B. Closed-chain rehabilitation for upper and loert
extremities. J Am Acad Orthop Surg. 2001;9:412-21.

26. Cohen ZA, Roglic H, Grelsamer RP, Henry JH, Levine WN, Mow VC, Ateshian
GA. Patellofemoral stresses during open and closed kinetic chain exercise. An
analysis using computer simulation. Am J Sports Med. 2001; 29:480-7.

27. Sanders MT. Weight training and conditioniong.In:Sanders B.Sports Physical
Therapy.California:Appleton ＆ Lange.1990.p239-249.

28. Pyka G, Lindenberger E, Charette S, Marcus R. Muscle strength and fiber
adaptions to year-long resistance training program in elderly men and women. J
Geront 1994; 49:M22-M27.

29. Sullivan DH, Wall PT, Bariola JR, Bopp MM, Frost YM. Progressive resistance
muscle strength training of hospitalized frail elderly. Am J Phys Med Rehabil
2001;80:503-9.

30. McCartney N, Hicks AL, Martin J, Webber CE. Long-term resistance training in
the elderly:effects on dynamic strength, exercise capacity, muscle and bone. J
Geront 1995;50:B97-B104.

31. Jones DA, Rutherford OM. Human muscle strength training:the effects of three
different regimens and the nature of the resultant changes. J Physio
1987;391:1-11.

32. Elliott KJ, Sale C, Cable NT. Effects of resistance training and detraining on
muscle strength and blood lipid profiles in postmenopausal women. Br J Sports
Med 2002;36:340-4.

33. Knight CA, Kamen G. Adaptation in muscular activation of the knee extensor
muscles with strength training in young and older adults. J Electromyography
and Kinesio. 2001;11:405-412.

34. Côte C, Simoneau JA, Lagasse P, Boulay M, Thibault MC, Marcotte M, et al.

Isokinetic strength training protocols: do they induce sleletal muscle fiber
hypertrophy? Arch Phys med Rehabil 1988;69:281-285.

35. Jan MH, Chen CY, Lin JJ, Wang SF. A study of muscle strengthening for the fast
twitch fibers. Formos J Phys Ther 1995;20:18-26.



36. Starkey DB, Pollock ML, Ishida Y, Welsch MA, Brechue WF, Graves JE et al.
Effect of resistance training volume on strength and muscle thickness. Med. Sci.
Sports. Exerc. 1996;28:1311-1320.

37. Jan MH, Wang SF, Cheng CK, Chen CY, Sullivan PE. Gain of muscle torque at

low and high speed after isokinetic knee strengthening program in healthy

young and older adults. J Formos Med Assoc 1998;97:339-44.

38. Di Fabio RP. One repetition maximum for older persons: is it safe? J Orthop

Sports Ther 2001;31:2-3.

39. Phillips WT, Batterham AM, Valenzuela JE, burkett LN. Reliability of maximal

strength testing in older adults. Arch Phys Med Rehabil 2004;85:329-34.

40. Ploutz-Snyder LL, Giamis EL. Orientation and familiarization to 1RM strength

testing in old and young women. J Strength Cond Res 2001;15(4):519-23.

41. Jan MH, Chai HM, Lin YF, Lin CH, Tsai LY, Ou YC, Lin DH. Effects of age and

gender on the results of an ankle plantar flexor manual muscle test. Phys Ther

2005;85(10):1078-84.

42. Demura S, Yamaji S, Goshi F, Nagasawa Y. Lateral dominance of legs in

maximal muscle power, muscular endurance, and grading ability. Perceptual &

Motor Skills 2001;93(1):11-23.

43. Lindle RS, Metter EJ, Lynch NA, Fleg JL, Fozard JL, Tobin J, Roy TA, Hurley

BF. Age and gender comparisons of muscle strength in 654 women and men

aged 20-93yr. J Appl Physiol 1997;83(5):1581-7.

44. Hageman P, Gillespie D, Hill L. Effect of speed and limb dominance on eccentric

and concentric isokinetic testing of the knee. J Ortho Sports Phys Ther

1988;10:59-65.



Table 1.
Demographic Data of Study Participants (mean±SD )

Subjects N Age
(yr)

Body height
(cm)

Body weight
(kg)

20-39y/o
Male

Female

38

39

27.9±5.2

26.4±4.2

171.6±5.4

160.4±5.9

69.0±10.0

52.8±7.5

40-59y/o
Male

Female

35

39

50.6±6.1

52.7±4.4

171.2±4.7

156.1±3.9

72.7±8.9

56.6±6.8

60-80y/o
Male

Female

32

37

68.2±5.0

66.8±5.0

165.0±5.9

155.1±4.6

65.5±9.1

56.8±5.4

Total
Male

Female

105

115

47.8±17.4

48.3±17.4

169.4±6.1

157.2±5.4

69.1±9.7

55.4±6.8



Table 2.
Unilateral Leg-Press 1RM /BW in Males and Females among Three Age Groups

Male
(mean±SD)

Female
(mean±SD)

20-39y/o 1.37±0.12 1.20±0.17

40-59y/o 1.22±0.14 1.11±0.18

60-80y/o 1.08±0.17 0.97±0.19



Table 3.
Grades of Unilateral Leg-Press 1RM /BW in Males and Females among Three Age
Groups

Male Female

20-39y/o 40-59y/o 60-80y/o 20-39y/o 40-59y/o 60-80y/o

Excellent >1.61 >1.50 >1.42 >1.54 >1.47 >1.35

Good 1.50-1.61 1.37-1.50 1.26-1.42 1.38-1.54 1.30-1.47 1.17-1.35

Average 1.25-1.49 1.08-1.36 0.91-1.25 1.03-1.37 0.93-1.29 0.78-1.16

Fair 1.13-1.24 0.94-1.07 0.74-0.90 0.86-1.02 0.75-0.92 0.59-0.77

Poor <1.13 <0.94 <0.74 <0.86 <0.75 <0.59
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Gender Differences in Unilateral Leg-Press 1RM /BW among Three Age Groups
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