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The aim of this study is to determine the relationship between peripher-
al muscle strength, respiratory function and respiratory muscle strength 
in athletes. The study included a total of 150 elite athletes (judo, rowing, 
gymnastics) (age, 16.94 ± 2.37 years; length, 167.70 ± 12.23 cm; body 
weight, 62.87± 17.33 kg; body mass index, 21.95± 2.92 kg/m2). Isomed 
2000 isokinetic dynamometer was used to assess peripheral muscle 
strength. The strength of the dominant side knee flexor and extensor 
muscles was evaluated at 60°/sec and 180°/sec. At the end of the eval-
uation; knee flexion and extension peak torque (PT) values and flexion 
and extension PT values rates were obtained at 60°/sec and 180°/sec. 
Respiratory function and respiratory muscle strength of the athletes 
were evaluated using a digital spirometer. To assess respiratory func-
tion, forced vital capacity maneuver and maximal minute ventilation 
test; to assess the strength of the respiratory muscles, maximum inspi-

ratory pressure and maximal expiratory pressure tests were performed. 
There was a strong relationship between muscle strength of knee flex-
or and extensor muscles and respiratory function (r= -0.268/0.813, 
P< 0.05). There was a strong moderate correlation between knee flexor 
and extensor muscle strength and all parameters of respiratory muscle 
strength (r= 0.206/0.411, P< 0.05). The knee flexor and extensor muscle 
strength, respiratory function and respiratory muscle strength develops 
parallel to each other and the codevelopment of these parameters to-
gether with special exercises to increase respiratory muscle strength 
will improve the performance of the athletes. 
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INTRODUCTION

Peripheral muscle strength, respiratory function and respiratory 
muscle strength are parameters effective in physical fitness level 
and healh (Arıkan et al., 2015). The knee extensor and flexors 
from the peripheral muscles are the biggest, most blood-stained 
muscles in the body and so they need a great deal of oxygen (Saltin 
et al., 1998). At the same time, their effects on sports performance 
are quite high without distinguishing the branch (Saltin et al., 
1998).

When we look at the studies evaluating the relationship be-
tween peripheral muscle strength and sportive performance; in 
the study of Soslu et al. (2016) on basketball athletes, it was con-

cluded that maximal knee extensor strength is an important com-
ponent in anaerobic and sprint performance (Soslu et al., 2016). 
In the study of Newman et al. (2004) on football; single sprint 
performance was associated with peak knee extensor and flexor 
torque at all speeds. In the study of Alexander (1989) in the elite 
sprinter; peak isokinetic concentric peak torque of the knee exten-
sor muscles were found to be associated with 100-m performance. 
Moreover, in the study having been performed by Arslan (2005) 
on healthy young individuals, explosive leg strength was associat-
ed with anaerobic performance. As can be seen, it has been shown 
that lower extremity muscle strength is associated with perfor-
mance in sports branches both aerobic and anaerobic systems are 
used dominantly.
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When we examine the studies on respiratory function and re-
spiratory muscle strength and performance; In the study of Saline-
ro et al. (2016), it has been concluded that lung function in ama-
teur runners was associated with marathon race duration and a 
high lung capacity may be an important variable for marathon 
performance of amateur runners. In the study of Nicks et al. 
(2009); they showed that respiratory muscle strength training has 
improved intermittent exercise performance in soccer players. In a 
study by Pringle et al. (2005) on runners, lung capacity was found 
to be related to 10-km race performance. Also it has been shown 
that in high-level athletes, pulmonary volumes are higher than 
GLI-2012 values for the general population, both in reference to 
the age considered (12–35 years) and height (Appodia et al., 
2018). In the light of these information in the literature, in our 
study we aimed to investigate the relationship between peripheral 
muscle strength and pulmonary function and respiratory muscle 
strength which having effects on performance in sports branches 
aerobic or anaerobic metabolism is dominantly used.

MATERIALS AND METHODS

The study was designed to investigate the relationship between 
peripheral muscle strength and respiratory function and respirato-
ry muscle strength. The study included elite judo, rowing and 
gymnastics athletes from the Olympic Preparatory Center be-
tween 1 January–30 April 2017. The exclusion criteria were hav-
ing been playing sports less than 3 years, having pain in the lower 
extremities in the last 6 months, having orthopedic problems in 
the lower extremities, an acute or chronic illness related to the re-
spiratory system. Initially, 159 athletes were included in the study 
but 9 were excluded because they had the exclusion criteria. Thus, 
a total of 150 elite (national team) judo, shovel and gymnastics 
athletes, 84 male and 66 female, were enrolled the study. This 
study was designed according to the Declaration of Helsinki and 
the research protocol was approved by the Ankara Keçiören Re-
search and Training Hospital Ethical Committee (approval num-
ber: 2012-KAEK-15/1611) before subject enrollment. All partic-
ipants were fully informed about the study, and they all signed 
written informed consent.

Evaluation
Evaluation of knee flexor and extensor muscle strength

The dominant side knee flexor and extensor muscles strength of 
the athletes was assessed with an IsoMed 2000 isokinetic dyna-
mometer (Ferstl, Germany). Before the test, the athletes were 

asked to jog for 10 min. Tests were applied in sitting position. 
The athletes were stabilized on their shoulders with the shoulder 
apparatus and with stabilization straps over the lumbar region 
and distal femur. The pivot point is adjusted to be the lateral con-
dyle of the femur. A few experiments were conducted before the 
tests to could understand the tests and adapt athletes to the tests. 
During the tests, the athletes were verbally encouraged. The 
strength of the knee flexors and extensor muscles was evaluated at 
angular velocities of 60°/sec and 180°/sec. At the end of the eval-
uation; peak torque values at both angular velocities of the knee 
flexor and extender muscles and ratios of the flexion and extension 
peak torque values were obtained (Alemdaroğlu, 2012).

Evaluation of respiratory function and respiratory muscle 
strength 

Respiratory function and respiratory muscle strength of the 
athletes were evaluated with a digital spirometer (Pony FX, 
Cosmed, Albano Laziale, Italy). The participants were informed 
about the tests before the evoluation. The athletes were asked to 
not eat anything at least 2 hr and were rested for at least 15 min 
between each test. Tests were applied in a comfortable sitting po-
sition. During the tests the athlete’s nose was latched. During the 
tests the athletes asked close their mouth without spaces in the 
mouth edges with his lips to prevent air from escaping from the 
mouth of the spirometry. Tests were performed by breathing ma-
neuvers from the mouth of the spirometer. The athletes were con-
ducted several trial before the test, to understand the tests and to 
be able to adapt to the device. Each test was performed 3 times 
and the best measurement score was used for statistical analysis 
(Miller et al., 2005; Sarsan et al., 2013). 

In order to evaluate the respiratory functions of the athletes, 
forced vital capacity (FVC) maneuver and maximal minute venti-
lation (MVV) test were performed. During FVC maneuvers, the 
athlete was first asked to take a deep breath, and evacuate all the 
air in his lungs fast, strong and long when he came to the point 
that he could no longer breathe and then take a deep breath again. 
As a result of the test; FVC, forced expiratory volume in 1 sec 
(FEV1), FEV1/FVC, and peak expiratory flow were obtained. 
During the MVV test, the athletes was asked to breathe deeply, 
quickly and strongly for 12 sec. At the end of the test, the athletes 
asked to hold his breath for a few sec in order to avoid the respira-
tory alcoholism. The MVV value was obtained as the test result. 

Maximum inspiratory pressure (MIP) and maximal expiratory 
pressure (MEP) tests were performed to assess the respiratory 
muscles strength. For the MIP test, the athlete was asked to ex-
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hale the air in his lungs completely then to breathe deeply, quick-
ly and strongly. For the MEP test, the athlete was asked to inhale 
the air in his lungs completely then to exhale quickly, strongly 
and fully. As a result of the tests, MIP and MEP values were ob-
tained (American Thoracic Society/European Respiratory Society, 
2002; Evans and Whitelaw, 2009; Miller et al., 2005).

Statistical analysis
Statistical analysis was performed by using SPSS ver. 15.0 (SPSS 

Inc., Chicago, IL, USA). Visual (histogram, probability plots) and 
analytical methods (Kolmogorov–Smirnov test) were used to de-
fine whether the variables were normally distributed. In order to 
examine the relation between variables; Pearson correlation analy-

sis was used for numerical variables with normal distribution, and 
Spearman correlation analysis was used for variables with at least 
one ubnormal distribution. It was observed that PT values of the 
extensor movements at 180°/sec, FVC, FEV1, MVV, and MIP val-
ues were normal distributions, while other knee flexors and exten-
sor muscular strength, respiratory function and respiratory muscle 
strength test results were not distributed normally. Statistical er-
ror level was determined as P<0.05.

RESULTS

Physical characteristics and sports years of a total of 150 ath-
letes, 84 male (56%) and 66 female (44%) included in the study 
are given in Table 1. The descriptive statistics of the knee flexor 
and extensor muscle strength, respiratory function and respiratory 
muscle strength of the athletes are given in Tables 2 and 3. All 
parameters between the knee flexor and extensor muscle strength 
and respiratory function were found to be strongly related (r= 
-0.268/0.813, P<0.05) (Table 4). When the relationship between 
the muscle strength of the knee flexor and the extensor muscles 
and respiratory muscle strength is examined, the parameters were 

Table 1. Physical characteristics and sports ages of athletes (n= 150)

Variable Mean± SD (range) Median (IQR)

Age (yr) 16.94± 2.37 (13–25) 17 (15–18)
Height (cm) 167.70± 12.23 (137–194) 167.50 (159–175)
Body weight (kg) 62.87± 17.33 (33–138) 61 (50–75)
Body mass index (kg/m2) 21.95± 3.76 (15.07–41.21) 21.87 (19.38–23.67)
Sports Age (yr) 6.45± 2.92 (3–13) 6.50 (4–8)

SD, standard deviation; IQR, interquartile range.

Table 2. Descriptive statistics of the knee flexor and extensor muscle strength 
of athletes (n= 150)

Variable Mean± SD (range) Median (IQR)

60°/sec knee
   Flexion PT 94.57± 35.84 (23.80–189.90) 88.60 (68.10–117.90)
   Extension PT 178.07± 62.76 (41.80–329.80) 175.70 (125.10–225.10)
   Flexion PT/extension PT 53.43± 8.77 (32.80–102.90) 52.85 (47.40–58.70)
180°/sec knee
   Flexion PT 74.28± 26.45 (18.60–140.40) 69.50 (54.60–96.90)
   Extension PT 123.39± 40.26 (34.60–225.10) 121.25 (90.60–152.80)
   Flexion PT/extension PT 60.35± 9.68 (42.70–110.70) 59.55 (53.10–66.50)

SD, standard deviation; IQR, interquartile range; PT, peak torque.

Table 3. Descriptive statistics of respiratory function and respiratory muscle 
strength of the athletes (n= 150)

Variable Mean± SD (range) Median (IQR)

FVC (L) 4.35± 1.17 (2.15–7.82) 4.29 (3.44–5.11)
FEV1 (L) 3.72± 0.93 (1.82–6.37) 3.67 (2.99–4.35)
FEV1/FVC (%) 85.72± 5.69 (61.50–98.80) 86 (83–89.20)
PEF (L/sec) 6.99± 2.13 (1.04–14.68) 6.81 (5.69–8.26)
MVV (L/min) 133.62± 40 (49.60–254.40) 126.05 (107–164.80)
MIP (cmH2O) 110.52± 29.68 (49–236) 109 (90–129)
MEP (cmH2O) 125.66± 37.12 (61–241) 121 (97–144)

SD, standard deviation; IQR, interquartile range; FVC, forced vital capacity; FEV1, 
forced expiratory volume in 1 sec; PEF, peak expiratory flow; MVV, maximal minute 
ventilation; MIP, maximum inspiratory pressure; MEP, maximal expiratory pressure.

Table 4. Relationship between knee flexor and extensor muscle strength and respiratory function (n= 150)

Variable
FVC FEV1 FEV1/FVC PEF MVV

r P-value r P-value r P-value r P-value r P-value

60°/sec knee
   Flexion PT 0.786 0.000 0.752 0.000 -0.277 0.001 0.679 0.000 0.664 0.000
   Extension PT 0.784 0.000 0.752 0.000 -0.278 0.001 0.710 0.000 0.703 0.000
180°/sec knee
   Flexion PT 0.812 0.000 0.787 0.000 -0.268 0.001 0.692 0.000 0.689 0.000
   Extension PT 0.813 0.000 0.800 0.000 -0.284 0.000 0.736 0.000 0.742 0.000

FVC, forced vital capacity; FEV1, forced expiratory volume in 1 sec; PEF, peak expiratory flow; MVV, maximal minute ventilation; PT, peak torque.
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found to be strongly related to each other (r=0.206/0.411, P< 
0.05) (Table 5).

DISCUSSION

As a result of our study we found that the athlete’s knee flexor 
and extensor muscle strength and respiratory function were 
strongly related to each other and knee flexor and extensor muscle 
strength and respiratory muscle strength were moderately related 
to each other.

Locomotive functions are provided in the body due to the regu-
lation of skeletal muscle blood flow and the contraction of skeletal 
muscles. The required energy for muscle contraction is derived 
from the breakdown of adenosine triphosphate (ATP). The essen-
tial feature of the muscular performance ability for continuous pe-
riods is the ability to reproduce ATP continuously, even at atmo-
spheric levels (Baker et al., 2010; Sargeant, 1994). For example; 
During periodic knee extension exercise, quadriceps produces ac-
tive force when the knee joint comes to the extension, and when 
the knee joint comes to flexion, the muscle relaxes. At the end and 
beginning of the contraction, the breakdown rates of ATP change 
very rapidly depending on the energy requirement. Energy need 
increases during muscle contraction. When the heart loosens, the 
energy need decreases. (Andersen et al., 1985; Barclay, 2017). For 
example, while the ATP concentration in human quadriceps mus-
cles is ~8 mM/sec, the mean ATP turnover in quadriceps muscles 
increases to ~24 mM/sec during moderate knee extension exercise 
(Cannon et al., 2014; Kemp et al., 2007). Oxidative phosphoryla-
tion is an important source of ATP during continuous activity. 
The contracted muscle consumes a large amount of oxygen to fill 
the ATP that is hydrolyzed during the contraction. For this rea-
son, the circulatory system is closely related to the skeletal mus-
cles in order to provide effective oxygen and nutrient transfer for 

contraction and for the removal of inhibitory waste products. The 
skeletal muscles use about 20% of the cardiac output during the 
rest, but this rate can increase to 80% during exercise. The con-
tracted muscle should be able to increase blood flow and oxygen 
delivery to support metabolic and contractile activities. For this 
reason, oxygen is a very important factor in the production of en-
ergy required for muscle contraction. As the workload increases, 
the amount of ATP required will increase, and the oxygen require-
ment will increase accordingly (Korzeniewski, 1998; Simões et al., 
2010). Therefore; in athletes who actively use knee flexors and ex-
tensor muscles during the competition, we think that lung func-
tions and respiratory muscles develop parallel and support each 
other in order to provide necessary oxygenation depending on the 
increase in the strength which needs to be generated due to the 
workload of these muscles. However, we think that the reason of 
being a strong relationship between peripheral muscle strength 
and respiratory functions, and that this relationship is moderately 
strong in respiratory muscle strength is due to the fact that the 
athletes have not performed any specific exercise to increase respi-
ratory muscle strength. Because, respiratory muscles can be treat-
ed just like skeletal muscles (Pardy and Leith, 1984; Wu et al., 
2017). For this reason, we think that as a result of increasing the 
strength of the respiratory muscles in the athletes may increase the 
peripheral muscle strength, which is an important parameter of 
sportive performance. 

When we review the literature, it is observed that the studies 
investigating the relationship between peripheral muscle strength, 
respiratory function and respiratory muscle strength have been 
performed in elderly and healthy individuals. Simões et al. (2010) 
showed that walking distance, respiratory muscle strength and 
lower extremity muscle strength are related to each other in older 
individuals. It has been shown by Enright et al. (1994) that the 
hand gripping force is related to the MIP. Studies of healthy indi-
viduals by Ferguson et al. (2001) found that the rate of oxygen 
uptake and energy cycling during dynamic contractions in an iso-
lated muscle group was greater at 100 repetition frequency than 
60 revolutions, muscle blood flow was greater at 100 repetitions 
and muscle oxygen uptake.

In addition, knee flexor and extensor muscle strength, respira-
tory muscle strength and respiratory function are parameters re-
lated to sportive performance. In the literature, the relationship 
between knee flexor and extensor muscle strength and sportive 
performance has been shown in previous studies in the areas where 
aerobic and anaerobic metabolism are predominantly used; In a 
study by Soslu et al. (2016) on basketball athletes, maximal knee 

Table 5. Relationship between knee flexor and extensor muscle strength and 
respiratory muscle strength (n= 150)

Variable
MIP MEP

r P-value r P-value

60°/sec knee
   Flexion PT 0.411 0.000 0.309 0.000
   Extension PT 0.355 0.000 0.390 0.000
180°/sec knee
   Flexion PT 0.356 0.000 0.292 0.000
   Extension PT 0.348 0.000 0.355 0.000

MIP, maximum inspiratory pressure; MEP, maximal expiratory pressure; PT, peak 
torque.
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extensor strength was found to be an important component in an-
aerobic test and sprint performance. Çınar-Medeni et al. (2016) 
have shown that the strengthening of knee flexor and extensor 
muscle in orienteering athletes will improve orienting perfor-
mance. Alemdaroğlu (2012) has shown in their study on basket-
ball athletes that quadriceps muscle strength is related to peak 
power at all contraction rates. In Newman et al. (2004) study of 
soccer players, single sprint performance was found to be associat-
ed with peak knee extensor and flexor moment at all speeds. In 
the study of Alexander (1989) in the elite sprinter, the peak isoki-
netic concentric moment produced by the knee extensor muscles 
was found to be related to the 100-m performance. Furthermore, 
in the study of Arslan (2005) in healthy young subjects, explosive 
leg strength was associated with anaerobic performance. In the 
study by Salinero et al. (2016), it was concluded that lung func-
tion in amateur riders is related to marathon race duration, and 
that a high lung capacity may be an important variable for mara-
thon performance of amateur runners. Kilding et al. (2010) have 
shown that inspiratory muscle training improves swimming per-
formance by swimming at 100 m and 200 m. Nicks et al. (2009) 
showed that respiratory muscle training improves intermittent 
exercise performance in soccer players. Pringle et al. (2005) in his 
study on runners, lung capacity was found to be related to 10-km 
race performance. Volianitis et al. (2001) have shown that inspira-
tory muscle training in shovels improves shovel performance. 
Study by Johnson et al. (1996) on sprints have shown that respira-
tory muscles limit the performance of high intensity activities 
such as sprinting. Mador and Acevedo (1991) have shown that in-
spiratory muscle fatigue, Verges et al. (2007) have shown that ex-
piratory muscle fatigue will disrupt the next exercise performance. 
Tranchita et al. (2014) have shown that a 4 weeks inspiratuar 
muscle training protocol bring to improvements in strength and 
in endurance of respiratory muscles acting on a reduction in respi-
ratory muscle fatigue, delaying restriction metabolic reflex and so 
giving to skeletal muscles a greater energy availability. In addi-
tion, Illi et al. (2012) showed in a systematic review and me-
ta-analysis that respiratory muscle training regardles of type im-
proved the (exercise) performance of healthy individuals. In paral-
lel with this information in the literature, we found that peripher-
al muscle strength, respiratory function and respiratory muscle 
strength were related to each other.

In this study, we included athletes from different branches us-
ing both aerobic and anaerobic metabolism dominantly. The rea-
son for this was to remove the effects of aerobic and anaerobic me-
tabolisms on respiratory functions. For this reason, there is a need 

for studies on aerobic and anaerobic metabolism-based athletes 
which will also be done in regression analysis instead of correla-
tion. 

In conclusion, it was determined that the knee flexor and exten-
sor muscular strength, which showed in the literature the effect 
on sportive performance, correlated with respiratory function and 
respiratory muscle strength. That’s why, we think that the addi-
tion of respiratory function and respiratory muscle strength train-
ing to the training programs in addition to muscle strength train-
ing should be a routine practice in order to improve the sportive 
performance.
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