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PHYSICAL  THERAPY

Altitude Effect on Dorsiflexor and Plantar-Flexor Muscles 
Concentric Torque, and Hand Grip Strength

Amr Almaz Abdel-aziem1,2)

ABSTRACT
Objective: To date little is known about altitude effects on the contractile properties of the skeletal muscles. So, this study 

was conducted to examine the effect of continuous and intermediate exposure to moderate altitude on the concentric peak 
torque of ankle dorsiflexors and plantar-flexors, and hand grip strength. 

Materials and methods: One hundred university male students were divided into two equal groups; group (A) consisted of 
fifty students who were born and live in Taif region, and group (B) consisted of fifty students who were born and live outside 
Taif region. The muscle torque was measured by an isokinetic dynamometer (Humac Norm) and the hand grip strength was 
assessed by a standard, adjustable-handle Jamar dynamometer.

Results: There was no significant difference between both groups in relation to the concentric torque of dorsiflexor and plan-
tar-flexor muscles (p = 0.071, 0.088 respectively). Moreover, there was no significant difference in hand grip strength of both 
groups (p = 0.087).

Conclusion: The dorsiflexors and plantar-flexors concentric torque, and hand grip strength of subjects lived in moderate 
altitude were similar to other subjects intermittently exposed to it. So, these findings may be of relevance to athletes and coaches 
planning altitude training programs.
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INTRODUCTION

In human body, a high altitude environment produces physiological 
stress, this stress can occur at moderate altitude, between 2,000 and 
3,000m; and high altitude, above 3,000 m1-3). The most important causes 
of this stress are hypoxia, high solar radiation, low temperature, low 
humidity, high winds and rough terrain2). The most significant one is the 
hypoxia, since the others could be present in different geographical 
zones. Therefore, Taif city is considered one of moderate altitude areas 
in the world, as it is located above the sea level by 1700 to 2500 m 
above sea level4).

The altitude environment leads to dropping of oxygen pressure that 
reduces the inspired and alveolar oxygen pressure, and decreases oxy-
gen concentration in the blood (hypoxaemia). Then, hyperventilation 
may occur, causing a drop in carbon dioxide levels (hypocapnia)5). The 
muscle response to hypoxia depends on the type of hypoxic conditions 
(e.g., acute vs. chronic, intermittent vs. continuous) and the type of mus-
cle contraction (e.g., sustained vs. intermittent)6).

Immediate exposure to high altitude creates hypoxia in the skeletal 
muscles that stimulates glycolysis and increases the availability of pyru-
vate. The increased pyruvate can either be used for further oxidation in 
the mitochondria or increased lactate production. So, hypoxia leads to 
greater lactate response for a given workload7). Moreover, living in con-

stant hypoxia is believed to be the reason for some of the muscular 
changes as increasing the capillary density within the muscle cells8). 

It is possible that hypoxia is responsible for muscle atrophy. Such 
muscle loss has not been found in studies using intermittent hypoxia, 
i.e. the subjects exercised under hypoxic conditions, but lived in nor-
moxia in between the training sessions9). On the contrary, a significant 
increase in the cross-sectional area in the human vastus lateralis muscle 
is seen after 3 weeks of endurance training in severe, progressive, nor-
mobaric hypoxia (equivalent to altitudes of 4,100-5,700 m) with recov-
ery in normoxia10).

The high altitude reduces the speed and precision in finger tap-
ping11). Moreover, it impairs the isometric muscle endurance and modi-
fies the myoelectric activity pattern which suggests a greater fatigability 
of the neuromuscular system. Prolonged exposure to hypoxia slows the 
propagation of myopotentials and alters sensorimotor control during 
sustained effort12). High altitude exposure decreases the body mass. 
Meanwhile, the loss of leg muscle is less than the loss of arm muscle13).

The hand is the basic manipulative organ, and hand grip force par-
ticipates in all manipulative activities of the body14). The strength of the 
hand muscles is positively related to other muscle groups, including the 
legs; the hand grip force also presents an indicator for a valid evaluation 
of the overall body strength15). There is no change in sustained handgrip 
time16), and the dynamic strength of knee extensors and elbow flexors 
during residing at 3700 and 4572 m, respectively17). 
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MATERIAL  AND  METHODS

Participants

A total of 100 physically active male students from Taif university 
volunteered to participate in this cross-sectional study. They were divid-
ed into two equal groups; group (A) consisted of fifty students who 
were born and live in Taif region, and group (B) consisted of fifty stu-
dents who were born and live outside Taif region. Their age ranged from 
18-23 years, right handed and their body mass index (BMI) was less 
than 25 kg/m2. The participants' demographic data are shown in Table 1. 

The exclusion criteria were; 1. History of traumatic injuries or sur-
gical interventions of the neck, upper or lower limbs. 2. Medical condi-
tions which may have a negative effect on upper and lower limbs. 3. 
Chronic diseases such as rheumatoid arthritis, osteoarthritis and other 
connective tissue disorders that affect the musculoskeletal system. 4. 
Neurological and orthopedic disorders as well as sensory deficits. 5. 
Smoking. 6. Taking drugs, medication, or dietary supplements known to 
influence physical performance. The nature, aims and risks of the exper-
imental procedures have been explained to all participants. Moreover, 
they signed a written informed consent in accordance with the 
Declaration of Helsinki before testing procedure commencement. The 
research was approved by the ethics committee of the College of 
Applied Medical Sciences, Taif University.

Assessment procedures

The plantar-flexor and dorsiflexor muscles concentric peak torque 
was assessed by using the Isokinetic Dynamometer (HUMAC NORM 
isokinetic extremity system, Massachusetts, USA). It is a reliable tool 
for measurement of the muscles peak torque18).

The participants performed a warm-up for 5 min, on a stationary 
bicycle, pedaling at a comfortable pace of 60-70 revolutions/min and 5 
min of stretching exercises for plantarflexor and dorsiflexor muscles. 
Each subject was seated on the dynamometer’s chair and was stabilized 
by straps, the dynamometer axis was aligned with the lateral malleolus 
and the angle of the hip joint was 80° flexion (0° neutral position). The 
knee joint was fixed in approximately 20° to 30° of flexion by using a 
strap and posterior knee pad. Moreover, the examiner ensured that the 
subject's lower leg is parallel to the floor to diminish the potential effect 
of dynamic hamstring activity contributing to the generated torque. The 
foot and ankle were positioned into plantarflexion/dorsiflexion attach-

ment with straps to secure the foot19). Then, the dorsiflexor and plantar-
flexor muscles torque was assessed at angular velocity 90°/sec.

The participant's active ankle range of motion (ROM) was used to 
determine the start and stop angles. The subjects performed 10 submaxi-
mal contractions through the predetermined ROM at concentric mode of 
testing with velocity of 90°/sec to familiarize the participants with the 
dynamometer before the actual test. A rest period of 30 sec was allowed 
between warm up and the actual test. This procedure was repeated 5 
times and the single highest value was used for data analysis.

A standard, adjustable-handle Jamar Dynamometer (Asimov 
Engineering Co., Los Angeles, CA, USA) was used to assess the hand 
grip strength. It has been reported as the most accurate device for mea-
suring hand grip strength20). For standardization, it was set at the second 
handle position for all participants. The dynamometer was lightly held 
around the readout dial by the examiner to prevent unwitting dropping.

The assessment was conducted with the dominant hand (right hand), 
as Sharan et al.21) reported that there is a correlation between hand domi-
nance and musculoskeletal disorders. According to the standard protocol 
for measuring hand grip strength, recommended by the American 
Society of Hand Therapists (ASHT) in which the subject is seated with 
the shoulder adducted and neutrally rotated, the elbow flexed at 90°, and 
the forearm and wrist in neutral position. The subject was requested to 
put maximum force on the dynamometer 

Before data collection, the participant was given a practice trial to 
be familiarized with the dynamometer. Moreover, the examiner 
explained to the participants how to hold the dynamometer’s handle. 
Then, the examiner instructed the participant to squeeze as hard as pos-
sible, and encouraged him to exert his maximum force. A three trials 
were conducted and the average value (kilograms) was used for further 
data analysis. 

Statistical analysis

Data were analyzed by using a Statistical Package for Social 
Sciences (Armonk, NY: IBM Corp.) version 20.0. The independent 
t-test was used to compare between dorsiflexor and plantar-flexor mus-
cles concentric torque, and hand grip strength of both groups. Before 
applying the independent t-test the distribution of date was checked for 
normality. The significance level was set at 0.05 with the least signifi-
cant difference (LSD) test was used to locate the source of differences.

RESULTS

The data were found to be normally distributed as shown by the 
non-significant results of the Shapiro-Wilks normality test (p > 0.05). 
Hence, the parametric analysis of the data was conducted. There was no 
significant difference between both groups for age, weight, height and 
BMI (p = 0.068, 0.065, 0.111, 0.306 respectively), as shown in table 1.

Regarding the concentric torque of dorsiflexor and plantar-flexor 
muscles, there was no significant difference between both groups (p = 
0.071, 0.088 respectively), as shown in table 2. Moreover, there was no 
significant difference in hand grip strength of both groups (p = 0.087), 
as shown in table 3.

DISCUSSION

This study was conducted to examine the effect of continuous and 
intermediate exposure to moderate altitude on the concentric peak 
torque of ankle plantar-flexor and dorsiflexor muscles, and hand grip 
strength. The results revealed that there was no difference in the ankle 
dorsiflexor and plantar-flexor muscles concentric torque, and hand grip 
strength among subjects residing at moderate altitude and others who 
intermittently exposed to moderate altitude. 

Table 2. The concentric torque (N.m) of dorsiflexor and plan-
tar-flexor muscles.

 Group A, n = 50 Group B, n = 50 p value

Dorsiflexors torque 35.30 ± 9.51 38.98 ± 10.60 0.071

Plantar-flexors torque 38.46 ± 10.08 42.10 ± 11.10 0.088

Data are presented as mean ± standard deviation.

Table 1. Demographic characteristics of participants
Characteristics Group A, n = 50 Group B, n = 50 p value

Age, year 20.48 ± 1.59 19.80 ± 1.55 0.068

Weight, kg 71.84 ± 5.23 69.80 ± 5.25 0.065

Height, cm 175.14 ± 4.00 173.74 ± 4.70 0.111

Body mass index,  23.42 ± 1.57 23.17 ± 1.41 0.306
kg/m2

Data are presented as mean ± standard deviation.

Table 3. The right hand grip strength (kg)
 Group A, n = 50 Group B, n = 50 p value

Grip strength 31.92 ± 7.48 34.88 ± 9.54 0.087

Data are presented as mean ± standard deviation.

To our knowledge, no studies have been conducted to examine the 
effects of high or moderate altitude on torque of lower extremity mus-
cles and hand grip strength. Moreover, no comparative study between 
the muscle strength of subjects living in altitude areas or exposed inter-
mittently to this altitude. So, this study aimed to examine the effect of 
continuous and intermediate exposure to altitude on the concentric peak 
torque of the ankle plantar-flexor and dorsiflexor muscles, and hand 
grip strength. It has been hypothesized that residence at altitude will 
inversely affect the torque of ankle muscles and hand grip strength.
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The review study of Perrey and Rupp6) concluded that the majority 
of studies on humans report no changes in maximal voluntary contrac-
tion and evoked compound muscle action potential of different skeletal 
muscles at rest in healthy subjects exposed to acute and chronic hypox-
ia, which supports the present results. However, the findings of the pres-
ent study come against the negative effect of altitude on strength and 
power which was reported by Vargas-Pinilla22). They established that 
exposure to high altitude is an environmental stress that elicits many 
adjustments and adaptations that inversely influence the exercise capaci-
ty and endurance performance due to the decrease in muscle fiber size 
and body mass.

Moreover, these results are not supported by the findings of Narici 
and Kayser9) who showed that the chronic exposure to high altitude 
leads to a reduction of the muscle cross sectional area and a decrease in 
muscle fiber size, which comes against the findings of Desplanches et 
al.10) who indicated that there is no loss of muscle mass during exposure 
to intermittent hypoxia. So, the findings of Desplanches et al.10) supports 
the similar ankle muscles torque and hand grip strength of both groups 
of the current study.

The results of the present study are inconsistent with the findings of 
Feriche et al.23) who reported that acute exposure to natural moderate 
altitude, as opposed to simulated normobaric hypoxia, leads to gains in 
maximal strength, movement velocity and power during the execution 
of a force-velocity curve in bench press. Their participants were exam-
ined immediately after ascending to high altitude, while the present 
study compared a group students live in high altitude (chronic hypoxia) 
with a group of students live in areas of normoxia and ascending to 
moderate altitude area for studying (intermittent hypoxia), which may 
be explain the disagreement with this study.

In addition, the results of this study are not supported by findings of 
García-Ramos et al.24) who investigated the effect of an acute exposure 
to terrestrial altitude on the leg muscles maximum force, maximum 
velocity and maximum power during a loaded squat jump. They con-
cluded that the acute exposure to terrestrial altitude has a potential effect 
on enhancing the vertical jump performance. The increased maximal 
power of the leg muscles at altitude is caused by an improvement in the 
theoretical maximal velocity at which lower limbs can extend with no 
significant changes in the theoretical maximal force. 

Many studies support the findings of the current research; Fulco et 
al.25) concluded that the chronic hypoxia (real or simulated high altitude, 
normobaric or hypobaric hypoxia) has been reported to have little effect 
on the maximum voluntary contraction in humans. Moreover, acute 
hypoxia produced by breathing a low-oxygen gas mixture does not 
reduce the isometric maximum voluntary contraction26). The absence of 
difference between the muscle strength of both groups in this study 
could be due to the moderate altitude of Taif region which is not a sever 
hypoxia area. Many studies have related the severe hypoxia of high alti-
tude (> 5500 m) leads to muscle deterioration, a reduced muscular func-
tion27) and power28), including a loss of up to 15% lean mass29), along 
with a reduced strength gain, compared to that produced in conditions of 
normoxia for the same training exercise30). Whereas, Scott et al.31) did 
not find an effect of moderate and high acute hypoxic stimulus during a 
high intensity resistance exercise in back squat and dead lift exercises 
on force and power measurements, which supports the current findings.

The current results can be explained by the adaptation to the hypox-
ic environment. When residing at altitude, changes in the body systems 
involved in the aerobic energy supply seem to elicit beneficial chronic 
adaptations improving performance32). However, ascending to a higher 
altitude has been associated with impaired muscular endurance perfor-
mance33), that may explain the absence of significant differences 
between both groups in this study. In addition, the non-significant dif-
ference between both groups may be clarified by the findings of 
Morales-Artacho et al.3) who found similar anatomical and functional 
muscle strength responses, can be achieved in moderate altitude and 
normoxia after strengthening exercise program. 

According to Millet et al.34) the students live outside Taif region are 
exposed to intermittent hypoxia, as they are exposure to hypoxia for a 
few minutes or hours for several days or weeks. Because the hypoxia is 
applied at rest and for short duration, it allows a stronger hypoxic stimu-
lus, which is well tolerated7), that produces the same effect of residing in 
high or moderate altitude. So, the current findings are supported by pre-
vious studies that reported that the molecular adaptations at the muscu-
lar level have been observed with intermittent hypoxic exposure train-
ing. These adaptations include an increase in mitochondrial density, 
capillary-fiber ratio, and the muscle fiber cross sectional area35). 
Moreover, an increase in maximal oxygen uptake, oxygen consumption 
at the lactate threshold workload, and work capacity were reported after 
intermittent hypoxia training36). In addition to significant increase in the 

haematocrit and hemoglobin37).
The current study has some possible limitations that should be con-

sidered. First, the evaluated muscles were the distal muscles of upper 
and lower extremities. So, it is recommended to examine the effect of 
altitude on the strength of more proximal muscles. Second, this study 
evaluated the effect of altitude on isolated muscles. So, more research is 
required to examine the effect of altitude on the whole-body strength 
and endurance, and investigate different population categories like ath-
letes. Third, the isokinetic test was conducted only at a medium angular 
velocity (90°/sec). Finally, the participants were male only. So, these 
findings are confined to this specific population that may affect the gen-
eralization of the results. It is reported that the impairment of muscle 
functions occurs during sustained muscle contraction and during repeat-
ed submaximal intermittent contractions in subjects exposed to acute 
and chronic hypoxia5). Therefore, further studies are needed to examine 
the effect of high or moderate altitude on muscle fatigue of the upper 
and lower extremities and its relationship with muscle strength. More 
work needs to be done to examine other isokinetic parameters, such as 
eccentric torque, power, work, and fatigue rather than the concentric 
torque.

CONCLUSION

The results of the current research display a similar dorsiflexor and 
plantar-flexor muscles torque, and hand grip strength can be achieved in 
subjects live in moderate altitude and other subjects are intermittently 
exposed to it. So, these findings may be of relevance to clinicians, ath-
letes and coaches planning altitude training program.

ACKNOWLEDGMENT

The author is indebted to Taif University, KSA, for financial sup-
port, and College of Applied Medical Science for permission to conduct 
the study. I would like to thank Dr. Maher A. Mahdi, associate profes-
sor, English Department, Helwan University, Egypt, for his helping on 
English language editing and revision of this article.

REFERENCES

 1) Bärtsch P, Saltin B, Dvorak J. Consensus statement on playing football at different alti-
tude. Scand J Med Sci Sport 2008; 18: 96-99. 

 2) Frisancho AR. Human adaptation and accommodation. Univ Michigan Press 1993; 220-
222.

 3) Morales-Artacho AJ, Padial P, García-Ramos A, Pérez-Castilla A, Argüelles-Cienfuegos 
J, De la Fuente B, Feriche B. Intermittent resistance training at moderate altitude: 
effects on the force-velocity relationship, isometric strength and muscle architecture. 
Front Physiol. 2018 24; 9: 594. doi: 10.3389/fphys.2018.00594. 

 4) Alosaimi JA. Saudi intermediate school girls' knowledge, attitudes and practices of 
puberty in Taif saudi arabia, Inter J Med Sci Public Health 2014; 3: 196-202.

 5) Hornbein TF. The high-altitude brain. J Exp Biol 2001; 204(Pt 18): 3129-3132. 
 6) Perrey S, Rupp T. Altitude-induced changes in muscle contractile properties. High Alt 

Med Biol. 2009; 10(2): 175-182. 
 7) Bärtsch PP, Saltin B. General introduction to altitude adaptation and mountain sickness. 

Scand J Med Sci Sports 2008; 18(suppl 1). 
 8) Igor R, Vladimir I, Milos M, Goran B. New tendencies in the application of altitude 

training in sport preparation. J Phys Educ Sport 2011; 11(2): 200-204. 
 9) Narici M V, Kayser B. Hypertrophic response of human skeletal muscle to strength 

training in hypoxia and normoxia. Eur J Appl Physiol Occup Physiol 1995; 70(3)213-
219. 

 10) Desplanches D, Hoppeler H, Linossier MT, Denis C, Claassen H, Dormois D, et al. 
Effects of training in normoxia and normobaric hypoxia on human muscle ultrastruc-
ture.. Pflugers Arch 1993; 425(3-4): 263-267. 

 11) Berry D, McConnell JW, Phillips BA, Carswell CM, Lamb DG, Prine BC. Isocapnic 
hypoxemia and neurobehavioural functioning. J Clin Exp Neuropsychol. 1989; 
11:241-251. 

 12) Felici F, Rosponi A, Sbriccoli P, Scarcia M, Bazzucchi I, Iannattone M. Effect of 
human exposure to altitude on muscle endurance during isometric contraction. Eur J 
Appl Physiol 2001; 85(6): 507-512.

 13) Macdonald JH, Oliver SJ, Hillyer K, Sanders S, Smith Z, Williams C, Yates D, 
Ginnever H, Scanlon E, Roberts E, Murphy D, Lawley J, Chichester E. Body compo-
sition at high altitude: a randomized placebo-controlled trial of dietary carbohydrate 
supplementation. Am J Clin Nutr 2009; 90(5): 1193-202.



Abdel-aziem A. A. 125

 14) McMillan I, Carin-Levy G. Tyldesley and Grieve's muscles, nerves and movement: 
Kinesiology in daily living (Sec. Ed.). 1996; 150-175.

 15) Bohannon RW. Dynamometer measurements of hand grip strength predict multiple out-
comes. Percept Mot Skills 2001; 93: 323-328. 

 16) Bowie W, Cumming GR. Sustained handgrip-reproducibility; effects of hypoxia. Med 
Sci Sports 1971; 3(1): 24-31. 

 17) Young A, Wright J, Knapik J, Cymerman A. Skeletal muscle strength during exposure 
to hypobaric hypoxia. Med Sci Sports Exerc 1980; 12(5): 330-335. 

 18) de Araujo Ribeiro Alvares JB, Rodrigues R, de Azevedo Franke R, da Silva BG, Pinto 
RS, Vaz MA, Baroni BM. Inter-machine reliability of the Biodex and Cybex isokinetic 
dynamometers for knee flexor/extensor isometric, concentric and eccentric tests. Phys 
Ther Sport. 2015; 16: 59-65. doi: 10.1016/j.ptsp.2014.04.004 

 19) Abdel-aziem AA, Draz AH. Eccentric peak torque analysis of subjects suffering from 
chronic ankle instability. Medicine Science 2013; 2(1): 489-99.

 20) Mathiowetz V, Weber K, Volland G, Kashman N. Reliability and validity of hand 
strength evaluation. J Hand Surg. 1984; 9: 222-6. 

 21) Sharan D, Mohandoss M, Ranganathan R, Jose J. Musculoskeletal disorders of the 
upper extremities due to extensive usage of hand held devices. Ann Occup Env Med 
2014; 26: 22-25.

 22) Vargas-Pinilla O. Exercise and training at altitudes: Physiological effects and proto-
cols. Ciencias la Salud 2014; 12(1): 115-130. 

 23) Feriche B, García-Ramos A, Calderón-Soto C, Drobnic F, Bonitch- Góngora JG, 
Galilea PA, et al. Effect of acute exposure to moderate altitude on muscle power: 
Hypobaric hypoxia vs. normobaric hypoxia. PLoS One. 2014; 9(12). doi.org/10.1371/
journal.pone.0114072

 24) García-Ramos A, Štirn I, Padial P, Arg lles-Cienfuegos J, De la Fuente B, Strojnik V2, 
Feriche B. The maximal mechanical capabilities of leg muscles to generate velocity 
and power improve at altitude. J Strength Cond Res. 2018; 32(2): 475-481. doi: 
10.1519/JSC.0000000000001592.

 25) Fulco CS, Cymerman A, Muza SR, Rock PB, Pandolf KB, Lewis SF. Adductor pollicis 
muscle fatigue during acute and chronic altitude exposure and return to sea level. J 
Appl Physiol 1994; 77(1): 179-183. 

 26) Millet GY, Aubert D, Favier FB, Busso T, Benoît H. Effect of acute hypoxia on central 

fatigue during repeated isometric leg contractions. Scand J Med Sci Sport 2009; 19(5): 
695-702. 

 27) Raguso CA, Guinot SL, Janssens JP, Kayser B, Pichard C. Chronic hypoxia: common 
traits between chronic obstructive pulmonary disease and altitude. Curr Opin Clin 
Nutr Metab Care 2004; 7: 411-417. 

 28) Ferretti G, Hauser H, di Prampero P. Maximal muscular power before and after expo-
sure to chronic hypoxia. Int J Sports Med. 1990; 11: 31-34.

 29) Mizuno M, Savard GK, Areskog NH, Lundby C, Saltin B. Skeletal muscle adaptations 
to prolonged exposure to extreme altitude: A role of physical activity? High Alt Med 
Biol. 2008; 9(4): 311-317.

 30) Narici MV, Kayser B. Hypertrophic response of human skeletal muscle to strength 
training in hypoxia and normoxia. Eur J Appl Physiol Occup Physiol 1995; 70(3): 
213-219. 

 31) Scott BR, Slattery KM, Sculley DV, Hodson JA, Dascombe BJ. Physical performance 
during high-intensity resistance exercise in normoxic and hypoxic conditions. J 
Strength Cond Res. 2015; 29(3): 807-815. 

 32) McLean BD, Buttifant D, Gore CJ, White K, Liess C, Kemp J. Physiological and per-
formance responses to a preseason altitude-training camp in elite teamsport athletes. 
Int J Sport Physiol Perform 2013; 8(4): 391-399. 

 33) Hamlin MJ, Hopkins WG, Hollings SC. Effects of altitude on performance of elite 
track-and-field athletes. Int J Sport Physiol Perform. 2015; 10: 881-7. doi: 10.1123/
ijspp.2014-0261.

 34) Millet GP, Roels B, Schmitt L, Woorons X, Richalet JP. Combining hypoxic methods 
for peak performance. Sports Medicine. 2010; 40(1): 1-25.  

 35) Vogt M, Puntschart A, Geiser J, Zuleger C, Billeter R, Hoppeler H. Molecular adapta-
tions in human skeletal muscle to endurance training under simulated hypoxic condi-
tions. J Appl Physiol (1985). 2001; 91(1): 173-182.

 36) Czuba M, Waskiewicz Z, Zajac A, Poprzecki S, Cholewa J, Roczniok R. The effects of 
intermittent hypoxic training on aerobic capacity and endurance performance in 
cyclists. J Sport Sci Med 2011; 10(1): 175-183. 

 37) Meeuwsen T, Hendriksen IJ, Holewijn M. Training-induced increases in sea-level per-
formance are enhanced by acute intermittent hypobaric hypoxia. Eur J Appl Physiol 
2001; 84(4): 283-290.


