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The aim of the research was to determine if compression shorts affected running 
mechanics. Eight active male participated in the study ([mean  SD] age 25.6  10.3 
years; height 177.9  2.9 cm; weight 71.9  7.4 kg). Three conditions were evaluated, 
compression shorts, standard Lycra shorts and underwear. Movement mechanics was 
evaluated using 2D videography of a progressive running test with initial velocity of 
10km/h and increments of 1km/h every minute. The increase of velocity affect knee and 
hip maximum and minimum extension angles which is translated to an increase of stride 
length. Compression reduced hip and knee flexion angle during recovery. Nevertheless, 
changes in movement mechanics did not interfere with length or frequency of stride 
indicators of running efficiency. 

KEYWORDS: athletic performance, videography 2D, kinematics. 

INTRODUCTION: The use of compression garments has become popular in sport and 
fitness. Apart from being fashionable, there is also the popular belief that they help to 
increase performance. This is supported by a few studies, Doan et al (2003) observed that 
the use of compression enhances vertical jump height, Kraemer et al (1996, 1998) found 
improvements in repetitive jump power and Higgins et al (2009) obtained that high-speed  
increased in short displacements. In contrast, other researches did not find any improvement 
in performance (Eckert, 2009; Duffield & Portus, 2007; Duffield et al, 2008).  
A few is known whether compression affects movement mechanics. If compression shorts 
are designed following functional bandage principles, then they should restrict range of 
movement (ROM) while allowing normal functional movement (Verhagen et al, 2001). Doan 
et al (2003) found a decreased hip flexion angle during sprinting and a lower squat depth 
during a vertical jump. These results are supported by Bernhardt and Anderson (2005) who 
observed decreased active ROM during vertical jump execution. 
The purpose of the study was to determine if compression shorts affected the mechanics of 
running. This investigation was the biomechanical approach of a coordinated 
multidisciplinary project focused also on the physiological benefits of a compression garment 
on muscular soreness and pain. 

METHODS: Eight active male participated in the study ([mean  SD] 
age 25.6  10.3 years; height 177.9  2.9 cm; weight 71.9  7.4 kg). 
None of the subjects suffered from muscular-skeletal injury at the 
moment of the test. The study was approved by the Ethical Committee 
of the Catalan Sports Council. Subjects were fully informed of the 
purpose and risks of participating in this investigation and signed an 
informed consent document prior to testing. 
In order to compare the mechanics of running when wearing different 
types of short garments, all subjects performed a running test with a 
compression shorts, a standard Lycra shorts and underwear as a 
control. The three conditions were tested on the same day using a 
balanced, randomised design. The compression shorts (Colibri®, 
Puntiblond, Spain) are composed by Warp knitted fabric 57% Pa 
(polyamide) 43% Elastan and are designed following functional brace 
principles.  
The running test in the treadmill started at 10 km/h and the velocity was 

Figure 1: Markers 
position.
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observed similar results, with an increase of 28% in stride length and a constant stride 
frequency as speed increased. 
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Figure 4: Knee and hip maximum and 
minimum extension angles and mechanical 
parameters of the stride with respect 
garment used. (*) Indicates significant different 
p < 0.05. 
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Figure 3: Knee and hip maximum and 
minimum extension angles and mechanical 
parameters of the stride with respect to 
increases of velocity. (*) Indicates significant 
different p < 0.05. 

increased 1 km/h every minute until the velocity of 13 km/h. Ten seconds of running at every 
stage were recorded with a high-speed camera (Basler) at a frequency of 100Hz. Four 
markers were placed on the left leg as indicated in Figure 1. The angle of the hip with respect 
the horizontal, the knee angle and the frequency and length of stride were calculated by 
means of a 2D analysis (Vicon Motus, Peak Performance). 
An ANOVA analysis was applied to detect biomechanical changes among the three 
conditions. A significant level of = 0.05 was required. Statistical analysis was applied on 
mean minimum and maximum knee and hip angles and stride frequency and stride length 
within the eight subjects. 

RESULTS: It is possible to define a pattern of angular displacement in the hip and knee
joints (Figure 2).  

Figure 2: Angular displacement pattern of knee and hip. Maximal knee extension is given 
during the first contact of the feet on the ground (Kmax1) and during the final impulse (Kmax2) 
while maximal knee flexion (Kmin) is produced during recovery. Hip maximal flexion (Hmin) is 
found at the end of the recovery and maximal extension (Hmax) during the final impulse of the 
leg on the ground. 

With respect to the running velocity, maximum and minimum angles of hip and knee were 
significantly different. At higher velocities, hip (Hmin) and knee extension (Kmin) decreased 
during the recovery phase and maximal extension (Hmax, Kmax1, Kmax2) increased during 
the final phase of impulse, which matches with an increment of stride length (Figure 3). 
With respect to the garments used, significant differences in Kmax1, Kmin, Hmin angles 
during the recovery phase were also observed, nevertheless neither frequency nor length of 
stride were affected by the shorts (Figure 4). 

DISCUSSION: In order to determine whether compression shorts affected running 
mechanics, subjects performed a running test on a treadmill. Results made evident that 
running mechanics changed depending on  the velocity of running. It was observed that 
when velocity increased, length of stride also increased as a result of a raise in the ROM 
during running, while stride frequency remained nearly constant. Cavanagh and Kram (1989) 
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observed similar results, with an increase of 28% in stride length and a constant stride 
frequency as speed increased. 
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Figure 4: Knee and hip maximum and 
minimum extension angles and mechanical 
parameters of the stride with respect 
garment used. (*) Indicates significant different 
p < 0.05. 
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increased 1 km/h every minute until the velocity of 13 km/h. Ten seconds of running at every 
stage were recorded with a high-speed camera (Basler) at a frequency of 100Hz. Four 
markers were placed on the left leg as indicated in Figure 1. The angle of the hip with respect 
the horizontal, the knee angle and the frequency and length of stride were calculated by 
means of a 2D analysis (Vicon Motus, Peak Performance). 
An ANOVA analysis was applied to detect biomechanical changes among the three 
conditions. A significant level of = 0.05 was required. Statistical analysis was applied on 
mean minimum and maximum knee and hip angles and stride frequency and stride length 
within the eight subjects. 

RESULTS: It is possible to define a pattern of angular displacement in the hip and knee
joints (Figure 2).  

Figure 2: Angular displacement pattern of knee and hip. Maximal knee extension is given 
during the first contact of the feet on the ground (Kmax1) and during the final impulse (Kmax2) 
while maximal knee flexion (Kmin) is produced during recovery. Hip maximal flexion (Hmin) is 
found at the end of the recovery and maximal extension (Hmax) during the final impulse of the 
leg on the ground. 

With respect to the running velocity, maximum and minimum angles of hip and knee were 
significantly different. At higher velocities, hip (Hmin) and knee extension (Kmin) decreased 
during the recovery phase and maximal extension (Hmax, Kmax1, Kmax2) increased during 
the final phase of impulse, which matches with an increment of stride length (Figure 3). 
With respect to the garments used, significant differences in Kmax1, Kmin, Hmin angles 
during the recovery phase were also observed, nevertheless neither frequency nor length of 
stride were affected by the shorts (Figure 4). 

DISCUSSION: In order to determine whether compression shorts affected running 
mechanics, subjects performed a running test on a treadmill. Results made evident that 
running mechanics changed depending on  the velocity of running. It was observed that 
when velocity increased, length of stride also increased as a result of a raise in the ROM 
during running, while stride frequency remained nearly constant. Cavanagh and Kram (1989) 
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SPORTS-RELATED ORO-FACIAL INJURIES: WHICH KIND OF MOUTHGUARD 
WILL BE THE MOST SUITABLE TO PLAY SAFE? 
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The risk of sports-related injuries is constantly present in various sporting activities, like 
box, rugby, tae-kwon-do, etc.  Athletes should be informed of the best characteristics of a 
custom-made mouthguard in order to prevent oro-facial trauma. Materials used in the 
manufacture of mouthguards should satisfy a number of physical, mechanical and 
biological requirements. It is essential to differentiate the intra-oral devices available for 
the athletes to play safe. There are three main goals that should be taken into account, 
and that are provided by the authors’ modified occlusion mouthguard (MOM): (i) the 
occlusal stability, by the contacts of the mouthguard with the antagonist teeth, (ii) the 
equilibrium of the masticatory muscles and (iii) the temporomandibular joint protection 
from excessive unbalanced forces.  
 
KEY WORDS: mouthguards, oro-facial injuries, temporomandibular joint, sports safety. 
 

INTRODUCTION: A mouthguard is the primary appliance for minimizing orofacial trauma 
resulting from sporting activities. They have been worn by sportsmen for almost a hundred 
years and were initially used by boxers (ADA Council, 2006). Usually they are made from a 
thermoplastic copolymer, ethylene vinyl acetate (EVA), fitting over the occlusal surface of the 
maxillary teeth, preventing the teeth been chipped, luxated or avulsed, lip lacerations, lesions 
on the gingivae, tongue and mucosa. The athlete by wearing a properly fitted mouthguard 
can reduce the risk of injuries to the teeth, soft tissues, or the temporomandibular joints 
(TMJs). The risk of sports-related injuries is constantly present in various sporting activities, 
like box, rugby, tae-kwon-do, ice hockey, lacrosse, field hockey, karate, basketball and 
American football (Biasca et al., 2002; Maeda et al., 2006). The 2006 Women’s Rugby World 
Cup showed that the neck/cervical spine (14.3%) and knee (14.3%) were the most 
commonly injured regions, followed by the head and face (12.7%) (Takeda et al., 2006a). 
Usually, the most common mouthguards used during sports practice are the mouth-formed 
mouthguard, known as the boil-and-bite model which can be bought in any sports store. The 
athlete will place the boil-and-bite mouthguard in hot water, briefly cooling it in cold water and 
then forming it to its mouth after clenching his teeth and shaping the material with his/her 
fingers (ADA Council, 2006; Biasca et al., 2002). These mouthguards usually have little 
retention, offering very poor protection and, in addition, may interfere with breathing.  
Nevertheless these mouthguards are slightly better than the stock mouthguards, which are 
preformed with a thermoplastic material, and are available in different sizes, these are 
considered by many to be the less protective (ADA Council, 2006; Biasca et al., 2002; 
Patrick, 2005). Custom-made mouthguards can be fabricated after getting the maxilla 
alginate impressions of the maxilla dental cast. These mouthguards are the most highly 
recommended; due to the fact that they respect quality criteria, such as comfort, fit, retention, 
ease of speech, resistance to tearing, ease of breathing, as well as, good protection of the 
teeth, gingiva and lips, essential for successful prevention of orofacial and dental injuries. 
These mouthguards can be either vacuum-formed or pressure laminated, were some 
researchers have recommended a material thickness of 4-5 mm for enhanced reduction and 
absorption of transmitted forces during impact (Biasca et al., 2002; Takeda et al., 2006a; 
Takeda et al., 2006b). 
Mouthguard materials should have an optimal consistency, energy absorption, and strength 
in order to cushion the traumatic impact. Takeda et al. showed in their study that a 
mouthguard with a special focus on a hard insertion in between two layers of 3 mm of EVA 

When compared the results of running mechanics variables among garments a significant 
restriction of ROM was found with both compression and Lycra, primarily due to a reduction 
in maximal hip and knee flexion angle during the recovery phase of the stride. These results 
are consistent with other researches that found a decreased hip flexion angle during sprinting 
and a lower squat depth during a vertical jump (Doan et al, 2003;  Bernhardt & Anderson, 
2005). Doan et al (2003) suggested that reduction of ROM may cause a rise in stride 
frequency but we have observed that lower ROM did not affect neither frequency nor length 
of the stride, in other words although hip and knee angles are affected by the use of 
compression shorts, efficiency of the running is not altered. This reduction of the ROM could 
explain why Kraemer et al (1998) observed enhanced joint position sense when flexing the 
hip joint. Therefore, restriction of ROM may have a prophylactic effect over joints being 
beneficial in preventing injury while allowing functional movements. 
 
CONCLUSION: The use of compression shorts produced a decrease in the ROM of hip and 
knee joints but did neither affect nor stride frequency nor stride length, indicating that running 
efficiency is not altered and that functional movements are allowed. Limited ROM may have 
a prophylactic effect in terms of preventing injuries when suddenly exceed the individual’s 
end ROM.  
 
REFERENCES: 
Bernhardt, T., & Anderson, G.S. (2005). Influence of moderate prophylactic compression on sport 
performance. Journal of Strength and Conditioning Research, 19, 292-297. 
Cavanagh, R.R., Kram, R. (1989). Stride length in distance running: velocity, body dimensions, and 
added mass effects. Medicine and Science in Sports and Exercise, 21, 467-479. 
Doan, B.K., Kwon, Y-H., Newton, R. U., SMI, J. Popper, E.M., Rogers, R.A., bolt, L. R., Robertson, M., 
& Kraemer, W.J. (2003). Evaluation of a lower-body compression garment. Journal of Sports 
Sciences, 21, 601-610. 
Duffield, R., & Portus, M. (2007). Comparison of three types of full-body compression garments on 
throwing and repeat-sprint performance in cricket players. British Journal of Sports Medicine, 41, 409-
414. 
Duffield, R., Edge, J., Merrells, R., Hawake, E., Barnes, M., Simcock, D., & Gill, N. (2008). The effects 
of compression garments on intermittent exercise performance and recovery on consecutive days. 
International Journal of Sports Physiology and Performance, 3, 454-468. 
Eckert, N.R. (2009). Limb compression does not alter the forces generated during the vertical jump.  
Doctoral Thesis. Indiana University. https://scholarworks.iu.edu/dspace/handle/2022/6470. [consulted 
in 19/11/2010] 
Higgins, T., Naughton, G.A., &  Burgess, D. (2009). Effects of wearing compression garments on 
physiological and performance measures in a simulated game-specific circuit for netball. Journal of 
Science and Medicine in Sport, 12, 223-226. 
Kraemer, W.J., Brush, J.A., Bauer, J.A., Triplett-McBride, N., Paxton, N.J., Clemson, A., Koziris, P.L., 
Mangino, L.C., Fry, A.C., & Newton, R.U. (1996). Influence of compressive garments on vertical jump 
performance in NCAA Division I Volleyball Players. Journal of Strength and Conditioning Research, 
10, 180-183. 
Kraemer, W.J., Brush, J.A., Newton, R.U., Duncan N.D., Volek, J.S., Denegar, C.R., Canavan, P., 
Johnston, J., Putukian, M., & Sebastianelli, W.J. (1998). Influence of a compressive garment on 
repetitive power output production before and after different types of muscle fatigue. Sports Medicine 
Training and Rehabilitation, 8, 163-184. 
Verhagen, E.A.L.M., Van Der Beek, A.J., & Van Mechelen, W. (2001). The effect of tape, braces and 
shoes on ankle of motion. Sports Medicine, 31, 667-677.  




