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Highlights 

 The pivot turn jump showed the largest knee valgus and internal rotation angle 

 No differences were seen in the sagittal plane between brace and no brace  

 Bracing showed an improvement in coronal and transverse plane knee control 

 The use of proprioceptive braces may help to decrease risk of knee injuries 

 

Abstract 

Introduction: Proprioceptive knee braces have been shown to improve knee 

mechanics, however much of the work to date has focused on tasks such as slow step 

down tasks rather than more dynamic sporting tasks.  

Objective: This study aimed to explore if such improvements in stability may be seen 

during faster sports specific tasks as well as slower tasks.  

Method: Twelve subjects performed a slow step down, single leg drop jump and 

pivot turn jump with and without a silicone web brace. 3D kinematics of the knee 

were collected using a ten camera Qualisys motion analysis system. Reflective 

markers were placed on the foot, shank, thigh and pelvis using the Calibrated 

Anatomical Systems Technique. A two way ANOVA with repeated measures was 

performed with post-hoc pairwise comparison to explore the differences between the 

two conditions and three tasks. 

Results: Significant differences were seen in the knee joint angles and angular 

velocities in the sagittal, coronal and transverse planes between the tasks. The brace 

showed a reduction in knee valgum and internal rotation across all tasks, with the most 

notable effect during the single leg drop jump and pivot turn jump. The transverse plane 

also showed a significant reduction in the external rotation knee angular velocity when 

wearing the brace. 

Discussion: The brace influenced the knee joint kinematics in coronal and transverse 

planes which confirms that such braces can have a significant effect on knee control 

during dynamic tasks. Further studies are required exploring the efficacy of 

proprioceptive braces in athletic patient cohort. 

Acknowledgements 

This study is partly founded by Erasmus+ program who have sponsored two masters 

students. The braces were supplied by DJO Global, Inc. The suppliers played no role in 

the design, execution, analysis and interpretation of the data or writing of this study.  

  

mailto:xhanzlikova@gmail.com


2 

 

Introduction 

 

Recent advances in knee brace design have led to the development of new designs of 

proprioceptive bracing. The Reaction Brace is distinct alternative to the basic knee 

sleeve, and is made from elastometric web. Developers of the brace claim that the 

shock-absorbing elastometric design dissipates peak stress and enhance patellar 

tracking. Khadavi et al [1] showed that the Reaction Brace reduces knee pain, increase 

function and enhance quality of life with individuals with patellofemoral pain. Selfe et 

al [2, 3] have previously shown on healthy participants and patients with patellofemoral 

pain that taping and soft and flexible braces can offer an improvement in movement 

control in the coronal and transverse planes. This may partially be explained by Edin 

[4] who stated that the stabilizing effects of taping techniques may be due to altered 

somatosensory inflow from the knee joint. Anterior Cruciate ligament (ACL) injuries 

are common in sports and often occur during non-contact cutting, jumping and pivoting 

activities [5, 6]. Kobayashi et al [7] observed that 55.2 % of non-contact injury 

happened in women due to “dynamic valgus position of the knee”. Landing has also 

been reported to cause a high anterior sheer force of the proximal tibia in combination 

with internal rotation of the knee and is reported as one of the most frequent 

mechanisms of ACL injury [8]. 

 

Each year in the United States there are approximately 250,000 ACL injuries, or 1 in 

3,000 in the general population [9, 10]. Numerous theories have been proposed to 

explain what predisposes patients to noncontact ACL injury. These theories are divided 

into four categories: hormonal, anatomic, environmental and neuromuscular [11]. 

Previous studies have shown that knee braces may improve functional performance 

during tasks such as single limb balance in individuals with ACL injuries [12, 13]. 

Butler et al. [14] also showed changes in landing mechanics in patients following ACL 

reconstruction while wearing a brace. To date no study has determined the size and 

nature of the effects of using proprioceptive knee bracing during more dynamic tasks 

on 3D knee mechanics. 

 

The aim of knee bracing is to reduce pain and improve knee joint control through 

mechanical support of the joint. However, proprioception has also been identified as an 

important mechanism in managing knee instability and ACL injuries [15]. The skin 

contact from bracing could provide more afferent information to the brain due to 

cutaneous sensory stimulation and thereby improve neuromuscular control of the knee 

joint [16]. Any changes could be due to changes in neuromuscular control influenced 

by changed exteroception. 

 

The first stage of this work is to determine if such bracing changes the knee stability in 

a group of healthy individuals during tasks used in clinical assessment and sporting 

activities, this data will also serve as a reference for further work on individuals with 

ACL injuries. This study aimed to determine any differences in knee movement and 

moments at the knee with and without a silicon web design brace. 

  

 

Method  

Twelve healthy participants, 7 men and 5 women, mean age 26.9(±.6.7), mean height 

172.8 cm (±14.5), mean weight 75.1 kg (±12.5), mean BMI 25.2 (± 3.1) were recruited 

from a staff and student population at the University of Central Lancashire. All 
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participants fulfilled the inclusion criteria of; no current musculoskeletal injuries or 

disorders, no history of surgery or traumatic injury to the lower extremities or lower 

back, no history of medical conditions that limit physical activity. All data collection 

conformed to the Declaration of Helsinki and volunteers gave written informed consent 

prior to participation. 

 

Each subject performed 5 repetitions of: a slow step down, single leg drop jump and a 

pivot turn jump under two conditions (a) no brace (b) Reaction Brace, Figure 1. A 

number of practice attempts at each task were allowed until each participant indicted 

that they were ready. The order of the conditions was randomised and all testing for 

each participant was performed on one day. During the tasks participants wore their 

own sport footwear. For the step down task participants were asked to step down as 

slowly as possible from a 20 cm step landing with the heel of the contralateral limb. 

For the single leg drop jump participants were asked to begin by standing on one foot 

on top of the 20 cm step, then drop off the box landing on the same foot. For the pivot 

turn jump participants were asked to hop forwards approximately 60 cm and 

immediately pivot with internal rotation and hop back to the starting point in one 

movement. Kinetic data were collected at 200 Hz using two AMTI force platforms. 

Kinematic data were collected using a ten camera Oqus motion analysis system 

(Qualisys medical AB, Gothenburg, Sweden) at 100 Hz. Reflective markers were 

placed on the foot, shank and thigh using the Calibrated Anatomical System Technique 

[17]. The thigh and shank marker clusters were placed above and below the brace 

respectively, Figure 1. Raw kinematic and kinetic data were exported to Visual3D (C-

Motion Inc., USA). Kinematic and kinetic data were filtered using fourth order 

Butterworth filters with cut off frequencies of 15 and 25 Hz, respectively. Joint 

kinematics were calculated relative to the shank coordinate system. The kinematics 

were calculated based on the cardan sequence of XYZ, equivalent to the joint 

coordinate system proposed by Grood and Suntay [18]. Knee joint kinetics were 

calculated using standard inverse dynamic methods, relative to the shank coordinate 

system. The kinematic and kinetic data about the knee were then quantified from initial 

contact to the maximum knee flexion angle to allow the eccentrically controlling phase 

in single limb support to be explored. All data were found to be normally distributed 

and suitable for parametric testing. A two way ANOVA with repeated measures was 

performed with a Fisher’s Least Significant Difference post-hoc Pairwise comparison 

to explore the differences between the two conditions and three tasks for the 

biomechanical parameters.  

 

 
Figure 1: Reaction Brace 
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Results  

Although the tasks were demanding, no adverse incidents occurred. The mean values 

for the different tasks for the two conditions are presented in table 1. The Pairwise 

comparisons showed significant differences between the tasks in knee joint angles and 

knee angular velocities in the sagittal, coronal and transverse planes, table 2. In the 

sagittal plane significant differences were seen in knee joint angles and angular velocity 

between slow step down and single leg drop jump, slow step down and pivot turn jump 

and in the angular velocity between single leg drop jump and pivot turn jump, table 2. 

Slow step down showed the greatest knee flexion angle, single leg drop jump showed 

the greatest knee flexion velocity and pivot turn jump showed the greatest knee 

extension and range of angular velocity, table 1. In the coronal plane significant 

differences were seen in knee joint angles and angular velocity between slow step down 

and pivot turn jump, and in the angular velocity between slow step down and single leg 

drop jump, and in the valgus angle and range of motion between single leg drop jump 

and pivot turn jump, table 2. Pivot turn jump and single leg drop jump showed similar 

coronal plane angular velocities which were significantly greater than those during slow 

step down, table 1. In the transverse plane significant differences were seen between all 

tasks for all angles and angular velocities with the exception of peak internal and 

external angles between slow step down and single leg drop jump and peak internal 

rotation angular velocity between single leg drop jump and pivot turn jump, table 2. 

Pivot turn jump showed the greatest knee angles in transversal plane. The transverse 

plane angular velocities were similar for single leg drop jump and pivot turn jump and 

were significantly greater than slow step down, table 1. 

 

The brace had no effect on the sagittal plane kinematics, however significant 

differences were seen in the coronal and transverse planes. The comparison between no 

brace and brace showed a significant difference in the knee varus and valgus knee 

angles, with the valgus angle showing a 2.4° (30%) reduction in the range of motion in 

the coronal plane (p=0.023) when wearing the brace. A significant interaction was seen 

between condition and task for knee valgus angle (p=0.001). Further post hoc testing 

showed no significant difference between knee brace and no brace for step down; 

however bracing showed significantly less knee valgum during single leg drop 

jump(p=0.018) with a mean difference of 2.7 degrees, and for pivot turn jump with a 

mean difference of 3.8 degrees (p=0.002). The knee varus angle showed a significant 

increase when wearing the brace (p=0.035) with a mean difference of 1.5 degrees across 

all tasks. Further post hoc t-tests showed that the brace showed no significant difference 

for slow step down (p=0.108) or for pivot turn jump (p=0.359) but did show a 

significant difference during single leg drop jump with a mean difference of 2.1 degrees 

(p= 0.008). A significant interaction was seen between condition and task for range of 

motion in the coronal plane. Further post hoc tests showed no significant differences 

between no brace and brace for slow step down (p=0.065) and for single leg drop jump 

(p=0.364). However a significant reduction in the varus/valgus range of motion was 

seen in the pivot turn jump, with a mean reduction of 3.0 degrees (p=0.007), a 25% 

reduction of the varus/valgus range of motion when wearing the brace, table 3.  

 

The peak internal knee rotation was shown to be significantly reduced (p=0.035) when 

wearing the brace by 2.4°, 21% total range of motion. A significant interaction was seen 

for internal knee rotation between condition and task for peak internal knee rotation. 

Further post hoc testing showed the effect due to the brace was not significant for slow 

step down (p=0.716) or for single leg drop jump (p=0.106), but was significantly 
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reduced for pivot turn jump with a mean difference of 5.2 degrees (p=0.002) when 

wearing the brace. The range of internal/external motion of the knee was also 

significantly reduced from 11.5° to 9.3° (p=0.003) when wearing the brace. A 

significant interaction was seen between condition and task for range of 

internal/external. Further post hoc testing showed no significant difference for slow step 

down (p=0.662) or for single leg drop jump (p=0.682), however there was a significant 

reduction during the pivot turn jump from 19.6° to 13.5° (p=0.005), a 31% reduction 

when wearing the brace, table 3. 

 

No significant differences were seen between brace and no brace in the sagittal and 

coronal plane knee angular velocity in terms of minimum values, maximum values and 

ranges of angular velocities. However, the transverse plane showed a significant 

reduction between brace and no brace in the external rotation knee angular velocity 

(p=0.008), with the brace reducing the external rotation knee angular velocity from 

122.7 °/s to 94.0 °/s. A significant interaction was seen between condition and task for 

external rotation knee angular velocity. Further post hoc testing showed no significant 

difference for slow step down with a mean difference of 4.3, or single leg drop jump 

with a mean difference of 8.9, however there was significance difference between brace 

and no brace for pivot turn jump with a mean reduction of 72.9 degrees/s (p<0.001) 

during the pivot turn jump when wearing the brace. No significant differences in the 

range of internal/external rotational knee angular velocity were seen between no brace 

and brace, however a significant interaction (p=0.007) was seen between condition and 

task. Further post hoc testing showed significant differences between no brace and 

brace for slow step down with a mean difference of 8.6 degree/s (p=0.036), a 25% 

reduction, and for pivot turn jump with a mean difference of 106.8 degrees/s (p=0.022), 

a 24% reduction when wearing the brace. However, no significant differences were 

seen between brace and no brace for single leg drop jump. In addition, significant 

differences were also seen in the landing positions of the knee during the pivot turn 

jump task in the transverse plane (p=0.002), table 3. During landing without the brace, 

the knee showed an internal rotation of 7.6°, whereas with the brace the knee was near 

to a neutral position 0.4°, table 1. No significant differences were seen between brace 

and no brace in the sagittal plane knee angle landing position during pivot turn jump or 

for the single leg drop jump.  

 

Discussion 

 

This study examined 3D kinematics of the knee during three different tasks. The slow 

step down is a controlled movement which involves the knee joint starting from a 

relatively stable extended position and then slowly flexing towards a more unstable 

position, which requires increasing eccentric muscular control [2]. During the first 30° 

of flexion the ACL is at the greatest tension during flexion which prevents anterior 

translation of the proximal tibia [19]. In extreme cases, the eccentric pull of the extensor 

muscles may cause damage to the ACL. Contraction of the quadriceps femoris creates 

two forces, one pulls the patella towards femur increasing patellofemoral joint 

compression and the second causes an anterior shearing movement of proximal tibia 

relative to the femur. This second shearing force can cause damage of ACL, especially 

in hypermobile individuals. The forces increasing with increasing angle of flexion, 

nevertheless most of injuries happen during the first 30 degrees of flexion because 

during these angles the hamstrings, which cause posterior translation of proximal tibia 

are relatively inactive [20, 21]. Compared to the other tasks studied the slow step down 
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requires the largest range of motion in the sagittal plane. The range of motion in coronal 

and transversal planes were comparable to that of the single leg drop jump although the 

angular velocities were significantly smaller than in the single leg drop jump and pivot 

turn jump in all planes. Patients with ACL deficits often feel pain and instability during 

stair decent, and in more extreme situations some patients cannot control the movement 

into knee flexion, and the knee gives way. The aim of the slow step down used in this 

study was to determine if proprioceptive knee bracing could influence slow eccentric 

control. However seventy percent of all ACL injuries happen during sports such as 

soccer and women’s gymnastics [19, 22], with most injuries occurring in non-contact. 

Injuries are often associated with a sudden deceleration, change of direction or landing 

[7]. All of which are represented in the single leg drop jump and pivot turn jump tasks 

which aim to replicate the movements which are risk factors for ACL injury. 

 

The pivot turn jump showed the largest knee valgus and internal rotation angle, both 

could contribute to a greater load on the ACL and therefore produce the highest injury 

risk of the tasks tested. No significant differences were seen in the sagittal plane 

between brace and no brace in any of the tasks, this is in agreement with Selfe et al [2]. 

In the coronal plane the brace showed a significant difference in the knee position with 

a move from valgus towards a more neutral position. The brace had the largest effect 

during pivot turn jump reducing knee valgus and internal rotation. This implies there is 

a change in movement strategy when wearing the brace applied away from valgus 

internal rotation or “dynamic valgus position of the knee” which has been shown to be 

an important risk factor for ACL injury [7, 23]. No significant reduction of range of 

motion in the coronal plane was seen during the slow step down task however a similar 

study (Selfe et al., 2008) [2] found a reduction in the range of motion for this task, 

however the brace did reduce internal rotation of the knee in the transverse plane which 

is in agreement with Selfe et al. (2011) [3].  

 

The stability of the joint through the coordination of the neuromuscular system can be 

defined as the ability to maintain or control joint movement or position [19]. If the range 

of motion in the transverse and coronal planes decreases this could suggest better 

control of the knee [2, 24], however, this does not necessarily tell us about the control 

of these movements. For this reason knee angular velocities were also assessed in all 

planes. This could give a better measure of dynamic control and stability of the knee 

joint, which has also been related to the force generation and dynamics of muscle 

activation [25]. There are currently no studies assessing angular velocities in all three 

planes, although there are a few studies which assess angular velocity in the sagittal 

plane [2, 26, 27]. Selfe et al [2] measured knee angular velocity in the sagittal plane 

during step descent for patients with patellofemoral pain under different treatment 

modalities. They did not find any significant differences of mean, maximum and 

minimum which is in agreement with this study. The speed of movement towards knee 

valgus has also been identified as an injury risk for the medial collateral ligament and 

ACL [28]. The findings in this study suggests that the brace improves the control of the 

peak valgus and external rotation velocities which may help in the prevention of ACL 

injury or help people with ACL deficiency [28]. 

 

The exact mechanisms through which the brace improved control during the tasks 

cannot be determined from this study, however it has previously been demonstrated 

that bracing and taping can alter brain responses during proprioception tasks [2, 24, 29]. 

Further work is needed exploring if different movement strategies exist with changing 
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external conditions or internal conditions such as pain and skin sensation. There was 

some variation in movement strategy for the different tasks, however this study showed 

that the use of bracing can influence strategy of movement, possibly by the additional 

afferent information produced by the knee brace. This was particularly noteworthy in 

the pivot turn jump which showed that when participants were wearing the brace they 

landed in a more neutral knee position. This suggests that using the brace in sport where 

this type of one leg turning movement frequently occurs may help to decrease risk of 

knee soft tissues injuries.  

 

Conclusion 

The silicone web brace changed the knee joint kinematics in coronal and transverse 

plane which supports the notion that bracing can have a significant effect on joint 

control. However, to confirm this, further studies are required exploring the 

effectiveness of such soft proprioceptive braces on patient cohorts, in particular on 

individuals who suffer knee pain and those who wish to return to sport following 

anterior cruciate ligament injury. 
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   Angle  Angular Velocity 
 

   Mean (sd)   Mean (sd)  
 

 Conditions Step Drop Pivot turn Step Drop Pivot turn 
 

  Down Jump jump Down Jump jump 
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Sagittal plane        
 

        
 

 No Brace 12.7 12.7 11.1 7.5 -2.0 -318.3 
 

Extension(-) 
 (7.2) (5.5) (7.2)   (6.2) (33.3) (104.5) 

 

Brace 14.2 13.1 11.4 10.0 19.1 -326.1  

 
 

  (7.7) (5.6) (4.0) (10.4) (51.4) (127.9) 
 

 No Brace 77.3 52.6 53.7 63.2 443.4 384.2 
 

Flexion (+) 
 (5.0) (8.4) (7.9) (31.9) (105.0) (118.3) 

 

Brace 79.7 51.5 54.2 53.5 468.5 363.2  

 
 

  (6.6) (7.4) (7.3) (17.2) (111.5) (55.9) 
 

 No Brace 64.6 40.0 42.6 55.8 445.3 702.5 
 

Range of motion 
 (5.5) (8.2) (10.6) (33.3) (114.4) (161.1) 

 

Brace 65.6 38.4 42.9 43.6 449.4 689.3  

 
 

  (6.1) (6.3) (8.0) (18.1) (144.7) (129.5) 
 

Landing position No Brace - 12. 5 14.9 - - - 
 

   (5.4) (5.2)    
 

 Brace - 13.1 16.7 - - - 
 

   (5.4) (4.7)    
 

Coronal plane        
 

        
 

 No Brace -3.8 -5.4 -10.2 -8.8 -100.7 -103.2 
 

Valgus Angle (-) 
 (4.7) (6.2) (6.4) (4.8) (62.3) (26.7) 

 

Brace -3.2 -2.7 -6.3 -9.9 -101.7 -86.2  

 
 

  (5.9) (7.0) (8.2) (9.9) (108.6) (51.6) 
 

 No Brace 1.6 0.6 2.0 10.2 73.3 105.5 
 

Varus Angle (+) 
 (7.3) (5.2) (8.0) (5.7) (58.7) (56.1) 

 

Brace 3.3 2.8 2.7 11.1 90.4 88.6  

 
 

  (8.1) (5.7) (7.9) (7.5) (55.1) (49.7) 
 

 No Brace 5.4 6.0 12.1 19.0 174.0 208.7 
 

Range of motion 
 (4.6) (1.8) (3.9) (5.0) (88.0) (73.9) 

 

Brace 6.4 5.5 9.1 21.0 192.1 174.8  

 
 

  (4.5) (2.4) (4.0) (13.1) (134.8) (78.8) 
 

Transverse plane        
 

         

 No Brace -2.1 -2.9 -8.1 -17.3 -130.8 -220.1 
 

External rotation (-) 
 (6.4) (7.2) (7.5) (7.7) (88.2) (58.6) 

 

Brace -2.1 -4.4 -7.3 -13.0 -121.9 -147.3  

 
 

  (6.1) (5.0) (6.3) (5.9) (105.0) (65.2) 
 

 No Brace 4.5 5.5 11.5 17.1 172.8 228.2 
 

Internal rotation (+) 
 (6.5) (7.5) (7.0) (10.4) (44.9) (65.4) 

 

Brace 4.1 3.7 6.2 12.8 206.1 194.3  

 
 

  (5.4) (7.0)    (7.3) (7.5) (135.6) (99.1) 
 

 No Brace 6.5 8.4 19.6 34.3 303.5 448.3 
 

Range of motion 
 (2.5) (3.0) (5.2) (13.8) (109.3) (61.6) 

 

Brace 6.1 8.2 13.5 25.7 327.9 341.5  

 
 

  (3.4) (3.3) (4.0) (10.9) (227.7) (156.8) 
 

Landing position No Brace - - 7.6 - - - 
 

    (9.8)    
 

 Brace - - 0.4 - - - 
 

    (7.5)    
 

 

Table 1. Means (SDs) for knee joint angles and angular velocities 

 

 

 
  Step Down– Single leg Step Down– Pivot turn Single leg drop jump – 
  drop jump  jump Pivot turn jump 
        

  Mean p-value Mean p-value Mean p-value 
  Difference  difference difference  
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 Sagittal plane       
        

 Maximum flexion angle 26.4 p<0.001 24.6 p<0.001 -1.9 0.496 
        

 Range of motion 25.9 p<0.001 22.4 p<0.001 -3.53 0.296 
        

 Peak extension angular velocity (+) 0.2 0.989 330.9 p<0.001 330.7 p<0.001 
        

 Peak flexion angular velocity (-) -397.5 p<0.001 -315.3 p<0.001 82.2 0.002 
        

 Range of angular velocity 397.7 p<0.001 646.2 p<0.001 248.5 p<0.001 
        

 Coronal plane       
 Valgus angle 0.6 0.513 4.8 p<0.001 4.2 p<0.001 
        

 Range of motion 0.2 0.901 -4.7 p<0.001 -4.8 0.001 
        

 Peak valgus angular velocity (+) 91.8 0.002 85.3 p<0.001 -6.5 0.774 
        

 Peak varus angular velocity (-) -71.2 p<0.001 -86.4 p<0.001 -15.2 0.197 
        

 Range of angular velocity 163.1 p<0.001 171.7 p<0.001 8.7 0.775 
        

 Transverse plane       
 Maximum external rotation angle 1.6 0.218 5.643 p<0.001 4.0 0.002 
        

 Maximum internal rotation angle -0.4 0.771 -4.585 0.003 -4.2 0.005 
        

 Range of motion 2.0 0.046 10.227 p<0.001 8.3 p<0.001 
        

 Peak external rotation angular 111.2 0.001 168.574 p<0.001 57.4 0.012 
 velocity (+)       

 Peak internal rotation angular -174.5 p<0.001 -196.294 p<0.001 -21.8 0.279 
 velocity (-)       

 Range of angular velocity 285.7 p<0.001 -364.868 p<0.001 79.2 0.016 
        

 

Table 2. Pairwise comparison of joint kinematics of the knee 

 

 
 Mean difference Standard error p-value 
    

Coronal plane    
    

Valgus angle -2.4 0.9 0.023 
    

Varus angle -1.5 0.6 0.035 
    

Transverse plane    
    

Maximum angle 2.5 1.0 0.035 
    

Range of motion 2.2 0.6 0.003 
    

External rotation angular -28.7 8.9 0.008 
velocity (-)    

Landing position - pivot turn 7.2 1.8 0.002 
jump    

 

Table 3. Pairwise comparison between no brace and brace 

 


