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Abstract: Football (Soccer) players have a high risk of injuring the lower extremities. To reduce
the risk of ankle inversion injuries ankle braces can be worn. To reduce the risk of
ankle contusion injuries ankle protectors can be utilized. However, athletes can only
wear one of these devices at a time. The effects of ankle braces on stance limb
kinematics has been extensively researched, however ankle protectors have had little
attention. Therefore, the current study aimed to investigate the effects of ankle
protectors on lower extremity kinematics during the stance phase of jogging and
compare them with braced and uncovered ankles. Twelve male participants ran at 3.4
m.s-1 in three test conditions; ankle braces (BRACE), ankle protectors (PROTECTOR)
and with uncovered ankles (WITHOUT). Stance phase kinematics were collected using
an eight-camera motion capture system. Kinematic data between conditions were
analysed using one-way repeated measures ANOVA. The results showed that BRACE
(absolute range of motion (ROM) =10.72° & relative ROM =10.26°) significantly
(P<0.05) restricted the ankle in the coronal plane when compared to PROTECTOR
(absolute ROM =13.44° & relative ROM =12.82°) and WITHOUT (absolute ROM
=13.64° & relative ROM =13.10°). It was also found that both BRACE (peak
dorsiflexion =17.02° & absolute ROM =38.34°) and PROTECTOR (peak dorsiflexion
=18.46° & absolute ROM =40.15°) significantly (P<0.05) reduced sagittal plane motion
when compared to WITHOUT (peak dorsiflexion =19.20° & absolute ROM =42.66°).
Ankle protectors' effects on lower limb kinematics closely resemble that of an unbraced
ankle. Therefore, ankle protectors should only be used as a means to reduce risk of
ankle contusion injuries and not implemented as a method to reduce the risk of ankle
inversion injuries. Furthermore, the reductions found in sagittal plane motion of the
ankle could possibly increase the bodies energy demand needed for locomotion when
ankle protectors are utilised.
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Abstract 23 

Football (Soccer) players have a high risk of injuring the lower extremities. To reduce the risk 24 

of ankle inversion injuries ankle braces can be worn. To reduce the risk of ankle contusion 25 

injuries ankle protectors can be utilized. However, athletes can only wear one of these devices 26 

at a time. The effects of ankle braces on stance limb kinematics has been extensively 27 

researched, however ankle protectors have had little attention. Therefore, the current study 28 

aimed to investigate the effects of ankle protectors on lower extremity kinematics during the 29 

stance phase of jogging and compare them with braced and uncovered ankles. Twelve male 30 

participants ran at 3.4 m.s-1 in three test conditions; ankle braces (BRACE), ankle protectors 31 

(PROTECTOR) and with uncovered ankles (WITHOUT). Stance phase kinematics were 32 

collected using an eight-camera motion capture system. Kinematic data between conditions 33 

were analysed using one-way repeated measures ANOVA. The results showed that BRACE 34 

(absolute range of motion (ROM) =10.72° & relative ROM =10.26°) significantly (P<0.05) 35 

restricted the ankle in the coronal plane when compared to PROTECTOR (absolute ROM 36 

=13.44° & relative ROM =12.82°) and WITHOUT (absolute ROM =13.64° & relative ROM 37 

=13.10°). It was also found that both BRACE (peak dorsiflexion =17.02° & absolute ROM 38 

=38.34°) and PROTECTOR (peak dorsiflexion =18.46° & absolute ROM =40.15°) 39 

significantly (P<0.05) reduced sagittal plane motion when compared to WITHOUT (peak 40 

dorsiflexion =19.20° & absolute ROM =42.66°). Ankle protectors’ effects on lower limb 41 

kinematics closely resemble that of an unbraced ankle. Therefore, ankle protectors should only 42 

be used as a means to reduce risk of ankle contusion injuries and not implemented as a method 43 

to reduce the risk of ankle inversion injuries. Furthermore, the reductions found in sagittal plane 44 



motion of the ankle could possibly increase the bodies energy demand needed for locomotion 45 

when ankle protectors are utilised. 46 

 47 

Introduction 48 

Football (Soccer) is an immensely popular sport with an estimated 265 million participants 49 

worldwide (FIFA Communications Division, 2007). Unfortunately, as with any sport, there is 50 

an inherent risk of injury to participants and football is no exception. Figures for injury 51 

incidences vary among studies due to differing methodologies, time frames observed, ability 52 

of participants and competitions observed but conclude there are approximately 25 to 43.53 53 

injuries per 1000 hours of competitive match play (Andersen, et al., 2004; Hägglund, et al., 54 

2013; Hawkins & Fuller, 1999; Salces, et al., 2014). Losing an integral team member can lead 55 

to a reduced chance of winning competitive matches and further more lead to loss of major 56 

trophies (Hägglund, et al., 2013). Therefore, an understanding of the common types of injury 57 

sustained by players and also methods to reduce the occurrence of injury is a high priority for 58 

football clubs. 59 

 60 

Footballing injuries mainly occur to the lower extremities (Ekstrand, et al., 2011) with the ankle 61 

being one of the most commonly injured sites amongst players (Junge & Dvorak, 2013). Ankle 62 

inversion injuries and contusion injuries account for a large proportion of the total amount of 63 

ankle injuries (Waldén, et al., 2013). Once a player has suffered an ankle inversion injury they 64 

have an increased risk of reinjuring the ankle (Thacker, et al., 1999). To reduce the risk of ankle 65 

inversion injuries ankle braces can be worn (Kaplan, 2011), the ankles can be taped (Verhagen, 66 

et al., 2000), or a neuromuscular training program can be utilised (McGuine & Keene, 2006). 67 

Using tape to support the ankle has been found to be ineffective after approximately fifteen 68 



minutes of use (Lohkamp, et al., 2009) and expensive (Olmsted, et al., 2004), whereas 69 

neuromuscular training programs have been found to be effective but take long periods of time 70 

to implement (Emery & Meeuwisse, 2010). This makes ankle braces an attractive alternative 71 

because they are easy to put on, do not need to be regularly replaced, and have been found to 72 

reduce the risk of ankle inversion injury by restricting the range of motion of the ankle (Farwell, 73 

et al., 2013; Janssen, et al., 2014; Pedowitz, et al., 2008). To reduce the risk of contusion 74 

injuries ankle protectors can be worn which utilise foam constructs to reduce forces being 75 

transferred to the ankle (Ankrah & Mills, 2002; Ankrah & Mills, 2004). Unfortunately, due to 76 

ankle braces and ankle protectors aiming to reduce differing injuries at the same location only 77 

one of these devices can be used at any one time. This selection is dependent on whether the 78 

wearer wants to reduce the risk of acute or chronic injuries.  79 

Ankle braces effects on ankle kinematics have been well established and have been found to 80 

reduce the amount of movement of the ankle (Tang, et al., 2010; DiStefano, et al., 2008) whilst 81 

having little effect on running performance (Locke, et al., 1997; Gross, et al., 1997; 82 

Bocchinfuso, et al., 1994). The effects of ankle braces on knee and hip kinematics has also 83 

been previously studied and found to, in some sporting tasks, increase knee axial rotation which 84 

could indicate a higher risk of knee injury (Santos, et al., 2004). However, the effects of ankle 85 

protectors’ on ankle kinematics during running has, to the author’s best knowledge, had no 86 

attention. As the location of ankle protectors are the same as ankle braces there is a possibility 87 

that they inadvertently act like ankle braces by reducing the amount of movement of the ankle 88 

whilst running. If ankle protectors are found to produce similar ankle kinematics to braced 89 

ankles, health care professionals could potentially recommend ankle protectors to reduce the 90 

risk of both ankle inversion injuries and ankle contusion injuries. Therefore, the current study 91 

aims to investigate; firstly, the effects of ankle protectors on ankle kinematics during the stance 92 

phase of a wearers running gait, secondly, compare the effects of ankle protectors on ankle 93 



kinematics with braced and unbraced ankles to establish which it more closely resembles, and 94 

thirdly, investigate the effects of ankle protectors on knee and hip kinematics.   95 

 96 

Method 97 

Participants 98 

Twelve male participants took part in this study. Participants were recruited from local and 99 

university football teams using poster adverts. The inclusion criteria for the study was that the 100 

participant were aged between 18 and 35, currently playing for a football team, and were injury 101 

free at the time of testing. All participants provided written consent in line with the University 102 

of Central Lancashire’s ethical panel (STEMH 309).  103 

 104 

Ankle Braces and Ankle Protectors 105 

The ankle protectors used for the current investigation were a pair of Nike ankle shield 10 (Nike 106 

Inc, Washington County, Oregon, USA) and the ankle braces used were a pair of Aircast A60 107 

(DJO, Vista, CA, USA). 108 

 109 

***Figure 1 here*** 110 

 111 

Procedure 112 

Participants performed running trials across a 22m biomechanics laboratory in three test 113 

conditions; wearing ankle braces (BRACE), wearing ankle protectors (PROTECTOR) and 114 

with uncovered ankles (WITHOUT). Five successful trials were recorded for each test 115 



condition. A successful trial was determined as one in which the participant landed with the 116 

whole of their right foot on an embedded force platform (Kistler Instruments Ltd., Alton, 117 

Hampshire) located in the centre of the laboratory, did not focus on the force plate as to alter 118 

their natural gait pattern (Sinclair, et al., 2014),  and kept within a speed tolerance of 3.4 m.s-1 119 

± 5%. The force plate sampled at 1000 Hz and was used to determine the start and end of the 120 

stance phase during the running trials. These points were determined as the point where the 121 

force plate first recorded a vertical ground reaction force (VGRF) that exceeded 20N and ended 122 

when the VGRF dropped back down below 20N (Sinclair, et al., 2011).  123 

 124 

Kinematic data were recorded using an eight camera motion capture system (Qualisys Medical 125 

AB, Goteburg, Sweden) tracking retro-reflective markers at a sampling rate of 250 Hz. Using 126 

the calibrated anatomical system technique (CAST) (Cappozzo, et al., 1995) the retro-reflective 127 

markers were attached to the 1st and 5th metatarsal heads, calcaneus, medial and lateral 128 

malleoli, the medial and lateral femoral epicondyles, the greater trochanter, Left and right 129 

anterior superior iliac spine, and left and right posterior superior iliac spine. These markers 130 

were used to model the right foot, shank, thigh, and pelvis segments in six degrees of freedom. 131 

Rigid plastic mounts with four markers on each were also attached to the shank and thigh and 132 

were secured using elasticated bandage. These were used as tracking markers for the shank and 133 

thigh segments.  To track the foot the 1st and 5th metatarsal heads and the calcaneus were used 134 

and to track the pelvis the left and right anterior superior iliac spine and left and right posterior 135 

superior iliac spine were used. In the BRACE condition the medial and lateral malleoli 136 

locations were found by placing the index finger under the rigid construct of the brace to locate 137 

the anatomical landmark then matching the location to the exterior of the Brace where the 138 

marker was then fixed to. In the PROTECTOR condition the medial and lateral malleoli 139 

locations were located by palpating the soft foam construct to find the underlying anatomical 140 



landmarks. To assess the speed of the participant a single marker was attached to the xiphoid 141 

process and was checked for velocity using the QTM software after each trial was recorded. 142 

Before dynamic trials were captured a static trial of the participant stood in the anatomical 143 

position was captured which was used to identify the location of the tracking makers with 144 

reference to the anatomical markers. To define each plane of motion firstly the Z (transverse) 145 

axis follows the segment from distal to proximal and denotes internal/external rotation, 146 

secondly the Y (coronal) axis is orientated from anterior to posterior of the segment and denotes 147 

adduction/abduction, and thirdly the X (sagittal) axis is orientated from medial to lateral of the 148 

segment and denotes flexion/extension.    149 

 150 

Data Processing 151 

Anatomical and tracking markers were identified within the Qualisys Track Manager software 152 

and then exported as C3D files to be analysed using Visual 3-D software (C-Motion, 153 

Germantown, MD, USA). To define the centre points of the ankle and knee segments the two 154 

marker methods were utilised for both. These methods calculate the centre of the joint using 155 

the positioning of the malleoli markers for the ankle centre and the femoral epicondyle markers 156 

for the knee centre (Graydon, et al., 2015; Sinclair, et al., 2015). To calculate the hip joint 157 

centre a regression equation which uses the position of the ASIS markers was utilised (Sinclair, 158 

et al., 2014). The running trials were filtered at 12Hz using a low pass 4th order zero-lag filter 159 

Butterworth filter. Data were normalized to 100% of the stance phase then processed trials 160 

were used to produce means of the five trials for each test condition for each participant. 3D 161 

kinematics of the ankle, knee and hip joints of the right leg were calculated using an XYZ 162 

cardan sequence of rotations. The 3D joint kinematic measures which were extracted for further 163 

analysis were 1) angle at footstrike, 2) angle at toe-off, 3) peak angle during the stance phase, 164 



4) Absolute range of motion (Absolute ROM) calculated by taking the maximum angle from 165 

the minimum angle during stance, 5), Relative range of motion (Relative ROM) calculated 166 

using the angle at footstrike and the first peak value after footstrike.  167 

 168 

Statistical analyses 169 

Data analysis was conducted using SPSS v22.0 (SPSS Inc., Chicago, IL, USA). The means of 170 

the five trials for each of the three test conditions were compared using one-way repeated 171 

measures ANOVA with significant findings, accepted at P<0.05 level, being further explored 172 

using post-hoc pairwise comparisons. Effect sizes were determined using partial Eta2 (η2). 173 

 174 

Results 175 

The demographic of the participants of the current study were; age 24.8±4.8 years, height 176 

174.8±5.8 cm, body mass 73.4±10.5 kg and BMI 24.0±2.7. 177 

Tables 1, 2, and 3 present the key parameters of interest for each condition and Figures 1, 2, 178 

and 3 display the 3D kinematic waveforms recorded for each condition in each plane of motion.  179 

 180 

***Tables 1-3 close to here*** 181 

 182 

For the ankle joint, in the Sagittal plane, significant main effects were found for the Angle at 183 

footstrike F (2, 22) = 5.04, P<0.05, η2=0.31, Angle at toe-off F (2, 22) = 11.95, P<0.05, η2=0.52, 184 

Peak dorsiflexion angle F (2, 22) = 23.27, P<0.05, η2=0.68, and Absolute ROM F (2, 22) = 31.12, 185 

P<0.05, η2=0.74. Post-hoc analysis revealed that the BRACE condition exhibited significantly 186 



(P<0.05) lower angle at footstrike than the PROTECTOR condition. It also revealed the 187 

BRACE and PROTECTOR conditions had a significant (P<0.05) reduction in angle at toe off 188 

than the WITHOUT condition. The BRACE condition significantly (P<0.05) reduced peak 189 

dorsiflexion when compared to the other groups and all three conditions were significantly 190 

(P<0.05) different from each other for Absolute range of motion with the WITHOUT condition 191 

having the most ROM and BRACE condition having the least ROM.   192 

For the ankle joint, in the coronal plane, significant main effects were found for the Angle at 193 

footstrike F (2, 22) =7.34, P<0.05, η2=0.40, Angle at toe-off F (2, 22) = 6.02, P<0.05, η2=0.35, Peak 194 

Inversion angle F (2, 22) = 10.22, P<0.05, η2=0.48, Peak Eversion angle F (1.19, 13.14) = 6.80, 195 

P<0.05, η2=0.38, Relative ROM F (2, 22) = 18.40, P<0.05, η2=0.63, and Absolute ROM F (2, 22) 196 

=25.19, P<0.05, η2=0.70. Post-hoc analysis revealed that the BRACE condition significantly 197 

(P<0.05) reduced angle at footstrike, angle at toe off, and peak inversion angle when compared 198 

with the WITHOUT condition. The BRACE condition also exhibited significantly (P<0.05) 199 

lower peak eversion angle when compared to the PROTECTOR condition. It was also revealed 200 

that the BRACE condition had significantly (P<0.05) lower Absolute and Relative ROM’s 201 

when compared to both the WITHOUT and PROTECTOR conditions.  202 

 203 

No significant differences (P>0.05) were found in the transverse plane for the ankle or in any 204 

of the planes of motion for both the knee joint and the hip joint.  205 

 206 

***Figures 2, 3, and 4 close to here*** 207 

 208 

 209 



Discussion 210 

The aim of the current study was to investigate the effects of ankle protectors on ankle 211 

kinematics during the stance phase of a wearers running gait, compare the effects of ankle 212 

protectors with braced and unbraced ankles to establish which it more closely resembles, and 213 

investigate the effects of ankle protectors on knee and hip kinematics. 214 

 215 

Previous research reviewing the effectiveness of ankle braces has found them to reduce the risk 216 

of inversion injury (Farwell, et al., 2013) and it is a reduction in coronal plane kinematics which 217 

is likely the main contributor to the reduction in risk of inversion injuries (Tang, et al., 2010). 218 

Ankle protectors aim to reduce contusion injuries and have previously been found to be 219 

effective at this (Ankrah & Mills, 2004). However, it was previously unknown whether an 220 

ankle protector inadvertently restricts the ankle, due to its location, which may cause 221 

restrictions similar to ankle braces. It is evident from the results from the current study that 222 

ankle protectors do not significantly restrict the ankle in the coronal plane and replicate similar 223 

movement to that of an ankle free of orthotic support. The lack of restriction is due to the soft 224 

foam construct of the ankle protector which is far less rigid than the plastic polymer contained 225 

within the brace. It is this rigidness that is the main contributor to the ankle braces efficiency 226 

at restricting the ankle. Therefore, ankle protectors do not offer the benefits of protecting 227 

against ankle inversion injuries like ankle braces.  228 

 229 

The sagittal plane results produced some interesting observations. The angle at toe off was 230 

significantly reduced in the BRACED & PROTECTOR conditions when compared to the 231 

WITHOUT condition. Also Absolute ROM was reduced in these conditions too, these results 232 

suggest that there is an impedance on the ankle when wearing an ankle protector. The reduction 233 



in movement in this plane might be due to the way both the ankle braces and ankle protectors 234 

sit on the ankle. The ankle braces have a support strap that runs around the front and rear of the 235 

ankle which allows the brace to be tightened. The tightening of this strap is likely to reduce the 236 

movement of the ankle by restricting the ankle in the sagittal plane. As for the ankle protector, 237 

although the soft foam is designed not to come all the way over the front of the foot, on many 238 

of the participants the foam did encroach on the front of the foot due to its “one size fits all” 239 

design. The location of the foam at the front of the ankle joint could possibly explain the 240 

reduction of sagittal plane movement when wearing the ankle protector. Reductions in ankle 241 

motion in the sagittal plane have been shown to increase energy expenditure (Huang, et al., 242 

2015). The reductions in ankle ROM seen in the current study could suggest that ankle 243 

protectors could cause earlier onset of fatigue for a wearer during prolong use such as during 244 

competitive match play. This is beyond the scope of the current study but should be 245 

investigated further.  246 

 247 

Although no restrictions of the ankle in the coronal plane were observed for the ankle protectors 248 

there is a possibility they might provide proprioceptive cues to the wearer, which may be 249 

beneficial to reduce the overall risk of inversion injury. This has been seen with ankle taping 250 

where the effectiveness of the tape does not exceed more than approximately fifteen minutes 251 

of use (Lohkamp, et al., 2009) but has been found to significantly reduce the risk of ankle injury 252 

when compared to not wearing any tape (Verhagen, et al., 2000). Again this is beyond the 253 

scope of the current investigation but one that should be researched in the future to compare 254 

inversion injury rates of players wearing ankle protectors’ verses players who do not wear ankle 255 

protectors.  256 

 257 



Previous research has shown some ankle devices alter knee and hip kinematics which could 258 

increase the likelihood of sustaining an injury higher up the kinematic chain (Santos, et al., 259 

2004). Looking at the results of the current study it can be seen that the knee and hip kinematics 260 

were found to not be significantly different between the test conditions. The implementation of 261 

the ankle braces and ankle protectors used in the current study do not increase the risk of 262 

injuring the knee or hip by altering the kinematics of these locations.  263 

 264 

The current study has limited applicability due to the relatively comfortable jogging pace the 265 

participants ran at and further research is required to investigate the effects of ankle protectors 266 

during nonlinear motion, during jumping, during kicking a football, and also how they affect 267 

female footballers. Furthermore, some of the kinematic data show large standard deviations. 268 

These large deviations may be due to differing running styles exhibited by the participants, and 269 

in some cases such as the hip, due to the movement of the tightly fitted sports shorts worn by 270 

participants. Also although markers affixed to the malleoli were not used to track the dynamic 271 

movement there is still a possibility that error in their application may cause errors within the 272 

data collected as they were used for defining segments in the static model.    273 

The current study has established that ankle protectors provide very little restriction to the ankle 274 

when jogging and do not restrict the ankle like ankle braces. Therefore, ankle protectors should 275 

only be used as a means to reduce risk of ankle contusion injuries and not implemented as a 276 

method to reduce the risk of ankle inversion injuries. It must be noted that although no 277 

restrictions were seen in the coronal plane there were reductions in sagittal plane motion for 278 

the ankle which could possibly increase energy demand needed for locomotion.  279 

 280 
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Figure 1. On the left a pair of Nike ankle shield 10 ankle protectors and on the right an Aircast 386 

A60 ankle brace. 387 

Figure 2. Ankle joint kinematics during the stance phase of locomotion a. sagittal, b. coronal 388 

and c. transverse planes (PROTECTOR = black, BRACE = grey, WITHOUT = dash) (DF = 389 

dorsiflexion, IN = inversion, EXT = external rotation). 390 

Figure 3. Knee joint kinematics during the stance phase of locomotion a. sagittal, b. coronal 391 

and c. transverse planes (PROTECTOR = black, BRACE = grey, WITHOUT = dash) (FL = 392 

flexion, AD = adduction, INT = internal rotation). 393 



Figure 4. Hip joint kinematics during the stance phase of locomotion a. sagittal, b. coronal and 394 

c. transverse planes (PROTECTOR = black, BRACE = grey, WITHOUT = dash) (FL = flexion, 395 

AD = adduction, INT = internal rotation). 396 

Tables 397 

Table 1. Kinematic data (means and stand deviations) for the ankle obtained during stance 398 

phase of the running gait. 399 

Note. A = significant difference from WITHOUT condition, B = Significant difference from PROTECTOR 400 

condition. 401 

 402 

 403 

 404 

  WITHOUT PROTECTOR BRACE 

Sagittal plane (+ = dorsiflexion/ - = 

plantarflexion) 
            

Angle at footstrike (°) 6.20 ± 7.42   6.05 ± 6.82   4.15 ± 5.64 B 

Angle at toe-off (°) -23.65 ± 4.13   -21.69 ± 3.85 A -21.32 ± 3.22 A 

Peak dorsiflexion (°) 19.20 ± 3.21   18.46 ± 2.41   17.02 ± 2.09 AB 

Absolute ROM (°) 42.66 ± 3.29   40.15 ± 3.73 A 38.34 ± 2.99 AB 

Relative ROM (°) 13.00 ± 6.45   12.41 ± 5.96   12.87 ± 5.41   

Coronal plane (+ = inversion/ - =eversion)             

Angle at footstrike (°) 3.32 ± 2.86   2.54 ± 3.07   1.46 ± 2.55 A 

Angle at toe-off (°) 0.02 ± 3.41    -1.06 ± 3.59   -1.24 ± 3.05 A 

Peak Inversion (°) 3.87 ± 2.79   3.16 ± 3.07   1.92 ± 2.74 A 

Peak Eversion (°) -9.78 ± 3.70   -10.28 ± 3.78   -8.80 ± 3.74 B 

Absolute ROM (°) 13.64 ± 3.23   13.44 ± 3.20   10.72 ± 2.30 AB 

Relative ROM (°) 13.10 ± 3.94   12.82 ± 3.69   10.26 ± 2.87 AB 

Transverse plane (+ = external/ - =internal)             

Angle at footstrike (°) -1.15 ± 2.10   -0.56 ± 2.66   -0.43 ± 2.91   

Angle at toe-off (°) 5.06 ± 3.87   5.61 ± 3.95   4.87 ± 4.42   

Peak Internal rotation (°) -8.82 ± 4.44   -8.33 ± 4.53   -8.06 ± 4.38   

Absolute ROM (°) 13.94 ± 4.18   14.02 ± 4.02   13.12 ± 3.43   

Relative ROM (°) 7.67 ± 3.13   7.78 ± 2.83   7.63 2.47   



Table 2. Kinematic data (means and stand deviations) for the Knee obtained during stance 405 

phase of the running gait. 406 

Note. A = significant difference from WITHOUT condition, B = Significant difference from PROTECTOR 407 

condition. 408 

 409 

 410 

 411 

 412 

 413 

 414 

 415 

 416 

  WITHOUT PROTECTOR BRACE 

Sagittal plane (+ = Flexion / - = Extension)             

Angle at footstrike (°) 11.99 ± 4.35   12.58 ± 4.36    12.83 ± 3.81   

Angle at toe-off (°) 12.49 ± 4.62   14.32 ± 6.05   14.12 ± 5.50   

Peak Flexion (°) 40.09 ± 3.97   40.55 ± 3.70    40.17 ± 3.98   

Absolute ROM (°) 30.56 ± 4.43   30.31 ± 3.42   29.54 ± 3.54   

Relative ROM (°) 28.10 ± 4.96   27.97 ± 4.96   27.34 ± 4.08   

Coronal plane (+ = Adduction / - = Abduction)             

Angle at footstrike (°) 0.14 ± 4.18   -0.6 ± 4.24   -0.43 ± 4.50   

Angle at toe-off (°) -3.16 ± 2.78   -3.14 ± 2.92   -3.15 ± 3.00   

Peak Adduction (°) 2.92 ± 4.66   2.73 ± 4.66   2.56 ± 4.38   

Absolute ROM (°) 6.52 ± 2.40   6.65 ± 2.30   6.42 ± 1.76   

Relative ROM (°) 2.79 ± 2.65   2.79 ± 2.76   2.99 ± 2.60   

Transverse plane (+ = Internal / - = External)             

Angle at footstrike (°) -12.96 ± 6.03   -12.18 ± 7.46   -11.94 ± 7.23   

Angle at toe-off (°) -8.37 ± 4.39   -7.52 ± 4.98   -7.17 ± 5.00   

Peak Internal Rotation (°) 0.20 ± 6.72   0.62 ± 7.67   0.31 ± 7.22   

Absolute ROM (°) 14.07 ± 5.89   13.84 ± 6.32   13.12 ± 6.30   

Relative ROM (°) 13.16 ± 6.49   12.25 ± 6.90   12.25 ± 6.69   



Table 3. Kinematic data (means and stand deviations) for the Hip obtained during stance 417 

phase of the running gait. 418 

  WITHOUT PROTECTOR BRACE 

Sagittal plane (+ = Flexion / - = Extension)             

Angle at footstrike (°) 36.72 ± 9.56   37.78 ± 8.34   36.82 ± 8.95   

Angle at toe-off (°) -3.61 ± 8.28   -2.72 ± 7.14   -3.11 ± 7.23   

Peak Flexion (°) 39.64 ± 9.24   39.81 ± 9.10   38.70 ± 9.38   

Absolute ROM (°) 43.27 ± 9.48   42.45 ± 9.76   41.81 ± 9.64   

Relative ROM (°) 40.35 ± 10.18   40.41 ± 9.86   39.93 ± 9.90   

Coronal plane (+ = Adduction / - = Abduction)             

Angle at footstrike (°) 4.41 ± 4.87   3.99 ± 4.70   4.55 ± 5.30   

Angle at toe-off (°) 0.37 ± 2.36   0.38 ± 3.33   0.46 ± 3.63   

Peak Adduction (°) 10.51 ± 5.10   10.75 ± 5.30   10.79 ± 5.81   

Absolute ROM (°) 10.86 ± 2.63   11.07 ± 2.53   11.09 ± 2.38   

Relative ROM (°) 6.10 ± 3.28   6.76 ± 3.56   6.24 ± 3.76   

Transverse plane (+ = Internal / - = External)             

Angle at footstrike (°)  2.48 ± 7.76   2.45 ± 7.50   2.61 ± 8.57   

Angle at toe-off (°) -7.32 ± 6.56   -7.47 ± 7.21   -6.91 ± 6.74   

Peak External Rotation (°) -8.20 ± 6.71   -8.18 ± 7.01   -7.61 ± 6.59   

Absolute ROM (°) 11.48 ± 4.24   11.56 ± 4.57   11.14 ± 4.59   

Relative ROM (°) 10.68 ± 4.52   10.63 ± 4.83   10.22 ± 4.57   
Note. A = significant difference from WITHOUT condition, B = Significant difference from PROTECTOR 419 

condition. 420 

 421 

 422 



Dear Reviewers and Editor, 
 
I have made further revisions based on your feedback and I hope that I have addressed all the 
concerns that you have. Below I have detailed the changes I have made and I have highlighted the 
changes in red on the revised version of the paper.  
 
Editor: The referees have reviewed the revision of this interesting paper and both find it much 
improved.  They both have minor concerns that need to be addressed in a second revision.  Please 
make the changes in a red font and also provide a point by point response to the comments.  The 
editor will review the revision. 
 
Reviewer #1: Thank you very much for the re-submission of the paper which in my opinion has 
improved a lot. 
There are three general points before I write some more detailed comments:  
 

1. Why is it so important to know if protectors restrict ankle movement?  Please include in 
the introduction and discussion some answers to this question. 

I have added a statement about why ankle protectors restricting movement might be important.  
 

2. You present the kinematic data from the knee and hip but you don't give a reason in the 
introduction why you collect those data and also in the discussion section you don't 
write something about this.  

I have added a statement explaining the inclusion of knee and hip data in the introduction and have 
added a section to the discussion too.  

 

3. Be a bit more precise with your conclusion that the movement closely resembles that of 
an unbraced ankle: don't forget that in sagittal plane there are significant differences 

I have changed the conclusion so it is more precise and includes the differences found in the sagittal 
plane.  
 
Abstract:  
Lines 41-44: Adapt the conclusion 
Adapted the conclusion to be more precise 
 
Introduction:  
Line 76:  It's not really true to say that acute or chronic injuries can be prevented depending on the 
device.  Please amend.  
I have added the phrase “the risk of…” to this sentence 
 
Discussion:  
This section is the weakest section of the article.  I am missing more discussion on implications of the 
changes kinematics on performance/injury… Also, I think you could be a bit more critical with your 
results: For example include a discussion on the accuracy of data especially when placing the 
markers on top of the devices.  Your data have very large standard deviations - please also include 
this in the discussion or/and refer to the Effect size. As I said above, I am missing the discussion of 
knee and hip data. 
I have added more information which I hope covers all the points above.  
 
Line 210:  Why is it imperative to understand the kinematics? What influence has a restriction on 
performance/ injury? 
I think the sentence I used was a poor choice so I have changed this so the paragraph reads better 

Response to Referee Comments version 2



 
Line 213-214: Yes, there is no significant difference if you look at the parameters you have analysed, 
however, if you look at Figure 2b - it looks like especially in this plane there is a big difference.  Is this 
the graph of one person or the mean of all?  
It is the mean of all participants. I have just spotted that the ankle graphs have been mislabelled in 
the version I have sent in and should be PROTECTOR = dash, BRACE = black, WITHOUT = grey on that 
one. This is different to the labelling of the knee and hip so I have redone the ankle graphs so the 
lines match the same style as the knee and hip and are now correctly labelled in the version I have 
sent in with this submission.    
 
 
Line 225-229: again, what is the implication on function?  
Added information to this paragraph to discuss implication 
 
Line 241: this is not true for sagittal plane. 
 
Lines 245-247: Why is this important? What are the implications for practice? 
Added sentences to answer this. 
 
 
Reviewer #2: This version of the manuscript is much improved, and I appreciate the authors 
incorporating the reviewers' comments into the revised manuscript.  I have some further 
suggestions to improve the current version. 
 
The abstract refers to both running and jogging.  I believe jogging is probably the better word choice 
here, and throughout the manuscript in any reference to applicability, given that the speed is 
3.4m/s, and this would be a relatively slow speed during a soccer match.  I feel most would associate 
the term "running" during soccer with more of a sprint speed.  You have generally used jogging 
throughout the manuscript, which I agree with.  I think the few mentions of "running" within the 
paper are fine as-is, but the tables could be updated to use the term "jogging" for consistency. 
 
Line 105.  It should be specified that the 22m distance is part of a runway.  It should also be stated 
what material it is (i.e., rubber track ,concrete, artificial turf, etc.). 
 
Line 117.  Data are plural, thus data "were" recorded 
Changed to “were recorded” 
 
Line 162-163.  While I realize you mentioned the means were computed in the previous paragraph, 
please state "The means of the five trials for each of the three test conditions were compared…" 
Added “The means of the five trials for each of…” to the sentence  
 
Line 169. No need to report height, body mass, and BMI beyond one decimal point. 
Changed to 1 decimal place 
 
Line 220-221. Awkwardly worded, run-on sentence 
 
I am sorry I did not mention this previously, but it should also be mentioned that the rigid/semi-rigid 
materials used for both the ankle protector and the ankle brace do not necessarily represent actual 
movement at the ankle.  Markers placed on the skin are subject to some movement, which is a 
limitation in 3D motion analysis, but markers placed on the surfaces of the protector/brace may 
differ from the true location of the malleolus during dynamic movements, and this may differ 



between the brace and protector.  The authors have done a good job describing how they did the 
best job possible in ensuring proper static position, but the possibility of ankle markers having some 
error during movement, and the error differing between conditions, must be included in the 
limitations. 
I appreciate that this is an issue however the markers affixed to the malleoli where not used to track 
the dynamic movement only for defining the segment in the static. The shank was tracked using a 
rigid plastic mount located on the shank itself and the foot was tracked using the 1st and 5th 
metatarsal heads and the calcaneus. This allowed me to compute the ankle movement without using 
the malleoli markers in the dynamic trials.  
 
I appreciate the inclusion of the other various limitations for the final paragraph. 
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