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 41 

Abstract: The Hip and Lower Limb Movement Screen (HLLMS) was developed to detect altered 42 

movement patterns and asymmetry specifically related to hip, pelvic and lower limb movement 43 

control, as the other tools, such as the Functional Movement Screen (FMS) lacked focus on the hip 44 

and pelvic area. Both screening tools contain symmetrical and asymmetrical motor tasks which are 45 

based on observation of different aspects of each task performance. One motor task is in both screen- 46 

ing tools. Therefore, they have some common features. The present study aimed to assess the rela- 47 

tionship between the HLLMS and FMS performance in youth football players. The study included 48 

41 elite male football (soccer) players (age: 15.6 ± 0.50 years), and the HLLMS and FMS scores were 49 

analyzed by assessing Spearman’s rank correlation. The FMS total score and the FMSMOVE were 50 

moderately correlated with the HLLMS total score (R = -0.54; -0.53, respectively). The FMS rotatory 51 

stability task was moderately correlated with the HLLMS small knee bend with trunk rotation task 52 

(R = -0.50). The FMS deep squat task was moderately correlated with the HLLMS deep squat task 53 

(R = -0.46). The FMS hurdle step was weakly correlated with two of the HLLMS tasks: standing hip 54 

flexion (R = -0.37) and hip abduction with external rotation (R = -0.34). There were no other relation- 55 

ships found (p > 0.05). Out of the seven FMS tasks only one asymmetrical (trunk rotary stability) 56 

and one symmetrical (deep squat) task was moderately related to the newly developed HLLMS tool 57 

contributing moderate relationship between the FMS total score and the HLLMS total score. Other 58 

FMS tasks were weakly or unrelated with the HLLMS. These findings indicate that these two screen- 59 

ing tools mainly assess different aspects of movement quality in healthy youth football players.          60 

Keywords: movement screening; movement quality; football; youth; hip and pelvis 61 

1. Introduction 62 

Poor quality movement control in the hip and pelvic region has been shown in bio- 63 

mechanical studies to affect joints lower in the kinetic chain, contributing to abnormal 64 

loading [1] and injuries at the knee e.g., anterior cruciate ligament tears [2,3]. The ability 65 

to assess hip and pelvic control in the clinical or field situation could help guide exercise 66 

strategies to improve muscular control appropriately. Movement screening tools have 67 

gained popularity, which includes movement tests mainly focused on predicting injury 68 

risk and/or guiding injury prevention programmes [4]. Current movement screening tools 69 

do not focus on hip and pelvic movement dysfunction or examines the influence of motor 70 
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control exercises on hip and pelvic movement quality [5]. Therefore, the present study 71 

examined the relationship between two movement screening tools to investigate move- 72 

ment quality and their ability to assess hip and pelvic control. 73 

The functional movement screen (FMS) seems to be one of the most well-known 74 

movement screening tools. The FMS was designed to identify limb asymmetries, assess 75 

mobility and stability within the whole-body kinetic chain, and to detect poor-quality lo- 76 

comotor patterns during specific movement tasks [6,7]. The FMS has been shown to be 77 

valid and reliable [8,9] and is mainly used to assess athletes’ risk of becoming injured, 78 

although systematic reviews have presented conflicting opinions about the ability of the 79 

FMS to predict injury [8,10,11]. It may be that the ability of the FMS to predict injury is 80 

limited to specific sports or types of injuries, but more homogeneous studies in term of 81 

type of sport and/or injury are needed.  82 

Altered movement patterns and/or asymmetry, which can be detected during move- 83 

ment screening tests (e.g. FMS) may contribute to repetitive abnormal loading on joints, 84 

making them vulnerable to long-term damage. For example, increased hip medial rotation 85 

and adduction are associated with knee valgus [12], which has been linked to anterior 86 

cruciate ligament injury risk [2]. Also, some authors [13,14] have suggested that repetitive 87 

altered joint loading contributes to the development of osteoarthritis (OA). Thus, preven- 88 

tion strategies to improve and/or correct altered movement patterns could be considered 89 

in long-term management, to potentially prevent development of OA. Athletes are at an 90 

increased risk of subsequent OA [15]. 91 

This is particularly prevalent in football where higher rates of hip and groin injuries 92 

where among sports included in an epidemiological study [16]. The incidence of hip and 93 

groin pain in youth football was 14–22% [17,18]. Youth athletes are also at increased risk 94 

of later OA due to altered joint loading and injury [15,19]. Due to high injury rates and 95 

joint loading of the hip, knee, and ankle in youth football players, it would be useful to 96 

have movement screening tools that are sensitive to altered movement patterns or asym- 97 

metries of the hip and lower limbs. The FMS is not useful for assessing functional status 98 

in hip dysfunction in athletes [20]. Similarly, Linek et al. [21] found that the FMS rating 99 

were comparable in healthy football players and football players with mild hip or groin 100 

symptoms. These results suggest that the FMS does not discriminate between altered 101 

movement patterns in lower limb joints among footballers, so a more sensitive tool is 102 

needed. 103 

The recently developed Hip and Lower Limb Movement Screen (HLLMS) detects 104 

altered movement patterns and asymmetry, specifically of the hip, pelvis and lower limbs 105 

[5]. The HLLMS has been shown to have excellent intra-rater reliability and strong inter- 106 

rater reliability in adolescent male football players [5]. To date, two aspects of the HLLMS 107 

validity (criterion validity and sensitivity to change) have been indicated [22]. Addition- 108 

ally, preliminary observations show that tasks included in the HLLMS can detect move- 109 

ment control impairments in athletes [23,24]. The HLLMS is mainly intended to inform 110 

neuromuscular exercises to improve muscle control and movement quality specifically to 111 

the pelvic region and lower limbs [5]. Thus, the aim of the present study was to investigate 112 

the relationship between the FMS and the HLLMS performance in youth football players. 113 

Both tests are analysed using a composite score (sum of all motor tasks), but each of the 114 

tasks of the HLLMS may also be analysed separately. A factorial analysis have shown that 115 

the FMS is not a unitary construct [25], meaning using the summed score may be mislead- 116 

ing relative to the individual item scores. In fact, the FMS and the HLLMS contain sym- 117 

metrical and asymmetrical motor tasks which are based on observation of different as- 118 

pects of each task performance. One motor task (the deep squat) is in both screening tools. 119 

Therefore, both screening tests have some common features. Thus, the comparison be- 120 

tween the results from these two assessment tools is needed to ensure they were testing 121 

different aspects of movement control and to provide further evidence of the need for the 122 

HLLMS, as it has been suggested the FMS is not appropriate for assessing hip dysfunction 123 

[20]. Taking into account that the FMS does not appear to detect abnormal movement 124 
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patterns specifically of the lower limbs, and the HLLMS was developed specifically to 125 

detect abnormal movement patterns of the hips, pelvis and lower limbs, we hypothesized 126 

that the relationship would be weak or even absent in youth footballers.  127 

2. Materials and Methods 128 

2.1. Setting and study design 129 

This study was conducted at a professional football club in the Silesian region of Po- 130 

land. The design was a cross-sectional, observational single-group study of two assess- 131 

ment tools to examine their relationship. All outcomes were measured by two experienced 132 

physiotherapists blinded to the study aim. Measurements were conducted in two separate 133 

rooms, the physiotherapists were only informed that the results of both screening tools 134 

will be used for training purpose. All measurements were taken during the same day in 135 

random order. The time taken to complete each screening tool ranged between 10 to 20 136 

minutes. The study was conducted in accordance with the Declaration of Helsinki and 137 

was approved by the local medical ethics committee (Ethics Approval number: 4/2017). 138 

All participants and their parents and/or legal guardians received oral and written infor- 139 

mation about all procedures and gave written, informed consent to participate. The two 140 

movement quality assessments being investigated are observational tools. 141 

2.2. Sample 142 

Forty-one male footballers (age: 15.6 ± 0.50; range from 15 to 16 years of age) were 143 

selected using convenience sampling from an elite youth football club. Their characteris- 144 

tics were: body mass: 65.6 ± 8.47 kg; body height: 176.5 ± 6.76 cm; BMI: 21 ± 1.83 kg/m2; 145 

football participation: 7.55 ± 1.90 years. Exclusion criterion were: a) acquired an injury that 146 

prevented participation in training or competition for longer than one week during the 147 

four months prior to the examination; b) any prior surgery; c) inability to perform all sub- 148 

tests in either of the two movement screens used (FMS or HLLMS); d) reluctant or unable 149 

to follow the instruction during the tests.  150 

2.3. Functional Movement Screen 151 

The FMS consists of seven motor task tests: a shoulder mobility, rotary stability, hur- 152 

dle step, deep squat, in-line lunge, active straight-leg raise and trunk stability push-up 153 

[6,7]. The FMS has excellent inter-rater and intra-rater reliability. The intraclass correlation 154 

coefficient for intra-rater reliability was 0.81 (95% CI, 0.69-0.92) and for interrater reliabil- 155 

ity was 0.81 (95% CI, 0.70 - 0.92) [8]. Performance on all tasks was assessed by observing 156 

each motor task using scale from 0 to 3, where 0 indicates pain during movement, 1 indi- 157 

cates inability to perform the motor pattern, 2 indicates execution of the locomotor pattern 158 

with some compensatory adjustments, and 3 indicates appropriate execution of the loco- 159 

motor pattern [6,7]. Each task was performed twice, and the better result was used for 160 

further analysis [6,7]. In the case of tasks completed on left and right sides, the lower score 161 

was used in the calculation of the total FMS score. Three separate categories of FMS scores 162 

were also calculated for: stability (FMSSTAB: the sum of scores on the 2 stability tests, trunk 163 

stability push-up and rotatory stability); flexibility (FMSFLEX: the sum of scores on the 2 164 

mobility tests, shoulder mobility and active straight-leg raise); and movement (FMSMOVE: 165 

the sum of the 3 movement tests, the overhead squat, hurdle step and inline lung). The 166 

three motor tasks included in FMSMOVE are more functional and includes movement that 167 

may challenge the hip and pelvic movement. From this perspective, it was decided to 168 

categorize the FMS motor tasks, and analyse potential relationship of grouped tasks. The 169 

same FMS categories were used by Portas et al., [26] and Linek et al. [21] in studies on 170 

youth footballers. FMS data were collected by an experienced (8 years) and qualified phys- 171 

iotherapist, who attended the FMS course and regularly used the screen.  172 

2.4. Hip and Lower Limb Movement Screen 173 
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The HLLMS consists of five motor task tests: a small knee bend (SKB), standing hip 174 

flexion 0-110°, hip abduction with lateral rotation (in side lying), SKB with trunk rotation 175 

and deep squat. Performance of each task was assessed by observing the presence or ab- 176 

sence of a deviation from the benchmark criteria using a dichotomous scale (`yes` mean- 177 

ing that the movement fault is present and is scored ‘1’; `no` that the movement fault is 178 

absent and is scored ‘0’. A higher score therefore indicates more movement faults). The 179 

entire HLLMS includes 21 yes or no questions, with most tests (four) conducted unilater- 180 

ally except for the deep squat which is observed bilaterally. In further analysis the com- 181 

bined score from each task for both the left and right side (19 x 2 questions) and bilateral 182 

task (2 questions), and total HLLMS score (maximum 40 movement faults) were used [5]. 183 

The HLLMS total score is the summed positive answers to all questions (Table 1). 184 

 185 

 186 

Table 1. The hip and Lower Limb Movement screen scoring – more details in Booysen et 187 

al study [5]. 188 

Test Number of criteria        Total possible score 

  Right Left 

SKB 5 5 5 

Standing hip flexion 5 5 5 

Hip abduction lateral ro-

tation 

5 5 5 

SKB with trunk rotation 4 4 4 

Deep squat 2 2 

Total Score  40 

  SKB - a small knee bend 189 

 190 

The HLLMS has been shown to have excellent intra-rater reliability (percentage 191 

agreement (PA) 96%; First-Order Coefficient (AC1) 0.93) and strong inter-rater reliability 192 

(PA 88%; AC1 0.82) in youth male footballers [5]. A detailed protocol, tasks descriptions 193 

and benchmark assessment criteria (questions) are given elsewhere [5]. In the present 194 

study, the HLLMS data were collected by an experienced (10 years) and qualified physi- 195 

otherapist (also attended FMS course and 20 hours familiarization with the HLLMS) who 196 

was not informed of this study aim. The physiotherapist performed two trials (one from 197 

the front and one from the side) to observe and collect all the movement faults. 198 

 199 

2.5. Statistical analysis  200 

Given the nature of the scoring systems, good movement quality is indicated by a 201 

higher total value on the FMS and a lower total value on the HLLMS. Due to the dichoto- 202 

mous scale of tasks included in the HLLMS and the FMS, a non-parametric Spearman’s 203 

rank correlation analysis was applied and interpreted as negligible (0.00 - 0.10), weak (0.10 204 

- 0.39), moderate (0.40 - 0.69), strong (0.70 - 0.89), very strong (0.90 - 1.00), according to 205 

Schober et al., [27]. A monotonic association between the HLLMS and the FMS was eval- 206 

uated. All statistical analyses were performed on 41 participants with the Statistica 13.1PL 207 

software and p-values < 0.05 were considered significant. 208 

3. Results 209 

3.1. Total score 210 

The FMS total score and the FMSMOVE were moderately (R = -0.54; -0.53, respectively) 211 

correlated with the HLLMS total score. In both cases footballers with a lower FMS score 212 

received a higher number of positive answers in the HLLMS. There were no significant 213 

correlations (p > 0.06) between the HLLMS total score and the FMSFLEX and the FMSSTABIL 214 

(Figure 1). 215 
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 216 

Figure 1. Total score of the Hip and Lower Limb Movement Score (HLLMS) in relation to total score 217 

of the Functional Movement Screen (FMS) and sub-scores of stability, flexibility and movement 218 

(data on 41 footballers – some participants obtained the same pair of HLLMS and FMS scores and 219 

therefore their points are superimposed).  220 

3.2. Asymmetrical tasks 221 

Regarding tasks performed separately for the right and left sides of the body, the 222 

composite score of each task from the FMS was correlated with the composite score of 223 

each task from the HLLMS. The results showed that the rotatory stability test (FMS) was 224 

moderately correlated (R = -0.50) with the SKB with trunk rotation task (HLLMS; Table 1).  225 

Table 2. Spearman correlation for combined score of asymmetrical tasks. 226 
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R = -0.19 

p = 0.24 

R = 0.01 

p = 0.93 

R = -0.28 

p = 0.08 

R = -0.15 

p = 0.33 

Active straight-leg 

raise 

R = -0.13 

p = 0.42 

R = -0.02 

p = 0.91 

R = -0.08 

p = 0.60 

R = -0.25 

p = 0.12 

Hurdle step 
R = -0.37 

p = 0.02* 

R = -0.34 

p = 0.03* 

R = -0.22 

p = 0.17 

R = -0.20 

p = 0.22 

Shoulder mobility 
R = -0.17 

p = 0.29 

R = -0.03 

p = 0.87 

R = -0.11 

p = 0.49 

R = -0.12 

p = 0.44 

Trunk rotary sta-

bility 

R = -0.17 

p = 0.30 

R = 0.01 

p = 0.96 

R = -0.26 

p = 0.10 
R = -0.50 

p = 0.001* 

      *p < 0.05 227 

 228 

A weak correlation was found between the hurdle step (FMS) and two of the HLLMS 229 

tasks: standing hip flexion (R = -0.37) and hip abduction with external rotation (R = -0.34). 230 

There were no correlations (p > 0.05) between the FMS inline lunge test, shoulder mobility 231 

test and the HLLMS SKB test (Table 2 and Figure S1).   232 
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3.3. Symmetrical tasks 233 

A deep squat task is performed in both the FMS and HLLMS. The FMS deep squat 234 

test was moderately (R = -0.46) correlated with the HLLMS deep squat test (Table 3 and 235 

Figure S2). The FMS trunk stability push-up was not correlated (p = 0.34) with the HLLMS 236 

deep squat test. 237 

 238 

 TABLE 3. Spearman correlation for symmetrical tasks.   239 

 240 

 241 

 242 

 243 

 244 

  245 

    * p < 0.05 246 

4. Discussion 247 

The aim of the present study was to assess the relationship between the two move- 248 

ment screening tools (FMS and HLLMS) in youth football players. This study found that 249 

out of all asymmetrical tasks: 1) two pairs of tasks were moderately correlated (FMS trunk 250 

rotary stability was correlated with the HLLMS SKB with trunk rotation; 2) two HLLMS 251 

tasks (standing hip flexion and hip abduction with lateral rotation) were weakly related 252 

with one FMS task (hurdle step); 3) four FMS tasks (in-line lunge, active straight-leg raise, 253 

shoulder mobility) and one HLLMS task (SKB) were not related. Of the symmetrical tasks, 254 

only the deep squat from FMS was moderately correlated with deep squat from HLLMS. 255 

Analyses of total scores for the two assessment tools found that FMS total score and FMS- 256 

MOVE score were moderately correlated with the HLLMS total score. Thus, our preliminary 257 

hypothesis that the relationship between the FMS and the HLLMS should be weak or even 258 

absent was not fully achieved. However, a) most (four out of seven) FMS tasks were not 259 

related to the HLLMS at all (three asymmetrical and one symmetrical; and b) the moderate 260 

relationship between both screening tools was caused directly by two pairings between 261 

asymmetrical trunk rotary stability (FMS) and the SKB with trunk rotation (HLLMS), and 262 

symmetrical the deep squat tasks from the two assessment tools.  263 

Although the deep squat was analysed in different ways by the FMS and the HLLMS 264 

(different factors were assessed), a moderate relationship should not be surprising. Move- 265 

ment screening tests are generally intended to assess movement quality and performance, 266 

and to detect altered movement patterns. It could therefore be expected that when per- 267 

forming the same movement task (deep squat) similar outcomes will be reached. While 268 

the criteria used may differ between the two tests, the overall movement outcome is sim- 269 

ilar. As an example, if the thigh (femur) fails to reach horizontal with the floor during the 270 

HLLMS deep squat protocol, it will be highly possible that the deep squat movement con- 271 

tains compensation/imperfection according to the FMS protocol. In turn, the rotatory sta- 272 

bility test (FMS) requires multi-plane stability of the trunk in conjunction with synchro- 273 

nized motion of the upper and lower extremities [6,7]. Agresta et al., [28] demonstrated 274 

that athletes with compensation/imperfection during the rotatory stability FMS task pre- 275 

sents reduced control of the trunk, pelvis and hip muscles. A review of the biomechanical 276 

and clinical studies indicated that impaired muscular control of the hip, pelvis, and trunk 277 

can affect joint mechanics in the lower kinetic chain [1], triggering injuries such as anterior 278 

cruciate ligament tears [2], iliotibial band syndrome [29] and patellofemoral joint pain 279 

[3,30]. Also, movement disorders exist in people with femoroacetabular impingement 280 

syndrome [13,31–35] and patellofemoral pain [36,37]. The SKB with trunk rotation (the 281 
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HLLMS task) is described as a test assessing relative stiffness (restrictions) [38] of thora- 282 

columbar rotation under proper pelvic control, and evaluating the ability to actively dis- 283 

sociate and control hip rotation independently of trunk rotation [39]. Thus, the rotatory 284 

stability test (FMS) and the SKB with trunk rotation (the HLLMS) are intended to detect 285 

altered movement quality caused by impaired control in the pelvic region. This may ex- 286 

plain the moderate relationship between both the FMS and HLLMS tasks.   287 

Other FMS tasks were weakly (the hurdle step) or not (in-line lunge, active straight- 288 

leg raise, shoulder mobility, trunk stability push-up) related with tasks included in the 289 

newly developed HLLMS tool. The hurdle step is used to asses functional mobility and 290 

stability of lower limb joints, whereas shoulder mobility and trunk stability push-up are 291 

used to assess shoulder range of motion and trunk stability during upper-extremity mo- 292 

tion, respectively [6,7]. Thus, in the present study the correlation results were expected. It 293 

may only be surprising that no relationship was detected between the in-line lunge (FMS) 294 

task and the HLLMS tasks, as the in-line lunge by Cook et al. [6,7] is described as assessing 295 

hip and ankle mobility and stability, quadriceps flexibility, and knee stability. Consider- 296 

ing that the HLLMS was developed to specifically assess control of the hip, pelvis and 297 

lower limb joints [5], a certain degree of relationship with the in-line lunge (FMS) was 298 

expected. 299 

Movement screening tools are characterised by: a) assessment of movement quality 300 

[11]; b) assessment of physical performance; c) identifying painful movement during 301 

movement tasks [6,7]. Additionally, it may be worth developing screening tools consider- 302 

ing a targeted body part (movement screening tools could be created concerning a specific 303 

part of the body). Studies have shown that the FMS is not sensitive for detecting altered 304 

movement patterns in lower limb joints of footballers [21,40,41]. It may be partly due to 305 

the FMS containing some tasks not directly related to the lower limb, such as shoulder 306 

mobility or the trunk stability push-up. Also, the FMS lacks unilateral weight-bearing 307 

tasks, which are typical in sports [42] and seems more likely to show compensations rele- 308 

vant to bilateral tasks [43]. From this perspective, development of the HLLMS to focus on 309 

altered movement patterns and asymmetry, specifically of the pelvis and lower limbs was 310 

warranted, because of high incidence of hip and groin pain in injures in athletes [15–17]. 311 

The HLLMS does not require any equipment so is therefore quick, easy and cheap to use. 312 

It can also be used as an assessment in return to play, by conducting testing at the start of 313 

a season then following injuries. Additionally, the HLLMS is useful to detect modifiable 314 

movement compensations and direct referral for primary, secondary and tertiary preven- 315 

tion in the context of injury and OA [5].  316 

The present study had a number of limitations. Firstly, the present findings may only 317 

be applied to the group examined (male elite adolescent football players) and generalisa- 318 

tion to athletes involved in other sports or to female footballers cannot be assumed. Sec- 319 

ondly, the study included a relatively small sample size, although other studies using the 320 

FMS and/or functional tests used similar sample sizes [21,28,44–47]. Thirdly, although the 321 

HLLMS showed very good intra-rater and inter-rater reliability in youth male football 322 

players [5], the reliability of the assessor conducting the HLLMS protocol for this study 323 

was not examined. However, the HLLMS data were collected by an experienced and qual- 324 

ified physiotherapist, (also attended FMS course) who was not informed of this study aim. 325 

To minimize bias being introduced during the data collection process the FMS and the 326 

HLLMS data was collected by two separate raters, ensuring the therapists collecting the 327 

data was not aware of previous FMS/HLLMS scores, preventing the investigator’s test 328 

interpretation being influenced. However, we are unsure whether  past experience with 329 

the FMS of the physiotherapist assessing the HLLMS may affect in some way this study 330 

results. Automatic systems to assess HLLMS and FMS may be useful in order to avoid 331 

bias potentially introduced by raters. Previous research has been conducted to create an 332 

automated system to score the FMS in order to make the tool more objective [48–50]. How- 333 

ever, the results were inconclusive. In turn, the HLLMS was only analysed against 3D 334 

motion analysis for validation purpose [22], but not to automate the scoring of the 335 
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HLLMS. It may be worthwhile to conduct future research to see if the HLLMS can be 336 

automated to improve raters scores, avoiding bias, but automatization process should not 337 

affect the nature of screening tools. Screening tools should still be easily administered to 338 

large groups, cost effective and easily adaptable to various sports and occupation envi- 339 

ronments [11]. Fourthly, the present study only included healthy athletes (they partici- 340 

pated in training or competition for the four months prior to the examination). Theoreti- 341 

cally, it is possible that the relationship between the FMS and the HLLMS may be different 342 

in symptomatic participants. 343 

5. Conclusions 344 

Out of the seven FMS tasks only one asymmetrical (trunk rotary stability) and one 345 

symmetrical (deep squat) task was moderately related to the newly developed HLLMS 346 

tool contributing moderate relationship between the FMS total score and the HLLMS total 347 

score. Other FMS tasks were weakly or unrelated with the HLLMS. This suggests that the 348 

two screening tools assess different aspects of movement quality and performance in 349 

healthy youth football players. The purpose of the HLLMS is to use the movement quality 350 

assessment outcome to prescribe targeted motor control exercises. Practically it could be 351 

used in a clinical setting and on the field for primary prevention to protect healthy people, 352 

secondary prevention to prevent re-injury or overuse and tertiary prevention to guide 353 

management of OA and reduce its impact on function, joint longevity, delaying or pre- 354 

venting joint surgery, and improve quality of life.  355 

Several potential applications of the HLLMS should now be investigated in various 356 

cohorts of different ages, physical activity, sporting groups and genders to examine the 357 

utility of the screen for assessing movement quality and informing exercise interventions 358 

to improve movement control. It is also worth considering whether the HLLMS can be 359 

automated to avoiding bias without negative effect on the nature of this screening tool.   360 
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