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Background  
Deceleration capacity is a fundamental yet underappreciated component of 
multidirectional sport performance. Non-contact lower-quarter injuries frequently occur 
during rapid deceleration and change-of-direction tasks, yet braking capacity remains 
under-evaluated relative to acceleration and speed. The Deceleration Index (DI) has been 
proposed as a ratio-based metric of peak deceleration to peak acceleration. 
Hypothesis/Purpose: The purpose of this study was to compare preseason Deceleration 
Index values between collegiate football athletes who sustained a time-loss lower-quarter 
injury and position-matched uninjured athletes across three competitive seasons. It was 
hypothesized that football athletes who sustain a non-contact time-loss lower-quarter 
injury would demonstrate lower preseason DI values than position-matched uninjured 
athletes. 

Study Design   
Prospective cohort study. 

Methods  
Division I male collegiate football athletes completed preseason change-of-direction 
testing (5-10-5 test) during summer training camp at the beginning of each season. 
Following a warmup, data were captured using a Global Navigation Satellite System 
(GNSS) integrated with an Inertial Measurement Unit (IMU). The DI was calculated as 
peak deceleration value divided by peak acceleration value. Athletes were prospectively 
followed three consecutive seasons for time-loss lower-quarter injuries. Injured athletes 
(n = 57) were matched 1:1 by playing position to uninjured controls (n = 57). 
Independent-samples t-tests compared group means, with Cohen’s d for effect size. 
Receiver operating characteristic (ROC) analysis assessed within-sample discriminatory 
ability. 

Results  
Injured and uninjured athletes were similar at baseline in age (mean 22 years in each 
group), height, body mass, and BMI (all p ≥ 0.09). Injured athletes demonstrated 
significantly lower preseason DI than uninjured athletes (0.90 ± 0.07 vs 1.10 ± 0.10; p < 
0.001; Cohen’s d = 2.30). ROC analysis showed excellent within-sample discrimination 
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(AUC = 0.96, 95% CI 0.89–0.99); a DI ≤ 1.00 yielded a sensitivity of 93% and a specificity 
of 91%. 

Conclusion  
Lower preseason DI values were associated with subsequent non-contact time-loss 
lower-quarter injury in collegiate football athletes. DI may serve as a practical field-based 
risk indicator reflecting braking capacity relative to acceleration; causal inference and the 
proposed threshold require independent validation. 

Level of Evidence    
2b (individual prospective cohort study). 

INTRODUCTION 

Non-contact lower-quarter injuries remain a substantial 
burden in football, contributing to time loss, decreased per
formance, and long-term health consequences. Systematic 
video analyses in professional soccer indicate that anterior 
cruciate ligament (ACL) injury frequently occurs during de
fensive pressing actions requiring rapid deceleration rather 
than during direct contact, accounting for approximately 
one-third to two-thirds of cases in male players1,2 and more 
than half of cases in female players,3 with similar deceler
ation-related mechanisms reported in Australian football.4 

Biomechanical analyses have further implicated abnormal 
hip and ankle kinematics5 and gender-specific defensive 
movement patterns6 in the ACL injury mechanism, rein
forcing deceleration and cutting as high-risk scenarios. 
These decelerations and cutting actions impose high eccen
tric and multiplanar loading demands as athletes attempt 
to attenuate momentum and stabilize the lower extremity. 
When braking capacity is insufficient relative to the mo
mentum generated during acceleration, excessive mechan
ical stress may be transferred to musculoskeletal tissues, 
potentially exceeding tissue tolerance and contributing to 
injury through an accumulating mechanical fatigue-failure 
process.7,8 

From a mechanical perspective, successful deceleration 
requires the coordinated absorption of momentum through 
eccentric muscle actions, appropriate joint positioning, and 
neuromuscular control across the trunk, hip, knee, and an
kle, with high joint angular velocities and impact forces 
concentrated within the first 50 milliseconds of ground 
contact.8,9 Despite this, performance testing and injury 
screening protocols commonly emphasize acceleration, 
maximal speed, strength, or time-based change-of-direc
tion outcomes, with deceleration capacity comparatively 
under-assessed in applied practice.9,10 While informative, 
time based metrics provide limited insight into an athlete’s 
ability to control momentum during high-risk movements 
requiring deceleration; athletes may therefore demonstrate 
excellent speed or acceleration while possessing inadequate 
braking capacity. 

Ratio- or difference-based metrics that isolate braking 
ability from raw change-of-direction time have been pro
posed to address this gap. The change of direction deficit 
is the difference between change-of-direction test time and 
linear sprint time over the same distance. This metric was 
developed to distinguish an athlete’s true change-of-di

rection ability from performance confounded by linear 
speed.11 Similarly, field-derived deceleration-speed profil
ing has recently been proposed to characterize an individ
ual’s maximal braking capacity relative to running speed 
rather than relying on traditional cumulative time-based 
thresholds.10 Change of direction deficit and linear mo
mentum have also been linked to change-of-direction abil
ity in academy soccer players, with faster, higher-momen
tum athletes demonstrating disproportionately impaired 
braking relative to their propulsive capability.12 Building on 
this rationale, the Deceleration Index (DI) (the ratio of peak 
deceleration to peak acceleration) was recently introduced 
as a comparable ratio-based metric and proposed as a po
tential adjunct to rehabilitation and performance screen
ing, although evidence for its clinical and prognostic utility 
has, to date, been largely conceptual.13 The present study 
extends this concept to the 5-10-5 test (see figure 2) by 
expressing peak deceleration relative to peak acceleration 
within the same trial, providing an integrated, field-based 
measure of momentum control specific to change-of-direc
tion performance. Although horizontal deceleration is in
creasingly recognized as a key injury-risk factor in team 
sports,8 prospective evidence directly linking preseason de
celeration metrics to subsequent injury risk in football ath
letes remains limited. 

Horizontal deceleration ability has been conceptualized 
as comprising both braking-force control (reducing whole-
body momentum within task constraints) and braking-force 
attenuation (tolerating and distributing the associated 
forces).9 This distinction is clinically relevant because DI 
quantifies a peak braking-to-propulsion relationship but 
does not directly characterize technique, joint loading, or 
tissue capacity. Emerging deceleration speed profiling 
methods extend this individualized perspective by model
ing maximal braking across running speeds from routine 
tracking data; however, their prognostic value and incre
mental utility beyond the 5-10-5 derived DI remain pro
posed rather than established. 

Therefore, the purpose of this study was to compare pre
season Deceleration Index values between collegiate foot
ball athletes who sustained a time-loss lower-quarter injury 
and position-matched uninjured athletes across three com
petitive seasons. It was hypothesized that football athletes 
who sustain a non-contact time-loss lower-quarter injury 
would demonstrate lower preseason DI values than posi
tion-matched uninjured athletes. 
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Figure 1. Participant flow and analytic cohort. 114       
collegiate football athletes with complete preseason       
testing and injury surveillance across three       
competitive seasons. Fifty-seven athletes sustained a       
qualifying non-contact time-loss lower-quarter injury      
and were matched 1:1 by playing position to 57          
uninjured controls.   

METHODS 

STUDY DESIGN 

This study employed a prospective cohort design. Before 
preseason training, performance testing was conducted 
during summer training camp prior to the competitive sea
son, and injury outcomes were tracked prospectively 
throughout each season. This was done for three consec
utive years. Subjects were excluded from this study if they 
had a prior injury to the body part that was later injured. 
(see figure 1) 

PARTICIPANTS 

A total of 114 Division I collegiate football athletes from 
the same Division 1 team completed preseason testing and 
had complete injury surveillance data. Inclusion criteria re
quired athletes to (1) complete all preseason testing pro
cedures, (2) participate in the subsequent competitive sea
son, and (3) have no prior injury to the body region that was 
later injured (for injured athletes). 

Athletes who sustained a qualifying injury were individ
ually matched one-to-one by playing position to uninjured 
athletes who completed the same preseason testing and 
season without injury, resulting in equal group sizes (n = 
57 injured; n = 57 uninjured). This matching strategy con
trolled for position-specific movement demands and expo
sure. All athletes were medically cleared for full participa
tion at the time of preseason testing (Figure 1). 

TESTING PROCEDURES 

Preseason testing included a standardized change-of-direc
tion assessment using the 5-10-5 test, performed during 
summer training camp (Figure 2). Athletes completed mul
tiple trials. 

Figure 2. 5-10-5 Change-of-Direction Test and     
Catapult Vector S7 Data Acquisition.      
Sequential depiction of the 5-10-5 change-of-direction drill used to assess the decelera
tion index. The athlete begins at the middle line, accelerates 5 yards to an outer cone, 
performs an aggressive deceleration and directional reversal, accelerates 10 yards to the 
opposite outer cone, performs a second deceleration and reversal, and completes the fi
nal 5-yard acceleration through the middle finish line. Athlete movement was quantified 
using the Catapult Vector S7 wearable microtechnology system (Catapult Sports, Mel
bourne, Australia), positioned interscapularly within a fitted garment. Catapult Thunder 
video analysis software was used to synchronize and contextualize athlete movement 
and wearable-derived performance data. The figure illustrates the testing sequence, spa
tial configuration, wearable placement, and data-acquisition methodology. 

Movement data were collected with the Vector S7 wear
able microtechnology system (Catapult Sports, Melbourne, 
Australia). Before testing, one unit was positioned between 
the scapulae in the manufacturer-designated pocket of a 
standardized tight-fitting garment. This location secured 
the unit close to the upper trunk, limited independent de
vice movement, and provided a consistent anatomical 
placement across 5-10-5 trials (Figure 2). 

Each Vector S7 unit incorporated a tri-axial accelerome
ter (100 Hz), 3D gyroscope (100 Hz), and 3D magnetometer 
(100 Hz), together with a 10 Hz global navigation satellite 
system (GNSS) receiver. The system uses a local positioning 
system (LPS) infrastructure when satellite-based tracking 
was limited. The inertial sensors recorded acceleration, an
gular velocity, and magnetic-field orientation about three 
orthogonal axes, whereas GNSS provided time-referenced 
position and velocity information. Thus, these sensor sig
nals represent the directly recorded measurements; sum
mary performance variables were subsequently generated 
by the Catapult processing environment. (Catapult Sports, 
Melbourne, Australia) 

System-derived outputs available from the integrated 
platform included total distance (m), peak velocity (mph), 
and peak acceleration and deceleration (m/s squared) based 
on configured system thresholds. In the present study, the 
primary variables used to calculate DI were peak acceler
ation and peak deceleration; the remaining Catapult out
puts were not analyzed as study outcomes unless otherwise 
specified. 

Following each testing session, wearable data were re
viewed within the Catapult software ecosystem. Catapult 
Thunder video analysis was used to synchronize trial ex
ecution and associate the wearable record with the corre
sponding 5-10-5 attempt, including the acceleration, brak
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ing/turn, and reacceleration portions of the test. For each 
athlete, three trials of the 5-10-5 were performed. The best 
5-10-5 trial was defined as the trial demonstrating maximal 
peak performance, was selected for analysis. Within the se
lected trial window, peak acceleration was the maximum 
positive value in the Catapult system-derived acceleration 
time series, and peak deceleration was the absolute magni
tude of the most negative value. These paired values from 
the same trial were used in the DI calculation. 

The Deceleration Index (DI) was calculated as 

This ratio operationalizes peak braking relative to peak 
propulsive output within the same trial and quantifies mo
mentum control during change-of-direction performance. 
It should not be interpreted as a direct measure of tissue 
load, movement strategy, or braking-force attenuation. 

INJURY DEFINITION AND SURVEILLANCE 

Injuries were prospectively documented by the sports med
icine staff throughout each competitive season. A time-loss 
lower-quarter injury was operationally defined as a muscu
loskeletal injury to the hip, thigh, knee, leg, ankle, or foot 
that (1) resulted in restriction from full participation for at 
least one subsequent training session or competition, and 
(2) occurred in the absence of any previous injury to the 
same body region. Only the first qualifying injury per ath
lete per season was included in the analysis. 

STATISTICAL ANALYSIS 

Descriptive statistics (mean ± SD) were calculated for all 
variables. The primary comparison of preseason DI values 
between injured and uninjured athletes was conducted us
ing an independent-samples t-test, consistent with the 
matched-group design and equal group sizes. Effect sizes 
for between-group differences were calculated as Cohen’s 
d, using the pooled standard deviation, and interpreted 
according to conventional thresholds as small (d = 0.20), 
medium (d = 0.50), or large (d ≥ 0.80). 

The independent-samples t-test was selected as the pri
mary analytic approach because the research question fo
cused on comparing mean preseason DI values between two 
independent, position-matched groups of equal size; DI is 
a continuous variable with an approximately normal dis
tribution, supporting parametric analysis. Receiver operat
ing characteristic (ROC) analysis was used to evaluate the 
ability of DI to discriminate between injured and uninjured 
athletes and to explore clinically meaningful cut-off points. 
Statistical significance was set a priori at p < 0.05. 

RESULTS 

PARTICIPANT CHARACTERISTICS 

The mean age was 22 years in both the injured and unin
jured groups (22.0 ± 0.3 vs 22.0 ± 0.5 years). Anthropomet
ric comparisons showed no statistically significant differ
ences between injured and uninjured groups in height (74.0 

Figure 3. Distribution of qualifying injury types.      
Injuries were categorized into nine anatomical/diagnostic categories for 57 injured ath
letes. 

± 1.9 vs 74.6 ± 1.6; p = 0.100), weight (228.0 ± 41.4 vs 229.6 
± 40.7; p = 0.837), or BMI (28.7 ± 4.1 vs 28.8 ± 3.9 kg/m2; p 
= 0.871). The position-matched groups were therefore com
parable in age and body size at preseason testing. Across 
three seasons, a total of 57 Division I football athletes sus
tained a non-contact time-loss lower-quarter injury and 
were position-matched to 57 uninjured controls. Hamstring 
injuries were most frequent (n = 16), followed by ankle 
sprains (n = 10) and adductor/groin injuries (n = 9) (Figure 
3). 

DECELERATION INDEX 

Preseason DI values, derived from the best 5-10-5 test trial 
obtained during summer training camp, were significantly 
lower in athletes who later sustained injury than in 
matched uninjured athletes (0.90 ± 0.07 vs 1.10 ± 0.10; p 
< 0.001) (Table 1 and Figure 4). The mean between-group 
difference was 0.20 (95% CI, 0.16–0.23), corresponding to 
a large effect (Cohen’s d = 2.30; 95% CI, 1.81–2.77), far 
exceeding the 0.80 threshold for a large effect. An effect 
of this size indicates limited overlap between the two dis
tributions: the average injured athlete’s DI fell more than 
two pooled standard deviations below the uninjured group 
mean. 

RECEIVER OPERATING CHARACTERISTIC ANALYSIS 

ROC analysis demonstrated good within-sample discrimi
nation of preseason DI for athletes who subsequently sus
tained a time-loss injury (AUC = 0.96; 95% CI, 0.89–0.99). A 
cut point of DI ≤ 1.00 optimized sensitivity (93%) and speci
ficity (91%). (Figure 5) These estimates have not been ex
ternally validated and should not be interpreted as evidence 
of a universal diagnostic threshold. 
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Table 1. Preseason Deceleration Index by Injury Status       

Group n DI (mean ± SD) 

Injured (non-contact time-loss lower-quarter injury) 57 0.90 ± 0.07 

Uninjured (position-matched control) 57 1.10 ± 0.10 

DI, Deceleration Index; SD, standard deviation. 

Figure 4. Preseason Deceleration Index by subsequent      
injury status.   
Injured athletes had a lower DI than position-matched uninjured athletes (0.90 ± 0.07 vs 
1.10 ± 0.10; P < .001). Error bars represent SD. 

DISCUSSION 

The primary finding of this prospective cohort study was 
that collegiate football athletes who sustained a time-loss 
lower-quarter injury demonstrated substantially lower pre
season DI values than position-matched uninjured ath
letes. Importantly, DI was measured during summer train
ing camp prior to injury occurrence, supporting its role as a 
potential risk indicator rather than a consequence of injury. 

These findings provide prospective, injury-outcome evi
dence called for following the initial proposal of the DI as 
a promising but largely untested screening and rehabilita
tion metric.13 As characterized with this large effect size, 
the present study supports the proposed underlying ratio
nale that deceleration forces should approximate or exceed 
acceleration forces. 

These findings also extend prior biomechanical and neu
romuscular research by demonstrating that an integrated 
measure of braking capacity relative to acceleration capac
ity is strongly associated with injury risk.8,9 While previous 
studies have identified isolated kinematic or kinetic deficits 
during deceleration, the DI provides a practical, field-based 
metric that captures the balance between momentum gen
eration and attenuation (Figure 6). 

The results of this study aligns with findings in academy 
soccer players, where athletes with faster acceleration and 
greater linear momentum demonstrated a larger change 
of direction deficit; indicating disproportionately reduced 

Figure 5. Receiver operating characteristic curve for      
preseason Deceleration Index (DI) in discriminating       
athletes who subsequently sustained a non-contact       
time-loss lower-quarter injury from position-matched      
uninjured athletes.   
Area under the curve (AUC) = 0.96 (95% CI, 0.89–0.99). The open circle marks the DI ≤ 
1.00 cut point (sensitivity 93%, specificity 91%). The dashed line represents chance dis
crimination. 

braking capacity relative to their propulsive capability.12 

Athletes with high acceleration capacity but limited braking 
reserve may therefore be particularly vulnerable during 
high-risk tasks, a phenomenon that may remain undetected 
using conventional screening approaches that assess speed 
and change-of-direction time in isolation. 

The single-sport, position-matched design reduces con
founding by positional demands, although matching by po
sition does not control for individual exposure or all injury 
determinants. The ROC findings support further study of DI 
as a risk indicator; and the value DI ≤ 1.00 should remain 
an exploratory research cut point until independently vali
dated. 

The rationale for evaluating deceleration relative to ac
celeration, rather than in isolation, is further supported by 
biomechanical evidence that braking ground reaction forces 
during rapid deceleration can reach up to 2.7 times those 
generated during acceleration, imposing approximately 
41% greater mechanical load per meter than equivalently 
intense accelerations.8,9,14 High-intensity decelerations 
also occur up to 2.9 times more frequently than high-in
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Figure 6. Conceptual relationship between horizontal     
deceleration ability and the Deceleration Index.       
Horizontal deceleration ability includes braking-force control and braking-force attenu
ation. The DI quantifies peak deceleration relative to peak acceleration within the same 
5-10-5 trial; it does not directly measure movement technique, joint loading, tissue ca
pacity, or force distribution. Lower preseason DI was prospectively associated with sub
sequent injury in this cohort. The pathway linking control or attenuation deficits to in
jury susceptibility remains proposed and requires direct biomechanical and 
interventional testing. 

tensity accelerations in soccer match play and impose up to 
65% greater load per meter than any other match-play ac
tivity.7 Field-tracking data similarly show that peak decel
eration magnitudes exceed peak acceleration magnitudes 
across all playing positions in soccer match play.15 Within 
this context, a DI below 1.0 (indicating that peak decelera
tion did not exceed peak acceleration) may reflect a mean
ingful mismatch between propulsive and braking capacity, 
consistent with the exploratory DI ≤ 1.00 cut point identi
fied in the present study. 

CLINICAL IMPLICATIONS 

The present findings suggest that braking capacity should 
be assessed alongside acceleration and strength in colle
giate football athletes. A preseason Deceleration Index ≤ 
1.00 may identify athletes who warrant further assessment 
in settings similar to this cohort; however, this cut point 
is exploratory and should not be used as a stand-alone 
clearance or injury-prediction rule. Rehabilitation and per
formance programs should also emphasize progressive ec
centric braking and deceleration control rather than fo
cusing solely on acceleration development, consistent with 
strength-training approaches that accentuate eccentric 
muscle actions to improve change-of-direction and braking 
performance.16 

LIMITATIONS 

This study did not stratify injuries by anatomical location 
or severity, and findings are specific to male collegiate foot
ball athletes; generalizability to athletes from other sports 
or competitive levels is unknown. Because DI was derived 
from whole-trial peak acceleration and deceleration values 
rather than a phase-specific decomposition of the 5-10-5 
test, it reflects global momentum control rather than iso

lating the deceleration phase specifically; the 5-10-5 test is 
understood to comprise distinct acceleration, deceleration, 
180°-turn, and reacceleration phases, each underpinned by 
different neuromuscular qualities (e.g., concentric strength 
during acceleration, eccentric strength during deceleration, 
isometric and reactive strength during the turn).17 External 
training load and exposure volume were not directly quan
tified and may have confounded the association between 
DI and injury. Because DI was derived from a single best 
trial of a single field test, measurement error and day-to-
day variability were not characterized. 

FUTURE RESEARCH 

Future work should first expand the evidence on the mea
surement properties of the DI, including test-retest and be
tween-day reliability, the standard error of measurement 
and minimal detectable change, and its validity against cri
terion measures of braking capacity such as force-plate and 
eccentric strength assessments. Future work should also es
tablish additional tests with normative and position-spe
cific DI values, validate DI prospectively in independent 
and multisport cohorts, determine whether targeted eccen
tric/deceleration training improves DI and reduces injury 
incidence, examine the role of DI in return-to-sport deci
sion-making, and clarify the biomechanical and neuromus
cular correlates that underlie DI. Further studies should 
examine whether individualized, speed-relative approaches 
to characterizing braking capacity (recently proposed as al
ternatives to fixed absolute thresholds) offer additional dis
criminatory value beyond the ratio-based DI used here,10 

and whether phase-specific decomposition of the 5-10-5 
test sharpens DI’s diagnostic and prognostic value beyond 
the whole-trial ratio used in the present study.17 Collec
tively, these efforts would help inform the use of the DI as 
a metric to link performance assessment, injury prevention, 
and rehabilitation progression. 

CONCLUSION 

Lower preseason DI values were associated with subsequent 
non-contact time-loss lower-quarter injury in collegiate 
football athletes across three competitive seasons. Quan
tifying peak braking relative to acceleration may comple
ment multifactorial risk assessment. Whether modifying DI 
reduces injury incidence, and whether the proposed thresh
old generalizes beyond this cohort, remain hypotheses for 
prospective interventional and external-validation studies. 

CONFLICT OF INTEREST 

The authors declare no conflict of interest relevant to this 
commentary. 

Declaration of AI Use: AI supported the authors develop
ment of preliminary table and figure layouts. The authors 
reviewed, revised, and verified all tables and figures and 
take full responsibility for the final manuscript. 

Preseason Deceleration Index Is Lower in Collegiate Football Athletes Who Sustain Time-Loss Lower-Quart…

International Journal of Sports Physical Therapy



ACKNOWLEDGMENTS 

The authors gratefully acknowledge the Professional  
Football Athletic Trainers Society (PFATS)     for its finan
cial support of this research and for the thoughtful insight, 
professional expertise, and clinical perspective provided 
during the development of the Deceleration Index concept. 
The authors particularly appreciate PFATS’ commitment to 
advancing evidence-informed approaches to athlete health, 
injury risk assessment, and performance within football. 

The authors thank Barbara Hoogenboom, PT, EdD, SCS, 
ATC, for her thoughtful review of this manuscript and her 
valuable guidance during its revision. 

© The Author(s) 

Submitted: March 09, 2026 CDT. Revised: May 27, 2026 CDT.

Accepted: September 30, 2026 CDT. Published: November 01, 
2026 CDT. 

This is an open-access article distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 Interna

tional License (CCBY-NC-4.0). View this license's legal deed at https://creativecommons.org/licenses/by-nc/4.0 and legal code 

at https://creativecommons.org/licenses/by-nc/4.0/legalcode for more information. 

Preseason Deceleration Index Is Lower in Collegiate Football Athletes Who Sustain Time-Loss Lower-Quart…

International Journal of Sports Physical Therapy

https://creativecommons.org/licenses/by-nc/4.0
https://creativecommons.org/licenses/by-nc/4.0/legalcode


REFERENCES 

1. Della Villa F, Buckthorpe M, Grassi A, et al. 
Systematic video analysis of ACL injuries in 
professional male football (soccer): injury 
mechanisms, situational patterns and biomechanics 
study on 134 consecutive cases. Br J Sports Med. 
2020;54(23):1423-1432. doi:10.1136/
bjsports-2019-101247 

2. Waldén M, Krosshaug T, Bjørneboe J, Andersen TE, 
Faul O, Hägglund M. Three distinct mechanisms 
predominate in noncontact anterior cruciate 
ligament injuries in male professional football 
players: a systematic video analysis of 39 cases. Br J 
Sports Med. 2015;49(22):1452-1460. doi:10.1136/
bjsports-2014-094573. PMID:25907183 

3. Lucarno S, Zago M, Buckthorpe M, et al. 
Systematic video analysis of anterior cruciate 
ligament injuries in professional female soccer 
players. Am J Sports Med. 2021;49(7):1794-1802. 
doi:10.1177/03635465211008169 

4. Cochrane JL, Lloyd DG, Buttfield A, Seward H, 
McGivern J. Characteristics of anterior cruciate 
ligament injuries in Australian football. J Sci Med 
Sport. 2007;10(2):96-104. doi:10.1016/
j.jsams.2006.05.015 

5. Boden BP, Torg JS, Knowles SB, Hewett TE. Video 
analysis of anterior cruciate ligament injury: 
abnormalities in hip and ankle kinematics. Am J 
Sports Med. 2009;37(2):252-259. doi:10.1177/
0363546508328107 

6. Brophy RH, Stepan JG, Silvers HJ, Mandelbaum BR. 
Defending puts the anterior cruciate ligament at risk 
during soccer: a gender-based analysis. Sports Health. 
2015;7(3):244-249. doi:10.1177/1941738114535184. 
PMID:26131302 

7. Harper DJ, Kiely J. Damaging nature of 
decelerations: do we adequately prepare players? BMJ 
Open Sport Exerc Med. 2018;4(1):e000379. 
doi:10.1136/bmjsem-2018-000379. PMID:30112183 

8. McBurnie AJ, Harper DJ, Jones PA, Dos’Santos T. 
Deceleration training in team sports: another 
potential “vaccine” for sports-related injury? Sports 
Med. 2022;52(1):1-12. doi:10.1007/
s40279-021-01583-x. PMID:34716561 

9. Harper DJ, McBurnie AJ, Dos’Santos T, et al. 
Biomechanical and neuromuscular performance 
requirements of horizontal deceleration: a review 
with implications for random intermittent multi-
directional sports. Sports Med. 
2022;52(10):2321-2354. doi:10.1007/
s40279-022-01693-0. PMID:35643876 

10. Harper DJ, Philipp NM, Eriksrud O, Jones PA, 
Graham-Smith P, Dos’Santos T. Assessing 
deceleration performance: methodological and 
practical considerations. Sports Med. 2026;56(1):1-22. 
doi:10.1007/s40279-025-02339-7. PMID:41307885 

11. Nimphius S, Callaghan SJ, Spiteri T, Lockie RG. 
Change of direction deficit: a more isolated measure 
of change of direction performance than total 505 
time. J Strength Cond Res. 2016;30(11):3024-3032. 
doi:10.1519/JSC.0000000000001421 

12. Fernandes R, Bishop C, Turner AN, Chavda S, 
Maloney SJ. Train the engine or the brakes? Influence 
of momentum on the change of direction deficit. Int J 
Sports Physiol Perform. 2021;16(1):90-96. doi:10.1123/
ijspp.2019-1007 

13. Wolfe C, Page P, Voight M, Norman C, Draovitch 
P. The deceleration index — is it the missing link in 
rehabilitation? Int J Sports Phys Ther. 2023;18(2). 
doi:10.26603/001c.73799 

14. Verheul J, Nedergaard NJ, Pogson M, et al. 
Biomechanical loading during running: can a two 
mass-spring-damper model be used to evaluate 
ground reaction forces for high-intensity tasks? 
Sports Biomech. 2021;20(5):571-582. doi:10.1080/
14763141.2019.1584238 

15. Oliva-Lozano JM, Fortes V, Krustrup P, Muyor JM. 
Acceleration and sprint profiles of professional male 
football players in relation to playing position. PLoS 
One. 2020;15(8):e0236959. doi:10.1371/
journal.pone.0236959. PMID:32760122 

16. Chaabene H, Prieske O, Negra Y, Granacher U. 
Change of direction speed: toward a strength training 
approach with accentuated eccentric muscle action. 
2018;48(8):1773-1779. doi:10.1007/
s40279-018-0907-3 

17. Ryan C, Uthoff A, McKenzie C, Cronin J. New 
perspectives of the traditional and modified 5-0-5 
change of direction test. Strength Cond J. 
2023;45(1):83-92. doi:10.1519/
SSC.0000000000000723 

Preseason Deceleration Index Is Lower in Collegiate Football Athletes Who Sustain Time-Loss Lower-Quart…

International Journal of Sports Physical Therapy

https://doi.org/10.1136/bjsports-2019-101247
https://doi.org/10.1136/bjsports-2019-101247
https://doi.org/10.1136/bjsports-2014-094573
https://doi.org/10.1136/bjsports-2014-094573
https://doi.org/10.1177/03635465211008169
https://doi.org/10.1016/j.jsams.2006.05.015
https://doi.org/10.1016/j.jsams.2006.05.015
https://doi.org/10.1177/0363546508328107
https://doi.org/10.1177/0363546508328107
https://doi.org/10.1177/1941738114535184
https://doi.org/10.1136/bmjsem-2018-000379
https://doi.org/10.1007/s40279-021-01583-x
https://doi.org/10.1007/s40279-021-01583-x
https://doi.org/10.1007/s40279-022-01693-0
https://doi.org/10.1007/s40279-022-01693-0
https://doi.org/10.1007/s40279-025-02339-7
https://doi.org/10.1519/JSC.0000000000001421
https://doi.org/10.1123/ijspp.2019-1007
https://doi.org/10.1123/ijspp.2019-1007
https://doi.org/10.26603/001c.73799
https://doi.org/10.1080/14763141.2019.1584238
https://doi.org/10.1080/14763141.2019.1584238
https://doi.org/10.1371/journal.pone.0236959
https://doi.org/10.1371/journal.pone.0236959
https://doi.org/10.1007/s40279-018-0907-3
https://doi.org/10.1007/s40279-018-0907-3
https://doi.org/10.1519/SSC.0000000000000723
https://doi.org/10.1519/SSC.0000000000000723


APPENDIX 

Appendix 1. Graphical abstract.   
Across three seasons, 114 collegiate football athletes who completed preseason 5-10-5 testing were assessed: 57 athletes who subsequently sustained a qualifying non-contact time-
loss lower-quarter injury were position-matched to 57 uninjured athletes. Lower preseason DI was associated with subsequent injury and showed good within-sample discrimination. 
Causality, intervention effects, and generalizability of the exploratory DI ≤ 1.00 threshold remain unconfirmed. 
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