Open Access Journal of Sports Medicine Dove

ORIGINAL RESEARCH

Video Analysis of Elite American Football Athletes
During Vertical Jump

John L Grace, Meghan E Hancock, Madison L Malone, Bahman Adlou, Jerad ] Kosek,
Hannah R Houde, Christopher M Wilburn, Wendi H Weimar

School of Kinesiology, Auburn University, Auburn, AL, USA

Correspondence: John L Grace, School of Kinesiology, Auburn University, 301 Wire Road, Auburn, AL, 36849, USA, Tel +| (334) 844-1468,
Fax +1 (334) 844-1469, Email jlg0068@auburn.edu

Introduction: The National Football League (NFL) combine tests the athleticism of prospects competing for the draft. The vertical
jump is included to test lower extremity power, yet the components which lead to the greatest performance remain elusive. Therefore,
this study aimed to utilize a sample of elite athletes to analyze vertical jump components associated with increased performance and
the relationship between vertical jump performance and rookie-year success.

Methods: Videos of 50 NFL prospects performing the vertical jump task were analyzed for various countermovement jump
components. Regression analyses examined the components in relation to normalized jump height and rookie Approximate Value
(AV) using an alpha level of 0.05.

Results: After analysis, only the overall model for normalized jump height was statistically significant (R"2* = 0.69, p = 0.002).
Discussion: While no single variable predicted jump height, distinct strategies were evident between the top and bottom 25% performers
based on component correlations. The regression model approached significance in predicting rookie AV (R"2" = 0.94, p = 0.052), with
notable components like heel pauses for skilled positions and greater knee flexion for linemen. By creating models that can predict jump
height or AV, variables can be identified that can be used to improve one’s jump height or, in the case of AV, that can be used to predict which
draft prospects will perform better in the NFL.
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Introduction

Jumping is incorporated into most overground physical activities and is often associated with athletic performance in
sports like basketball, volleyball, and American football. The countermovement vertical jump (CMJ) is used to train,
measure performance,’ and identify injury risks.” The NFL utilizes CMJ performance at the annual combine to evaluate
prospects.® Given its importance, athletes, coaches, biomechanists, and allied professionals highly seek the optimal
combination of techniques to improve CMJ performance.

Previous research has identified peak force, rate of force development, impulse, angular velocity, and torque as
contributing factors to successful CMJ performance. However, lower-extremity power is often reported as the best single
predictor.* Although the CMJ is well studied,*® little is known about the self-determined techniques used by professional
athletes during maximum effort vertical jumps. As vertical jumping is a complex movement, evaluating the techniques
used by elite athletes may benefit our understanding of parameters most related to performance improvement.

While researchers attempt to mimic competitive environments, an athlete’s mindset during research may prevent
optimum performance.” Fortunately, professional sports leagues have begun recording test performances along with
videos of the athletes.® Previous studies have utilized YouTube videos mainly for injury or case studies, but this

methodology has yet to be fully utilized for biomechanical performance.’ "2
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With advanced video analysis, the CMJs can be transcribed to allow for sophisticated analyses. To better understand
the techniques used by elite NFL athletes to achieve the best CMIJ results, official combine footage was obtained and
analyzed in this study.

The purpose of this study was to analyze specific CMJ components of draft-eligible American football athletes during
an intense combine competition and their association with jump height and rookie-year performance. It was hypothesized
that certain jump components would be associated with increased jump height or rookie performance. Additionally, it
was hypothesized that a pattern would exist for groups of CMJ components that athletes and professionals employ to
improve jump performance.

Methods

Study Design and Participants

Fifty NFL draft-eligible player’s videos performing a CMJ at the NFL combine were saved from publicly available
data."® Videos representing combine performances from 2015 to 2022 were considered. The CMJ height was measured at
the NFL combine using a traditional mechanical vertical jump tester, such as a Vertec. The inclusion criteria for the
analysis were that the player had to have decided to enter the NFL Draft and the player’s official CMJ video must have
been documented prior to their draft day and had a camera angle in which each variable could be analyzed with
confidence by the investigators. The exclusion criteria were if the player had a preexisting injury or had gotten injured
during their vertical jump trials. The Auburn University Institutional Review Board has reviewed this study and deemed
it “Exempt” under federal regulation 45 CFR 46.104(b)(4).

Procedures

A data acquisition spreadsheet with the CMJ components was prepared in Microsoft Excel. Three investigators (JG, MH,
MM) independently reviewed the videos to document their evaluation of the specified CMJ components in a spreadsheet
unique to them. Answers to each variable were either binomial or categorical (three to five factor levels). CMJ phases
required for analysis were predetermined'® and included weighing, unweighting, braking, propulsion, flight, and landing.
However, a list of specific movements within each phase was developed (Table 1).

Each players’ football position (POS), vertical jump height (JH), height (cm), and mass (kg) were also recorded from
the NFL combine website.'* The components, measurements, and demographics collected by the investigators were then
compiled into a single database, and a final decision on conflicting variable analyses was made through a consensus of
the three investigators. If a decision was not agreed upon by the three reviewers for variables with three or more choices,
a fourth field expert (WW) served as the tiebreaker.

Table | List of Component Acronyms and a Description of How They Were Measured

Acronym Definition Measurement Phases Possible Answers
RBH Whether the player rocked back on their | Visible confirmation of their weight shifting | Unweighting | Yes or no
heels prior to initiating the propulsion to their heels and braking
phase
FPB Their foot position before start Observing the position of the feet with Weighing Parallel, toes pointed
respect to a neutral anatomical position out, toes pointed in,

right foot out-left in, or

left foot out-right in

FPA Their foot position after initiation Observing the position of the feet with Transition Parallel, toes pointed
respect to a neutral anatomical position from braking | out, toes pointed in,
to right foot out-left in, or
propulsion left foot out-right in
(Continued)
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Table | (Continued).

Acronym Definition Measurement Phases Possible Answers
TBK Trunk extension before knee extension Observing if the player’s trunk went Propulsion Yes or no
prior to take-off through a noticeable amount of extension
before the knees extended
KF The amount of flexion that the leg went | Pausing the video at the point when the Unweighting | 30—44, 45-69, or 70+
through at the knee from the start of the | athlete transitions from the braking to the | to braking
unweighting phase until the end of the propulsion phase of his jump
braking phase; For reference, total
extension was considered to be 0 degrees
LP Where they landed Landing position with respect to take-off Propulsion Forward, where they
of the jumps to landing started, or backward
FGC Whether their feet came off the ground Observing whether both feet fully came off | Weighing to | Yes or no
during their countermovement the ground or not propulsion
HP Whether their heel paused after initiation | Observing the action of the athlete’s heels | Propulsion Yes or no
of upward movement leaving the ground initially during the
propulsive phase, but then the angle
between the heel and the ground not
changing until the propulsion phase was
nearly over
KFA Whether their knee flexed significantly Noticeable knee flexion in both legs Flight Yes or no
while in the air

Approximate Value (AV), produced by ProFootballReference, was used as an estimate of the athlete’s performance
during the season. AV metric mathematically quantifies the athlete’s overall performance in a single season based on
various factors'® and has been utilized in the literature to evaluate performance before and after a sport injury.'® In the
present study, AVs of the first season following combines (rookie season) were utilized for analysis. Since AVs increase
with every single game played, AV-per-game was computed to normalize the variable for all players. The normalized AV,
therefore, will account for missed games during a season. For this metric, the athletes were separated into groups based
on the groupings in the mathematical calculation for AV and the differences in responsibilities per position in the sport.
So, offensive and defensive linemen were grouped together, and all other positions were analyzed individually.

An additional database of measures from every player who has attended the NFL combine was created for comparative
analysis to the players included in this study. The measures, including height, mass, vertical jump height, and year drafted,
were acquired from Pro Football Reference.!” The database of all NFL combine results from 2000 to 2023 was used to get
statistics on all players’ jump heights, mass, normalized jump heights, and the percentile ranks of the population.

Statistical Analysis

The dataset was screened for missing data and outliers using the interquartile (IQR) method. The predictor variables
included RBH, FPB, FPA, POS, TBK, KF, LP, FGC, HP, and KFA. Normalized JHs and AVs were treated as outcome
variables separately. To determine the best predictor(s) of combine jump height performances and rookie season
performances (AV), a separate stepwise linear regression model using bidirectional elimination was fitted to each dataset
(CMIJs and AVs). The alpha-to-remove was set to 0.15, and the alpha-to-keep was set to 0.05 to allow for a less stringent
removal criteria to avoid exclusion of potentially important predictors during the backward passes. The Akaike
Information Criterion (AIC) was used to select the final model that optimizes the goodness of fit while minimizing
model complexity. Lower AIC values indicate better model fit after accounting for model parsimony. The underlying

assumptions of the linear regression model (linearity, homoscedasticity, normality and independence of residuals) were
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checked using residual plots and the Shapiro—Wilk test. Multicollinearity was assessed by examining variance inflation
factors (VIF).

To further analyze whether predictors influenced jump height differently for high versus low performers, the data was
split into the top and the bottom 25" percentile of jump heights (n = 13 in each group). Separate stepwise regression
models were then run on each group with the same initial set of predictors. The final models obtained from the stepwise
regression contained the most relevant predictors within each performance group. Standardized beta coefficients were
used to compare the relative contributions of the variables. The overall fit was assessed using the model R? and F-test for
overall significance. The significance level was set at 0.05 for all tests.

All analyses were conducted using R statistical software (R Core Team, 2018, Version 4.3.1).

Results

There was no missing data in the dataset, and inspection of interquartile ranges revealed no extreme outliers. Unless otherwise
stated, all descriptive statistics of the variables are reported in mean and standard deviation (mean(SD)). Descriptive statistics
are reported in Table 2, along with position specific descriptive statistics in Table 3. Supplementary Figure 1 shows a flowchart

of the positions of the players.

A stepwise bidirectional regression analysis was conducted to determine which jump components were predictive of
normalized jump height. The stepwise linear regression for the overall sample retained eight predictors (out of 10 entered
predictors) in the final model, which explained 69% of the variance in normalized jump height (adjusted R2 = 0.475, F

Table 2 Participant Demographics

Variables Mean SD Min Max
Age 21.58 | 095 20 24
Height (m) 1.87 0.06 1.78 2.0l
Mass (kg) 106.08 | 17.17 | 88.00 | 145.15
Approximate Value (performance) 4.04 3.89 0 14
Jump Height (m) 0.95 0.11 0.72 1.20

Table 3 Participant Demographics by Position

Pos N Mass Mass AV AV JH JH
(mean) | (SD) | (mean) | (SD) | (mean) | (SD)
Center (C) | 138.80 N/a 8 N/a 0.79 N/a
Cornerback (CB) 4 91.51 2.99 35 3.42 1.01 0.13
Defensive End (DE) 3 120.05 6.97 233 1.53 0.95 0.11

Defensive Tackle (DT) | 4 138.01 6.03 3.25 2.63 0.83 0.09

Offensive Tackle (OT) | 3 143.94 1.14 7.33 4.04 0.84 0.10
Quarterback (QB) 4 101.38 4.66 5.25 5.32 0.87 0.07
Running Back (RB) 9 97.32 493 4.11 5.09 0.96 0.06
Safety (S) 8 93.73 473 3.875 452 1.00 0.10
Tight End (TE) 3 111.89 2.05 3.33 0.58 0.89 0.06
Wide Receiver (WR) 1 98.92 4.88 3.55 3.75 1.02 0.10

Note: Pos: football position, N: number of athletes, AV: approximate value, JH: jump height.
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(20,29) = 3.213, p = 0.002). Table 4 shows the coefficient estimates, standard errors, t-values, and significance levels for
each predictor in the final model.

Predictors retained in the model were RBH, FPB, FPA, LP, FGC, HP, KFA, and POS. FGC (B =0.11, p=0.159) had a small
positive standardized beta coefficient but did not reach statistical significance. The remaining components, RBH, FPB, FPA,
HP, KFA and LP, all had smaller, non-significance coefficients (all B < 0.05, p > 0.05), suggesting these factors did not
individually significantly predict jump height in this sample. WR (POSwr: § =0.10, p = 0.065) and CB (POScb: =0.11,p =
0.054) had moderate positive coefficients approaching significance. To examine if any of the predictor variables would
individually influence CMJ performances, a linear regression was performed and demonstrated evidence that rocking back on
heels (RBHy; F(1,48) =4.12, p = 0.048), feet coming off during countermovement (FGCyes; F(1,48) =4.48, p = 0.04), and
player positions (F(9,40) = 5.03, p < 0.001) individually influenced the CMJ performance.

To assess whether predictors had differential effects for high versus low performers, separate stepwise regression
models were built for the upper and lower quartiles of jump height (n = 13 each). For the higher performance group, the
model explained 99% of the variance (R? = 0.9875) in normalized jump height among higher performing athletes. The
adjusted R-squared was 0.85, controlling for the number of predictors in the model, but was not statistically significant (F

Table 4 Results from Stepwise Linear Regression Final Model for
the Overall Dataset with Normalized Jump Height as the Outcome

Coefficients Estimates SE T-value | Pr (|>t|)
(Intercept) 0.409 0.061 6.677 0.000%**
RBHyes —0.013 0.024 | -0.562 0.579
FPBSparallel —0.065 0.057 | —1.137 0.265
FPBStoes out —0.042 0.065 | —0.642 0.526
FPAlparallel 0.082 0.067 1.230 0.229
FPAIr foot out | in —0.013 0.086 | —0.148 0.884
FPAltoes in 0.072 0.083 0.864 0.395
FPAltoes out 0.077 0.073 1.060 0.298

Lpwhere they took off —0.049 0.054 | —0.915 0.368

FGCyes 0.110 0.076 1.447 0.159
HPyes 0.027 0.016 1.637 0.113
KFAyes 0.017 0.028 0611 0.546
POScb 0.112 0.056 2012 0.054
POSde 0.021 0.060 0.350 0.729
POSdt —0.015 0.060 | —0.256 0.800
POSot —0.037 0.064 | —0.585 0.563
POSqb 0.020 0.055 0.361 0.720
POSrb 0.086 0.057 1.514 0.141
POSs 0.077 0.065 1.194 0.242
POSte —0.006 0.072 | —0.091 0.928
POSwr 0.104 0.054 1.919 0.065

Note: Intercept is RBHno where all other variables are held constant. For significance,

£:<0.001.
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(11, 1) = 7.19, p = 0.284). As with the overall model shown in Table 5, no individual predictors had significant

coefficients (all p >0 0.05) in this subgroup.

For the lower performance group (bottom 25™ percentile), the stepwise regression resulted in a model with 3
predictors (RBH, FPB, and POS). This model explained 84% of the total variance (R* = 0.84) in normalized jump

height for lower performing athletes. However, the adjusted R-squared value, which accounts for the number of

parameters, was only 0.038 for the model (3.8%). The overall model, shown in Table 6, was not statistically significant

in predicting jump height (F(10,2) = 1.047, p = 0.58). Toes out foot position (FPBS) had one of the stronger negative

relationships with normalized jump height (B = —0.05), though it was not significant in this model fit (p = 0.38).

Table 5 Results from the Stepwise Regression Model for the High
Performing Group with Normalized Jump Height as the Outcome

Coefficient (upper 25) | Estimates SE T-value | Pr (|>t]|)
(Intercept) 0.554 0.019 | 29.659 0.022*
RBHyes —0.042 0.035 | -1.217 0.438
FPBSparallel 0.026 0.021 1.260 0.427
FPBStoes out 0.036 0.035 1.021 0.493
FPAlparallel NA NA NA NA
FPAltoes out NA NA NA NA
TEBKEyes 0.008 0.021 0.360 0.780
MKF70-90 0.021 0.009 | 2416 0.250
LPwhere they took off 0.028 0.013 2.114 0.281
FGCyes NA NA NA NA
KFAyes —0.013 0.019 | —0.679 0.620
HPyes —0.015 0.016 | —0.913 0.529
POSrb —0.031 0.021 | —1.461 0.382
POSs 0.004 0.035 0.103 0.935
POSwr 0.004 0.029 | 0.137 0913

Note: Intercept is RBHno where all other variables are held constant. For significance,

*:<0.05.

Table 6 Results from the Stepwise Regression Model for the Low
Performing Group with Normalized Jump Height as the Outcome

Coefficient (lower 25) | Estimates SE | T-value | Pr (J>t])
(Intercept) 0.445 0.067 | 6.621 0.022%
RBHyes —0.031 0.060 | —0.519 0.655
FPBStoes out —0.047 0.042 | —-1.117 0.380
POScb 0.013 0.074 | 0.180 0.874
POSde 0.009 0.042 | 0.206 0.856
(Continued)
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Table 6 (Continued).

Coefficient (lower 25) | Estimates SE | T-value | Pr (J>t])
POSdt —0.007 0.042 | —0.157 0.890
POSot —0.020 0.060 | —0.341 0.766
POSqb —0.011 0.070 | -0.157 0.890
POSrb 0.021 0.074 | 0.282 0.804
POSte 0.005 0.070 | 0.076 0.946
POSwr 0.052 0.042 1.234 0.342

Note: Intercept is RBHno where all other variables are held constant. For significance,
#:<0.05.

A similar stepwise bidirectional regression approach was used to determine which jump components and their
interactions with player position were predictive of rookie season performance (AV per game). The initial full model
contained all main effects and two-way interactions. The final model retained 15 two-way interactions that optimized the
AIC criterion and explained 94.5% of the variance in AV per game (adjusted R2 = 0.659, F(36,7) = 3.309, p = 0.052).
Table 7 shows the coefficient estimates for each predictor in the final rookie performance model. Notable relationships
included increased performance for WR and RB demonstrating heel pauses, offensive linemen (OL) with greater knee
flexion, and RB landing forward. Defensive linemen (DL) and TE with trunk extension had poorer rookie performance.
Supplementary Table 1 shows the full table including the predictors that did not reach significance.

After screening for outliers, stepwise regression on the overall dataset for normalized jump height retained eight
predictors, explaining 69% of the variance (p = 0.002). However, no single variable significantly predicted jump height.
For the top 25% performers, the model explained 99% of the variance but was non-significant. Increased knee flexion
had a positive relationship with jump height. For the bottom 25%, the model explained 84% of the variance but was non-

significant. A toes-out foot position had a negative relationship.

Table 7 All Results with a P-value of 0.1 or Less from the Stepwise
Bidirectional Approach with AV per Game as the Outcome

Coefficient Estimates | SE T-value | Pr(>|t])
(Intercept) 0.519 0.300 1.727 0.128
POS_gpdl -0.715 0319 | —2242 0.050.
POS_gpol -0.866 0.359 | —2.4I5 0.046*
POS_gpgb 0.709 0238 | 2975 0.021*
POS_gps —1.535 0471 | —-3257 | 0.014*
POS_gpte —1.401 0435 | -3219 | 0.015%
POS_gpwr —0.753 0274 | —2.745 0.029*
FPAltoes out 0816 0.354 | 2306 0.055.
LPwhere they took off 0.625 0.306 2.044 0.080.
KFAyes 0.558 0.216 | 2.582 0.036*
RBHyes:POSgpol 0.910 0425 | 2.143 0.069.
(Continued)
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Table 7 (Continued).

Coefficient Estimates | SE T-value | Pr(>|t])
POSgprb:FPAlparallel 1.244 0.500 | 2.490 0.042*
POSgpte:FPAlparallel 1.072 0.500 2.147 0.069.
POSgpwr:FPAlparallel 1.102 0455 | 2422 0.046*
POS_gprb:TEBKEyes —0.793 0.286 | —2.772 0.028*
POS_gpol:MKF70-90 0.727 0.258 | 2813 0.026*
POS_gprb:MKF70-90 —1.409 0.395 | —3.566 | 0.009**
POS_gprb:HPyes 0.798 0.274 | 2913 0.023*
POS_gps:HPyes 0.986 0.274 | 3.597 0.009**
POS_gprb:KFAyes 0.714 0.359 1.990 0.087.

Note: Intercept is RBHno where all other variables are held constant. For significance,
< 01, *<.05,:<.1.

For rookie AV, the model retained 15 two-way interactions, explaining 94.5% of the variance and approaching
significance (p = 0.052). Notable relationships included increased AV for skilled positions demonstrating heel pauses,
offensive linemen with greater knee flexion, and running backs landing forward.

Discussion
The purpose of this study was to utilize draft-eligible NFL prospects’ combine footage to analyze the components of
maximal effort vertical jumps in a competitive environment. It was hypothesized that one or more of the jump
components examined would influence the jump height (ie, predicted the jump height with confidence). In addition to
statistically analyzing the entire dataset, the performances were split into top and bottom 25" percentile to compare how
the predictor variables influenced the jump heights of the split groups. While the stepwise regression analysis explained
a large variation in all three models (69-99%), only the overall dataset model was found to be statistically significant R?
=0.69, F(20, 29) =3.21, p = 0.002). Additionally, in the presence of other retained jump components in the final stepwise
models, there was no evidence to support the influence of any single variable to predict the CMJ performance. However,
evident positive or negative correlations to jump height in both the high and low performing group suggest interesting
distinct techniques used by top and bottom elite performances. The regression analyses identified both individual jump
components and interactions with player position that were predictive of jump height and rookie success. Mechanics
related to foot positioning, countermovement, and takeoff appeared most relevant for maximal jump height. Interactions
between position and mechanics were predictive of rookie performance. Eight predictors included in the final model of
the overall dataset play a major role in determining the normalized jump height of the elite NFL athletes. However, the
adjusted R? (0.475) suggests that there are other jump components and factors not included in the model that also
contribute to the normalized jump height. Players’ positions showed some interesting results. For example, CB and WR
positions coefficient were positive and marginally significant (p = 0.054, p = 0.065, respectively) that suggests that
players in these positions tend to have higher normalized jump heights compared to C. However, this provides weak
evidence of a potential positive relationship between these player positions and jump height that would need to be
confirmed in larger samples. When each predictor variable’s influence on vertical jump height was analyzed, three
predictors (RBH, FGC, and POS) had a significant influence on the normalized jump height, which warrant further
studies in controlled environments to identify the underlying mechanisms.

Previous studies have evaluated sport injury using a similar video analysis method as this study.’ ' In studies on NFL
athletes in combines, there are a few studies that focused on linear sprint mechanics of the 40 yard dash test.'®° For

studies that utilized biomechanical principles in NFL, they primarily investigated the biomechanics of concussions.”'*?
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There are only a limited number of studies that biomechanically analyze professional NFL players’ performances, with
only one study on the combine results.* >* The present study aimed to evaluate the NFL players’ performance during
their combine to better understand the professional players’ biomechanics in an intense competition setting. This was
made possible due to high-quality official videos of the combines and sophisticated software to help allied health
professionals and coaches with in-depth actionable performance metrics. The main dataset was split into a high
performers group (75™ percentile and above) and a low performers group (25" percentile and below). To verify if our
dataset is representative of overall NFL combine performances, the past 23 years of NFL combine performances were
compiled to compare with the included 50 players’ jump performances in the present study. Compared to the compiled
comprehensive NFL combine data, high performers’ CMJ performances fell within the top three percentile (97-99%). On
the other hand, the low performers group fell within a wider range, between the 15™ and 58" percentile. Therefore, the
top 25% of subjects in our study were not representative of the top 25% of all NFL prospects, and, rather, they
represented a much more elite population. Indeed, some of the included players were in the highest jumpers to ever
attend the NFL Combine. Also, the bottom 25% in our study actually represented a much broader population of NFL
prospects (>25%). The difference in representation between this study’s groups and the overall population was likely due
to a bias toward posting the videos of elite jumpers since that is what the general population would be more likely to
engage with in the media. This stratification of performances of those evaluated in this study could explain the
differences in the retained predictor variables for each subgroup, and why the top performing group’s model explained
a larger portion of the variance in the CMJ performances than their counterparts.

For the lower performers, rocking back on the heels (RBH,.,) and foot position before start (FPBocs out) had negative
coefficient, indicating foes out and rocking back on the heels before countermovement was associated with lower jump
heights in this group; however, there were no statistical evidence (p > 0.05) to support this observation. This may be due
to sample size for each predictor variable. Albeit with little research on foot position in the transverse plane involving
vertical jumps, one study did find that an extreme toes out position negatively affected vertical jump height compared to
a neutral position.?® Having toes out foot position before the start of the countermovement could imply that the athlete’s
hips are externally rotated along with his feet, since the knees would be fully extended. Before initiating their CMJ from
a neutral stance, the athlete’s position could indicate tight hip external rotators or weak internal rotators. Since most of
the external rotators of the hip are also hip extensors, their hip extensors could also be tight. The hip extensors being tight
and starting in a shortened position could compromise the effectiveness of the stretch-shortening cycle in those muscles,
leading to a shorter CMJ height.

In contrast to the low performing group, the model for higher performers retained more variables to predict the jump
performance, although none of the variables reached statistical significance in their influence. Interestingly, similar to the
low performing group, rocking back on the heel had a negative coefficient that suggested a reduction in jump height
when present. Intuitively, since CMJ performance is uniplanar, it is possible that any shifting of the center of mass
outside of this plane is energy spent outside of the objective. Among other predictor variables retained in this stepwise
regression model was a higher magnitude of knee flexion at the bottom of the countermovement, which had a positive
coefficient in predicting the jump height performance. Gheller et al (2015) observed a similar pattern, where increased
squat depth resulted in an increased jump height in both squat jumps and countermovement jumps in both basketball and
volleyball athletes.?” Previous studies hypothesized that even if someone jumps the same height from a deeper squat
position as they do from their preferred depth, they should be able to quickly learn the new deeper motion and improve
their jump height.?® It is well established that increasing squat depth is associated with higher vertical jumps and
corroborates our findings in the high performing group.

Playing position also differed between high and low performers. Notably, the high performing group consisted of
players who play four different positions (RB, WR, CB, S), and the low performing group had players who play nine
different positions (OT, DT, QB, DE, C, TE, CB, RB, WR). Similar demands from players (or positions) on the field may
explain why the model for the high performing group explains 99% of the variance as opposed to 84% for the low
performing group. Sanchez et al found significant differences in multiple different in-game movement demands for
different positions, including the highest amount of acceleration and deceleration moments for WR and defensive back
(CB & S).%° Another explanation could be that when referring to the entire population of NFL prospects, the high
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performers group has very similar results, while the low performers group is more widespread. Of note, being an RB in
the top performing group had the strongest negative coefficient out of all positions retained in the model, while it had the
strongest positive coefficient for the low performing group. Interestingly, only three positions were found to adequately
predict the jump height in the high performing group compared with the eight for the lower performing group. Merrigan
et al found that hybrid athletes (TE, RB, LB) had lower average jump heights than skill athletes (WR, CB, S).>° Our
study points to this direction, where a weak positive association between WR and CB and JH was demonstrated. The top
performers group included only WR, CB, S, and RB, so the present study’s findings corroborate previous literature. The
difference in performance in the high performers group between RB and WR, CB, and S may be caused by the different
skills required by each position. Successful WR, CB, and S will need to have a high CMJ to win 50-50 balls in the air
during the play. Also, as previously mentioned, the highest amount of acceleration and deceleration moments occurred
with WR and defensive backs, generating a need for quick force generation from their lower extremity, similar to
performing a vertical jump.* Another factor could be that RB generally weigh more because of their duties near the line
of scrimmage and to carry more muscle to deal with the constant hits taken in that position.*’

Regarding player performance, only rookie season AV was used because of the proximity to the videos that were
used. The final stepwise bidirectional regression model retained 15 two-way interactions that optimized the AIC criterion
and explained 94.5% of the variance in AV per game (adjusted R2 = 0.659, F(36,7) = 3.309, p = 0.052). Notable
relationships included increased performance for WR and RB who demonstrated heel pauses, OL with greater knee
flexion, and RB landing forward. For the OL, greater knee flexion may demonstrate an ability to produce force through
a wider range of motion, benefiting their adaptability on the field to block in many different scenarios or show an ability
to get a lower center of mass than your opponent, creating an advantage while blocking.** For RB, landing forward on
the CM1 test could just be a proclivity for always falling forward, which is a good trait to have for that position since they
can get every possible yard out of a run. DL and TE with trunk extension before knee extension had poorer rookie
performance. If the biomechanics of their vertical jump translates to their movement on the field and these players are
raising their chest during initiation of force at the line of scrimmage, they may be losing leverage due to a more posterior
center of gravity and could be knocked back onto their heels with a lower force required from the opposition.>*
Developing a model to predict on-field performance from these biomechanical variables can lead to greater knowledge
of tendencies and movement patterns that separate the best athletes from the rest of an already elite group.

Limitations

CMIJs are complex sequential movements with components that were subjectively indicated, which could result in biased
and inaccurate indications. In this study, we utilized the scores independently provided by three investigators and merged
them through a consensus process. Additionally, incorporating binomial variables, such as definitive “Yes” and “No”
variables, reduces the potential influence of subjective measures in the analysis.'> This means that while data was
collected about whether athletes did one thing or another during their vertical jump, the magnitude of that position was
not a factor. The way we addressed this issue was by including more reviewers so that the subjective identification of the
predictors was more likely to be accurately collected. Although athletes analyzed in this study were elite and specialized
in diverse positions in American Football, all were male and from one sport, there are currently very limited similar
competitions data available from any other national league or internal qualifiers. This work highlights the importance of
aggregating data to improve performance and technique for all athletes.

Conclusion

NFL athletes’ combine countermovement jumps were examined to determine the movement components that best
predicted their performances. Predictor variables retained in the model explained a large variance in the performance
and impacted the jump heights differently for high and low performing athletes. The models’ results showed potential to
identify components that could enhance countermovement jump performance among several positions in the NFL. Low
sample size and number of datapoints per predictor variable reduced the statistical power, which was a limitation of the
study. Although this study is one of the first of its kind and had limitations, it should be used as an inspiration for other
versions of data analysis that can give insight into certain aspects of human movement that can be expanded upon in
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a laboratory setting. Future studies should focus on utilizing this technique on various other sports to generalize
biomechanical analysis for sports performance.

Data Sharing Statement

The data evaluated in this project were extracted from videos and databases in the public domain from the following
sources: https://www.youtube.com/watch?v=sXwfeX8ma88&ab channel=NFL, https://www.youtube.com/watch?v=
WijszgDFgb 4&ab channel=SanFrancisco49ers, https:// www.youtube.com/watch?v=-gXYA0O15Qg&ab channel
=NFL, https://www.youtube.com/watch?v=y3I[tDugEYg0&ab channel=NFL, https://www.youtube.com/watch?v=
x76e2G5t770&ab _channel=NFL,  https://www.youtube.com/watch?v=NZ3BrZUsYj4&ab channel=NFL, https://
www.youtube.com/watch?v=Bc9fG3xaVqQ, https://www.youtube.com/watch?v=UUqWQNGYGAA&ab channel=
NFL, https://www.youtube.com/watch?v=DIIsMTNLx7Q&ab _channel=NFL, https://www.youtube.com/watch?v=
iTfj7LH-aOk&ab channel=NFL, https://www.youtube.com/watch?v=Ppeu6Mm4cT8&ab channel=NFL, https://
www.youtube.com/watch?v=0ko9qnY goxU, https://www.youtube.com/watch?v=IbXcgE4w9JE&ab channel=sports
tube, https://www.youtube.com/watch?v=—0f7FQ8DW Yk&ab channel=NFL, https://www.youtube.com/shorts/
tHgB 25df-Y, https://www.youtube.com/watch?v=BhnLD41Zi9Y &ab channel=NBAGametime, https://www.you
tube.com/watch?v=YEnOMOnUJmA&ab channel=FootballFilms, https://www.detroitlions.com/video/myles-garrett-

astonishes-with-41-inch-vertical-jump-at-nfl-combine-18615688, https://www.nfl.com/videos/donovan-peoples-jones-

leaps-44-5-on-vertical-jump, https://www.youtube.com/shorts/noaV4PHmMACs, https://www.youtube.com/watch?v=

af40D0TVpv0&ab channel=NFL, https://www.pro-football-reference.com/draft/, https://www.pro-football-reference.

com/about/approximate value.htm, https://www.nfl.com/combine/.
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