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Objectives

1. Remember the available head impact sensors on the 

market and their capabilities

2. Understand the determinants for accurate head impact 

sensor technologies

3. Evaluate how head impact sensors can be implemented 

into your clinical practice 



Concussion Injury Mechanism

McCrory et al., 2017 - Br J Sports Med

Traumatic Biomechanical Forces: Excessive Linear and 

Rotational Head Acceleration 



The First Head Impact Sensor

Moon et al., 1971 – Med Sci. Sports Exerc



The First Head Impact Sensor

Moon et al., 1971 – Med Sci. Sports Exerc



Current Head Impact Sensors

Mihalik et al., 2017 – Med Sci. Sports Exerc; O’Connor et al., 2017 - J Athl Train



Name Head Impact 

Telemetry 

System

GForceTracker JOLT Brain 

Sentry

Shockbox

Cost $1000 -

$3000

$150 / device

$8/ mo. 

software

$99 / device $75 $149.99 / 

device

Real Time Yes Yes Yes Yes Yes

Alert Page alert Alarm and 

Flashing from 

Sensor

Smartphone 

App

Light on 

Sensor

Alert via 

Bluetooth 

App

Helmet Based Sensors

Mihalik et al., 2017 – Med Sci. Sports Exerc; O’Connor et al., 2017 - J Athl Train



Head Based Sensors

Mihalik et al., 2017 – Med Sci. Sports Exerc; O’Connor et al., 2017 - J Athl Train

Name X2 xPatch Triax Sim-G Reebok 

Checklight

i1Biometrics

Vector

Cost $150 / 

device

$189.99 / 

device

$97.99 / cap N/A

Real Time Yes Yes Yes Yes

Alert Alert in 

Software

Bluetooth to 

iOS devices

Light 

Indicator

Alert via 

computer



Which One is for Your Team?



1.Accurate Chip Hardware

Sensor Requirements for Accurate 

Measurements



1.Accurate Chip Hardware

2.Rigid Skull Coupling

Sensor Requirements for Accurate 

Measurements



1.Accurate Chip Hardware

2.Rigid Skull Coupling

3.Impact Filtering

Sensor Requirements for Accurate 

Measurements



Hardware Requirements

500 Hz bandwidth minimum for un-helmeted sports 

Wu et al., 2016 – Med Sci. J Biomech



Rigid Skull Coupling

Helmet mounted sensors measured 37% less and 

up to 71% more than the head sensors on Peak 

Resultant Angular Velocity

Joodaki et al., 2019 – J Biomech Eng

Peak Resultant Linear Acceleration 2 – 5x higher 

than the Head Acceleration

VS



Impact Filtering



Impact Filtering



Impact Filtering



Impact Filtering

Nevins et.al., 2017 

Soccer

VV VS

AV 78 20

AS 14 4

0.85 0.17

Sens Spec

Number of reviewed 

impacts = 119

Unobstructed impacts for 

sens/spec analysis = 116

Wu et.al., 2017

Football

VV VS

AV 136 10

AS 20 221

0.87 0.96

Sens Spec

Number of reviewed 

impacts = 3822

Unobstructed impacts for 

sens/spec analysis = 387

Press and Rowson, 2016

Soccer

VV VS

AV 1463 7536

AS 240 8626

0.86 0.53

Sens Spec

Number of reviewed

impacts = 17,865

Unobstructed impacts for 

sens/spec analysis = 17,865

Wu et al., 2017 – Sci Rep ; Nevins et al., 2017 - Proc Inst Mech Eng P J Sport Eng Technol; 

Press and Rowson, 2016 - Clin J Sport Med
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Impact Filtering

Campbell et al. – Med Sci Sports Exerc. (In Review) 



Impact Filtering

Campbell et al. – Med Sci Sports Exerc. (In Review) 



Impact Filtering

Retained Data

Event ID Impact Time Estimated 

Camera Time

62761 20:38:51.940 00:02:28.596

62778 20:42:18.130 00:05:54.786

62779 20:42:18.300 00:05:54.956

62872 20:45:09.330 00:08:45.986

63164 20:58:14.000 00:21:50.656

Campbell et al. – Med Sci Sports Exerc. (In Review) 



Impact Filtering

Retained Data

Event ID Impact Time Estimated 

Camera Time

62761 20:38:51.940 00:02:28.596

62778 20:42:18.130 00:05:54.786

62779 20:42:18.300 00:05:54.956

62872 20:45:09.330 00:08:45.986

63164 20:58:14.000 00:21:50.656

Retained + Removed Data

Event ID Impact Time Estimated  

Camera Time

62761 20:38:51.940 00:02:28.596

62778 20:42:18.130 00:05:54.786

62779 20:42:18.300 00:05:54.956

20:43:29.860 00:07:06.516

62872 20:45:09.330 00:08:45.986

00:20:17.436

63164 20:58:14.000 00:21:50.656

Campbell et al. – Med Sci Sports Exerc. (In Review) 



Sensor Evaluation



Rigid sensor coupling =  more accurate measurements 

Fit

Jadischke et al., 2013 - J Biomech ; Trotta et al., 2018 - J Biomech

Head-Helmet Coupling Parameters



Friction CoefficientFit

Rigid sensor coupling =  more accurate measurements 

Jadischke et al., 2013 - J Biomech ; Trotta et al., 2018 - J Biomech

Head-Helmet Coupling Parameters



HIT System Validity: 

Sensor Coupling Spectrum

PLA error up to 5%

Avg. ± 10° AZ and EL error 

(Crisco 2004)

Directly fixed

Crisco et al., 2004 - J Biomech Eng ; Siegmund et al., 2016 - Ann Biomed Eng



PLA 32% error

PAA 35% error

Avg AZ and EL error = 32.5°

(Siegmund 2016)

Directly fixed Hybrid III ATD

Crisco et al., 2004 - J Biomech Eng ; Siegmund et al., 2016 - Ann Biomed Eng

PLA error up to 5%

Avg. ± 10° AZ and EL error 

(Crisco 2004)

HIT System Validity: 

Sensor Coupling Spectrum



PLA R2 36% error

PAA 248% error

(Campbell Unpublished)

Avg AZ and EL error = 64°

(Campbell – in review)

Directly fixed Hybrid III ATD Cadaveric 

Specimen

Crisco et al., 2004 - J Biomech Eng ; Siegmund et al., 2016 - Ann Biomed Eng; Campbell et al., - Ann Biomed Eng (In Review)

PLA error up to 5%

Avg. ± 10° AZ and EL error 

(Crisco 2004)

PLA 32% error

PAA 35% error

Avg AZ and EL error = 33°

(Siegmund 2016)

HIT System Validity: 

Sensor Coupling Spectrum



Head Impact Sensor Determined:

Average Concussive Peak Resultant Linear Acceleration: 

104 ± 30 g

Average Concussive Peak Resultant Rotational Acceleration: 

4726 ± 1931 rad/s2

Laboratory Reconstructions:

Average Concussive Peak Resultant Linear Acceleration: 

98 ± 28 g

Average Concussive Peak Resultant Rotational Acceleration: 

6432 ± 1813 rad/s2

Rowson et al., 2013 - Ann Biomed Eng; Pellman et al., 2003 - Neurosurgery

Can you diagnose concussions with 

an acceleration-based threshold?



Guskiewicz et al., 2007 - Neurosurgery



Rowson et al., 2017 - Journal of Neurotrauma

Individual Concussion Threshold?



Rowson et al., 2017 - Journal of Neurotrauma

Individual Concussion Threshold?



Rowson et al., 2017 - Journal of Neurotrauma

Individual Concussion Threshold?



Mihalik et al., 2017 - Med Sci Sports Exerc

Evaluating Every Time the Light 

Blinked Red
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Thank You


