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ABSTRACT 

 

EFFECT OF EXPOSURE TO CONTACT SPORT PARTICIPATION  

ON CERVICAL SPINE SENSORIMOTOR FUNCTION 

 

By Kelly Cheever 

Doctor of Philosophy 

Temple University, August, 2018 

Major Advisor: Dr. Ryan Tierney 

Head and neck injuries are common in contact sports. Proper 

function of the cervical spine sensorimotor system is important 

in limiting these injuries. Repetitive stress incurred during 

contact sport participation may negatively affect this system 

and increase injury risk. Currently, there is a paucity of 

research examining contact sport exposure and cervical spine 

sensorimotor function. The purpose of this study was to examine 

the effect of contact sport participation on cervical 

sensorimotor function.  

The independent variables were group (rugby, non-contact), 

sex (male, female), and time (pre-season, post-season). The 

primary dependent variable was neck position sense error as 

measured by total neck reposition (TNRE) error and maximum neck 

reposition error (MaxNRE). Secondary dependent variables included 

neck disability index, signs and symptom (S/S) number, symptom 
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severity, concussion history, cervical range of motion, and 

isometric neck strength.  

This prospective observational study included forty-nine 

participants (15 male rugby, 11 female rugby, 11 non-contact male 

control, 12 non-contact female control) from Temple University 

campus recreation club sport teams. Athletes participated in two 

testing sessions, one prior to the season (i.e., pre-season) and 

one following the season.  

Data were analyzed using descriptive and inferential 

statistics. Independent-sample t-tests with Bonferroni 

corrections were used to assess statistically significant 

differences in dependent variables at pre-season between groups 

(Aim 1) and sex (Aim 2). Independent-samples t-tests with 

Bonferroni correction were also used to explore statistically 

significant differences in dependent variables change scores from 

pre-season to post-season between groups (Aim 1). Pearson 

correlations (r > .60) were used to assess potential covariates 

but none were identified. Pearson correlations were also used to 

evaluate the relationship between pre-season maximum and total 

neck reposition sense error and the following dependent 

variables: years of contact sport participation, concussion S/S 

number and severity score, global cervical range of motion and 

global cervical isometric strength (Aim 3). 

For Aim 1, between group differences were identified for 

global cervical isometric strength, t (1, 45) = 2.98, p = .005, 

and total joint reposition error t (1, 45) = 2.78, p = .008, 
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only. There were no significant change score differences between 

groups across time. For Aim 2, sex differences were identified in 

years of contact sport exposure (p = .004), height (p < .001) and 

global isometric strength (p <.001), only. For Aim 3, preseason 

concussion S/S number and severity scores were significantly 

correlated (p < .05) with total joint reposition error (r = .352) 

and maximum joint reposition error (r = .476).  

The present study findings indicate a difference in 

cervical spine sensorimotor function between collegiate club 

rugby athletes and controls. Specifically, rugby athletes 

exhibited significantly greater neck reposition sense error than 

controls. Additionally, concussion S/S scores were related to 

reposition sense error. Differences in position sense error were 

not identified between males and females, however females did 

exhibit less neck strength mirroring previous reports. 

 These findings suggest that exposure to contact sport-

related impacts may lead to changes in cervical spine 

sensorimotor function. These changes are important as they could 

represent an increased risk of injury and can be modified 

proactively. A comprehensive cervical spine pre-season 

examination including concussion S/S and position sense 

assessments could identify individuals needing preventative 

intervention. Future research should explore the risk associated 

with these proprioceptive deficits and the benefits of proactive 

therapeutic intervention designed to mitigate sensorimotor 

deficits in contact sport athletes.   



v  

 

TABLE OF CONTENTS 

                                                    Page 

ABSTRACT..................................................... iii 

LIST OF TABLES............................................... vii 

LIST OF FIGURES..............................................viii 

CHAPTER   

1. EFFECT OF EXPOSURE TO CONTACT SPORT PARTICIPATON ON CERVICAL 

SPINE SENSORIMOTOR FUNCTION 

 

Introduction...........................................   1 

Statement of Purpose...................................   8 

Aims and Hypothesis....................................   8 

Methods................................................   9 

     Research Design...................................   9 

     Participants......................................   9 

     Instrumentation...................................  10 

     Demographics and Injury History Questionnaire.....  10 

     Neck Disability Index.............................  10 

     Concussion Signs and Symptoms.....................  10 

      Neck Reposition Sense Error.......................  11 

     Global Cervical Range of Motion...................  13  

     Global Cervical Isometric Strength................  14 

     Procedures........................................  14 

     Statistical Analysis..............................  15 

     Power Analysis....................................  16 

Results................................................  17 

     Rugby versus Non-Contact Control Group (Aim 1)....  17 

     Male versus Female (Aim 2)........................  18     

      Correlations of Neck Reposition Error (Aim 3).....  18 

Discussion.............................................  18 

Conclusions............................................  28 

Recommendation for Future Research.....................  29 

Decision on Hypotheses.................................  30 

 

2.  REVIEW OF LITERATURE ..................................  40 

 REFERENCES CITED.......................................  68     

APPENDIXES 

A. INFORMED CONSENT FORM...............................  80 

B. DEMOGRAPHIC, SPORT AND INJURY HISTORY QUESTIONAIRES.  88 

C. NECK DISABILITY AND OUTCOME MEASURES FORM...........  93 



vi  

 

D. SPORT CONCUSSION ASSESSMENT TOOL SYMPTOM SCALE......  95  

E. STATISTICAL TABLES.................................  97 

F. RAW DATA........................................... 103 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



vii  

 

 

List of Tables 

 

Tables               Page 

1. Demographic, Sport and Injury History Data by Group.......  31 

2. Pre-season Neck Disability Index, Symptom and Sensorimotor 

Function by Group.........................................  32 

3. Neck Disability Index, Symptom, and Sensorimotor Function 

Change Scores by Group....................................  33 

4. Pre-season Demographic, Sport and Injury History Data by 

Sex.......................................................  34 

5. Pre-season Neck Disability Index, Symptom, and Sensorimotor 

Function Scores by Sex....................................  35 

6. Correlations between Neck Reposition Error and Dependent 

Variables.................................................  36 

 

 

 

 

 

 

 

 

 

 

 



viii  

 

 

List of Figures 

Figures                Page   

1. Neck Reposition Error Testing Setup.......................  37 

2. Global Cervical Range of Motion Measurement...............  38  

3. Global Cervical Isometric Strength Measurement............  39       



1  

 

 

 

 

CHAPTER 1 

EFFECT OF EXPOSURE TO CONTACT SPORT PARTICIPATION ON CERVICAL 

SPINE SENSORIMOTOR FUNCTION 

Introduction 

Head and neck injuries are common in many contact sports. 

These injuries represent approximately 25 to 30% of all contact 

sports-related injuries and account for 15 to 20% of time missed 

due to injury (Bathgate, Best, Craig, & Jamieson, 2002; Delaney & 

Al-Kashmiri, 2005; Junge, Cheung, Edwards, & Dvorak, 2004). 

Reports of game-related injuries in Australian rugby union players 

from 1994 to 2000 revealed that the most common injuries suffered 

are closed soft tissue injuries (55%), with the head and neck 

being the most common injured region (25.1%; Bathgate et al.). On 

average, contact sport athletes such as American football and 

rugby athletes experience between 500 and 800 head impacts per 

competitive season with extremes as high as 1,500, depending on 

position and sport (Crisco et al., 2010; Kerr, et al., 2015;  

King, Hume, Brughelli, & Gissane, 2015; King, Hume, Gissane, & 

Clark, 2016).  

Head impacts cause repetitive mechanical loading to player’s 

cervical spine. These external mechanical loads can be the result 

of a direct head impact or an indirect body blow that transfers 

force to the head via the neck. These loads are absorbed, in part, 
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by cervical spine muscles, ligaments, and joint capsules, which 

house mechanoreceptors needed for neuromuscular control and 

sensorimotor function. Loads must be managed to minimize 

acceleration of the brain, which is accomplished through 

coordination between the ascending afferent sensory pathways, 

which sense the mechanical loading, and the descending efferent 

motor neurons which signal the cervical musculature to contract 

(Armstrong, McNair, & Taylor, 2008). 

Signs of early onset cervical spine tissue degeneration in 

response to repetitive loading have been observed (Castinel et 

al., 2010; Sterling, Jull, Vicenzino, Kenardy, & Darnell, 2003). 

Investigations examining early onset cervical osteoarthritis in 

professional soccer, football, and rugby athletes have revealed 

anatomical abnormalities and degenerative changes in structures 

involved in head and neck position sense (e.g., cervical 

vertebrae, transverse ligament) 10 to 20 years prior to age-

matched controls. These changes are indicative of early onset 

morphological changes of the cervical spine in contact sport 

athletes (Berge, Marque, Vital, Sacnacgas, & Cailla, 1999; 

Castinel et al.; Kartal, Yıldıran, Şenköylü, & Korkusuz, 2004; 

Sortland, Tysvaer, & Storli, 1982). The potential side-effects of 

exposure to chronic head impacts are not limited to previously 

described cephalopathy and oculomotor dysfunctions, but may also 

extend to cervical spine sensorimotor function (Berge et al.; 

Kartal et al.; Sortland et al.). 
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Cervical spine sensorimotor function can be defined as 

having sufficient strength, range of motion, and sensory 

perception to position and protect the head during activities of 

daily living (Armstrong et al. 2008; Cheever et al. 2016). Both 

the vestibulo-colic reflex and cervico-colic reflex play a role in 

proper cervical sensorimotor function. The function of the 

vestibulo-colic reflex is to stabilize the position of the head in 

space, thereby stabilize gaze in space (Wilson & Schor, 1999). The 

function of the cervico-colic reflex is to stabilize the head on 

the body, providing information about motion of the head with 

respect to the trunk. The cervico-colic reflex relies on afferent 

sensory information from the muscle spindles and Golgi organs of 

the cervical musculature, facet joints, and associated joint 

capsules, which contain mechanoreceptors such as Meissner and 

Pacinian corpuscles (Allum, Gresty, Keshner, & Shupert, 1997; 

Boyle, 2001; Kulkarni, Chandy, & Babu, 2001; McLain, 1994). This 

information is crucial in stabilizing the position of the head 

while performing sports-related tasks such as heading a soccer 

ball or positioning the body and head segment prior to tackling 

an opponent (Marshall, Vernon, Leddy, & Baldwin, 2015; Schneider 

et al., 2014; Sjolander, Michaelson, Jaric, & Djupsjobacka, 2008). 

Disruption of the cervico-colic reflex pathways due to muscle 

strains or central processing deficits leads to a difference 

between an athletes “perceived” head position and the actual 

position of the head following movement (Kristjansson & Treleaven, 

2009). 
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 Head and neck position sense assessment can aid in the 

differential diagnosis and management of sports-related neck 

injuries, and help reduce the incidence of ongoing pain and 

problems with function. Head and neck position sense has been 

reported to be impaired by both fatigue and neck pathology 

(Okhravi et al., 2015). This impairment may lead to increased 

risk of injury by altering the location of an impact on the head 

and/or the magnitude of head acceleration during sports-related 

head impacts (Pinsault & Vuillerme, 2010; Schneider et al., 2014; 

Treleaven, Jull, & LowChoy, 2006). Neck pathology reduces factors 

of head and neck position sense while also reducing cervical 

spine range of motion (Heikkila & Astrom, 1996; Heikkila & 

Wenngren, 1998; Lee, Nicholson, & Adams, 2004; Revel, 

Andredeshays, & Minguet, 1991a; Rudolfsson, Bjorklund, & 

Djupsjobacka, 2012; Treleaven et al., 2006; Treleaven, Jull, & 

Sterling, 2003). Increased head and neck position sense error 

decreases the ability to appropriately position the head to a 

desired position, resulting in error between perceived and actual 

head position (Treleaven et al.). For example, Revel et al. 

(1991) noted that patients with neck pain were unable to return 

their head to a starting position following active flexion and 

extension of the neck. Neck reposition error is a measure of head 

and neck proprioception and represents the difference between the 

desired position and actual position of the head following 

movement. Neck reposition error greater than 15° has been 

observed in patients suffering from cervical pathology 
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(Kristjansson & Treleaven; Treleaven et al.). Moreover, athletes 

suffering from dizziness and headache have significantly greater 

neck reposition error than healthy controls, suggesting athletes 

experiencing these concussion-like symptoms are less capable of 

positioning and stabilizing their head prior to an impact 

(Treleaven et al.). 

Cervical spine sensorimotor function could be altered as a 

result of contact sport participation. Deficits in cervical 

function measures such as active cervical range of motion and 

self-reported neck pain have been observed following a single 

rugby match (Lark et al., 2009) despite no observable injury to 

the cervical spine. This can either be attributed to acute 

inflammation due to repetitive cervical loading throughout a 

competitive game or fatigue of the cervical musculature (Lark et 

al.,2010). Additionally, increases in NRE and decreases in 

cervical range of motion have been reported following a single 

competitive professional rugby season and these changes were 

positively correlated with years of exposure (Lark & McCarthy, 

2007, 2010). The relationship between NRE and exposure to contact 

sport participation suggests that as exposure to head impacts 

increases, cervical spine function decreases. However, design 

limitations (i.e., no control group; and age of participants’, 

Lark et al. 2009, 2010) diminishes the ability to attribute all of 

these changes to contact sports participation. 

 The similarities in injury mechanism and associated signs 

and symptoms of a concussion and cervical pathology highlight the 
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importance of advancing the understanding of the overlap between 

the pathophysiology of head and cervical spine injuries (Cheever 

et al., 2016; Ellis, Leddy, & Willer, 2015; Leddy et al., 2015). 

Pre-season complaints of neck pain, dizziness, and headache have 

been reported to be the strongest identifying risk factors of 

future concussion (Schneider, Meeuwisse, Kang, Schneider, & 

Emery, 2013). However, the reason for this increase in risk is 

unknown, prompting further investigation into the role cervical 

structures play in neck pain and associated pathomechanical 

etiology of concussion (Schneider et al.).    

 Several factors such as angle of impact, location of impact 

on the head, cervical strength, cervical range of motion and sex 

differences have all been suggested to play a role in increasing 

the risk of concussion (Collins et al., 2014; Dezman, Ledet, & 

Kerr, 2013; Lee, Teng, Chai, & Wang, 2006; Schmidt et al., 2014; 

Tierney et al., 2008). Angle and location of a head impact have 

been demonstrated to contribute to head and neck injury risk 

(Broglio et al., 2010; Kerr et al., 2015; Zuckerman et al., 

2015). Specifically, the rate of head acceleration increases as 

the degree of error in head misalignment with the torso 

increases, suggesting that improper positioning of the head prior 

to an impact may increase the risk of a concussion (Broglio et 

al.; Guskiewicz et al., 2007; Mihalik, Bell, Marshall, & 

Guskiewicz, 2007; Viano et al., 2005).  

Whether contact sport participation affects male and female 

cervical sensorimotor function differently is unknown. Previous 
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studies exploring the long-term effect of contact sports of 

cervical spine function have focused exclusively on male 

athletes. This is important as it could augment a list of factors 

that may predispose female athletes to increased risk of injury. 

For example, differences in maximal isometric strength, neck 

girth, head mass, head to neck ratio and neck stiffness have been 

proposed to help explain the differences in concussion risk 

(Collins et al., 2014; Mansell, Tierney, Sitler, Swanik, & 

Stearne, 2005; Mihalik et al., 2011; Schmidt et al., 2014; 

Tierney et al., 2005). To date, however, the vast majority of 

research on cervical sensorimotor characteristics and concussion 

risk has been on male athletes (Lark et al. 2010). Additionally, 

preliminary results from a prospective longitudinal study 

comparing male and female non-athlete participants with neck 

pathology found females were at a higher risk of delayed return 

to play, and decreased head and neck reposition sense (Sterling 

et al., 2003).  

 There are growing concerns about the effect of repetitive 

stress on the brain due to contact sport participation. There is 

less focus on how contact sport participation affects the 

cervical spine. This is important because repetitive loading may 

diminish cervical spine sensorimotor function and put athletes at 

greater risk of injury. Reports of early onset self-reported neck 

pain and cervical osteoarthritis in retired professional football 

and soccer players highlight the need for more research, 

particularly in a younger athletic cohort (Evans, 1992; Leddy et 
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al., 2015; Leslie & Craton, 2013}. To date, the association 

between contact sport exposure and cervical spine sensorimotor 

function remains poorly understood.  

Statement of the Purpose 

 The purpose of this study was to examine the effect of 

contact sport participation on cervical sensorimotor function.   

Specific Aims and Hypotheses 

Specific Aim 1. To evaluate cervical sensorimotor function 

between rugby and non-contact athletes at pre-season and 

over time (pre-season to post-season). 

Hypothesis Aim 1. It was hypothesized that rugby athletes would 

report increased self-reported neck pain and exhibit 

diminished cervical sensorimotor function at pre-season and 

over time compared to non-contact controls.        

Specific Aim 2. To evaluate pre-season differences in cervical 

sensorimotor function between male and female rugby 

athletes. 

Hypothesis Aim 2. It was hypothesized that male rugby athletes 

would have greater global cervical isometric strength 

(GCIS) and global cervical range of motion (GCROM) than 

female athletes, while female athletes would have greater 

neck reposition error.  

Specific Aim 3. To explore the relationships at pre-season 

between total neck reposition error (TNRE) and maximum neck 

reposition error (MaxNRE) and the following dependent 

variables: sport participation history, concussion S/S 
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number and S/S severity scores, Neck Disability Index (NDI) 

score, GCROM, GCIS. 

Hypothesis Aim 3.It was hypothesized that there would be 

significant positive correlations between neck reposition 

error and the following variables: sport participation 

history, concussion (S/S) number and S/S severity scores, 

NDI score, GCROM, GCIS.  

Methods 

Research Design 

 A prospective observational study design was utilized. The 

independent variables were group (rugby vs. non-contact), sex 

(male vs. female), and time (pre-season vs. post-season). The 

rugby group consisted of collegiate club rugby athletes with a 

minimum of 1 year history of contact sport participation. The 

control group consisted of collegiate club sport athletes with no 

history of contact sport participation but greater than 3 years 

sport participation in limited-contact and non-contact sports 

such as swimming, volleyball, tennis, track, baseball, softball, 

and badminton. The dependent variables were demographics, sport 

and injury history, concussion S/S number and S/S severity 

scores, NDI score, TNRE, maxNRE, GCROM, and GCIS 

Participants 

  Forty-nine participants were recruited from campus 

recreation club sports teams. Their demographic, sport, and 

injury history data are reported in the results section. All 

participants signed an Institutional Review Board approved 
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informed consent form (Appendix A) prior to data being collected. 

A total of 3 participants (1 male control and 2 female controls 

were excluded from the final data analysis. One male control was 

excluded due to prior contact sport participation. Two female 

controls were excluded due to neck reposition error that was > 2 

standard deviations from the mean of the control group. Potential 

participants were excluded from the study if they had suffered a 

head or neck injury within 6 months prior to the start of this 

study. 

Instrumentation 

Demographics, Sport and Injury History Questionnaire 

 A Demographic, Sport and Injury History Questionnaire 

(Appendix B) was administered at pre-season. It was used to 

assess participant self-reported age (years), height (inches), 

weight (pounds), and years of contact, limited-contact and non-

contact sport participation. Neck injury and concussion history 

were also collected. 

NDI and Concussion Signs and Symptoms 

 NDI (Appendix C) was used to assess neck disability. The 

NDI scores from 0 to 50 with a higher score meaning a more severe 

disability. The index consists of 10 sections, each of which 

represents a functional task: pain intensity, personal care, 

lifting, work, headaches, reading, recreation, driving, sleeping 

and concentration. The reliability and validity of the NDI has 

been established with high test-retest reliability (Pearson r = 

.89) and good concurrent validity with the McGill Pain 
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Questionnaire (r = .69 - .70; Vernon & Mior, 1991)  

 Concussion S/S number and severity scores were self-

reported using the Standard Concussion Assessment Tool 3 (SCAT3) 

S/S scorecard (Appendix D). The SCAT3 requires individuals to 

self-report any symptoms on a scale from 0 (meaning none) to 6 

(being the worst they could imagine). A total of 22 S/S appear on 

the SCAT3 consisting of: headache, “pressure in head”, neck pain, 

nausea or vomiting, dizziness, blurred vision, balance problems 

sensitivity to light, sensitivity to noise, feeling slowed down, 

feeling like “in a fog”, “don’t feel right”, difficulty 

remembering, fatigue or low energy, confusion, drowsiness, 

trouble falling asleep, more emotional, irritability, sadness, 

nervous or anxious. Concussion S/S number was the total number of 

items reported by the participant. S/S severity score is 

determined by summing the individual severities and ranges from 0 

- 132 (McCrea et al., 2010).  

Neck Reposition Sense Error 

 Neck reposition error was assessed in a custom-designed 

user interface (Unity, San Francisco, CA, USA) displayed in a 

virtual reality head-mounted display. In this virtual environment 

targets were presented and simultaneous auditory instructions 

were given. Neck reposition sense error was measured while seated 

(Figure 1). The Oculus Rift creates a 100 deg. diagonal field of 

vision. The head-mounted display weighs 0.44 kg with internal 

gyroscope, accelerometer, and a magnetometer for tracking the 

angle, tilt, and angular velocity of the user's head.  
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 Participants were asked to start by looking straight 

forward and a target was presented directly in front of them 

within the virtual space. This target represented the neutral 

head position target. This position was used as visual feedback 

in addition to information from the cervical musculature to allow 

participants to perceive when the head was properly aligned in 

neutral position. Participants were asked to align their head 

with the neutral position and asked to remember what it felt to 

be in that position. Once ready to begin the participant was 

asked to press a button to signify their readiness. Once ready 

the participant was instructed through auditory instruction to 

actively rotate their head as far as possible to the left and 

press the button again to signify they had rotated as far as 

possible. Once rotated the participant was asked to actively 

return the head to the neutral head position without the help of 

the neutral target. The participant then pressed the button to 

signify they believed they were in neutral position. Variation 

between the actual position of the head and neutral position 

following each trial was measured as the neck reposition error. 

Following each trial participants were shown a random target that 

was either 5°,10° or 15° from the neutral target. This was done 

as to not give any feedback following each trial about how far 

off neutral the participant was when they thought they were in 

neutral. This was done in an effort to stop any sort of 

modification or perceptual over or under compensating on future 

trials based on visually observed error. Following the random 
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target participants were shown the neutral target and were asked 

to realign with the neutral target. Once in neutral position the 

process was repeated for three trials. This was performed in four 

directions including: left rotation, right rotation, flexion and 

then extension.  

 The neck reposition error was calculated as the difference 

between matching trials (i.e., head angle reproduced from memory) 

and position trial (i.e., reference angle when a virtual visual 

target was present). TNRE was calculated by summing the average 

error for each of the four movement directions. MaxNRE was 

calculated by summing the maximum error measured in each of the 

four movement directions. There was excellent agreement between 

measures of neck reposition error using the head mounted display 

position sensors and a motion analysis capture system in pilot 

testing (ICC2,1 = .99; Robins et al., 2017). 

Global Cervical Spine Range of Motion  

 Active cervical spine range of motion was assessed using 

the Cervical Range of Motion Instrument 3 (Performance 

Attainment Associates, Manitowoc, WI). GCROM was calculated by 

averaging three movement trials for each of the six movement 

directions and then summing the averages of the six movement 

directions (Figure 2). Movements measured were flexion, 

extension, left and right lateral flexion, and left and right 

rotation. During the range of motion measurements participants 

were seated in a straight back chair to minimize any accessory 

movements at the torso. Intra-tester reliability and procedures 
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were described previously (ICC3,1 = .87; Cheever, Myrer, Johnson, 

& Fellingham, 2017). 

Global Cervical Isometric strength 

 Isometric neck strength was measured using self-generated 

resistance using a microFET2 hand-held dynamometer (Figure 3; 

Hoggan Health, Sandy, UT) as demonstrated previously (Versteegh 

et al., 2015). The maximum effort of three trials was recorded 

for each movement direction. GCIS was calculated by summing the 

total force of the maximum effort generated in six directions: 

flexion, extension, right and left lateral flexion, and right and 

left rotation. Global force was calculated to reduce the number 

of comparisons. This was justified by strong positive 

correlations (r = .85 to 96) between each movement direction 

measured. Reliability of this testing method has been reported to 

be very high for both intra-session and inter-session 

measurements (ICC = .86-97); Versteegth et al., 2017). 

Weekly Exposure Data 

 Throughout the study each participant completed a survey 

which included number of practices and games participated in that 

week. This data was then analyzed to compare the exposure of 

colligate rugby athletes to professional athletes.  

Procedures 

 Potential participants were recruited via flyer postings 

and announcements in club sport pre-season meetings. Following 

recruitment, each participant met with research staff to ensure 

they met the inclusion and exclusionary criteria. Each 
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participant then read and signed the informed consent and consent 

to video tape forms. The participant then completed the 

Demographic, Sport and Injury History  questionnaire, NDI, and 

sport concussion assessment tool symptom scale. 

 Prior to clinical testing, each participant performed a 

neck warm-up consisting of neck rotations (15 s counter 

clockwise) and neck stretching (2 repetitions of 15 s each for 

flexion and extension). After the warm-up testing was performed 

in the following order: GCROM, GCIS, and neck reposition error. A 

rest period of approximately 5 minutes was observed between each 

dependent variable measurement while research staff set up for 

the next measurement. All pre-season assessments were completed 

prior to the start of season. Post-season assessments were 

performed within two weeks of the end of the competitive season 

and in the same order as pre-season. A weekly survey was 

performed to gain information about exposure with respect to 

number of practices and games.  

Statistical Analysis 

 Descriptive statistics were used to describe the means and 

standard deviations of each dependent variable for each group and 

sex. Demographics, sport and injury history data were analyzed 

between groups using independent samples t-test with Bonferroni 

correlations (p = .007). Aim 1 was to evaluate cervical spine 

sensorimotor function between rugby and control athletes at pre-

season and over time (pre-season to post-season). Independent 

samples t-tests with Bonferroni correction (p = .007) were used 
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to analyze pre-season NDI, S/S number and S/S severity scores, 

TRNE, MaxNRE, GCROM, and GCIS. Change scores (delta) were 

calculated for each dependent variable as post-season score minus 

pre-season score. Independent sample t-tests with Bonferroni 

correction (p = .007) were then used to explore group differences 

for the NDI, S/S number and S/S severity scores, TRNE, MaxNRE, 

GCROM, and GCIS change scores. 

Aim 2 was to examine pre-season differences in cervical 

sensorimotor function between male and female rugby athletes. 

Independent sample t-tests with Bonferroni correction (p = .007) 

were used to explore sex differences for NDI, S/S number and S/S 

severity, TRNE, MaxNRE, GCROM, and GCIS. Potential covariates for 

Aims 1 and 2 were assessed using Pearson correlations. No 

variables met the threshold criterion (r > .60) for inclusion 

(Portney & Watkins, 2000).   

Aim 3 was to explore the relationship between pre-season 

NRE and sport participation history, S/S number and S/S severity, 

NDI, GCROM and GCIS. Pearson correlations were performed to 

explore the relationships. All statistical analyses were 

conducted using SPSS software (Version 25.0; IBM Corporation, 

Armonk, NY). 

Power analysis 

A power analysis was performed a priori for the primary 

dependent variable of NRE between contact and control groups. 

Based on an effect size of .30, (Lark & McCarthy, 2009, 2010; 

Cheever et al., 2017) 18 participants per group were required to 
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achieve a power of .80. Due to potential attrition and the 

exclusion of participants who suffer an injury we allowed for 20% 

drop-out, 26 contact (15 male, 11 female) and 23 non-contact 

athletes (11 male, 12 female) for a total of 49 participants were 

recruited.   

Results 

Rugby Group versus Non-Contact Control Group (Aim 1) 

 All statistical tables and raw data are presented in 

Appendices E and F, respectively. Means and standard deviations 

for demographic, sport and injury history data are reported in 

Table 1. Group differences were identified for height, t(1,48) = 

7.45, p <.001, and years of contact sport experience, t(1,48) = 

3.00, p = .004, only. Specifically, the rugby group exhibited 5% 

more height then the control group. The rugby group experienced 

5.09 more years of contact sport experience than the control 

group. No participant reported a history of neck injury.   

 Means and standard deviations for pre-season NDI, S/S 

number and S/S severity, TNRE, MaxNRE, GCROM, and GCIS are 

displayed in Table 2. Statistically significant differences were 

found for TNRE, t(1,45) = 2.98, p = .005, and GCIS, t(1,45) = 

2.98, p = .005, only. The rugby group exhibited 36%, and 46% more 

TNRE and GCIS, respectively than the control group.  

Means and standard deviations for symptom score, S/S number 

and S/S severity, NDI, TNRE, MaxNRE, GCROM and GCIS change scores 

by group are presented in Table 3. There were no statistically 
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significant differences identified in change scores between rugby 

players and non-contact controls (Table 3).  

Male versus Female (Aim 2) 

Means and standard deviations for demographic, sport and 

injury history by sex are presented in Table 4. Significant 

differences were found between males and females for height, t 

(1, 26) = 5.37, p < .001, and years of contact sport exposure, t 

(1, 26) = 4.03, p < .001, only. Males exhibited 10% more height 

and reported 5.28 years of contact sport exposure than females. 

 Means and standard deviations for pre-season sensorimotor 

measures by sex are presented in Table 5. A statistically 

significant difference was identified between males and females 

for GCIS, t (1, 26) = 4.65, p <.001, only. Males exhibited 75% 

more GCIS than females.  

Correlations with NRE (Aim 3) 

Correlations between TNRE and MaxNRE and the following 

dependent variables: sport participation history, NDI, S/S 

number, S/S severity, GCROM, and GCIS are reported in Table 6. 

Pre-season S/S severity number (r = .338) and S/S severity scores 

(r = .352) were significantly, positively correlated with TNRE. 

Additionally, S/S number (r = .476) and S/S severity (r = .457) 

were significantly, positively correlated with MaxNRE. No other 

statistically significant correlations were identified. 

Discussion 

 

The primary aim of this study was to evaluate cervical 

sensorimotor function between collegiate rugby and non-contact 
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athlete controls. It was hypothesized that rugby athletes would 

exhibit greater NRE at pre-season than controls. In the present 

study the rugby group exhibited 36% more reposition sense error 

at pre-season than the non-contact control group. This finding 

suggests that collegiate rugby athletes have impaired cervical 

proprioception when compared to non-contact sport athletes. The 

contact sport athlete neck reposition deficits in the present 

study are also similar to those reported in patients suffering 

from idiopathic neck pain and disability, despite having no 

history of a traumatic neck injury (Revel et al., 1991).  

Revel et al. (1991) first characterized proprioception 

deficits in patients with neck pain demonstrating that pain 

sufferers (6.1 ± 1.8°) had nearly twice the NRE of healthy 

controls (3.7 ± 2.1°). Lark et al. (2007) observed similar 

deficits in professional rugby players (aged 31.1 ± 4.6 yrs) with 

approximately twice the NRE (6.2 ± 2.1° vs 3.2 ± 2.2°) of age-

matched controls despite no history of cervical pathology. NRE in 

patients suffering from idiopathic cervical pathology as well as 

professional rugby athletes and their controls is comparable to 

the deficits in collegiate rugby player’s (5.08 ± 1.7°) versus 

controls (3.61 ± 1.4°) observed in the present study. This 

finding is significant as the athletes in the present study were 

significantly younger (aged 20.1 ± 1.5 vs. 31.1 ± 4.6 yrs) with 

significantly shorter history of contact sport participation (5 

vs. 14 yrs) when compared to professional rugby athletes. This 

finding suggests that a relatively short (5.09 ± 2.6 yrs) contact 



20  

 

sport career may be sufficient to bring about deficits in 

cervical sensorimotor function.  

Several studies have been conducted to determine the 

clinical significance of previously identified NRE deficits 

(Cheever et al., 2017; Hides et al., 2017; Kristjansson et al., 

2009). Seemingly small amounts of NRE can increase risk of head 

and neck injury. Hides et al. (2017) reported that professional 

rugby and Australian Football League athletes with neck and torso 

alignment errors greater than 4.5° were 3.5 times more likely to 

have a head and neck injury. While the reason for this increase 

in risk has many possible explanations, it was theorized that 

head and torso positioning error resulted in a difference between 

an individual’s “perceived” head position and the actual position 

of the head presenting an increased risk of injury (Hides et al.; 

Kristjansson et al.). Larger error scores represent diminished 

proprioception capabilities that may be due to cervical spine 

degenerative changes in contact-sport athletes.   

Although not measured directly in the current study, 

differences in neck reposition error may also be due to 

degenerative changes to the cervical spine. Several imaging 

studies have identified cervical spine degeneration in 

professional soccer, football and rugby athletes compared to age-

matched controls (Berge et al., 1999; O’Brien, 1996; Sortland, 

Tysvaer & Storli, 1982). Specifically, in rugby athletes 

identified changes in response to contact-sport exposure include 

chronic disc degeneration, acute disk prolapse and herniation, 
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spinal stenosis, ossification of the longitudinal ligaments and 

nerve impingement (O’Brien, 1996; Sortland et al., 1982). These 

structural changes are indicative of early-onset morphological 

alterations in structures associated with cervical proprioception 

(Castinel et al., 2010; Kartal et al., 2004). Damage to cervical 

structures can cause aberrant somatosensory information that 

directly affects cervical reflexes (i.e., CCR, COR and CSR). 

This, in turn, impairs the ability of athletes to correctly 

perform sports-specific tasks and puts them at an increased risk 

of injury (Bondi, 2005). Future research combining imaging and 

clinical testing is warranted to explore the relationship between 

structural and functional degeneration of the cervical spine 

related to contact-sport participation.  

A novel neck reposition sense assessment method was 

utilized in the current study to identifying differences in TNRE 

and MaxNRE. Traditionally neck reposition error clinical 

measurements have been performed using a paper target hung on the 

wall directly in front of the patient wearing a head-mounted 

laser pointer (Revel et al. 1991). The participant is then 

instructed to actively rotate the head as far as possible in a 

given direction and then return as close as possible to the 

starting position while the eyes are covered. Error from the 

starting position to the repositioned point is marked on the 

target and measured by the tester. Typically, 3 to 5 trials are 

performed in each movement direction including left rotation, 

right rotation, flexion and extension. Movement is performed at a 
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self-governed pace following the instructions of the examiner. In 

the present study NRE was determined through the use of a virtual 

reality head-mounted display with internal inertial sensors with 

kinematics validated relative to a criterion-measure. Virtual 

reality using a head mounted display and has been found to 

correlate very strongly with a research-grade motion capture 

camera system (ICC = 0.99). This virtual reality technique 

demonstrates a significant improvement to the traditional method 

which has been found to report significantly lower ICC values 

when compared to motion capture systems (ICC = 0.55 to 0.83; Lee 

et al., 2014).  

The rugby group in the present study also exhibited 46% 

greater pre-season GCIS than the control group. This finding is 

significant as cervical muscle strength is an indication of 

cervical motor function and has previously been implicated in 

head and neck injury risk (Collins et al., 2013; Mansell et al., 

2005; Tierney et al., 2005). The ability to recruit cervical 

musculature and brace for contact has been suggested to play a 

role in minimizing head acceleration, reducing head and neck 

injury risk (Clark et al., 2017; Collins et al., 2013; Dezman, 

Ledet, & Kerr, 2013; Mehalik et al., 2011; Tierney et al., 2008). 

Collins et al. (2014) assessed overall cervical strength and 

reported a 5% reduction in odds of suffering a concussion per 

pound increase in neck strength (Collins et al., 2014).   

 Several studies have previously demonstrated the role 

cervical muscle strength plays in injury risk and prevention. 
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Collins et al. (2014) reported overall isometric neck strength 

(summed GCIS in 4 directions /4; 8.2 ± 4.5 lbs) in high school 

athletes while looking for modifiable factors of injury risk. 

Similarly, in the present study GCIS could be divided by 6 to 

give an overall isometric neck strength for the rugby sport group 

(39.5 ± 15.4 lbs) and for the control group (27.1 ± 11.6 lbs). 

Differences in measured overall neck strength between Collins et 

al. (2014) and the present study were likely due to several 

factors including: measurement methodology, age of participants, 

and sport type. The study performed by Collins et al. included 

high school athletes (17.1 ± 1.8 yrs) participating across all 

sports and was measured using an inexpensive strain guage as 

opposed to a hand-held dynamometer.  

It is also important to compare cervical muscle strength 

measures reported in the present control group to a typical 

collegiate population. In comparing the values of controls in the 

present study to those identified in a collegiate population by 

Tierney et al. (2005) there is little difference. Tierney et al. 

(2005) reported average flexion (30.5 ± 7.1 lbs) and extension 

(44.5 ± 8.5 lbs) which compares favorably to the control group in 

the present study (averaged 31.8 ± 13.8 lbs flexion and 38.2 ± 

15.1 lbs extension). Mansell et al. (2005) examined NCAA Division 

1 soccer players and reported average flexion strength of 22.3 ± 

4.5 and extension 31.8 ± 6.4 lbs. Comparing the mean flexion 

(41.2 ± 13.0) and extension (55.1 ± 10.2) measures in the rugby 

group in the present study to the values measured in collegiate 
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soccer players demonstrates the role sport type plays in mean 

isometric strength with collegiate rugby athletes having 

significantly more neck strength than athletes who play limited 

contact sports such as soccer. While cervical muscle strength has 

been reported to mitigate injury risk by stabilizing the head-

neck-thorax segment, cervical pathology and associated pain have 

been reported to blunt muscular contractility (Ylinen et al., 

2004; Hakkinen et al., 2004; Cagnie et al., 2007; Eckner et al., 

2014) and reduce cervical muscle cross-sectional area 

(McPartland, Brodeurx & Hallgren, 1997; Rezasoltani et al., 2010, 

2012). While indirect evidence of cervical pathology in contact 

athletes was observed in the present study (increased NRE), motor 

function did not seem to be affected in the rugby group.  

This was the first study to assess NDI in an athletic 

population. NDI is a patient-reported measure of neck disability 

in the presence of cervical pathology. No significant group 

differences were identified for NDI. NDI was higher at pre-season 

in the rugby (2.07) versus control (0.89) group (p = .014). 

However, these scores are still considered low (i.e., less 

disability) compared to previously established cut off points 

(NDI = 8 to 12) for moderate neck disability (Kato et al., 2012). 

While no pre-season differences were observed in NDI, it could be 

beneficial to combine neck disability patient reported outcome 

measures with S/S and GCROM data to evaluate any interactions 

between clinical measures of cervical spine sensorimotor 

dysfunction and contact-sport exposure across time.  
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No differences in change scores across the season were 

observed between groups. This is contrary to previous research 

examining contact sport participation and cervical sensorimotor 

function (Lark et al., 2009, 2010; O’Brien, 1996; Sortland, 

Tysvaer & Storli, 1982). Lark et al. (2010) observed a 12% 

decrease in the ability to reposition the head following 

extension from pre-season to post-season follow-up in 

professional rugby players. Additionally, Lark et al. (2009) 

identified decreases as great as 15% in GCROM following a single 

professional rugby match. Differences in study outcomes over time 

may have been due to difference in study population and the 

amount of contact-sport exposure.  

The exposure experienced by collegiate club sport athletes 

in the present study was less than the exposure of a professional 

rugby athlete. The collegiate athletes participated in 

approximately two practices a week and a game every 1.5 weeks for 

an 8-week season. This relatively low exposure was due to game 

cancelations, scheduling issues, field maintenance, school 

obligations and injury. Meanwhile, the professional rugby 

athletes participated in a 17-week season composed of daily 

practices and training sessions (Lark et al., 2009; 2010). It is 

important to note that while no significant sensorimotor deficits 

were identified between groups across time, there was a broad 

range in the TNRE in the rugby group. When explored individually 

5 of the 26 rugby athletes demonstrated an increase in TRE 

greater than 25% from pre-season to post-season. This finding 
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suggests that NRE may be more valuable as a measure 

individualized response to contact-sport exposure.      

The primary objective of Aim 2 was to evaluate differences 

in cervical sensorimotor function between male and female rugby 

athletes. This is important as much of the research on rugby 

exposure and cervical spine sensorimotor function has been 

limited to male athletes (Hides et al., 2017; Lark et al., 2007, 

2009, 2010; Schmidt et al., 2014). Additionally, existence of 

sensorimotor function sex variations could help further elucidate 

head and neck injury risk differences. The present study 

demonstrated that female rugby athletes had 75% less GCIS than 

their male counterparts. Similarly, Tierney et al. (2005) and 

Mansell et al. (2005) reported that females exhibited 49 and 43% 

less strength then their male counterparts. Tierney et al. 

studied physically active college-aged participants, while 

Mansell et al. studied Division 1 soccer players. Ostensibly, 

regardless of the cohort assessed females exhibit less isometric 

strength. This difference is likely due to females having less 

neck girth and muscle mass (Mansell et al.; Rezasoltani et al., 

2010) and may predispose them to increased risk of injury. 

The present study is the first to compare NRE between male 

and female rugby athletes. There were no sex differences noted 

for TRE or MaxNRE suggesting that sensory function may not play a 

critical role in explaining reported discrepancies in injury risk 

between male and female athletes. It is interesting however, the 

exposure for the female participants was significantly less (2.45 
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± 1.29 years) than for the male athletes (7.73 ± 4.12 years). 

Taken together, this suggests that female athletes may suffer 

from similar TNRE deficits despite fewer years of contact-sport 

exposure. One explanation may be that females are less able to 

dynamically stabilize their head-neck segment (Tierney et al., 

2005), leaving static structures (e.g., ligaments) to absorb more 

load during head impacts. This relative “overload” in females 

could result in more rapid tissue degradation and sensory 

deficits. More research involving assessments such as diagnostic 

imaging in a similar cohort is needed to elucidate this finding.  

The primary objective of Aim 3 was to explore the 

relationships between pre-season TNRE and MaxNRE and each of the 

dependent variables measured at pre-season. Concussion S/S number 

and S/S severity scores endorsed by all athletes at pre-season 

were moderately (r = .34 to .48) related to TNRE and MaxNRE. The 

most commonly reported symptoms by percent of rugby athletes 

reporting them were fatigue or low energy (78%), headache (64%), 

difficulty concentrating (54%) and dizziness (34%), respectively. 

This is important as preseason symptoms such as headache, 

dizziness and neck pain have been reported as the leading 

predictors of future concussion (Schneider, Meeuwisse, Kang, 

Schneider, & Emery, 2013). However, the reason for this increased 

risk remains largely unexplained. The results from the present 

study suggest that athletes reporting pre-season S/S, such as 

headache and dizziness, may have altered cervical sensorimotor 

function which could increase risk of head injury.  
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Head positioning error results from a difference between an 

individual’s “perceived” head position and the actual position of 

the head (Kristjansson & Treleaven, 2009). Recently, a 

prospective exploration of injury risk factors in rugby league 

and rugby union athletes revealed torso and neck reposition error 

was the strongest indicators of future head and neck injury 

(Hides et al., 2017). This finding in conjunction with previous 

findings from Schneider et al. (2013) demonstrating the risk of 

injury associated with pre-season dizziness and headache. The 

present findings suggest that preseason deficits in sensorimotor 

function may be related to cervicogenic symptoms. This aberrant 

cervical somatosensory information may directly affect the 

cervical reflexes putting athletes at an increased risk due to an 

inability to appropriately position and protect the head prior to 

injury. Moreover, these deficits may serve as a strong predictor 

of injury risk which could then be used to develop an 

intervention schedule to help mitigate the risk of an athlete 

suffering a head and neck injury. These findings are important 

clinically as they suggest that a simple assessment such as a 

SCAT symptom score could help identify athletes requiring more 

comprehensive cervical spine pre-season assessment and potential 

need for an intervention. 

Conclusion 

Collegiate rugby athletes exhibited greater cervical spine 

reposition error than non-contact control athletes. These 

differences were expressed in males and females similarly, 
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despite fewer years of contact-sport exposure in females. Male 

rugby athletes exhibited more strength than controls and females. 

The degree to which these sensory position-sense deficits 

increase risk of injury is unknown, but should be explored in 

future studies. Concussion like signs and symptoms are directly 

related to NRE They may be used as an indicator of needing more 

comprehensive cervical spine evaluation for contact-sport 

athletes. Current recommendations in injury assessment account 

for the screening of common cervicogenic symptoms but neglect to 

explore signs such as a decrease in cervical strength and or 

proprioception (Cheever, Kawata, Tierney, & Galgon, 2016). 

Similar to comprehensive multi-targeted rehabilitation following 

concussion (Ellis, Leddy, & Willer, 2015), a targeted pre-season 

examination encompassing cervical spine structures and symptoms 

may yield additional insight into modifiable factors of head and 

neck injury risk. These factors such as cervicogenic headache, 

dizziness and cervical proprioception could then be addressed in 

targeted prevention plans.  

Recommendations for Future Research  

 Recommendations for future research include studies 

utilizing imaging techniques in combination with functional 

testing to better explain the relationship between functional 

changes in cervical spine sensorimotor function and anatomical 

and physiological changes in the structures of the cervical 

spine. Also, prospective research incorporating head and impact 

accelerometry to help more robustly explore the effect of 
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exposure on cervical sensorimotor decline are indicated. 

Additionally, prospective rehabilitation programs are indicated 

to explore the role vestibular and cervical rehabilitation 

programs play in mitigating the sensorimotor decline associated 

with contact sport exposure. 

Decisions of Hypotheses 

 Based on the results from this study, the following 

decisions on the hypothesis were made: 

1. There were statistically significant differences in pre-

season TNRE and MaxNRE between rugby and control athletes (Aim 

1). This hypothesis was not rejected.  

2. No differences between groups across time were 

identified (Aim 2). This hypothesis was rejected. 

 3. Statistically significant sex differences existed in 

GCIS (Aim 2). This hypothesis was not rejected. 

4. No significant sex differences existed in NRE (Aim 2). 

This hypothesis was rejected.  

5. Significant correlations existed between NRE and signs 

and symptoms only (Aim 3). This hypothesis was rejected.  
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Table 1. Demographic, Sport and Injury History Data by Group. 

 

 

 

 

Variables 

 

Rugby Group 

 

M ± SD 

 

 

Control Group 

 

M ± SD 

 

 

 

t 

 

 

 

p 

     

Age   20.12 ±  1.5  19.50 ±  1.7   0.41   .678 

Height  69.43 ±  3.0  66.34 ±  2.6   7.45   .001* 

Weight  190.31 ± 43.2 158.42 ± 37.4   2.60   .012 

Contact Sport    5.09 ±  2.6   0.00 ±  0.0   3.00   .004* 

Limited-contact   5.44 ±  5.4   3.40 ±  4.6   1.08   .285 

Non-contact    5.14 ±  5.8   7.80 ±  5.6  -0.88   .380 

Concussion History   0.81 ±  1.3   0.20 ±  0.9  -0.98   .329 

Note. Contact n = 26, control n = 23. *Significant difference 

between contact and control group difference (p < .007). 
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Table 2. Pre-season Neck Disability Index, Symptoms, and 

Sensorimotor Function by Group 

 

  

Rugby Group 

 

Control Group 

  

 

Variables 

  

 M ± SD 

 

   

M ± SD 

 

t 

 

p 

 

   

 2.07 ±  2.3 

 

 0.89 ±  1.1 

 

 -2.55 

 

.014 

S&S Number  3.30 ±  5.2  2.40 ±  5.3  -0.34 .730 

S&S Severity  5.84 ± 11.4  3.80 ±  8.1  -0.35  .724 

TNRE  20.60 ±  7.20  15.19 ±  4.97 2.98  .005* 

MaxNRE  28.68 ± 10.53  21.42 ±  8.91 2.43 .017 

GCROM 328.73 ± 30.71 334.26 ± 35.21  -0.56  .578 

GCIS 237.99 ± 94.60 163.08 ± 68.75 2.98  .005* 

Note. Contact n = 26, control n = 23. NDI: Neck Disability Index. 

S&S Score: sign and symptom score. S&S Severity: sign and symptom 

severity. TRNE: total neck reposition error. MaxNRE: maximum neck 

reposition error. GCROM: global cervical range of motion. GCIS: 

global cervical isometric strength. *Statistically significant 

difference between groups (p < .007). 
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Table 3. Neck Disability Index, Symptom, and Sensorimotor 

Function Change Scores by Group 

 

 

 

 

Variables 

 

Rugby Group 

     

     M ± SD 

 

 

Control Group 

  

M ± SD 

 

 

 

t 

 

 

 

P 

 

NDI 

 

 -0.25 ±  2.15 

 

 0.04 ± -1.50 

 

   1.60 

 

.116 

S&S Score  -0.30 ±  5.26  0.15 ±  3.42   -0.33 .743 

S&S Severity   0.61 ± 10.56  0.20 ±  7.06    0.14 .884 

TNRE  -1.27 ±  9.53 -0.46 ±  6.52   -0.31 .775 

MaxNRE   0.03 ± 17.89 -1.54 ±  9.95    0.35 .728 

GCROM -11.92 ± 25.74 -7.76 ± 25.46   -0.53 .598 

GCIS -41.81 ± 69.62 -5.87 ±  5.93   -2.17 .035 

Note. Contact n = 26, control n = 23. Means and Standard 

Deviations reflect the change score from pre-season to post-

season. NDI: Neck Disability Index. S&S Score: sign and symptom 

score. S&S Severity: sign and symptom severity. TRNE: total neck 

reposition error. MaxNRE: maximum neck reposition error. GCROM: 

global cervical range of motion. GCIS: global cervical isometric 

strength. 
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Table 4. Pre-season Demographic, Sport and Injury History Data by 

Sex 

 

 

 

 

 

Male 

Rugby 

 

Female  

Rugby  

  

 

Variables 
 

M ± SD 

 

 

M ± SD 

 

t 

 

p 

 

Age  

  

 20.33 ±  1.54 

  

 19.91 ±  1.51 

  

 0.69 

 

.497 

Height   71.14 ±  2.90  64.73 ±  3.03  5.37 <.001* 

Weight  207.79 ± 43.41 173.91 ± 42.97  1.94 .064 

Contact Sport    7.73 ±  4.12   2.45 ±  1.29  4.03 <.001* 

Limited-contact   5.47 ±  5.71   5.36 ±  5.22  0.04 .963 

Non-contact   3.73 ±  5.36   6.55 ±  6.72 -1.18 .274 

Concussion 

History 

 

  0.53 ±  0.73   0.91 ±  1.30 -0.93 .130 

Note. Male n = 16 and Female n = 11. *Statistically significant 

difference between groups at p = .007. 
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Table 5. Pre-season Neck Disability Index, Symptom, and 

Sensorimotor Function Scores by Sex 

 

 

 

 

Variables 

 

Male Rugby 

 

M ± SD 

 

 

Female Rugby 

 

M ± SD 

 

 

t 

 

 

p 

 

NDI  

  

    2.07 ±  2.3 

   

    2.36 ±  2.2 

  

 0.32 

  

 .752 

S&S Score     2.87 ±  4.4     3.73 ±  6.5 -0.40  .692 

S&S Severity     5.13 ±  8.7     6.55 ± 14.1 -0.31  .755 

TNRE    20.32 ±  7.8    20.98 ±  7.3 -0.21  .829 

MaxNRE    27.92 ±  9.8    29.73 ± 11.8 -0.42  .675 

GCROM   318.66 ± 24.6   342.45 ± 33.8 -2.07  .049 

GCIS   292.73 ± 86.1   163.35 ± 37.0  4.65 <.001* 

Note. Male n = 16, Female n = 11. NDI: Neck Disability Index. S&S 

Score: sign and symptom score. S&S Severity: sign and symptom 

severity. TRNE: total neck reposition error. MaxNRE: maximum neck 

reposition error. GCROM: global cervical range of motion. GCIS: 

global cervical isometric strength. *Statistically significant 

difference between groups at Bonferroni corrected p = .007. 
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Table 6: Correlations between Neck Reposition Error and Dependent 

Variables 

 

 

Variables 

 

r 

 

     p 

 

 

TNRE 

  

   Contact Sport History    .131    .385 

   Limited-Contact Sport History    .087    .567 

   Non-Contact Sport History   -.143    .345 

   NDI   -.147    .336 

   Symptom Score    .338    .022* 

   Symptom Severity    .352    .017* 

   CROM    .110    .465 

   GCIS    .147    .329 

MaxNRE   

   Contact Sport History    .085    .574 

   Limited-Contact Sport History    .207    .167 

   Non-Contact Sport History   -.148    .326 

   NDI   -.063    .683 

   Symptom Score    .476    .001* 

   Symptom Severity    .457    .001* 

   CROM    .110    .922 

   GCIS    .701    .638 

 

Note. Contact Sport, Limited Sport and Non-Contact Sport History 

were measured in years of participation. NDI: Neck Disability 

Index. S&S Score: sign and symptom score. S&S Severity: sign and 

symptom severity. TRNE: total neck reposition error. MaxNRE: 

maximum neck reposition error. GCROM: global cervical range of 

motion. GCIS: global cervical isometric strength *Significant 

correlation p < .05.  
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Figure 1. Neck Reposition Error Testing Setup  
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Figure 2. Global Range of motion measurement. a) flexion, b) 

extension, c)left lateral flexion, d)right lateral flexion, 

e)left rotation, and f)right rotation. 
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Figure 3. Global Cervical Isometric Strength Measurement. a) 

Flexion, b) Extension, c)Left Lateral Flexion, d)Right Lateral 

Flexion, e)Left Rotation, and f) Right Rotation. 
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CHAPTER 2 

REVIEW OF LITERATURE 

Head and Neck Injury 

Epidemiology 

Head and neck injuries are reported to represent 

approximately 25 - 30% of all contact sports related injuries 

(Bathgate et al., 2002; Delaney & Al-Kashmiri, 2005; Junge et 

al., 2004). The current estimated 6 month positive prevalence 

rate for neck pain due to musculoskeletal injury such as neck 

injuries and/or concussion is 26.3%, further demonstrating the 

high evidence rate of neck injury (Legault, Descarreaux, & 

Cantin, 2015). A review of patients presenting in the emergency 

room between the years 1990 - 2000 revealed that ice hockey, 

soccer and American football had the highest incidence rate of 

cervical injury with 5,038, 19,341 and 114,706 estimated neck 

injuries for each respective sport. These injuries included 

approximately 130,000 contusions, sprains, and strains; 2,000 

neck fractures or dislocations; and 1,000 lacerations (Delaney & 

Al-Kashmiri, 2005). A recent descriptive epidemiological study of 

cervical spine injuries in the National Football League from 2000 

- 1010 revealed that 7% of all injuries were to the spine or 

axial skeleton (Mall et al., 2012). A total of 2,208 injuries 

occurred with a mean loss of 25.7 days per injury. Offensive 
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linemen were the most likely to suffer a spinal injury, followed 

by defensive backs, defensive linemen, and linebackers. 

Additionally, game related injuries in Australian rugby union 

players from 1994 - 2000 revealed that the most common injuries 

suffered were soft tissue, closed injuries (55%) with the head 

and neck being the most common injured region (25.1%; Bathgate et 

al., 2002). 

The number of diagnosed concussions due to sport and 

recreation activities has been steadily increasing over the 

course of the past few decades (Armstrong et al., 2008). As of 

2014 an estimated 3.8 million concussions occur per year (Bailes, 

Petschauer, Guskiewicz, & Marano, 2007; Dorshimer & Kelly, 2005). 

This estimate is primarily based on calculations which include 

number of concussions reported in emergency rooms, injury 

surveillance tracking software and concussions that are diagnosed 

but not reported through a centralized database.  

However, it does not take into account current estimates of 

undiagnosed concussions. Current estimates for the percentage of 

concussions that go undiagnosed range from 30 - 50% of all 

concussions (McDonald, Burghart, & Nazir, 2016; Meehan, Mannix, 

OʼBrien, & Collins, 2013). In a recent study in which patients 

reported to a clinic following a concussion were asked “Have you 

ever sustained a blow to the head which was NOT diagnosed as a 

concussion but was followed by one or more of the signs and 

symptoms listed in the Post-Concussion Symptom Scale?” 30% 
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percent of patients answered “yes”, further suggesting that there 

is a high prevalence of undiagnosed concussion (Meehan et al.). 

This increase in concussion incidence has been attributed, in 

part, to an improved comprehensive concussion management approach 

due to a growing understanding of concussion signs and symptoms 

(Dorshimer & Kelly, 2005). However, research into the 

effectiveness of concussion education plans has revealed limited 

results ranging from no significant improvements in knowledge and 

only a very small decrease in intention to continue play while 

experiencing symptoms of a concussion (Kroshus, Daneshvar, Baugh, 

Nowinski, & Cantu, 2014). The number of diagnosed concussions may 

also be due to the lack of diagnostic specificity, where 

concussion symptoms could be attributed to different medical 

conditions such as cervical pathology (Bailes et al., 2007; 

Cheever et al., 2016; Lark & McCarthy, 2007). Leddy and Backer, 

2015 highlight the difficulties in distinguishing a concussion 

from cervical and/or vestibular injury based on symptoms alone 

due to the high degree of symptom comorbidity and similarities in 

the mechanism of injury. 

In addition to acute injury, repetitive head impacts may 

lead to proprioceptive deficits leading to increased injury risk. 

Investigations looking at cervical degeneration in professional 

soccer, football and rugby athletes have shown anatomical 

abnormalities and degenerative changes 10 - 20 years prior to age 

matched controls. These changes are indicative of early onset 

morphological changes of the structures of the cervical spine 
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associated with cervical proprioception in contact sport athletes 

(Berge, Marque, Vital, Sanacgas, & CaillÃ, 1999; Castinel et al., 

2010; Kartal, Yıldıran, Şenköylü, & Korkusuz, 2004; Sortland, 

Tysvaer, & Storli, 1982). A recent investigation performed by 

Lark et al., 2009 revealed significant differences in cervical 

head and neck position sense between professional rugby players 

and aged-matched controls, which were correlated with years of 

exposure to contact sport (Lark & McCarthy, 2007). In addition to 

cervical proprioception deficits, Lark et al. demonstrated 

decreases in cervical range of motion across a competitive season 

and significant changes in cervical range of motion following as 

little as a single match (Lark & McCarthy, 2010; Lark & McCarthy, 

2009). These findings suggest that the repetitive head impacts 

were significant enough to put a player at an increased risk of 

injury due to decreases in head and neck position sense and 

cervical range of motion; potentially giving insight into higher 

reported injury risk in the later stages of sports activity (Lark 

& McCarthy, 2009). 

Similarities in Etiology and Symptomology of Concussion and 

Cervical Pathology 

The mechanism of a concussion may involve either a direct 

or indirect blow to the head, neck, or elsewhere on the body. 

Impulsive force generated by acceleration and deceleration of the 

skull can be transmitted to the brain microstructures, eliciting 

one or more symptoms (Marshall et al., 2015). These symptoms may 

be driven by multi-structural damage further leading to system 
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malfunction, rather than damage to a single structure (Evans, 

2014; Leddy et al., 2015; Leslie & Craton, 2013). Cervical 

pathology often times has a mechanism similar to concussion. 

Generally, there are 4 phases in neck pathomechanics, including 

initial position, retraction, extension and rebound (Evans). 

Starting in the initial position, an impulsive force is 

transmitted through the cervical vertebrae applying a significant 

mechanical load on the neck musculature and surrounding soft 

tissues. During the retraction phase, inertial acceleration 

forces the head and neck into the extension phase, which is 

limited by the passive constraints of cervical musculature and 

ligaments that are loaded. In response to this loading the 

tissues rebound causing injury to the neck’s soft tissue 

(Alsalaheen et al., 2015; Barnsley, Lord, & Bogduk, 1994; McCrea 

et al., 2003; Schneider et al., 2013). 

Current concussion position statements define a concussion 

as a pathomechanical event that elicits one or more symptoms 

(Harmon et al., 2013; McCrory et al., 2013). Much is known about 

concussion signs and symptoms such as headache, dizziness, 

nausea, and fatigue (Leddy et al., 2015; Schneider et al., 2013). 

However, these symptoms are not unique to concussion, pathologies 

such as whiplash (Leddy et al.), exertional heat illness 

(Armstrong et al., 2007), exertional sickling (Eichner, 1998), 

and dehydration (Conley et al., 2014; Eichner, 1998), showcase a 

high degree of comorbid symptoms. This comorbidity between 

concussion sign and symptoms and overlapping pathologies 
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necessitates the ability to identify specific damaged structures 

and processing pathways associated with each symptom (Cheever et 

al., 2016; Mucha et al., 2014; Zhou & Brodsky, 2015). Recent 

investigations of clinical testing following concussion have 

reported that perhaps as important as the presence and number of 

symptoms following a suspected concussion is whether or not these 

symptoms intensify during clinical testing or exercise 

(Alsalaheen et al., 2015; Ellis et al., 2015; Leddy et al.; 

McDevitt, Appiah-Kubi, Tierney, & Wright, 2016; Reneker, 

Moughiman, & Cook, 2015). 

The subjectivity and variance of symptoms and lack of 

objective diagnostic criteria complicate efforts to accurately 

identify a concussion (Guskiewicz & Broglio, 2015; Kroshus et 

al., 2015; Leddy et al., 2015). A multifaceted approach including 

not only S/S but the inclusion of ocular-motor, cervical, and 

vestibular screenings has been suggested to overcome this 

obstacle (Cheever et al., 2016; McCrory et al., 2013; McDevitt et 

al., 2016; Mucha et al., 2014). McDevitt et al., 2016 

demonstrated that clinical evaluations incorporating advanced 

posture control analysis and oculomotor assessment can identify 

concussed athletes with up to 98.6% accuracy independent of the 

number and severity of symptoms reported prior to testing. 

Supporting reports show that incorporating a brief vestibular/ 

ocular motor screening increases the probability of detecting a 

concussion by 50% (Mucha et al.).  
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 To further explore common symptoms experienced following a 

suspected concussion Reneker et al., 2015 utilized a structured 

symptom questionnaire that was developed by the researchers based 

on relevant literature to identify common dizziness quality 

descriptors and triggers. A total of 15 dizziness descriptors and 

11 dizziness triggers were identified, however, neither class of 

descriptors nor the class of triggers enabled the differentiation 

based on anatomical etiology of dizziness.  

In patients diagnosed with cervical pathologies the most 

commonly reported S/S are neck pain, headache, dizziness, neck 

stiffness and/or pain, balance disturbances and decreases in neck 

position sense (Treleaven et al., 2003; Treleaven et al., 2006). 

The most common predictors of prolonged recovery are greater 

initial pain, total number of symptoms and post injury 

psychological factors (Peterson, Goldberg, Bilotto, & Fuller, 

1985). It is also important to note that tension of the cervical 

musculature is one of the diagnostic criteria associated with 

anxiety disorder and is therefore highly positively correlated as 

the single greatest predictor of persistent symptoms (Morgan et 

al., 2015). 

Risk Factors of Head and Neck Injury 

Prospective observations of nearly 4,000 male hockey 

players 11 to 14 years of age revealed that preseason complaints 

of neck pain, dizziness and headache were the strongest 

identifying risk factors of suffering a future concussion 

(Schneider et al., 2013). Similarly, Lau et al., 2011 
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retrospectively reviewed data on acute symptoms of 107 male 

concussed high school athletes and found that dizziness was a 

significant predictive factor of delayed recovery with odds ratio 

equal to 6.34 (Lau, Kontos, Collins, Mucha, & Lovell, 2011). The 

reason for this increase in risk of injury and delayed recovery 

is unknown. However, prompting further investigation into the 

role of cervical structures in the pathomechanical etiology of 

concussion (Schneider et al.). 

Researchers have suggested that the cervical musculature 

facilitates head-neck-thorax axial stabilization; in turn, 

decreasing the magnitude of head acceleration and associated risk 

of suffering a concussion (Dezman et al., 2013; Eckner, Oh, 

Joshi, Richardson, & Ashton-Miller, 2014; Tierney et al., 2008; 

Viano et al., 2005). Therefore, factors such as angle of impact, 

location of impact, neck strength, sex differences and neck 

stiffness have been suggested to play a role in minimizing head 

acceleration and therefore associated concussion risk (Collins et 

al., 2014; Dezman et al., 2013; Mihalik et al., 2011; Schmidt et 

al., 2014; Tierney et al.; Viano et al.). The hypothesis that a 

greater head acceleration is associated with likelihood of 

concussion has been examined using helmet-mounted tracking 

devices (Brolinson et al., 2006; Newman, Shewchenko, & Welbourne, 

2000; Rowson & Duma, 2013). Rowson et al. reported a linear 

increase in probability of suffering a concussion as both 

rotational and linear head rotation increase (Rowson & Duma). 

Meanwhile a case series report by Brolinson et al. demonstrated 
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the dangers of linear head accelerations above 100 g (Brolinson 

et al., 2006). In exploring gender differences and concussion 

risk Tierney et al. demonstrated significant gender differences 

in head-neck segment dynamic stabilization during head angular 

acceleration. This was attributed to females exhibiting 

significantly less isometric strength (49%), neck girth (30%) and 

head mass (43%), which resulted in lower levels of head-neck 

segment stiffness (29%; Tierney et al., 2005). 

The osteoligamentous structures of the cervical spine 

contribute 20% of the mechanical stability of the cervical spine 

while the remaining 80% of the mechanical load must be managed by 

the cervical muscle control highlighting the importance of the 

cervical musculature in concussion risk (Panjabi et al., 1998). 

Dezman et al. showed inverse relationships between angular head 

acceleration and mean neck strength. The interpretation is that 

as neck strength decreases due to injury, head acceleration tends 

to increase, highlighting that athletes with weaker neck 

musculature are prone to induce rapid head acceleration (Dezman 

et al., 2013). Additionally, a recent study of 7,000 high school 

athletes reported that neck strength was a significant predictor 

of concussion even after adjusting for gender and sport (Collins 

et al., 2014). Moreover, smaller neck circumference and neck to 

head circumference ratio were significantly associated with 

concussion risk, as illustrated by odds of concussion decreasing 

by 5% per pound increase in neck strength (Collins et al.). The 

role that the neck musculature plays in minimizing head 
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acceleration may also be affected by individual’s tackling 

strategies (Schmidt et al., 2014). Schmidt et al. 2014 

demonstrated that higher neck strength led to higher maximal 

torque during head impacts, therefore increasing head 

acceleration. 

Damage to neck musculature and cervical structures has also 

been linked to decreases in neck position sense. Viano et al., 

2005 noted the importance of neck position sense in the 

prevention of injury. They reported that when the head was 

aligned with the torso at the moment of impact during a tackle, 

the maximal force was decreased by as much as 67%. Follow up 

studies have also shown the direction of the impact may be vital 

in assessing the risk of an impact (Guskiewicz et al., 2007; 

Mihalik et al., 2007). The angle of head impact as well as the 

location of the hit can affect the magnitude of head acceleration 

(Viano et al., 2005). In comparing relative risk of injury as a 

result of blows to the side or back of the head, Mihalik et al. 

2012 noted that impacts on the top of the head are associated 

with higher risk of suffering a concussion. This finding was 

further supported in a report of biomechanical properties of 

concussion in high school football players (Broglio et al., 

2010). If the head is improperly positioned prior to a head 

impact, one would sustain a hit with the top of the head, instead 

of the front of the head, portending that neck positioning error 

can be one of the key factors in inducing higher magnitudes of 
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head movement, hence increasing a risk for concussion (Guskiewicz 

et al., 2007; Viano et al., 2005). 

 

 

Measuring Exposure to Sports-related Head Impacts 

Currently, several estimation methods, including, helmeted 

devices, non-helmeted devices and paper and pencil 

questionnaires, exist to quantify exposure to head impacts 

(Crisco et al., 2010; Broglio et al., 2010; Mansell et al., 2010; 

King et al., 2016; O’Connor et al., 2017). Estimates of head 

impact exposure across a sport career vary dramatically depending 

on the estimate method, sport type, and player position (Mansell 

et al., 2014; Kerr et al., 2015; Baugh et al., 2015). It has been 

projected that the average football and player sustains between 

700 and 800 with extremes as high as 1500 head impacts per 

competitive season (Broglio et al., 2010; Kerr et al., 2015), 

while limited contact sports such as soccer report approximately 

1 - 2 head impacts per player exposure (Chrisman et al. 2016; 

Press & Rowson, 2017). 

The Role of the Cervical Function in Contact Sport Injury 

Prevention 

The mechanism of a concussion may involve either a direct 

or indirect blow to the head, face, neck, or elsewhere on the 

body. Impulsive force generated by acceleration and deceleration 

of the skull can be transmitted to the brain microstructures, 

eliciting one or more symptom (Broglio et al., 2014). The role of 
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stabalizing the head falls primarily on the cervical 

musculature, which is responsible for up to 80% of the 

mechanical load following an impact to either the head or body 

that is transmitted through the neck on to the head (Panjabi et 

al., 1998). Cervical muscle strength and stiffness as well as 

anthropometric measurements (e.g., neck circumferences, length 

and head and neck circumference ratio) have been reported to play 

a role in injury prevention. 

Rowson and Duma, 2013 reported a linear increase in 

probability of suffering a concussion as both rotational and 

linear head rotation increase (Rowson & Duma, 2013), while 

Brolinson et al.(2006) demonstrated the dangers of linear head 

accelerations above 100 g. However, impacts resulting in a linear 

acceleration as small as 35 g may lead to a concussive injury 

suggesting this correlation may not be as clear as proposed 

(Broglio et al., 2010; Brolinson et al.; Eckner et al., 2014; 

Newman, Shewchenko, & Welbourne, 2000; Rowson & Duma, 2013). 

Although no conclusive threshold has been established, greater 

head accelerations are related to greater risk of head injury 

(Guskiewicz & Mihalik, 2011;  Mihalik, Lynall, Wasserman, 

Guskiewicz, & Marshall, 2017). Additionally, females are 2 to 3 

times more prone to manifest concussion-like symptoms compared to 

their male counterparts (McCrea et al., 2003). This has been 

attributed primarily to female cervical anthropometric properties 

and the significantly discrepancies in cervical strength and 

stiffness in female athletes as compared to males (Mansell, 
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Tierney, Sitler, Swanik, & Stearne, 2005; Tierney et al., 2005;  

Tierney et al., 2008). Therefore, magnitudes of head acceleration 

and impact are an imperative element in predicting a concussion. 

Proper integration between cervical sensory and motor 

function leads to head-neck-truck alignment, suggesting that 

cervical pathology affecting this integration process may 

increase head acceleration. Original reports looking at the risk 

of concussive head impacts in the NFL from the early 2000s 

highlighted the increased risk of concussion when the head and 

neck were not properly aligned with the torso (Pellman, Viano, 

Tucker, Casson, & Waeckerle, 2003). Subsequent follow-up studies 

demonstrated that during the head-neck-trunk aligned condition, 

peak linear acceleration increased by 5% (aligned = 163±2m/s2, 

normal = 156±2m/s2), but peak angular acceleration did not change 

(aligned = 1.45±0.10krad/s2, normal = 1.47±0.27krad/s2) relative 

to the “normal” condition (Shewchenko, Withnall, Keown, Gittens, 

& Dvorak, 2005).   

Compared to blows to the side or back of the head, Broglio 

et al. (2010) reported that impacts to the top of the head are 

associated with higher risk of suffering a concussion. It is 

therefore logical to conclude that if the head is improperly 

positioned prior to a head impact, one would sustain a hit with 

the top of the head, instead of the front of the head, portending 

that neck positioning error can be one of the key factors in 

inducing higher magnitudes of head movement, hence increasing 

concussion risk. Cervical musculature contraction has also been 
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hypothesized to minimize injury risk and may increase muscle and 

joint stiffness, therefore allowing for distribution of energy 

absorption through head-neck-thorax axial stabilization (Dezman 

et al., 2013; Eckner et al., 2014; Tierney et al., 2008; Viano et 

al., 2005). 

Cervical muscle strength has been demonstrated as a risk 

predictor of concussion even after adjusting for gender and sport 

(Collins et al., 2014). Moreover, smaller neck circumference and 

neck to head circumference ratio are significantly associated 

with concussion risk, as illustrated by odds of concussion 

decreasing by 5% per pound increase in neck strength (Collins et 

al., 2014). Additionally, a review of injury records showed a 

reduction in injuries following a 26 week neck strengthening 

program in spite of no meaningful gains in isometric strength 

(Naish, Burnett, Burrows, Andrews, & Appleby, 2013). Neck 

strength has also been shown to predict lower head acceleration 

during purposeful soccer heading (Tierney et al., 2005; Tierney 

et al., 2008). However, this relationship may not be as clear cut 

as once proposed. While citing no difference between pure 

flexor/extensor strength and head acceleration, Dezman et al. 

showed relationships between head acceleration and neck/flexor 

extensor strength difference (Dezman et al., 2013). Moreover, 

Mansell et al.(2005) reported little reduction in head 

acceleration following an 8-week cervical muscle training program 

in colligate soccer players in spite of a 15% increase in flexion 

and a 25% increase in extension force. Preliminary reports 
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suggested that increased neck strength may decrease linear 

acceleration and associated concussion risk by coupling the head 

and torso (Collins et al., 2014; Dezman et al., 2013; Naish et 

al., 2013). Recent findings from Schmidt et al. (2014) suggest 

the opposite (Schmidt et al., 2014). Increased head and neck 

strength may increase torque and associated head acceleration in 

response to a head impact. 

In addition to cervical strength, neck stiffness and 

anticipation have been reported to play a role in concussion 

risk. Tierney et al.(2008) reported that female athletes 

exhibited lower head-neck segment stiffness and exhibited higher 

head acceleration (females = 1503.9±516.5°/s, males = 

995.2±368.2°/s in the known forced flexion condition) as compared 

to their male counterparts. Follow-up reports looking at the 

effect of anticipatory cervical muscle activation following 

impulsive loads while the head was in flexed, extended, lateral 

flexed and axial rotated position revealed a significant 

reduction in head acceleration in each position during an 

anticipatory condition as compared to pre-season measures (Eckner 

et al., 2014). These reports were then further substantiated by 

Schmidt et al. 2014 who reported that neck stiffness was the 

strongest indicator of injury risk. 

Long Term Risk of Contact Sport Participation 

Currently, it is estimated that football players can incur 

up to 1,500 head impacts per competitive season depending on 

position (Baugh et al., 2015; Broglio, Williams, O'Connor, & 
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Goldstick, 2016; Kerr et al., 2015).  A study of 730 National 

Colligate Athletic Association Division I football athletes found 

that during a football player’s career they experience on average 

three undiagnosed concussions and over a dozen collisions, which 

lead to one or more symptoms (Baugh et al., 2015). Much is 

unknown, however, about the effect of these head impacts on 

players overall quality of life (QOL) and long term health.  

QOL is defined as the physical, psychological, and social 

domains of health that are influenced by a person’s experiences, 

beliefs, expectations, and perceptions (Findler, Cantor, Haddad, 

Gordon & Ashman, 2001). The SF-36 is a widely accepted general 

health QOL survey that is valid and reliable for use with 

athletes (Findler et al.). Researchers utilizing the SF-36 have 

reported that athletes with a history of concussion and sport 

participation report lower QOL (Kerr, Marshall, Harding, & 

Guskiewicz, 2012; Simon & Docherty, 2014; Valovich McLeod, Bay, 

Parsons, Sauers, & Snyder, 2009) and a dose-response relationship 

has also been shown between concussion number and lower reported 

QOL (Emanuelson et al., 2003). Moreover, athletes competing in 

contact sports report lower QOL scores than those participating 

in limited-contact and non-contact sports (Simon & Docherty, 

2016). 

Recent reports detailing QOL differences in response to 

repetitive head impacts have led to a heighted sense of concern 

about the long-term effects of contact-sport participation (Simon 

& Docherty, 2016; Snyder et al., 2010; Stern et al., 2011). QOL 
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measures such as changes in personality and/or dementia (Stern et 

al.), limitations due to bodily pain and fatigue (Simon & 

Docherty; Valovich McLeod et al., 2009)and decreased social 

functioning (Kuehl, Snyder, Erickson, & Valovich McLeod, 2010). 

Depression (Kerr et al., 2012; Simon & Docherty, 2014), and 

cognitive impairment (Collins et al., 1999; Collins et al., 2002; 

Guskiewicz et al., 2005). Furthermore, the effect of persistent 

post-concussion symptoms has been shown to negatively affect QOL 

in adolescent patients >12 weeks following a concussive injury 

(Langlois, Rutland-Brown, & Wald, 2006). Other reports, however, 

highlight the benefits of sports participation including higher 

self-reported general and mental health when compared to non-

athletes (Meehan et al., 2016; Snyder et al., 2010).  

 The risks of head and neck injury associated with contact 

sports participation are well recognized (Armstrong et al., 2008; 

Dorshimer & Kelly, 2005). Until recently, the primary focus of 

sports-related neck injury prevention has focused on preventing 

catastrophic neck injuries (Armstrong et al.; Bailes et al., 

2007; Cheever et al., 2016). However, recent interest in the 

effect of cumulative head impacts across an athlete’s career has 

led to an increase in concern not only in repetitive trauma to 

the brain parenchyma but also micro trauma to the cervical 

structures (Lark & McCarthy, 2007; Morin, Langevin, & Fait, 

2016). An estimated 85% of neck pain is thought to be a result of 

acute repetitive neck injuries from chronic stresses and strain 
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on the intervertebral connective tissue and disc of the cervical 

spine (Dreyer & Boden, 1998; Dorshimer & Kelly, 2005). 

Investigations looking at the potential of early onset 

cervical osteoarthritis in professional soccer, football and 

rugby athletes have shown anatomical abnormalities and 

degenerative changes 10 - 20 years prior to age-matched controls, 

which are indicative of early onset of morphological changes of 

the cervical spine in contact athletes (Berge et al., 1999; 

Castinel et al., 2010; Kartal et al., 2004; Sortland et al., 

1982). In exploring the degenerative changes in rugby players 

Berge et al. performed a cross-sectional study in which 47 rugby 

players compared to 40 age-matched controls without a history of 

contact sports and identified several significant anatomical 

difference such as a narrowing of the cervical spine and 

decreased intervertebral space (Berge et al.). Additionally 

studies by Kartel et al. and Sortland et al. found similar 

results in incidence of degenerative changes in the cervical 

spine as observed on Magnetic Resonance Imaging (Sortland et 

al.). Additionally, subjective neck pain and decreases in neck 

movement reportedly effected long-term life as well as injury 

risk in retired professional athletes (Sortland et al.). 

Cervical Pathophysiology 

Afferents from the upper cervical spine provide 

somatosensory information for head and neck position, and there 

is multilevel integration of cervical somatosensory information 

in the central nervous system. Cervical afferents have a complex 
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neurophysiological interaction with the sensory and motor nuclei 

of the brainstem. In addition, cervical somatosensory information 

is integrated with visual and vestibular information in the 

cerebellum for adaptive postural and oculomotor regulation. 

Cervical afferents also project through the dorsal column/medial 

lemniscus to the thalamus and the primary somatosensory cortex 

for perception of head and body position and contribute to 

anticipatory ocular and postural adjustments during voluntary 

functional movements (Macpherson & Horak, 2013).  

Direct interactions of cervical afferents to vestibular 

nuclei, superior colliculi and central cervical nuclei play an 

important role in the coordination of important reflexes required 

for gaze stabilization and postural stability. The cervicocolic 

reflex is mediated through the central cervical nuclei and works 

dynamically with the vestibulocolic reflexes to control head on 

body position during functional movements (Peterson et al., 

1985). Cervical afferents interact with the superior colliculi 

for the cervico-ocular reflex and can supplement the vestibulo-

ocular reflex to help stabilize gaze (eye stability) during head 

and neck movements (Yakushin et al., 2011). The cervico-ocular 

reflex and vestibule-ocular reflex also work in conjunction with 

visual responses: smooth pursuit and saccadic control during 

visual tracking and scanning activities when the head and body 

are moving. In addition, cervicospinal and vestibulospinal 

reflexes utilize head and neck position information to contribute 

to postural tone regulation (Macpherson & Horak, 2013). Head and 
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eye movements are further coordinated by the tectospinal tract 

which originates in the superior colliculus and connects the 

midbrain tectum and cervical regions of the spinal cord (Pocock & 

Richards, 2006).  

Most cervicogenic symptoms have been attributed to injury 

or impairment in the upper cervical spine (C1 to 3; Kristjansson 

& Treleaven, 2009). Abnormal somatosensory afferents arising from 

the muscle spindles, joint and pain receptors, or nerve roots of 

the cervical spine are suggested to contribute to cervicogenic 

headache (Biondi, 2005; Kristjansson & Treleaven) and vertigo or 

dizziness (Kristjansson & Treleaven). Convergence of C1 to 3 

cervical afferents with trigeminal sensory afferents of the head 

and face in the trigeminal nuclei is implicated in referred 

hemicranial pain associated with cervicogenic headache (Biondi, 

2005). Aberrant cervical somatosensory information may directly 

affect the cervical reflexes. The direct cervical inputs to the 

vestibular nuclei and superior colliculi may alter vestibular 

reflexes and ocular responses when abnormal cervical information 

is mismatched with normal vestibular and visual information 

(Biondi, 2005). The sensory information mismatch is thought to 

contribute to symptoms of dizziness, disorientation and balance 

disturbances associated with cervicogenic dizziness (Kristjansson 

& Treleaven). 

How do proprioceptive deficits put athletes at increased risk of 

injury? 

 Cervical function can be defined as the neck’s ability to 
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support the head and have sufficient enough strength, endurance 

and flexibility to protect the head from a potentially concussive 

head impact(Armstrong et al., 2008). The receptor primarily 

responsible for joint position sense is the muscle spindle, with 

compound afferent input derived from cutaneous and joint 

receptors providing supplementary information to the central 

nervous system. Proper head and neck position sense during 

contact sport participation requires neck muscle spindles to 

collect information from the stretch placed on them in reaction 

to an impact. This afferent information is then conveyed via the 

spinocerebellar tract to the cerebellum, leading to the ventral 

posterior nucleus of the thalamus and to the sensory cortex 

(Armstrong et al., 2008). In response to sensory information, the 

motor cortex sends efferent signals to the neck musculature to 

contract or relax; thus, appropriate head positioning can be 

achieved. While the effect of injury on the stretch reflex in the 

cervical musculature remains unclear, experimental muscle pain 

due to injury has been shown to increase the mechanical stretch 

reflex in the lower extremity (Matre, Sinkjaer, Svensson, & 

Arendt-Nielsen, 1998). One explanation for this is an increased 

dynamic sensitivity of the muscle spindles during bouts of muscle 

pain. This sensitivity is thought to be caused by an increased 

firing rate in the dynamic gamma-motor neurons in the presence of 

pain. 

 While continued research demonstrates the role previous 

injury and proprioception plays in the risk of lower extremity 
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injuries such as anterior cruciate ligament tears and chronic 

ankle instability, limited research exists to explore the role of 

cervical injury and associated proprioception dysfunction play in 

head and neck injury risk (Armstrong et al., 2008). A recent 

increase in understanding of the complete pathophysiology of 

concussion and the role of the cervical spine has demonstrated 

the need for a multidisciplinary approach in the assessment of 

head and neck injuries and future risk (Broglio et al., 2014; 

Cheever et al., 2016; Marshall, Vernon, Leddy, & Baldwin, 

2015a; Morin, Langevin, & Fait, 2016). Neck pathology has been 

reported to play a major role in patients suspected of suffering 

a concussion as well as those suffering from post-concussion 

syndrome (Ellis et al., 2015; Junn, Bell, Shenouda, & Hoffman, 

2015; Leddy et al., 2015; Marshall et al., 2015b). The role of 

cervical pathways and associated central processing deficits need 

to be considered when attempting to explain potential increases 

in concussion risk (Cheever et al., 2016). 

 Cervical pathology increases head and neck position sense 

error and reduces cervical range of motion ( Heikkila & Astrom, 

1996;  Heikkila & Wenngren, 1998;  Lee et al., 2004; Revel, 

Andredeshays, & Minguet, 1991; Rudolfsson, Bjorklund, & 

Djupsjobacka, 2012; Treleaven et al., 2006; Treleaven, Jull, & 

Sterling, 2003). Increased head and neck position sense error  

decreases the ability to appropriately position the head to a 

desired position which is attributed to the error between 

perceived and actual head position (Treleaven et al., 2006). For 
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example, Revel et al.(1998) noted that patients with cervical 

pathology were unable to return their head to a starting position 

following active flexing and extending of the neck (Revel et al., 

1991). NRE >15° have been observed in patients suffering from 

cervical pathology (Kristjansson & Treleaven, 2009; Treleaven et 

al., 2006). Moreover, athletes suffering from dizziness and 

headache have significantly greater NRE, suggesting athletes 

experiencing these symptoms are less capable of positioning and 

bracing their head prior to impact (Treleaven et al.). 

The role that the neck musculature plays in minimizing head 

acceleration may also be affected by the individual’s tackling 

strategies (Schmidt et al., 2014). The “heads up football” 

program, was designed to educate coaches, athletes, and health 

professionals about proper head position and tackling mechanics. 

While the original goal of this program was to instruct athletes 

to position their head, in an upright position as to diminish 

the likelihood of striking the opponent with the head athletes 

suffering from proprioceptive deficits may not be as capable of 

positioning the head appropriately. Preliminary results have 

demonstrated a decrease in concussion incidence in both practice 

(34%) and game (29%) settings in teams participating in this 

program (Kerr et al., 2015). A 78% reduction in sports-related 

injuries as a whole was observed following the introduction of 

“heads up football” highlighting the significant role on the neck 

in overall injury prevention (Kerr et al.).  

Cervical Clinical Testing 
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 The importance of identifying patients on a cervical 

trajectory suffering from cervicogenic symptoms following a 

suspected head and neck injury has been well established in the 

literature (Collins, Kontos, Reynolds, Murawski, & Fu, 2014; 

Ellis et al., 2015). Cervicogenic headache, neck pain and a lack 

of comorbid signs such as oculomotor and or balance dysfunction 

are indicative of a cervical trajectory following a concussion. 

It is interesting to note that these factors have also been 

identified as predictors of future concussion risk (Collins et 

al., 2014; Ellis et al., 2015; Schneider et al., 2013). However, 

while emerging evidence supports the use of utilizing clinical 

trajectories following a suspected head and neck injury it is 

unknown the extent to which this method is being utilized. 

Moreover, current recommendations in injury assessment account 

for the screening of common cervicogenic symptoms but neglect to 

explore cervical signs such as a decrease in cervical strength 

and/or proprioception (Cheever et al., 2016).  

 The joint reposition error test is a clinical test to 

detect deficits in the cervico-collic and vestibule-collic 

pathways required for head and neck position sense. The primary 

role of joint reposition error test is to assess the afferent 

input from the muscle spindles in the cervical musculature by 

measuring the ability of the head to return to normal resting 

posture following movement (Kristjansson & Treleaven, 2009; Revel 

et al., 1991). The joint reposition error test provides 

clinicians valuable insight on the proprioception in the neck and 
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increased risk of a concussion in patients suffering from 

dizziness and/or neck pain (Kristjansson & Treleaven, 2009; 

Schneider et al., 2014).   

Below average neck circumference and neck to head 

circumference ratio as well as weaker overall neck strength have 

been reported to increase concussion risk, while neck rigidity 

and anticipation have been reported to reduce this risk (Collins 

et al., 2014; Eckner et al., 2014; Schmidt et al., 2014; Tierney 

et al., 2005). Collins et al. reported a reliable and cost-

effective method in which neck strength, neck circumference and 

head and neck circumference ratios could be measured (Collins et 

al., 2014). Interestingly, concussed high school athletes showed 

significantly lower neck circumference (33.74 ± 2.58cm vs. 34.51 

± 3.02cm), neck strength (8.04 ± 4.82 lb vs. 9.54 ± 5.16 lb), and 

neck to head circumference ratio (0.60 ± .04 vs. 0.61 ± 0.05) 

than those of healthy high school athletes. Means and standard 

deviations for these measures in nearly 7,000 high school 

athletes could be used by primary care providers as a reference 

point when attempting to identify concussion-susceptible athletes 

during a prevention screening. Moreover, following a head injury, 

neck strength should be re-evaluated and compared to a pre-season 

measure when returning athletes to play to assess the risk of 

sustaining a secondary injury. 

 Patient reported outcome measures (e.g., Lower Limb Task 

Questionnaire, ACL-IQ) are common metrics to assess risk factors 

associated with sports related injuries such as anterior cruciate 
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ligament tears and chronic ankle instability (Hershkovich et al., 

2015; Vacek et al., 2016). However, currently little 

consideration has been given for pre-participation screening of 

neck pathology (Armstrong et al., 2008; Crawford, Henry, Crombie, 

& Taylor, 2001; Spinhoven et al., 1997). The NDI focuses on 

measuring neck dysfunction in the presence of neck pain (Vernon & 

Mior, 1991). The NDI scores from 0 - 50 and consist of 10 

sections, and each section represents a functional task and/or 

symptom. Each section is scored on a scale from 0 - 5 ranging 

from no pain during the activity (0) to unable to perform 

activity (5). Patients reporting a score > 5 are indicative of 

limited function, while those with scores of > 10 face a moderate 

risk, and patients scoring > 15 or above are at severe risk of 

neck dysfunction (Kato et al., 2012). While the use of the NDI 

has not been reported or implemented in a competitive sporting 

environment, it provides information primary care clinicians can 

utilize during a pre-participation screen.  

Joint Reposition Error Test  

The joint reposition error test was designed to test a 

patient’s ability to relocate the head back to a starting neutral 

head position following a maximal rotation in the transverse 

and/or sagittal planes (Revel et al., 1991a). Increased joint 

reposition error is indicative of decreased sensorimotor control 

in the afferent pathway between muscle spindles within the 

musculature of the cervical region and the central nervous 

system. The joint reposition error test has shown high 
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sensitivity (82%) and specificity (92%) to identify patients with 

cervical pathology (Revel, Andredeshays, & Minguet, 1991b). A 

target is then aligned with the point of the laser pen on the 

wall and the patient is instructed to close their eyes. The neck 

is then passively flexed and the patient is asked to return to 

the starting position. The process is then repeated for extension 

and left and right rotation. After each trial a mark is made on 

the target where the laser pen tip stops. The distance from the 

marked point and the center of the target is then measured.  

Smooth-Pursuit Neck Torsion Test  

Treleaven et al. indicated the addition of the smoot-

pursuit neck torsion test into the diagnosis of cervical 

pathology along with joint reposition error test (Treleaven et 

al., 2006). During smooth-pursuit neck torsion test subjects are 

placed in a neutral position either sitting or standing. The neck 

is then actively rotated 45 degrees to the right or left to 

perform an eye tracking test. A positive indication for this test 

would be an increase in symptomology or onset of eye tracking 

irregularities such as irregular pursuit, nystagmus and 

disjointed eye movement. The test is designed to distinguish 

between pathology associated with the neck and posterior 

intracranial fossa or vestibular pathology emanating from the 

labyrinth in patients suffering from similar symptomology. Tjell 

and Rosenhall, 1998 demonstrated the clinical utility of the 

smooth-pursuit neck torsion test in a study in which they 

reported that neck torsion caused a decrease in smooth pursuit 
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among patients suffering from whiplash associated disorder 

related vertigo while healthy controls as well as patients with 

vertigo from central and peripheral vertigo showed no decreases 

in smooth pursuit in response to neck torsion. Additionally the 

sensitivity of the SPNT for patients with cervicogenic dizziness 

was reported at 90% and specificity at 91% (Tjell & Rosenhall). 

Head and Neck Differentiation Test 

The head and neck differentiation test is performed by 

having the patient sit in a chair that rotates. The patient is 

then asked to look at a point on the wall and hold the head still 

while the body is rotated underneath on the stool. While no 

research was found by the authors with regards to head and neck 

differentiation test and differentiating between cervicogenic 

pathology and central pathology, Nelson et al., 2014 indicated 

its utility in differentiating between patients with cerebellar 

infarction of a central origin and common vertigo generally 

thought to be cervicogenic in nature. 

Cervical Flexion Rotation Test 

Cervical flexion rotation test is performed with the 

patient in supine position. The patient’s head is passively 

flexed to end range and held in that position. The head is then 

passively rotated to the left and right, taking care to perform 

all movements slowly to eliminate vestibular involvement (Ogince, 

Hall, Robinson, & Blackmore, 2007). In both of these tests a 

positive test is indicated by the provocation of symptoms. If 
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symptoms increase during the test, cervical pathology should be 

considered.  
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Temple IRB Approved 
 

07/03/2017 

 

 

 

 

 

 

Title of Research: The effect of chronic exposure to head impacts and cervical loads 

due to contact sport participation on cervical spine sensorimotor function. 

 

Investigator and Department: 

Ryan Tierney, PhD, ATC: Department of Kinesiology, 

Temple University Kelly Cheever, MS, ATC: Department 

of Kinesiology, Temple University Geoffrey Wright, PhD: 

Department of Physical Therapy, Temple University 

 

Agency sponsoring the study: 

Pennsylvania Athletic Trainers Society, INC 

 

Why am I being invited to take part in this research? 

We invite you to take part in a research study because you are a campus club sport student 

athlete. 

 

What should I know about this research? 

 Someone will explain this research to you. 

 Whether or not you take part is up to you. 

 You can choose not to take part. 

 You can agree to take part and later change your mind. 

 Your decision will not be held against you. 

 You can ask all the questions you want before you decide. 

 

Who can I talk to about this research? 

If you have questions, concerns, or complaints, or think the research has hurt you, 

contact the research team at 

 Principal Investigator: Ryan Tierney, PhD, ATC 

Mailing Address: 259 Pearson Hall, 1800 N. Broad Street 

Philadelphia, PA 19121 Telephone: (215) 204-4001 

 Principal Investigator: Kelly Cheever, MS, ATC 

Mailing Address: 259 Pearson Hall, 1800 N. Broad Street 

Philadelphia, PA 19121 Telephone: (801)-856-3769 

 This research has been reviewed and approved by an Institutional Review 
Board. You may talk to them at (215) 707-3390 or e-mail them at: 
irb@temple.edu for any of the following: 

 Your questions, concerns, or complaints are not being answered by the research team. 

mailto:irb@temple.edu
mailto:irb@temple.edu
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 You cannot reach the research team. 

 You want to talk to someone besides the research team. 

 You have questions about your rights as a research subject. 

 You want to get information or provide input about this research. 

 

Why is this research being done? 

The purpose of this study is to investigate the effects associated with sport participation 

on an athlete’s neck function. 

 

How long will I be in this research? 

Total testing time estimated at: 

o Pre-season: Day 1 – 50 minutes 

o Post-Season Follow-up: 50 minutes 

o Weekly Head Impact Survey: 2minutes / week 

It is estimated that you will be enrolled in this study for a total of 17-19 weeks starting 

with a pre-season prior to the start of a competitive season and ending with the 

completion of a Post-Season test that must be completed within 2 weeks of completing 

your competitive season. 

 

How many people will be studied? 

We anticipate a total of 60 Temple University recreation athletes. 

 

What happens if I agree to be in this research? 

Should you choose to participate in the study you will be asked to complete the items 

below prior to the start of the competitive season, and again following the 

competitive season. 

 
Detailed Project Timeline 

Pre-season 

Before season 

During Season 

Every Saturday 

Post-Season 

-Demographics - Head impact -Symptoms 

-Sport and Concussion History questionnaire -Final Head impact 

-Symptoms -Symptoms Questionnaire. 

-Neck Disability Index  -Neck Disability Index 

-Neck Anthropometric Measurements  -Joint Reposition Error 

-Joint Reposition Error  -Cervical Range of 

Motion 

-Cervical Range of Motion  -Isometric neck strength 

-Isometric Neck Strength  -Cervical Flexion 

Endurance 

-Cervical Flexion Endurance Test  Test 

 

Tests within each category include: 

 Demographics (5 min): Demographics will include the following items: Age, Sex, 
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Year in School, Ethnicity, Sport(s) played, Sport Position(s) Played, Number of 
years/seasons of exposure for each sport. 

 Symptoms (5 min): 

o SCAT3 symptom list is a 22-item list of symptoms commonly associated 
with concussions (e.g., headache, nausea, fatigue, etc.). You will rate the 
presence/absence of each symptom on a 0 to 6 Likert scale with 0 
indicating the symptom is not present and 6 being the most severe. 

 Sport Injury and Concussion History (5 min): 

o Neurological History including self-reported diagnosis of: Migraine; 
Attention-Deficit Hyperactivity Disorder/Learning Disability; Mild 
Cognitive Impairment/Alzheimer’s Disease/Degenerative Dementia; Brain 
Surgery; Moderate/ Severe Traumatic Brain Injury; Vestibular 
Disorders/Vertigo/Motion Sickness/Meniere’s Disease. 

o Concussion History: Self-report of prior injuries and estimated date; Loss 
of consciousness (estimated duration); Amnesia (estimated duration); 
Duration of symptoms. 

o Sport Injury History: Self-report of significant musculoskeletal injury i.e. 
ACL tear, chronic ankle sprain, fracture, and or significant muscle strain. 

 Neck Anthropometric Measurements (2 min): 
o Height, weight, head to neck ratio, head–neck measure. 

 

 Joint Reposition Error (15 min): 
o Neck positioning sense will be measured using motion capture 

system with a virtual reality head mounted display. The video game 
engine Unity will be used to create the virtual environment in which 
targets are presented and simultaneous auditory instructions will be 
given. You will be asked to put on the head mounted display and 
follow the directions to position your head in a desired position 
segment length, and neck girth will be assessed with a scale and 
tape  

o To align with targets displayed in the virtual reality screen. 

 Cervical Range of motion (5 min): 

o Range of motion measurements will be taken using a cervical range of 
motion instrument that fits on your head. Range of motion will be taken 
for flexion, extension, left and right lateral flexion, and left and right 
rotation. During the range of motion measurements you will be seated in 
a straight back chair to minimize any accessory movements at the torso. 

 Isometric Neck Strength (10 min) 

o Isometric neck strength will be measured using self-generated resistance. 

o Strength measurements will be taken in 6 positions: forward flexion 
(dynamometer placed on the forehead resistance applied with both hands); 
extension (dynamometer placed on the occiput and resistance applied with 
both hands); right and left side flexion (dynamometer placed just above the 
ear and resistance applied with ipsilateral hand); right and left rotation 
(dynamometer placed on the superior to the pterion. 

o In addition to isometric strength measures, the cervical flexor endurance 
test which measures the maximal amount of time you can hold your 
head in a tucked position while laying down will be performed. 

 Neck Disability Index (3 min) 

o Neck disability will be measured using the Neck Disability Index which 
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scores from 0-50 and consist of 10 sections: pain intensity, personal care, 
lifting, work, headaches, reading, recreation, driving, sleeping and 
concentration. Each section is scored on a scale from 0-5 ranging from no 
pain during the activity (0) to unable to perform activity (5) and then the 
total score across all 10 sections will be summed. 

 Head Impact Exposure Questionnaire 

o You will be asked to complete a weekly online questionnaire to track 
exposure to head impacts. You will be sent a weekly survey via google 
documents to estimate the previous weeks head impact exposure. The 
survey will ask questions about the following (1) number of impacts to the 

head, (2) number of tackles, (3) number of scrums participated in, (4) 
injuries suffered during the prior week, and (5) visual analogue scale scores 
measured on a 100 mm line will also be collected anchored on the left with 
the words, “NO Pain” and on the right with “Worst Imaginable Pain”. 

What happens if I agree to be in this research, but I change my mind later? 

Your participation in this investigation is voluntary and will begin at the time of 

enrollment and end upon the final evaluation following the competitive season. There 

will be no penalty to you if you elect not to complete this study. 

 

Is there any way being in this research could be bad for me? 

The known or expected risks are: There is minimal risk that the strength and range of 

motion measurements may cause some discomfort. Moreover, a small percentage of 

individuals report some discomfort (e.g., dizziness, lightheadedness, flushing, or nausea) 

in response to the virtual reality in previous studies. There are no anticipated long-term 

risks. Subjects may find the tests to be challenging to complete, and may experience 

frustration or slight emotional distress. It is also possible for a potential risk of 

confidentiality breach where others may know that you are enrolled in the study. 

The researchers will try to minimize these risks not informing other participants, 

coaches, or administrators who is and is not participating. As with any research 

study, there may be additional risks that are unknown or unexpected. Participation 

in this study will not change any of the risks already inherent to sport participation. 

 

The results of this study could be published in an article, but would not include any 

information that would let others know who subjects are. Data that are collected will 

be de-identified by assigning a code to each subject. Only study personnel will have 

access to code and name data. Data collected using paper-pencil methods will be 

stored under double lock and key in investigator offices and with access only by study 

personnel. Data collected via computer will be store on a password-protected computer 

and with access only by study personnel. Any data containing identifiable information 

(e.g., name) will be stored until the conclusion of the project and then destroyed. 

 

Will being in this research help me in any way? 

You may not receive any personal benefits from being in this study. 

However, during study participation you will be exposed to assessments 

and information that can enhance your knowledge of head and neck injury 

and safe play habits. 
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What happens to the information collected for this research? 

To the extent allowed by law, we limit the viewing of your personal information to 

people who have to review it. We cannot promise complete secrecy. The IRB, Temple 

University, Pennsylvania Athletic Trainers Society, INC. and its affiliates, and other 

representatives of these organizations may inspect and copy your information 

 

Can I be removed from this research without my OK? 

The person in charge of this research or the sponsor can remove you from this research 

without your approval. There are many reasons why the researchers may need to end 

your participation in the study. Some examples are: 

 The researcher believes that it is not in your best interest to stay in the study. 

 You become ineligible to participate. 

 You become incarcerated 

 Your condition changes and you need treatment that is not allowed while you 

are taking part in the study. 

 You do not follow instructions from the researchers. 

 The study is suspended or canceled. 

What if I am injured because of taking part in this research? 

If you are injured as a result of taking part in this research, immediately notify the 

research team and they will arrange for you to get immediate medical care. There is no 

commitment by Temple University, Temple University Health System or its 

subsidiaries to provide monetary compensation or free medical care to you in the event 

of a research-related injury. If you have a research-related injury, please contact Dr. 

Ryan Tierney at (302) 465-6836. 

 

The study will pay for research-related items or services that are provided only 

because you are in the study. If you are not sure what these are, see Section on ‘What 

happens if I agree to be in this research?’ above or ask the researchers for a list. If you 

get a bill you think is wrong, call the researchers’ number listed above in the section 

titled ‘Who can I talk to about this research?’ 

 

You or your health plan will pay for all the things you would have paid for even if you 

were not in the study, like: 

 Health care given during the study as part of your regular care 

 Items or services needed to give you study drugs or devices 

 Monitoring for side effects or other problems 

 Deductibles or co-pays for these items or services. 

If you do not have a health plan, or if you think your health plan may not cover these 

costs during the study, please talk to the researchers listed in Section 10 below or call 

your health plan’s medical reviewer. By signing this form, you do not give up your 

right to seek payment if you are harmed as a result of being in this study. 

What will I be paid for taking part in this research? 

You will receive a $50 amazon gift card upon completion of the post season evaluation. 
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What else do I need to know this research? 

Signing this form gives the researchers your permission to obtain, use, and share 

information about you for this study, and is required in order for you to take part in 

the study. 

 

There are many reasons why information about you may be used or seen by the 

researchers or others during or after this study. Examples include: 

 Study sponsors or funders, or safety monitors or committees, may need the information 

to: 

o Make sure the study is done safely and properly 

o Learn more about side effects 

o Analyze the results of the study 

 If you receive any payments for taking part in this study, the Temple University 

accounting department may need your name, address, social security number, 

payment amount, and related information for tax reporting purposes. 

 

The results of this study could be published in an article, but would not include any 

information that would let others know who you are. 

 

No person or organization has a financial interest in the outcome of the study. 

 

 

Signature Block for Adult Subject Capable of Consent 

  Your signature documents your permission to take part in this research. 

Signature of subject  Date 

Printed name of subject   

Signature of person obtaining consent  Date 

Printed name of person obtaining consent   
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Name_________________                                  Date_____________________ 

Subject ID Number________ 

 

Demographic Information: 

Height______ 

Weight______ 

 

Sport History: 

How many years have you participated in contact sports (i.e. American Football, Rugby, 

Wrestling)?_______ 

How many years have you participated in limited contact sports ( i.e. Soccer, field hockey, 

lacrosse, basketball)?_______ 

How many years have you participated in non-contact sports (i.e. Tennis, volleyball, 

swimming)?________ 

What Temple University club sport team(s) do you currently participate on?_______ 

What is your position?________ 

History of diagnosed concussions Yes or NO. If yes how many?___________ 

History of cervical spine injury?____________ 

 

 

 

 

 



90  

 

 

 

 

 

 

Weekly Head Impact Questionnaire 

 

How many practices did you participate in last week?____ 

 

How many games did you play in last week?_____ 

 

Please estimate the total number of playing minutes you spent participating in contact sports last 

week? 

 

Where you treated for any injury this past week?____ If yes what injury did you receive treatment 

for? 

o Head/neck 

o Upper extremity 

o Torso 

o Lower extremity 

 

Please estimate the number of impacts to the head you experienced in the last week?______ 

 

Please estimate the number of times you were tackled by or tackled an opposing player last week? 

________ 

 

Please estimate the number of scrums you participated in during the previous week?______ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



91  

 

 

 

 

 

 

 

 

Pre-season Measurement 

 

Cervical Anthropometrics 

Head and Neck Segment Length:  

Neck Girth: 

Head Neck Segment Mass: 

Cervical Flexion Endurance Test: 

 

Isometric Neck strength 

Flexion Extension Right 

Flexion 

Left Flexion Right 

Rotation 

Left Rotation 

      

      

      

 

Cervical Range of motion 

Flexion Extension Right 

Flexion 

Left Flexion Right 

Rotation 

Left Rotation 

      

      

      

 

Joint Reposition Error 

Flexion Extension   Right 

Rotation 

Left Rotation 
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Follow up Measurement 

 

Cervical Anthropometrics 

Head and Neck Segment Length:  

Neck Girth: 

Head Neck Segment Mass: 

Cervical Flexion Endurance Test: 

 

Isometric Neck strength 

Flexion Extension Right 

Flexion 

Left Flexion Right 

Rotation 

Left Rotation 

      

      

      

 

Cervical Range of motion 

Flexion Extension Right 

Flexion 

Left Flexion Right 

Rotation 

Left Rotation 

      

      

      

 

Joint Reposition Error 

Flexion Extension   Right 

Rotation 

Left Rotation 
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APPENDIX C 

NECK PAIN AND DISABILITY OUTCOME MEASURES 
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APPENDIX D 

 

SPORT CONCUSSION ASSESSMENT TOOL SYMPTOM SCALE 
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APPENDIX E 

 

STATISTICAL TABLES 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



98  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix E-1: T-test for Demographic, Sport and Injury History 

Data by Group. 

 

 

Variables 

 

t 

 

dF 

 

 

 

 

p 

 

NDI (0-50) 

 

   -2.55 

 

46 

 

 

 

.014 

S&S Score    -0.34 46  .730 

S&S Severity    -0.35 46  .724 

TNRE     2.98 46  .005 

MaxNRE     2.43 46  .017 

GCROM    -0.56 46  .578 

GCIS     2.98 46  .005 

Note. NDI: Neck Disability Index. S&S Score: sign and symptom 

score. S&S Severity: sign and symptom severity. TRNE: total 

neck reposition error. MaxNRE: maximum neck reposition error. 

GCROM: global cervical range of motion. GCIS: global cervical 

isometric strength.  
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Appendix E-2: T-test for Pre-season Neck 

Disability Index, Symptoms, and Sensorimotor 

Function Sores by Group 

 

 

Variables 

 

T 

 

dF 

 

P 

 

 

NDI (0-50) 

 

-2.55 

 

46 

 

.014 

S&S Score -0.34 46 .730 

S&S 

Severity 

-0.35 46 .724 

TNRE  2.98 46 .005 

MaxNRE  2.43 46 .017 

GCROM -0.56 46 .578 

GCIS  2.98 46 .005 

Note. NDI: Neck Disability Index. S&S Score: sign 

and symptom score. S&S Severity: sign and symptom 

severity. TRNE: total neck reposition error. 

MaxNRE: maximum neck reposition error. GCROM: 

global cervical range of motion. GCIS: global 

cervical isometric strength.  
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Appendix E-3: T-tests for Changes in Cervical Spine 

Sensorimotor Function and Descriptive Characteristics 

of Neck Pain 

 

 

Variables 

 

 

T 

 

dF 

 

p 

 

NDI 

  

  1.60 

 

46 

 

.116 

S&S Score   -0.33 46 .743 

S&S Severity    0.14 46 .884 

TNRE   -0.31 46 .775 

MaxNRE    0.35 46 .728 

GCROM   -0.53 46 .598 

GCIS   -2.17 46 .035 

Note. Means and Standard Deviations reflect the change 

score from pre-season to post-season. NDI: Neck Disability 

Index. S&S Score: sign and symptom score. S&S Severity: 

sign and symptom severity. TRNE: total neck reposition 

error. MaxNRE: maximum neck reposition error. GCROM: global 

cervical range of motion. GCIS: global cervical isometric 

strength. 
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Appendix E-4: T-tests for Pre-season Sex Differences 

in Descriptive Characteristics 

 

 

Variables 

 

t  

 

dF 

 

P 

 

 

Age (yrs) 

 

 0.69 

 

21 

 

  .497 

Height (in)  5.37 21  <.001 

Weight (lbs)  1.94 21   .064 

Contact Sport (yrs)  4.03 21  <.001 

Limited-

contact(yrs) 

 0.04 21   .963 

Non-contact(yrs) -1.18 21   .274 

Neck Injury¥   - 21     - 

Concussion History -0.93 21   .130 

Note. Male n= 12 Female n= 9. ¥No participants reported 

a history of a neck injury * Significant sex 

difference (p=.05) *Statistically significant difference 

between groups at Bonferroni corrected p=.007. 
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Appendix E-5: T-tests for  Pre-season Neck 

Disability Index, Symptom, and Sensorimotor 

Function Scores by Sex  

 

 

Variables 

 

 

t 

 

dF 

 

p 

 

NDI  

 

 0.32 

 

24 

 

 .752 

S&S Score -0.40 24  .692 

S&S Severity -0.31 24  .755 

TNRE -0.21 24  .829 

MaxNRE -0.42 24  .675 

GCROM -2.07 24  .049 

GCIS  4.65 24 <.001 

Note. Male n= 15, Female n=9. NDI: Neck Disability 

Index. S&S Score: sign and symptom score. S&S Severity: 

sign and symptom severity. TRNE: total neck reposition 

error. MaxNRE: maximum neck reposition error. GCROM: 

global cervical range of motion. GCIS: global cervical 

isometric strength.  
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APPENDIX F 

 

RAW DATA 
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Table F-1. Raw Data Descriptive Data Rugby Group 

 

 

 

ID 

 

 

Sex 

 

 

Height 

 

 

Weight 

 

 

Age 

 

Year 

School 

 

 

 

Contact 

 

Limited 

Contact 

 

Non-

contact 

 

         

1 1 74 325 21 4 13 6 13 

2 1 72 239 19 2 7 1 0 

3 1 74 205 21 4 5 10 0 

4 1 71 190 21 4 13 6 0 

5 1 69 170 23 4 9 20 3 

6 1 68 175 20 3 15 3 0 

7 1 69 190 21 1 6 2 2 

8 1 73 200 18 2 6 0 0 

9 1 69 178 19 2 1 0 4 

10 1 69 160 19 4 3 14 14 

11 1 73 198 23 3 9 7 0 

12 1 75 235 20 4 3 7 13 

13 1 65 190 22 2 9 0 0 

14 1 74 255 19 2 12 1 0 

15 1 70 189 19 4 5 5 7 

16 2 70 150 21 2 3 0 15 

17 2 62 145 20 4 2 4 0 

18 2 67 140 21 1 2 13 12 

19 2 63 185 18 4 4 0 0 

20 2 67 250 21 1 2 0 13 

21 2 66 250 18 2 0 7 1 

22 2 61 130 19 2 1 0 15 

23 2 68 190 19 2 4 13 0 

24 2 64 178 19 2 2 11 0 

25 2 63 165 20 3 3 4 12 

26 2 63 130 23 5 4 7 4 
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Table F-2. Raw Data for Descriptive Data Control Group 

 

 

ID 

 

 

Sex 

 

 

Height 

 

 

Weight 

 

 

Age 

 

Year 

School 

 

 

Contact 

 

Limited 

Contact 

 

Non-

contact 

 

         

27 1 67 132 19 2 0 0 14 

28 1 74 190 20 3 0 14 8 

29 1 72 165 20 2 0 0 12 

30 1 70 135 18 2 0 0 6 

31 1 74 189 18 2 0 6 13 

32 1 69 193 18 2 1 1 0 

33 1 72 250 19 2 0 8 15 

34 1 68 158 15 1 0 0 5 

35 1 72 170 19 2 0 4 13 

36 1 70 162 20 3 0 1 3 

37 1 67 150 20 2 0 0 13 

38 2 62 155 20 2 0 0 2 

39 2 65 135 21 3 0 3 0 

40 2 67 140 20 3 0 0 14 

41 2 68 118 21 4 0 0 8 

42 2 64 160 19 2 0 0 10 

43 2 67 172 18 1 0 0 4 

44 2 62 145 18 1 0 0 6 

45 2 62 120 18 1 0 0 7 

46 2 67 132 19 2 0 0 1 

47 2 65 165 18 1 0 0 13 

48 2 61 129 22 4 0 2 1 

49 2 66 160 21 4 0 0 10 
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Table F-3. Raw Data Pre-season Patient Reported Outcome 

Measures Rugby Group 

 

      

 

ID 

 

Symp # 

 

Symp Sev 

 

NDI 

Concussion 

History 

 

 

Neck Injury 

      

1 1 1 3 2 0 

2 8 24 8 1 0 

3 1 1 1 0 0 

4 0 0 1 0 0 

5 1 2 0 0 0 

 6 0 0 0 1 0 

 7 7 11 3 0 0 

 8 0 0 0 0 0 

 9 4 4 0 0 0 

10 1 2 5 2 0 

11 16 27 5 1 0 

12 2 3 1 0 0 

13 2 1 2 0 0 

14 1 1 2 1 0 

15 0 0 0 0 0 

16 0 0 2 0 0 

17 8 10 7 4 0 

18 0 0 1 0 0 

19 2 2 0 0 0 

20 0 0 0 1 0 

21 0 0 3 2 0 

22 0 0 3 0 0 

23 5 6 5 0 0 

24 22 48 0 1 0 

25 2 4 4 2 0 

26 2 2 1 0 0 
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Table F-4. Raw Data Pre-season Patient Reported Outcome 

Measures Control Group 

 

      

 

ID 

Symp 

# 

 

Symp Sev 

 

NDI 

Concussion 

History 

 

 

Neck Injury 

      

27 0 0 0 1 0 

28 17 26 1 0 0 

29 0 0 3 0 0 

30 0 0 0 0 0 

31 0 0 0 0 0 

32 1 1 1 0 0 

33 1 1 2 0 0 

34 0 0 1 0 0 

35 4 7 0 0 0 

36 0 0 0 0 0 

37 0 0 0 0 0 

38 0 0 1 1 0 

39 4 11 0 0 0 

40 13 34 8 0 0 

41 0 0 0 0 0 

42 0 0 6 0 0 

43 4 4 0 3 0 

44 9 15 8 0 0 

45 6 4 6 0 0 

46 0 0 7 0 0 

47 0 0 1 0 0 

48 3 5 10 0 0 

49 2 2 3 1 0 
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Table F-5. Raw Data Follow-up Patient Reported Outcome 

Measures and Injury Report Rugby Group 

 

      

 

 

ID 

 

 

Symp # 

 

 

Symp Sev 

 

 

NDI 

Concussion 

During 

Season 

 

Injury 

During 

Season 

      

1 4 4 3 0 0 

2 7 25 11 0 1 

3 2 2 1 0 1 

4 0 0 0 0 1 

5 0 0 0 0 0 

 6      

 7 5 6 2 0 1 

 8 0 0 0 0 0 

 9 3 3 1 0 1 

10 0 0 0 0 0 

11 8 16 5 0 1 

12 6 9 0 0 0 

13 4 4 0 0 0 

14 0 0 0 0 0 

15      

16 0 0 2 0 0 

17 3 3 4 0 0 

18 0 0 0 0 0 

19      

20 0 0 0 1 1 

21 0 0 3 0 0 

22 0 0 0 0 0 

23 10 21 6 0 0 

24 6 25 5 0 1 

25 16 42 8 1 1 

26 1 1 0 0 1 
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Table F-6. Raw Data Follow-up Patient Reported Outcome 

Measures and Injury Report Control Group 

 

      

 

ID 

Symp 

# 

 

Symp Sev 

 

NDI 

Concussion 

History 

 

 

Neck Injury 

      

27 0 0 0 0 0 

28 0 0 0 0 1 

29 11 13 1 0 0 

30      

31 0 0 0 0 0 

32 1 1 0 0 0 

33 1 1 0 0 1 

34 0 0 0 0 0 

35 0 0 0 0 0 

36 0 0 0 0 0 

37 9 22 8 0 0 

38 0 0 0 0 0 

39      

40 6 11 3 0 0 

41      

42 0 0 3 0 0 

43 0 0 0 0 0 

44 3 3 2 0 0 

45 6 8 3 0 0 

46 0 0 1 0 0 

47 0 0 1 0 0 

48 6 9 6 0 0 

49 9 14  0 0 
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Table F-7. Raw Data Pre-season Cervical Isometric Strength Rugby 

Group 

 

 

 

ID 

 

 

Flexion 

 

 

Extension 

 

 

Right 

Flexion 

 

left 

Flexion 

 

Right 

Rotation 

 

Left   

Rotation 

 

 

GICS 

 

 

        

1 63.7 84.2 58.6 58.7 39.1 42.1 346.4 

2 79.0 82.1 70.1 63.9 49.1 41.5 391.7 

3 53.1 74.3 48.1 50.1 39.5 35.1 300.1 

4 30.1 77.2 44.1 39.6 35.7 29.3 256.1 

5 38.7 42.1 31.8 25.3 23.8 21.9 184.3 

6 36.5 61.0 39.2 32.3 25.3 20.4 214.6 

7 43.6 73.6 45.1 50.8 30.3 35.8 282.4 

8 54.7 60.1 44.7 46.0 27.7 27.1 275.9 

9 68.8 73.6 48.1 38.1 30.4 31.2 290.1 

10 57.8 74.3 37.7 45.1 34.1 33.3 282.1 

11 33.7 60.1 31.3 35.3 21.7 25.7 218.8 

12 22.6 48.5 29.6 38.7 23.1 23.1 183.4 

13 24.0 62.9 39.0 59.4 30.6 30.4 243.8 

14 75.8 83.4 52.2 37.8 49.1 44.2 364.1 

15 36.9 68.1 38.2 40.7 39.1 33.6 237.5 

16 51.0 48.0 37.9 14.9 27.1 32.8  91.4 

17 11.1 25.8 12.4 20.1 13.3 13.5 126.1 

18 21.4 33.1 19.4 25.0 13.3 16.9 161.6 

19 27.2 39.2 27.2 21.3 20.7 18.5 165.3 

20 34.7 34.1 23.3 24.4 23.9 21.5 152.3 

21 26.3 36.1 23.8 25.5 20.9 20.1 166.1 

22 32.1 41.1 27.1 31.8 18.8 19.1 176.2 

23 27.2 46.7 25.2 19.8 22.4 22.9 162.1 

24 18.9 44.5 21.9 19.3 24.9 20.5 155.7 

25 37.4 45.5 21.6 26.1 18.3 13.7 198.1 

26 25.1 60.1 32.1 28.1 31.1 21.1 237.5 

Note. Cervical isometric strength was measured in lbs. 
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Table F-8. Raw Data Follow-up Cervical Isometric Strength Rugby 

Group 

  

 

 

ID 

 

 

Flexion 

 

 

 

Extension 

 

Right 

Flexion 

 

Left 

Flexion 

 

Right 

Rotation 

 

Left   

Rotation 

 

 

GCIS 

        

1 42.1 69.6 35.1 43.7 33.1 33.4 258.4 

2 67.2 59.8 56.3 57.4 41.0 39.6 324.3 

3 34.1 62.3 37.4 36.4 34.4 33.2 245.1 

4 27.8 71.1 45.3 49.3 35.1 39.1 273.1 

5 22.4 35.8 15.4 21.1 19.8 18.5 134.1 

6        

7 42.8 64.2 49.1 50.2 35.4 37.4 280.4 

8 37.2 57.1 36.7 44.4 28.3 26.2 232.4 

9 65.3 40.4 38.2 35.5 28.7 30.4 245.1 

10 29.8 51.5 35.8 37.4 24.2 25.2 219.7 

11 30.7 25.4 26.3 27.6 28.3 28.1 186.4 

12 13.6 17.2 23.4 23.7 14.4 18.2 128.4 

13 31.4 59.2 31.1 33.2 25.7 25.3 207.8 

14 48.7 78.4 52.1 56.1 46.8 45.4 335.7 

15        

16 36.1 47.9 36.8 37.4 32.1 30.0 224.4 

17 12.2 21.7 13.7 14.3  9.3 12.1  85.6 

18 17.2 29.6 19.6 17.2 12.6 16.4 119.8 

19        

20 28.6 26.4 25.4 20.9 21.7 17.6 144.8 

21 27.7 39.7 25.1 27.6 25.8 21.8 173.6 

22 26.1 28.2 20.2 20.4 17.7 15.1 129.0 

23 19.2 33.1 24.3 23.7 18.1 20.2 141.1 

24 25.8 33.7 18.9 22.8 15.4 13.4 142.8 

25 25.3 27.3 22.2 20.4 18.3 18.7 140.7 

26 29.4 62.2 34.4 30.3 33.5 22.2 226.4 

Note. Cervical isometric strength was measured in lbs. 
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Table F-9. Raw Data Pre-season Cervical Isometric Strength Control 

Group 

 

 

 

ID 

 

 

Flexion 

 

 

Extension 

 

Right 

Flexion 

 

left 

Flexion 

 

Right 

Rotation 

 

Left   

Rotation 

 

 

GCIS 

 

        

27 38.4 41.4 32.4 29.4 24.9 31.5 156.5 

28 29.2 41.9 24.3 25.5 18.5 17.1 198.3 

29 31.1 35.8 34.9 35.9 32.4 28.2 186.1 

30 28.4 56.7 27.2 30.3 24.4 19.1 177.8 

31 31.1 35.8 33.3 28.3 22.8 26.5 255.6 

32 47.5 63.1 45.3 34.1 32.7 33.1 196.1 

33 44.2 54.5 27.9 28.1 21.4 20.1 349.2 

34 69.9 80.4 59.3 55.1 40.7 43.9 216.6 

35 31.3 48.6 39.2 39.9 26.7 30.9 201.7 

36 35.3 48.7 29.1 32.1 29.1 27.6 154.0 

37 36.1 41.1 24.7 20.4 16.8 15.1 102.0 

38 16.4 31.1 15.1 17.1  9.9 12.7 102.0 

39 20.6 18.2 15.7 16.5 11.5 10.1  92.5 

40 25.8 23.9 16.4 14.2 16.1 11.7 108.6 

41 34.3 36.8 29.5 30.1 20.3 26.4 177.3 

42 11.9 16.2  8.2  9.2  6.3  7.9  59.8 

43 27.1 40.8 23.2 20.7 14.4 14.5 140.6 

44 24.8 32.2 18.2 17.8 16.5 12.5 122.0 

45 34.5 30.7 30.4 23.6 23.5 22.5 165.2 

46 13.1 19.6 10.8 13.2  8.1  8.1  72.8 

47 17.8 22.4 19.1 17.7 13.6 12.3 102.9 

48 13.7 24.6 12.4 13.7  9.5   9.3  83.2 

49 38.1 41.8 28.9 29.7 23.5 24.7 186.7 

Note. Cervical isometric strength was measured in lbs. 
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Table F-10. Raw Data Follow-up  Cervical Isometric Strength 

Control Group 

 

 

 

ID 

 

 

Flexion 

 

 

Extension 

 

Right 

Flexion 

 

left 

Flexion 

 

Right 

Rotation 

 

Left   

Rotation 

 

 

GCIS 

 

        

27 27.3 36.1 26.1 25.1 22.1 21.1 157.0 

28 30.1 43.3 28.4 27.1 18.8 19.2 166.1 

29 32.2 35.8 27.4 26.8 24.3 25.2 169.3 

30 33.8 62.9 32.8 40.3 23.8 23.1 215.4 

31 17.7 31.1 22.1 22.3 19.2 18.5 129.4 

32 54.4 73.4 53.7 40.1 36.7 38.1 295.4 

33 38.1 36.8 28.2 28.1 23.4 27.1 181.4 

34 63.3 74.1 43.8 48.6 29.7 32.9 290.4 

35 41.9 45.2 45.1 38.1 26.7 28.9 224.8 

36 40.7 48.7 31.1 32.8 27.1 25.6 205.1 

37 39.4 34.7 28.7 33.5 30.2 25.6 180.7 

38 15.4 28.1 11.4 23.2 10.1  9.1  84.6 

39 21.3 23.7 13.2 11.3 10.2 11.1  92.3 

40 18.4 27.1 17.1 14.2 13.1 10.7  99.5 

41        

42 14.8 13.1 13.4 12.1 10.1  9.9  81.5 

43 32.3 44.6 21.4 20.7 17.2 16.5 152.4 

44 23.4 27.7 15.3 12.7 12.7 12.5 102.8 

45 27.6 33.8 23.8 17.3 18.4 22.5 141.7 

46 12.7 20.1 10.8 11.2  7.2  8.1  69.4 

47 19.2 25.2 19.1 22.7 19.1 17.3 121.4 

48 19.4 34.7 15.2 12.7 14.2   9.3 103.4 

49 35.1 44.6 32.7 29.6 30.5 25.7 196.4 

Note. Cervical isometric strength was measured in lbs. 
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Table F-11. Raw Data Pre-season Cervical Range of Motion Rugby 

Group 

  

 

 

ID 

 

 

Flexion 

 

 

Extension 

 

Right 

Flexion 

 

left 

Flexion 

 

Right 

Rotation 

 

Left   

Rotation 

 

 

GCROM 

 

        

1 35.6 57.1 54.6 36.0 81.3 60.0 324.1 

2 45.6 81.3 39.6 48.0 71.3 48.3 334.3 

3 36.6 59.1 25.3 31.0 61.6 71.0 284.6 

4 41.1 78.3 33.0 42.0 51.3 66.0 311.6 

5 46.3 55.1 36.3 36.3 42.3 70.6 287.0 

6 60.1 70.6 40.6 38.0 65.0 68.0 342.3 

7 48.6 81.0 43.0 51.6 76.3 79.3 380.0 

8 52.6 63.0 41.6 42.0 68.0 62.0 329.6 

9 53.3 53.6 45.3 34.0 68.0 64.6 319.0 

10 53.3 74.3 20.0 35.3 54.6 55.3 302.6 

11 44.3 84.3 40.6 43.3 66.3 76.3 330.3 

12 42.6 59.3 38.0 40.0 61.6 58.0 285.6 

13 52.3 56.6 47.6 32.0 70.6 54.3 307.6 

14 44.3 59.6 40.0 35.6 61.6 71.3 319.6 

15 55.1 64.6 38.0 55.6 68.0 64.0 321.3 

16 59.6 77.3 42.0 42.0 76.6 81.3 398.3 

17 39.1 71.3 54.0 41.6 52.6 50.3 295.3 

18 57.1 68.0 41.3 38.3 71.3 68.3 344.6 

19 58.2 61.0 46.0 56.6 72.6 76.0 341.3 

20 39.6 61.0 54.0 42.0 67.3 62.3 303.3 

21 51.3 58.1 41.0 43.0 53.6 57.3 361.1 

22 61.6 76.1 46.6 33.0 63.0 71.6 302.2 

23 45.1 63.7 38.0 39.0 60.0 63.0 325.1 

24 52.6 75.6 36.6 53.6 69.6 51.3 386.7 

25 55.3 75.6 40.0 45.0 75.0 87.0 361.1 

26 49.6 76.0 52.0 48.0 68.3 70.0 324.5 

Note. Cervical range of motion is measured in degrees. 
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Table F-12. Raw Data Follow-up Cervical Range of Motion Rugby Group  

 

 

ID 

 

 

Flexion 

 

 

Extension 

 

Right 

Flexion 

 

 

left 

Flexion 

 

Right 

Rotation 

 

Left   

Rotation 

 

 

GCROM 

        

1 42.6 46.6 39.6 26.6 58.6 59.6 274.0 

2 64.6 50.0 41.6 42.0 71.6 65.6 335.3 

3 41.0 55.3 22.0 29.3 61.6 62.0 271.6 

4 47.0 56.0 18.0 32.3 53.6 61.6 268.6 

5 57.6 48.0 32.0 33.0 68.0 53.0 291.6 

6        

7 45.6 68.0 44.3 44.3 71.6 50.3 324.0 

8 48.3 61.0 38.3 39.0 68.6 65.3 320.6 

9 58.3 55.6 40.3 34.3 70 68.3 326.0 

10 40.3 82.3 37.3 38.6 69.6 70.3 338.6 

11 50.3 58.3 40.3 40.0 68.0 68.3 324.3 

12 40.6 39.3 30.0 29.3 47.3 51.3 238.6 

13 50.3 59.6 39.6 33.6 64.6 58.6 306.6 

14 42.6 56.6 37.0 36.3 68 68.0 308.6 

15        

16 58.3 73.3 48.0 49.3 78.0 80.0 386.3 

17 59.3 58.3 38.0 37.6 50.6 67.6 311.3 

18 54.6 79.0 40.3 42.0 76.6 67.0 360.6 

19        

20 38.6 50.3 47.0 40.6 63.6 61.3 301.3 

21 47.3 52.0 31.6 43.3 41.0 39.0 254.1 

22 58.6 78.0 40.6 40.0 66.6 71.6 355.2 

23 54.1 61.0 45.0 42.3 61.0 67.6 331.1 

24 51.6 56.6 37.6 42.0 67.6 70.0 325.3 

25 62.3 77.3 39.0 43.6 72.0 72.0 366.1 

26 44.6 68.6 46.0 47.3 68.0 68.0 342.5 

Note. Cervical range of motion is measured in degrees. 
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Table F-13. Raw Data Pre-season Cervical Range of Motion Control Group 

 

 

ID 

 

 

Flexion 

 

 

Extension 

 

Right 

Flexion 

 

left 

Flexion 

 

Right 

Rotation 

 

Left   

Rotation 

 

 

GCROM 

 

        

27 58.6 71.6 53.3 58.3 82.6 72.0 396.6 

28 25.3 66.6 33.3 36.6 63.6 63.3 316.3 

29 43.6 84.6 31.6 33.6 61.3 67.6 322.6 

30 61.0 45.0 41.0 41.0 59.6 69.6 317.6 

31 72.0 73.3 42.0 43.0 62.0 80.0 372.1 

32 67.3 84.6 45.6 43.3 83.6 82.3 407.3 

33 62.3 60.3 44.3 50.0 68.3 69.6 355.1 

34 50.0 64.0 49.0 46.6 68.3 63.6 341.6 

35 53.0 80.0 53.6 53.0 72.6 62.6 375.1 

36 62.0 58.0 38.0 28.0 62.3 70.3 318.6 

37 52.6 62.3 34.6 44.0 62.0 60.6 316.3 

38 53.0 71.0 45.0 48.0 65.0 70.0 352.6 

39 39.3 59.3 32.0 32.3 82.0 80.0 325.6 

40 38.0 76.0 39.0 35.0 65.0 61.3 314.6 

41 40.6 59.6 46.6 47.6 64.0 72.0 330.3 

42 42.3 68.6 39.6 38.6 63.0 64.0 316.6 

43 46.3 64.3 61.0 46.3 71.6 70.0 359.6 

44 50.6 56.3 38.0 38.0 62.6 59.6 305.3 

45 51.3 57.3 47.3 44.0 67.3 62.6 330.1 

46 49.3 56.6 26.0 31.0 50.3 52.0 265.3 

47 56.3 37.0 41.0 33.3 59.0 68.0 294.6 

48 43.0 52.0 39.0 37.3 70.6 73.0 315.1 

49 54.6 62.0 38.0 41.3 53.0 62.3 311.3 

Note. Cervical range of motion is measured in degrees. 
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Table F-15. Raw Data Pre-season Neck Reposition Error Rugby 

Group 

 

 

 

ID 

 

 

 Flexion 

 

 

Extension 

 

 Right     

Rotation 

 

 Left 

 Rotation 

 

 

 

TNRE 

 

 

MaxNRE 

 

       

1  2.9 7.1  5.4  3.5 18.9 23.1 

2  3.9 4.3  6.2  5.3 19.8 27.6 

3  3.9 4.5  7.3  4.2 20.0 27.4 

4  3.9 7.1  3.1  2.4 16.7 25.3 

5  3.6 4.8  5.6  3.7 17.8 28.2 

6  5.3 3.0  4.5  3.8 16.8 22.8 

7  3.8 3.6  8.6  8.2 24.4 27.8 

8  8.6 8.2  8.4  9.1 34.5 46.3 

9 12.2 5.2  5.3 11.7 34.6 48.3 

10  2.6 4.9  4.0  6.8 18.5 26.1 

11  2.9 5.4  6.6  5.8 20.9 28.7 

12  1.2 2.3  3.6  7.0 14.4 21.6 

13 10.0 9.5  8.1  2.1 29.9 37.0 

14  0.6 2.1  1.7  2.2  6.8  9.9 

15  2.6 3.2  1.4  2.8 10.2 18.1 

16  4.8 9.0  7.5  6.9 28.3 34.1 

17  5.1 5.2  6.1  6.0 22.6 32.9 

18  1.8 4.2  4.4  4.4 14.9 19.1 

19  2.5 2.8  4.4  1.6 11.5 14.5 

20  3.3 8.5  8.6  6.7 27.2 36.3 

21  2.5 3.5  4.4  3.1 13.6 19.0 

22  2.0 3.5  1.9  3.8 11.4 18.1 

23  2.2 3.4  6.7  8.1 20.6 30.4 

24  2.2 8.4 11.7 10.6 32.9 51.5 

25  5.2  6.3  7.7  6.9 26.2 45.2 

26  2.8 6.3  4.8  7.0 21.0 25.7 

Note. Cervical range of motion is measured in degrees. 
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Table F-16. Raw Data Follow-up Neck Reposition Error 

Rugby Group  

 

 

 

ID 

  

 

Flexion 

 

 

Extension 

  

Right     

Rotation 

  

Left 

 Rotation 

 

 

TNRE 

 

 

MaxNRE 

 

       

1  0.9 8.5  2.6  1.9 14.1  18.2 

2  2.4 3.4  3.3  2.1 11.4  14.1 

3  0.8 4.2  2.1  4.0 11.3  16.8 

4  3.7 2.5  3.4  1.3 11.1  14.8 

5  2.8 5.9  1.6  5.8 13.2  20.7 

6       

7  3.8 1.9  3.6  1.8 11.2  16.8 

8  5.7 8.1  8.6 14.9 37.5  45.3 

9  6.5 7.8 20.1 11.9 46.1  77.2 

10  8.0 2.4  3.5  2.6 16.3  22.7 

11  3.7 6.1  2.6  3.3 15.9  27.7 

12  3.1 2.8  4.1 10.5 20.9  28.2 

13  6.1 3.5  4.8  7.7 22.3  33.1 

14  3.7 2.5  3.2  1.3 10.9  14.5 

15       

16  2.6 6.7  9.5  9.5 28.5  32.5 

17  3.5 4.4  6.0  4.2 18.2  24.1 

18  2.2 1.5  3.0  3.7 10.6  16.8 

19       

20  2.4 6.1  2.7   6.0 17.3  28.3 

21  2.9 4.6  3.6  6.2 17.5  28.1 

22  3.8 3.4  2.7  1.8 11.8  18.1 

23  3.3 2.6  3.3  4.5 13.8  22.1 

24 29.6   19.7 12.0  5.0 66.5 121.3 

25  4.5 2.4  6.4  7.0 20.5  28.1 

26  4.4 3.9  4.0  4.4 16.9  21.2 

Note. Cervical range of motion is measured in degrees. 
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Table F-17. Raw data Pre-season Neck Reposition Error 

Control Group  

 

 

 

ID 

  

 

Flexion 

 

 

Extension 

 

 Right     

Rotation 

  

Left 

 Rotation 

 

 

TNRE 

 

 

MaxNRE 

 

       

27  2.9  1.1 2.9 2.3  9.4 11.7 

28  5.3  3.2 5.5 1.5 15.6 19.0 

29  4.1 11.8 5.1 7.2 28.3 52.1 

30  8.9 11.0 7.4 9.5 37.0 45.0 

31  2.9  4.1 5.3 2.2 14.6 19.5 

32  5.0  2.6 2.0 5.2 15.0 18.1 

33  3.5  3.9 9.2 4.2 21.0 26.6 

34  0.9  3.2 2.2 2.5  9.1 12.4 

35  5.6  7.8 2.2 5.0 20.8 24.1 

36  2.1  3.1 2.9 1.3  9.5 11.5 

37  4.4  2.5 1.9 7.0 15.9 23.7 

38  4.7  3.0 8.9 7.4 24.2 33.6 

39 16.0  7.9 9.1 11.6 44.7 53.0 

40  3.7  2.2 4.7 1.8 12.6 22.1 

41  3.6  4.2 4.7 18.5 31.2 38.0 

42  3.4  6.2 2.5 2.1 14.3 21.5 

43  2.6  4.0 5.7 3.0 15.3 21.0 

44  1.9  2.4 1.5 4.8 10.8 15.1 

45  1.1  5.1 3.3 3.9 13.5 20.7 

46  1.7  2.9 4.6 4.7 14.0 19.3 

47  3.8  3.0 2.6 2.8 12.4 15.6 

48  3.0  5.3 1.0 4.0 13.4 19.8 

49  1.8  3.2 4.9 3.4 13.4 20.1 

Note. Cervical range of motion is measured in degrees. 
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Table F-18. Raw Data Follow-up Neck Reposition Error Control 

Group  

 

       

 

ID 

  

Flexion 

 

Extension 

 Right     

Rotation 

 

 Left 

 Rotation 

 

TNRE 

 

MaxNRE 

       

27 3.8 1.7 1.5  1.5  8.7 13.9 

28 3.7 3.1 3.5  3.7 14.1 16.6 

29 4.7 3.2 2.6  6.2 16.9 19.3 

30 2.3 2.6 2.6  6.3 14.1 17.8 

31 3.0 3.6 5.1  1.6 13.4 22.4 

32 2.2 2.7 2.7  2.5 10.2 15.3 

33 3.9 5.8 2.9  3.6 16.4 19.7 

34 1.4 3.6 4.9  8.9 18.9 24.4 

35 4.6 2.5 3.8  1.8 12.9 21.6 

36 1.1 1.8 2.8  1.5  7.3 10.2 

37 4.2 3.7 2.3  4.7 15.0 20.4 

38 2.0 2.0 3.5  7.7 15.3 19.5 

39 3.7 1.3 4.7  3.6 13.5 20.4 

40 3.8 3.2 6.4  5.2 18.7 21.4 

41       

42 1.3 2.1 0.8  1.6  6.0  6.0 

43 2.1 3.8 4.3  5.9 16.2 16.2 

44 4.8 2.3 1.6  3.6 12.5 12.5 

45 3.5 8.3 5.8  6.8 24.6 24.6 

46 3.6 2.3 2.3  5.3 13.5 13.5 

47 0.9 1.5 4.8  1.8  9.1  9.1 

48 3.1 3.3 3.4 12.3 22.3 22.3 

49 1.8 4.8 3.3 11.3 21.5 21.5 

Note. Cervical range of motion is measured in degrees. 


