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ABSTRACT ARTICLE HISTORY
Objective: To report pre-season baseline concussion assessment performance among senior rugby Received 19 February 2021
players and explore associations between assessment performance and player demographics. Revised 10 June 2021
Design: A cross-sectional study using the New Zealand Rugby Concussion Assessments (NZRCA), com-  Accepted 22 August 2021
prising symptom, cognitive and dynamic coordination assessments was conducted in the 2018-2019 KEYWORDS

season. Concussion; baseline;

Methods: Players’ baseline assessments were characterised using descriptive statistics; effect sizes (ES) management; rugby;
and t-tests were used to explore associations between player demographic characteristics and NZRCA normative
performance.

Results: A total of 733 players (11.4% female) aged between 16 and 52 years completed the NZRCA. The

median (range) value for symptom severity, endorsed symptoms and “percentage normal” was respec-

tively, 5 (0-40), 5 (0-21) and 90% (30-100%). A perfect standardised assessment of concussion score was

achieved by one participant; seven achieved >27/30 for immediate recall, and 22 achieved a perfect

delayed recall score. Most participants (n = 674, 92%) passed the tandem gait test. Associations between

NZRCA performance and gender, concussion history, and Pasifika ethnicity were observed with effect sizes

ranging from small (0.18) to large (0.70). Six hundred and twenty-three (85%) participants reported at least

one symptom.

Conclusions: The results from this study could help support decision-making by clinicians, improving the
management of concussions in the community setting.

Introduction Various tools for concussion assessment have been devel-
oped to assist with evaluating sports-related concussion (17).
Testing with the widely adopted Sports Concussion
Assessment Tool (SCAT) provides a score of an individual’s
neurocognitive function across different dimensions such as
cognitive status, gross neurological function and symptomol-
ogy (12). However, uptake and implementation of this tool,
particularly in primary care setting, is limited, partly due to
total time required to complete the SCAT assessment (18-22).
In NZ, General Practitioners (GPs) are publicly funded for 15-
minute clinical appointments; however, a SCAT5 assessment
takes approximately 10 minutes to complete if an individual is
familiar with the assessment (12), highlighting the challenges
with respect to its utility in this environment.

In 2017 NZR worked with local GPs in four provincial
unions in NZ to explore the use of current best practice
concussion guidelines, which included the use of the
SCATS5 (12). Post-season, GPs reported significant challenges
diagnosing and managing concussions due to: a lack of

Among full-contact sports, rugby union (rugby) has taken
a proactive role to improve player welfare following
a concussion (1-4). In New Zealand (NZ), estimates suggest
10 per 1000 players per year make an injury claim for concus-
sion; that rate doubles for players aged between 18 and 20 years
(5), with peaks in sub-elite competition (6). However, the true
incidence of concussion is likely to be underreported due to
low levels of concussion literacy and reporting behaviors in
players (7) and inconsistent quality of care (8-11).

Early identification of suspected concussions, removal from
sports, and referral to healthcare professional are the key com-
ponents of quality concussion care (2-4,12). Delays in diagno-
sis and recovery ultimately compromise player welfare (13,14),
leaving players more susceptible to prolonged recovery (15)
and other musculoskeletal injuries (16). Subsequently, the
timely and appropriate management of concussion in the com-
munity is a priority area for World Rugby (2) and NZ Rugby
(NZR) (3,7).
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familiarity with current best practice and return to play
guidelines, in experience with the use of standardized tools
(e.g., SCATS5), insufficient time to properly examine or medi-
cally clear players and relatively minimal regular exposure to
concussive injuries (4). Similar strategies have been taken to
use evidence-based approaches in other countries (e.g.,
Canada (23), USA (24)), to enhance the uptake of the
SCAT. To address these challenges NZR developed the
NZR Sport Concussion Assessment Pathway (NZRCAP),
a protocol designed to minimize the time burden and diffi-
culty of utilizing the SCAT5 and to ensure appropriate lit-
eracy levels of components such as the symptoms measure
descriptors (4). This resulted in a subset of components from
the SCAT5 (25), Child SCAT5 (26) and SCAT3 (27) being
selected. Each of the selected components from the SCAT
assessments has been independently validated (28-31) and is
often used independently. The selected sub-components are
collectively referred to as the NZR Concussion Assessment
(NZRCA) (4).

In the absence of gold-standard diagnostic criteria for con-
cussion, the clinical utility of assessment measures can be
enhanced if an individual’s score on the measured dimensions
(following a suspected concussive event) are compared against
pre-injury scores (2,32,33). Similarly, knowledge of specific
population-level baseline norms could support the interpreta-
tion of individual scores where baseline assessment data are not
available (32,33), assisting clinical decisions about a player’s
concussion status (33,34). Normative data for concussion
assessment has been collected to establish reference values
among professional ice hockey (35) and rugby players
(33,34), high school rugby players (36) and collegiate-level
athletes (37). As baseline performance may vary by sport,
level of competition and population characteristics, it is impor-
tant to develop population-specific norms (38). Therefore, in
the absence of individual baseline assessment and NZ-specific
population data for the NZRCA, the purpose of this study was
to (i) report reference population performance data for com-
munity-based adult rugby players in NZ, and (ii) explore the
impact that player demographic factors have on NZRCA sub-
component scores.

Method
Design

This prospective cross-sectional study of community rugby
players’ baseline NZRCA performance sits within a larger pro-
gramme in NZR that targets positive concussion attitudes,
behavior changes, and reporting in the community setting
(3). Ethics approval was obtained from the University of
Otago Ethics Review Board (approval 18/087) to conduct this
project.

Participants

All premier players (highest level of amateur community club
rugby in NZ) registered with the involved rugby teams were
eligible to participate. Players were excluded if they had sus-
tained a concussion in the previous 3-months or sustained

a lower limb injury that could have influenced their tandem
gait performance. All players were informed of the goals of the
study and provided written informed consent.

Recruitment and sampling

Recruitment of community rugby players was undertaken
through three provincial rugby unions (PUs) over the 2019
and 2020 seasons. By design the three PUs covered a range of
geographical locations, ethnicities, and socioeconomic back-
grounds. PUs provided locality consent for their clubs’ parti-
cipation. A research team member (DS) contacted clubs and
their respective premier-level team managers to participate in
the study. After receiving approval from a relevant club/team-
level representative (e.g., club president, coach, or team man-
ager), individual players were invited to participate.

Baseline assessment

The NZRCA (4) consists of independent components and sub-
components selected from the SCAT5, Child SCATS5, and
SCAT3: (i) symptom assessment (Child SCAT5 symptom
checklist (26)), symptom severity (rating 0-3; sum 0-63),
endorsed symptoms (0-21), percentage feeling normal (rating
1-100%)); (ii) cognitive assessment (Standardized Assessment
of Concussion 50 (SAC50; 0-50), sum of the immediate 10-
word recall (0-30), delayed 10-word recall (0-10) and orienta-
tion (0-5, 12)); (iii) concentration assessment (total score (0-5)
sum of digits backwards (0-4) and months in reverse (0-1))
(12) and (iv) dynamic coordination assessment (tandem gait
(fastest tandem gait time in seconds and pass/fail rate) (39)).
The NZRCA is part of the NZR concussion assessment path-
way that was developed in collaboration with local GPs in NZ
and is described in detail in Table 1.

Protocol

Baseline NZRCA data were collected during the pre-season
/start of season by a trained research assistant, team manager
or support staff using a bespoke NZRCA data collection mobile
phone application (CSx, Auckland, NZ). To minimize partici-
pant burden, participants were typically assessed prior to
a training session, in a quiet room at their club’s training
facilities.

Demographic details, including self-reported clinical diag-
nosis of concussion and brief medical history were collected
using a paper-based questionnaire prior to the baseline assess-
ment. The sample was stratified by age (<22 years, 223 years),
gender (males, females), ethnicity (NZ European, Maori and
Pasifika) and history of concussion (yes, no). Pasifika is a broad
and diverse term that encompasses individuals from or whose
ethnic heritage links them to various Island nations and com-
munities (e.g., Samoa, Tonga) in the South Pacific (40). The
NZRCA components were recorded and instantaneously
uploaded to a secure server using the specifically designed
CSx mobile App (33,41). Participants’ demographic character-
istics were linked with NZRCA data exported from CSx using
a unique identifier to ensure participant anonymity.
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Table 1. Summary of items included in the New Zealand rugby concussion assessment

Items from the NZR concussion assessment Reference SCAT version Data format

(1) Demographic details

(1) Red flags (52) SCAT5 Yes, no

(1) Concussion yellow flags (52)

(a) Concussion injury history

(i) Have you been diagnosed with a concussion before? SCAT5 Yes, no

() How many concussions have you been diagnosed with? SCAT5 Number

(i) How long was the return to play period of your last concussion? SCAT5 Days

() When was your most recent concussion? SCAT5 Date

(i) How many concussions have you had in the past 12 months? Number

(a) Other medical history (52)

(i) Have you ever been diagnosed or treated for a learning disorder or dyslexia? SCAT5 Yes, no

(i) Have you ever been diagnosed or treated for ADD or ADHD? SCAT5 Yes, no

(i) Have you ever been diagnosed or treated for headaches/migraines? SCATS Yes, no

(i) Have you ever been diagnosed with depression, anxiety, or other psychiatric disorder? SCAT5 Yes, no

(i) Have you ever been hospitalized for a head injury? SCAT5 Yes, no

(1) Neurological exam

(1) Head and cervical spine assessment (52)

(i) Does the athlete report that their neck is pain free at rest? SCAT5 Yes, no

(i) If there is NO neck pain at rest, does the athlete have a full range of ACTIVE pain-free movement? SCAT5S Yes, no

(i) Is the limb strength and sensation normal? SCATS Yes, no

(1) Symptom checklist (Part of NZRCA) (26) (56) Child SCAT5 0-3

Total number of symptoms (sum of endorsed symptoms) Child SCAT5 0-21

Symptom severity score (sum of symptom severity ratings) Child SCAT5 0-63

Percentage normal Child SCAT5 0-100; (0) very bad,
(100) very good

(1) Cognitive assessment (Part of NZRCA) (29)

(@) Immediate memory SCAT5S 0-30 (10-item list)

(a) Delayed recall SCAT5 0-10 (10-item list)

(a) Orientation (higher scores are better) SCAT5 0-5

(a) Concentration assessment

Digits backwards (sum of 4 trials; 1 point per trial) SCAT5 0-4

Months in reverse order SCAT5 0-1

(1) Dynamic coordination assessment (Part of NZRCA) (30, 31)

Tandem Gait (best time of 4 trials; >14 seconds is a failed trial) SCAT3 Duration (secs) & pass/

fail

SCAT3: McCrory, P. (2013). “Consensus Statement on Concussion in Sport — The 4th International Conference on Concussion in Sport Held in Zurich, November 2012.”

Physical Medicine & Rehabilitation 5 (4): 255-279.

Child SCAT5¢: Davis, G. A. (2017). “The Child Sport Concussion Assessment Tool 5th Edition (Child SCAT5): Background and rationale.” British Journal of Sports Medicine

51 (11): 859-861.

SCAT5¢: Echemendia, R. J. (2017). “The Sport Concussion Assessment Tool 5th Edition (SCAT5): Background and rationale.” British Journal of Sports Medicine 51 (11):

848-850.
21-item checklist adopted from the Child SCAT5 symptom scale®
™10-word list size adopted from the SCAT5®

Data analysis

The distribution of the NZRCA components and sub-
components were summarized by their mean (SD [95% CI]),
median [IQR], and minimum/maximum value. The SAC50
score was calculated as the sum of scores for orientation, 10-
item immediate memory, and delayed recall and concentration
(25). The tandem gait time was recorded in seconds and ranked
as a pass/fail based on the players’ ability to complete one of
four trials within the 14-second time threshold (27).

The sample was stratified (Table 1) and summary variables and
distributions were explored graphically for normality using histo-
grams. Median and range scores were generated for the overall
sample for each of the NZRCA components. Standardized effect
sizes were calculated using Cohen’s d where 0.2, 0.5, and 0.8 are
considered thresholds for small, medium and large effect sizes (ES),
respectively (42). The mean differences (MDs) between groups
were assessed for statistical significance using the independent
samples t-test. Where appropriate, the ANOVA family-wise error
rate was controlled with a Games-Howell post hoc adjustment
based on unequal variance between the groups. An alpha of
<0.05 assessed statistical significance. Pearson’s chi-squared test
was used to assess differences between the pass/fail rates (%) for

months in reverse and tandem gait. A sensitivity analysis using the
Mann-Whitney U-test and Kruskal Wallis test (Bonferroni
adjusted) was also used to assess the robustness of the significant
parametric test results.

Normative ranges for the NZRCA components were cal-
culated based on methods described elsewhere (33,43,44).
Briefly, cutoffs were based on percentile ranges correspond-
ing to performance intervals of broadly normal (0-75" per-
centile rank), above/below average (76-90" percentile
rank), unusually high/low (91%4-98™ percentile rank) and
extremely low/high (>98" percentile rank) (43). Cutoffs
were applied as close as possible to the defined performance
intervals (43). Percentiles were calculated in the direction of
decreasing performance for each NZRCA component. All
analyses were completed using SPSS Statistics (Version 25,
Armonk, NY, IBM Corporation).

Results

Over the 2019-2020 season 29 teams consented to participate
with a total of 989 registered players. A total of 733 players
(n = 649 males, n = 84 females; age mean
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Table 2. Sociodemographic characteristics of premier rugby players (n = 733).

Demographic characteristics n (%)
Age

<22 397 (54.8)

>23 328 (45.2)
Ethnicity

New Zealand European 386 (53.0)

Maori 140 (19.2)

Pacific 165 (22.7)

Other 37 (5.1)
Gender

Male 649 (88.5)

Female 84 (11.5)
Self-reported history of concussion

Yes 352 (51.1)

No 337 (48.9)
Self-reported medically diagnosed concussion number

0 337 (48.9)

1 152 (20.7)

2 114 (15.6)

3 56 (7.6)

>3 30 (4.1)
Hospitalized for head injury

Yes 117 (17.0)

No 570 (83.0)
History of migraines or headaches

Yes 113 (16.5)

No 574 (83.6)
History of learning disability

Yes 31 (4.5)

No 656 (95.5)
History of ADD or ADHD

Yes 24 (3.5)

No 663 (96.5)
History of anxiety and depression, or other mental health fdisorder

Yes 43 (6.3)

No 644 (93.7)

Note: ADD = attention deficit disorder; ADHD = Attention deficit hyperactivity
disorder

+SD = 23.3 + 4.3 years, range 16-42; n = 3 females and n = 1
male <18 years) consented to be involved and were baseline
tested (Table 2). A total of 53% participants identified as NZ
European, 23% as Pasifika, 19% as Maori, and 5% as ‘other’

Trouble Learning
Trouble Figuring Things Out
Trouble Completing Tasks
Forgetful

Confused

Daydream Too Much
Trouble With Instructions
Trouble Remembering
Trouble Concentrating
Distracted Easily

Trouble Paying Attention
Easily Tired

Often Tired

Sore Neck

Nausea

Double Vision

Blurred Vision

Feel Faint

Room Spinning

Dizzy

Headache

Symptom descriptor

ethnicity. Over half (54%) of the participants were <22 years of
age (n = 397). A history of self-reported concussion was
reported by 51% (n = 352) of respondents, of which 76%
(n = 266) reported 1-2 concussions and 24% (n = 86) reported
three of more diagnosed concussions. The majority of partici-
pants (83-97%) reported no history of any health condition.

At the time of assessment, 85% of the sample reported at
least one symptom (Figure 1). The five most reported symp-
toms were ‘forgetful’ (n = 406, 55%), ‘distracted easily’ (n = 372,
51%), ‘trouble remembering’ (n = 362, 49%), ‘often tired’
(n = 335, 46%) and ‘trouble paying attention’ (n = 294, 40%).

Descriptive variables for the NZRCA components and sub-
components are presented in Table 3. The median symptom
severity score was 5 (range: 0-40). The median number of
endorsed symptoms was 5 (range: 0-21). Severity for symp-
toms was primarily rated as ‘a little.” The median value for
“what percent of normal do you feel” was 90% (range: 30-
100%). A perfect score on the SAC50 was achieved by one
participant; n = 7 achieved 227/30 for immediate recall; and
n = 22 achieved a perfect 10/10 delayed recall score. Most
participants (92%, n = 672) passed the tandem gait test with
a median time of 12.3 seconds (range: 7.5-25 seconds). The
distributions of the NZRCA components are reported in Table
3. Some components were not normally distributed, resulting
in normative ranges selected as close as possible to the pre-
defined percentile intervals (Table 4).

The NZRCA component scores stratified by age and gender
are summarized in Table 5. When the study cohort was exam-
ined by age, including both male and female players, younger
players (<22 years) scored significantly higher by 1.2-points on
the SAC50 (95% CI [0.3, 2.1], ES:0.22;), but performed 0.3 sec-
onds slower on the dynamic coordination assessment (95% CI
[0.1, 0.6], ES:0.21) and were more likely to fail (5% differ-
ence; p = .01).

Compared to females, males reported 1.9-points lower
on the symptom severity (95% CI [-3.6, —0.3], ES:-0.26)
and endorsed 1.2 fewer symptoms (95% CI [-2.1, -0.1],
ES:-0.25). Males scored significantly lower than females on

M Not at all
W Alittle

W Somewhat
B Aot

40 60 80 100

% Population symptom score

Figure 1. Total sample distribution (n = 733) of endorsed symptoms and symptom severity.



Table 3. The distribution or NZRCA component and sub-component scores for
premier rugby players (n = 733).

Median
NZRCA components n  Mean (SD) [IQR] Range
Symptom assessment:

Symptom severity 733 7.5 (7.3) 512] 0-40

Endorsed symptoms 733 59 (49 51[2] 0-21

Percentage normal 722 847 (15.0) 90[80] 30-100

Cognitive assessment:

SAC50 707 333 (5.7) 33 [30] 15-50
Immediate 707 19.0(3.7) 19[17] 7-30
Delayed 707  6.1(1.8) 6 [5] 1-10

Orientation 733 48(04) 5[5] 1-5

Concentration assessment:

Digits backwards 733 27(1.7) 3[2] 0-4

Months in reverse 733 0.7 (0.5) 1 [0] 0-1

Total score 733 34(13) 3[3] 0-5

Dynamic coordination assessment:
TG fastest time 733 123(1.7) 12[11.5] 7.5-25

the SAC50 by 3.9-points (95% CI [-5.2, —2.6], ES:-0.70),
0.2-points for orientation (95% CI [-0.2, —0.01], ES:-0.18)
and were more likely to fail months in reverse (15% differ-
ence; p = .005). However, males’ dynamic coordination
assessment was better than females with 10% higher pass
rate (p = .01) and 0.5 second faster tandem gait time (95%
CI [-0.9, -0.1], ES:-0.31).

Stratifying NZRCA component scores by ethnicity (Table
6), Pasifika players achieved lower scores than NZ European
and Maori across a range of components with small to mod-
erate effect sizes of 0.3-0.6. Compared to Pasifika, NZ
European players reported lower symptom severity by
2.5-points (95% CI [-4.5, —0.6], ES:-0.35), endorsed 1.5 fewer
symptoms (95% CI [2.7, —0.2], ES:-0.30), 3.2-points higher on
the SAC50 (95% CI [1.8, 4.7], ES:0.58), 2.3-points higher for
immediate recall (95% CI [1.3, 3.2], ES:0.62) and 0.6-points
higher for delayed recall (95% CI [0.1, 1.0], ES:0.33). Maori
players also scored 2.0-points higher than Pasifika players on
the SAC50 (95% CI [0.2, 3.8], ES:0.34) and 1.4-points higher on
the immediate recall assessment (95% CI [0.3, 2.6], ES:0.37).
Compared to NZ European and Maori, Pasifika players were
more likely to fail the months in reverse (13% difference;
p < .02). Compared to NZ European, Maori were more likely
to fail the tandem gait test (6% difference; p = .02).

Table 4. Normative ranges for Premier players (N = 733).
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Players with a history of self-reported concussion per-
formed significantly better on some of the NZRCA compo-
nents (Table 7). Players with a history of concussion scored
1.0-points higher on the SAC50 (95% CI [0.1, 1.9], ES:0.17),
0.7-points higher on immediate recall (95% CI [0.1, 1.2],
ES:0.18), 0.2-points higher on digits backwards (95% CI [0.1,
0.4], ES:0.20) and 0.2-points higher on total concentration
score (95% CI [0.02, 0.4], ES:0.16). The sensitivity analysis
did not produce strong evidence against the robustness of the
parametric tests. Only the association between gender and
endorsed symptom score was no longer significant following
the Mann-Whitney U-test.

Discussion

This study examined the NZRCA in community rugby
premier players to establish baseline performance reference
values and to explore the association of these values with
player demographic characteristics. The majority of players
reported some level of symptoms, which aligns with pre-
viously published data in high school players using the full
SCAT5 (36). Females reported higher symptom severity
scores, endorsed more symptoms, achieved higher scores
on SAC50, orientation and months in reverse, but recorded
slower performances on the tandem gait assessment than
males. Similar gender patterns have been observed in elite
male and female rugby players (34). When the role of
ethnicity was examined, players who identified as Pasifika
endorsed more symptoms, were more symptomatic,
achieved lower scores on the SAC50, immediate and
delayed recall. These findings align with previous research,
which has identified ethnic differences in the scores
achieved on the SCAT5 assessment (37). Older players
achieved lower scores on the SAC50 but achieved faster
times on the dynamic coordination task. Players with
a history of self-reported concussions were more likely to
perform better on the SAC50 and concentration assess-
ments, which may be explained by previous exposure to
the SCAT. Similar cognitive performance results have been
recently reported in a study examining the effect of con-
cussion in professional players (46).

NZRCA components Broadly normal % Above/below average % Unusually low/high % Extremely low/high %
(scale [worst-best]) Cutoff Cutoff Cutoff Cutoff
Symptom assessment:

Symptom severity (63-0) 0-11 75.7 12-18 15.1 19-27 74 28-40 1.8

Endorsed symptoms (21-0) 0-9 75.2 10-13 15.1 14-17 74 18-21 1.9

Percentage normal (0-100) 100-80 75.7 70-60 19.1 50 2.8 40-30 14

Cognitive assessment:

SAC (45-0) 50-30 754 29-26 15.6 25-21 7.2 20-15 1.8
Immediate 30-17 75.4 16-15 13.7 14-11 8.8 10-7 2.1
Delayed 10-5 80.6 4 12.2 3 4.2 2-1 3.0

Orientation (0-5) 5 85.2 NA NA 4 134 3-1 1.4

Concentration assessment:
Digits backwards (0-4) 4-2 88.0 NA NA 1 10.6 0 1.4
Months in reverse (pass/fail) Pass 68.8 Fail 31.2 NA NA NA NA
Total score (0-5) 5-3 75.7 NA NA 2 175 1-0 6.8
Dynamic coordination assessment:
Tandem gait (pass/fail) NA NA Pass 91.7 Fail 8.3 N/A NA
TG fastest time (seconds) 7.5-13 81.5 13.1-13.7 8.5 13.8-15.6 8.2 16-25 1.9
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Table 5. NZRCA components stratified by age and gender.

NZRCA components

Age (Mean (SD))

Age <22 (n=397) Age =23 (n=328)

Mean Difference

Gender (Mean (SD))

(95% Cl), [Effect Size]

Males (n = 649)

Females (n = 84)

Mean Difference
(95% Cl), [Effect Size]

Symptom assessment:

-1.9% (-3.6, —0.3), [-0.3]

-1.2¥" (-2.3,-0.1), [-0.2]
0.9 (-2.4, 4.3), [0.6]

-3.9% (5.2, —2.6), [-0.7]
-2.6 (0.4, -3.5), [1.3]
-1.0 (0.2, =1.4), [1.0]
-0.2¥" (-0.2, —0.01),

[-0.2]

—-0.1 (0.3, 0.2), [-0.1]

Symptom severity 7.4 (7.6) 7.7 (6.9) -0.3 (-1.4,0.8), 73 (7.1) 9.2 (8.1)
[—0.04]

Endorsed symptoms 5.7 (5.1) 6.1 (4.7) -0.4 (-1.1,0.3), [-0.1] 5.8 (4.8) 7.0 (5.4)

Percentage normal 85.2 (14.4) 84.1 (15.0) 1.1 (1.1, 3.2), [0.7] 84.9 (14.8) 84.0 (14.3)

Cognitive assessment:

SAC50 33.9 (5.5) 32.7 (6.0) 1.2% (0.3, 2.1), [0.2] 32.8 (5.7) 36.7 (5.0)

Immediate 19.2 (3.6) 18.5 (4.0) 0.8 (0.3, 1.4), [0.2] 18.7 (3.7) 21.3 (3.3)

Delayed 6.2 (1.8) 5.9 (1.8) 0.3 (0.1, 0.6), [0.2] 6.0 (1.8) 7.0 (1.7)

Orientation 4.9 (0.4) 4.8 (0.4) 0.1 (0, 0.1), [0.1] 4.8 (0.4) 5.0 (0.3)

Concentration assessment:

Digits backwards 2.8 (1.1) 2.7 (1.0 0.1 (=0.1, 0.3), [0.1] 2.7 (1.1) 2.8 (1.0)

Months in reverse pass rate, n (%)" 263 (66.2) 235 (71.6) 435 (67.0) 84 (82.1)

Total score 34(1.2) 34 (1.3) 0.04 (0.1, 0.2), [0.03] 34(1.3) 3.6(1.2)

Dynamic coordination assessment:

Tandem gait pass rate, n (%)" 355 (89.4) 310 (94.5) * 603 (92.9) 69 (82.1)

TG fastest time (seconds) 124 (1.9) 12.1 (1.5) 0.3*% (0.1, 0.6), [0.21] 122 (1.7) 12.7 (1.8)

*¥

—-0.2 (-0.5, 0.1), [-0.19]

*

—-0.5%* (0.9, —0.1), [-0.3]

*p < 0.05, **p < 0.01; "> test for months in reverse and tandem gait pass rate; No longer significant using the Mann-Whitney U test

Table 6. NZRCA components stratified by ethnicity.

Ethnicity, Mean (SD)

Mean Difference (95% Cl) [ES]

NZE Maori Pasifika
NZRCA Components (n =386) (n = 140) (n=165) NZE vs Maori NZE vs Pasifika Maori vs Pasifika
Symptom assessment:
Symptom severity 6.7 (6.6) 7.7 (6.7) 9.2 (8.6) -1.0(-27,0.7),[-0.2] -2.5%*(-4.5,-0.6), [-0.4] —1.5(-3.8,0.7), [-0.2]
Endorsed symptom 5.4 (4.8) 6.3 (4.7) 6.9 (5.3) —-0.9 (-2.0, 0.4), [-0.2] -1.5% (-2.7,-0.2), [-0.3] —0.6 (2.1, 0.8), [-0.1]
Percentage normal 85.1(144) 83.0(144) 85.2(15.9) 2.1 (-1.6,5.8), [0.2] —-0.1 (-3.9, 3.7), [-0.01] —-2.2(-6.8, 2.4), [-0.1]
Cognitive assessment:
SAC50 342 (5.2) 33.0 (5.6) 31.0 (6.3) 1.2 (-0.2, 2.7), [0.23] 3.2%** (1.8, 4.7), [0.6] 2.0** (0.2, 3.8), [0.3]
Immediate 19.6 (3.4) 18.8 (3.6) 17.4 (4.1) 0.8 (-1.7,0.1), [0.2] 2.3%*% (13, 3.2), [0.6] 1.4%* (0.3, 2.6), [0.4]
Delayed * 6.3 (1.7) 6.0 (2.0) 5.7 (2.0) 0.3 (-0.2, 0.8), [0.2] 0.6** (0.1, 1.0), [0.3] 0.3 (0.3, 0.9), [0.1]
Orientation ' 4.8 (0.4) 4.9 (0.3) 4.8 (0.5) —0.04 (-0.1, 0.1), [-0.1] 0.07 (0.1, 0.2), [0.2] 0.1 (0, 0.2), [0.2]
Concentration assessment:
Digits backwards 2.8 (1.1) 2.6 (1.0) 2.6 (1.1) 0.2 (0.1, 0.4), [0.1] 0.2 (-0.1, 0.5), [0.2] 0.1 (0.3, 0.4), [0.1]
Months in reverse pass rate, n (%)" 274 (71.0) 99 (70.7) 95 (57.6) ** *
Total score’ 3.5(1.2) 34(1.2) 3.2(1.3) 0.2 (0.2, 0.5), [0.1] 0.3* (0, 0.7), [0.3] 0.2 (-0.2, 0.6), [0.2]
Dynamic coordination assessment:
TG fastest time 122 (1.5) 1229 (1.6) 125(23) —0.1 (-0.5, 0.3), [-0.1] —0.2 (-0.8, 0.2), [-0.1] —0.2 (-0.8, 0.4), [-0.1]

*p < 0.05; **p < 0.01, **p < 0,001

NZE = New Zealand European; the TSAC50 score is the sum of scores on these items

"x? test for months in reverse pass rate.

In the current study 85% of players endorsed at least one
symptom on the Child SCATS5 symptom checklist, in contrast
to results published among professional ice hockey players
(52%) (35), professional rugby union players (27%) (33) and
mixed sports college athletes (48%) (47). However, the Child
SCATS5 symptom checklist (26) was used in the current study,
making direct comparison of symptoms scores between studies
difficult. The decision to use the Child SCAT5 symptom check-
list was based on literacy challenges identified in the high
school population. One possible explanation for the observed
difference may be the level of comprehension of the symptom
descriptors used in the SCAT5 and Child SCAT5 where Child
SCAT5 symptom descriptors used in the current study may
have resulted higher level of comprehension. Nevertheless, in
the aforementioned studies, fatigue was consistently reported
in the top three endorsed symptoms (33,35,47). The current
study produced similar results, with ‘often tired’ ranking fourth
after ‘forgetful,” ‘distracted easily’ and ‘trouble paying

attention,” respectively. In contrast to the symptom endorse-
ment level reported for professional players of only 0-1.75
symptoms (33,35), players in the current study endorsed
a median of 5 symptoms (range 0-21). Similar results have
been observed by Black et al. (36), who also recently published
similar results in Canadian high school players (median = 6,
range 0-22). Normative ranges thus may not be generalizable
between professional and nonprofessional player cohorts, pos-
sibly explained by previous exposure to SCAT baseline testing
(46) or motivational differences between the two groups with
regards to the desire to continue playing. Higher reporting of
baseline symptoms may also reflect different cultural beliefs,
attitudes, and reporting behaviors for reporting concussion in
NZ. It would be prudent to explore such cross-cultural differ-
ences in future research.

A key finding from the current study is that at baseline
female players had higher symptom severity scores,
endorsed more symptoms and performed worse on the
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History of concussion

Mean (SD)

Yes No Mean Difference (95% Cl)
NZRCA components (n = 352) (n =337) [Effect Size]
Symptom assessment:
Symptom severity 7.8 (7.5) 7.2(7.2) 0.6 (0.5, 1.7), [0.1]
Endorsed symptom 6.1 (5.0) 5.7 (4.9) 0.4 (-0.4, 1.1), [0.1]
Percentage normal 8.4 (1.5) 8.5(1.4) —0.1 (-0.3, 0.1), [-0.1
Cognitive assessment:
SAC50 33.9 (5.5) 329 (5.9 1.0* (0.1, 1.9), [0.2]
Immediate 19.3 (3.6) 18.7 (3.8) 0.7* (0.1, 1.2), [0.2]
Delayed 6.2 (1.8) 6.1 (1.8) 0.1 (0.2, 0.4), [0.1]
Orientation 49 (0.4) 49 (0.5) 0.01 (-0.1, 0.1), [0.03]
Concentration assessment:
Digits backwards 2.9 (1.0) 2.6 (1.1) 0.2* (0.1, 0.4), [0.2]
Months in reverse pass rate, n (%)" 240 (68.2) 232 (68.8)
Total score 3.5(1.2) 3.3(1.3) 0.2* (0.02, 0.4), [0.2]
Dynamic coordination assessment:
Tandem gait pass rate, n (%)" 326 (92.6) 306 (90.8)
TG fastest time 12.3(1.7) 123 (1.7) 0.01 (-0.3, 0.3), [0]

*p < 0.05
"x? test for months in reverse and tandem gait pass rate

dynamic coordination assessment, but performed better on
the SAC50 and orientation assessments when compared to
males. The results mirror those of elite male and female
rugby players (34). A recent study by Black et al. (36),
found that in high school rugby players females experi-
enced higher symptom severity and endorsed more symp-
toms when compared to males. However, this study showed
no associations for orientation score or months in reverse
(36). In contrast, a study of high school and collegiate
athletes by Chin et al. (44) found similar results to the
current study, where females endorsed more symptoms
(ES: 0.25) and were more symptomatic (ES: 0.32). The
current study observed similar magnitudes of effect for
both symptom endorsement and symptom score, ES: 0.26
and ES: 0.25, respectively. Chin et al. (44) also found
females scored significantly higher five-word composite
SAC30 score, immediate, delayed recall and total concen-
tration score. In the current study, females reported higher
SAC50 scores and months in reverse, but no associations
were detected for immediate, delayed recall or total con-
centration score - although the mean difference between
groups tended to favor higher scores for females across
these sub-components. In contrast, a study of collegiate
athletes (47) detected no gender differences. As previously
highlighted, the proportion of females included in the cur-
rent cohort (48) reflects female participation rates at the
senior club level in NZ. The sample size is small, so caution
is needed when interpreting these data. Future research
should look to increase the number of females recruited
to ensure the validity of the reference population data as
higher symptom severity scores reported by women may
put them at a higher risk of adverse clinical outcomes post-
concussion (49).

Several significant associations were detected between eth-
nicity and NZRCA performance. When compared to NZ
European players, Pasifika players were more symptomatic,
endorsed more symptoms, and achieved lower scores on the

SAC50, months in reverse, total concentration score, immedi-
ate and delayed recall. The magnitude of effect was small to
moderate across these associations. The largest effect was
observed for immediate recall (NZ European vs Pasifika
d= 2.3, Maori vs Pasifika d= 1.4. An interesting observation
was that Pasifika achieved a lower score on immediate recall
than Maori or NZ European. We interpret that low immediate
recall performance drove lower Pasifika performance on the
SAC50, which may be attributed to two possible explanations.
Firstly, the words used for the immediate and delayed recall
measures may influence sub-components response compre-
hension for Pasifika players where English literacy challenges
exist as English may not be their first/home/preferred language
(50). English language proficiency was not assessed, yet recent
evidence suggests English as a second language may have
a positive effect on delayed recall performance (37). Further
investigation is required to confirm this assertion. Second, few
studies have investigated if normative data differ by cultural or
ethnic background. A study by Norheim et al. (37) suggested
that race/ethnicity may influence assessment performance. In
NZ, understanding the impact of ethnicity on NZRCA norma-
tive scores is important given that Maori and Pasifika ethnicity
is associated with socioeconomic disadvantage (45,51). This
disadvantage is generally associated with lower access to the
social determinants of health. In this study Pasifika players
tended to report a greater number of symptoms, greater symp-
tom severity, and lower cognitive and concentration assess-
ments. Specifically, the lower SACS50 (-3.2-points) and
immediate 10-word recall assessment (—2.3-points) perfor-
mance for Pasifika players when compared to NZ Europeans,
with their moderate-large effect sizes (0.58 and 0.62, respec-
tively) may be relevant for clinicians to understand population-
specific differences in NZRCA baseline assessment.

Our immediate and delayed recall findings suggest the
SCAT5 10-word list size addresses the ceiling effect which
has previously been associated with the 5-word recall list size
(52). Only one person achieved a perfect score for the
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immediate recall; however, 22 people were able to achieve
a perfect delayed recall score. These findings are comparable
to previous studies that have shown medians of 15-21 (range
3-30) immediate recall words and 6-7 (range 1-10)
(33,36,37).

Older players (=23 years) achieved lower scores on the
SAC50 and performed better dynamic coordination assess-
ment. However, these differences were small in effect size
(d< 0.22), suggesting that these differences may not be clini-
cally meaningful. The literature on age differences in relation to
SCAT performance is inconclusive (38). While some studies
have previously failed to find any age-related differences in
concussion presentation (35,53), other studies have identified
that younger age (<20 years) was associated with significantly
different performance on all components of the SCAT3, except
for coordination (33). As there are persistent concerns that
these identified differences may not be clinically meaningful,
further research is required.

Regarding concussion history, players with a history of self-
reported concussions achieved 1-point higher SAC50, 0.7
points higher immediate recall, 0.2-higher digits backwards
and 0.2-higher concentration total score compared to players
with no previous concussion history. Given the small effect
sizes and mean differences (0.99-0.20) for these sub-
components caution is needed with the interpretation of
these results. These findings align with normative data pub-
lished for collegiate athletes (47), collegiate rugby players (36),
professional rugby (46) and ice hockey players (35) which also
reported little, if any association between SAC performance
and concussion history. The effect of concussion history on
concussion assessment performance is still inconclusive in the
literature (38).

In community rugby in NZ, sideline medical support is
often limited and in best case scenarios access to GPs
normally occurs 48 hours post-injury (41). Additionally,
GPs will often only see a possible concussion case once
a month which encompasses all etiologies of injury, and
have a 15-minute session for the diagnosis and medical
clearance of a player (4). Given this limited exposure to
concussion management, unfamiliarity with current best
practice and/or how to use the SCAT is not unexpected.
The NZRCA was generated from a collaboration between
NZR and local GPs as a tool that could be used in primary
care, grounded in current best practice, and that would
assist with clinical decision-making. The components from
the SCAT family of assessments that comprise the NZRCA
can be completed in a 5-minute time frame, allowing
10 minutes for patient history, the physical examine and
patient education. The components included are relatively
easy to comprehend and the only requirement is the 3 m
space to conduct the tandem gait ensuring that the NZRCA
is a pragmatic tool for use within most typical GP practice
settings.

Neurocognitive assessments and symptom patterns fluctu-
ate over time and are affected by many factors such as anxiety
(54) or sleep deprivation (55). It is therefore unlikely that
perfect and stable performance across the NZRCA sub-
components is achievable. The normative data in the current
study, however, provide score distribution patterns in adult

community rugby players, which, may help inform GPs’ clin-
ical assessment of patients in NZ, along with other factors such
as vision, exertion, vestibular function, and cervical spine
assessment (12). While the NZRCAP was developed in
response to challenges observed in primary care in NZ, these
issues are not unique to NZ (19-22). These data may be used by
GPs, for example, to identify players who appear to score out-
side of the broadly normal range, which may help with the
clinical interpretation of a patient’s score.

A strength of this study is the representative sample of
community-based rugby players and the moderate sample
sizes for the ethnic groups surveyed, which make these find-
ings generalizable to other populations with similar social and
cultural characteristics. The NZRCA was developed in
response to challenges identified with the use of SCATS5 in
primary care and its implementation with players in NZ (use
of the Child SCAT5 symptom checklist). As part of a larger
NZR Community Concussion Initiative, working closely with
primary care, we ensured that the collected data are relevant
to inform clinical care (4,41). As highlighted previously in
this discussion the results observed in the current study align
with patterns and trends, which have been observed pre-
viously with the full SCAT5 and SCAT3. Thus, while the
results of this study represent population reference data of
senior rugby players in NZ these findings and the develop-
ment of the NZRCA may help inform other population refer-
ence values in other nations and sports and how best practice
can be adapted to meet the constraints of primary care.

This study has several limitations. Firstly, the sample of
female players was small. Second, multiple research assistants
were used to collect data, which may have introduced varia-
bility into the data collected; however, the use of an applica-
tion-based platform to conduct the NZRCA baseline
assessment helped minimize this source of error. Future
research should aim to establish the optimal frequency of
baseline concussion assessment for concussion detection
and increase the sample of females tested to ensure the
validity of the normative values. We also used a simple bivari-
ate analysis to explore associations between player demo-
graphic  characteristics and NZRCAT performance.
Therefore, the group differences presented in the current
study may be inflated due to other confounding variables
not included in our analysis. Players’ may have also under-
reported the true prevalence of their history of concussion
which may have minimized the true effect of concussion
history on baseline performance. Lastly, participants’ primary
and/or preferred language was not collected as part of this
study, which may better explain the differences between eth-
nicities observed in this study, rather than ethnic differences
per se.

Conclusion

This study provides population data from a neurocognitive
assessment to help inform clinical interpretation and primary
care management of concussion for nonprofessional adult rugby
players. The generation of normative population ranges for the
sub-components of the NZRCA provide GPs with some objec-
tive information to determine if a patients score post-injury or



during a medical clearance falls within a broadly normal cate-
gory or if their score falls within the “unusually” or “extremely”
low/high category, which may help inform their clinical deci-
sion. In the current cohort, 85% of players were considered
symptomatic at baseline. Gender, ethnicity, age and concussion
history influenced the scores on various NZRCA components
and sub-components. The population data generated from this
player cohort provides a NZ-specific reference for interpretation
of baseline scores in a clinical setting and may inform GPs when
using this tool for athletes as part of a concussion assessment.
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