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Abstract

Objective: To monitor the stress and recovery of players with a concussion in amateur women'’s rugby union team over recovery timelines utilising the Recovery-Stress Sport
(RESTQ-Sport) questionnaire, King-Devick (K-D) test and Post-Concussion Symptom Scale (PCSS).

Methods: A prospective observational study was undertaken following an amateur women’s domestic rugby union club-based team over two years. A K-D test was conducted
for any suspected concussion and confirmed concussions were monitored with the RESTQ-Sport, K-D test and PCSS during the concussion recovery.

Result: One training related and nine match related concussions were recorded over the study resulting in a concussion injury rate of 0.3 per 1,000 training hrs and 16.1
per 1,000 match hrs. The post-injury K-D test score was significantly slower than the baseline scores of players with a concussive injury (44.2 £7.1 s vs. 49.0 £7.3 s; X2[]]=6652.4;
p<0.0001; f(B)Z-B.O; p<0.0001). There was a significant increase in the mean score of the Fatigue scale on day-7 when compared with baseline (2.36 + 0.49 vs, 1.64 £ 0.88;

sz=4.0; p=0.0469; t,=-2.8; p=0.0040).

Discussion: The K-D test recorded a mean slowing (worsening) of reading time of -4.7 1.8 s increasing to -8.8 £2.6s on day-3 post injury. Players reported fewer symptoms
before the K-D test was equal to, or faster than, the individual players baselines.

Conclusion: The RESTQ-Sport and K-D tests were useful tools for the monitoring of individual players stress and recovery and changes of an initial cohort of amateur women’s
rugby union participants following a mild traumatic brain injury.

INTRODUCTION has been used to monitor sports team members’ overall RSS
u ) ) . during competition in basketball [6], rugby league [7,8], rugby
Orlgllnlally designed to  systematically monitor t}.le union [9] and soccer (football) [10]. The RESTQ-Sport evaluates
complexities of recovery-stress states (RSS) of athletes in 4 . frequency of both current stress symptoms and recovery-

trainir_lg or .competition, the multidimensional Recov_ery-Stress associated activities/states of the previous three days and nights
Questionnaire for Athletes (RESTQ-Sport) [1] comprises of 76, addressing both nonspecific and sport-specific areas of RSS

52 and 36 question versions. The RESTQ-Sport has been utilized [11]. A unique feature of the RESTQ-Sport is the simultaneous

for ind.ivi.dual pl.ayers as part of a recovery program [2], and in assessment of subjective RSS-associated aspects and the ability
the training environment [3-5]. More recently the RESTQ-Sport
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to provide precise starting points to enable individualised
management [3]. Although the RESTQ-Sport has been utilised
for overtraining and the monitoring of RSS in sport, it has never
been reported to have been utilised in the monitoring of players
during injury recovery. One such injury that is receiving a lot of
media and medical attention is concussion [12].

Concussion, or mild traumatic brain injury (mTBI), is defined
as a complex pathophysiological process affecting the brain,
induced by traumatic biomechanical forces [13]. A common
result of a concussion occurring are cognitive impairments such
as difficulty concentrating, memory deficiencies and lapses in
attention [14,15]. Concussion comprises both a physiological
and psychological stressor [16], that can result in attention-
related deficits and this may be an underlying factor that leads
to more general deficits in cognitive function [17,18]. As a result,
the affected person is forced to cope with changes to the various
abilities that were available to them pre-injury [19].

The impact of a concussion on the individual can vary from a
mild physical or cognitive disability through to a pervasive set of
physical, behavioural, emotional, and cognitive deficits that can
disrupt normal functioning throughout their lifetime [20]. The
impact of stressful life events, including those related to an injury
(e.g., inability to return to sport or work, changes in academic
capabilities, financial hardships), are reported as important
factors in the eventual outcome of a person with a concussive
injury [21]. It has been reported that there is a relationship
between the level of stress, and incidence of a variety of physical,
emotional, and psychological symptoms related to concussion
[22]. For example, the anxiety/mood clinical profile after
concussion is characterized by emotional disturbance such as
experiencing anxiety, feelings of depression, hypervigilance of
somatic complaints, and sleep dysregulation [23]. In order to help
identify and address these changes, several tools and behavioural
therapies [20,24] have been developed but as yet no single tool
has been able to directly address both the stress and recovery
aspects of a concussive injury.

Therefore, the objective of this study was to monitor the
stress and recovery of players with a concussion in an amateur
women'’s rugby union team over a competition season utilising
the RESTQ-Sport, King-Devick (K-D) test and Post-Concussion
Symptom Scale (PCSS).

METHODS

A prospective observational study was undertaken following
an amateur women’s domestic rugby union club-based team
(69 players; 26.5 £ 7.4 yr.; 1.65 * 0.72 m; 86.6 + 15.9 kg) over
two years (2018-2019) in the Wellington Rugby Union women'’s
domestic competition (nine teams playing in a home and away
format from April to July). All players were amateur and did
not receive match payments. Prior to the competition season
commencing, all players provided informed written consent to
participate in the research and all procedures were approved
by the institutional ethics committee. Only those players with an
identified concussive injury were enrolled in this study.

The RESTQ-Sport-52 version is a psychometrically-based
designed to assess a player’s recovery-stress state [3, 4,25],
Consisting of twelve basic scales (seven stress scales: General

Stress, Emotional Stress, Social Stress, Conflicts/Pressure,
Fatigue, Lack of Energy, Physical Complaints; and five recovery
scales: Success, Social Recovery, Physical Recovery, General
Well-Being, Sleep Quality) with seven additional sport-specific
scales (three sport-specific stress scales: Disturbed Breaks,
Emotional Exhaustion, Injury; and four sport-specific recovery
scales: Being in Shape, Personal Accomplishment, Self-Efficacy,
Self-Regulation), the questionnaire uses a self-report approach
to player’s physical, subjective, behavioural, and social aspects of
stress and recovery (Table 1) [1,5]. Each of these scales consist
of items that require the player’s response using a seven-point
Likert scale ranging from 0 (never) to 6 (always). Each item
response indicates how often the player participated in stress-
or recovery-associated activities during the previous three days
and nights. The stem of each item is “In the past 3 days/nights...”
Examples of these are “I felt anxious or inhibited” (emotional
stress), “I was tired from work” (fatigue), and “I was convinced
that I performed well” (self-efficacy). The internal consistency
and reliability of the RESTQ-Sport have been previously reported
with Cronbach’s a (0.67 to 0.88) and test-retest reliability (r=0.51
to 0.81) (see Table 1) [1,3]. The internal consistency reportedly
[1] increases with the participant’s familiarity with the RESTQ-
Sport as occurs with any other questionnaire. The RESTQ-Sport
scores were provided to players as individual and grouped theme
scale scores: General Stress (mean of the seven general stress
scales); Sport-specific Stress (mean of the three sport-specific
stress scales); General Recovery (mean of the five general
recovery scales) and Sport-specific Recovery (mean of the four
sport-specific recovery scales). An Overall Stress score (mean
of the ten general stress and sport-specific stress areas) and an
Overall Recovery score (mean of the nine general recovery and
sport-specific recovery) were calculated.

Developed in the 1970’s by Alan King and Steven Devick to
evaluate children suspected of dyslexia or impaired saccadic eye
movements [26], the K-D Test in association with Mayo Clinic
is a rapid number naming task that takes < 2 min to administer
[27]. The participant reads aloud a sequence of single digit
numbers from the left to the right of the screen that includes one
demonstration card and three visually distinct test cards that
increaseindifficulty [28]. Utilised in the assessment for concussion
in a variety of sports at amateur [28-30] and professional [31]
levels of participation, the K-D test has been reported to have
a high sensitivity (0.86; 95% CI: 0.79 to 0.92), specificity (0.90;
95% CI: 0.85 to 0.93) and an Inter Class Correlation (ICC) of
0.91 (95% CI: 0.85 to 0.97) [32,33]. In addition, the K-D test
has been reported to have significant correlations (p<0.0001)
with the visual motor speed (VMS), reaction time (RT), verbal
memory (VEM) and visual memory (VIS) of the Immediate
Post-concussion Assessment Cognitive Test (ImPACT®) [34]
computerised concussion evaluation system. The K-D test relies
upon comparing the differences between baseline and post-
injury results to provide an insight into a potential concussive
injury [35] and has been utilised by parents and non-health care
professionals [36]. The K-D test has not been recommended for
use as a standalone diagnostic tool [32,37], rather the K-D should
be utilised in conjunction with other concussion assessment tools
as a side-line screening tool [37,38].

All players were tested pre-season with a tablet (iPad;
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Table 1: Number of scales, scale of orientations (0), number of items per scale (n), example sample item of scale, Cronbach’s a, and test-retest
reliabilities [1] and scale values for the results for the Recovery-Stress Questionnaire - Sports.
Test-
No. RESTQ-Sport Scale o n Example o Retest Scale Summary
1 General Stress s 4 Ifelt down 076 071 High values = frequently mentall}./ stressed,
depressed, unbalanced, and listless
2 Emotional Stress S 4 ...I was in a bad mood 0.71 0.72 High values = ffequent irritation, aggression,
anxiety, and inhibition
[ was anery with High values = frequent arguments, fights,
3 Social Stress S 4 gy 0.85 0.77 irritation concerning others, general upset, lack
someone
of humour
High values = conflicts unsettled, unpleasant
4 Conflicts/Pressure S 4 ..I felt under pressure 0.68 0.73 things done, goals not reached, certain
thoughts could not be dismissed
High values = time pressure in job, training,
5 Fatigue S 4 ... was overtired 0.78 0.81 . school, life; constantly d.15turbed during
important work, over-fatigue, lack of sleep
characterize this are of fatigue
I was unable to High scores = ineffective work behaviour,
6 Lack of Energy S 4 0.72 0.68 inability to concentrate, lack of energy and
concentrate well - .
decision making.
Physical indisposition and physical complaints
7 Physical Complaints S 4 ...I felt uncomfortable 0.71 0.76 related to the whole body characterized by this
scale.
8 Success R 4 ...l finished important 0.67 0.70 High scor.es. = succ.ess, pleasure at work,
tasks creativity during past few days.
. . High values = frequent pleasurable social
9 Social Recovery R | 4 ~Ihada goold time with 0.80 0.74 contacts and change combined with relaxation
my friends
and amusement.
10 Physical Recovery R 4 .. felt at ease 0.85 0.79 High values = ph)./slcal reclovery, physical well-
being, and fitness.
11 General Wellbeing R 4 ...l was in a good mood 0.84 0.61 High v.alues = frequent go_od moods, high well-
being, general relaxation, contentment
High values = enough recovering sleep,
12 Sleep Quality R 4 | ..lhad asatisfying sleep 0.83 0.70 absence of sleep disorders when falling asleep,
sleeping through the night = recovery sleep
...my coach demanded too High values = recovery deficits, interrupted
13 Disturbed Breaks S 4 much of me during the 0.79 0.64 recovery, situational aspects that get in the
breaks way during periods of rest
14 Emotional Exhaustion S 4 ~ L felt] Wasl;tslfitto quitmy 0.71 0.72 High values = burnt out, wanting to quit
15 Injury g 4 MY performaflce drained 0.78 059 High values = acut.e %n]l..ll‘y / vulnerability to
me physically injuries
16 Being in Shape R 4 ..Iwasin go.od condition 0.88 0.71 High values = pel.rc.eptlor? as fit, physically
physically efficient, vital
...l dealt very effectively High values = feel integrated into team,
17 | Personal Accomplishment | R | 4 with my team-mate’s 0.80 0.81 communicate well with team-mates, enjoy
problems sport
) ... was convinced that I High values = how convinced player is that
18 Self-Efficacy R4 had trained well 0-89 0.82 they trained well and optimally prepared.
19 Self-Regulation R 4 ... prepared myself 0.83 0.77 High values = use of mental skills to prepare,
mentally for performance push motivate, set goals for themselves.
Apple Inc, Cupertino, CA) according to the developer’'s best time (fastest) of two trials 5-minutes apart without errors

recommendations (v4.2.2; King-Devick technologies Inc.). All
baseline testing was completed at training to mimic the sideline
playing field environments. Players were asked to read card
numbers from left to right as quickly as they could without making
any errors using standardized instructions. Time was kept for
each test card, and the entire test K-D summary score was based
on the cumulative time taken to read all three test cards [39]. The
number of errors made in reading test cards was recorded. The

became the established baseline K-D test time [30].

Originally developed in the late 1980’s, the Post-Concussion
Symptom Scale (PCSS) is a 22-item scale designed to measure
the types and the severity of symptoms experienced following
concussion during the acute phase of recovery [40,41]. The PCSS
utilises a self-reported assessment based on a 7-point Likert scale
with anchors at 0 (no symptom) to 7 (most severe). Participants

JSM Physical Med Rehabil 5(1): 1014 (2021)

3/9



@SCiMedCentral

King DA, et al. (2021)

Table 2: Player age, height, and body mass for Forwards, Backs, and total players with a recorded concussion in an amateur domestic women’s rugby

union team in New Zealand over two years. Data reported by number of players and mean with standard deviation.

Total Age (yr.) Height (m) Mass (kg)
n= Mean +SD Range Mean +SD Range Mean +SD Range
Forwards 5 30.0 £11.4 18-48 1.61 £0.04 1.54-1.65 84.6+14.8 60.0 - 98.0
Backs 5 24.6 £7.3 19-34 1.62 +0.10 1.52-1.74 83.4 7.4 76.0 - 95.0
Total 10 27.349.5 18-48 1.62 +0.08 1.52-1.74 84.0 £11.0 60.0-98.0

SD = Standard Deviation

Table 3: Mean and standard deviation scores of the different scales of the RESTQ-Sport(52) for General Stress, General Recovery, Sports-Specific
Stress and Sport-Specific Recovery; King-Devick test times and self-reported concussion symptoms of players in an amateur domestic women’s

rugby union team in New Zealand with a medically diagnosed concussion.

Baseline Sideline Day-3 Day-7 Day-14 Day-21 Day-28
Mean +SD Mean +SD Mean +SD Mean +SD Mean +SD Mean +SD Mean +SD

RESTQ-Sport(52)
General Stress
1 General stress 0.81 £0.61 - - 2.61 +1.38¢ 1.75 +1.58 1.03 £0.79 0.86 +0.65¢
2 Emotional stress 0.97 £0.63 - - 2.17 £1.43 1.86 +1.09 1.33£0.72 0.94 +0.51
3 Social stress 1.00 £0.40 - - 2.14 £1.38 1.86 +1.16 1.17 £0.52 0.94 +0.58
4 Conflicts/pressure 1.42 £0.77 - - 2.39 £1.82 1.64 £1.49 1.72 £1.32 1.14 £0.75
5 Fatigue 1.64 +0.88¢ - - 2.36 £0.49° 1.97 £0.86# 1.69 £1.26 1.19 £0.82°¢
6 Lack of energy 1.08 +0.68 - - 2.03 £1.60 1.75+£1.32 1.25 £0.56 0.83 £0.63

Physical complaints 1.14 +0.76 - - 2.22 +1.58 2.03 £1.27 1.44 +1.08¢ 0.47 £0.48f
General Recovery
8 Success 1.56 +0.50 - - 1.39 £0.55 1.42 +0.83 1.83 £0.67 2.14 £1.05
9 Social recovery 2.14 £0.70 - - 1.92 +0.80 1.97 +0.79 2.81 £1.04 294 £1.01
10 | Physical recovery 1.42 +0.35 - - 0.94 £0.60¢ 1.53 +0.86 1.56 +1.16 2.06 +1.08¢
11 General well-being 2.00 £0.48 — b 1.50 £0.71 1.53 +0.88 2.56 +1.25 2.83 £1.39
12 Sleep quality 1.58 £0.60 - - 1.61£0.93 1.81 +0.58f 2.72 £1.00° 2.56 £1.59
Sport Stress
13 | Disturbed breaks 1.50 +0.47 - - 1.75 +0.53 1.56 +0.62 1.28 +0.54 1.33+0.31
14 Z’:}’l‘;ﬁ;’gi; 1.92 £0.93 - - 2.08 £0.70" 297+129% | 1.22#0.36%  1.280.69°
15 Injury 2.14 £0.56° - - 3.89 £0.99s 3.83 £0.73%® 2.19 #1.53¢ 2.03 £0.85¢%
Sport Recovery
16  Beingin shape 2.64 +0.70¢ - - 1.56 +0.85% 1.81 +0.39¢ 2.61+1.18 3.39 £1.05¢
17 ::EZ?Slishment 3.36 £0.97¢ - - 2.58 £1.02° 217+057°  3.06+1.22 2.86 +0.69
18 | Self-efficacy 3.25 £0.94 - - 1.97+1.23¢ 1.78 £1.00 2.78 £1.41 2.97 +0.23¢
19  Self-regulation 3.25 £1.09 - - 2.89 £0.99 2.39 £0.70 3.64 £1.02 3.06 £0.61
Total Stress 1.46 +0.44¢ - - 2.36 £1.00¢ 2.12 £0.80% 1.43 £0.62 1.10 £0.24%
Total Recovery 2.35+0.50¢ - - 1.82 +0.45° 1.82 +0.62f 2.62 £0.77¢ 2.76 £0.80
Difference 0.89 £0.69 - - -0.55 +1.27 -0.30 £1.03 1.18 £0.99 1.65 +0.83
King-Devick Test
Time (s) 44.2 +7 .1 bedef 49.0 +7.3%cdfe 53.0+7.60df 51.2 £6.9%cf 47.8 £6.3%d% 45.9 +7.17bcdes 44,0 +7.3abedef
Concussion Symptom Scale
Score (22) 0.9 +1.4bcde 19.0 +2.5ef 17.1 2.5t 11.3 #2.6%0cf 6.9 +1.8%cdf 1.7 +1.7bcdes 0.0 +0.0bcdef
Severity (132) 0.9 £1.4bcde 65.1 £23.6%4% | 343 +13.1%f | 24.0 £6.2%f 13.7 £3.6%cdf 2.8 +2,9bcdes 0.0 +0.0bcdef
Distress (6.0) 0.3 +0.5b 3.3 +£0.9acde 2.0 £0.6% 2.0 £0.72b¢ 2.0 £0.6%% 1.0 1.0 0.0 +0.0Pbcde

SD = Standard Deviation; Significant difference (p<0.05) then (a) = Baseline; (b) = Sideline; (c) = Day-3; (d) = Day-7; (e) = Day-14; (f) = Day-21; (g) =

Day-28
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completed the PCSS in paper version as a baseline, at the ground
post-match and when reviewed post-injury). The PCSS has been
reported to be a reliable test with a high internal consistency
(r=0.89 to 0.94) [41]. In addition to recording symptom score
(number of symptoms reported) and severity (sum of symptom
scores reported), the symptom distress score was calculated
(symptom severity divided by symptom score) to provide
symptom intensity [42].

Concussions were classified as witnessed (a concussive injury
that met the definition of a concussion [13], that was identified
during match activities resulting in removal from match activities
and had >3 s for pre to post-match K-D, and later confirmed by a
health professional’s clinical assessment) or witnessed (changes
>3 s for pre to post-match K-D with associated changes, and later
confirmed by a physician’s clinical assessment). The 3 s threshold
for changes in post-match K-D is identical to studies reporting
K-D test use [43,44]. In accordance with the International
Consensus Conference on Concussion in Sport, the definition
of a concussion utilised for this study was “any disturbance in
brain function caused by a direct or indirect force to the head. It
results in a variety of non-specific symptoms and often does not
involve loss of consciousness. Concussion should be suspected in
the presence of any one or more of the following: (a) Symptoms
(such as headache), or (b) Physical signs (such as unsteadiness),
or (c) Impaired brain function (e.g., confusion) or (d) Abnormal
behaviour” [13]. An ‘unwitnessed’ concussion was defined for
the purpose of this study as “any disturbance in brain function
caused by a direct, or indirect force, to the head that does not
result in any immediate observable symptoms, physical signs,
impaired brain function or abnormal behaviour but had a delay
in the post-match K-D score of >3 s and associated changes in the
post-match SCAT5” [29].

Similar to previous studies [7,8], the RESTQ-Sport was
undertaken at the approximately one month prior to the
competition starting in April. All players completed the RESTQ-
Sport at the end of each month following a match activity through
to the last match (semi-final) where assessment was completed
approximately two days following the final match [45]. The
questionnaire took approximately 10 minutes to complete, and
players typically completed this prior to the training session
commencing. Internal consistency was checked at the completion
of each testing utilising Cronbach’s alpha ().

During matches, the team medic (and lead researcher),
observed players for any signs of direct contact to the head, or
being slow to rise from a tackle or collision, or being unsteady
on their feet following a collision. If this occurred, players were
assessed on-field. If any signs of delayed answering, incorrect
answers to questions, or if the player appeared to be impaired in
any way, the player was removed from match activity and rested
on the sideline. Players who reported any signs of a concussion,
who were suspected to have received a concussion, or who were
removed from match participation were initially assessed with
the sideline K-D test after a 15-minute rest period; not allowed to
return to play on the same day; and, referred for further medical
assessment. The test was administered once using the same
instructions, and time and errors were recorded and compared
to the participant’s baseline. Worsening time and/or errors

identified on the sideline, or post-match K-D have been associated
with concussive injury [28,30,31]. The K-D test performance has
been shown to be unaffected in various noise levels and testing
environments [46].

No player who had been identified with delayed (worsening)
post-match K-D times, were allowed to return to training or
match activities without a full medical clearance. If players were
identified with a loss of consciousness, they would be treated for
a cervical spine injury and managed accordingly. All suspected
concussive injuries were evaluated by the player’s own health
professional. All players that were identified with a delay
(worsening) of the K-D test from their baseline were reviewed
by their health professional for a formal concussion evaluation
(n=9). For those players with a delay in their K-D at the sideline
and had been diagnosed as having a concussion (n=1), this was
repeated on day-3, 7, 14, 21 and 28 post-concussion. These
players were also asked to complete a PCSS at the same time
on day-3, 7, 14, 21 and 28 post-concussion. The RESTQ-Sport
was completed as part of the concussion recovery monitoring
process with players completing the questionnaire on day-7, 14,
21 and 28 post-concussion and compared with their baseline
questionnaire. This was undertaken to identify any areas that
may have impeded the concussion recovery process and to
assist the player’s individual rehabilitation program. No player
was allowed to return to full match activities until they were
medically cleared and, had returned to their baseline K-D score.

Data were entered into a Microsoft Excel spread sheet
enabling assessment scores to be graphed automatically. Data
were analysed with the Statistical Package for Social Sciences for
Windows (SPSS; V25.0.0). Data were checked for normality and
homogeneity of variance using a Shapiro-Wilk’s test of normality.
If tolerances were not met, equivalent non-parametric tests were
utilised. To check for internal consistency of the RESTQ-Sport,
a Cronbach’s a test was conducted after each testing session
[47]. The mean of the individual scales and the total stress
and recovery scores of the RESTQ-Sport, K-D test scores were
compared utilising a Generalised Linear Model. A Bonferroni-type
adjustment was applied to maintain the Type-1 error probability
at the 0.05 alpha level. When differences were detected a post-
hoc two-tailed paired t-test was utilised to determine if any
significant differences existed. Total recovery and stress scores
were obtained by calculating the mean of all recovery and stress
scales as previously described [25]. The CSS was analysed with
a Friedman repeated measures ANOVA on ranks. If notable
differences were observed, a Wilcoxon signed-rank post-hoc test
was conducted with a Bonferroni correction applied. The level
of significance was set at p<0.05, and all data are expressed as
means and standard deviations.

RESULTS

Over the duration of the study players undertook 114
training sessions for an exposure of 3,339.5 training hrs and 29
match activities for an exposure of 558.6 match hrs. One training
related and nine match related concussions were recorded over
the study resulting in a concussion injury rate of 0.3 (95% CI:
0.0 to 2.1) per 1,000 training hrs and 16.1 (95% CI: 8.4 to 31.0)
per 1,000 match hrs. Although forwards were older (3.0 +11.4

vs. 24.6 £ 7.3 yr; t,=0.9; p=0.4059), had a lower stature (1.61 +
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0.04vs. 1.62 £ 0.10 m; ¢, =-0.3; p=0.8067) and had a higher mean
body mass (84.6 +14.8 vs. 83.4 +7.4 kg; t,.=0.2; p=0.8543) these
were not significant (Table 2).

4)

There was a significant increase in the mean score of the
Fatigue scale on day-7 when compared with baseline (2.36 £0.49
vs, 1.64 i0.88;)(2m=4.0; p=0.0469; t,=-2.8; p=0.0040) (Table 3).
This was similar for the mean scores of the Being in Shape (1.56
+0.85 vs. 2.64 +0.701; )(2(1]=27.8; p<0.0001; t,=3.5; p=0.0076),
Personal Accomplishment (2.58 +£1.02 vs. 3.36 £0.97; )(2(1)=8.0;
p=0.0047; t(g)=2-35 p=0.0499) and Total Recovery (1.82 £0.45 vs.
2.35 10.50;)(2(1)=5.7; p=0.0167; t(8)=2.9; p=0.0214) scales on day-
7 when compared with baseline scores. There was a significant
difference in the mean score of the Injury scale on day-14 (3.83
+0.73) when compared with day-21 ()(2[1)=7.7; p=0.0057; t[8)=3.3;
p=0.0111) and day-28 (x°,=13.0; p=0.0003; ¢, =4.1; p=0.0035).
The mean Total Stress was higher on day-7 (-0.55 11.27;)(2[1)=2.4;
p=0.1233; t,=1.3; p=0.2319) and day-14 (-0.30 £1.03; °, =0.0;
p=0.9151; t(8]=0.9; p=0.4053) when compared with Total
Recovery but this was not significant. The internal consistency of
the RESTQ-Sport over the duration of the study ranged from « =
0.72 to 0.93.

The post-injury K-D test score was significantly slower than
the baseline scores of players with a concussive injury (44.2
+7.15vs.49.0 £7.3 s; ¥, =6652.4; p<0.0001; ¢, =-8.0; p<0.0001)
(see Table 3). The K-D test times were slower on day-3 post-
concussion (53.0 +7.6 s) when compared with day-7 ()(2(1]=116.7;
p<0.0001; t,=2.6; p=0.0324); day-14 ()(2[1)=64.7; p<0.0001;
te=55 p=0.0006), day-21 (x’,,=54.2; p<0.0001; ¢,=74;
p<0.0001) and day-28 ()(Zm=35.6; p<0.0001; t,=7.8; p<0.0001).
The ICC for the K-D test was 0.96 [0.85-0.99]. Concussed players
reported a significantly higher mean concussion symptom score
(0.9 1.4 vs. 19.0 +2.5; x*,=9.0; p=0.0027; z=-2.7; p=0.0076),
severity (0.9 +1.4 vs. 65.1 *23.6; )(2(1]=9.0; p=0.0027; z=-2.7;
p=0.0077) and distress (0.3 £0.5 vs. 3.3 i0.9;)(2m=9.0; p=0.0027;
z=-2.7; p=0.0076) on the day of the injury when compared with
baseline concussion symptom severity.

Although there was no significant difference observed for
symptom score ()(2[1)=3.6; p=0.0588; z=-1.6; p=0.1020) on day-
3 when compared with the sideline assessment, there was a
significant difference observed in the symptom severity ()(2[1)=9.0;
p=0.0027; z=-2.7; p=0.0076) and symptom distress ()(2[1)= 9.0;
p=0.0027; z=-2.6; p=0.0077) (Table 3). There was a significant
difference observed in the symptom severity on day-3 when
compared with day-14 ()(2(1]=5.4; p=0.0196; z=-2.5; p=0.0108)
but not symptom distress (x?...=0.1; p=0.7389; z=-0.6; p=0.9527).

DISCUSSION

The purpose of this study was to utilise the RESTQ-Sport,
K-D test, and CSS to assess concussion and monitor recovery,
in players from an amateur women’s rugby union team. In
particular, the RESTQ-Sport was utilised to monitor for stress
and recovery changes that occur during concussion recovery.
The principal findings were: 1) Player’s Total Stress increased in
the first 14 days post-injury; 2) The K-D test recorded a mean
slowing (worsening) of reading time of -4.7 +1.8 s increasing to
-8.8 £2.6 s on day-3 post injury; and 3) Players reported fewer
symptoms before the K-D test was equal to, or faster than, the
individual players baselines.

(€3]

As can be seen in Table 3, the RESTQ-Sport was not utilised
on the day of the concussion injury and on day 3 following the
concussion injury. This was done to ensure the player with
the concussive injury undertook a period of cognitive rest as
recommended by the Concussion in Sports Consensus group,
beforetherecommencingofany graduatedreturnto sportstrategy
[13]. It has been recommended that cognitive rest be undertaken
by limiting activities that require attention and concentration
such as performing school or academic work, working online,
text messaging and reading [48]. As the RESTQ-Sport was a
questionnaire that was undertaken online it was decided to not
complete this over this period as increasing cognitive activity
during the initial stages of a concussion occurring has been
associated with a prolonged symptom duration [48].

The RESTQ-Sport has been reported to be useful for a
review of lowered performance and for the identification of
current stress and recovery, but not for the prediction of future
performance and injury [49]. The RESTQ-Sport can be utilised to
assess for the identification of group changes but when analysed
on an individual basis it has been reported to more beneficial
than on a group level [9,49]. This was noticeable when the
RESTQ-Sport was utilised for the assessment of injury recovery
for individual players. For example, there were noticeable
differences for Player A across most of the RESTQ-Sport scales,
specifically in the General Recovery, Sport-Specific Stress and
Sport Specific Recovery aspects throughout the recovery period
and this would be reflective of the effects of a mild traumatic brain
injury on an individual (Figure 1). Compared with her baseline,
Player A’s Injury scale went from 2.25 to 4.75 day-3 post injury
and declined to 2.75 at day-21 when she was medically cleared
to return to sporting activities. This was similar for her Fatigue
scale rising from 1.25 to 2.75 day-3 post-injury before declining
to 0.50 at day-21. Whilst not previously reported, the RESTQ-
Sport may be another useful tool for the monitoring of amateur
sports participants following a mild traumatic brain injury.

The RESTQ-Sport has been utilised for the monitoring of
players in rugby league [7,8], rugby union [9] and soccer [10] and
has also been reported [8] to be able to identify amateur players
at risk of injury. Similar to previous studies [7,8,50], when the
scores for all aspects of the RESTQ-Sport were retrospectively
reviewed, injured players had lower recovery-related scores and
higher stress-related scores than non-injured players. However,
the cohort of players enrolled in this study only completed the
RESTQ-Sport monthly as part of their competition monitoring. It
was not until the players were identified with a concussion that
they were asked to complete the questionnaire on a more regular
frequency. It has been recommended [8,50] that a shorter version
of the RESTQ-Sport specifically for injury risk assessment may be
useful for sports participants. As previously identified [8,50], this
would mean a shortened version of the current questionnaire
enabling less disruption to the individual participants.

Theuse ofthe K-D testforthe assessmentofa concussive injury
was undertaken at the sideline as a screening tool only. It does
not preclude a comprehensive concussion evaluation and was
not utilised to diagnose concussion [35]. By utilising the baseline
to post-injury (concussion) comparisons, any player with a post-
injury (concussion) slowing of their K-D test time, regardless
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Social Stress
Conflicts/Pressure
Fatigue

Lack of Energy
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Social Recovery

Scales of the RESTQ-Sport
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General Well-Being
Sleep Quality
Disturbed Breaks
Emotional Exhaustion
Injury

Being in Shape
Self-Efficacy
Self-Regulation

Personal Accomplishment

Figure 1 Scores of the different scales of the RESTQ-Sport(52) for General Stress, General Recovery, Sports-Specific Stress and Sport-Specific Recovery for player A in an
amateur domestic women’s rugby union team in New Zealand for assessment of concussion recovery.

of whether the player has, or has not had a witnessed insult,
should be withheld from any further participation until they are
evaluated by a medical professional trained in the management
of concussion [51]. In accordance with the developer’s
recommendation [35], any slowing (worsening) of the K-D test
score of >1 s was a fail and concerning for a concussive injury
especially following a traumatic force to the head and brain [52].
Players tested post-injury (concussion) recorded a mean slowing
(worsening) of -8.2 s (range: -19.1s to -3.4 s) and no player tested
post-match or post-injury (concussion) recorded a K-D test score
with >1 s and < 3 s. The K-D test was utilised at every testing time
to monitor the recovery process.

One concussion throughout the study was an unwitnessed
concussive event that occurred in a tackling drill where the
player’s head connected with the other player’s knee. The player
continued on with tackling other players as part of the drill until
another player reported her to the coaching staff. The player
was removed from further training involvement and tested after
five minutes rest. The players post- ‘event’ K-D test score had
worsened (33.3 s vs. 52.4 s) when compared with her baseline.
This is consistent with previous studies [28-30, 44,53] where
participants tested at the side of the match venue immediately
following an injury have demonstrated substantial worsening of
the K-D test times when compared with their baseline scores.

The finding that the concussion incidence was 16.1 per 1,000
match-hrs. over the study was higher than previous women'’s
rugby union match injury studies (0.55 per 1,000 playing hours)
[54]. The mean missed-match duration for concussions were 28.9
+3.7 days which was similar to a previous study [55] where the
majority of concussions took 28 days to recover. This finding is in
conflict with the Concussion in Sport Consensus (CISC) where it
identified that 80% to 90% of all concussions recover in seven to
ten days [13,56]. The New Zealand Rugby concussion guidelines

are based on the CISC guidelines and outline that players can
return to match activities on the 21 day post-injury with medical
clearance. No players in this study with a medically diagnosed
concussion were allowed to commence contact training in
preparation for match participation until they had equalled or
surpassed (faster) their baseline K-D test despite the presentation
of amedical clearance by their own health practitioner. No player
with an identified concussion returned to their baseline K-D test
before 21 days post-injury. As a result, no player was allowed to
return to full match participation until they had completed two
contact training sessions, were symptom free and, there were no
worsening (slower) time of their K-D test from their baseline.

In a recent meta-analysis [57] it was reported that male
athletes tend to record concussions through player contact
whereas female athletes tend to record concussions as a result of
contact with equipment or the surface even for sports that have
the same rules of player for both male and female participants.
Women rugby union participants play under the same rules
as male participants, but it has never been identified whether
women'’s rugby union concussions occur specifically as a result
of the tackle contest or through contact with the ground. Most
(n=8) of the concussions recorded in this study occurred within
the tackle as either the tackler (n=1) or ball carrier (n=7). Only
one concussion occurred during a ruck and it was not identified
as whether she was the tackler or the ball carrier. In all cases the
players were taken to the ground and the concussion may have
occurred from either player contact or contact with the ground.
Further research is warranted to ascertain if this occurring in
women'’s rugby union and a clearer identification of the cause of
the concussive injury (if possible) be added to the data recording.

Although the players completed the RESTQ-Sport prior to a
training session, the results were not able to be reviewed until
later due to the time requirements for the analysis of the results.
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Despite this, the results were useful for future follow-up and
provided the individual players with a visual representation of
their results compared to the average group results.

CONCLUSION

This study utilised the RESTQ-Sport to monitor the stress
and recovery of amateur domestic female rugby players over
a competition season. Although there were some noticeable
differences in the group analysis, this did not occur on all aspects
of the RESTQ-Sport, and when analysed on an individual basis
there were more observable differences identified. The RESTQ-
Sport was a useful tool for the monitoring of stress and recovery
of an initial cohort of amateur women'’s rugby union participants
following a mild traumatic brain injury.
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