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Affecting over 1% of the population each year, mild traumatic brain injury (mTBI) is one of the most prevalent neurological conditions (Langer, Levy & Bayley, 2020). A mTBI occurs when the head and/or neck receives mechanical energy from an external physical force. This force can occur from accidental (i.e. fall), incidental (i.e. sports injury, military blast exposure) or deliberate acts (i.e. assault). The mild specifier in TBI denotes a clinical presentation characterized by relatively brief loss of consciousness at injury (<30 minutes), preserved alertness and responsivity 30 minutes after injury, and minimal post-traumatic amnesia (<24 hours; Silverberg et al., 2021; Clark et al., 2022; Faul & Coronado, 2015). According to American Congress on Rehabilitation Medicine (ACRM), the term “concussion” is synonymous with mTBI so long as structural abnormalities are neither suspected nor detected on neuroimaging (Silverberg et al., 2023).
Although mTBI is associated with an acute onset of physical, emotional, and cognitive symptoms (termed post-concussion symptoms), a substantia proportion of adults experience remission within two weeks of injury (McCrory et al., 2017). However,  meta-analytic evidence suggests that one in three adults experience incomplete recovery and continue to report symptoms months to years after injury (Cancelliere et al., 2022). Population based incident studies have suggested that these rates may be even higher with Theadom et al., (2015) finding that one year post injury, 50% of individuals who had experienced a mTBI reported four or more post-concussion symptoms one year post injury. 
For individuals experiencing, persistent post-concussion treatments, international consensus treatment guidelines stipulate the importance of community based multi-disciplinary rehabilitation programmes (Silverberg et al., 2020; Marshall et al., 2015). These programmes could include occupational therapists, physiotherapist, neuropsychologist, medical specialists, psychologists and speech language therapists. These treatment programmes are individualistic and are tailored based on the client’s presentation but likely to include education, activity management, pacing and return to activity support, vestibular and oculomotor treatment, cognitive rehabilitation and psychological therapy.
In New Zealand the non-fault insurer, Accident Compensation Corporation (ACC) contracts specialist concussion services throughout NZ for those diagnosed with a mTBI. Forrest et al., (2018) conducted a retrospective medical record review of clients who had engaged in these concussion services (n=107). They found that gender was equally represented, most were Europeans, and the mean age of clients was 35 years old. They noted that the main mechanism of injury was falls, closely followed by sports injuries, then motor vehicle accidents. They also found that time from injury to initial assessment was correlated with more psychological symptoms present at initial assessments. Severity of post-concussion symptoms was correlated with number of days to discharge. Based on these findings, the authors concluded that prompt diagnosis and treatment of mTBI may minimise the severity of post-concussion symptoms, especially symptoms associated with mental health and wellbeing. 
Forrest et al., (2018) study provided valuable insights into concussion services in New Zealand. However, ACC data suggests that referral to concussion services is increasing each year. Hence, based on their limited sample, there is a need to provide an updated understand the demographic characteristics of individuals engaging in concussion services in New Zealand with a larger sample. Additionally, there is also a need to understand the relationship between these demographic characteristics and mTBI outcomes for those engaging in this service. This information provides valuable insights for services regarding what specific groups may be at risk for worse outcomes. This will prompt service to reflect on how these groups are being managed and ensure adequate and appropriate resources and treatment are provided. This is the objective of this report. More specifically, we aim to conduct a clinical audit of clients who engaged in concussion services. Based on this audit, we aim to understand the demographic characteristics of these individuals and to explore how these characteristics impact mTBI outcomes. 
Method
A clinical audit was completed of clients who had been referred to a concussion service in the year 2022 and 2023. For the purpose of this audit, we extracted the following information: gender, age, ethnicity, region, time in service and the amount of clinical input provided in the service (in hours). In the audit data, information was extracted regarding the number of therapeutic goals that the service aimed to achieve, as well as the number of goals that were achieved when the client was discharged from the service. We used this data to calculate the number of goals that were not achieved in the service. In this report, we only included clients who had a therapeutic goal recorded in their clinical notes and therefore a clinical outcome was assessed.  This resulted in a sample of 1,327 individuals; this sample will be referred to as concussion service users. For this sample, we calculated the amount of clinical hours provided, number of goals achieved and the number of goals not achieved for the following characteristics: gender, age group (18-30, 30-65, 65+) and ethnicity. 
Of the clients engaged in the clinical audit, 357 individuals also participated in a research study; herein referred to as the research sample. The Auckland University of Technology ethics committee provided ethics approval for this study (ref 20/32). The purpose of this research study was to understand the role of psychological factors on concussion recovery. These participants consented to have information shared regarding their post-concussion symptom severity, psychological distress and functional disability when they entered concussion services. The measures used to quantity these constructs were the Rivermead Post Concussion Questionnaire, Depression Anxiety and Stress Scales and the World Health Organisation Disability Assessment Schedule (WHODAS 2.0). For the research sample, we calculated differences in these mTBI outcomes based on demographic characteristics. For this we used Analysis of Variance (ANOVA) to determine statistical significance between groups. 
Results
A summary of the demographic characteristics of the service user sample and the research sample are illustrated in Table 1 Regarding the research sample, they were on average 11.45 weeks post injury, with being hit by an object being the most common mechanism of injury (37.9%), followed by an assault (23.8%), and then a fall (19.9%). 46.2% of the sample had a previous history of concussion, 39.5% had a previous medical condition, and 51.0% had a pre-injury mental health condition. 
Table 1: Demographic Characteristics of the Service User Sample and the Research Sample

	Demographics
	Service User Sample (n=1327)
	Research Sample (n=357)

	
	Mean (SD)
	Mean (SD)

	Age
	48.90 (20.08)
	36.29 (14.03)

	
	n (%)
	n (%)

	Gender
	
	

	    Male
	654 (49.3%)
	135 (37.8%)

	    Female
	672 (50.6%)
	219 ( 61.3%)

	Ethnicity
	
	

	    NZ European
	591 (44.5%)
	237 (66.8%)

	    Māori/Pasifika
	215 (16.2%)
	43 (12.0%)

	    Other
	521 (39.3%)
	75 (21.0%)

	Education
	
	

	    None
	
	11 (3.1%)

	    Primary School
	
	31 (8.7%)

	    High School
	
	95 (26.6%)

	    College
	
	48 (13.4%)

	    University
	
	143 (40.1%)

	    Private Training
	
	16 (4.5%)

	    Other
	
	11 (3.1%)

	Pre-Injury Employment
	
	

	    Working
	
	307 (86.5%)

	    Not-working
	
	48 (13.5%)



As shown in Table 2, regarding clinical hours received during concussion treatment, males and those in the 18-30 and 31-65 age groups received more clinical hours. Individuals who were Māori or NZ European also received more clinical hours than those classified in the ‘other’ ethnicity category. There was a trend of this group, as well as those who were 65+ to have less time engaged with a concussion service. In terms of therapeutic goals whilst engaged with a concussion, there was minimal difference in goals specified, goals achieved and goals non-achieved based on gender.  The 65+ age group however specified fewer goals, which likely resulted in fewer goals achieved and not achieved when compared to the other age groups. With regards to ethnicity, there was little difference in the number of goals specified between ethnic groups, however, there was a trend for Māori to have achieved fewer goals and to have more therapeutic goals not achieved. 

Table 2. Summary of Time in Service and Clinical Hours Needed for the Service User Sample

	
	Time in Service (weeks)
	Clinical Hours (hours)

	Gender
	
	

	    Male
	21.50 (12.40)
	42.53 (49.37)

	    Female
	21.29 (11.91)
	34.65 (35.35)

	Age Group
	
	

	    18-30
	21.55 (12.30)
	40.65 (49.58)

	    31-65
	22.78 (11.87)
	41.17 (42.48)

	    65+
	18.01 (12.00)
	30.17 (34.88)

	Ethnicity
	
	

	    Māori
	22.76 (13.03)
	42.55 (47.63)

	    NZ European
	22.46 (12.33)
	41.74 (46.37)

	    Other
	20.10 (11.66)
	34.67 (38.07)



Table 3. Summary of Therapeutic Goals for the Service User Sample

	
	Goals Specified
	Goals Achieved
	Goals Not Achieved

	Gender
	
	
	

	    Male
	3.02 (1.23)
	1.69 (1.38)
	1.33 (1.44)

	    Female
	2.98 (1.19)
	1.68 (1.38)
	1.29 (1.43)

	Age Group
	
	
	

	    18-30
	3.08 (1.15)
	1.75 (1.42)
	1.32 (1.46)

	    31-65
	3.11 (1.25)
	1.70 (1.38)
	1.41 (1.49)

	    65+
	2.66 (1.11)
	1.58 (1.32)
	1.08 (1.44)

	Ethnicity
	
	
	

	    Māori
	3.14 (1.24)
	1.54 (1.48)
	1.58 (1.46)

	    NZ European
	3.05 (1.24)
	1.84 (1.38)
	1.20 (1.42)

	    Other
	2.93 (1.17)
	1.64 (1.38)
	1.29 (1.44)



 	As shown in Table 4, the research sample had a high endorsement of post-concussion symptoms, and functional disability. The samples psychological distress (depression, stress, anxiety) was on average in the normal range. 

Table 4. Summary of the mTBI Outcome Variables in the Research Sample

	
	Mean
	Min-Max
	SD

	RPQ
	29.79
	0 – 64
	13.54

	WHODAS
	21.27
	0-53
	9.86

	Stress
	8.84
	0-21
	4.82

	Anxiety
	5.14
	0-21
	4.30

	Depression
	6.00
	0-21
	4.95

	DASS_Total
	19.97
	0-63
	12.41



In regards to the role of demographic variables on these mTBI outcomes, ethnicity was significantly associated with post-concussion symptoms (F(2,347) =  5.22, p =.006). Individuals who identified as being of Māori ethnicity endorsed significantly higher post-concussion symptoms (M = 35.16), than NZ Europeans (M= 28.34), or those in the other category (M= 31.19). Significant effects of ethnicity were also demonstrated for psychological distress (F(2,347) =  5.75, p =.003) and functional disability F(2,347) =  3.19, p =.043) Individuals who were Māori also endorsed higher psychological distress (M= 25.26), than NZ Europeans (M =18.26) and the other category (M = 21.16); Māori also had higher rates of function disability (M=23.42) than NZ Europeans (M=20.34). Finally, we also found that education was significantly associated with functional disability (F(1,348) =  3.19, p =.043). More specifically, those with a high school education or less had significantly higher levels of functional disability (M= 23.05), than those with post high school education (M= 20.61)

Table 5. The association between demographic characteristics and post-concussion symptoms in the research sample. 

	Demographics
	Mean RPQ
	F Value
	P Value

	Gender
	
	
	

	    Male
	29.32
	.239
	.625

	    Female
	30.06
	
	

	Ethnicity
	
	
	

	    NZ European
	28.34
	5.22
	.006

	    Māori
	35.16
	
	

	    Other
	31.19
	
	

	Education
	
	
	

	     High School or Less
	32.00
	3.46
	.064

	    Secondary School
	28.97
	
	

	Pre-Injury Employment
	
	
	

	    Working
	29.81
	.010
	.922

	    Not-working
	29.78
	
	


RPQ = Rivermead Post Concussion Questionnaire

Table 6. The association between demographic characteristics and functional disability in the research sample. 

	Demographics
	Mean WHODAS
	F Value
	P Value

	Gender
	
	
	

	    Male
	21.34
	0.02
	.881

	    Female
	21.18
	
	

	Ethnicity
	
	
	

	    NZ European
	20.34
	3.19
	.043

	     Māori
	23.42
	
	

	    Other
	22.98
	
	

	Education
	
	
	

	    High School or Less
	23.05
	4.36
	.040

	    Secondary School
	20.61
	
	

	Pre-Injury Employment
	
	
	

	    Working
	21.10
	.628
	.429

	    Not-working
	22.31
	
	





Table 7. The association between demographic characteristics and psychological distress in the research sample. 

	Demographics
	Mean DASS-21
	F Value
	P Value

	Gender
	
	
	

	    Male
	20.15
	0.04
	.842

	   Female
	19.88
	
	

	Ethnicity
	
	
	

	    NZ European
	18.26
	5.75
	.003

	    Māori
	25.26
	
	

	    Other
	21.16
	
	

	Education
	
	
	

	    High School or Less
	21.34
	1.63
	.203

	    Secondary School
	19.45
	
	

	Pre-Injury Employment
	
	
	

	    Working
	19.78
	0.53
	.466

	    Not-working
	21.19
	
	



Discussion
The objective of this report was to conduct a clinical audit of a concussion service to identify and understand the demographics of clients who engage in this service. In addition, we also aimed to examine how these demographic factors impact mTBI outcomes. First, our examination of the clinical service users sample found that males and females present to concussion services at equal rates but interestingly we found that males are likely to require more clinical input (as determined by the amount of clinical hours provided to the client), yet the time in service was fairly consistent for both gender groups. Interestingly our examination of the research sample found no differences in mTBI outcomes based on gender. Further unpacking of this finding is required to examine what specific clinical input was provided for these groups and what drives these differences i.e., did males require more keyworker time or had more physiotherapy input? 
Second, interestingly too, we also found that individuals of an older age group stipulated less therapeutic goals when engaged in services, and therefore spent less time in a concussion service and required less clinical input. The reasons behind this are currently speculative, and again, a more nuanced examination of these findings is required. However, one possibility is that this group may be more likely to already be engaged with health services due to the increased medical comorbidities that can occur in older age. With this extra support in place, it may provide a clearer and more targeted focus on mTBI specific goals when engaged with concussion services. In our experience, younger adults are often less engaged with other health services, and their contact with concussion services may prompt a wider focus on wellbeing goals that the client would like to address. 
Third, and most consistent, we found ethnic differences in those presenting to concussion services. In the concussion service user data, we identified trends in which Māori were less likely to achieve their goals and were more likely to not achieve their therapeutic goals. This was despite having similar clinical input and time in services to other ethnic groups. By examining mTBI outcomes, in the research sample, these inequities were more evident. More specifically, we found that Māori presented to concussion services with significantly higher levels of post-concussion symptoms, psychological distress and functional disability. These inequities are consistent with literature that has demonstrated that Māori have significantly higher rates of mTBI, as well as other neurological conditions, such as stroke (Feigin et al., 2013; Feigin et al., 2006). This finding highlights that mTBI may have a greater impact for Māori or that Māori are only seeking help for more severe injuries. This finding requires further investigation, however despite the reasons for higher impact of mTBI this emphasises the importance that concussion services are attuned to and integrate into their treatment, the cultural needs of clients that present. For Māori, this may involve the inclusion of the wairua theory of TBI (Elder, 2013), as well as culturally validated measures such as Te Waka Kuaka (Elder et al., 2017).
The findings of this report should be treated in the context of its limitations. In 2022, the world was still in the midst of a pandemic associated with COVID-19. Consequently, there may be differences in the characteristics and types of clinical input provided by these services during this time. It is also worth noting that in terms of outcomes, in the clinical data that was audited, we were only able to use therapeutic goals as a way of measuring this. Recording of this outcome in clinical notes is variable and we had to exclude clients from this report where no therapeutic goals were stipulated. Finally, we were able to ascertain some unique insights into the impact of demographic characteristics on mTBI outcomes in a research sample, however, this sample was contingent on those who consented to this study, and which may impact its representativeness.
In conclusion, this report provides useful insight to the characteristics of individuals who present to concussion services, and the potential impact these characteristics may have on mTBI outcomes. 
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