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Abstract
BACKGROUND
Running is a hugely popular sport. Unfortunately, running-related injury (RRI) rates are high, particularly amongst amateur and recreational runners. Finding ways to reduce RRI rates and maximise comfort and performance for runners is important. Evidence regarding whether orthotics can successfully improve these parameters is limited and contradicting. Further research is required to provide runners with clearer guidance on the usefulness of orthotics. 

AIM
To investigate the effect of Aetrex Orthotics on comfort, speed and RRI rates during recreational running.

METHODS
One hundred and six recreational runners were recruited on a voluntary basis via running clubs and social media pages and randomised into either the intervention or control group. Participants in the intervention group ran with Aetrex L700 Speed Orthotics inserted in their usual running shoes, whilst participants in the control group ran in their usual running shoes with no orthotics. The study ran for an 8-wk period. Participants provided data relating to running comfort, distance, and time during weeks 3-6. Participants provided data relating to any RRIs they sustained during all 8 wks. Running distance and time were used to calculate running speed in miles per hour (mph). For each outcome variable, 95% confidence intervals and P values were calculated to assess the statistical significance between the groups. For comfort and speed data, univariate multi-level analysis was performed, and for outcome variables with significant between group differences, multi-level multivariate analysis was performed to evaluate any confounding effects of gender and age.

RESULTS
Ninety-four participants were included in the final analysis (drop-out rate = 11%). Comfort and speed from 940 runs and 978 injury data reports were analysed. Participants who ran with orthotics reported, on average, speeds 0.30 mph faster (P = 0.20) and comfort scores 1.27 points higher (P ≤ 0.001) than participants who ran with no orthotics. They were also 2.22 times less likely to sustain an injury (P = 0.08) than participants who ran with no orthotics. However, findings were only significant for comfort and not for speed or injury rates. Age and gender were found to be significant predictors of comfort. However, the improvements in comfort reported by participants who ran with orthotics were still significant after adjusting for age and gender.

CONCLUSION
This study found orthotics to improve comfort and speed and prevent RRIs whilst running. However, these findings were only statistically significant for comfort. 
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Core Tip: Running-related injuries are common, necessitating research into ways to prevent injury. Foot orthotics have been suggested as a method to reduce running-related injury rates and improve comfort and performance, which are important components of running. Previous evidence regarding this is limited and mixed. This randomised control trial finds that running with Aetrex L700 Speed Orthotics inserted into normal running shoes reduces the rate of running-related injuries and improves both comfort and speed. These findings were only statistically significant for comfort. Providing increased comfort may encourage individuals to take up running, improving their health and decreasing the demand on healthcare systems.


INTRODUCTION
Running is a highly popular sport, likely due to its accessibility and wide range of health benefits. It has been found to prevent many common health conditions and reduce overall mortality[1-5]. However, amongst people who run, there are high rates of injuries reported[6,7]. Several studies have found running-related injury (RRI) rates to be particularly high amongst amateur and recreational runners compared to professional runners[8-11]. Common RRIs include medial tibial stress syndrome, Achilles tendinopathy and plantar fasciitis[12-14]. RRIs frequently lead to pain and discomfort and may cause individuals to stop running or seek medical treatment[14]. The high prevalence of RRIs necessitates research into prevention, especially when considering the need to encourage individuals to run in order to gain the many health benefits.
Comfort is an important factor whilst running. It has been shown that increased comfort of running can, in turn, lead to improved running performance[15]. Additionally, the experience of pain and injury overlaps with the experience of discomfort and therefore comfort. Hence, improving comfort may reduce pain and subsequently reduce reported injury rates and time taken off work or any activity due to injury. There is, therefore, a substantial incentive to improve comfort for runners.
Orthotics are a type of shoe insert often used within the running community. They can be prefabricated or custom-made to fit an individual’s foot shape and size. Orthotics act to correct lower limb alignment by reducing foot pronation[16], whilst also providing enhanced cushioning, support and comfort for the foot[17]. As well as injury and comfort, another factor important to many runners is performance: Typically measured as running speed. Previous research into the benefits of orthotics on running performance, comfort and injury rates is limited and, at times, contradicting. Some studies have found orthotics to improve running performance and comfort, whereas others have shown orthotics to negatively impact these parameters[18-22]. Evidence regarding the impact of orthotics on RRI rates is also mixed[23-25]. Hence, further research is required to determine the relationship between orthotics and running comfort, running speed and RRI rates. Exploring modalities to improve comfort, performance and injury rates whilst running is important and valuable, as this would hopefully encourage more people to take up running, leading to substantial health benefits. Exploring ways to prevent RRIs in amateur and recreational runners is particularly relevant as these groups are thought to have the highest injury rates[8-11].
The aim of this study is to explore the effects of prefabricated Aetrex[26] Orthotics on running comfort, running speed and RRI rates compared to running with no orthotics. The results of this study will add to the current evidence concerning orthotics usage in running, building on previous work by Ampat et al[27]. This will provide runners with enhanced guidance on the possible benefits of orthotics and, hopefully, if the results are positive, encourage non-runners to take up running, thereby improving their health[1]. 
This article presents the findings from the full study cohort, building on the findings in the preliminary study report[28]. The study design was previously registered in clinical trials (https://www.ijclinicaltrials.com/index.php/ijct/article/view/586) in May 2021 (NCT04901442) and published[29].

MATERIALS AND METHODS
This study was conducted as a randomised control trial. The primary objective was to investigate whether running with prefabricated orthotics inserted into participants’ usual running shoes vs running without would improve comfort and speed and reduce injury rates. 

Recruitment 
Results of our previous study found an improvement of two points on the comfort scale when using orthotics compared to usual running trainers with no orthotics[27]. For the sample size estimate for this study, a conservative improvement of 1.5 points, with a standard deviation of 2.45, was used. Based on this, a target sample size of one hundred and six participants was determined through a sample size calculation, using a target significance level of 5%, target power of 80% and allowing for a 20% dropout rate. All 106 participants were recruited between July 2021 and April 2022 on a voluntary basis via advertisements displayed on social media pages and at local running clubs. Individuals who contacted the research team were screened for eligibility and provided with a participant information sheet (PIS). Recipients were allowed sufficient time to read and understand the PIS in full. If, following this, they were willing to participate, a phone call with the lead investigator was arranged to answer any remaining questions. Following this, individuals willing to participate provided informed, written consent, either by post or online via legalesign.com.
Inclusion criteria for the study were: Aged 18 and over and used to completing runs of at least 5km distance during the last year. Exclusion criteria were: Current use of prescription orthotics, having any ongoing pain or deformity in the foot, having any serious health condition which had led to a doctor advising them not to exercise or having undergone any surgery in the past six months or any surgery to the feet during their lifetime. Participants were informed that they could withdraw from the study at any time if they wished to, without needing to provide a reason. 

Randomisation 
Following recruitment, participants were randomised into one of two groups using a 1:1 allocation: Group A (intervention group), in which participants ran with Aetrex[26] L700 Speed Orthotics inserted into their usual running shoes, or Group B (control group), in which participants ran in their usual running shoes with no orthotics. Randomisation and group allocation occurred using pre-filled and sealed envelopes, each containing a note to assign a participant to either Group A (intervention group) or Group B (control group). All envelopes were shuffled thoroughly before opening and randomly selected and opened by an individual independent of the study. Blinding of participants and researchers to group allocation was not possible due to the nature of the study intervention.
Participants allocated to Group A (intervention group) received a pair of Aetrex[26] L700 Speed Orthotics in their correct shoe size via post. They also received an instruction sheet clearly explaining how to use the orthotics. The Aetrex[26] L700 Speed Orthotics provided to Group A (intervention group) in this study are pictured in Figure 1.

Data collection
Upon recruitment to the study, basic demographic information was collected from each participant. Collection of data for all three primary outcomes (comfort, speed, and injury rate) then took place over an 8-wk period. To minimise confounding variables and risk to participants, participants were asked to run as they usually would during the 8-wk study period, with no changes made other than the addition of the orthotics for the intervention group. Participants provided all data remotely and could choose whether they wished to provide data via an online or a paper survey provided to the researchers via post. All participants opted to provide data via the online method. 
The majority of data collection took place during weeks 3, 4, 5 and 6 of the 8-wk data collection period. Weeks 1 and 2 were allocated as an ‘acclimatisation period’ to allow individuals in the intervention group to become familiar with using the orthotics. Weeks 7 and 8 were allocated as a ‘run-through period’ with the purpose of collecting data regarding any injuries that occurred following the main data collection weeks. During weeks 3, 4, 5, and 6, participants provided data relating to running comfort, running duration, and running distance immediately after every run they completed. Participants were asked to complete and provide data from at least 10 runs during this 4-wk period. Comfort was scored using a self-report visual analogue scale (VAS) of 0 to 10, where 0 represented “No Comfort” and 10 represented “Maximum comfort”. VAS was selected as this is a widely used and validated method of scoring patient-perceived comfort[30,31]. Running duration was reported in hours and minutes, and running distance was reported in miles/kilometres. Running duration and distance were used to calculate running speed in miles per hour (mph). Speed was used to represent running performance in this study, in line with the way that running performance is measured in running events around the world.
Participants were asked to provide data relating to any RRIs they had sustained at least once per week during the whole 8-wk period. This data was reported via a self-report survey, and all participants were provided with an injury identification sheet about common RRIs to assist them in providing this data, as depicted in Figure 2. Data was submitted regarding whether the injury led to disruption of running (disruption of distance, speed, duration, or frequency of running), and if so, how long for. Participants also self-reported the nature of the injury (e.g., iliotibial band syndrome, Achilles tendinopathy) based on the injury identification sheet and whether the injury was new or pre-existing. For an injury to be included in analysis, it had to meet the definition “running-related musculoskeletal pain in the lower limbs that causes a restriction or stoppage of running (distance, speed, duration, or training) for at least 7 d or 3 consecutive scheduled training sessions”. This is the consensus definition presented by Yamato et al[32] following their work on defining RRIs. Pre-existing injuries were included only if they flared up during the study period.
Data collection was monitored by a data monitoring committee consisting of an orthopaedic surgeon, a patient and a statistician, all independent of the research team. 
All individuals who took part in the study were provided with a free pair of Aetrex[26] L700 Speed Orthotics to thank them for their time and participation in the study. Those in Group B (control group) were provided these after the data collection period. 

Statistical analysis
All participants were analysed (intention to treat) within their original assigned groups. The primary outcomes comfort and speed data were analysed using multi-level univariate analysis. This was done to group together the data provided by each individual (i.e., runners having data on multiple runs), allowing any internal correlations to be accounted for. 95% confidence intervals and P values were calculated for each outcome variable to determine if between-group differences were statistically significant. This was done using the Chi-squared test for comfort and speed data and Fisher’s exact test for injury data. Statistical significance was considered if P < 0.05. For outcome variables with significant findings, multi-level multivariate analysis using a logistic regression model was performed to evaluate any confounding effects of gender or age on the findings.
All statistical analysis was reviewed by a National Institute for Health and Care Research-funded statistician from the Department of Biostatistics, University of Liverpool. 

RESULTS
One hundred and six individuals were recruited to the study; 53 were randomised to the intervention group and 53 to the control group. During the study, 12 participants withdrew (6 from the intervention group, and 6 from the control group), two due to illness, two due to injury and eight stopped responding. This left a total of 94 participants to be included in the analysis (drop-out rate of 11%). Full details of participant flow, including reasons for withdrawal, are detailed in Figure 3. 
The final study cohort (n = 94) ranged in age from 19 to 66 years old, with an overall mean age of 39 and a higher proportion of males than females. The intervention group contained slightly more women than men (n = 24 vs 23), whereas the control group contained more men than women (n = 29 vs 18). On average, participants in the intervention group were older than those in the control group, with mean ages of 40.8 and 37.9, respectively. Complete demographic data for the study population can be found in Table 1.
All the 94 participants included in the analysis provided data from at least 10 runs across weeks 3, 4, 5 and 6, and injury data at least once per week during weeks 1-8. The first 10 runs provided by each participant were included in the analysis. From these, comfort, and speed data for runs over two hours long were considered outlier variables and excluded from the analysis. Such runs, of which there were 65 in total (6.91%), were removed because the purpose of this study is to investigate amateur and recreational runners, for whom a run longer than two hours is not considered typical. The injury data of the two participants who withdrew from the study due to injury was removed from the analysis. This left a total of 875 sets of comfort and speed data and 978 sets of injury data in the final analysed dataset. 
Regression coefficients, 95% confidence intervals and P values for comfort and speed data are provided in Table 2. On average, participants who ran with Aetrex[26] Orthotics reported comfort scores that were 1.27 points higher than those who ran with no orthotics. This finding was statistically significant, with a P value of < 0.001. Running speeds reported by participants in the intervention (orthotic) group were, on average, 0.30 mph faster than those reported by participants in the control (no orthotic) group. However, this finding was not statistically significant (P = 0.20). 
Numbers of injuries reported by both groups and the odds ratios, 95% confidence intervals and P values calculated for injury data are provided in Table 3. Participants in the intervention group were 2.22 times less likely to report an injury that disrupted running for ≥ 7 d compared with participants in the control group). However, these findings were not statistically significant (P = 0.08).
Table 4 reports data for injuries lasting ≥ 7 d in more detail, showing the frequency of injury at different sites and overall injury rates. Upper leg and knee injuries were rarely reported in the intervention group, whilst they were the most common injured sites in the control group. Overall, injuries occurred less frequently in the orthotic group; however, of the injuries that did occur, a large proportion of these was in the ankle. One participant from each group experienced two injuries that lasted ≥ 7 d. Hence, 5 participants reported 6 injuries lasting ≥ 7 d in the orthotic group, and 10 participants reported 11 injuries in the control group. 
The orthotic group reported three ankle injuries, all of which were ankle sprains. Conversely, the control group reported no ankle sprains. To explore the potential reason for this discrepancy, all participants who experienced an ankle sprain were contacted to enquire about the type of terrain on which they were running when the ankle sprain occurred (on or off road). All three participants reported that they were running off-road at the time of the injury. 
Multilevel multivariate analysis of comfort scores is provided in Table 5. Age and gender were found to be significant predictors of comfort scores. Male participants provided scores that were, on average, 0.55 points higher than females (P = 0.039), and comfort scores increased by 0.04 points for every one-year increase in participant age (P = 0.003). However, the increase in comfort scores in the intervention group remained significant after adjusting for the effects of gender and age (P ≤ 0.001).
Generally, the spread of data for all variables was broad, reflected by wide confidence intervals, and this was wide enough to produce non-significant findings for injury and speed.
It was ensured that no participants experienced any additional harm or injury by participating in the study. This was mitigated by instructing all participants to run as they normally would, without changing the running frequency, speed, or duration. The only alteration was the addition of orthotics in intervention group, who were shown to have a reduced RRI rate as compared to the control group. Two participants withdrew from the study due to injury. However, the participants did not require any medical intervention other than cessation of running.

DISCUSSION
This randomised control trial explores the effect of orthotics on running comfort, speed and RRI rates. It finds that participants who ran with Aetrex[26] L700 Speed Orthotics reported, on average, higher comfort scores, higher running speeds and lower injury rates over the 8-wk study period than participants who ran with no orthotics. These findings, however, were statistically significant for comfort only and not for injury or speed.
Previous studies have similarly found that orthotics provided non-significant improvements in injury rates and/or speed but significant improvements in comfort[27,33]. Ampat et al[27], reported on 37 participants who ran with and without the orthotics on alternate weeks, reporting distance, time, comfort and RRIs. In line with the current findings, Ampat et al[27] found significant improvements in comfort only and non-significant improvements in both injury rate and performance. Mündermann et al[33] assessed the effects of various shoe inserts on comfort and injury frequency in military personnel. As compared to the control condition (no insert), all shoe inserts allowed for significantly higher comfort ratings. The incidence of injury and pain at various locations was also reduced, albeit not significantly. However, this study assessed these effects during general physical activity, and not exclusively whilst running. Whilst these studies found somewhat similar findings to the current, discrepancies in findings exist within the literature. For instance another study found only non-significant improvements in comfort[20]. However, unlike the current study, this assessed the effects of custom-made orthotics on well-trained male athletes in a controlled setting, in which participants ran on a treadmill for six minutes at high and low speeds in three footwear conditions; standardized footwear (control), custom made orthotics made from ethyl-vinyl acetate, and custom-made orthotics made from expanded thermoplastic polyurethane. Although not significant, arch height comfort and medio-lateral control comfort were improved in both orthotic conditions[20]. Additionally, a 2017 systematic review found significant reductions in overall injury rates with orthotics but non-significant reductions in injury rates when data for individual types of injury were analysed[23]. Contrastingly, a 2007 meta-analysis found orthotics to significantly reduce rates of lower limb overuse injuries specifically[30]. In summary, findings in the literature vary greatly. A likely factor contributing to this is the variation in RRI definitions used between studies. This has led to wide variation in reported RRI rates, ranging from 15.6% to 79.3% in previous studies[7,10,34]. For comparison, the overall number of participants who experienced a RRI in this study was 16%. Another likely contributor to the heterogenicity between study findings is the influence of various confounding variables. These variables include terrain, speed, experience, history of previous injury and distance. This study could have been improved by exerting greater control over confounding variables, such as those listed above. However, a strength of this study was the use of the consensus definition for a RRI, which was agreed upon in work done by Yamato and colleagues[32].
In this study, the rate of injuries lasting ≥ 7 d was lower in the intervention group at all sites except for the foot and ankle, where injuries were more common amongst individuals running with orthotics. Such findings from the orthotic group are harmonious with the findings of a 2012 systematic review which investigated the incidence and prevalence of running-related musculoskeletal injuries and found that foot and ankle injuries may be some of the most prevalent[35]. The higher rate of ankle injuries with the orthotic, namely ankle sprains, may also be explained by the fact that all participants in the orthotic group who experienced such injuries did so when running off-road. Ankle sprains are the most common injury to occur during off-road running[36]. This suggests that the terrain might have contributed to the injury, rather than the use of orthotics. 
Unlike barefoot runners, who experience more accurate proprioceptive input from the feet during running and usually land on the ball of the foot[37], individuals who wear trainers whilst running have poorer proprioception and often land with their heels hitting the ground first. This causes overpronation of the foot and internal rotation of the lower limb joints, with simultaneous external rotation of the patella, which can lead to injury. The current working principle is that orthotics act to reduce this, as well as to distribute pressure more evenly across the foot[38-40]. The redistribution of pressure is illustrated in Figure 4. Additionally, orthotics are thought to provide impact cushioning, absorbing some of the forces that pass through the foot and lower leg during running, thereby reducing injury[17]. It would be beneficial for the running population that such orthotics are readily accessible and affordable. Prefabricated orthotics, which are at least 2.5 times less costly than custom-made orthotics, would be preferred[27]. This preference is supported by the results of previous research, which suggest that there is no significant difference when using pre-fabricated orthotics instead of customised orthotics to prevent RRIs[30].
The strengths of this study include power analysis prior to commencement, achievement of target sample size, and a drop-out rate of just 11%, well below the drop-out rate allowed for, in the study size calculation. This allowed data collection of sufficient quantity and power to produce statistically significant findings. The wide range of ages of participants in this study increases its applicability to the broader running population. Additionally, the collection of data detailing the length of disruption to running following an injury, and injury sites, allowed more detailed exploration into the effect of orthotics usage on RRIs. 
The study was not without limitations. No blinding of researchers or participants to group allocation took place. Some participants in the intervention group may have expected that the orthotics would improve their running experience, which could have created bias. This risk of bias is further emphasized when taking into consideration the newly developed ‘comfort filter’ paradigm, which suggests that injury risk is automatically reduced if a shoe or insert is deemed more comfortable by the runner as assessed by their own ‘comfort filter’[41]. Additionally, comfort could have been explored in more depth by assessing comfort in various parts of the foot, as done in other studies[33], rather than simply an overall comfort measure. Furthermore, the study results may have benefited from all participants being queried further regarding their running experience. Recreational runners have been defined as individuals with over 3 mo of running experience, whilst anyone with less than 3 mo of running experience is referred to as novice runners[8]. Experienced runners have been defined as runners who have been running for over a year[9]. It has been found that the incidence of RRIs is significantly higher in novice than experienced runners, with one study finding that novice runners experience 8.78 RRIs per 1000 hours of running, as compared to 4.24 per 1000 hours for experienced runners[9]. Hence, whilst the current study aimed to focus on recreational runners, the use of these definitions to sub-group participants would have been advantageous, as it would have allowed for further analysis into the relationship between running experience and its effects on injury rate. It would have also been beneficial for the researchers to evaluate participants history of previous RRIs, as this has been associated with an increased likelihood of a further injury and a poorer prognosis following a new injury[42]. Again, the inclusion of this data would have allowed sub-group analysis, enabling any existing correlations to be identified. The collection of data regarding each participant’s usual running terrain is also a consideration for future studies as, once more, it would have allowed sub-group analysis to ascertain the relationship between the terrain on which participants ran and their injury types and injury rate. The lack of data collection concerning the participants running footwear could also be viewed as a limitation. Gathering this data would have allowed for sub-group analysis to determine if differences in footwear effected running performance or injury rate, as bias may exist. However, the researchers did not wish to control the participants running shoes, as the aim of the study was to ascertain the level of benefit orthotics can provide to general runners, irrespective of their usual running footwear. To improve the clarity of findings, it could also be favorable if future studies request a maximum of one weekly injury report and one comfort report for the entire week. 
In this study, there was a much higher proportion of males (n = 29) than females (n = 18) in the control group. The UK running population is estimated to contain more males than females[43], but not at such an extreme ratio as in this participant group. In contrast, the intervention group contained slightly more females (n = 24) than males (n = 23). This difference in numbers of males and females in each group is relevant as it will have confounded the study findings, as demonstrated in the multivariate analysis of comfort. Closer monitoring of the participant recruitment process in future studies and using a sampling technique, such as stratified sampling, would prevent discrepancies like this from occurring in the future.
The wide confidence intervals found during the analysis of all outcomes demonstrate a wide spread of data from the mean values for each outcome and each group. These confidence intervals were wide enough to cause the improvements in speed and injury rate to be non-significant. This broad spread of data may be partially explained by the nature of the outcomes explored by this study. Natural tendencies for injury, running speeds and expectations for comfort vary between individuals, which may have led to a wider spread of data. 
The burden of cardiovascular diseases, cancers and diabetes mellitus within the general population is substantial, and lack of exercise is a significant contributor to this[2-5,44-46]. Recreational running is an accessible, affordable way to exercise and reduces the risk of these health conditions[47,48]. This study finds that Aetrex L700 Speed Orthotics allows at least some improvements in performance and injury reduction and significant improvements in comfort. 
This study advances current knowledge regarding the use of prefabricated orthotics in reducing RRI rates and improving running comfort and speed. However, the lack of significant findings for injury and speed necessitates further research. This is particularly important as reducing discomfort and injury may encourage more individuals to take up running and improve their health thereby decreasing the strain on healthcare services. 

CONCLUSION
This randomised control trial finds that running with Aetrex[26] L700 Speed Orthotics improves comfort and speed whilst running and reduces RRI rates compared to running with no orthotics. However, data were only significant for comfort and not for injury rate or speed. 

ARTICLE HIGHLIGHTS
Research background
Current evidence regarding the effect of orthotics on comfort, speed and injuries during running is limited and mixed.

Research motivation
Running is a highly popular sport; however, the rate of running-related injuries is high. Exploring the ability of orthotics to reduce injury and improve speed and comfort during running would be valuable to runners and, if the results are positive, encourage individuals to take up running, thereby improving their health. 

Research objectives
To explore whether running with Aetrex[26] Orthotics inserted into normal running shoes reduces the rate of running-related injuries and improves comfort and speed.

Research methods
In this randomised control trial, participants were recruited on a voluntary basis and allocated to either the intervention (orthotic) group or the control (no orthotic) group. Participants in the intervention group were asked to run with a pair of Aetrex[26] L700 Speed Orthotics inserted into their normal running shoes, whilst participants in the control group were asked to run in their normal running shoes with no orthotics. Data for any related running-related injuries was collected over an 8-wk period. Comfort scores and run duration and distance data were collected immediately after any run performed during weeks 3-6. Univariate multi-level analysis was performed for comfort and speed data. Odds ratios were calculated for injury data, and 95% confidence intervals and P values were calculated for all three outcomes. Multilevel multivariate analysis was performed for outcomes with significant findings between groups to evaluate any confounding effects of gender and age.

Research results
Data from 94 participants were included in the final analysis. On average, participants in the intervention (orthotic) group reported higher comfort scores, faster running speeds and fewer injuries. This data was significant for comfort but not for injury rates or running speed. Gender and age were found to significantly affect comfort, but significant improvements in comfort when wearing the orthotic were still present after adjusting for gender and age. 

Research conclusions
This study provides evidence that running with prefabricated orthotics inserted into normal running shoes increases comfort and speed and reduces the rate of running-related injuries. However, data were only significant for comfort and not for speed or injury rates. 

Research perspectives
Further research on this subject is required due to the ongoing need to find a cost-effective way to reduce injury rates in recreational runners and encourage individuals to take up running to improve their health. Future studies should consider collecting data regarding the tendency for running injury and usual running speeds to allow adjustment of results for these confounding variables. 
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Figure 1 Aetrex L700 Speed Orthotics. Image of Aetrex L700 Speed Orthotics, provided to participants in the intervention group. Reprinted with permission of Aetrex, Inc. © 2022.
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Figure 2 Injury identification sheet. Injury identification sheet regarding common running-related injuries provided to participants to assist them in reporting injuries.
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Figure 3 Participant flow. Participant flow, including randomised group assignment and any withdrawals. No.: Number; PIS: Participant information sheet.
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Figure 4 Comparison of pressure in the feet with and without orthotics. A: Increased pressure at three points without orthotics compared to; B: Reduced pressure using orthotics with arch support and a cupped heel.


Table 1 Basic demographic information for participants included in analysis, n (%)
	
	Intervention (orthotic) group
	Control (no orthotic) group
	Both groups

	Sex
	
	
	

	Male
	23 (48.94)
	29 (61.70)
	52 (55.32)

	Female
	24 (51.06)
	18 (38.30)
	42 (44.68)

	Age (yr)
	
	
	

	< 20
	1 (2.1)
	1 (2.13)
	1 (1.06)

	20-29
	9 (19.1)
	9 (19.15)
	16 (17.02)

	30-39
	10 (21.3)
	15 (31.91)
	26 (27.66)

	40-49
	16 (34.0)
	13 (27.66)
	30 (39.91)

	50-59
	8 (17.0)
	7 (14.89)
	16 (17.02)

	60-69
	3 (6.4)
	2 (4.26)
	5 (5.32)

	Mean age
	40.79
	38.49
	38.97

	Total
	47
	47
	94




Table 2 Findings and multi-level analysis of comfort and speed data for both groups
	Outcome measure
	Regression coefficient (95%CI)
	P value

	Comfort
	1.27 (0.69 - 1.84)
	< 0.001

	Speed
	0.30 (-0.16 - 0.75)
	0.20




Table 3 Findings and statistical analysis of injury data for both groups
	Outcome measure
	Participants experiencing outcome in intervention (orthotic) group
	Participants experiencing outcome in control (no orthotic) group
	Odds ratio (95%CI)
	P value

	Injury
	5
	10
	[bookmark: _GoBack]2.27 (0.71 - 7.25)
	0.26




Table 4 Frequency of injuries lasting > 7 d for both groups classified by injury site
	Injury site
	Injury frequency

	
	Intervention (orthotic) group
	Control (no orthotic) group
	Both groups

	Upper leg
	0
	6
	6

	Knee
	1
	3
	4

	Lower leg
	1
	1
	2

	Ankle
	3
	1
	4

	Foot
	1
	0
	1

	All sites
	6
	11
	17




Table 5 Findings from multivariate analysis of comfort data
	Outcome measure = comfort

	Variable
	Regression Coefficient (95%CI)
	P value

	Group (Intervention vs control)
	1.22 (0.67 - 1.78)
	< 0.001

	Gender
	0.55 (0.03 - 1.07)
	0.039

	Age
	0.04 (0.01 - 0.06)
	0.003
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Trochanteric bursitis — ‘greater
trochanter pain syndrome’ -
inflammation of the trochanteric bursa
causing pain on the outer aspect of
the hip.

Hip adductor muscle injury - pain
in the inner thighs due to damage to
the muscle located here, usually
caused by forceful contraction during
kicking, pivoting or skating.
Quadriceps muscle injury -
damage to the quadriceps muscle in
the front of the thigh. Complete
rupture of this muscle is also possible
which causes intense pain.

Psoas bursitis and iliopsoas
tendinitis — pain in the groin,
due to damage to the bursa or
tendons attached to the psoas
muscle, which helps to bend (flex)
the hip.

Hip adductor tendinopathy -
inflammation of the inner thigh
tendons, causing pain when bringing
the thighs together against
resistance, inner thigh stiffness at
the beginning of activities and in the
morning, and swelling, tenderness
and bruising of the inner thighs.

Iliotibial band syndrome -
inflammation of the strong band-like
ligament which runs down the outer
aspect of the thigh, causing pain

usually felt on the outer aspect of

the knee.

Tibialis anterior muscle injury -
damage to this muscle in the front of the
lower leg, often due to sudden abnormal

Patellar tendinopathy/tendinitis
- damage to the patella tendon
causing pain and inflammation in the
front of and just below the knee. Also
called ‘Jumper’s knee’ as it can occur
in basketball, volleyball and netball as
well as in running.

Patellofemoral syndrome -

forces involving lifting the foot upwards. softening of the cartilage
Tibial stress syndrome — the main L beneath the patella (kneecap),
cause of “shin splits”, involving pain at Ante_rlor tibial . causing a painful scratching or
the front and/or inside aspect of the tendinopathy - pain in the grinding sensation in the front
shin due to inflammation of the tendons front of the foot due to of the knee.

and periosteum (‘skin™~like covering of repetitive strain of the Meniscal injury — tear to one
the bone) located here. anterior tibial tendon which or both the crescent-shaped
Intervertebral disc damage — runs down the front of the cartilages located within the
lower back pain due to damage to lbwer leg into thg foot knee, usually caused by sudden

twisting and bending of the
knee.
Knee sprain - injury to one of the

four knee ligaments, usually caused
by sudden forceful twisting of the
knee.

the cartilaginous intervertebral discs
between each vertebral bone. Can
range from simple sprains to wear
and tear caused by repeated strain
over a long period of time.
Hamstring muscle injury -

damage to muscles in the back of
the thigh, often caused by explosive
motions of the knees and/or hips
which stretch the muscles beyond
their limits.

Gastrocnemius muscle injury —
“tennis leg” - injury to one of the major
calf muscles, often caused by sudden
overstretching of the foot, for example if
the front of the foot lands on a step and
the back of the foot and ankle forcefully
drops down.

Achilles tendinopathy - pain and
swelling at the back of the ankle,
usually close to the ankle bone. It is
caused by repeated overstretching &
the Achilles tendon (which connects
the calf muscles to the heel bone)
without adequate stretching and

Hamstring tendinopathy - injury to
the hamstring tendons which attach
to the pelvis (hip bone). Pain occurs in
the lower buttock region and back of
the thigh.
Chronic exertional compartment
syndrome - pain due to increased
pressure within muscle compartments in
the leg, usually felt on the outer aspect of
the lower leg. This increased pressure
occurs due to swelling of leg muscles
following exercise.
Peroneal tendinopathy - pain and
inflammation at the outer aspect of the
/ ankle due to damage to tendons here
which attach to the peroneal muscles in
the lower leg.
Ankle sprain — a
tear to one or

Flexor hallucis

;V;r,ﬂaurp{:asciitis - Tibialis posterior longus tendinopathy ~ more ankle
inflammation of the plantar tendinopathy - pain — "deep” pain on the ligaments, usually
fascia which runs from the and inflammation in the ~ back and inside aspect on the outside
heel to the ball of the foot, back and inside aspect  of the ankle caused by aspect of the ankle
making up part of the arch of of the ankle and foot repetitive, forceful dug toa _tW|s_t|_ng
the foot. Causes pain beneath caused by damage to forefoot push-off or Inversion Injury.
the heel and on the sole of the tibialis posterior movements which If serious it can
the foot, often worse early in tendon, located in the damages tendons in cause _a!nkle joint

T back of the lower leg. the foot and ankle. instability.

the morning.
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No. of contacts obtained through running

clubs = 2

No. of contacts obtained through social media

Total no. of contacts = 562 campaigns = 560

No. of contacts not sent PIS = 44

No. of contacts sent PIS = 516

No. of PIS recipients who responded No. of PIS recipients who did not
=132 respond = 384
No. of PIS recipients who had telephone Exclusions before consultation: 4
consultation with the lead investigator Reasons: 1 did not wish to continue, 3 due
arranged = 128 to injury
No. who did not attend No. who attended consult, deemed eligible
consult/deemed ineligible = 16 & sent consent form = 112
No. who returned consent form & No. who did not return consent
randomized into groups = 106 form = 6

Participants randomly assigned to intervention

Participants randomly assigned to control group

group (Group A) = 53

Withdrawals = 6
Reasons:
3 stopped responding,
2 due to injury,
1 due toillness

Participants in group
included in analysis = 47

(Group B) = 53

Withdrawals = 6
Reasons:
5 stopped responding,
1 due to illness

Participants in group
included in analysis = 47

Participants included in analysis = 94
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