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Background. Although the Fitkids Treadmill Test (FTT) has been validated and normative 

values are available for 6- to 18-year-old children who are healthy, these facts do not 

automatically imply an uptake of the test in the day-to-day practice of physical therapists. 

Objective. The objectives of this study were to evaluate the utility of the FTT in different 

diagnostic groups and to explore potential factors affecting the use of the FTT in clinical 

practice. Design. Mixed methods with both quantitative and qualitative data were used in 

this study. Methods. Outcome parameters from the FTT were retrieved from the Fitkids 

database. For evaluation of the utility of the FTT, 2 indicators, exercise duration and 

maximal effort, were used. An online survey was sent to physical therapists in Fitkids 

practices to identify factors affecting the use of the FTT in clinical practice. Results. The 

percentage of children in each of the diagnostic groups who reached the minimal 

duration of a maximal exercise test ranged from 94% to 100%. The percentage of 

children who reached a peak heart rate of ≥180 beats·per minute ranged from 46% for 

children with cognitive, psychological, or sensory disorders to 92% for children with 

metabolic diseases. The most important facilitator for the use of the FTT was the fact that 

most therapists were convinced of the additional value of the FTT. The main barriers 

were physical therapists’ attitudes (resistance to change/lack of experience) and, on the 

environmental level, the absence of a treadmill ergometer in physical therapist practice. 

Limitations. Structured interviews would have provided a larger amount of information 

on potential factors affecting the use of the FTT in clinical practice. Conclusions. This 

study has shown the clinical utility of the FTT in different diagnostic groups in pediatric 

physical therapist practice. Responding to the factors identified in this study should 

enable improved uptake of the FTT in clinical practice. 

 

Comprehensive assessment of aerobic fitness in children, especially those with a medical condition or 

disability, is an important part of pediatric physical therapy.1 Various valid and reliable treadmill 

protocols for estimating aerobic fitness are available, but there are questions concerning the utility of 

most of these protocols in clinical practice by physical therapists in Fitkids practices (ie, physical 

therapist practices affiliated with the Fitkids Foundation). To overcome these concerns, the Fitkids 
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Treadmill Test (FTT) has been developed.2 The advantages of the FTT over other existing and well-

established maximal treadmill protocols3–6 are 2-fold. First, the maximal incline of the protocol is 

restricted to the maximal incline of standard treadmills, which is 15%, as these treadmills are most 

often available in community physical therapist practices. Second, the protocol starts with 0% incline 

making this protocol useful in children and adolescents with a disability or chronic disease. A high 

incline in the first stage of the protocol often leads to premature exhaustion of the muscles of the 

lower limbs before achieving cardiac or respiratory limits in this population. Earlier research has shown 

the FTT to be valid and reproducible for the assessment of aerobic fitness in children and adolescents 

who are healthy.2 Also, reference values for 6- to 18-year-old children who are healthy have been 

published.7 Although the FFT has been evaluated to be valid and reproducible in children and 

adolescents who are healthy, these facts do not automatically imply an uptake of the test in the 

routine day-to-day practice of pediatric physical therapists. Clinical utility is clearly of key concern. 

Literally, clinical utility refers to “the usefulness of an intervention for, or in, clinical practice.”8 An 

uptake of the FTT in routine practice implies that therapists should change their established behavior 

in exercise testing. A widely used approach for understanding the difficulties in changing established 

behavior in clinical practice is based on a framework of Cabana et al.9 The determinant framework of 

Cabana et al specifies the barriers and facilitators to the implementation of clinical practice guidelines. 

In these guidelines, the use of standardized measurement instruments is recommended in order to 

support clinical decision making. However, the use of these standardized outcome measures is 

inconsistent in physical therapist practice.10–13 Regarding maximal treadmill protocols, the Bruce 

treadmill protocol is the most commonly used protocol in clinical practice. In a study regarding the 

daily practice of exercise testing among pediatric cardiology and pulmonary centers in the United 

States, it was stated that the (modified) Bruce protocol was used by 79%.14 The modified protocol has 

smaller increments in workload in comparison with the original Bruce protocol. This value is broadly in 

line with those in other studies.15 This widespread popularity of the (modified) Bruce protocol is 

perhaps somewhat surprising, because of the frequently reported disadvantages of the (modified) 

Bruce protocol, especially in very young children and those with chronic illness.16,17 Before the 

introduction of the FTT, the (modified) Bruce protocol was also widely used in Fitkids practices 

However, because of the limited inclination  of the available treadmill ergometer in most Fitkids 

practices, the protocol was often adjusted. 

There is only limited knowledge about effective strategies to increase use of outcome measures.13 

However, several studies have identified barriers and facilitators to routine use of outcome measures 

in among physical therapists in clinical practice of which many are similar to those specified by Cabana 

et al.9,10,12,13,19,20 The barriers identified by Cabana et al are grouped based on whether they 

affect physician knowledge (lack of awareness and lack of familiarity), attitude, (lack of agreement 

with (specific) guidelines, skills, motivation, outcome expectancy, self-efficacy, and habits/routines) or 

behavior. Three external factors that are considered to be related to behavior are the guideline itself, 

the patient, and social/environmental factors.9 

Identification of facilitators and barriers influencing the use of the FTT among physical therapists in 

Fitkids practices seems useful for improving uptake of the FTT in the routine day-to-day practice of 

physical therapists. As the recommendation by the Fitkids Foundation to use the FTT in clinical practice 

can be interpreted as being a new guideline to monitor aerobic fitness it seems legitimate using the 

theoretical framework of Cabana et al9 in this identification. Summarized, for the FTT to become well 

embedded in clinical practice, its utility should be demonstrated in clinical populations and a tailored 

implementation strategy should be launched based on prospectively identified barriers and facilitators 

to the use of the FTT in clinical practice. Therefore, the 2 goals of the present study were to evaluate 

the utility of the FTT in different diagnostic groups (part 1 of the study) and to explore potential factors 

affecting the use of the FTT in clinical practice (part 2 of the study).  

Methods 
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FTT  

The FTT is an incremental treadmill test consisting of 90-second stages with increments in both speed 

and grade as described previously.2,7 The test starts after a warming-up period (3.5 km/h, 0% grade) 

at 3.5 km/h and a 1% gradient, followed by incremental increases in both speed (0.5 km/h) and incline 

(2%). The maximal incline is 15%. Main outcome measures of the FTT are time to exhaustion (TTE) and 

peak heart rate (HRpeak). The TTE is calculated as the total duration of the test minus the duration of 

the warm-up phase. 

Knowledge Transfer Activities  

The FTT was developed in close cooperation with physical therapists and pediatric physical therapists 

in Fitkids practices. Since 2014, the FTT is adopted as one of the core exercise tests outlined in the 

Fitkids test manual. Concurrently, the validity and the reproducibility of the FTT were investigated and 

in 2015 the article concerning the validity and reproducibility was published.2 In 2016 reference values 

of the FTT in 356 Dutch children who were healthy were published.7 The Fitkids Foundation used the 

intranet located at our website, social media, and newsletters to inform the therapists about the FTT. 

The protocol, standard operation procedures and reference values could also be obtained from the 

intranet and were distributed on several meetings. Different training days and workshops were 

organized over the past few years to ensure that therapists got familiar with the protocol. The 

knowledge transfer activities were part of the “Fit for the Future” consortium21 and were based on 

the policy of the Royal Dutch Society for Physical Therapy,20 that information about measurement 

instruments should be disseminated through publication in professional journals, newsletters, and 

guidelines. 

Study Design 

The clinical quantitative data that were used to describe the study population and to evaluate the 

utility of the FTT in clinical practice were extracted from the Fitkids database. The Fitkids database is a 

web-based electronic patient record of children participating in the program. Data that were entered 

between March 2014 and May 2017 were used for this study. Fitkids is a nationwide exercise therapy 

program in the Netherlands. Fitkids aims to increase health-related fitness, health-related quality of 

life, and participation in physical activity and/or sports in children and adolescents who are 6 to 18 

years old and have a chronic condition or disability. 

The data in the database were obtained by physical therapists and pediatric physical therapists during 

the initial assessment of Fitkids and concerned medical diagnosis, height, weight, HRpeak, and 

maximal TTE. The medical diagnosis of the children was based on the information provided by the 

treating physician in the medical referral letter. Body mass index (in kg/m2) was calculated from 

weight and height,2 and standard deviation scores (SDS) were calculated using Dutch growth charts.22 

Reference values published in our earlier research7 were used to compare the maximal TTE of children 

in the present study with that of children who were healthy. 

Part 1: Evaluating the Utility of the FTT 

To assess the utility of the FTT in clinical practice, we used 2 indicators . The first was exercise duration 

(determined as the total duration of the FTT, including the duration of the warm-up phase), in terms of 

percentage of children and adolescents who reached the minimal duration for a maximal exercise test 

that was set at 6 minutes for children who were 6 to 12 years old and 8 minutes for those who were 

12 years old and older.23 The second was maximal effort, in terms of the percentage of children and 

adolescents who reached an HRpeak of ≥180 beats·per minute when performing the FTT. The 

Indicators were considered sufficient when reached by 75% of the included children in each of the 

diagnostic groups. 
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Part 2: Exploring Potential Factors Affecting the Use of the FTT in Clinical Practice 

To identify barriers and facilitators to the use of the FTT in clinical practice, an online questionnaire 

was sent to physical therapists in 1 of the 166 Fitkids practices. The survey was sent with the use of 

Surveymonkey (www.surveymonkey.com). For a solid basis of the survey questionnaire, we used 

existing questionnaires to formulate questions and create response options.24,25 These questions 

were supplemented with useful subjects for collecting specific information about the factors affecting 

the use of the FTT in clinical practice (ie, questions on test characteristics of the FTT). Different types of 

response categories were used: open-field questions, multiple-choice bullets, visual analog scale 

(ranging from 0 to 10), and binary questions. The survey started with some questions to gather 

demographic information of the physical therapist. To ensure clarity and assess face validity of the 

survey items and response options, a draft of the questionnaire was created by E.M.W.K. using the 

framework of Cabana et al9 to reflect to underlying domains of barriers and facilitators affecting the 

use of the FTT in daily clinical practice. These domains are knowledge, attitude and external factors. 

The questionnaire was reviewed and discussed in our research group. Some questions of the survey 

were answered by all respondents (1–7, 17–20, 23, 24), some were answered by only those who were 

using the FTT (defined as users) (8–15, 21, 22) , and question 16 was answered only by those who were 

not using the FTT in clinical practice (defined as nonusers). The Appendix provides more detailed 

information on the exact content of the online survey. For the purpose of this article, all questions are 

translated from Dutch to English. 

Ethics Issues 

The analysis of the quantitative data was performed on preidentified anonymous patient care data. 

The data was collected in the course of standard care to evaluate the effects of the Fitkids exercise 

training program. According to the Dutch Medical Research Involving Human Subjects Act, this study 

did not require ethics approval. Parents and children gave their written permission to use the data for 

research purposes. 

Data Analysis 

The IBM SPSS Statistics for Windows, version 24.0 (IBM Corp, Armonk, New York), was used for data 

analysis. For analysis of the quantitative data, the distribution of the data was determined and 

checked for normal distribution. The medical conditions of the included children were classified 

according to the diagnostic groups proposed by the American College of Sports and Medicine,26 to 

which we have added 1 category, being the category of motor developmental delays. Differences 

between the maximal TTE of the FTT and reference values were analyzed using the SDS of the TTE, 

that is, the difference between the observed and predicted values divided by the SD of the reference 

values. The analysis concerning the evaluation of the utility of the FTT focused on determining 

whether the indicators were sufficient in each diagnostic group. The analysis of the online survey 

focused on identifying facilitators and barriers, based on the framework of Cabana et al.9  

Role of the Funding Source  

his study was financed by the Johan Cruyff Foundation and the Dutch Foundation Innovation Alliance 

(SIA-RAAK), part of the Dutch Organization for Scientific Research (NWO) (PRO-4-03). The funding 

source had no influence on the study’s design, conduct, and reporting. 

Results 

Study Population 

Data were based on a database export that was done on April 24, 2017. The export file consisted of 

test results of 415 children (260 boys and 155 girls) from 49 Fitkids practices. The median age of the 
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children was 10.7 years (interquartile range: 9.1–12.3), the median body mass index (kg/m2) was 22.4 

(interquartile range: 18.3–25.9), and the median body mass index for age score was 2.2 (interquartile 

range: 0.9–3.1). Because of incomplete datasets, the body mass index scores are based on 275 

children. The medical conditions of the included children are outlined in Table 1. 

FTT 

Initial test results of the included children are presented in Table 2. The median maximal TTE ranged 

from 9.0 minutes in children with neuromuscular disorders to 11.5 minutes in children with 

cardiovascular diseases. Compared to the reference values, test results of the FTT showed significantly 

reduced the maximal TTE for all medical diagnosis groups (median SDS of TTE between −2.1 [in 

children with metabolic disorders] and −0.8 [in children with cardiovascular diseases]). The FTT was 

deemed maximal when HRpeak was ≥180 beats·per minute. Median HRpeak ranged from 179 

beats·per minute in children with cardiovascular diseases and children with cognitive, psychological or 

sensory disorders to 197 beats·per minute in children with metabolic diseases. 

Part 1: Evaluation of the Utility of the FTT 

Overall, 98% (405/415) of the children reached the minimal duration for a maximal exercise test which 

was set at 6 minutes for children who were 6 to 12 years old and 8 minutes for those who were 12 

years old and older. With respect to maximal effort, 64% (252/391) of the participants with an HRpeak 

registration in the database met the objective criteria of maximal effort during the FTT (HRpeak of 

≥180 beats·per minute). Table 2 shows the percentages in each of the diagnostic groups. 

Part 2: Exploration of Potential Factors Affecting the Use of the FTT in Clinical Practice 

Of the 166 Fitkids practices in the Netherlands at the time of the online survey, 155 were active. In 

total, 142 therapists who were involved in exercise testing in children participating in Fitkids 

completed the online survey from 141 Fitkids practices (response rate: 91% [141/155]). 

Survey respondents. The characteristics of the 142 survey respondents are presented in Table 3. 

Sixty-three percent of the therapists reported using the FTT in clinical practice. 

Knowledge-related factors. In general, therapists were aware of the existence of the FTT. Only 1 

respondent explicitly reported not to be aware of the FTT (0.7%). Users of the FTT rated a mean 

knowledge score of 7.4 on a scale from 1 to 10. Fifty-four percent (49/90) of the users reported to 

have a lot of knowledge of the FTT (score of 8, 9, or 10). Nonusers were not asked to rate their 

knowledge on a scale from 0 to 10 but were asked for specific knowledge of the FTT by answering 3 

questions: What is the main outcome measure of the FTT? Is rail holding permitted? and Are reference 

values of the FTT available? The users also answered these questions. Ninety-seven percent (87/90) of 

the users were aware of the main outcome measure of the FTT; the value for nonusers was 56% 

(27/48). Ninety-two percent (83/90) of the users reported to know that rail holding is not permitted; 

the value for nonusers was 73% (36/49). Ninety-four percent (85/90) of the users reported that they 

were aware of the existence of the reference values; the value for nonusers was 78% (38/49). 

Attitude-related factors. Ninety-six percent (85/89) of the users were convinced of the additional 

value of the FTT; the value for nonusers was 62% (31/50). The reasons why the test was found to be of 

additional value are summarized in Table 4 for both the users and the nonusers. In total, 112 reasons 

were reported by 79 users and 26 reasons were reported by 22 nonusers. All reasons reported were 

classified in 5 main categories. With respect to motivation to use the FTT, users rated a mean 

motivation score of 8.5 on a scale from 1 to 10, whereas nonusers rated a score of 5.1. With respect to 

skills in using the FTT, users rated a mean score of 7.5 on a scale from 1 to 10. Fifty-six percent (50/90) 

of the therapists reported having good skill in using the FTT (score of 8, 9, or 10), whereas 10% (9/90) 

answer this question but were assumed to have no skill in using the FTT. 

Users were asked whether they found themselves well educated in using the FTT and what their 

experience is in using the FTT. Seventy-seven percent (69/90) (highly) agreed that they were 
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sufficiently trained in using the FTT in clinical practice. Fifty-seven percent (51/90) reported having a 

lot of experience in using the FTT. The mean number of FTTs conducted by 27 of these therapists was 

41. Both the users and the nonusers were asked whether they were interested in additional training in 

using the FTT. Of the users, 27% (24/90) reported that they were interested; the value for nonusers 

was 28% (14/50).  

External barriers. Twenty-seven percent (14/52) of the nonusers reported not meeting the practical 

requirement of having a treadmill ergometer available (either in their practice or at the time of 

exercise testing). Also, factors related to the measurement instrument itself may hamper the 

implementation of the FTT. Therefore, we asked whether the FTT was found to be time-consuming to 

conduct. Sixteen percent (14/90) of the users agreed with the statement “conducting the FTT is time-

consuming.” As therapists who found the FTT highly demanding for children with a medical condition 

are less likely to use the FTT, we stated that “the FTT is a highly demanding physical test for children 

who participate in the Fitkids program.” Of the users, 7% (6/90) (highly) agreed with this statement. 

Pediatric physical therapists are also less likely to use the FTT in clinical practice if they assume that 

children who are visiting the practice are not able to reach their maximal effort on the FTT. Of the 

users, 32% (29/90) disagreed with the statement that “children often reach their maximal effort when 

performing the FTT.” The users who disagreed with the statement reported the following reasons for 

limiting maximal effort. In total, 61 reasons were reported by 29 therapists: the FTT is difficult because 

holding onto the front handrail during the test is not permitted (38%; 23/61), painful legs (31%; 

19/61), walking on the treadmill with increments in speed and inclination is too difficult (18%; 11/61), 

motivational problems/lack of perseverance (10%; 6/61)and the physiological response to (maximal) 

aerobic exercise is unfamiliar or unknown to children (3%; 2/61). 

Reasons for not using the FTT in clinical practice are summarized in Table 5. In total, 44 nonusers 

reported a reason and 50% (22/44) of the reasons reported could be classified in the category attitude 

related, of which 39% (17/44) were related to resistance to change (habits) and 11% (5/44) were 

related to lack of experience. The other 50% of the reasons reported were related to external barriers, 

which could be classified into 3 main categories: patient (9%; 4/44), organization (39%; 17/44), and 

measurement related (2%; 1/44). There were no reasons reported that could be classified in the 

category knowledge related. 

Table 6 provides an overview of factors that seemed to have influenced the implementation of the FTT 

in clinical practice. 

Discussion 
The objectives of the study were to evaluate the utility of the FTT in different diagnostic groups and to 

explore potential factors affecting the use of the FTT in clinical practice. The test results of the FTT 

showed significantly reduced median maximal TTE for all diagnostic groups (SDS ranging from −2.1 to 

−0.8), indicating sufficient discriminatory ability of the FTT. The findings of reduced aerobic fitness 

levels in children participating in Fitkids are consistent with the findings in our previous studies.18,27 

Part 1: Evaluation of the Utility of the FTT 

The first indicator to evaluate the utility of the FTT was successful as the minimal exercise duration of 6 

minutes in children (6–12 years old) and 8 minutes in adolescents (12 years old and older) was reached 

in more than 75% of the included children in each diagnostic group. It is important to well inform the 

therapists on the minimal duration of a maximal cardiorespiratory exercise test. Maximal 

cardiopulmonary exercise tests with extremely short durations should be interpreted with caution and 

used evaluative as the oxygen uptake may not have been reached its maximum. The second indicator, 

to evaluate utility, was successful if 75% of the children in each diagnostic group reached an HRpeak of 

≥180 beats·per minute. This indicator was, however, only reached in children with metabolic diseases 

(92%) and neuromuscular diseases (82%). In fact, 36% of the participants with an HRpeak registration 
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in the database had an HRpeak below 180 beats·per minute. From the online survey, we learned that 

68% of the therapists who are using the FTT in clinical practice found the test feasible on HRpeak as 

they agreed with the statement that “children often reach their maximal effort when performing the 

FTT.” It is known from literature that, for instance, children with mental retardation have lower 

predicted HRpeak.28 The recommended lower limit of normal for HRpeak of 180 beats·per minute to 

identify maximal effort seems therefore not applicable in this population. Moreover, in our study on 

reference values of the FTT, 356 Dutch children who were healthy were included and a lower limit of 

normal of 174 beats·per minute was found in girls (the mean HRpeak ± SD values in boys and girls 

were 197 ± 7 and 198 ± 7 beats·per minute, respectively).7 Finally, some children might have problems 

with movement coordination or have, for instance, an equinus position of the foot. A maximal 

treadmill test is likely to be symptom-limited in these children resulting in a symptom-limited HRpeak. 

There are other validated field tests that better suits these children.29–31 We advise therapists to 

choose measurement instruments that are tailored to the individual child and to use subjective 

symptoms for maximal effort, such as sweating, facial blushing, and a clear unwillingness to continue 

despite encouragement. Moreover, as it is questioned whether therapists push and encourage 

children enough to reach their maximal effort during a maximal exercise test we aim at training 

therapists in conducting maximal exercise tests. 

From the online survey, it became clear that there are 3 main reasons for limiting maximal effort 

during the FTT: the test is difficult because holding onto the front handrail during the test is not 

permitted, painful legs, and walking on a treadmill machine with increments in speed and inclination is 

too difficult. These reasons are likely to be related to being not familiar with treadmill walking. To 

ensure the opportunity for a successful evaluation, children must be familiarized with the testing 

procedure.16 With respect to the FTT, it is essential that children are familiar with walking and running 

on a treadmill machine and with an 15% inclination angle before the child performs the FTT. On the 

basis of the current findings, we advise therapist to conduct 2 FTTs on 2 different sessions, as is also 

recommended for other field walking tests.32 Ideally, we recommend a practice session before the 

actual test. In the context of Fitkids, we recommend performing a practice session during the Fitkids 

lesson in the week before the actual test session is planned. We are aware, however, that this might 

not always be feasible in clinical practice. 

Part 2: Exploration of Potential Factors Affecting the Use of the FTT in Clinical Practice 

A substantial percentage of therapists in Fitkids practices (63%) have adapted their established 

behavior in exercise testing. The percentage of therapists using the FTT in clinical practice approaches 

the percentage of those using the (modified) Bruce treadmill test in the clinical practice of pediatric 

cardiology and pulmonary centers in the United States (79%). However, we are aware of the fact that 

therapists in Fitkids practices are a demarcated population of therapists in the Netherlands and that 

the use of the FTT in general is much lower. The online survey yielded information on factors we can 

respond to improve uptake of the FTT in the routine day-to-day practice of pediatric physical 

therapists. 

Discussion of Factors Influencing the Use of the FTT on the Basis of Factors Proposed by Cabana 

et al9 

The online survey revealed a high level of awareness of the FTT among physical therapists in Fitkids 

practices and revealed that the knowledge of the FTT among the users was high. It can be concluded 

that the strategy to improve knowledge as used by the Fitkids Foundation was quite successful. 

However, the nonusers revealed to have far less detailed knowledge on the FTT and this might have 

contributed to the fact that these therapists do not use the FTT yet. Important reasons that were 

reported for not using the FTT although being convinced of the additional value were, attitude related, 

resistance to change or habits and at the organizational level the absence of a treadmill ergometer. It 
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seems likely that therapists who cannot use the test because of the absence of a treadmill ergometer 

are less interested in the provided information on the FTT and therefore have less detailed knowledge. 

From literature it is known that habits cause resistance to change at the individual level.33 Miller et 

al34 investigated the influence of providing information about a change on resistance to change and 

concluded that detailed “quality” information about a change minimizes resistance at the individual 

level. Keeping this in mind, still a lot can be achieved by distributing detailed information on the FTT in 

the population of therapists that are not using the FTT in clinical practice yet. Currently, we are 

working on an integrated digital knowledge transfer system with information, detailed protocols, and 

information videos to more widely distribute information on the FTT. 

Logically, the nonusers were less motivated to use the FTT in clinical practice. Next to habits, a lower 

level of motivation is also known to cause resistance to change at the individual level.33 Therefore, it 

is of interest which internal or external factors may help to motivate therapists who are nonusers to 

use the FTT. The fact that the nonusers lack skills in using the FTT may result in a low motivation, 

because of lack of self-efficacy. Self-efficacy refers to the belief of being capable of carrying out a 

specific task (ie, conducting the FTT). An individual’s sense of capability is strongly related to his 

perception, motivation, and performance as people rarely attempt to perform a task when they expect 

to be unsuccessful.35 Appropriate educational workshops or training days would raise practical skills 

and maybe motivate therapist in using the FTT among the nonusers and this might facilitate further 

use of the FTT in clinical practice. Training days will also facilitate further use as it will help those 

therapists who reported not to use the FTT because of lack of experience.  

The most dominant, attitude-related facilitator for use of the FTT in clinical practice seems the fact 

that most therapists (83%; 116/139) indicated being convinced of the added value of the FTT to the 

quality of exercise testing in clinical practice. This is related to the fact that the FTT was developed in 

close cooperation with the therapists. More than half of the nonusers (62%) indicated being convinced 

of the additional value of the FTT. Both in the users as the nonusers, the maximal incline of 15% was 

mentioned as the most important reason for the FTT being of added value. Part of the therapists may 

have reported this reason out of practical considerations because the test can be conducted on a 

standard treadmill ergometer), whereas others may have reported this reason because they found a 

maximal gradient of 15% sufficient for the target group. Midgley et al36 recommend that treadmill 

tests should not surpass 15% degree in inclination. Although the reason for this recommendation 

remains more or less unclear, the recommendation may come from the fact that intolerable treadmill 

grades may limit the ability to elicit a maximal cardiopulmonary effort. 

With respect to external factors, it can be concluded that the test characteristics of the FTT might have 

facilitated the use of the FTT in clinical practice, as only a small minority found the test time-

consuming (16%) and highly demanding for children with a medical condition or disability (7%). The 

FTT is a valid and reliable test with normative values available that can be executed on a standard 

treadmill machine, starting with a 0% incline. As there is no such test available like the FTT it may be 

concluded that the superiority of the FTT to other maximal treadmill protocols also have facilitated the 

use of the test in clinical practice. Moreover, it is likely to assume that the commitment of the 

therapists to the Fitkids Foundation has contributed to the fact that the FTT is already being used by 

63%. The FitkidsFoundation had developed the FTT, and because of the commitment between the 

Foundation and Fitkids practices, physical therapists in Fitkids practices are more likely to use the FTT 

in clinical practice. Moreover, the Fitkids Foundation and the nearly 170 affiliated Fitkids practices can 

be interpreted as being a social network. There is a significant relationship between individuals’ 

attitudes during a recently implemented change and the attitudes of others in their network.37 

Increased use of the FTT outside Fitkids practices would therefore be a bit more complicated because 

of lack of this commitment and/or lack of a social network. Finally, the fact that usage of the FTT does 

not entail additional costs is likely to have facilitated the use of the test in clinical practice. 
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Limitations 

An online survey was used to identify factors influencing the use of the FTT in clinical practice. Using 

structured interviews would have allowed us to continue asking about underlying thoughts and would 

have provided us with a larger amount of information. Moreover, clinical utility is a much broader 

multi-dimensional judgment including usefulness, benefits and drawbacks of a new intervention. This 

study mainly focused on the clinical usefulness of the FTT. Furthermore, the narrow geographical 

location of the Netherlands in which the study data were collected might also be a limitation of this 

study. Finally, the results on the utility of the FTT in children with cardiovascular diseases should be 

interpreted with caution as these results are based on only 2 children. 

CONCLUSIONS 
The clinical utility of the FTT has been demonstrated in children with neuromuscular and metabolic 

diseases. In general, the FTT seems also useful in the remaining diagnostic groups of this study. 

However, prior to testing, it should always be questioned whether the individual child is able to reach 

for his or her maximal effort during the FTT. Therapists should be trained in conducting maximal 

exercise tests and children should be familiar with the testing procedure to enable the opportunity of 

successful evaluations. Only successful evaluations should be interpreted in clinical practice. The 

online survey revealed important factors to the use of the FTT in clinical practice. Responding to the 

factors identified in this study enables an improved uptake the FTT in clinical practice. 
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Table 1. 

Classification of Primary Medical Diagnoses According to the American College of Sports 

Medicinea 

Classification Diagnosis Total No. 

(%) of 

Participants 

Cardiovascular diseases Congenital heart defects 2 (0.5) 

Pulmonary diseases Asthma, cystic fibrosis 36 (9) 

Metabolic diseases Diabetes 13 (3) 

Immunological and hematological 

disorders 

Chronic fatigue syndrome, 

cancer, abdominal organ 

transplant, juvenile arthritis 

18 (4) 

Musculoskeletal/orthopedic disabilities Hypermobility syndrome, 

toeing-in/toeing-out, fractures 

64 (15) 

Neuromuscular disorders Cerebral palsy, spina bifida, Erb 

palsy, epilepsy, ataxia 

31 (8) 

Cognitive, psychological, and sensory 

disorders 

Autism spectrum disorders, 

ADHD, mental retardation, 

headache, hyperventilation, 

sensory processing disorder 

94 (23) 

Motor developmental delays and DCD  147 (35) 

Unexplained condition  10 (2) 

aADHD = attention-deficit/hyperactivity disorder; DCD = developmental coordination 

disorder. 
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Table 2. 

Initial Test Results for the FTTa 

 

Classification Maximal TTE 

(min)b 

SDS of maximal 

TTEb 

HRpeak 

(Beats·min−1)b 

% of 

Participants 

Who Reached 

Minimal 

Exercise 

Durationc 

% of 

Participants 

Who Reached 

Maximal 

Effortd 

Cardiovascular diseases 11.5e −0.8 179 100 50 

Pulmonary diseases 9.7 (9.0 to 10.5) −1.3 (−2.3 to 

−0.5) 

190 (178 to 197)f 97 74f 

Metabolic diseases 9.5 (7.7 to 10.8) −2.1 (−3.9 to 

−0.6) 

197 (188 to 200) 100 92 

Immunological and 

hematological disorders 

10.5 (9.0 to 

11.5) 

−1.3 (−3.5 to 

0.2) 

187 (176 to 194) 100 67 

Musculoskeletal/orthopedic 

disabilities 

9.2 (8.2 to 11.0) −1.7 (−2.7 to 

−0.2) 

180 (168 to 193)g 100 58g 

Neuromuscular disorders 9.0 (7.5 to 10.3) −1.9 (−4.1 to 

−0.8) 

187 (180 to 194)h 97 79h 

Cognitive, psychological, 

and sensory disorders 

9.3 (8.3 to 10.5) −1.8 (−3.2 to 

−1.0) 

179 (164 to 191)i 94 46i 

Motor developmental 9.7 (8.5 to 11.0) −1.5 (−2.9 to 188 (178 to 196)j 99 72j 
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delays and DCD 0.0) 

aDCD = developmental coordination disorder; FTT = Fitkids Treadmill Test; HRpeak = peak 

heart rate; TTE = time to exhaustion. 

bValues are given as medians (interquartile ranges). 

cThe minimal duration for a maximal exercise test was set at 6 minutes for children who 

were 6–12 years old and 8 minutes for those who were 12 years old and older. 

dDefined as an HRpeak of ≥180 beats·min−1. 

eBased on n = 2. 

fBased on n = 35. 

gBased on n = 62. 

hBased on n = 29. 

iBased on n = 87. 

jBased on n = 135. 
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Table 3. 

Characteristics of Survey Respondents (n = 142) 

 

Characteristic No. (%) of: 

Users (n = 90) Nonusers (n = 52) 

Sex   

M 11 (12) 7 (14) 

F 79 (88) 45 (87) 

Age, y   

21–25 6 (7) 3 (6) 

25–35 47 (52) 24 (46) 

35–45 21 (23) 7 (14) 

45–55 9 (10) 12 (23) 

>55 7 (8) 6 (12) 

Working experience, y   

0–2 4 (4) 3 (6) 

2–4 6 (7) 3 (6) 

4–6 8 (9) 3 (6) 

6–8 14 (16) 7 (13) 

8–10 20 (22) 7 (13) 

>10 38 (42) 29 (56) 

Profession   

Pediatric physical therapist 67 (74) 45 (87) 

D
ow

nloaded from
 https://academ

ic.oup.com
/ptj/advance-article-abstract/doi/10.1093/ptj/pzy142/5299592 by U

trecht U
niversity Library user on 30 January 2019



 

Pediatric physical therapist 

in training 

11 (12) 1 (2) 

General physical therapist 12 (13) 6 (12) 

Experience in using 

measurement instruments, y 

  

0–2 28 (31) 11 (21) 

2–4 17 (19) 11 (21) 

4–6 17 (19) 10 (19) 

>6 28 (31) 20 (39) 
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Table 4. 

Reasons Why Therapists Found the FTT of Added Valuea 

 

Reason No. (%) of reasons 

reported by: 

Users 

(n=79) 

Nonusers 

(n=22) 

Maximal incline of the treadmill of 15% 27 (24) 7 (27) 

Because the FTT is more appropriate when testing children 

with a chronic disease or disability than the (modified) Bruce 

treadmill test 

24 (21) 6 (23) 

Recently developed reference values 23 (21) 5 (19) 

The FTT provides valuable insight into (improvement of) 

health-related fitness (evaluates the effect of the Fitkids 

program) 

21 (19) 7 (27) 

The FTT is easy to use in general and easy to conduct 17 (15) 1 (4) 

aFTT = Fitkids Treadmill Test. 
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Table 5. 

Reasons Reported for Not Using the FTT in Clinical Practicea 

 

Classification No. (%) of 

Nonusers 

(n = 44) 

Attitude related  

Resistance to change (habits) 17 (39) 

      Lack of experience 5 (11) 

External barrier  

Patient  

Different preferences 1 (2) 

Child cannot be tested because the test is too 

demanding 

1 (2) 

Contraindications to maximal exercise 

(cardiovascular problems, exercise intolerance) 

2 (5) 

Organization  

No treadmill machine available 14 (32) 

No time for individual testing 3 (7) 

Measurement instrument  

Test is time-consuming 1 (2) 

aFTT = Fitkids Treadmill Test. 
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Table 6. 

Overview of Factors Important in the Implementation of the FTTa 

 

Factor Users 

(n=90) 

Nonusers 

(n=52) 

Knowledge related   

Awareness of the FTT 100%  98%  

Mean knowledge score 7.4   

Respondents who correctly answered 3 

questions related to the FTT 

84% 44%b  

Attitude related   

Convinced of added value        96%c 

  

62% d  

Mean motivation score 8.5 5.1 

Good skills in using the FTT 56% Assumed to 

have no 

skills 

Sufficiently trained in using the FTT 77%  

Interested in additional training in using 

the FTT 

27% 28% d 

Resistance to change  39%e 

Lack of experience  11%e 

External barriers   
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The FTT is time-consuming 16%  

The FTT is highly demanding 7%  

Children are able to reach their maximal 

effort 

32% 

disagreed 

 

Treadmill ergometer is available 100% 73% 

 

aFTT = Fitkids Treadmill Test. 

bBased on n=48 

cBased on n=89 

dBased on n=50 

eBased on n=44 
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