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modality for prevention and rehabilitation of orthopedic conditions. Nintendo Ring Fit 

has several balance and strength activities to help patients with relevant therapeutic 

outcomes while also maintaining engagement and motivation throughout the recovery. 

Unfortunately, the literature is unable to answer whether VR games influence a patient’s 

recovery after receiving knee surgery when examining a patient’s mobility and balance. 

 

Figure 3. Nintendo Ring Fit Adventure 

The purpose of this study was to evaluate the effectiveness of the Nintendo Ring 

Fit Adventure game in improving balance deficits in patients within 2 years post ACLR. 

The goal was to be able to have a better understanding of how these VR games impact 

recovery and balance training while also hoping to improve patient engagement and 

motivation post rehabilitation. It was intended that this study would begin the 

conversation and open the door to further research on this type of technology and add to 

the field of therapy and rehabilitation.  

 
 
 

  



6 

CHAPTER THREE: METHODS 
 

 
Study Design  

This was a six-week, repeated measures study with pre-tests, training, and post-

tests. The study design is outlined in Table 1A. A total of four participants completed 

baseline testing, and assessments of strength and balance. Strength was tested using a 

handheld dynamometer. Balance was assessed using the Functional Movement System 

(FMS) Motor Control Screen. Hop testing was used to assess a combination of strength 

(power) and balance. A control group and experimental group was established via 

counterbalancing, with two participants in each group. The experimental group received a 

Nintendo Switch and the accompanying Ring Fit game after pre-testing. The intervention 

for this group consisted of six weeks of pre-programmed exercises, four days a week, for 

approximately 30 minutes, which was completed at home. Participants rotated between 

yoga, plyometric/strength exercises, yoga/core, and interactive games each week. 

Intensity increased with increasing repetitions and difficulty levels (games). The control 

group was asked to continue activities of daily living as if they were not in this study. All 

participants returned for post testing six-weeks after their baseline assessments. The same 

measurements were taken as those done in the pre-testing session. Participants received a 

$100 gift card upon completion of the study.
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Table 1. Study Design 

Baseline Assessments Training (intervention group only) Post Assessments 

Handheld Dynamometer:  
● Hip Flexion 
● Hip Extension 
● Hip Abduction 
● Knee Flexion 
● Knee Extension 

FMS Motor Control Screen:  
● Right Forward Reach 
● Left Forward Reach 

Hop Tests:  
● Triple Hop (L/R) 
● Crossover Hop (L/R) 

Measurements: 
● Leg Length (R) 
● Ankle Dorsiflexion (L/R) 

Weekly: 30 minutes, 4x/week 
● Day 1: Yoga 
● Day 2: 

Plyometric/Strength; Body 
Weight Exercises 

● Day 3: Yoga/Core 
● Day 4: Games 

Participants are not required to 
perform training on 4 consecutive 
days. It was expected that 
participants completed the program 
in the order listed throughout the 
week. Training program increased 
in difficulty every two weeks, 
advancing from beginner, to 
intermediate, and then advanced.  
  
Total Duration: 6 weeks 

Repeat Baseline Assessments: 
  
Handheld Dynamometer:  

● Hip Flexion 
● Hip Extension 
● Hip Abduction 
● Knee Flexion 
● Knee Extension 

FMS Motor Control Screen:  
● Right Forward Reach 
● Left Forward Reach 

Hop Tests:  
● Triple Hop (L/R) 
● Crossover Hop (L/R) 

Measurements:  
● Ankle Dorsiflexion (L/R) 

 

Participants & Recruitment 

Through a mass school wide email at Western Kentucky University and word of 

mouth, four participants were recruited (18-24 years old). Inclusion criteria were to have 

had an ACLR in the last 2 years, have been discharged from formal physical therapy, be 

able to exercise and currently exercise at least 3 times a week. No injuries or surgeries 

were reported in the last six weeks preceding the study. No restrictions were put on sex, 

ACLR limb, surgeon, or type of graft. Of the four participants that were recruited, all (4) 

were female, 75% with a left ACLR, and 25% with a right ACLR. Three of the 

participants had quadricep grafts and one participant received a patellar tendon graft. 

Each participant had a different surgeon complete their ACLR.  
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Table 2. Participant Demographics 

Participants Age (years) Height (cms) Weight (kgs) 

n = 4 19 + 1.4 164.47 + 7.58 80.68 + 28.11 

 

Pre-Testing Procedures 

Once participants were recruited, a pre-testing questionnaire (Appendix G) and 

PARQ+ (Appendix E) were filled out prior to baseline testing. Participants also received 

a copy of the informed consent to read over and identify any further questions. All 

participants received detailed instructions on the location and timing of their testing 

sessions.  

Location 

All pre and post data collection was done at Western Kentucky University's 

Doctor of Physical Therapy program labs at the Medical Center Health Science Complex. 

The intervention group completed their exercises at home over the course of six weeks.  

Informed Consent 

Upon arrival, each participant was provided verbal instructions of procedures by 

the investigator, signed the informed consent, and signed a photo/video consent form. 

Participants were free to leave the study protocols for any reason; however, despite this, 

all participants completed all study methods.  

Clinician Oversight 

To ensure safety, all testing was overseen by licensed physical therapist, Dr. 

Melissa Tolbert of the Department of Physical Therapy at Western Kentucky University. 

Handheld dynamometer testing, ankle dorsiflexion, and leg length was completed by Dr. 



 

9 

Tolbert. Testing of the FMS Motor Control Screen (MCS), Triple Hop, and Crossover 

Hop Test was performed by the primary investigator.  

Data Collection 

Participants were tested on separate days due to lab and participant availability. 

Identification and counterbalancing of participants was done on a rolling system as 

participants came in for baseline assessments.  

During baseline testing, the participant completed the handheld dynamometer 

strength assessment, FMS MCS, Triple Hop, and Crossover Hop Tests. Leg length (right) 

and bilateral ankle closed-chain dorsiflexion were also evaluated. The FMS MCS 

involves hip and knee flexion, as well as closed-chain ankle dorsiflexion. The FMS MCS 

and individual closed-chain ankle dorsiflexion (DF-ROM) measurement was used to 

evaluate hip and knee flexion (FMS MCS) and ankle dorsiflexion (MCS & DF-ROM) to 

determine deficits that may exist and that may be improved after intervention. The triple 

and crossover hop tests were done to highlight deficits in hop test performance that 

researchers have found to still exist post ACLR due to a lower degree of flexion during 

the propulsion and landing phases of the jumps (Xergia et al., 2013).  

Each component of data collection was conducted by the same assigned 

researcher to eliminate the variability of intra-raters. After necessary documents were 

obtained and informed consent was received, the participant completed a brief warm-up 

of walking on the treadmill at 3.5 mph for 5 minutes. If this was too intense for the 

participant, the speed was dropped to 3.0 mph. Following the warm-up, ankle 

dorsiflexion was measured using the iHandy smartphone application. This tool has been 

found to be both reliable and valid (Vohralik et al., 2015). Next, leg length was measured 
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on the right lower extremity from the anterior superior iliac spine to the medial malleolus. 

Strength was assessed using the handheld dynamometer for the following movements: 

hip flexion, hip extension, hip abduction, knee flexion, and knee extension. Next, the 

patient performed the FMS MCS as described by Functional Movement Systems 

(Introduction to the Motor Control Screen | Functional Movement Systems, n.d.) Lastly, 

participants were evaluated on the Triple Hop and Crossover Hop Tests. In addition to 

completing initial testing, the participants in the experimental group received instructions 

on how to proceed with the assigned training program as well as received the Nintendo 

Switch and Ring Fit system.  

Participants in the intervention group completed all training outside of the testing 

lab using the Nintendo Ring Fit system. After completion of the six-week programming, 

participants returned for a second testing day in which the same parameters were 

assessed. Bilateral strength and balance were evaluated using a handheld dynamometer in 

the same position as pre-testing, the FMS MCS, and one-leg hop tests (Triple Hop and 

Crossover Hop). After testing, the participants in the intervention group returned the 

Nintendo Ring Fit system and received their $100 gift card. The control group received 

their $100 gift card after the completion of post-testing.  

Handheld Dynamometer: 

When assessing strength using the handheld dynamometer, the researcher used 

the following protocol sourced from previous literature (Stone et al., 2018). The 

researcher collected all three trials successively. Participants were given at least 15 

seconds of rest between trials. For hip extensor strength, the participant was placed 

supine on a cushioned table with one leg fully extended and the other flexed to 90° at the 
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hip and knee joints. The investigators assisted the participant in holding this leg position 

to prevent muscular fatigue. Once hip and knee angles are established, the investigator 

placed the dynamometer’s sensor behind the distal thigh. When ready, the participant 

used her hamstrings and gluteal muscles to press against the sensor in the investigator’s 

hand for at least three but no more than five seconds, establishing a maximal voluntary 

contraction (MVC) for hip extension. The testing procedure was then repeated on the 

other limb. While in this position, the investigator moved the sensor to the anterior thigh, 

just proximal to the knee to capture forces exerted during hip flexion. The participant was 

then asked to lay their legs flat on the table and the investigator moved the sensor to the 

lateral thigh, proximal to the knee. The participant was asked to press against the sensor 

by moving their limb away from the midline of their body. This was repeated on the 

alternate leg. Next, the participant sat upright with both legs off the table, again, with the 

hips and knees at 90°. One at a time, the participant attempted to extend the lower limb 

with the quadriceps to obtain a knee extension MVC. The sensor was located directly 

above the ankle on the anterior tibia. Testing was then repeated on the contralateral leg. 

To assess knee flexion, the sensor was then moved posterior, directly above the Achilles 

tendon. Bracing for both the researcher collecting measurements and for the participants 

was allowed. For comparisons, a single, summed isometric strength score (in pounds) 

was created using the best recording from each site and limb (Stone et al., 2018). 

Approximately fifteen seconds of rest was given between measurements.  

Functional Movement System: Motor Control Screen 

The FMS MCS was completed with shoes on. Prior to the test, shoe size was 

recorded by placing the back of the heel of one foot on the red line and recording the 
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location of the tip of the shoe. This was done to standardize scoring. To be considered 

functional by FMS, participants were expected to reach greater than two times their foot 

length. In addition to functionality, bilateral asymmetries were established if the 

participant had greater than a 1.5 inch difference in reach between legs (Introduction to 

the Motor Control Screen | Functional Movement Systems, n.d.). The test began with the 

participant standing with one foot on the FMS kit with the distal end of the shoe directly 

behind the red starting line. While maintaining balance, the participant reached forward 

with the free limb as far as possible, pushing the slide box, and then returned to the 

starting position. The participant was instructed to not have their heel on the stationary 

leg come off the FMS kit and ensure that the free limb did not touch the ground. The 

participant was given time to practice, and they had to complete three successful 

repetitions. After three successful repetitions, the participant continued until the next 

reach did not improve upon the best trial. The participant began with the right leg on the 

FMS kit and was repeated with the left leg after the procedures were complete. The 

distance was recorded in inches for each repetition (Introduction to the Motor Control 

Screen | Functional Movement Systems, n.d.). 

HOP TESTING 

Two variations of the one leg hop test were used. All hop testing was done with 

shoes on, and measurements were marked on the floor.  

Triple Hop 

The triple hop test began with the participant standing directly behind the starting 

line. The participant was instructed to assume a single leg stance while jumping forward 

on the same foot three times, attempting to cover as much distance as possible. Balance 
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was required to be maintained for at least two seconds on the final jump. The researcher 

placed a marker at the base of the heel after the participant maintained the landing 

position. The participant returned to the starting line and repeated the procedure on the 

same leg until three successful trials were recorded (maximum of six trials). Upon 

completion, the procedures were repeated on the participant’s opposite leg (Hop Testing 

Normative Data and Testing Protocols, n.d.).  

Crossover Hop 

The crossover hop followed the same procedures as the triple hop except instead 

of three invariable forward hops, the participant was instructed to move laterally over the 

line three times. The participant began behind the starting line, opposite to the testing 

lower extremity (i.e., for the right foot, the participant started on the left side of the 

centerline). The participant’s initial jump was forward and to the opposite side of the line, 

the second jump crossed over the line again, and the third jump returned to the side of the 

initial jump (i.e., the side of the leg that the participant was standing on). Upon the final 

landing, balance must have been maintained for two seconds to be considered successful. 

The researcher marked the spot at the base of heel where the participant landed and 

recorded the distance for all repetitions after the test was complete. The participant then 

returned to the starting line to repeat the procedures on the same leg for a total of three 

successful repetitions. Upon completion, procedures were repeated on the opposite leg 

(Hop Testing Normative Data and Testing Protocols, n.d.).  

Investigators ensured momentum continued through both the triple and crossover 

jumps by not allowing the participant to pause or place the non-test leg on the ground. 

The participant was given a practice trial before the beginning of the test. Measurements 



 

14 

were recorded in centimeters, and the average of the three trials was calculated (Hop 

Testing Normative Data and Testing Protocols, n.d.). 

Intervention 

The Nintendo Switch system as well as the Ring Fit game was individualized and 

set-up for each participant prior to the start date. Intervention group participants received 

an outline of all at-home training sessions (Appendix D).  Participants completed the 

allotted “Fitness List X” for the appropriate day, four days a week (of the participants’ 

choosing) over six weeks. The programming varied each day of the week and started at a 

lower intensity and increased in intensity every two weeks. Participants rotated through 

an exercise program that included yoga movements, lower body activities, core work, and 

endurance games (muscular and aerobic).  After completing the daily programming, the 

participant was asked to date and time Appendix D indicating when they completed the 

activities for the day. Participants also received an outline (Appendix C) that indicated 

exercises and intensity levels for Weeks 1 & 2 of programming.  

 

 

 

 
 

Figure 4. Tree Pose on Ring Fit Adventure 
Tables 2 and 3 outline the intervention that the experimental group was given 

using the Nintendo Ring Fit system. Table 3 indicates the exercises that participants 

performed on the respective days, and Table 4 indicates the number of repetitions 

performed of each exercise. 
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Table 3. Intervention Repitition Outline 

Exercise Program 

Exercise 
# 

Fitness List: 
 A, E, & I 

Fitness List: 
 B, F, & J 

Fitness List: 
 C, G, & K 

Fitness List: 
 D, H, & L  

 Session 1 Session 2  Session 3 Session 4 

1 Tree Pose Air Squat Knee to Chest Squattery Wheel 

2 Warrior I Pose Knee Lift Leg Raise Thigh Rider 

3 Revolved 
Crescent Lunge 

Wide Squat Russian Twist Spartan Highway 

4 Chair Pose Thigh Press Plank Bank Balance 

5 Warrior III Pose Overhead Squat Flutter Kicks Dreadmill 

6 Tree Pose Air Squat Revolved 
Crescent Lunge 

Grassland  

7 Warrior I Pose Knee Lift Boat Pose  

8 Revolved 
Crescent Lunge 

Wide Squat Knee to Chest  

9 Chair Pose Thigh Press Leg Raise  

10 Warrior III Pose Overhead Squat Russian Twist  

Note. Fitness list letters are defined in Appendix D.  

Table 4. Intervention Exercise Outline 

Fitness Lists (number of repetitions per exercise) 

Week Weeks 1 & 2 Weeks 3 & 4 Weeks 5 & 6 

Exercise 
# 

A B C D E F G H I J K L 

1 12 10 14 Novice 16 14 16 Novice 20 16 20 Adv. 

2 12 28 14 Novice 16 42 16 Adv. 20 42 20 Adv 
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3 12 10 34 Midday 16 14 42 Midday 20 16 50 Midday 

4 12 10 14 Novice 16 14 16 Novice 16 16 20 Adv. 

5 12 10 34 Novice 16 14 42 Adv 20 16 50 Adv. 

6 16 14 12 Novice 20 16 16 Novice 28 20 28 Adv.  

7 16 34 12  20 42 16  28 50 16  

8 16 14 16  20 16 20  28 20 20  

9 16 14 16  16 16 20  16 20 20  

10 16 14 42  20 16 50  28 20 20  

 

Statistical Analysis 

Data are presented as means or percent change (post - pre / post). The sample size for this 

investigation does not support the use of parametric testing or inferential statistics. 
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CHAPTER FOUR: RESULTS 
 

All four participants completed the study. No participants experienced 

improvements in strength (via handheld dynamometer) between pre and post testing 

sessions (Figure 4A). Strength measurements decreased for both the experimental (-5.07 

+ 2.40% change) and control (-8.28 + 5.19 % change) groups.  Improvements toward the 

functional pass criteria of the FMS MCS for the involved leg of the experimental group 

(9.31 + 10.40% change) were made. The involved control legs saw a decrease in distance 

reached (-2.17 + 5.59% change). No consistent improvements were made with the 

uninvolved legs for experimental (5.41 + 14.97% change) or control (11.81 + 5.48% 

change) participants.  Only one participant (P02- CONTROL) exceeded passing 

parameters in both the pre and post testing (Figure 4B). All FMS MCS results are 

indicated in Figure 4B. Significant improvements were made in involved ankle closed-

chain dorsiflexion for the experimental group (38.11+ 5.02 % change). Shown in Figure 

4C, no real improvement was seen on the uninvolved leg for the experimental group 

(1.58 + 2.64 % change), and the ankle closed-chain dorsiflexion decreased for both the 

involved and uninvolved leg in the control group (-5.97 + .03%; -11.53 + 23.07 %). 

Figure 4D reveals a noticeable improvement for triple hop distance was made for the 

experimental involved leg (27.62 + 5.18% change). While the involved control leg 

improved (5.34 + 2.04% change), the degree of improvement was not as significant as the 

experimental group. Both experimental (-3.20 + 13.10% change) and control (-1.01 + 

8.44% change) groups saw slight decrements in triple hop distance on the uninvolved 

legs. For the crossover hop test (Figure 4E), the involved experimental (19.78 + 7.76 % 



18 

change) improved by +3.74% more than the involved control group (16.04 + 8.21% 

change).  

 

 
 

 
 

 
 
Figure 5. Percent change and standard deviation for summed handheld 
dynamometer measurements between experimental and control groups. Data was 
recorded for measures of hip flexion, hip extension, hip abduction, knee extension, 
and knee flexion on both the involved and uninvolved legs. 
 

 
 
Figure 6. FMS MCS Scoring indicating distance reached pre- and post- testing by 
all participants for the involved and uninvolved legs. Red line indicates functional 
pass line based on Functional Movement System criteria (2 times foot length) 
 



 

19 

 
Figure 7. Percent change for ankle closed-chain dorsiflexion of involved and 
uninvolved legs across experimental and control groups. 
 

 
 

Figure 8. Percent change with standard deviation for triple hop test of involved and 
uninvolved legs across experimental and control groups 
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Figure 9. Percent change with standard deviation for crossover hop test of involved 
and uninvolved legs across experimental and control groups. 
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CHAPTER FIVE: DISCUSSION 
 

This study was designed to determine the effectiveness of the Nintendo Ring Fit 

in improving balance deficits after recovery from an ACLR. To assess balance, 

measurement tools of the FMS MCS, strength testing, and one-leg hop testing were 

assessed, along with closed-chain ankle dorsiflexion.  

It was found that ankle dorsiflexion improved (38.11+ 5.02 %) on the involved 

leg after the intervention using the Nintendo Ring Fit. Interventions included yoga 

movements, such as the revolved crescent lunge and warrior I pose, that have large 

amounts of ankle dorsiflexion at the peak of the movement (Mears et al., 2019). 

Experimental participants performed the revolved crescent lunge twice each week and the 

warrior I pose once a week. In addition to these yoga poses, the Ring Fit programming 

consisted of air squats and overhead squats throughout each week. The negative position 

of a full squat provides a large degree of dorsiflexion if performed correctly (Rabin & 

Kozol, 2017). Incorporating these movements may have been attributed to the increased 

ankle dorsiflexion before and after the intervention. Ankle dorsiflexion can also be used 

as an indicator of risk of reinjury, and it has been found that dorsiflexion deficits exist 

post-ACLR (Hoch et al., 2011; Salem et al., 2003).  Decreased ankle dorsiflexion has 

been demonstrated to lead to decreased knee displacement and increased ground reaction 

forces (Fong et al., 2011). Less movement in the sagittal plane, and more force being 

absorbed by the lower limb may lead to increased risk of a subsequent ACL tear.  

Strength decreased in both the experimental and control groups. Lack of 

improvements across strength assessments may be attributed to the programming being 
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strictly bodyweight exercises. The programming set in the intervention included exercises 

that a typical post-ACLR patient might do well after they have been cleared to continue 

to reduce deficits. At this stage of recovery, increased resistance is necessary to see 

improvements in strength (Cavanaugh & Powers, 2017). Where the Nintendo Ring Fit 

may be lacking in attempting to decrease these strength deficits is in providing the 

necessary loads to regain muscular strength of the lower extremity. Given the nature of 

the gaming system, this is something that may need to be supplemented with this 

program.  

All four participants presented with bilateral deficits on the FMS MCS (Appendix 

F). The FMS MCS saw improvements in the involved group toward the functional pass 

line; however, there were minimal improvements across either group or leg. The FMS 

MCS involves ankle dorsiflexion, hip flexion, as well as stability and neuromuscular 

control through the lower extremity. While improvements in dorsiflexion may be 

attributed to yoga poses and squat variations during the program, the FMS MCS also 

involves a single leg squat. This was not something implemented into the programming 

on the Nintendo Ring Fit. Decreased flexion at the hip and knee has been demonstrated to 

lead to increased frontal plane loading, greater knee valgus angles, and increased knee 

adduction when landing (Pollard et al., 2010). In females, the combination of these 

biomechanical markers leads to an increased risk of ACL injury (or reinjury). 

Single-leg hop testing, both the triple hop and crossover test, includes heightened 

power production and single-leg squatting during the preparatory phase of the initial 

jump, as well as dynamic knee valgus control during the intermediate jumps and upon 

final landing (De Marche Baldon et al., 2014). Improvements were seen in triple hop 
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performance among the involved experimental group. This may be attributed to feedback 

and video referencing that the Nintendo Ring Fit provides during play. The gaming 

system shows many angles of an activity (e.g., air squat) being performed by the 

characters. In addition, the leg strap allows for increased feedback relative to where the 

participant’s leg was in space. Research has shown that valgus control visualization and 

feedback training leads to an increase in dynamic knee valgus control without the same 

visualization (Emamvirdi et al., 2019). This may be a similar phenomenon, in which 

participants are able to see the movement done as they perform it, rather than being told 

to perform the movement with no direction. Researchers have also found that increased 

ankle dorsiflexion leads to increased dynamic knee valgus control (Sahabuddin et al., 

2021). This study has already revealed improvements in ankle dorsiflexion, and therefore 

may be an explanation for improved triple hop performance.  

Previous research has also revealed that squat and plyometric training increases 

power output (Adams et al., 1992). The Nintendo Ring Fit programming included squat 

variations and plyometric exercises that may have contributed to an increased 

performance on the triple hop. It has also been revealed that core training and 

strengthening in tandem with other plyometric and neuromuscular training can improve 

performance, especially in dynamic knee valgus control (Myer et al., n.d.). One fourth of 

the intervention programming was devoted to core training and stabilization exercises. 

This may have contributed to the improved performance seen. Improvements were still 

seen in the crossover hop test (19.78 + 7.76 %), but not to the same degree as the triple 

hop test (27.62 + 5.18%). The crossover hop test includes all the same variables listed 

above, but also adds the element of lateral movement. The Nintendo Ring Fit 



 

24 

programming did not include many movements in the frontal plane that would have led to 

these improvements.  

Limitations 

This study was not without limitations. One of these limitations was our small 

sample size. The case study approach was taken due to the feasibility of the project for an 

undergraduate student. Limitations also existed in the tools used to test participants. The 

reliability of the handheld dynamometer during knee extension measurements has been 

found to be lower than other movements (hip/knee flexion, hip abduction, etc.) (Lu et al., 

2011; Stark et al., 2011). It has also been found that the handheld dynamometer tends to 

produce an overestimation of torque compared to gold-standard measures (Stark et al., 

2011). This can be partially attributed to the position of the tester, any bracing that may 

occur by the tester or the participant, and lack of trunk straps that are in place when using 

the “gold-standard,” Biodex. Fatigue on all testing may have impacted performance of 

participants, but especially on recording of handheld dynamometer measurements. Rest 

periods were not consistent across all measurements and across participants. The 

investigator aimed to give the participant at least 15 seconds of rest across trials. All 

interventions were done at-home at the will of the participant. An attempt to monitor and 

track progress was used, however strict adherence is unknown to the investigators. 

Although all experimental participants claimed to have completed all programming, 

future researchers may want to implement a way to track progress and implement more 

concrete measures to ensure completion of the programming.  Among the four female 

participants, anthropometric measurements were self-reported by participants, and fitness 

levels were only assessed on a baseline level using the PAR Q+. In addition, the 
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Nintendo Switch and Ring Fit Adventure were not set-up individualized to the 

participant, given that we did not know the height and weight of the participant until 

testing day. In the future, inputting this information prior to the intervention may improve 

calibration and accuracy of programming.  

Overall, the Nintendo Ring Fit may be effective in improving ankle dorsiflexion 

and triple hop performance; however, more research is needed to determine its efficacy in 

all measures. More time may be needed to see greater improvements in balance and 

strength. In the future, it may be beneficial to investigate the engagement and motivation 

of participants in the Nintendo Ring Fit compared to performing these exercises in a 

typical therapy or strength and conditioning setting. Little research has been done on the 

Nintendo Ring Fit as a tool in orthopedic recovery, and there is room for continued 

research using this technology.  
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APPENDIX A: RECRUTIMENT EMAIL 
 
 
Subject Line: Have you torn your ACL in the last 2 years? 

ATTN WKU STUDENTS: 

What We are Interested In: The Exercise Science Program is seeking participants with 

a history of Anterior Cruciate Ligament (ACL) reconstruction to support a student 

research project. We are evaluating the effectiveness of the Nintendo Ring Fit on balance. 

Who We are Looking For: 

-              18–24-year-olds 

-              Individuals with a history of an ACL tear and reconstruction in the last 1-2 

years. 

-        Individuals must be finished with formal physical therapy. 

-              Individuals who physically exercise >3x/week 

-              Individuals with a history of physical activity > 3x/week 

What We Need from You: The study will consist of 2 in-person evaluation days (no 

more than 30 minutes each) to assess your balance and strength and then send you home 

to do some video gaming with the Nintendo Ring Fit (6 weeks). There will also be a 

control group of this study that will be chosen at random who will not participate in the 6 

weeks of fitness programming. 

What You will Receive from Us: Compensation will be delivered in the form of a $100 

Gift Card. 

If you are interested in being a participant in this study, please email or text Emma Lord 

at eclord01@gmail.com or (859)-638-5616. 
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APPENDIX B: DATA COLLECTION SHEET 
 
EFFECTIVENESS OF NINTENDO RING FIT IN IMPROVING BALANCE 
DEFICITS AFTER RECOVERY FROM ACL RECONSTRUCTION 
        Circle One: Pre/Post 
Date:         Study ID: __________ 

Ankle Closed Chain Dorsiflexion (ROM) Right: _______ Left: ________ 

Leg Length (R) __________ cm  

HANDHELD DYNAMOMETER 
 
 
1. Hip Flexion:  
2. Hip Extension  
3. Hip Abduction:  
4. Knee Flexion:  
5. Knee Extension:  

Right 
 

1. ______    ______   ______ 
2. ______    ______   ______ 
3. ______    ______   ______ 
4. ______    ______   ______ 
5. ______    ______   ______ 

Averages 
 

1. __________ 
2. __________ 
3. __________ 
4. __________ 
5. __________ 

 

 
 
1. Hip Flexion:  
2. Hip Extension  
3. Hip Abduction:  
4. Knee Flexion:  
5. Knee Extension: 

Left 
 

1. ______    ______   ______ 
2. ______    ______   ______ 
3. ______    ______   ______ 
4. ______    ______   ______ 
5. ______    ______   ______ 

Averages 
 

1. __________ 
2. __________ 
3. __________ 
4. __________ 
5. __________ 

 

FMS MOTOR CONTROL SCREEN  
Right Forward Reach (min. 3) 

1. _______in. 
2. _______in. 
3. _______in. 
4. _______in.  
5. _______in.  
6. _______in.  

 
(Circle Best Trial) 

Left Forward Reach (min. 3) 
1. _______in. 
2. _______in. 
3. _______in. 
4. _______in.  
5. _______in.  
6. _______in. 

 
(Circle Best Trial) 

HOP TESTS  
Triple Hop Crossover Hop 

Right Leg:  
1. _____ cm 
2. _____ cm 
3. _____ cm 

AVG ______ cm 

Left Leg 
1. _____ cm 
2. _____ cm 
3. _____ cm 

AVG ______ cm  

Right Leg:                        
1. ______ cm 
2. ______ cm 
3. ______ cm 

AVG   ______ cm 

 Left Leg:                        
1. ______ cm 
2. ______ cm 
3. ______ cm 

AVG   ______ cm 

 


