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ABSTRACT

The tearing or rupturing of the anterior cruciate 
ligament (ACL) has become an increasingly 
common injury in athletes, particularly in sports 
that require sharp, pivoting movements and sports 
that have high deceleration and landing demands. 
Optimizing each stage of rehabilitation post ACL 
reconstruction (ACLR) is crucial for successful 
recovery and the return-to-play of an athlete. 
Researchers have highlighted the importance of 
deceleration training and the role of increased 
eccentric force production and the ability to 
attenuate rapid braking forces prior to an athletes 
return-to-sport. There are many training methods 
that can provide this eccentric overload; however, 
the focus of this review is on the utility of flywheel 
resistance training (FRT) during ACL rehabilitation. 
Due to the limited research of this topic, a narrative 
review with a systematic approach was conducted. 
An overview of the literature that has determined 
the effects of FRT on ACL rehabilitation post 
ACLR is discussed, including the current loading 
parameters, and limitations of the research. From 
the articles included, FRT Bulgarian split squats 
have been used across studies and have been 
shown to be effective in eliciting isometric strength 
gains and improving between-limb strength 
asymmetries. FRT has also shown to be successful 
in jump performance, particularly countermovement 
jump (CMJ) performance. A new perspectives 
of late-stage ACL rehabilitation with FRT is then 
proposed, with practical examples provided. 

Keywords: Late-stage Rehabilitation, Isoinertial 
Training, ACL, Eccentric Overload

INTRODUCTION

The partial or full rupturing of the anterior cruciate 
ligament (ACL) has become an increasingly 
common injury in athletes, particularly in sports 
that require sharp, pivoting movements as well as 
in sports where repeated maneuvers of sudden 
deceleration, landing and pivoting are necessary 
(Montalvo et al., 2019). Despite how common ACL 
tears are and advancements in surgical techniques, 
return to sport and re-injury rates following ACL 
reconstruction remain variable.(Manojlovic et al., 
2024) Specifically, while approximately 80% of 
athletes are returning to sport, only 50–65% regain 
their pre-injury performance levels, and up to 39% 
are experiencing re-injury (Manojlovic et al., 2024; 
Wilk et al., 2023). ACL injuries occur both through 
contact and non-contact mechanisms, with non-
contact being the more prevalent cause of injury, 
skiers, soccer, and football athletes being at higher 
risk than other athletes (Evans et al., 2024). A 
non-contact ACL tear takes place when the tibia 
anteriorly translates while the knee is in a valgus 
and flexed position, thus applying excessive load 
and tensile forces on the ACL (Yu & Garrett, 2007). 
Fleming et al. (Fleming et al., 2001) studied the 
effects of tibia external load and weight bearing 
on ACL strain and discovered that anterior force at 
the proximal tibia significantly increased strain on 
the ACL as well as increased the internal rotation 
moment of the knee. Another crucial contributor 
to the anterior force placed on the ACL are the 
quadricep muscles, in that these muscles place 
higher strain on the ACL during knee flexion, 
caused by increasing peak posterior ground 
reaction forces during athletic tasks (Yu & Garrett, 
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2007). Previous researchers have shown individuals 
with greater peak posterior ground reaction forces 
during athletic tasks are at a higher risk of a non-
contact ACL tear (Yu & Garrett, 2007). Additionally, 
females appear to be at a greater risk of ACL 
ruptures with research showing females have a 2-8x 
increase in injuries, compared to males.(Mancino 
et al., 2024). This is widely believed to be due to 
intrinsic risk factors, however it is less clear whether 
these differences in risk factors are due to sex or a 
particular threshold measure (Devana et al., 2022). 
The quadriceps angle is found to be greater in 
females, as well as the posterior tibial slope, both 
of which place the tibia at a more anterior position 
relative to the femur, causing higher stress on the 
ACL (Devana et al., 2022). Biomechanical factors in 
landing and abduction movements may also play a 
role in females being more at risk, however this has 
not been directly linked to ACL injury rates (Hewett 
et al., 2005). 

Optimizing each stage of rehabilitation after ACL 
reconstruction (ACLR) is crucial for a successful 
recovery and the athlete’s return to sport. Early 
rehabilitation lays the groundwork for restoring the 
athlete’s health and performance and can determine 
how successfully a patient overcomes potential 
biomechanical dysfunctions following surgery 
(Waldron et al., 2022). Buckthorpe et al. (Buckthorpe 
et al., 2024) proposed a set of guidelines and 
recommendations for ACLR, identifying six key 
goals for early-stage rehabilitation including; 
managing pain and swelling, restoring knee joint 
range of motion (ROM) and strength, normalizing 
gait patterns, preventing physical deconditioning, 
and providing psycho-social support to the athlete. 
As athletes transition from early- to mid-stage 
rehabilitation, addressing neuromuscular deficits, 
particularly limb strength imbalances, improving 
movement quality and motor re-patterning, and 
re-conditioning fitness, become increasingly vital 
(Buckthorpe & Della Villa, 2020). Re-learning motor 
patterns and resolving neuromuscular deficits is 
essential for optimizing recovery and preventing 
deconditioning (Buckthorpe, 2021). Strength 
training both limbs is essential, however training 
of the uninjured limb in this stage should be aimed 
to preserve strength and muscle mass rather than 
enhancing functional strength (Palmieri-Smith & 
Lepley, 2015). Additionally, restoring closed kinetic 
chain strength is critical for the athlete’s progression 
to more demanding functional tasks in late-stage 
rehabilitation (Buckthorpe et al., 2019; Palmieri-
Smith & Lepley, 2015). Ensuring sufficient volume 
of training is reached, continuing to restore strength 

imbalances, and developing deceleration and 
landing capabilities are all key goals for late-stage 
rehabilitation (Buckthorpe, 2019). Buckthorpe et al. 
(Buckthorpe, 2019) underscored the importance 
of integrating neuromuscular training into ACLR 
rehabilitation to improve overall strength, power, 
and rate of force development (RFD), rather than 
focusing on isolated training goals during late-stage 
rehabilitation. 

Before an athlete can fully return to their sport, 
specific criteria must be met to ensure a safe 
transition and minimize the risk of re-injury 
(Buckthorpe et al., 2019). In the late-stage 
rehabilitation phase, emphasis transitions from 
isolated strength training to functional strength 
training, serving as the final step before an athlete 
resumes competitive activity (Buckthorpe & Della 
Villa, 2020). It is widely accepted that an athlete 
must achieve full ROM, at least 90% isokinetic 
strength in the quadriceps and hamstrings, as well 
as normalized biomechanics in gait, running, and 
force attenuation, before returning to play (Adams 
et al., 2012). Current protocols primarily emphasize 
strength tests and single-leg hop assessments, to 
enhance multidirectional coordination, maximize 
explosive strength and power, and develop reactive 
movement skills (Buckthorpe, 2019; Marques et 
al., 2020). Implicit in these types of movements are 
high intensity vertical and horizontal decelerations 
(Buckthorpe et al., 2024). Rapid decelerations 
impose significant mechanical loads on the body, 
often resulting in tissue damage and neuromuscular 
fatigue, both of which increase the risk of ACL 
injury (Buckthorpe, 2019; McBurnie et al., 2022). To 
mitigate the risk of damage accumulation, McBurnie 
et al. (McBurnie et al., 2022)suggested that training 
strategies should focus on enhancing an athlete’s 
capacity for load dissipation and developing 
robust musculoskeletal structures (McBurnie et al., 
2022). A key point highlighted in their review is the 
importance of deceleration training, specifically the 
role of increased eccentric force production and the 
ability to attenuate rapid braking forces (McBurnie 
et al., 2022). There are many training methods 
and technologies that can provide this eccentric 
overload; however, the focus of this review is on the 
efficacy of flywheel resistance training (FRT). 

Flywheel resistance training is a relatively new 
approach that is gaining traction as an important 
method for training and rehabilitating athletes 
(Buonsenso et al., 2023). Figure 1 illustrates an 
individual performing a flywheel squat while wearing 
a shoulder harness that is attached to a tether, which 

Flywheel Resistance Training for Anterior Cruciate Ligament 
Rehabilitation

2Copyright: © 2026 by the authors. Licensee IUSCA, London, UK. This article is an
open access article distributed under the terms and conditions of the

Creative Commons Attribution (CC BY) license (https:// creativecommons.org/licenses/by/ 4.0/).



International Journal of Strength and Conditioning. 2026 Michalak, M. M., Ryan, C. M., Ehlert, A., & Cronin, J.

in turn is attached to a rotating shaft with a flywheel 
attached. When the individual moves upward 
(concentric contraction), the tether lengthens 
spinning the flywheel disc around a rotating shaft/
axis of rotation, thus generating angular momentum 
(Norrbrand et al., 2010). The angular momentum/
resistance is determined by the concentric 
movement velocity and the product of the flywheel’s 
mass (m) and radius (r), resulting in rotational inertia 
(I = m.r2), and is measured as kg.m2 (Norrbrand et 
al., 2010). The stored angular energy seeks to return 
to a state of rest as quickly as possible, by rapidly 
re-wrapping the tether around the rotating shaft, 
creating an eccentric overload, thereby pulling the 
individual downwards i.e. eccentric contraction 
(Vicens-Bordas et al., 2018). The athlete must then 
decelerate the stored energy from the concentric 
phase (Buonsenso et al., 2023). As such, FRT is 
well placed to provide the deceleration control and 
absorption/dissipation of braking forces, mentioned 
by McBurnie et al. (McBurnie et al., 2022).

A major advantage of FRT is its capacity to 
autoregulate resistance based on the athlete’s 
physiological state, adjusting to the user’s input. 
As mentioned previously, the angular momentum 
stored is directly proportional to the concentric 
movement velocity. If the individual is injured, ROM, 
force and/or velocity will be compromised and so 
the amount of angular momentum created by the 
individual and stored in the concentric and returned 
in the eccentric phase will be minimal. As the force-

length-velocity capacity of muscle returns, angular 
momentum increases due to greater concentric 
input, which in turn produces greater eccentric 
output. Optimal loading is critical in ACLR recovery, 
and the capability of the individual to autoregulate 
their training could help avoid under-prescribing 
load by providing user defined resistance 
throughout the full ROM, ensuring continuous load 
and optimizing muscle stimulation both eccentrically 
and concentrically (Monajati et al., 2021; Pedrosa et 
al., 2022).  

Given the aforementioned information, the aim 
of this review is to determine the utility of FRT in 
the rehabilitation of the ACL. First, the literature is 
reviewed The information from the existing literature 
is synthesized to understand the potential strengths 
and limitations of FRT and a table of loading 
parameters using FRT for late-stage rehabilitation 
of ACL is detailed. Thereafter, the gaps in the 
literature are identified and future research 
directions articulated. Based on this treatise, a 
new perspectives approach detailing a periodized 
approach to FRT is shared.

METHODS

This systematic review was conducted in 
accordance with the PRISMA guidelines. (Page et 
al., 2021) The authors search strategy resulted in a 
total of three research articles from three databases 
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Figure 1. Athlete performing a squat using the platform flywheel device. 
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(Google Scholar, PubMed, and Science Direct), 
therefore a narrative review with a systematic 
approach is used for this review. The key words 
used in the search were as follows; “flywheel 
resistance training” OR “isoinertial training”) 
AND (“ACL rehabilitation” OR “anterior cruciate 
ligament rehabilitation”). Studies included were 
peer-reviewed original research articles published 
in English that investigated flywheel resistance 
training as part of the rehabilitation of individuals 
with ACL reconstruction. Studies were excluded 
if they focused on healthy populations, used only 
traditional resistance training (TRT) without a 
flywheel component, were non-English, or were 
reviews, editorials, abstracts, or animal studies.

OVERVIEW OF CURRENT RESEARCH

In the following section, the researchers that have 
used FRT for ACL rehabilitation are reviewed. Three 
research groups with a total of 44 subjects have 
compared the effects of FRT on ACLR rehabilitation 
(see Table 1). The use of both males and females 
in the research is equitable (20 males, 24 females) 
and subjects were aged between 17 (Stojanović 
et al., 2023) to 24 years (Henderson et al., 2022; 
Henderson & Shimokochi, 2024), the average 
age across studies was 20.4 ± 3.6 years. The 
subjects were principally team sport athletes such 
as soccer, volleyball, and handball. Based on the 
tier system established by McKay et. al. (McKay 
et al., 2022), subjects used in both Henderson 
studies (Henderson et al., 2022; Henderson & 
Shimokochi, 2024) and Stojanović (Stojanović et 
al., 2023) can be classified as Tier 4,  elite, as the 
athletes included played at an international/NCAA 
Division I level (McKay et al., 2022). It is important to 
note that Henderson et al. (Henderson et al., 2022; 
Henderson & Shimokochi, 2024) utilized the same 
subjects and experimental conditions; however, the 
studies were distinct in their experimental focus, 
as each examined different metrics to address 
separate research questions and therefore were 
published as separate papers.

Loading Parameters 

A summary of the loading parameters across the 
three studies can be observed in Table 2. Among 
the three studies examining the effects of FRT on 
ACLR rehabilitation, all were conducted during 
the late stages of the rehabilitation process. The 
training interventions were 6-8 weeks in duration, 
with training sessions taking place 2-3 times per 

week. The most commonly used exercise was the 
Bulgarian split squat, however Stojanović et al. 
(Stojanović et al., 2023) also incorporated Romanian 
deadlifts, half squats and hip thrusts on the flywheel 
machine. In terms of training volume (load x sets 
x reps), the methods used across studies were 
disparate. Henderson et al (Henderson et al., 2022; 
Henderson & Shimokochi, 2024) performed a single 
set to exhaustion, while Stojanović et al. (Stojanović 
et al., 2023) utilized a more periodized approach, in 
terms of ACLR rehabilitation, with 4-6 sets of 6-10 
repetitions for the first three weeks and progressing 
to 8-10 repetitions for the final three weeks. 
Additionally, a wide range of loads were employed 
(0.025-0.075 kg·m-2) across studies. Given the 
contrasting approaches used, as well as the limited 
research, it is hard to make definitive conclusions 
regarding the optimal loading parameters for ACL 
rehabilitation. These findings underscore the need 
for further research exploring the potential benefits 
of introducing FRT earlier in the rehabilitation 
process. Such investigations could provide valuable 
insights into optimizing rehabilitation protocols, 
improving athlete readiness for return to sport, and 
creating more efficient recovery pathways.

Results 

Researchers comparing FRT and TRT in ACLR 
patients and athletic populations have reported 
varying outcomes across muscle function, jump 
performance, and change of direction testing. 
Stojanović et al. (Stojanović et al., 2023) found 
that FRT led to significantly (p < 0.05) greater 
improvements  than TRT in multiple assessments: 
1) isometric squat strength, FRT resulted in larger 
gains in both the injured (27.1%, ES = 1.12) and 
non-injured leg (28.1%, ES = 0.92) compared to 
TRT (15.2%, ES = 0.85 for both); 2) significant 
improvements in jump performance were reported 
in both groups, however the changes in the FRT 
group were statistically greater e.g. CMJ height, 
FRT 12.9% (ES = 0.73) whereas TRT 6.7% (ES = 
0.34), SL jump height FRT group 23.8% (ES = 1.06) 
compared to TRT 13.7% (ES = 0.26) and triple hop 
distance FRT 14.3% (ES = 0.83) and TRT improving 
by 5.3% (ES = 0.46). 

Henderson et al. (Henderson & Shimokochi, 2024) 
reported significant improvements in SL drop 
jump height in the injured leg (23.1%, ES = -0.77), 
compared to the non-injured (0.0%, ES = -0.01), 
with a large between group effect (ES = -0.90) 
following eight weeks of Bulgarian split squats on 
a flywheel device compared to the uninjured leg. In 
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Table 1. Summary of the three studies on FRT for ACL rehabilitation

Study and Participant Characteristics Within 
Group

Between 
Group

Author Groups Subjects 
(sex, age) Sport (level)

Training Intervention
Duration

Frequency
Loading 

(load x sets x reps)

Assessment % Differ-
ence ES ES

Henderson et 
al. (2022)

Injured leg vs 
Uninjured leg

N=11
(3 male & 8 
female
20.8 ± 2.7)

handball, volley-
ball, soccer, bas-
ketball (collegiate) 

8 weeks (completed on injured leg only)	
2x/week
1 set to failure
First session: 0.025 kg · m-2 (female), 0.05 kg · m-2 (male)
Sessions 2-16: 0.05 kg · m-2 (female), 0.075 kg · m-2 
(male)
Bulgarian split squat

Quadricep RFD0-50ms
Quadricep RFD0-150ms 
MVIC between leg

Quadricep RFD0-50ms
Quadricep RFD0-150ms 
MVIC between leg

Injured
23.3%
23.4%
NR

Uninjured
48.3%
NR
NR

Injured
0.80*
0.90*
0.40

Uninjured
0.70*
0.30
0.10

0.00-
0.01

Henderson et 
al. (2024)

Injured leg vs 
Uninjured leg

N=11
(3 male & 8 
female
20.8 ± 2.7)

handball, volley-
ball, soccer, bas-
ketball (collegiate)

8 weeks (completed on injured leg only)
2x/ week
1 set to failure
First session: 0.025 kg · m-2 (female), 0.05 kg · m-2 (male)
Sessions 2-16: 0.05 kg ·m-2 (female), 0.075 kg · m-2 (male)
Bulgarian split squat

SL DJ height

SL DJ height

Injured
23.1%

Uninjured
0%

Injured
-0.77*

Uninjured
-0.01

-0.90†

Stojanović et al 
(2023)

FRT vs TRT in 
ACLR patients

N=22,
(14 male & 
8 female
19.9 ± 4.4) 

Basketball, soccer, 
handball  (elite)

6 weeks
2x/week
Weeks 1-3: 2 sets of 6-10 repetitions; Weeks 4-6 3 sets of 
8-10 repetitions
0.075 kg · m-2  
Half squat, RDL, SB curl, hip thrust, Bulgarian split squat

Iso strength uninjured
Iso strength injured 
SL jump height 
CMJ height
Limb symmetry
SL hop test
TL hop test

Iso strength uninjured
Iso strength injured 
SL jump height 
CMJ height
Limb symmetry
SL hop test
TL hop test

FRT
28.1%
27.1 %
23.8%
12.9%
12.3%
23.9%
14.3%

TRT
15.2%
18.1%
13.7%
6.7%
18.2%
8.1% 
5.3%

FRT
0.92*
1.12*
1.06*
0.73*
0.89*
1.54
0.83*

TRT
0.85*
0.74*
0.26*
0.34*
1.09*
0.55 
0.46* 

2.51†
1.78†
1.48†
2.23†
0.16
1.83 
1.78†

Key: FRT= flywheel resistance training, TRT= traditional resistance training, SL= single leg, DJ= drop jump; * Significant difference between pretest and posttest (p < 0.05). 
† Significant difference between groups (p < 0.05). Effect sizes are represented as: Cohen’s d= d, small (d = 0.2), medium (d = 0.5), and large (d ≥ 0.8).
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the injured limb, Henderson et al. (Henderson et al., 
2022) found significant (p < 0.05) improvements in 
RFD0-50ms (23.3%, ES = 0.80), and RFD0-150ms (23.4%, 
ES =0.90) following eight weeks of FRT Bulgarian 
split squats. However, no significant differences 
were reported between the injured and non-injured 
limb. While results from these studies are promising, 
more research is necessary to clarify the role of FRT 
in improving performance metrics post ACLR, as 
evidence remains limited.

Summary of Status of the Evidence 

In summary, there is a paucity of research quantifying 
the effects of FRT on ACLR. The methodological 
quality of the studies included, were evaluated 
(Brughelli et al., 2008) by two assessors who scored 
all studies within one point of each other. Stojanović 
et al. (Stojanović et al., 2023) achieved a score of 
17/20, with their primary methodological limitations 
being the absence of baseline testing and a lack of 
sport-specific assessments, such as COD or agility 
tests. Henderson et al. (Henderson et al., 2022; 

Henderson & Shimokochi, 2024) scored 14/20, the 
methodological shortcomings noted were; absence 
of randomization, insufficient clarity regarding 
baseline testing, the lack of a control group, and the 
use of assessments that, while somewhat practical, 
could have been more sport-specific to enhance 
relevance. 

In the limited research conducted thus far, Bulgarian 
split squats have been consistently utilized 
across three studies as part of ACL rehabilitation 
protocols. However, due to inconsistencies in 
training volume across these studies, it remains 
unclear what constitutes optimal loading for this 
exercise in ACLR rehabilitation. Current loading 
parameters are relatively rudimentary and lack the 
detailed progression necessary to draw definitive 
conclusions. Furthermore, as previously stated, 
the training blocks used in these studies are short, 
lasting only 6-8 weeks, whereas ACLR recovery 
may span at least 32 weeks for an athlete to meet 
the criteria for return to play (Buckthorpe, 2019; 
Henderson et al., 2022; Stojanović et al., 2023). 

Table 2. Summary of loading parameters for ACL rehabilitation that have currently been used in the literature
Stage of 

Rehabilitation Weeks Frequency Exercises Repetitions Sets Rest Load

Late stage 6-8 2-3/week

Bulgarian split 
squat

Half squat
Romanian 
Deadlift

6 to failure 1-3 Not Reported 0.025-0.075 
kg · m-2  

Figure 2. Exemplar exercise recommendations for FRT implementation into ACLR rehabilitation. A= squat; 
B= Bulgarian split squat; C= standing hip abduction; D= lateral lunge; E= hip thrust; F= prone hamstring 
curl.
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As demonstrated by Stojanović et al. (Stojanović 
et al., 2023), using 4-6 sets of 8-10 repetitions of 
Bulgarian split squats was effective in improving 
strength, power, and limb symmetry, however, 
as the rehabilitation progresses, it would likely be 
advantageous to progress loading parameters. 
For instance, reducing the number of sets and 
repetitions while progressively increasing the load 
(rotational inertia) could further enhance maximal 
strength. This approach aligns with principles of 
periodization and accommodates the growing 
capacity of the recovering athlete. With this in mind 
the next section proposes a framework for the 
practitioner to use over multiple training blocks.

NEW PERSPECTIVES IN ACL REHAB WITH FRT

The types of flywheel exercises that can be 
potentially be used during rehabilitation are shown 
in Figure 2. While thus far, FRT has only been used 
in what is considered late-stage rehabilitation, there 
is great potential for it to be introduced earlier in the 
rehabilitation journey, therefore exemplar programs 
are detailed across early-, mid-, and late-stage 
rehabilitation.

Early-stage Rehabilitation

A proposed FRT plan for the early stage of 
rehabilitation is outlined in Table 3. Early-stage 
rehabilitation could benefit from low-load, the 
flywheel providing a safe method to achieve this 
given the principle of autoregulation discussed 
previously (Buckthorpe et al., 2024). ROM in the 
isometric squat is suggested to begin at 60-90° 
in early-stage and continue to work at 90° in the 
first half of mid-stage, then progress to full ROM 
by the end of mid-stage (Buckthorpe et al., 2024; 
Buckthorpe & Della Villa, 2020). In conjunction 

with modified training on the flywheel in the injured 
limb, short term unilateral FRT of the non-injured 
limb may help aid strength and hypertrophy gains 
via the cross education effect (Maroto-Izquierdo et 
al., 2017). Exercises for the injured and non-injured 
limb should be done in an alternating manner. 
Due to the neurological and muscular reasonings 
behind this effect, by incorporating unilateral higher 
intensity training of the non-injured limb in the early-
stage of rehabilitation, it acts as a familiarization 
period, allowing the athlete to potentially use higher 
intensities earlier than they would have, had they not 
been familiarized. The stages of ACLR rehabilitation 
are subjective to the user, and progression relies 
on certain milestones being met by the individual 
(Buckthorpe et al., 2024; Buckthorpe & Della Villa, 
2020). 

In terms of progression, it is recommended that a 
combined approach of rate of perceived exertion 
(RPE) should be used in conjunction with increments 
in loading of 0.025 kg·m-2. RPE, closely tied to 
inertial load, has been validated as a successful 
autoregulation model in rehabilitation and in 
monitoring exercise load during FRT (Calatayud et 
al., 2021; Martín-Rivera et al., 2022; Roberts, 2020). 
As previously stated, initial exercises in early-stage 
should focus solely on isometric movements, guided 
by the individual’s pain and swelling response. 
It needs to be noted that isometrics can be easily 
performed on a flywheel platform by cinching 
down the tether to the desired angle using a rope 
clamp. The trained leg can be introduced to FRT for 
familiarization, with gradual progression.

Mid-Stage Rehabilitation

Gradually increasing the inertial load and movement 
speed as full ROM is restored and confidence 
builds. Here, FRT could serve as a useful adjunct 

Table 3. Exemplar FRT program for early-stage ACLR
Injured Limb

Exercise
Volume

(sets x reps)
Load 

(kg · m-2)
Recovery RPE Scale

(1-10)
Knee extension 3x15 0.025 30-60s 4-6

ABD/ADD 2x20 0.025 30-60s 4-6
Quarter squat 3x15 0.025 30-60s 4-6

Isometric squat 5x45s between 60-90° 2 min 4-6
Non-Injured Limb 

Exercise
Volume

(sets x reps)
Load 

(kg · m-2)
Recovery RPE Scale

(1-10)
Single leg squat 4x8 0.05 1-2 min 5-7
Single leg RDL 4x8 0.05 1-2 min 5-7
Knee extension 4x8 0.05 1-2 min 5-7

ABD/ADD 4x8 0.05 1-2 min 5-7
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to help athletes reacquaint themselves with 
decelerative forces and braking demands in a 
controlled manner, perhaps even complementing 
underwater running or other graded return-to-
load activities.  (Buckthorpe & Della Villa, 2020). 
Buckthorpe et al. (Buckthorpe & Della Villa, 2020) 
suggested the mid-stage of rehabilitation be 
split into two phases, with the first phase using 
volume of 12-20 repetitions and the second half 
using 8-12 repetitions. In addition to its role in 
reintroducing deceleration, submaximal eccentric 
training has been shown to significantly enhance 
strength following ACLR surgery, particularly in the 
quadriceps (Lorenz & Reiman, 2011; Stojanović 
et al., 2023). Importantly, submaximal eccentrics 
are also believed to place less stress on the graft, 
allowing for safer progression in rehabilitation 
(Lorenz & Reiman, 2011).

In the first half mid-stage of, FRT should begin at 
submaximal intensity (RPE 5-7/10) with conservative 
loading (0.025 kg·m-2). During the mid-stage, 
the suggested priority is to familiarize the injured 
leg to FRT without pushing intensity, maintaining 
conservative submaximal efforts. Familiarization 
requires multiple sessions, particularly in 
rehabilitation settings, making it a primary goal of 
the mid-stage. When moving forward to the second 

half of mid-stage, training should incorporate higher 
effort at the same conservative loads. By the end of 
the mid-stage, the goal would be to reach an RPE of 
6-8/10 while achieving full ROM.

Late-stage Rehabilitation

Once an athlete enters late-stage rehabilitation 
(Table 5), effort should be at or near maximal and 
loading can now increase Progression should 
allow for increased movement speed as RPE 
decreases. Recommended RPE ranges include 
5-7 in the mid-stage and 7-9 in the late stage, 
progressing as symptoms allow. Using FRT to also 
transition into higher loading, including eccentric 
overload (see Table 5), could  help athletes 
eventually transition from rehabilitation training 
to return-to-sport training and may help ensure 
they are adequately prepared for the demands of 
the sport (Buckthorpe, 2019, 2021). For example, 
combining FRT with plyometric elements such as 
jump variations or focusing on explosive flywheel 
concentric  phases could better prepare the athlete 
for the dynamic and high-velocity demands of their 
sport (Buckthorpe, 2021; Henderson & Shimokochi, 
2024). These adjustments, paired with appropriate 
recovery periods, may help bridge the gap between 
foundational strength training and the high-intensity 

Table 4. Exemplar FRT program for mid-stage ACLR
Injured Limb

Exercise
Volume

(sets x reps)
Load 

(kg · m-2) Recovery RPE Scale
(1-10)

Hip thrust 3x15 0.05 1-2 min 5-7
Split squat 4x12 0.025 1-2 min 5-7

Single leg calf raise 4x20 0.025 1-2 min 5-7
Squat 4x15 0.025 - 0.05 1-2 min 5-7

Isometric prone 
hamstring curl 5x45s at 90° 2 min 5-7

Non-Injured Limb 
Exercise

Volume
(sets x reps)

Load 
(kg · m-2) Recovery RPE Scale

(1-10)
Hip thrust 4x8 0.075 2 min 5-8
Split squat 4x8-10 0.05 2 min 5-8

Single leg calf raise 4x10 0.05 2 min 5-8
Squat 4x8 0.075 2 min 5-8

Isometric prone 
hamstring curl 5x10s 2 min 5-8

Table 5. Exemplar FRT program for late-stage ACLR
Injured & Non-Injured Leg

Exercise Volume Baseline 
Load (kg·m-2) %  Boost Recovery RPE Scale 

(1-10)
Squat with triple extension 4x6-8 0.075 5% 2 min 7-9

Bulgarian split squat 4x8 0.05 5% 2 min 7-9
Lateral lunge 4x8 0.05 5% 2 min 7-9
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requirements of return-to-play scenarios.

Supramaximal eccentric exercise also plays a 
crucial role in late-stage ACLR rehabilitation, as it 
effectively induces hypertrophic adaptations while 
training the knee to absorb high forces (Lorenz 
& Reiman, 2011). Some flywheel technologies 
have motorized eccentric boost technology 
(Exerfly, Wisconsin, USA) that enables controlled 
supramaximal training at varying intensities (+1-
80% of concentric velocity), making it a potentially 
valuable tool for transitioning athletes from late-stage 
rehabilitation to the return-to-sport phase. Overall, 
a progressive and carefully structured training 
approach that evolves from general strength to 
sport-specific power and explosiveness is essential 
in the later stages of ACL rehabilitation, and FRT 
may be an effective technique to optimize outcomes 
and reduce the risk of re-injury (Henderson et al., 
2022; Monajati et al., 2021; Stojanović et al., 2023).

These proposed frameworks should be considered 
as emerging hypotheses based on a blend of 
current understanding of ACL rehab principles, 
FRT capabilities, and theoretical reasoning. Future 
research is needed to validate these concepts and 
refine their application.

CONCLUSION

Despite advancements in rehabilitation strategies, 
the number of athletes returning to pre-injury status 
remain low, and there is no clear consensus as to 
the most effective rehabilitation strategies (Devana 
et al., 2022; Waldron et al., 2022). Recognizing 
that optimal loading is a cornerstone of ACLR 
rehabilitation, incorporating FRT could offer 
significant benefits due to its potential adaptability 
throughout various stages of recovery, and hence 
be a more effective form of resistance training for 
ACL patients. Research has demonstrated that 
FRT effectively enhances muscular strength, RFD, 
power, and overall force production, which are key 
for regaining the physical capabilities necessary 
for high-performance sports (Buckthorpe, 2021; 
Buckthorpe et al., 2024; Buckthorpe & Della Villa, 
2020). Flywheel resistance training (FRT) offers 
promising potential as an adaptable tool throughout 
all stages of ACL rehabilitation. Its unique 
features—including autoregulated resistance, 
eccentric overload, and versatility for bilateral, 
unilateral, partial ROM, and isometric exercises—
enable individualized loading that matches the 
athlete’s capacity and stage of recovery. These 

characteristics may simplify load prescription, 
enhance eccentric control, support cross-education 
effects, and facilitate safer transitions to sport-
specific activities, all of which are critical for 
restoring strength, stability, and dynamic movement 
control. (Henderson et al., 2022; Ryan et al., n.d.; 
Stojanović et al., 2023)

 While the theoretical benefits of FRT are compelling, 
further research is required to fully establish its 
role across the continuum of ACL rehabilitation. 
Future studies should document its implementation, 
effectiveness, and long-term outcomes to determine 
whether FRT can meaningfully improve recovery 
timelines, functional performance, and reinjury 
prevention. Until then, FRT should be considered a 
promising adjunctive strategy, with its use tailored 
carefully to individual rehabilitation goals and 
athlete needs.
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