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Background and Purpose    
One of the best alternatives for the treatment of meniscal injuries in relation to surgical 
procedures, is exercise. This case report aimed to describe the effects of isokinetic 
training and a neuromuscular/proprioceptive exercise program on muscle performance 
and physical function in an individual after a rupture of the posterior horn of the medial 
meniscus. 

Study Design   
Case report. 

Case Description   
A 40-year-old man injured his right knee during a soccer match, with a partial lesion of 
the medial meniscus confirmed by magnetic resonance imaging. He completed an 
isokinetic training program in addition to exercises that targeted proprioception (22 
sessions, 11 weeks) to improve physical function and performance, which were assessed 
before and after treatment and at a six-month follow-up. An individual with similar 
anthropometric characteristics was chosen to be used as a control for understanding the 
patient’s assessment values. 

Outcomes  
Muscular performance of the knee flexors and extensors was evaluated isokinetically 
using the Biodex System-4 in a concentric mode at angular velocities of 60, 120, and 300 
°/s . The main results indicated that after 11 weeks, the peak torque normalized to body 
mass (PT/BM), at 60 °/s of the knee extensors remained unchanged (2.54 N.m/kg) (below 
the control value - 3.06 N.m/kg), and at the six-month follow-up, increased by 
approximately 20% (3.08 N.m/kg). For the hamstrings, at 60 °/s, an increase of 18 % 
occurred after intervention (1.98 N.m/kg) and by approximately 30 % at the six-month 
follow-up (2.12 N.m/kg) - values much higher than the control 1.55 N.m/kg). This 
increase in the PT/BM was also reflected in the Hamstrings:Quadriceps ratio (78 %) after 
treatment which improved at follow-up (68 %). 
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Discussion  
The results showed that the isokinetic training and neuromuscular/proprioceptive 
exercises improved the muscle performance of the knee flexors and extensors, after 
eleven weeks of intervention, and remained (or continued to improve) at the six-month 
follow-up. 

Level of evidence    
5, single case report 

BACKGROUND AND PURPOSE 

Meniscal injuries are common, with an annual incidence of 
79 injuries per 100,000 individuals aged 15–40 years, men 
and the medial meniscus (compared with the lateral menis
cus), is most commonly affected.1‑3 Although the diagnosis 
is made through history and clinical examinations, this le
sion type is challenging and usually requires magnetic reso
nance imaging (MRI) for confirmation.4 Surgery is often the 
treatment of choice, and for many years, it has been a stan
dard practice for surgeons, with total or partial removal of 
the affected menisci to mitigate the clinical symptoms aris
ing from meniscal injuries.5‑7 In 2014, 516,800 meniscec
tomies were performed in the United States alone, generat
ing an annual cost of US $ 4 billion.8,9 

These paradigms have undergone changes because sur
gical procedures do not present greater benefits than con
servative treatment, when analyzed through surgical recur
rences and development of knee osteoarthritis (OA) after 
meniscectomy.2,5 Therefore, surgery should not be the first 
option, and accordingly, in recent years, the number of 
surgical procedures has reduced.10‑14 Englund et al.15 and 
Chirichella et al.16 pointed out that conservative treatment 
remains one of the pillars for the treatment of meniscal in
juries, particularly in stable meniscus tears, to preserve this 
tissue whenever possible. Through a systematic review and 
meta-analysis, Swart et al.17 assessed the effectiveness of 
exercise therapy for the treatment of patients with meniscal 
injuries and concluded that exercises were comparable to 
meniscectomy in terms of pain, function, and knee perfor
mance outcomes. However, exercise therapy showed higher 
value related to short-term strength gain, making it more 
effective. In addition, patients who underwent exercise 
therapy showed better pain and knee function outcomes, 
both before and after meniscectomy surgery, than patients 
who did not undergo exercise. 
Currently, the isokinetic dynamometer is an accepted 

resource for the conservative treatment of the locomotor 
system, and is useful for evaluation and strength training, 
especially for knee injuries.18,19 Isokinetic exercise for 
strength training is characterized by constant velocity that 
accommodates the individual’s muscular work throughout 
the range of motion (ROM).20 Testing can provide objective 
outcomes related to power, total work, and peak torque, 
which can be represented as a percentage when normalized 
to body mass.21 Another way to explore isokinetic results 
is to divide the ROM into three components: time to reach 
velocity, load range (LR), where the specific velocity set is 
sustained, and deceleration time. These distinct phases can 
provide additional information, such as reaction time and 

ability to maintain velocity, which may assist in the clinical 
evaluation and implementation of specific treatment pro
tocols to optimize treatment.22 

In a study by Belhaj et al.,23 patients with meniscal in
juries received classical conservative and isokinetic inter
ventions to increase muscle strength in the quadriceps and 
hamstrings. They reported improvements at the end of the 
treatment and the highlighted the importance of the inter
vention to conserve the meniscus, demonstrating the iso
kinetic dynamometer as a resource to be used not only for 
evaluation but also in treatment. However, no studies have 
investigated an intervention protocol “with emphasis” on 
the use of the isokinetic dynamometer for strength train
ing in individuals undergoing conservative treatment after 
meniscus injury. Thus, this case report aimed to describe 
the effects of isokinetic training and neuromuscular/pro
prioceptive exercise program on muscle performance and 
physical function in an individual after a rupture of the pos
terior horn of the medial meniscus. 

SUBJECT CHARACTERISTICS 

A 40-year-old man with a body mass index of 27.8 kg/m2 

was referred for evaluation at the Laboratory of Biome
chanics and Clinical Epidemiology of the University Hospi
tal/UEL. During a soccer match, he suffered a contact injury 
of the right knee, clinically diagnosed as a meniscal tear. 
The MRI results indicated medial and lateral patellofemoral 
and tibiofemoral chondropathy, vertical/oblique rupture 
with a horizontal component characterized on the periph
ery of the posterior horn of the medial meniscus, and 
tendinopathy of the semimembranosus. From this, an ex
ploratory meniscectomy was proposed by the surgeon re
sponsible for the case; however, the patient opted for con
servative treatment. 
The treatment plan consisted of 22 sessions of isokinetic 

and neuromuscular/proprioceptive training over the course 
of 11 weeks. Muscle performance and physical function 
were assessed before and after treatment, and at a six-
month follow-up. The participants (the subject and the 
matched control) signed an informed consent form and the 
study was approved by the IRB (#00768812.0.5231). The use 
of uninvolved limbs after musculoskeletal injuries as a con
trol is not desirable, as this limb may be compromised. In 
order to avoid any interference, the authors chose to in
vite an athlete with similar anthropometric characteristics 
to participate and serve as a control for strength data. 
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Figure 1. Left knee MRI Scan of a medial meniscus tear.          

OUTCOMES 
INITIAL EXAMINATION/CLINICAL MEASURES 

Initially, an examination was carried out - one month after 
the injury (personal data, history of the injury, and physical 
examination), followed by the Apley and McMurray tests 
and ligament analysis: the Lachman, anterior drawer, 
Slocum, varus and valgus stress, and Pivot Shift tests. More 
information is available in the Supplementary Material 
(#1). 

PHYSICAL FUNCTION 

The Lower Extremity Functional Scale (LEFS) was used to 
assess functional activities. This questionnaire consists of 
20 items with gradual responses from 0 to 4 points, with a 
maximum score of 80 points. The higher the score obtained, 
the better the participant’s reported function. The cut-off 
for clinically meaningful improvement is 11 (area under the 
receiving operator curve = 0.96; 95% CI [0.88;0.99]).24 The 
patient’s LEFS scores were 74 points at the initial exami
nation, 72 points after treatment, and 76 points at the six-
month follow-up, with no limitations on activities of daily 
living. 

MUSCLE PERFORMANCE – DYNAMOMETRY 

Muscle performance of the quadriceps and hamstrings was 
assessed using the Biodex System 4 (Biodex Medical System 
Inc., Shirley, NY, USA) in a concentric mode at angular ve
locities of 60, 120, and 300 °/s, with a sampling frequency of 
100 Hz (Video Supplementary Material #2). The participant 
was instructed to not perform any physical activity on the 
testing day. First, the patient completed a 10-min warm-up 

on a cycle ergometer, without resistance, at a speed of 30 
km/h. Then, a familiarization process was conducted which 
consisted of two sets of 10 repetitions (in each velocity).25 

(Video Supplementary Material #2) 
The individual was positioned on the dynamometer seat 

and stabilized with straps around the trunk, pelvis, and 
thighs per Biodex protocol. Hip flexion was adjusted to 85 °, 
the dynamometer axis was aligned with the lateral femoral 
epicondyle, and the ankle pad was positioned just above the 
medial malleolus.26 Active ROM (AROM) of 90 ° for flexion 
and 0 ° for extension was chosen for testing. However, the 
extension ROM was defined according to individual limits. 
All calibration and gravity correction procedures followed 
the manufacturer’s instruction manual.27 Five repetitions 
at each test velocity were performed with a rest interval of 
90 s between sets. The participant was instructed to per
form at maximum strength during all repetitions, and ver
bal encouragement and visual feedback were provided. For 
reliability purposes, a variation coefficient of <10 % for each 
series was considered acceptable.28 

The peak torque/body mass (PT/BM) and Ham
strings:Quadriceps ratio (H:Q) were calculated only during 
the portion of sustained velocity (load range phase). The 
raw data were extracted using Biodex software and further 
processing was performed using a specific Matlab® algo
rithm to accomplish this calculation. Average values of the 
five repetitions were calculated for all variables at each ve
locity. The percentual of sustained velocity was calculated 
in relation to the total ROM. 
To create the torque-angle-velocity relationship or sur

face maps (TAV3D), the mathematical “surf” function of 
Matlab® was used. All five repetitions of each velocity were 
interpolated according to the phase duration. The algo
rithm estimated the intrinsic geometry considering the 
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Figure 2. Flymoon® device.   

torque (z axis), the joint angle (x axis), and the speed (y 
axis) in the same time interval. The z axis defined the 
height of the map in relation to the force intensity, while 
the x and y axes formed the surface boundaries. Qualitative 
analysis with TAV3D surface maps improves the interpre
tation of the test results, making it possible to observe the 
interaction between torque, velocity, and range of motion. 
This interpretation can be added to the other results of iso
kinetic tests, as the assessment of movement or functional 
activity could contribute to the decision making and treat
ment (Supplementary Material #3).29,30 

INTERVENTION 

Based on the history of the injury, isokinetic measures, 
and functional status of the lower limb, new neuromuscu
lar/proprioceptive training and an isokinetic strengthening 
program were considered the ideal treatment for this pa
tient. It was expected that there would be improvement in 
neuromuscular control after the proposed training. 

INNOVATIVE INTERVENTION 

The treatment plan and regimen were distributed among 
22 sessions, over 11 weeks. Each treatment session was di
vided into three components: 1) re-assessment and analysis 
of the clinical condition; 2) warm-up and strength training 
with the isokinetic dynamometer, according to the stipu
lated weekly program, based on the evolution and clinical 
signs presented; and 3) proprioceptive and stretching exer
cises on Flymoon® (Figure 2) as described in Table 1. The 
Flymoon® proprioceptive training intervention consisted 
of eight proprioceptive and two active stretching exercises 
(table 2). All movements were performed in three sets of 30 
s each. 
The velocity-specific training at 300 °/s was used as a 

warm-up and power training. It started with 70 % of the 
maximum force (according to initial evaluation – using vi
sual feedback from the isokinetic screen), with 25 repeti
tions. In addition, the 120 °/s angular velocity was used in 
the first weeks for explosive power, with 15 repetitions. This 
first stage continued until week 3. 

From week 4 on, the load was increased to 80 % of max
imum force for both velocities. From week 8, the veloc
ity of 300 °/s was used only for the warm-up, 120 °/s was 
maintained (with 90 %), and 60 °/s was introduced with 60 
% of the maximum force. Contractions at slower velocities 
were applied to align with near maximum tension develop
ment.31 At week 9, there was a 10 % increase in strength 
(to 80%) at 60 °/s velocity, which continued in weeks 10–12. 
The patient finished the protocol performing 15 reps at 90 
% (120 °/s) and 10 reps at 80 %, for three sets (60 °/s). 
The training program carried out with Flymoon® fol

lowed the exercises described in Table 2, consisting of pro
prioceptive exercises and active stretching (Video - Sup
plementary Material #2). All movements were performed in 
series with activities per minute or for a number of repe
titions during all treatment sessions. Sessions were super
vised by a licensed physical therapist. In addition to pro
prioception, Flymoon® encourages neuromuscular control 
by creating an unstable surface that challenges the propri
oceptive system to respond and adapt to the changing con
ditions; it can be adjusted in degrees of difficulty and can 
be used in different planes of movement. The equipment 
allows the challenges of ROM in the ankle, in addition to 
working the fascia in multiple directions. When standing on 
the Flymoon®, the principle of biotensegrity is triggered: 
putting tension on the feet and maintaining this tension 
while performing movements seems to provide a stimulus 
for stability in the knee.32 The greatest support occurs be
tween the hallux and the first metatarsals, which activates 
the anterior deep line. By keeping this line activated, hy
perextension (recurvatum) can be avoided. 

RESULTS 

The anthropometric characteristics of the patient were: 40 
years-old and BMI of 27.8 kg/m2 and the individual used 
as a control: 40 years-old and BMI of 21.8 kg/m2. Table 3 
shows the % of sustained velocity (LR) normalized by ROM, 
values of PT/BM, range of motion, and agonist/antagonist 
ratio at angular velocities of 60, 120, and 300 o/s for exten
sion and flexion of both knees, involved and uninvolved, of 
the patient with meniscal injury in the pre, post, and fol
low-up period and in the control individual. The TAV3D fig
ures are available in the supplementary material #3A and 
3B. 

DISCUSSION 

The results demonstrate a lower PT/BM value in the exten
sors pretreatment at all velocities, 60, 120, and 300 °/s in 
relation to the control, while the same was not observed 
for flexion. This muscle weakness in the knee extensors is 
expected in patients with medial meniscal lesions because 
after an injury, the quadriceps muscle can be affected by 
neural inhibition, commonly described as arthrogenic mus
cle inhibition, which results from changes in sensory in
formation related to pain, inflammation, and damage to 
mechanoreceptors. This reduces strength, which negatively 
affects movement patterns, contributing to the reduction 
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Table 1. Training program.   

Week Type of 
exercise/activity 

Frequency and volume 

Weeks 1 and 2 
Session 1, 2 and 3 

Cycle ergometera 

Isokinetic 
Flymoon®a 

(table 2) 

Velocity 30 km/h - 10 min. 
Isokinetic Protocol 
70 % of PT at 300 º/s – 4 sets x 25 reps 
70 % of PT at 120 º/s – 4 sets x 15 reps 
“Mobilization of ankle” - 1 rep x 30 s 
"Ferris Wheel" - 2 reps x 1 min 
" Frontal Sailboat " - 2 reps x 30s 
“Moon dancing” - 2 reps x 1 min 
“Running in the moon”- 2 reps x 1 min 
“Squat” - 2 reps x 1 min 
“Hamstrings stretching” 2 reps x 30 s 
“Piriform stretching”- 2 reps x 30 s 

Week 3 
Sessions 4-5 

Cycle ergometer 
Isokinetic 
Flymoon® 

70 % of PT at 300 º/s – 4 sets x 25 reps 
70 % of PT at 120 º/s – 4 sets x 15 reps 

Weeks 4, 5 and 6 
Sessions 6 - 11 

Cycle ergometer 
Isokinetic 
Flymoon® 

80 % of PT at 300 º/s – 4 sets x 25 reps 
80 % of PT at 120 º/s – 4 sets x 15 reps 

Week 7 
Sessions 12 - 13 

Cycle ergometer 
Isokinetic 
Flymoon® 

300 º/s – free - 3 sets – 25 reps 
80 % of PT at 120 º/s – 3 sets x 15 reps 
60 % of PT at 60 º/s – 3 sets x 8 reps 

Week 8 
Sessions 14 - 15 

Cycle ergometer 
Isokinetic 
Flymoon® 

300 º/s – free -3 sets – 25 reps 
90 % of PT at 120 º/s – 3 sets x 15 reps 
70 % of PT at 60 º/s – 3 sets x 8 reps 

Week 9 
Sessions 16 - 17 

Cycle ergometer 
Isokinetic 
Flymoon® 

300 º/s – free -3 sets – 25 reps 
90 % of PT at 120 º/s – 3 sets x 15 reps 
80 % of PT at 60 º/s – 3 sets x 8 reps 

Week 10-12 
Sessions 18 - 22 

Cycle ergometer 
Isokinetic 
Flymoon® 

300 º/s – free -3 sets – 25 reps 
90 % of PT at 120 º/s – 3 sets x 15 reps 
80 % of PT at 60 º/s – 3 sets x 10 reps 

a - The cycle ergometer and Flymoon exercises were repeated with the same parameters in all sessions ; 
PT = peak torque 

in joint and postural stability.33‑38 Therefore, it has been 
suggested that intervention be initiated early because the 
association between meniscal changes combined with knee 
extensor muscle weakness results in more severe joint 
changes, such as knee osteoarthritis.39‑41 

However, at the end of the intervention, the PT/BM value 
increased in both flexion and extension, at different veloci
ties, in relation to the control and baseline. These findings 
can be attributed to the isokinetic training program be
cause isokinetic exercise is a muscle-strengthening modal
ity that can enable the development of maximum tension 
by the muscles at all joint angles during ROM, as it is per
formed at constant velocity, recruiting the largest number 
of muscle fibers and thus offering greater muscle perfor
mance.42,43 

Regarding the muscle H:Q ratio, improvement was seen 
after treatment compared with that before the treatment by 
13.3 % (64.7–78 %) and 6.6 % (68.4–75 %), respectively, at 
velocities of 60 and 300 °/s. The imbalance in the agonist/
antagonist muscular strength ratio may increase the likeli
hood of injury.44 Numerous factors are presumed to influ
ence the ratio, for example, age, sex, limb dominance, phys
ical activity, movement velocity, and functional demands of 
the patient.45 

In the ROM results (Table 3) for extension and flexion, 
the values obtained before treatment were higher in the 

patient than in the control, with approximately 8 ° of dif
ference (before ≅ 8 °) at all velocities. These data must be 
viewed with caution because of the learning factor since 
the control was only exposed to the dynamometer once. 
This slight ROM increases may be related to the recovered 
strength of the quadriceps.46,47 

Overall, these findings suggest that isokinetic variables 
may be more related to the functional status or capacity 
knee than to the capacity to generate strength because the 
control individual had better segment functional capabili
ties than the patient with meniscal injury, who stood out 
for demonstrating a predominance of strength. However, in 
the torque–angle–velocity relationship/surface map (Sup
plementary Material #3A and 3B), which provides a quali
tative analysis, the patient had greater capacity to sustain 
torque, higher torques at different velocities in both the 
flexors and extensors, generating greater torque at the end 
of the movement than the control, with higher values after 
treatment and at 6 month follow up in relation to baseline. 
The limitations of this study include the lack of assess

ment of muscle eccentric capacity and proprioceptive mea
sure. Future studies involving patients with a partial menis
cal tear should include isokinetic muscle training as well as 
neuromuscular/proprioceptive exercise program. 
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Table 2. Proprioceptive training with Flymoon® - (Supplementary Material #2)         

Exercises Position and commentary 

Stand barefoot in the middle of the Flymoon® performing plantiflexion/dorsiflexion movements. 

Stand inside the equipment, one foot touching the metatarsal and the other the distal metatarsal. Perform a 
combination of movements of one leg, with hip, knee, and dorsiflexion and the other leg hip extension, knee 
extension, and plantiflexion. 

Stand between the edges of the arch. One leg with knee extension and heel touching the lateral of the 
instrument and the other leg with a combination position of hip externally rotated, knee flexion touching the 
edge of the tool, and foot supported inside the device. Combined movements of bilateral knee flexion associated 
with squat. 

Stand between the edges of the Flymoon®. One leg in the position of hip internally rotated, knee extension, and 
heel touching the lateral of the equipment and the other leg hip, knee flexion, and foot supported in the 
apparatus. Combined opposite movements of lower extremities. 

Stand with feet touching the edge of the instrument. With the feet parallel and gaze focused ahead, perform a 
combination of movements simulating walking. 

Stand inside the instrument. Both feet supported with metatarsals on one edge of the Flymoon®. Knees 
touching the other edge. Stand holding the arms straight out in front of the body at shoulder mark, parallel to the 
floor. Push the hips back and lower the body as far as possible. Pause, then push the body back to the starting 
position. 

Stand with feet touching the edge of the equipment. With the feet parallel and gaze focused ahead, perform a 
fast combination of movements simulating walking. 

Stand inside the instrument. Perform a random combination of movements of heel-to-toe motion. 

Stand with right foot inside the apparatus, set slightly in front of the body, and flex right foot toward face. Use 
hands to secure the base of the device, arms close to the sides of the body, and hinge forward at the hip without 
rounding the spine. 

Start with the hands touching the lateral of the device. Put right knee forward and out to the right, together with 
right foot forward, until the heel is in line with the left hip and the shin is at about a 45-degree angle. Maintain 
the foot flexed to protect the knee. 

CONCLUSION 

The results of this case report demonstrate that 11 weeks of 
isokinetic muscle training and neuromuscular/propriocep
tive exercises led to an increase in the PT/BM for the knee 
extensors and flexors at different velocities in the included 
subject. These results indicate that isokinetic dynamome
ter training may play a role in muscle training for patients 
with meniscus injury. 
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Table 3. % of sustained velocity (LR), peak torque/body mass, range of motion, and Hamstrings: Quadriceps ratio, at different angular velocities.                    

Case Control 

Before After 6-month Follow-up 

LR 
(%) 

PT/BM 
(N.m/kg) 

ROM 
(deg) 

H:Q 
(%) 

LR 
(%) 

PT/BM 
(N.m/kg) 

ROM 
(deg) 

H:Q 
(%) 

LR 
(%) 

PT/BM 
(N.m/kg) 

ROM 
(deg) 

H:Q 
(%) 

LR 
(%) 

PT/BM 
(N.m/kg) 

ROM 
(deg) 

H:Q 
(%) 

Extension 

Involved 

60˚/s 92.6 2.58 85.9 64.7 89.9 2.54 87 78.0 92.9 3.08 82 68.8 91.0 3.06 77.0 50.7 

120˚/s 72.4 1.61 84.8 88.8 70.8 2.12 86.9 74.1 68.1 2.27 81.3 76.3 70.8 1.81 77.5 69.1 

300˚/s 43.8 1.33 85.9 68.4 39.7 1.64 85.0 75.0 35.9 1.74 81.0 75.0 38.5 1.48 75.5 73.0 

Uninvolved 

60˚/s 90.9 3.01 86.5 55.1 90.7 3.12 87.1 55.8 90.5 2.96 82.0 65.1 88.1 2.95 77.6 50.2 

120˚/s 73.6 2.14 86.9 60.3 70.9 2.35 87.7 57.4 64.2 2.38 82.3 64.3 70.1 1.79 77.4 69.3 

300˚/s 47.9 1.53 85.9 62.1 57.1 1.78 86.1 55.6 45.8 1.84 81.2 61.0 46.7 1.40 77.2 74.3 

Before After 6-month Follow-up Control 

LR 
(%) 

PT/BM 
(N.m/kg) 

ROM 
(deg) 

LR 
(%) 

PT/BM 
(N.m/kg) 

ROM 
(deg) 

LR 
(%) 

PT/BM 
(N.m/kg) 

ROM 
(deg) 

LR 
(%) 

PT/BM 
(N.m/kg) 

ROM 
(deg) 

Flexion 

Involved 

60˚/s 91.4 1.67 85.8 91.1 1.98 87.0 90.6 2.12 82.2 91.9 1.55 76.9 

120˚/s 71.5 1.43 85.4 65.8 1.57 87.0 71.2 1.73 81.4 68.5 1.25 77.5 

300˚/s 41.0 0.91 85.6 39.8 1.23 84.9 49.6 1.31 81.0 45.2 1.08 75.4 

Uninvolved 

60˚/s 92.0 1.66 86.4 91.5 1.74 87.0 91.5 1.92 81.9 91.8 1.48 77.5 

120˚/s 68.0 1.29 86.8 79.4 1.35 87.5 67.6 1.53 82.1 66.5 1.24 77.1 

300˚/s 50.2 0.95 85.9 38.4 0.99 86.2 29.6 1.12 81.1 35.2 1.04 77.1 

o/s: degrees per second, LR: load range, %: percentage of the LR in relation to total range of motion; PT/BM: peak torque/body mass; N.m/kg: Newton meter/kilogram; ROM: range of motion; deg: degrees; and H:Q: Hamstrings:Quadriceps ratio. 

This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International License (CCBY-NC-4.0). View this license’s legal deed at https://creativecommons.org/licenses/by-nc/4.0 and le
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