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RATIONALE

Postoperative rehabilitation 

Knee pathologies can severely affect patients’ 
ability to move. A high number of pathologies 
often require surgical intervention, followed by 
specific postoperative rehabilitation training, in 
order to restore the correct function of the affected 
knee, maximizing the post-surgical results. Two 
examples are: Total Knee Arthroplasty (TKA), for 
patients with osteoarthrosis or degenerative joint 
disease, and Anterior Cruciate Ligament (ACL) 
reconstruction.

Individuals with Osteoarthritis (OA) of the knee 
commonly present with knee pain, decreased 
range of motion (ROM), reduced functional ability 
and decreased quadriceps strength which has 
also been shown to be inversely related to knee 
pain and a direct predictor of functional ability 
among patients (Amin et al., 2009). Patients with 
knee OA, including those with severe disease, 
have demonstrated they can reduce their knee 
pain, improve their quadriceps strength, and 
improve their functional ability through regular 
exercise training (Topp et al., 2002; Fransen et al., 
2008; Bennell et al., 2011).

After a TKA intervention, patients show several 
limitations, including reduced ROM of the knee, 
decreased muscular strength, poor motor control, 
reduced balance and proprioception (Attfield et 
al., 1996; Liao et al., 2015), which lead to deficits in 
gait, sit to stand movements, ability to ascend or 
descend stairs and difficulties with other activities 
of daily living (ADL). Rehabilitation is fundamental 
for functional recovery after the intervention 
(Cioppa-Mosca et al., 2006; Bade et al., 2011): for 
example, balance training have been shown to be 
useful in postoperative functional recovery and 
rehabilitation (Liao et al., 2015; Minns et al., 2007).
Patients with an ACL lesion have deficits on both 
the injured and the unaffected limb (Roberts et al., 
2000; Arockiaraj et al., 2013), showing a reduced 

strength in quadriceps and hamstrings, reduced 
balance and proprioceptive deficits (Godinho et 
al., 2014; Lee at al., 2009) leading to decreased 
activity level, impaired balance, decreased muscle 
strength restoring, and a high risk of reinjury 
(Gokeler et al., 2012). Rehabilitation usually lasts 5 
months with a focus on different techniques, such 
as muscular strengthening and stretching, use of 
biofeedback, and open and closed kinetic chain 
exercises (Christanell et al., 2016; Logerstedt et al., 
2010; Van Melick et al., 2016). 

Preoperative rehabilitation

The clinical practice guideline by the American 
Physical Therapy Association (APTA) recommends 
that physical therapists should design preoperative 
exercise programs and teach patients undergoing 
total knee arthroplasty (TKA) to implement 
strengthening and flexibility exercises (Jette et 
al., 2020). In fact, preoperative physical function 
(including muscular function indices), has 
been identified as the strongest determinant of 
postoperative pain and functioning (Jones et al 
2003; Lingard et al, 2004; Minzer et al., 2005).
In ACL reconstruction, for example, a recent 
review demonstrated (Filbay et al., 2019) that 
preoperative rehabilitation has been associated 
with improved postoperative patient-reported 
function and activity level and improvements in 
postsurgical outcomes in terms of optimism, self-
efficacy, greater quadriceps muscle strength, and 
passive knee extension range of motion. Also, 
specific individualized neuromuscular training has 
statistically significant short-term benefit in ACL 
recovery and pain, which suggests earlier onset of 
postoperative recovery (Villadsen et al., 2014).
Reducing clinical impairments that are apparent 
prior to TKA surgery facilitate the goal of improved 
post-surgical function and accelerated recovery. 
Furthermore, preoperative proprioceptive training 



BALANCE

ENDURANCE

GALT SPEED

LEFT FORCEROM LEFT KNEE

ROM RIGHT 
KNEE

RIGHT FORCE

resulted in improved standing balance (Gstoettner 
et al., 2011).
Important considerations for preoperative 
programs are ROM prior to surgery, which is also 
a predictor of ROM following TKA (Handbook 
- Postsurgical Rehabilitation Guidelines for the 
Orthopedic Clinician; Mizner et al., 2005), and 
quadriceps strength, which contribute to reduce 
pain and promote postoperative functional 
recovery (Calatayud et al., 2016; Topp et al., 2009; 
Swank et al., 2011): these aspects should be 
specifically targeted since they are associated 
with poor postsurgical outcomes (Van Melick et al., 
2016). It has also been documented that specific 
preoperative training programs focused on 
improving knee ROM and muscle strength reduce 
the time needed for rehabilitation, with improved 
final knee mobility and patient function (Matassi et 
al., 2012).

In this context of specific training for knee 
pathologies, hunova allows for a personalized 
training path for each patient and an objective 
evaluation of all the parameters that have been 
described as essential to assess the knee function.
Using sensors and its algorithms, hunova provides 
evaluation for the following:

• Flexion and extension range of motion of the 
knee, both in active and passive mobilization, 
using a Multi-sensors kit
• Balance in static, dynamic, and perturbated 
conditions, using the robotic platform at the level 
of the feet
• Strength of the lower limbs, using force sensors 
of the platform
• Sit to stand ability
• Symmetry of the patient’s knee

These objective measurements, that can be 
performed in a repeatable and standardized way, 
allow patients’ results to be compared across 
different sessions, to easily identify improvements 
following a training period. 
Detailed summaries and progress reports track 

patient progress, and extensive comparative 
reports may be generated outlining differences 
between sequential evaluations. Moreover, 
the report analysis relates the performance 
to normative data of a healthy age-matched 
population stored on the system.
Alongside the objective evaluation, hunova offers 
a complete set of exercises involving:

• Core-stability
• Balance training
• Functional exercises
• Dual task exercises
• Weight bearing
• Proprioceptive exercises

Keeping aligned with traditional rehabilitation 
activities, hunova offers an extensive variety of 
different exercises and gaming with the same 
therapy goal.  Resulting in highly customizable 
training protocol that helps both therapists and 
patients by providing constant biofeedback during 
tasks.
This all-encompassing combination of evaluations 
and exercises led to the development of the knee 
index.

HUNOVA 
IN REHABILITATION

KNEE INDEX

The knee index offers an assessment of the 
subject’s knee condition and an associated 
rehabilitation training. 
Through the proposed evaluations, the knee 
index provides an assessment of both knees in 
comparison to normative values and proposes a 
specific rehabilitation path for the patient, allowing 
the therapist to quickly and easily program training 
sessions.  These programs are customized based 
on patient need whether they are preparing for 
surgery, or  recovering optimal function of their 
knee post-surgically, or to focus the training on 
specific areas of identified deficits. 
The index covers different functional areas of the 
knee:

• Balance
• Gait Speed
• Endurance
• ROM left/right knee
• Left/right force

The index computation generates a report, which 
contains also training suggestions for the patient.  
This is achieved by answering a set of specific 
questions on the patient’s status, conducting the 6 
Meters Walking Test (6MWT), acquiring flexion and 
extension ROMs of both knees and by performing 
a set of robotic evaluations available on hunova.  
These include:

• Balance test on static base
• Balance test on elastic base with eyes open (EO)
• Reactive Balance in standing position
• Squat assessment
• Isometric pushes
• Isotonic strength test
• 30 second sit to stand

At the end of this set of tests, a 2-page report 
generates, illustrating how the patient performed 
in each functional area.
Alongside the personal data of the patient and the 
answers to the clinical questions, the report shows 
an overall percentage score (Figure 1).

In general, normality values used in the knee index 
to compute each normalized evaluator are divided 
into 4 groups for different age ranges (18-39, 40-
64, 65-75, >75), so that the patient is compared 
to a normality population of the same age group. 
Normality values of balance tests have been 
acquired directly on hunova, normality values 
of 30 second sit to stand (Jones et al., 1999), gait 
speed (Bohannon, 1997) and ROM (Kapandji et al., 
2010) have been taken from literature, while force 
is compared with the maximum value obtainable 
given the parameters of the platform in the 
strength test.

A functional area is then computed as mean of the 
normalized evaluators of each test associated with 
it, as showed in Table 1. Each normalized evaluator 
is the distance of the evaluator from its normality 
mean (considering a normal population of the same 
age group of the subject), expressed in number of 
standard deviations. ‘Colors’ of each area are given 
looking at the distance of the functional area value 
from the normality mean following these rules:

• Red -> subject distance from the mean is greater 
than 3/2 standard deviation (SD); 
• Orange -> subject distance from the mean is 
between 3/2 and 1 SD;
• Yellow -> subject distance from the mean is 
between 1/2 SD and 1 SD
• Green -> subject distance from the mean is lower 
than 1/2 SD.

The knee index score is computed by taking the 
mean value of all the sub-indexes computed for 
each functional area and by mapping it on a scale 
from 0 to 100%. 

The mapping is done in order to have these 
percentages of performance:

The mean of all subindexes is mapped in a non-
linear way, obtained in order to have 100 if the 
mean of all subindexes is +3, 0 if the mean is -3 
and 70 if the mean is -2/3 (which is the value that 
separates, for each subindex, the green and the 
yellow band).
To provide further detail of the specific deficit areas 
of the patient, a radar plot (Figure 2) with 7 colored 
dots is shown in the report. Each dot indicates 
a functional area, computed with the most 
descriptive evaluators of one or more evaluations 
(Table 1).
Each evaluator (Eval.) gets normalized, by 
subtracting to its normality mean (Eval. normality 
mean) and then dividing the result by its standard 
deviation (Eval. standard deviation).

Excellent: 70-100%
Good: 50-69%

Moderate: 30-49%
Poor: 0-29%

Figure 1: Extract of the knee index percentage display from the report.

Figure 2: Radar plot of the 7 functional areas that make up the knee 
index. The colored bands delimit the areas of the graph within which the 
dot will assume that color.

61%
GOOD

Normalized eval.=
Eval.-Eval.normality mean

Eval.standard deviation



PERCENTAGE OF ASYMMETRY

Force

ROM: knee active flexion

Load

ROM: knee passive flexion

Total symmetry

1%

34%

27%

28%

22%

The further a dot is from the center, the better the 
patient has performed in that area. For example, a 
dot is considered yellow when the mean distance 
is at the lower limit of normality, orange when it 
gets worse and red when the mean distance is a 
lot worse than the normality mean (more than 2 
SD).

Another important information indicated in the 
report is the symmetry of the patient (Figure 3, 4).

For 4 different areas (Force, Load, active and 
passive ROMs in flexion of the knee), a percentage  
of asymmetry value is computed and then 
indicated in a table (Figure 3) and in a radar plot 
(Figure 4). 
Each asymmetry is computed using the evaluators 
of the tests described in Table 2.
The computation of each percentage compares 
the results obtained on the right side of the body 
with the values obtained on the left side: a positive 
number indicates a better performance on the 
right side, while a negative number indicates a 
better performance on the left side. Percentages 
between -20% and +20% are considered normal 
values (Lanshammar & Ribom 2011).

FUNCTIONAL 
AREA TEST EVALUATORS

Balance

Endurance

Gait

Right force

Left force

Right knee ROM

Left knee ROM

Balance test 
on static base

30 second sit to stand

6 MWT

Isotonic strength test

Isotonic strength test

ROM: knee flexion in 
supine position (active 

flexion – right knee)

ROM: knee flexion in 
supine position (active 

flexion – left knee)

ROM: knee flexion 
in supine position 
(passive flexion –

right knee)

ROM: knee flexion 
in supine position 
(passive flexion – 

left knee)

ROM: knee extension 
in supine position 

(right knee)

ROM: knee extension in 
supine position 

(left knee)

Balance test 
on elastic base OE

Reactive balance 
in standing position

Area Open Eyes OE

Number of sit to stand

Gait speed

Max isotonic torque 
right

Max isotonic torque 
left

Final angle

Final angle

Final angle

Final angle

Initial angle

Initial angle

Max average torque 
maintained right

Max average torque 
maintained left

Area OE

Oscillation time – 
Right 

CoP Pathlength OE

Pathlength OE

Oscillation time – 
Left

Trunk quantity of 
movement OE

Trunk quantity of 
movement OE

Oscillation time – 
Forward

Table 1: Correspondence between functional areas and evaluations. 
OE: open eyes; ROM: range of motion; 6MWT: 6 meters walking test.

Figure 3: Table of the asymmetry percentages.

Figure 4: Radar plot of the asymmetry percentages.
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In the second page of the report, alongside the 
table with all the ROM values acquired, with 
different color bands depending on how far is 
the value from the normality (considering values 
close to 125° still greens, since it is still accepted as 
normal value (Soucie et al., 2010) and the training 
suggestions.
The suggested training varies depending on the 
type of knee index chosen during the initial clinical 
questions: at the launching of the knee index, 
alongside the pathology and its laterality, it is 
possible to choose the type of knee index between 
screening, preoperative and postoperative: this 
choice affects the training suggestions in the 
report.
A preoperative or postoperative evaluation is 
directly related to a knee condition requiring 
surgery. For example, a preoperative evaluation 
can be carried out on a patient at the end of a 
pre-rehabilitation path, shortly before performing 
surgery, while a postoperative evaluation can show 
the state of the patient’s knees following surgery 
and the period of postoperative rehabilitation. If 
a treatment of this type is planned, the indication 
related to the training is to follow one of the 
protocols already implemented in hunova or to 
create a new one, starting from others already 
implemented and modifying them according to 

the needs of the patient and the pathology. The 
starting point will always depend on the state of 
the patient at the beginning of the rehabilitation 
process. Table 3 shows the associations between 
pathologies and protocols. 

A screening assessment, instead, is associated 
with an evaluation of a patient’s knee function, 
without a direct connection to a surgical operation. 
Consequently, it can be used as an evaluation of 
the initial impairments and the improvements of 
the knee functions after a rehabilitation treatment: 
comparing the results of two knee indexes allows 
to verify the patient’s improvements in the different 
functional areas. When a knee index screen is 
conducted, the report generates a table in the 
report outlining training suggestions consisting 
of macro areas, already implemented in hunova 
device (Figure 5).

FUNCTIONAL 
AREA TEST EVALUATORS

Load

Force

ROM: 
active flexion

ROM: 
passive flexion

Squat assessment

Isometric pushes

ROM: knee flexion in 
supine position (active 

flexion – right knee)

ROM: knee flexion 
in supine position 
(passive flexion – 

right knee)

Isotonic strength test

ROM: knee flexion in 
supine position (active 

flexion – left knee)

ROM: knee flexion 
in supine position 
(passive flexion – 

left knee)

Load percentage – 
Right

Pushes symmetry

Final angle

Final angle

Final angle

Final angle

Load percentage – 
Left 

Max average torque 
maintained right

Max average torque 
maintained left

Table 2: Correspondence between symmetry areas and evaluations. 

ROM: Range of Motion

PATHOLOGY ASSOCIATED PROTOCOL

Knee arthroplasty

Ligament sprain

Muscle lesions

Partial meniscectomy

Patella realignment

ACL reconstruction

Arthroscopy

Meniscus injury

Meniscus suture

Patello-femoral syndrome

Tendinopathy and bursitis

Knee arthroplasty RH/LH

Knee arthroplasty RH/LH *
ACL reconstruction RH/LH *

ACL reconstruction RH/LH

Knee arthroplasty RH/LH *

Table 3: Association between patient pathology and protocol indicated as 
training advice. If there is an asterisk next to the name of the protocol, the 
operator must create an ad hoc protocol for the pathology, but he can take 
his cue from the indicated one. 
ACL: Anterior Cruciate Ligament; RH: right; LH: left.



Functional area Level Suggested macroarea Starting 
activity

Starting 
difficulty

ROM Left Knee

Right Force

Left Force

Endurance

Maintenance

Knee Index - ROM

Knee Index - Right Strenght

Knee Index - Left Strenght

Knee Index - Endurance

Knee Index - Maintenance

Necessary

Recomanded

Suggested

Recomanded

Activity Left Easy

Activity 1 Medium

Activity 1 Medium

Activity 2 Medium

Activity 1 Easy

Figure 5: Example of table for training suggestions in a screening evaluation.

Table 4: Association of recommended macro areas for training to functional 
areasevaluation. 
ROM: Range of Motion.

A screening assessment is also indicated for 
patients who will be participating in a pre-
rehabilitation pathway or need to have an 
evaluation of their knee function following a post-
operative rehabilitation program. 
When performing a screening evaluation, the 
patient’s results in the various functional areas will 
be represented on the color of each point of the 
radar plot.  A table will be generated indicating the 
functional area that requires training, as well as the 
level of training required (yellow area: suggested 
training; orange area: recommended training; red 
area: necessary training).  The table will also identify 
the macroareas to be associated with the patient, 
the recommended activity the patient should start 
with and the initial level difficulty. If a functional area 
is green, no training is indicated, as the patient is 
already within the normal range for that functional 
area. The table is therefore dynamic depending on 
the patient and the assessment conducted. Table 
4 shows the association of macroareas to specific 
functional areas.
In association with these macroareas, a 
macroarea named maintenance, covering all the 
examined functional areas of the knee is always 
recommended, in order to give the possibility to 
perform a generalized training on all the aspects 
treated.
In the case of patients who have undergone 
operations, such as knee arthroplasty or anterior 
cruciate ligament reconstruction, there is no 
constraint on the type of evaluation to be made: 
the screening evaluation may also be used in 
these cases, as there are no differences in the 
tests or in the results of the knee index. Performing 
a pre/postoperative evaluation allows to have a 
more precise indication of the typical rehabilitation 
path for those suffering from these pathologies to 
be carried out on hunova.

FUNCTIONAL AREA ASSOCIATED MACROAREAS

Balance

ROM left knee

Left force

Gait speed

Endurance

ROM right knee

Right force

Knee Index – Balance 

Knee Index – Balance

Knee Index – Endurance 

Knee Index – Endurance 

Knee Index – ROM 

Knee Index – ROM 

Knee Index – Strength 

Knee Index – Strength
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