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Reduced impact loading or anti-gravity training 
has recently been introduced as a new tool in the 
rehabilitation of orthopaedic conditions that require 
restricted weight bearing. The purpose of this strategy 
is to speed up the functional rehabilitation while at 
the same time protect the healing structures from 
harmful effects associated with impact loading. Anti-
gravity treadmills (AlterG ®) and harness suspension 
devices seem to be the two most promising techniques. 
It is however today unclear how effective these devices 
are.
The purpose of our study was therefore to perform a 
systematic literature review on the actual technology 
available and its effect on impact load reduction, as 
well as its effectiveness in accelerating functional 
recovery after meniscal and chondral injury to the 
knee.
The results from our work demonstrate that only 
a limited number of studies are available, usually 
of moderate quality. The data suggest a variable 
effect on cartilage regeneration, and a potential for 
accelerated functional recovery in gait and running 
dynamics both with anti-gravity treadmill as well as 
suspension harness systems.

Keywords : anti-gravity training ; meniscus ; cartilage ; 
AlterG ; suspension harness ; rehabilitation. 

INTRODUCTION 

Partial weight bearing is often advised during the 
rehabilitation after meniscus or cartilage surgery. 
The aim of weight bearing restriction is to protect 
the joint from the deleterious effects associated 
with impact loading, and to allow safe and optimal 
healing of the tissues.  

Several modalities exist to achieve partial weight 
bearing, including the use of walkers, canes or 
crutches, the use of parallel bars, therapist assisted 
waist belts and swimming pools. Despite the 
widespread use of these systems, they have practical 
limitations and impede the natural ambulation and 
motion patterns that are required for optimal and 
fast return to normal. (2, 6)

Recently, anti-gravity training has therefore been 
introduced as an attractive rehabilitation modality 
with the purpose to speed up the functional 
rehabilitation while at the same time protect the 
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healing structures from harmful effects associated 
with impact loading.

Anti-gravity treadmills (AlterG ®) and harness 
suspension devices are the two most commonly 
applied techniques.

Anti-gravity treadmills, also called lower 
body positive pressure treadmills (LBPP), allow 
normal treadmill walking and running while 
significantly reducing body weight. These devices 
use an inflatable space around the lower extremities 
through which an upward force is applied onto the 
pelvic girdle, lifting the body of the patient. As 
such, the ground reaction force can be reduced with 
increments of 1%, with a maximal reduction of 
body weight up to 80% (2).

Harness suspension devices work through an 
external harness mounted over a treadmill, lifting 
the patient at the trunk and at the pelvis through a 
pneumatic cylinder or a calibrated external lifting 
mechanism. The subject is supported by the harness 
while walking or running on the treadmill. The 
harness is designed to divide the forces acting on the 
body as large as possible, while providing minimal 
interference during walking and running (10,17,21).

Despite the growing popularity of these devices, 
it remains unclear how valid the available scientific 
data are to support their use in the rehabilitation 
after meniscal or chondral injury of the knee.

The purpose of our study was therefore to perform 
a systematic literature review both on antigravity and 
harness suspension devices, with respect to (1) their 
acclaimed advantages in achieving correct walking 
and running dynamics, (2) as well as on their effects 
on biological restitution and regeneration after 
cartilage or meniscal injury.

METHODS 

Our systematic review was performed following 
the instructions and checklists of the “Cochrane 
Effective Practice and Organisation of Care Review 
Group”.  

In January 2016 we searched the databases of 
Pubmed and Web of Science using the following 
key words and MeSH-terms : “knee joint”, 
“knee”, “cartilage”, “cartilage diseases”, “cartilage 
abnormalities”, “menisci, tibial”, “menisci, tibial/

abnormalities”, “chondral”, “gravity, altered”, 
“antigravity”, “antigravity therapy”, “antigravity 
rehabilitation”, “alter G”. We did not limit on date 
of publication. 

In order to obtain an objective and complete 
result, two of the authors (N.D and M.L) separately 
and independently screened the titles and abstracts 
of the articles to assess whether they met the 
selection criteria. Afterwards the lists of selected 
titles were compared and in case of a difference a 
consensus was made whether to include or not. 

Studies included in the selection were searched 
manually in their reference lists for additional 
publications that could meet our selection criteria. 

The Web of Science Search alert was used to 
make sure new relevant studies that were published 
after our first search could be included. 

Studies were included when addressing each of 
the following inclusion criteria :
-	Reduced impact loading or antigravity training as 
intervention

–  Knee joint 
–  Cartilage or meniscus
–  Chondral injury
–  Meniscal injury

Studies were excluded when meeting one of the 
following exclusion criteria : 

–  No reduced impact loading as intervention
–  No knee injury but other pathology examined
–  Embryogenic development as study subject
–  Evaluating only muscle strength or muscle 

function as outcome parameter
–  Exoskeleton as intervention
–  Neurological function as primary outcome 

For quality assessment and avoiding of risk of 
bias, all selected articles were read in their full length 
for evaluation of the study design. Four studies 
were found to be reviews. (3,5,19,22) Seventeen 
were quasi-experimental design, not using a control 
group or randomization (2,4,6,7,8,9,10,11,12,13,14,15, 
16,17,20,21,23). Two studies were considered as 
randomized controlled trials. (1,18) Randomization 
was done by randomly assigning patients to a group 
or by randomly assigning the order of intervention 
to the patient. 

The selected quasi-experimental studies were 
assessed by using the “Modified Cochrane EPOC 
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checklist”. As such, each study received a score 
from zero to five. A total score < 2 was scored 
as low quality, a score between 2-4 as moderate 
quality, and a score > 4 as high quality. The selected 
reviews were assessed using the “Cochrane Review 
Checklist”, with a score < 4 as low quality, between 
4-6 moderate quality, with a score > 6 as high 
quality.

The selected randomized controlled trials were 
assessed using the “Cochrane RCT checklist”, with 
a total score < 5 being considered as low quality, 
between 5-8 as moderate quality, and > 8 as high 
quality.

The score assessment was made by one researcher 
and checked by the other one. 

Data-extraction was performed for each selected 
publication, and was entered in the data-extraction 
table (table I), consisting of : author(s), year of 
publication, study design, patients characteristics, 
number of participants, mean age and standard 
deviation, intervention(s) and control, outcome 
measures, results and conclusions. 

RESULTS

122 Potential articles were identified after our 
electronic literature search, 55 on Pubmed, 57 on 
Web Of Science, and 10 referenced articles. After 
analyzing title and abstract, 27 articles potentially 
fulfilled the inclusion and exclusion criteria. After 
reading their full-length versions, 23 articles 
fulfilled the in- and exclusion criteria. (Fig 1)

Results quality 

4 Review articles were included, each of low 
quality (Cochrane Review Checklist score < 4) 
(3,5,19,22). Absence of proper selection procedure, 
quality assessment, data-extraction, and statistical 
analysis contributed to the low scoring. 

17 quasi-experimental study fulfilled the criteria. 
One was scored as low quality (10). The study did 
not report on secular changes, outcome measures, 
detection bias and completeness of dataset and 
follow-up. They did not state a clear research 
question and follow-up was not long enough. 6 
Studies  were of moderate quality. (9,13,14,16,21,23) 

Five of these studies did not use a randomized 
design. Four did not continue follow-up long 
enough. Ten studies (2,4,6,7,8,11,12,15,17,20) were 
of high quality. Each of these had a randomized 
design, was protected against secular changes 
and detection bias, reported on reliable and valid 
outcome measures, and demonstrated completeness 
of datasets and follow-up.

Two randomized controlled trials were included, 
one of low quality (1) due to incomplete follow-
up, selective publication of results, and possible 
influence of sponsors. The second RCT was of 
moderate quality (18) and lacked information on 
blinding procedure.

Data-extraction  (Table 1)

a. Effects on biological restitution and regeneration 
after cartilage or meniscal injury. 

10 Studies investigated the effect of reduced 
gravity on cartilage composition and chondrogenesis. 
No publications could be found on the biological 
effects of reduced gravity on meniscal tissue or 
cartilage regeneration after injury. 

The included studies demonstrate that chondro-
genesis is limited when chondrocyte cultures are 
placed in reduced gravity at the early stages of 
chondrogenesis, whereas reduced gravity has a 
lesser effect on cartilage growth and development 
at later stages of chondrogenesis. Reduced gravity 

Fig 1. — Flowchart.
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as well as harness suspension devices were asso-
ciated with decreased cadence, decreased double 
limb support time, and increased leg angle at 
touchdown.

DISCUSSION 

Anti-gravity training has recently been introduced 
in the rehabilitation of patients and athletes who 
recover from musculoskeletal injury or surgery. The 
concept has gained interest due to the commercial 
availability of devices that allow anti-gravity 
training in a daily physiotherapy setting, either by 
antigravity treadmills or harness suspension devices.

Anti-gravity training seems logical from a 
theoretical perspective, since it allows the healing 
structures to be protected from the inadvertent 
effects of excessive impact loading. As such, its 
application is especially interesting in conditions 
that require load protection during rehabilitation, 
such as cartilage injury or repair, meniscal injury, 
stress fractures, or other overload injuries of the 
lower limb.

Although some anecdotal data exist on the 
application of anti-gravity training after ACL-
reconstruction and after total knee arthroplasty, it 
remained so far unclear how valid the data are that 
could scientifically support its use after meniscal 
and chondral injury to the knee (1,3,17). 

The results from our systematic literature review 
however show that only a limited number of studies 
are available on this subject, and most of them are 
of moderate quality. The data suggest a variable 
effect on cartilage regeneration and a potential for 
accelerated functional recovery in gait and running 
dynamics, both with anti-gravity treadmill as well 
as suspension harness systems.

The scientific data suggest that reduced gravity 
delays chondrogenesis at the very early stages of cell 
condensation and cell bounding, whereas reduced 
gravity has a lesser effect on cartilage growth and 
development at later stages of chondrogenesis, 
which is more relevant for rehabilitation. Reduced 
gravity also decreases the protein content of the 
extracellular matrix as well as cell density in 
neocartilage, whereas the ratio of collagen type II to 
type I expression increases (5,7,9,20,22).

decreases protein content of the extracellular matrix 
as well as cell density in neocartilage, whereas 
the ratio of collagen type II to type I expression 
increases (5,7,8,9,15, 6,22). 

One study demonstrated that the apoptotic 
rate decreases when chondrocytes are exposed to 
reduced gravity (23). 

b. Effects on restoration of walking and running 
dynamics.

13 Studies investigated the effect of anti-gravity 
training on walking and running dynamics. 7 of 
these studied anti-gravity treadmills, 6 used harness 
suspension devices, and one study used both.

No studies could be found that compare walking or 
running dynamics after cartilage or meniscal injury 
using anti-gravity systems versus conventional 
rehabilitation.

– Anti-gravity treadmills (AlterG ®) 

All studies showed that ground reaction force 
(GRF) and peak knee joint moments are inversely 
related to LBPP, and proportionally decrease with 
uplifting body support (2,6,11,13,17).

Variable effects were noted on lower limb range 
of motion during running on anti-gravity treadmills, 
with one study (2) demonstrating no difference, 
whereas two other studies (6,13) showing a small but  
significant (p<0.01) reduction in total ROM of the 
lower limb with uplifting body support. 

No significant effects on stride length and cadence 
were noted (2,6). 

– Harness suspension devices

No studies documented the influence of harness 
support systems on GRF or peak knee joint 
moments. Increased levels of body suspension were 
associated with a significant (p<0.01) decrease in 
percentage of double limb support time, decreased 
cadence, decreased maximum hip and knee flexion, 
and increased stride length during walking and 
running (10,17,21). 

– Comparative studies

Only one study compared the two devices 
regarding gait characteristics (18). No significant 
differences were noted. Both anti-gravity treadmill 
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available on the effect of anti-gravity training in 
the rehabilitation of chondral and meniscus injury 
in the knee, and most of the available studies are 
of moderate quality. The data suggest a variable 
effect on cartilage regeneration. Both anti-gravity 
treadmills as well as suspension harness systems 
have the potential for accelerated functional 
recovery in gait and running dynamics. Further 
high quality studies are however needed to prove 
that this can be achieved in practice.
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