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Downbhill: a new rehabilitation frontier. A systematic review of the literature
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Abstract

In the last few years, we have seen the gradual spread of a new treadmill training modality, which involves walking not on the flat
but downhill, also known as “downhill”. This review aims to qualitatively assess the efficacy of downhill treatment on different
patient populations and outline treatment routes for future efficacy studies. We searched five different databases: MEDLINE, SCO-
PUS, Web of Science, PEDro, and LILACS for studies to include. Only randomized controlled trials (RCTs) published in English
were considered. PEDro scales and Risk of Bias 2 (RoB 2) assessment were used to evaluate the risk of bias. Forty-one RCTs were
included, and three articles remained to be analyzed; the included studies showed 110 participants for three RCTs; of these, two were
performed on patients diagnosed with chronic obstructive pulmonary disease (COPD), while one was for treating people with multiple
sclerosis (MS). The outcome measures used in the studies were the pulmonary function test, the cardiopulmonary exercise test, the
6-Minute Walking Test, and the St. George Respiratory Questionnaire. In patients diagnosed with COPD, downhill training appears
effective on functional capacity and symptoms of dyspnea and fatigue, while in people with MS, it increases strength and activity per-
formance when compared to other walking training modalities. RoB 2 tool shows good methodological quality for all studies included
in the review; when evaluated with the PEDro scale, all presented a score of 8. Downbhill could be such an effective, safe, and feasible
eccentric training modality that it can be considered a new rehabilitation strategy that could be implemented for patients with low
exercise tolerance.
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ferent adaptations [6,7]; thus, concentric muscle actions, involving

Introduction

Regular physical activity has numerous benefits for overall
health and can significantly contribute to preventing and managing
various medical conditions, including cardiovascular disease, type 2
diabetes, and obesity [1].

Performing at least 150 minutes of moderate aerobic activity or
75 minutes of intense activity each week leads to improvements in
cardiovascular health, mental health, strengthens the immune sys-
tem, improves bone density and increases muscle strength [2,3];
many patients, however, encounter obstacles in adhering to exercise
due to obesity, congestive heart failure, atherosclerosis, respiratory
problems, or advanced age [4,5].

In 2018, the American guidelines recommended multimodal
physical activity, including muscle strengthening, aerobic exercise,
and balance exercises. Regular physical activity produces substan-
tial benefits for people over 65 years of age, both in performing
activities of daily living and in maintaining motor skills [3].

Based on the principle of specificity of training and strength, it
has been hypothesized that eccentric and concentric actions provide
a different stimulus to the muscle and, therefore, may produce dif-
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the shortening of muscle fibers, are typical of flat walking; eccentric
actions, involving the active lengthening of muscle fibers, are typi-
cal of downhill walking [8].

During uphill or flat walking, the muscles of the lower limbs
mainly perform concentric contractions, resulting in a high metabol-
ic cost [9].

In downhill walking, on the other hand, significantly less oxy-
gen consumption occurs, generating non-metabolic fatigue [10].
However, this exercise imposes a greater load on the muscle-tendon
complex during braking to control the flexion speed of the knee,
improving strength, muscular endurance, and joint stability [11,12].
The progressive ageing of the population worldwide inevitably
results in more elderly people becoming frail [13-15].

Frailty is defined by the World Health Organization as “a clini-
cally recognisable state in which the ability of older people to cope
with everyday or acute stressors is compromised by increased vul-
nerability due to the decline in physiological reserve and function of
multiple organ systems associated with age” [16].

Moreover, several studies have in turn shown that frailty expos-
es the elderly to an increased risk of falls, fractures, hospitalization,

and even death [17,18].
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Regular physical activity is safe for the healthy elderly, but also
for the frail elderly, and reduces the risk of developing the main syn-
dromes that lead to bedriddenness, as well as cognitive disorders and
muscle weakness in these individuals.

The most frequently described activities include walking, low-
intensity exercise, and even endurance exercises. Despite this estab-
lished evidence, to date, participation in physical activities remains
low among the elderly, particularly among those living in less afflu-
ent areas [19].

The efficacy of flat treadmill training is now widely recognized,
as it promotes functional walking patterns and facilitates correct
movement and timing of the lower limbs, thus eliminating the need
for compensatory gait mechanisms [20] typical of subjects with pro-
gressive neurological disorders, such as stroke, multiple sclerosis
(MS), and Parkinson’s Disease [21,22]. In the last few years, we
have seen the gradual spread of a new treadmill training modality,
which involves walking not on the flat but downhill, also known as
downhill walking.

This innovative therapeutic strategy is finding full application in
the treatment of chronic neurological diseases [23], respiratory [24],
and geriatric diseases [25]. In rehabilitation terms, the most obvious
physiological effect concerns the decrease in cortical inhibition,
which resulted in an improvement in muscle activation with a con-
sequent improvement in gait and a clinically significant increase in
exercise tolerance with a decrease in dyspnea [24].

The primary objective of this review is to qualitatively assess the
efficacy of downhill treatment on different patient populations and
outline treatment routes for future efficacy studies; the secondary
objective is to assess the methodological quality of the studies
included in the review.

Methods

This systematic review was conducted in accordance with the
PRISMA checklist (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) [26] and the Cochrane Handbook
guidelines [27]. The protocol was registered in the Prospero data-
base (PROSPERO ID: CRD42024534719).

Eligibility criteria: type of studies included
and type of participants

This systematic review included all randomized controlled trials
(RCTs) evaluating the efficacy of downhill treatment on different
target populations. Limitations by language and year of publication
were not applied. The eligibility criteria, as specified by the PICOS
framework, were as follows: i) population — different patient popu-
lations with chronic diseases of neurological, orthopedic and car-
diorespiratory interest; ii) interventions — downhill walking training;
iii) comparisons — free walking training understood as flat or uphill
walking; iv) outcomes — the primary outcomes considered in this
study were all those related to the functional capacity of the patients,
such as motor capacity, cardiopulmonary capacity. The secondary
outcomes were all those referring to quality of life (QoL) and dis-
ability. All outcomes sought must be of rehabilitation interest; v)
studies — only RCT studies were considered.

Exclusion criteria

Studies analyzing the efficacy of downhill on a pediatric popu-
lation, studies of efficacy without a control group, and studies on
healthy subjects were excluded.
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Research strategy

The search strategy was conducted on MEDLINE (via
PubMed), LILACS; PEDro, SCOPUS, and Web of Science on 31st
March 2024. The combination of terms on PubMed and keywords
on PubMed used was: ((“downhill walk” [MeSH]) AND (“physio-
therapy” [MeSH] OR(“rehabilitation” [MeSH] OR (“exercise”
[MeSH))).

Adhering to the guidelines outlined in the PRISMA checklist,
three independent physical therapists (MT, GS, and RC) performed
the first screening for each database by title, keywords, and abstract.
The second screening was instead performed on the full texts of the
studies included in the review.

All articles included in the review were found from the start in
the databases used and passed all screening stages; however, a
process of “reference checking” and “citation tracking” was carried
out to search for additional studies that met the review’s eligibility
criteria.

Data collection

Data extraction was performed following Cochrane methodolo-
gy [28]. Reviewers extracted the clinical and demographic data of
the study population, such as sex, age, and pathology of the subjects;
information about the authors and year of publication was also
extracted.

The reviewers focused on extracting information on the treat-
ment programs and their frequency carried out in the study groups,
the outcome measures used in the inclusion studies, and the results
obtained in the different follow-ups.

Methodological quality and risk of bias

The methodological quality of each RCT included in this review
was assessed using the Physiotherapy Evidence Database (PEDro)
scoring scale. According to the PEDro criteria, the quality of the
study can be classified into low quality (scores 0-3), medium quality
(scores 4-7), and high quality (scores 8-10), with a score of 10
reflecting the highest quality [29].

Risk of bias (RoB) assessment was implemented through the
Cochrane RoB 2 tool for RCTs, following the Cochrane Handbook
for Systematic Reviews of Interventions. The tool has five
domains used to generate the “overall RoB”. The RoB judgment
for the second domain (RoB due to deviations from planned inter-
ventions) was carried out to quantify both the effect of the assign-
ment and the effect of starting and adhering to the intervention.
The third and fourth domains of the RoB tool (RoB due to missing
outcome data and RoB in measurement of the outcome) were
quantified instead of each of the measures of outcome present in
the works included in the revision. Each domain was evaluated
with one of the following options: “low RoB”, “some concerns”
and “high RoB”. The criteria used for the evaluation of the RoB of
the studies follow the Cochrane directives, for which they are
judged “low RoB”. The studies that were presented for all domains
have low RoB and are instead judged “some concerns”; the studies
that have no more than a domain are also judged “some concerns”.
The trials are judged to be at high RoB in at least one domain for
this result, or the trial is judged to have some concerns for multiple
domains in a way that substantially lowers confidence in the result.
Two authors evaluated RoB for each study, and disagreements

were resolved by negotiation [30].
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Of the remaining 358 records, the reviewers, by reading titles
Results and abstracts, have selected 41 studies for full-text screening.

The total number of articles identified through the media ~ The articles deemed eligible for inclusion according to the
database search was 382 records; 24 duplicates were removed eligibility criteria were 3. The search process is depicted in
using EndNote® Basic, produced by Web of Science Group.  Figure I.

Additional records identified through

other sources
Records identified through database (n=0)

searching PubMed: 7; Scopus: 271;
PEDro: 4; LILACS: 0; Web of Science: 97

1 l

Records after duplicates removed
(n=24)

Records screened
(n=358)

Records Excluded
(n=317)

Full-text articles assessed
for eligibility
(n=41)

Reports not retriecved
(n=23)

Studies included in
qualitative synthesis
(n=18)

l

Studies included in
quantitative synthesis
(n=3)

Full-text articles excluded
Language (n=0)
Participants (n=0)
Intervention (n=0)
Outcome (n=0)
Study design (n=15)

Figure 1. Flow chart.
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Characteristics of the studies: type of participants
and outcome measures

In this systematic review, only RCTs were included. The
included studies represent a total of 110 participants for 3 RCTs;
of these, 2 were performed on patients diagnosed with chronic
obstructive pulmonary disease (COPD), in these, the average age
of participants ranges from 62 to 64 years old [24,31], while 1
was for treating people with MS [23]. The average age of partic-
ipants in this study was 34 years. This age difference is due to the
characteristics of the disease. For the same reason, we note a dif-
ference in the gender distribution: in studies involving COPD
patients, we note a predominance of the male gender [24,31]. In
the study involving MS patients [23], on the contrary, the pre-
dominant gender is female (82% female vs. 18% male).

The primary outcome measures used in studies concerning the
efficacy of downhill walking on patients with lung diseases were
specific tests for the assessment of lung function, such as the pul-
monary function test [32], the cardiopulmonary exercise test [24],
and the 6-Minute Walking Test (6MWT) [24,31]. Work conducted
on people with MS assessed muscle strength and balance [23]. In
all the work, the secondary outcome measures evaluated the per-
formance in daily activities, as health-related quality of life [St.
George Respiratory Questionnaire (SGRQ)] [31], fatigue (cycle
endurance test and cardiopulmonary exercise test) [23,24].

The study groups all carried out a rehabilitation program
based on the use of downhill, with a treadmill inclination
between -5 and -10%. The control groups, on the other hand, vary
from patients who performed a free walk [31], a conventional
walk on a treadmill with a neutral incline [24], and with a posi-
tive slope of 10%. [23]. All participants performed 3 weekly
training sessions for 4-12 weeks [23,24,31].

All studies report outcome measures at baseline and at the
end of treatment. The studies conducted in patients with COPD
also present follow-ups at 3 and 12 weeks [24,31]. The study by
Moezy et al. demonstrated statistically significant improvements
in the experimental group at 6MWT, time up and go test, and
SGRQ [31]. The work of Augusto et. al. reported a faster weekly
progression in treadmill speed in the study group and less dysp-
nea and perceived fatigue compared to conventional walking
training [24].

Finally, Samei et al. report significant improvements in both
experimental groups in terms of disability, fatigue, and mobility
[23]. However, the downhill group shows a greater reduction in
disability and fatigue intensity indices and a significant increase
in the mobility index. It also shows better results in terms of
functional activity and isometric torque of the quadriceps mus-
cles than the uphill group, even after 4 weeks of follow-up.

The results obtained are detailed in Supplementary Table 1.

Methodological quality and risk of bias of includ-
ed studies

When evaluated with the PEDro scale, the studies examined
presented a score of 8. Therefore, all studies included in our
review, in accordance with PEDro criteria, manifest high
methodological quality (Supplementary Table 2).

Risk of bias

RoB 2 assessment shows a low RoB for all studies included
in the review. In detail, although “overall” the work of Camillo et
al. [24] is judged as “high RoB”, 4 domains out of 5 are also at
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low RoB. The domain found to be exposed to a high RoB is the
one referable to “bias due to deviations from intended interven-
tions”, particularly on the effects, for all outcomes, of initiating
and following interventions as specified in the trial protocol.
Considering this, it is advisable to interpret the tool by investigat-
ing the individual domains and not the overall judgment. The
other studies are judged positively, as all evaluated domains
show a low RoB (Figure 2).

Camillo C.A. et al.(2020)
Moezy A. et al. (2018)
Samaei A. et al. (2016)

‘ . ’ Bias due to deviations from intended interventions (effect of starting and adhering to intervention)

. . . Bias due to deviations from intended interventions (effect of assignment to intervention)
. . . Bias due to missing outcome data: All outcomes

. . ‘ Bias in selection of the reported result

® ®|®| overal risk of bias

‘ . . Bias arising from the randomization process
. . . Bias in measurement of the outcome: All outcomes

Figure 2. RoB 2 Cochrane tool. CAMILLO — a mean 77m
improvement in 6MWD after 10 weeks of DT: PRE E POST CT
435+107, 491£111; PRE E POST DT 473496, 550+90. MOEZY —
6-minute-walk test (m) et group 422.88+136.75 521.15+£109.26, p
0.043 (significant); conventional group 438.87+110.47

406.12+137.54 , p 0.263.
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Discussion

This systematic review primarily aimed to evaluate the effi-
cacy of downhill exercise. The decision to include only studies
that compare downbhill treadmill training with other walking pro-
grams was made to ensure a consistent framework for evaluating
the relative effects of different training modalities on functional
outcomes. This comparative approach allows for a clearer assess-
ment of the unique benefits or limitations of downhill training in
contrast to conventional walking protocols, which vary in inten-
sity and muscle engagement. By focusing on studies with direct
comparisons, the review aims to enhance the applicability of
findings to clinical practice, where choices between various
walking programs are frequently considered for optimizing
patient rehabilitation outcomes.

Downhill training represents an entirely innovative form of
aerobic training of particular interest; it offers a unique opportu-
nity to efficiently induce skeletal muscle stress while minimizing
ventilatory demand during exercise [32,33]. In patients diag-
nosed with COPD and in people with MS, downhill training
appears effective on functional capacity and symptoms of
dyspnea and fatigue, and it increases strength and activity per-
formance.

As regards the frequency of training in COPD patients, this
remains in line with the average duration of training programs
recommended by Associazione Italiana Pneumologi Ospedalieri
(AIPO) and Associazione Riabilitatori dell Insufficienza
Respiratoria (ARIR) [34]. The results obtained from the studies
included in this review are in line with the literature.

The training characteristics are similar in the 3 articles
included in this systematic literature review. All articles use an
intervention frequency of 3 sessions per week. In 2 articles, a
fixed inclination of -10% is used, in one article, a progressive
inclination from -5 to -7.5%. Exercise intensity was increased as
tolerated by patients while monitoring heart rate.

In the experimental groups of the studies of COPD patients,
statistically significant improvements over the control groups were
found in terms of respiratory volumes and performance tests [31].

This improvement in the forced expiratory volume in 1 sec-
ond is unexpected because it is known that aerobic training
(cycling and walking) in subjects suffering from COPD does not
affect resting lung function. Improvements in skeletal muscle
function after physical training, in fact, translate into gains in
exercise capacity despite the absence of changes in lung function.
The improved oxidative capacity and efficiency of the skeletal
muscles lead to less alveolar ventilation, which reduces dynamic
hyper compression and improves effort expenditure [35].

The benefit of downstream training in COPD may be linked
to the greater efficiency of the eccentric contraction, which
allows a greater workload of the peripheral muscles with less
ventilation [36]. This may have improved patients’ ability to take
inhaled pharmacological therapy.

Often, COPD patients, precisely because of the fatigue and,
above all, the dyspnea they experience when walking, do not
engage in regular physical activity and, in many cases, do not
leave the home environment.

Downhill walking training was associated not only with sig-
nificant and clinically relevant results in increasing the distance
traveled in the 6BMWT [24,31], but also with a faster weekly pro-
gression of treadmill speed compared to conventional treadmill
training [31].
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The two great properties of eccentric contraction, high force
production, and low energy cost, make downhill a cost-effective
task that could increase muscle mass and strength in patients and
improve overall functional status [37].

In the study with MS patients, the results showed that downhill
training also yielded significant data in the reduction of indices of
disability, mobility, dynamic and static postural balance and, above
all, fatigue recorded in most of the MS population; the recent study
by Har-Nir et al. showed that for MS people, energy expenditure
values are significantly lower during downhill walking and higher
during uphill walking [38]. Walking on different types of inclines
is considered essential for many activities of daily living for people
with MS. Therefore, it is confirmed that this should be included as
part of an exercise program [23].

Finally, it is worth noting the methodological reliability of
the studies included in our review; in fact, at the PEDro scale, all
studies scored “high”, and at RoB 2, they showed a low RoB.

At present, downhill walking represents a very uncommon
exercise modality within rehabilitation protocols and is very little
investigated, as evidenced by the lack of clinical studies and the
absence of reviews, which is why it is desirable that it be intro-
duced into clinical practice and become an integral part of train-
ing protocols in patients with functional disabilities [36].

Limitations of the study

This review’s limitations include the small sample size and
the few available studies. A further limitation of this review is the
non-inclusion of grey literature. This may not provide a complete
overview of the topic. It is important to note that the use of down-
hill training has so far mainly been studied in relation to COPD
and MS. Additionally, the certainty of evidence was not assessed.

Future research implications

It is crucial that future studies clarify the physiological bene-
fits of downhill training in different diseases, defining more
effective programs with relevant characteristics to definitively
clarify its role and effectiveness as part of a rehabilitation pro-
gram. However, in light of the results of this review, with 3 high-
quality RCTs showing concordant positive results, it is possible
to include downhill training as a training modality in rehabilita-
tion programs.

Conclusions

Downhill could be such an effective, safe, and feasible eccen-
tric training modality that it can be considered a new rehabilita-
tion strategy that could be implemented for patients with low
exercise tolerance. Its use is associated with an increased possi-
bility of clinically significant improvements in functional status,
muscle mass, and strength, thus representing a highly reliable
type of training. The reduction in disability indices, improvement
in mobility, postural balance, and, above all, fatigue make this
type of training also valid for MS and capable of producing pos-
itive results on some of the cardinal symptoms that this pathology

presents.
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