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Remote effects of lower limb stretching: preliminary evidence for myofascial

connectivity?

Jan Wilke, Daniel Niederer, Lutz Vogt and Winfried Banzer

Department of Sports Medicine, Goethe University Frankfurt/Main, Frankfurt/Main, Germany

ABSTRACT

The skeletal muscles and the fibrous connective tissue form an extensive, body-wide network of
myofascial chains. As fascia can modify its stiffness, strain transmission along these meridians is
supposable. The goal of this trial therefore was to collect pilot data for potential remote effects of
lower limb stretching on cervical range of motion (ROM). Twenty-six healthy participants (30 + 6 years)
were included in the matched-pairs intervention study. One group (n = 13) performed three 30 s bouts
of static stretching for the gastrocnemius and the hamstrings, respectively. An age- and sex-matched
control group (CG; n = 13) remained inactive. Pre- and post-intervention, maximal cervical ROM in
flexion/extension was assessed. A repeated measures ANOVA revealed systematic differences between
groups (P < .05). ROM increased following stretching (143.3 £+ 13.9 to 148.2 + 14°; P < .05) but remained
unchanged in the CG (144.6 + 16.8 to 143.3 + 16.8% P > .05). Our data point towards existence of a
strain transfer along myofascial meridians. Further randomised controlled studies on conditions, factors
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and magnitude of tensile transmission are warranted.

Introduction

The traditional mechanistic view of the human body assumes
functional coherence but structural independence of the
skeletal muscles. Over decades, textbooks and anatomists
have conveyed the idea that fascia separates the movement
system’s active components from each other (van der Wal,
2009). Current evidence challenges the classical assumptions
suggesting that fascia links at least a variety of muscles to
myofascial chains (Wilke, Krause, Vogt, & Banzer, 2015). The
functional relevance of body-wide morphological continuity is
a matter of debate. According to findings from animal studies
(Schleip et al, 2012; Yahia, Pigeon, & DesRosiers, 1993) and
cadaveric trials (Norton-Old et al, 2013; van Wingerden,
Vleeming, Snijders, & Stoeckart, 1993; Vleeming, Pool-
Goudzwaard, Stoeckart, van Wingerden, & Snijders, 1995),
fascia is able to both modify its stiffness and transfer strain
to adjacent anatomical structures. Tensile transmission along
myofascial chains might contribute to the proper functioning
of the movement system. However, despite solid evidence
from in vitro studies, scarce data is available concerning the
in vivo behaviour of the meridians.

Grieve et al. (2015) applied a self-myofascial release treat-
ment to the plantar fascia. In response, they observed an
increased hip and lumbar spine range of motion (ROM),
which might indicate a release of the posterior myofascial
chain. Another study (Carvalhais et al., 2013) used a stretching
intervention to examine a possible force transfer of the diag-
onal posterior myofascial chain (m. latissimus dorsi, lumbar
fascia, contralateral m. gluteus maximus). The authors found

that active lengthening of the latissimus causes an altered
resting position and a higher passive resistive torque of the
opposite hip joint but did not measure ROM. It is conse-
quently unknown whether stretching can elicit similar remote
flexibility gains as self-myofascial release treatments. The pre-
sent study aimed to address this research deficit by investigat-
ing the effectiveness of lower limb stretching to increase neck
mobility.

Methods
Sample

Twenty-six healthy participants (30.3 + 6.2 years; 16 males)
were included in the controlled, matched-pairs intervention
study which was approved by the local ethics committee.
Exclusion criteria encompassed severe orthopaedic, cardiovas-
cular, neurological, psychiatric or endocrine diseases,
unhealed injuries and traumas, drug intake in past 48 h, preg-
nancy and presence of muscle soreness. All participants sub-
scribed informed consent.

Intervention

The superficial back line (myofascial chain consisting of the
plantar fascia, m. gastrocnemius, the hamstring muscles and
m. erector spinae; Myers, 2001) was selected in order to test its
significance as a myofascial pathway. A recent systematic
review demonstrated particularly good evidence for the exis-
tence of this meridian (Wilke et al., 2015). Based on the course
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Figure 1. Exercises for the intervention consisted of a calf (left) and a hamstring
(right) stretch.

of the superficial back line, the intervention group (IG; n = 13)
performed three consecutive 30 s bouts of static stretching for
both the gastrocnemius muscle and the hamstrings, respec-
tively (Decoster, Cleland, Altieri, & Russell, 2005). The exercises
were carried out in standing position (Figure 1) and held in a
position of mild discomfort. Special care was given not to flex
the spine, which was visually controlled by an investigator. For
the duration of the stretching exercises, the age- and sex-
matched control group (CG; n = 13) remained in an inactive
sitting position.

Outcome

Prior to and post-intervention, maximal cervical ROM in flex-
ion/extension was assessed in both groups using an ultrasonic
3D movement analysis system (Zebris CMS 70, Zebris
Meditechnic GmbH, Isny, Germany). After three familiarisation
trials, the participants in a standardised sitting position per-
formed five self-paced maximal movement cycles in the sagit-
tal plane (flexion—extension; Allison & Fukushima, 2003). The
used movement analysis system (sampling rate 30 Hz) collects
external kinematic data with an accuracy of >6 mm
(Himmelreich, Stefanicki, & Banzer, 1998) and exhibits excel-
lent test-retest reliability (ICC: .86-.95; Williams, McCarthy,
Chorti, Cooke, & Gates, 2010).

Statistics

Prior to statistical analysis, data were verified for normal dis-
tribution of residuals. A repeated measures ANOVA (2sx 2)
and, in case of significance, post hoc paired t-tests with
Sidak-Holm correction were computed to detect potential
differences between groups and measurements (significance
level was set at a = .05). All analyses were performed using
SPSS version 22 (SPSS inc., Chicago, USA).
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Figure 2. Pre and post results for the stretching and control groups.

Results

At baseline, ROM did not differ in IG and CG (P > .05).
Following intervention, analysis of variance revealed signifi-
cant differences between the two disposed conditions
(P < .05, d = 1.35). While the stretching group increased
cervical ROM from 1433 + 13.9° to 1482 + 14° (P < .05,
d = 0.33), it remained unchanged in the CG (144.6 + 16.8° to
143.3 £+ 16.8°% P = < .05, Figure 2).

Discussion

Lower limb stretching based on myofascial chains increases
cervical ROM. This finding of the present study confirms previous
results from cadaveric studies and points towards the existence
of strain transmission to distant anatomical structures. Several
mechanisms might explain a fascially mediated transfer of ten-
sion. Increased tissue hydration and stiffness in response to
stretching as well as cellular contractility of fascia have been
demonstrated (Bhattacharya, Barooah, Nag, Chaudhuri, &
Bhattacharya, 2010; Schleip et al., 2012). In addition, exercise
causes a force transmission from the muscle to the surrounding
fascia (Findley, Chaudhry, & Dhar, 2015). Local changes, as the
described above, could pass over to adjacent structures via
myofascial chains. Though our and previous studies (Carvalhais
et al, 2013) yield indications, a direct prove for a systemic,
connective tissue-related expansion of tension has not been
presented so far. This, however, would hold particular signifi-
cance because other causes for remote exercise effects cannot
entirely be ruled out yet. Andrade, Lacourpaille, Freitas, McNair,
and Nordez (2015) claim that besides the connective tissue,
peripheral nerves also cross multiple joints. They hypothesise
that a stretch-induced change in nerve tension might increase
stretch tolerance, which in turn enhances ROM. Also, cortical
adaptation processes have been suggested to induce remote
exercise effects (Behm, Cavanaugh, Quiglex, Reid, Nardi, &
Marchetti, 2016).

Regardless of the underlying cause for the effects observed
in this study, our results might have implications for therapy of
the movement system. Specifically, lower limb stretching
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represents a viable new therapeutic approach for neck
patients, as a restriction in ROM belongs to the broad range
of possible symptoms (Garber et al., 2011; Morse, Degens,
Seynnes, Maganaris, & Jones, 2008) and as local treatments
(e.g., manual therapy) bear the risk of severe adverse events
(Kubo, Kanehisa, & Fukunaga, 2002). In general, the occurrence
of remote exercise effects provides an additional argument for
more holistic treatment approaches incorporating several
body regions instead of focusing only on one muscle or the
direct localisation of pain. Chronic, excessive strain transmis-
sion over myofascial chains could contribute to the develop-
ment of unspecific pathologies such as back pain or
orthopaedic overuse syndromes (Myers, 2001).

Some shortcomings of the present study have to be
addressed. Assessment of ROM was performed combining
both cervical flexion and extension. Although this approach
generates more reliable results than separate measurements
(Cagnie, Cools, de Loose, Cambier, & Danneels, 2007), it does
not allow a differentiation. The question of whether increases
in flexibility were attained in flexion (which would be plausible
due to an assumed release of the dorsal muscles) remains
unanswered. Another aspect relates to the study design. For
this pilot trial, we used a matched-pairs comparison in order to
reduce the influence of external variables like age and sex,
both of which may impact cervical ROM (Niederer, Vogt, Wilke,
Rickert, & Banzer, 2015). Randomised, controlled studies
including a larger sample size are warranted in order to further
delineate the effects of remote lower limb stretching on cer-
vical ROM. Concomitantly, both peripheral nerves and fasciae
as potential mediators of remote exercise effects may be
examined in future trials.

Conclusion

The present pilot study demonstrated that a single session of
static stretching might elicit acute flexibility increases at dis-
tant joints. Strain transfer via myofascial meridians represents
a plausible explanation for this finding. However, the influence
of other structures such as peripheral nerves cannot be
excluded. Further research should be conducted before an
evidence-based recommendation for meridian-based stretch-
ing can be given.
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