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1. Introduction

As the costliest and most common disability (Vos et al., 2012),
low back pain is an overwhelming burden on individual patients
and their families, health care providers and systems, and societies
all together. The critical questions dealing with the etiology and
pathogenesis of idiopathic low back pain and the roles that
mechanical factors could play have for years preoccupied the
spinal clinicians as well as biomechanics community. Despite con-
siderable literature pointing to the contrary (Andersen et al., 2007;
Heneweer et al., 2011; Petit and Roquelaure, 2015), some studies
apparently downplay the role that mechanical factors play by cast-
ing doubt on their relevance as a primary parameter in causation of
low back pain (Bakker et al., 2009; Battie et al., 2009; Videman
et al., 2010) and hence in the design of effective prevention and
treatment strategies.

It is interesting to note that such conflicting views are totally or
mostly absent when dealing with the etiology of pain and related
pathogenesis in other human musculoskeletal systems and articu-
lations. For example, the crucial role that biomechanics play in the
hip, knee and shoulder joints’ functions, failures, degenerations,
and deformities (Guilak, 2011) and hence in their effective preven-
tion and treatment strategies is well recognized and exploited. It is
hence likely that the crude ways of quantifying mechanical expo-
sure and spine load in early works, e.g. through questionnaires,
concealed epidemiologic evidences on the relation between
mechanical load and low back pain. Prospective studies with
detailed quantification of the spine load (Coenen et al., 2013,
2014) did notice solid evidence for this relation. Moreover, the
important roles that spine biomechanics and hence the related
research community play in spinal deformities, fractures and
implant designs as well as rehabilitation and performance
enhancement exercises cannot be refuted or downplayed.

Towards a more in-depth investigation of the role of mechanical
factors in the low back pain, it is important to take note that all
supporting tissues of the spinal column damage and fail, irrespec-
tive of the existing biological, genetic, and psychosocial conditions
or sex, age, degeneration and activity levels, when the mechanical
failure threshold of a component is approached and/or exceeded.
The injury may be sudden due to an overload or gradual and cumu-
lative after numerous repetitive micro-traumas at even sub-failure
loads. The failure criteria and thresholds, however as is evident and
expected, depend on and vary with the past loading history as well
as the biochemical and biological environments of tissues. Indeed,
the dynamic interactions between the mechanical loading and
injuries, biological reactions within the tissues and changes in
the tissue composition and mechanical properties (and hence fail-
ure thresholds) have been demonstrated in a number of recent
studies (Alkhatib et al., 2014; Gawri et al., 2014; Gilbert et al.,
2010; Nguyen et al., 2017; Sowa et al., 2011; Walter et al., 2015;
Wuertz and Haglund, 2013; Yang et al., 2011).

Degeneration, ageing, obesity, smoking, overloading, excessive
strains, and micro-damages on the one hand alter the structure
and hence the subsequent mechanical response under physiolog-
ical loads while on the other hand trigger a cascade of events
upregulating the pro-inflammatory secretion of matrix degrading
enzymes (e.g., cytokines) and protease production that could also
transport to the neighboring intact tissues under the action of
their concentration gradients. These events could over time dete-
riorate and break-down the damaged and neighboring intact tis-
sue matrices when the catabolic inhibitory rates exceed the
anabolic ones. The adverse perturbation in the tissue homeosta-
sis and turnover rate leads to disc disruption, disintegration, nar-
rowing, degeneration, and likely pain. In this view, various
factors, being mechanical, genetic, biological, and biochemical,
hand-in-hand influence the tissue response, function, failure
and repair mechanisms over time, resulting in a vicious circle
(Vergroesen et al., 2015). More complex models accounting for
such mechanobiological interactions are hence much needed
(Aghasafari et al., 2017; Shirazi-Adl et al., 2010; Travascio
et al., 2014) to complement in vivo and ex vivo studies
(Alkhatib et al., 2014; Sowa et al., 2011; Paul et al., 2013)
towards an improved understanding of causal factors in play
and more effective therapeutic approaches.

It is hence evident that a sound knowledge of the spine
mechanical environment during rest, regular daily activities and
dynamic tasks in sports, workplace, and unforeseen conditions is
essential to understand the complex dynamic mechanisms govern-
ing the tissue turnover, function and failure. Effective risk preven-
tion, assessment and safety in sports and workplace activities, and
personalized management of rehabilitation and treatment pro-
grams stand to benefit from such improvements in our under-
standing. Following the earlier Berlin workshop in 2015 and
recognizing that such progress can only be achieved through
inter-disciplinary and complementary experimental-modeling
investigations, the objective of the second workshop, with the
focus on the spinal loading and deformation, was to gather
world-wide researchers active in the related fields together in
order to share and discuss their recent works and explore and
unleash the potential of their findings.
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Fig. 1. Some photos of the participants in the Berlin Workshop-2017.
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2. Berlin workshop

After a successful meeting in July 2015 (http://workshop.spine-
biomechanics.com/2015/) resulting in a special issue of the Journal
of Biomechanics (Volume 49, Issue 6, 2016; Shirazi-Adl et al.,
2016), another meeting called the ‘‘2nd International Workshop
on Spine Loading and Deformation” was organized and held at
the Julius Wolff Institut, Charité – Universitätsmedizin Berlin on
May 18–20, 2017. More than 80 renowned experts in the field were
invited to participate (more details are available at http://work-
shop.spine-biomechanics.com/2017/). Submitted abstracts (62 in
total) were evaluated and authors of accepted ones were invited
to attend the meeting and subsequently to submit an original
paper for consideration in this special issue of the Journal of
Biomechanics. In total 98 participated with 47 talks given (i.e., 47
abstracts accepted in total) by 44 speakers at 8 sessions over three
days (Fig. 1). A single track program was followed with a mix of
basic research and applied sciences. The main topics covered vari-
ous aspects of spine loads/deformation; from disc mechanics to
computational analyses and in vivo-in vitro measurements. Each
of 8 sessions contained a lively period of discussion that encour-
aged the participation of all on the presented topics. Overall, the
compilation of evaluation questionnaire filled at the end of the
meeting, demonstrated the appreciation of the format and organi-
zation (see the internet site for more details). Finally and after peer
reviews of 36 submissions, 33 research papers were accepted for
inclusion in this special issue.

It is worth reporting here that participants also very much
appreciated a short presentation by Phillip Damm on the telemetry
measurement of loads on a hip implant plus a live demonstration
by a volunteer patient wearing an instrumented hip implant while
performing various tasks. Recorded hip loads were projected on
the screen while the patient walked, stood still, jumped, sat on
and rose from a seat, lifted a load, and performed stair ascent
and descent. The session was found instructive as the volunteer
patient also performed specific tasks requested by the audience.

In brief, the workshop provided a forum for a frank exchange of
ideas and an opportunity both to inspire new research directions
and collaborations and to nourish existing co-operations towards
more effective management of back disorders.

3. Special issue

The papers presented in this special issue cover vast areas of
spine biomechanics; from the disc and motion segment sub-com-
ponent levels to the trunk neuro-musculoskeletal level including
passive and active tissues. The works encompass imaging,
in vivo, in vitro and modeling techniques.

In summary, this work presents up-to-date progress in the
spine biomechanics. Once again and similar to the case in the
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earlier workshop (Shirazi-Adl et al., 2016), it is demonstrated that
the interaction and collaboration between researchers in related
disciplines are essential for a meaningful progress in the current
knowledge. The goal is to exploit the potential of such works
towards more effective preventive, rehabilitation and treatment
management with the hope to offer better care for the patients suf-
fering from spinal disorders.
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