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PART I: THE PRONATION YEARS

Depending what your profession is and depending on where you 
were trained, we can have a varied understanding of how lower 
extremity movement and forces are influenced from the inter-
action of the foot with the ground and/or the dynamics of the 
pelvic and hip complex.  Currently, there appears to be discrep-
ancy between what some professions claim to be the primary 
influencing drivers of the knee compared to other professions. 
Unfortunately, there are instances when we try to oversimplify 
what are truly complex systems.  The function of the lower ex-
tremity during various movements is a complex system wheth-
er it be during walking, running or playing sports with sudden 
changes a direction.  

Over the past 25 years, we have over emphasized the role that 
the foot & ankle play in lower extremity dynamics.  We have 
learned more recently that it is important to consider the entire 
system including the role of the hip and pelvic complex in order 
to assess the lower extremity, comprehensively. However, more 
recently we have witnessed practitioners who disregard foot 
and ankle biomechanics altogether and who entirely focus only 
on pelvic and hip dynamics.  It is interesting that practitioners 
can be trained through a limited viewpoint that influences the 
way they practice. Because of this, practitioners are limiting the 
tools (footwear interventions) in their toolbox (scope of thera-
peutic modalities) and, ultimately, clinical outcomes will be ulti-
mately affected. 

This is the beginning of a commentary that will focus on how 
we view and understand the coupling/coordination of the lower 
extremity during walking and running.  We will discuss the evolu-
tion of ideas around lower extremity coupling that began in the 
mid to late 1970s.  The reason why this is important at this time 
is that recently the efficacy of footwear interventions (running 

shoe design, shoe modifications, orthoses) have been scruti-
nized as our understanding of hip dynamics increases.

The focus on footwear interventions as a therapeutic modality 
for athletes and particularly runners began in the late mid-to-late 
1970s with a running boom. Sport medicine practitioners began 
to explore mechanisms of injury and particularly athletes with 
running-related injuries.  Both running shoe design and orthotic 
therapy were being proposed as effective means for treating and 
preventing running-related injuries.  This focus partly originated 
at the University of Oregon in the late 1970s.  Barry Bates was 
a pioneer in running biomechanics and in exploring running shoe 
design and foot orthotic therapy. 

Practitioners often ask the question, why is it that most of the 
research focuses on running dynamics and knee injuries? For 
decades, we have understood that the knee is the primary an-
atomical site of running-related injuries. The most common inju-
ry has been, and continues to be, patellofemoral pain syndrome 
(PFPS). The high frequency of PFPS and development of knee 
osteoarthritis in later life has fueled decades of research. 
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The general understanding was that healthy coupling included 
foot pronation that was initiated with foot contact, with this 
the tibia internally rotates as the knee flexes.  In running, this 
coupling of foot eversion, tibial internal rotation and knee flex-
ion occurs until midstance.  These coordinated movements are 
the body’s main mechanism for absorbing force.  At midstance, 
these coordinated rotations reverse as the knee extends the 
tibia externally rotates and the foot inverts (Figure 1). 

Clement et al. (1984), were among the first to suggest that if 
pronation is prolonged beyond midstance, and tibial internal ro-
tation continues while the knee is extending, this may create 
torsional stress and strain to the Achilles tendon.  The authors 
proposed that this may be a mechanism relating pronation to 
Achilles tendon injuries (Figure 2).  

This article was among the first to: 

1)  Identify prolonged or overpronation as a 
mechanism of a running-related injury, in this
case Achilles tendon injury; and 

2)  Propose de-coupling as a potential mechanism 
of injury.  

In 1978 at the University of Oregon, Bates along with co-inves-
tigators Stanley James and Louis Osternig published one of the 
most influential papers on running injuries.  In this original paper, 
these authors reported on a group of ~100 runners that had sus-
tained injury and reported that approximately 50% of them were 
clinically defined as overpronators.  About half of these injured 
runners received custom foot orthoses to help treat the run-
ning-related injury. Of these athletes, ~78% of them returned 
to previous running programs.  This paper was among the first to 
suggest and recommend foot orthotic therapy as a viable inter-
vention to help manage running-related injuries.

Subsequently, Bates published an additional article in 1979 that 
was among the first to investigate how foot orthoses influence 
lower extremity dynamics or mechanics.  In the study, Bates and 
colleagues reported that when wearing a running shoe alone, 
maximum rear foot eversion angles (which is a measure of foot 
pronation) was reduced by 3-4° when compared to barefoot run-
ning.  When foot orthoses were added to the footwear, maximum 
rearfoot eversion was reduced by another 5°.  These data from 
the 2 studies from the University Oregon suggested that: 

1) Foot orthotic therapy could lead to positive 
clinical overcomes for overuse running injuries; 

2) Clinically diagnosed overpronators were
 predominant in a group of injured runners; and 

3) Custom foot orthotic therapy could potentially 
affect reduce maximum rearfoot eversion
/pronation angles.

  
Around the same time, researchers at the University British 
Columbia (UBC) were beginning to initiate discussion around joint 
coupling/de-coupling and how it may be related to the mechanism 
of lower extremity injuries. Dr. Doug Clement and Dr. Jack Taunton 
at the University British Columbia have written an extensive body 
of literature on the patterns of overuse running injuries.  In 1984, 
Clement et al., proposed a mechanism of de-coupling that could 
possibly contribute to Achilles tendinopathy.  Simply put, a break-
down in the sequential coordination of segmental rotations as it 
relates to foot and ankle biomechanics might contribute to the 
development of Achilles tendon injuries.  

FIGURE 1: THE COUPLING OF THE FOOT, LEG AND KNEE THROUGH THE STANCE 
PHASE OF RUNNING.

FIGURE 2: FROM CLEMENT ET AL., 1984.
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Moving forward, there was an ongoing effort to try to better 
understand the relationship between foot pronation and injury 
mechanism. As researchers continued to work toward a better 
understanding the influence the foot has on the knee, another 
keystone paper that was published by David Tiberio, at the Univer-
sity of Connecticut. Tiberio (1987) proposed a theoretical model 
that linked subtalar joint pronation to patellofemoral mechanics.

FIGURE 3: FROM TIBERIO (1987).

Tiberio proposed that if the subtalar joint continues to pronate 
beyond midstance (prolonged pronation) tibial external rotation 
would be delayed.  The author acknowledged that in order to fa-
cilitate knee extension the tibia must externally rotate. Tiberio 
suggested that when external rotation is delayed, it is possible 
that there is proximal compensation involving the femur allowing 
the knee to extend.  The idea was that to facilitate knee exten-
sion when prolonged pronation is occurring, the femur would be 
required to internally rotate on the tibia.  The author suggested 
that this may be beneficial to the tibiofemoral joint (i.e. facilitate 
knee extension), however it may create an injury state for the 
patellofemoral joint due to increased compression inferior to the 
lateral patella.

Through the 1990s, we saw custom foot orthoses prescribed for 
many sport-related injuries.  This began an interest in quantifying 
the clinical outcomes associated with orthotic therapy.  One of 
the early studies was performed by Eng & Perrynowski (1993) 
where the intervention was shown to improve PFPS. Investiga-
tions into the roll the pronation plays an injury and the efficacy 

of foot orthotic therapy through the 1990s had its challenges 
because there was a very small interest group or the number 
of researchers interested in exploring this area was relatively 
small.  There have also been issues with the variability of or-
thotic design employed in studies and what has actually been 
defined as a foot orthosis.  

Realistically as well, technology and motion capture has only 
recently become sensitive enough to capture accurately foot 
and ankle dynamic variables.  The shoe itself was a constraint 
because scientists were unable to position markers directly 
on the foot.  Markers typically were placed on the shoe and 
therefore we were not clear on how the foot was moving with-
in or inside the shoe.  We learned through the 1990s that the 
foot and the shoe do not remove exactly the same.

As we entered into the 2000s, research began to focus on 
whether the foot was the primary driver of tibial internal ro-
tation and thus knee function, or if the hip and femur played 
a vital role in influencing the knee from a proximal to distal 
perspective.  This very question arose when researchers won-
dered why some people respond positively to foot orthotic 
therapy while others do not.  In 2000, a paper was published by 
Bellchamber & van den Bogert (2000) who explored through 
the transfer of energy or power transfer whether the foot was 
the primary driver of tibial internal rotation or whether it was 
the femur.  These scientists investigated this question and 
individuals while walking and running. 

In Part II of this commentary, we will reveal the findings of Bell-
chamber & van den Bogert (2000), introduce the concept of 
proximal-to-distal (hip driven) coupling and discuss the role 
of foot orthoses and more recent research that has indicated 
their efficacy in managing of lower extremity injuries.
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Tiberio suggested 
that during running, 
calcaneal eversion 
and knee flexion 
should likely begin to 
reverse at midstance 
so that the calca-
neus inverts and the 
knee extends during 
propulsion (Figure 3). 
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