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Barefoot running strikes back

William L. Jungers

Detailed analyses of foot kinematics and kineticsin barefoot and shod runners offer arefined understanding
of bipedalismin human evolution. This research will also prompt fresh studies of running injuries.

A commitment to walking and running on
two legsdigtinguisheshumansfrom gpes, and
haslong been the defining adaptation of the
homininsN the lineagesthat include both
humansand our extind relatives. Thisform
of locomotion (bipedalism) hasbeen around
for millionsof years, and we have been unshod
for morethan 99%of that time'. Theuniquely
specialized anatomy of thehuman foot? isthus
aproduct of barefoot bipedalism, which istill
thenorm in partsof theworld. Lieberman and
colleaguesChiomechanical research on the
subject (page 531 of thisissue)®, therefore has
implicationsfor interpreting human evolu-
tion. It also has some potentially useful and
thought-provoking implications for sports
medicineand running-shoedesign. (Full dis-
dosure: | don®run any more, either barefoot
or in shoes))

Most shod runnerstoday makeinitial con-
tact with theground hed-first (rear-foot strik-
ing, or RFS). Experienced barefoot runners,
likethe onesobserved for thisstudy?, land on
the ground in many ways depending on the
conditionsN sometimes RFS but more often
avoiding landing heel-first becauseit hurts
owing to repetitive, high-impact forces (or
trangents). A moreanterior landing on aflat
foot (mid-foot striking, or MFS), or on thelat-
eral ball of thefoot (fore-foot striking, or FFS),
haspredictable, and somewould say desirable,
consequencesfor pedal biomechanics. In FFS
and some MFS thefoot®centre of pressure
necessarily starts more anterior at contact
and then movesbackward briefly beforemov-
ing forward again for toeing-off. (Sprinters,
whether shod or not, asorun on their forefeet,
but for different mechanical reasons) Among
other differences, FFSbarefoot runnerstend to
takeshorter gridesand torunwith greeter ver-
tical legand anklecompliance(thelowering of
thebody&centreof massrdativeto theforceof
theimpact). Thisservesto blunt thetransent
forceand resultsin alessjarring, @noother
riderhedevated and cushioned hesl of most
modern running shoesisdesigned for comfort,
sability and to attenuatethetransient forcesof
hed-gtrikein RFSrunningthat may belinked
tosomeorthopaedicinjuries.

Fgure 1| Different footfalls.! Thesephotosareof two Kalenjin runnersfrom Kenya, abarefoot

12-year-old girl (Ieft) and aboy of the sameagein running shoes. Notethedifferencesin foot
angulation asthegirl preparesfor aforefoot touchdown and theboy preparesto land hedl first.

(Photoscourtesy of D. E. Lieberman.)

study® corroboratesand extendswhat isknown
about thebasic mechanicsof barefoot running,
asthey develop acollisona mode of thefoot
and legasan @-shaped doublependulum@vith
the samedimensionsasatypical shank and
foot. They then calculate how much energy
such apendulum exchangeswith theground
when it collidesat different pointsand with a
giff or compliant ankle. They also broaden the
comparative human database by studyingthe
phenomenon not only in long-term, habitual
barefoot runnersin alaboratory settingbut also
on therunnersthometurf in Africa(Fig. 1).
They find that FFS(and some MFS) reduces
theeffectivemassof thefoot and convertssome
trandational energy into rotational energy;
the calf muscles control heel drop, and the
FFSrunner can takefuller advantageof elastic
energy soragein both theAchillestendon and
thelongitudinal arch of thefoot. FFSand MFS
runnersthereforerequiremorecalf- and foot-
musclestrength, but avoid uncomfortableand
potentially injuriousimpact transientseven
when barefoot on very hard surfaces.
Thefindingsof thisstudy complement and
strengthen Bramble and Lieberman®influ-

for the transformation of the human body
plan with the emergence of the genusHomo".
Themuch earlier australopithecineversion of
bipedalism (asseen in Qucy(Australopithecus
afarenss) waslong-lived and agreat success
by any standard. However, thisskeletal design
received amgjor make-over near the Pliocene/
Pleistocene boundary about 2 million years
ago. Longer hindlimbsand shorter toesare
part of thisnew package, and if theERH iscor-
rect, theevolution of thesefesturesalongwith
afully arched foot isprobably linked directly
to barefoot running asan integral part of an
adaptive strategy for pursuit hunting®®. The
australopithecine bare foot was well-suited
for hed-to-toewalking and perhapsfor short,
rapid burgtsof sprinting’. But Lucy wasnot a
marathoner.

The blogosphere and popular magazines
arefull of debateabout barefoot running, with
tegimonialsto it asamore @aturalGand less
injury-pronestyle, and often with anod to the
ERH and an gppeal totheevolutionary primacy
of theunshod foot. Sometimesbarefoot advo-
cacy can takeon evangelical overtones”. But it
isalso clear that running-shoecompaniesand
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and they should take note of thisnew study®.
Barefoot-like designs for footwear are cur-
ently therage, even if they ill congtituteonly
a small dice of the enormousrunning-shoe
ndustry. Many shod runnersnever develop
njuries, but theavailabledataindicatethat at
east some (19679%) do’. Althoughthereisno
nard proof that runningin shoes, especialy hi-
'ech or PCECH(pronétion control, elevated
cushioned heel) versions, causesinjuries, in
my view thereisno compeling evidencethat
t preventsthem either’®™. However, thereare
Jatathat implicate shoesmoregenerally asa
nlaus ble source of sometypesof chronic foot
oroblems>®,

Morestudieslikethat of Lieberman et al.®
rerequired to providedatainstead of opinion,
and testablemodelsand scientific explanation
nstead of anecdotes. It isalso gpparent that a
carefully designed biomedical study with an
vidence-based approach isbadly needed to
assessthe competing claimsasto what, if any-
hing, isthebest cover for arunner&oot. It will

beinteresting to seewherethenext foot falls,
and how it iswrapped. !
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The expanding T2 universe

Warren Strober

T2 growthfactors, which are involved in allergy and in defence against
parasites, are produced by many different cell types, including anewly
dentified population found in fat-associated lymph clustersinthe abdomen.

t is almost25years sincethe publication of
Mlosmann and Coffman@seminal work® that
Jefined two main subtypesof helper T lym-
ohocyte: Tl cdlsand T,,2 cdlls. The T2 cells
of this dichotomy were shown to produce a
collection of growth factors (cytokines) and
cdll-attractant molecules (chemokines) that are
nvolved in mediating allergic responsesand
nost defence againg parasiticinfection. But the
oropertiesof theorigina T,,2T lymphocyteare
now known to be shared by several different
el types. For instance, arecently reported sub-
vopulation of T cells, T, 9T cdls, producelL-9
ond IL-10N T, 2-type cytokinesthat exacer-
nate allergicinflammation. In addition, cells
hat produce IL-25 (macrophages, epithelial
cellsand mast cells) induce othersto secrete
he T,,2-type cytokines |L-5 and IL-13, and
chemoattractantsof eosinophilsN inflamma-
ory cdlsthat contributeto allergic diseasesand
T,2-type host defences’. Thus, we currently
hink of @,,20hot so much in the context of
acel, but rather asafunction or, in business
varlance, aanchiseDn page 540 of thisissue,
another cell contributingto the T,,2 franchise
sreported by Moro and colleagues’.
Theauthorsdetected thenew cell popula
ion in previoudy overlooked fat-associated
ymphoid clusters (FALCs), which are scat-

mesentery (avascular membranethat sur-
roundspart of theintestinein theabdomen).
Theresearchersshow that thesecellsdo pro-
duceT,2cytokines, but that they arenot T cdlls
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because they lack the typical T-cell surface
receptor and do not respond to antigens. They
do, however, respondtoIL-2,in linewith their
expression of thecommon ! -chain receptor,
which functionsasthe signalling component
of thelL-2 receptor.

Moro and colleagues® name these cells
@atural heper cellsnd, on thebasisof smilar
activation properties’, draw analogieswith the
natural killer cell (NK cell) N atypeof lym-
phocytethat formspart of theinnateimmune
defenceagaing virusesand tumour cells, and
that respondsto cytokine stimulation and/or
cell-surface componentsrather than specific
antigens. However, natural helper cellslack
NK-cell-lineage markers and, unlike NK
cells, bear receptorscommonly found on pro-
genitor (rather than differentiated) cells, such
asthelL-7 receptor and stem-cdll-factor recep-
tor (c-Kit). In view of these characterigtics, it
might be more accurate to call these cells
@atura T,2cdlD

Theabundance of these cdllsislimited by
thesmall szeand number of FALCs. Neverthe-
less, their strategic location and the particu-
lar cytokinesthat they secrete endow them
with considerablefunctional impact. Indeed,
Moro et al.* showthat,in mice, thesecelshelp
to combat infection with the hookworm-like
helminth parasite Nippostrongylusbraslienss
by inducing proliferation of B cdllsin Peyer®
patches (lymph-node-like structuresin the
gut wall) and mucusformation, which helps
to expel wormsfrom thegut (Fig. 1).

Thenatura helper cdlsproducellL-5and
IL-13inresponseto | L-25 (and IL-2), and adso
inresponseto IL-33, an atypical cytokinethat
activatesthe cell through the ST 2 receptor®
(Fig.1). IL-33issecreted largely by non-lym-
phoid cells such asendothelial cells that line
blood vessels, epithelial cells, fibroblastsand,
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Figure 1| Newly discovered @atural helper cellsQ a, Moro and colleagues’ identify apopulation of
cellsproducing T, 2-type cytokinesin tiny accumulations of lymphoid cells, termed fat-associated
lymphoid clusters(FALCs), in themesentery. b, These cellscan be stimulated by the cytokines|L-25
and IL-2 and by theatypical cytokinelL-33, which signalsthecell through the ST2 receptor. Natural
helper cellsproduce T2 cytokines, including IL-13, inducing proliferation of B lymphocytesin

Peyer @patchesand the production of mucus, factorsthat counter infection with helminth worms. The
cytokinesproduced by natural helper cellsalso support B1-lymphocyte maintenance and production



