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In endurance performance, we are limited by wealslin the physiological system.
Making an already strong link stronger doesn't keepain from breaking if you still

have the same weak link. Throughout the MAPP, eh@peatedly discussed maximal
oxygen consumption, lactate threshold and effigiesfanovement as major components
of any endurance performance. We have talked aheuteart and how it responds to
training. We have discussed the skeletal muscléshair primary adaptations. Now |
want to think out-loud a little bit about how, & $trength training fits into the endurance
athlete's training program.

First let's define strength training. For the emdae athlete, | will call any exercise that

is designed to increase the size and/or maximahgth of a muscle or group of muscles
strength training. Many endurance athletes aradgjfiveights 2 to 3 times per week and

swear by it. Others never lift a weight and excel.

Second, let's make sure we understand that strénagtimg for health versus strength
training for enhanced performance are two diffelaasts. | think there are excellent
reasons to strength train for health. As we agee@ally beyond 50 or so) our bodies
tend to lose muscle mass. Retarding this changefisitely beneficial. Maintained or
increased muscle mass helps to prevent body fatadation, maintain functional
mobility, decrease risk of adult onset diabetesfatom here out | am speaking only
about PERFORMANCE!

Big Versus Little- Musclesin I solation

Let's say that we remove a biceps muscles fromdifferent endurance trained rowers.
One muscle is 50% bigger than the other (crossesedtarea). We hook up these
muscles to an artificial machine and perform a tegnow this is gross but it is just a
hypothetical situation. We would never do this telrained rowers!) Which muscle
will be able to perform more work in a 6 minute @lit test? Well, the bigger one will, of
course. That is, assuming that both muscles areagapted to repetitive work (lots of
mitochondria) and both are receiving plenty of atygSo if all other things are equal,
the big muscle outperforms the small muscle.

Big versus Little- Musclesas part of a Package



If we extend the above situation to say a big bmaiyder and a skinny guy like me, does
the bodybuilder win? Probably not ( | hope noteatst). Why? Because now the rules
have changed, or | should say the performancedtiaits have changed. In the isolated
muscle above | said that the muscles were 1) ggeatlurance trained and 2) supplied
with unlimited oxygen. When we put the muscles biaskde a real body, neither of these
conditions are true.

Mitochondrial Dilution

When a bodybuilder trains, the goal is to make enaabcle fiber as big as possible.
Muscle fibers have contractile protein, mitochoatprotein, and other components.
Increasing the relative proportion of one comporikké more contractile protein) means
that you have relatively less of everything elséhim same fiber (like mitochondria).

From an endurance standpoint this is not a googtatian. We even give it a name in
sports physiology circlesnitochondrial dilution. The bodybuilder's muscles may
actually become more easily fatigued as they ggidyi because their mitochondrial
density is not increasing at the same rate. Thglhaliler accepts that because the name
of the game is size, not endurance.

It is possible for the endurance athlete to gameseuscle size and maintain
mitochondrial density, but it requires that theurok of endurance training be
maintained. If you are a runner and you decidestasgyonger in the weight room by
really doing a lot of strength training 3 days aeWwéor an hour, you will probably drop
some of your running volume to fit it in. After 6amths you have gained 5-10 pounds of
muscle, you look really good, and you are runnimgi@utesslower for 10k! Why? Well
besides having to carry around 5-10 more poundsusicle that you can't use when you
are running, you have probably lost endurance d¢gpachose bigger stronger quads.
So, you have a lower lactate threshold due to #teanhing of your leg muscles, plus you
are less efficient due to the increased bodywdryd decreased training volume). Oh
well, at least you LOOK Fast.

But | haveread that strength training helps endurance
performance!?

It can, definitely. But we have to look at the r@as more carefully. For example,
perhaps you are a runner who has had a hip injatylingered and lingered. Over time
your running style accommodated and now you ruh witseated" style and do not
employ your hip extensors effectively. A weightiniag program employing highly
specific exercises designed to teach you to aetiyatir hip extensors, as well as
strengthen them, can make you more efficient byravipg work distribution in the leg
muscles, and therefore faster runner. A lot of thiange may be due to improved motor
function as much as increased muscle mass. Spstrifiegth training can help us to
teach our brain to communicate with the right mescThe same is true of the rower
with the weak low back. Strengthening this areaamarect the weak link and allow
optimal connection between force generators anddneHowever, the concept that just



making muscles bigger and stronger will automaiidahnslate to faster endurance
performance is Wrong!

Oh yea, What about Oxygen?

Remember V@max? What is the major limitation to d@ax? Right, the maximum
capacity of the heart to pump blood and delivergexyto the muscles. Anytime we are
doing an activity that uses a lot of muscle (rugnmowing, XC skiing, mountain biking),
the challenge falls on the heart to match oxyg@plyuwith the demand. Even in the
world champion, the heart is incapable of pumpisgnaich blood as the muscles could
receive.

Consequently, adding muscle mass will not resuliéneased maximal oxygen
consumption. The heart is already being asked tlldbcan do. Your endurance
machine is a set of highly integrated componental Nave to look at how all the pieces
fit together to produce the final product.

L ear ning from the Paralympians

Now having said all of that, here is a thought goesfor you. Watch an elite marathoner
run across the finish line. He or she raises taokhgize arms into the air in victory and
jogs off on those skinny but brilliant legs. No egs muscle there. Just the right amount
to get the job done.

Now take a look at another marathon race, this theevheelchair race for para-athletes.
The winner rolls across the line with a final paghhe arms, raises them in victory and
you are caught staring at one impressively musadbof pythons! Is this the marathon
or the bench press? What gives? For the wheelehdurrance athlete, muscle mass is an
important part of the package. The reason foraparent contradiction in everything |
have said goes back to the HEART.

The wheelchair racer is depending on a much smaliak volume of muscle to do the
work of the marathon race. The total volume of neigesmall enough that the heart is
no longer the limiting factor! So, in this situatiayaining muscle mass in combination
with endurance training results in a more powegfudurance engine. In fact, these
unique conditions may result in a greater hypehiopesponse to endurance training
independent of supplemental strength traininguegght-room

Applying the L esson

This example above came to me in a strange wayt. & gnessage from an Australian
who was familiar with the lifeguard boat races dawder. He said these guys had
bigger upper bodies than "regular” rowers and werg strong, but not quite as good on
the ergometer. | had to think about that a bitdoide what it meant. Then | remembered
"They don't have a sliding seat!" Which means afrse that the legs are taken out of the



game and rowing becomes an upper-body only spericeélthe bigger upper body just
like the wheel chair athletes. So, as | thoughuabwat while driving up to Lillehammer
for my first mountain bike race, the wheel chagrsario hit me, and | understood things
better. | was pretty excited!

Now what can we learn from this? If you are in arsfike kayaking that is a small
muscle mass endurance sport, then strength traiétyg an very important role because
it helps to increase the size of your endurancehimaclf you are a runner, then you will
not benefit from the same volume of strength trajrand may actually lose speed.
Running already employs a large mass of musclectiratvork at a level that exceeds the
oxygen delivery capacity of the heart.

Now, if you are a cross country skier, you haveniguwe situation. Your sport often
requires that you use a lot of muscle simultangoumséking the heart the limiting factor
and excess muscle mass wasteful. However, wheangpodouble poling, the conditions
change and the mass of endurance-trained upperrbasgy that you can engage becomes
very important. Double poling is efficient and inmfant in ski racing. So for the skier,
strength training is far more important for the eppody than for the lower body. And

for women, it is even more critical. The reasoth& women start with a bigger gap
between upper and lower body strength then mere HeXorway, the elite junior

women invest a lot of energy doing things like Uiphouble poling to strength train the
upper-body in a highly specific way. They have mtelgain by strength training.

If you are a rower, | am not sure what to tell yxactly. Increased upper body strength
may allow better work distribution and therefonglstly improved rowing economy but |
don't know that for sure. The act of rowing tramadready improves the rower's ability
to generate force with both legs simultaneouslygamd to untrained people. Much of
the rowers strength depends on coordination, mbtjuscle mass. Rowing has a mixed
tradition when it comes to strength training. Sareat programs do a lot, others do
none. So the jury is still out. More on all thisevhl can be more definitive.



