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RE LA TI ON SHIP BET WE EN CEN TER OF MASS VER TI CAL MO TION AND 
ME TA BO LIC COST IN WAL KING

  
Ac cor ding to Sa un ders et al. [1], wal king with a fl at cen ter of mass tra jec tory re du-

ces the mu scu lar work re qu i red to lift the body and, con se qu ently, re du ces the me ta bo lic 
cost of lo co mo tion.

Ac cor ding to the al ter na ti ve vi ew, the ver ti cal mo ve ments of  the cen ter of mass 
al low the ex chan ge of mec ha ni cal energy and the reby re du ce mec ha ni cal work re qu i red 
to mo ve the cen ter of mass and the me ta bo lic cost of wal king [2].

Ac cor ding to the in ver ted pen du lum mo del, the out-of-pha se fl uc tu a ti ons in gra vi-
ta ti o nal po ten tial energy and ki ne tic energy re pre sent a con ti nu o us ex chan ge of mec ha-
ni cal energy.

The two di ver gent vi ews re gar ding the re la ti on ship bet we en cen ter of mass ver ti-
cal mo tion and me ta bo lic cost ha ve not yet been re con ci led.

We hypot he si zed that me ta bo lic cost wo uld not dec re a se when hu mans walk with 
a fl at te ned cen ter of mass tra jec tory. To test our hypot he ses, we exa mi ned me ta bo lic 
cost, mec ha ni cal energy ex chan ge, and net ex ter nal work for hu mans wal king with small 
ver ti cal mo ve ments of the cen ter of mass com pa red with wal king with nor mal cen ter of 
mass mo ve ments.

MA TE RI ALS AND MET HODS
Ex pe ri men tal de sign. Ki ne tic and me ta bo lic da ta we re col lec ted for three he althy 

adult hu mans (men) wit ho ut any known ort ho pe dic, ne u ro lo gi cal, or car di o va scu lar di-
se a se. The su bjects had an ave ra ge age of 23.6 yr (SD 1.6), mass of 72.5 kg (SD 5.7), 
and he ight of 1.75 m (SD 0.05). Be fo re the ex pe ri ment, all su bjects ga ve the ir writ ten, 
in for med con sent.

Each su bject par ti ci pa ted in two ses si ons in clu ding a prac ti ce ses sion and one te-
sting ses sion. In all ses si ons, su bjects wal ked on a cu stom-bu ilt mo to ri zed tre ad mill.

Me ta bo lic cost. We me a su red the ra tes of O2 con sump tion and car bon di o xi de 
pro duc tion using open-cir cu it in di rect ca lo ri me try («ME TA MAX – 3B», “Cor tex”, Ger-
many). 

Ki ne ma tics. We me a su red sa git tal pla ne ki ne ma tics of the right lo wer limb using 
high-speed vi deo (150 fi  elds/s, “Opus”, “Qu a lisys”, Swe den). 

From the po si tion da ta, we cal cu la ted the hip, knee, and an kle an gles du ring the 
stan ce pha se of wal king. Each jo int an gle was de fi  ned as the acu te an gle bet we en adja-
cent seg ments. We de ter mi ned the ave ra ge an gle and mi ni mum an gle for each jo int du-
ring the stan ce pha se. We fo cu sed on the stan ce pha se be ca u se stan ce limb ac tion is the 
pri mary de ter mi nant of the mo tion of the cen ter of mass.
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RE SULTS
Оur re sults show that mi ni mi zing the ver ti cal mo tion of the cen ter of mass do u-

bles me ta bo lic cost but do es not af fect net ex ter nal work in hu man wal king. Our fi n dings 
emp ha si ze that net ex ter nal work is not the main de ter mi nant of the me ta bo lic cost of 
wal king and sug gest that the cost of ge ne ra ting mu scle for ce to sup port body we ight 
plays a key ro le. The se fi n dings ha ve cli ni cal im pli ca ti ons for the ra pi es aiming to im pro-
ve wal king eco nomy in pa ti ents with ga it di sor ders that af fect cen ter of mass mo tion and 
me ta bo lic cost such as hip jo int re pla ce ment, lo wer limb am pu ta tion, stro ke, and ce re bral 
palsy. In deed, De trem bler et al. [3] sug gest im pa i red in ver ted pen du lum re co very of mec-
ha ni cal energy is an im por tant fac tor in the in cre a sed me ta bo lic cost du ring stro ke-in du-
ced he mi pa re tic wal king. Ho we ver, ba sed on Sa un ders et al. [1], so me li te ra tu re sug gests 
that pa ti ents with ga it di sor ders sho uld be tra i ned to walk with lit tle ver ti cal mo tion of 
the trunk to re du ce me ta bo lic cost [4]. 

Con clu sion.
Our fi n dings sug gest that ma in ta i ning nor mal le vels of ver ti cal cen ter of mass 

mo tion and an ex ten ded stan ce limb are im por tant fac tors in re du cing the me ta bo lic cost 
of wal king.
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