© ABSTRACT

. .

 Erickson, SD.A. Physiological sSponses to re reat onal snowshoeing in feme s,
MS in Adult Fitness/Cardiac Rehabilitation, December 1998, 34pp. (J. Porcari),

The purpose of _this,stu’d_y was to provide descriptive data relative to exercise intensity
~ when subjects snowshoed at a self-selected pace on both flat and variable terrain, Ten

female (age = 27.3 + 7.08 yr., ht = 167,07 + 5.28 cm, wt = 65.8 + 6.63 kg) volunteers

 snowshoed at a self-selected pace for 30 minutes on both flat and variable terrain courses,

 in random order, It was found that HR (144 vs 161 bpm) and RPE (13.8 vs 15.0) were
significantly (p < .05) higher on the variable course compared to the flat course. VO,
(37.9 vs 39.5 ml/kg/min) tended to be higher on the variable course, however the

difference was not significant (p > .05). Caloric expenditure for the 30 minutes averaged
372 and 387 Kcal on the flat and variable courses, respectively. These results indicate
that snowshoeing at a self-selected pace for 30 continuous minutes provides sutficient
intensity to increase cardiovascular endurance and alter body composition. -
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INTRODUCTION
Regular participation in aeloble' exercise has been shown to a have positive effect

on cardlovascular ﬁtness and health (2) According to the Surgeon General’s report (9),

o the pOpularity of exerclse has increased tremendously in the last decade and

- approximately 40% of the adults in the Umted States exercise ona regular basns Whlle
- walklng and jogglng are perhaps the most w1dely employed modes of aerobic actlwty,
- some people do not feel comfortable parttolpatlng in these forms of exercise durmg the
' _wmter months. ' .
_ ‘Nearly 1 million people are expected to try snowshoelng this wmter._ That 1S Up
‘ f'_from 440 00 ln 1994 accordmg to the Natnonal Sportlng Goods Assocmtlon (6) The
o growmg popularity of snowshoemg has dramatlcally mcreased due to the recent
. technology in the anatomy of the snowshoe Snowshoes have become easier to use with
'. the advancements of sunpler binding systems and light alummum frames In 1991
. Tubbs Snowshoe Company (Stowe, Vermont) (8) developed the T-91 bmdmg The T-91
'ls a pwotmg binding system WhICh results in a full range of motlon of the heel allomug a
'more eﬁ' cient stnde. The T-91 bmding system also features a steel crampon wlnch
1mproves tractlon on vanable terram
Although t.here has been extenswe research analyztng the energy cost of vanous

B modes of aeroblc actmtles, little mfonnatton 1s avallable on the physiological effects of




- 'snowshoeing, Those studies which have examined the energy cost during locomotion in

snowshoes have neglected critical variables, have used very few subjects, and used widely

| ~ different methods. These factors are cructal because energy cost can vary dramatically

- based on the weight and size of the snowshoe, depth of snow, depth of footprint

-_'_'dcpressicn and level of the terrain (1,4,5 7, 10)

As a mcde of aercbic exercise, it seems lcgnt al that sncwshccmg can be used to

. improve and maintain cardiOVascular ﬁtncs’s; ACccr’ding to the American College of

. Sports Medicmc (ACSM) (2), any actwity that uses large muscle groups, can be

. | mamtamed ccntinuously, and s rhythmical in nature can be used as an aercblc mcdahty;

Recreaticnal sncwshcemg seems tc meet all of thesercquirements. The purpcse of this
study was to examine the physiclcgicel responSes to recreational sncwshceing at a self- I
- selected pace cn a flat course and on a course with variable terrain, .
METHODS AND PROCEDURES
* Subject Selection -
- Ten apparently healthy female volunteers be*twcen the ages of 21 acd 39 were used
“as subjects. All subjects were recreational athletes free of any known cardiovascular, . .
respiratory, or orthopedic conditions that might preclude participation in this study. Prior
o participating in any practice or testing sessicn's, each subject completed an informed
~ consent approved by the Institutional Review Board of the University of Wisconsin-La '
B ~ Crosse (see Appendix A). B '
i _ _
- Th i proper procedures of snowshoeing were explained and demonstrated to the

subjects. Each subject was then instructed to walk through a trial course to become




famlllar with the techniques of walking with snowshoes, During thls trlal period, subjcots

- _ stretched and were allowed a warm-up period,

- Each subject completed 30 minutes of snowshoeing on both a flat and variable

course in random order. A pcriod of at least 24 hours was allowed between tests. Testing
y was doneon two predetermined courses, Thc flat course had a 0% grade and the other
'_ _ course had variable terrarn with an average grade of 18%. Grade was clete!mmed using
.topographical surveying techmqucs. _ I
Courses were marked with surveyor flags in increments of 100 yards, w:th a total
of 5 OO yards in each direction. Each subject was instructed to snowshoe at a self-selected
pace at an mtenslty correspondmg to approxlmately 13 15 on the Borg Scale (3) (see
Appendrx B). A standard script e)rplaining the testing procedur'es _and RPE scale was read .
~aloud to each subject before the test (see Appendlx C) Subjects were to walk on fresh
unpacked SHOW throughout the entire test by placing therr lateral srde of the snowshoe
beslde therr previous traclc. _Spe'ed was determined by measunng the exact distance
~ covered in the 30 minutes of the test. -
Dunng the testmg, oxygen consumptron Vv O;) caloric expendrture (Kcal), and

resprratory exchange ratio (RER) were measured each minute using an Aerosport KBl-C '

- (Aerosport Arm Harbor, MI) The KB1-C was callbrated before and after each test, The

gas analyzers of the KBI1-C were calibrated usmg Standard laboratory gases,and a 3 00 L

. calrbratron synnge was used to cahbrate the pneumotach Heart rate (HR) was measured

usrng a Polar XL heart rate monitor (Polar, Inc., Stamford CT) every mmute. At the




.- conclusion of each session, subjects were a’sked to rate their overall perceived exertion '
o using the Borg RPE scale. ' '
The snowshoes used in this study were the Tubbs, Katahdin model (T‘ubbs o
| - Snowshoe Co Stowe, VT) The snowshoe dimensrons are 8” X 25" and weighed 3.1 Ibs '
o per pair. Snow depth was measured on the testmg days by measuring the base of the .
- snowpack in six different locations, plus any new accumulation of snow. To gauge

o ﬂotation, the depth of the snowshoe depresswns was measured Depression was measured

* with a straight edge placed horizontally across the snowshoe print. Three vetica

‘measurements were taken from the Iateral, medial, and posterior sides of the snowshoe .

- imprint, Three random prints were measured and the average of those imprints was
caloulated, Wind velooity was determined by a hand-held anenrometer (Sims, Model BT,
Annapolrs MD) Temperature (%% was determmed before testing, and penodlcally taken '
' throughout the day using a hand held meroury thermometer Barometrre pressure (Pbar)

* measurements were measured in theHurnan Performance Laboratory at the University of
Wisconsin-La Crosse before testing. . .
 Statistical Analysis
Basic descriptive statistics were used to characterize the subject population and to .
summarize the physiological responses to the two different courses. Paired t-tests were
~ used to compare the responses between the two different courses. The alpha level was set

at .05 to represent statistical significance.




RESULTS
- Descriptive characteristics of the subjects are summarized in Table 1, and the
~ physiological responses to snowshoeing on the two courses are presented in Table 2, HR

~ and VO, responses for a typical subject on each course are presented in Figures | and 2,
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- Table 1. Descriptive Phy’sical-Characteristics of Subjects (N = 10)

Vatiable =~ Mean+ Standard Deviation Range

Age (yrs) - - 2734708 - 21-39
aa  Height (em) 167071528 - 158-173
Y Weight (kg) . 6581663 | 5777

All testing was completed over a seven day period, with weather and snow
conditions being fairly stable. The average temperature was —3° C and ranged from
.12.2°t0 1°C. Average wind speed was 78 mph with a range of 6 to 11 mph, The '
- 'a'veta,gé snow base was 14 crn and the new accumulation w’as 13.5 cm, The average
'later“a'l'-,} medial, and posterior depressions lwere' 11.5¢cm, 10.9 cm, and 8.3 cm, respectively.
" The walking speed of ihe subjects on the flat course averaged 3.23 mph and on the
- variable course speed averaged 2.93 mph Which_ was found to be significantly different

(0 <.05).




Table 2. Physiological Responses to Snowshoeing on Flat and Variable Terrain

| Variable | o ' Flat Course Variable Course

© HR (bpm) 14441079 | 161+921°
VO, (mlfkg/mm) ' 1 37.9+445 - 395+860

- Keal (per/mm) - 124+ .64 o 129+.76

- RER S - 961,10 _ 98 + .08
. R_PE _ o 138412 150+133

| Sngmﬁcantly different ﬁ'om ﬂat courses (p < 05)
Overall the subjects worked at a sigmﬁcantly (p < 05) hlgher HR (17 bpm) and
'RPE (1 2 umts) on the variable course compared to the flat course. The VO, Kcal and-'
- RER values were also hig_her on the_-va.riable course but they were not slgnlﬁcant_ly (p >
| 05) different. ' . '

1M

--—-+-—'—Flat'
_ t Variable
qun.'t.nl Is .6 ?.t 9. 16 II. I:IH N”.H ‘16'“|'1“" IlDI .tﬁ N 22. 23 I24 5 2% 1 ;ﬂﬁ
- Minutes - * '
I‘lgure 1. HR Response ofa Typical Subject on Flat and Variable Terraln.
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~ Figure 2, Oxygen Consumption of a Typical Subject on Flat and Variable Terrain,

DISCUSSION

. To date, there ie'a limited amount of _rese‘aroh that has been completed on the

| e’nerg‘y eostsof reereatlotietl rmowshoeing. Studies that have been done failed to measure
. and report some cruelal variables whioh een potentially altor the physiological effects of N
this mode of activity (1,4, 5 7 10) The purpose of this study was to investigate the
| phys:ologteal responses to recret.tional snowshoelng on two diﬁ‘erent courses,
In the present study, the HR response (bpm) was 75% of maximal HR while
N s;nowehoeing on the flat course, and 83% of maximal HR on the variable terrain. These

' ivalues are within the guldelines reeommended by ACSM (2) for lnoreaeing
cardlorespriratory endurance. The diﬁ‘erences in HR between the courses indioate that
_subjects weid working at a hlghe'r intensity on the vari'able course,

 In agreement with the HR data, the average VO; was 37.9 ml/kg/min (2.46 L/min)

on the flat course and 39.5 mi/kg/min (2.56 L/min) on the variable terrain, Even though




 vo, was slightly higher on the variable courses, the differenco was not significantly
 different. This can be explained by the fact that on the variable course subjects worked /
~ much harder on the uphill portion of the course, but the downslope of the variable terrain F
allowed subjects to recover and use less oxygen. Subjects worked at an average RPEof
15.0 on the variable te‘rrain, and 13.8 on the flat course. ThoSe results again indicate that
'subjeots were workmg at a higher mtr*nsny on the vanable course, .
When compared to other studws, Knapiok Hiokey, Ortega, Nagel and _
' Pombriand found an average HR of 127 -bpm and VOz of 1. 36 L-/min (5) Buskirk et al. '
. (4) studied 8 subjects who snowshoed at 2.2 mph and found an avorage VO, of 128 .
. L/min Rodgers, Buck, and B’lopping (7) also studied subjeots who snowshoed at 2 2
' mph and estimated -_VO; to loe 245 L/min. HR was not reported _in these l_ast _two studnes
_ .(4 7) | - . _ _
The results of thr* current study showed that subjects apparently worked ata
highor intemity oompared to other studies. Possible factors that may have contrlbuted to
~ the dlfferenoe in encrgy cost and HR between the past studies and the ourront study could
" be fitness level of tho subjeots,peroeived intensity level, speed of snowshoelng, size of
snowshoes, grade of teh‘oin, and snow dop'th ' o '
' In the curront study, subjects snowshoed at an intenslty level oorresponding to
approxlmately 13- 15 on the Borg RPE scale, This corresponds to 3.23 mph on the flat

courso and 2.93 .mph on the variable terrain. Past studies did ot assess perceived -

~ exertion during the tests and subjects generally snowshoed at a slower speed (1,4,5,7,10).




“The present study used the same standard tnodel of snowshoes for each subject.

§8l  Knapick et al. (5) used 4 different models of snowshoes which ranged in size, shape, and

Uil weight, Other studies did not report the overall dimensions or weight of the snowshoes

(1,4, 7 '10). The bln’ding systems could be a contributing factor’ to the di'fferences in the .-

physwloglcai responses. Newer bmdlng systems pivot and allow a greater range of

motion at the ankle which could affect energy cost

Grade of terrein also effects the encrgy consumption. The current study Utilized

both a ﬂat and vanable terram. The other studies neglected to report the levels of the

o terrain (1,4 7,10) Another factor inﬂuencing physiological responses is the depth of the

. snow. Dunng the current study, the average SNOW depth was 27. S em and depressions '

averaged 10 3 cm. The other studies (1 ,4) failed to report the snow depth or were less

_ than 15 cm in depth (5,7 ,10). Without any documentatron of these critical variables, no

. sigmficant comparisons can be made between these past studies and the current study

Totel caloric expcnditure during the 30 minutes of testing on the flat course was
'- 372 Kcal and on thc variable terrain was 387 Kcal Thls is comparable to running anine
mlnute milo, oyciing at 10 to12 mph or cross country skiing atdto s mph (2). This level |
of caloric expenditure should have a positive impact on those lndividuals who ara trying
to contrcl their body welght, '

'I‘o conolude, it appcars that recreational snowshoeing can be usod as an effective
modality to increase eardiorespiratory endurance and affect body oomposition. The
achieved intensity is within the recommendation of ACSM and the caloric expenditure '

compares favorably to other popular aeroblo activities (2). With the Increased popularity




~ of snowshoeing various organizations sponsor special snowshoe races throughout the
* United States. The structured events will aid in maintaining recreational athletes exercise
compliance during the winter months. Since a majority of the population does not feel

 safe walking and running outside during winter conditions, snowshoeing may be an

_ enjoyable alternative aerobic exercise duﬁng the winter months.
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APPENDIX A

INFORMED CONSENT
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- Encrgy. Costs of Revreational Snowshocing

ey L , volunteer to particlpate in a study investigating the energy
g costs of recreational snowshcemg I understand the test will consist of a 30 minute
- session at a self selected pace on a mapped course, I realize that I will be carrying a -
a portable oxygen. analyzer that will be used to calculate expired air that has been explained
~ and demonstrated to me during the test. My heart rate will be recorded throughout the
_tests WIth a heart rate monitor strapped to the chest

- _I understand that my participaticn in this research study will 'require a minimum of 2 days
. S consisting of practice sessions, and walking on two courses, varying in terrain, for 0
% minutes in each session. All sessions will be scheduled at my convenience and conducted
L by Jeff D.A. Eﬁckscn under the directmn of Dr. John Pcrcari '

I consent to the publication of the results of this study so long as the information is

anonymous and disguised so that no identification of individual subjects can be made. I _

“further understand that although a record will be kept of my participation in the

experiment, all expcnmental data collected from my partxcmation will be identified by

‘number only

- As with any exercise, there exists the possibility of adverse changes occurring (i.e.
~ dizziness, shortness of breath, muscle fatigue, etc.) during the test. In addition, I may feel

~tired at the end of exercise. There also my be a risk of hypothermia and/or frostbite, If
- any abncrmal cbsewatlcns are noted, the test will be immediatcly termlnated '

I consider myselftc be in gcod health and to my kncwledge I am nct lnfected with
contagious disease ot have any limiting physical condition or disability, especially with

“regard to my heari, that would preclude my participation in the exercise tests as described
~ above. I have read the fcrcgoing and I understand what is expected of me. Any questions
~ which may have cccurred to me have been answered to my complete satisfaction, I,
~ therefore, voluntarily consent to be tested. Furthermore, I kncw I may wlthdraw from
- these tests at any time, -

B hereby ackncwledge that no reprcsentaticns, warranties, guarantees of assurances of any
kind pertaining to the procedure have been made to me by the University of Wisconsin-
~ LaCrosse, the officers, administration, employees or anyone acting on behalf of them,
~Concerns about any aspects of this study may be referred to the principal researcher (Jeff‘
- D.A. Erickson (608) 788-3791) and thesis adviscr (Dt. John Porcari, ESS Rccm 216
' Mitchcll Hall (608) 785 8684)

CSigned: - _ Dater__

Researcher. o Date. »
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APPENDIX B

BORG RATE OF PERCEIVED EXERTION SCALE




BORG RPE SCALE (3)

7 VERY, VERY LIGHT
11 FAIRLY LIGHT
19 VERY, VERY HARD
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9 VERY LIGHT
17 VERY HARD

. e o T AT A T
_ - . 1 ...I -l
A L e A
- L. LT - -
. -. -t .I...rl.l . Pl | . - o -——
R I..._.PHIJI.....”.._..-.H“...... - :
T
R R,




' APPENDIX C

DESCRIPTION OF TESTING PROCEDURES




DESCRIPTION OF TESTING PROCEDURES N
“The test to be performed wrll last for a duratron of 30 mmutes ‘Surveyor ﬂags
are marked every 100 yards. As you get to the last ﬂag, whroh is 500 yards, turn around -
- and place your lateral side of y your snowshoe parallel but not touehmg your prevrous
'traok Walk in fresh SNOW throughout the entire course, Thls is a scale for ratrng of
perceived exertron. Peroeived exertion is the overall effort of distress of your body

duri_ng exeroise.'_ The number 6 represents no peroeived exertion or le‘g discomfort and

- the number 20 represents the greatest amount of exertron that you have ever expenenced

Snowshoe at a self-seleoted pace, whrch wrll be at a pace that you can marntam at a level 3 '
of 13 15 on this scale. At the end of the test I will ask you what number mdrcates your

' rating of perceived exertion during the test. Do you have any questions‘?" (2)
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PREPARATION OF SUBJECT
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- SNOWSHOES
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REVIEW OF LITERATURE

Infroducti
Today, people are seeking diﬂ“erent ways o enjoy outdoor recreation,

Reereational athletes are always looking for different modes of exercisi that offer a low
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, irnpact aerobie exercise. With the new teehnology offered by the advancement in
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snowshoes, the sport of snowshoemg has g grown tremendously in the recent years.
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| Accordmg to the Natronal Sporting Goods Associatron in 1996 over 1 million people
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trled the sport of snowshoemg (6). Snowshoeing is one of the fastesl growing
- recreatlonal wmter sports, second only to snowboardmg (10)

The use of snowshoes dates back over a long spa'n of human hiStory. The earliest
evrdence shows the first devnce to serve as a foot extonder for easier travel over the SNOw .
- ongmated in Central Asia about 4000 B.C. “Foot extenders” were used as means of
travel during the eariiest migrations from Central Asia north into Siberia and
' Seandinavia. Without' snowshoes there was no easy way for the early settlers to
successfully settle the north, as there was no efficient means to hunt, trap, or explore.
These earliest snowshoes were made mostly of birch and ash, used untanned cowhide for
' thelaein'g, and were more than 7 feet long (7).

Early pioneers looked to new designs, and in so doing inventors studied animals
that have adapted to travel. Early designs mimicked animals, which were able to traverse

deep snow. These designs were named accordingly i.e., (beavertail and bearpaw).

27




 _ "I‘hose domgns are stlll manufactured today for tho tradinonalists Through the 1800’3 and

- into the 1900’s, snowshoeing gained popularity as a recreatlonal sport In Canada,

snowshoe clubs and recreational events were formed in the early ! 900's to advance_ and

celebrate the sport (7). Cross country skiing Was the new fad in the early 1970’s and
early 80's, which put a virtual halt to recreational snowshoeing (14). -
- - - Teohiol -

. Traditional snowshoes are not as user friendly as modern versions, Traditional
snowshoes require néw coats of' lamination once or twice a Seas.'on-, and the binding
_'9ystems limit the movement of the heel 'alio'toe Modern Snowshoes featuro a lightcr

 metal alloy frame, solid fabric decking, and a revolutlonary binding system Tubbs :

(Tubbs Snowshoe Co, Stowe, V1) developed a TD-91 bmdmg, crampon system in 1991

(14) ‘This bindmg system allows the toe a.nd heel to move mdepcndently of the

. ' 'snowshoe, and the steel crampons gwe the snowshoer-incrcasod tractlon control on
variablo terrain, These new features of modemn snowshoes makes snowshoeing very easy

to leamn. With all of the advancements of the anatomy of the snowshoe, the sport of l
snowshocing has increased dramatically (3).

Walking in Snow with Boots
It has been generally accepted that energy expenditure will increase if the terrain is
not completely solid. Many studies have indicated a strong linear relationship between
energy expenditure and depth of depression With a high correlation indicating that as the

depth of depression increased so did energy expenditure (8,9,11,12,13),

’ ' \



As indicated by Heinonen, Karvonen, and Ruosteenoja (5), it is evident that

- walking in snow, even at slow walking speeds, is an extremely strenuous form of

' _ locomotion, Seven male subjects walked at a self-selected pace on level, snow-covered
: ﬂelds. Footprint depressions were calculated ftem 30 t.eSO measurements, ranging from
0 to 43 cm. It was found that calories/kg of body weight per honzontal meier walked
denoting energy cost ranged from 6 on ﬁrm ground wnth no depressmn to 9. 5 cal/kg/m
in deep SNOW w1th a 39 cm depression, As the depth of the footprint depression
mcreased, le'ngth of stride and speed decreaSed while energy consumption increesed

: hnearly (5). .
Ramaswamy et al, (9) studied the relationship between the looseness of snow and
“energy expendlture The caloric expendnure of walking on loose, deep snow was

' dete’rmined using 12 soldiers. The subjects walked on level ground at normal Speeds
while the depression of the tracks in the snow were measured and averaged for 20 steps.
Depressions ranged from approximately 1.5 to 63 cm. This study was in agreement with
' past studies, (5,8) finding that oxygen consumption increases litiearly as depth of snow
increases. Ramaswamy et al. (9) noted that when snow depth exceeded 37 cm, the
oxygen consumption seemed to rise asymptotically despite the fact that the increasing
depth of snow resulted in siower walking speeds. It was concluded that it can be well
understood that walkivg in very deep snow, which requires; high energy requirements,

cannot be maintained for a long period of time.




- physiological strain to walking Oh'SHOW with differing boot weights, Seven mal@ and

three female subjects walked on a treadmill and a snow ﬁeld while wearmg three tyPcs Of o |

- boots' winter Jogging boots rubber boots, and mbber safety boots, The depth of the
' footprmt depression in the snow was calculated from an average of 40 depressions
| Dopth of footprint depression averaged 26 I, 25.6, and 26.1 cm m the wmter joggmg
* boots, rubber boots, and mbber safety boots, respectwely The results indicated that
alking in snow substanttally increased pulmmary ventilation, oxygen consumptlon
(VO;), carbon dtoxtde production, resptratory exchange ratio (RER) and HR compared
with with walkmg on the treadmill Oxygen consumptlon was also shghtly, but
" systemattcally lugher with the heavier rubber boots and rubber safety boots than w1th the
. ltghter wmtcr Jogging boots This study also found that walkmg in snow is strenuous
work. HR was mcreased by 50 bpm and oxygen consumption was three tirnes higher
' walking in snow than walking ona treadmill,

* Pandolf, Haisman, and Goldman (8) tested 10 male subjects who walked at speeds |

of 1.5 mph and 2.5 mph on both the treadmill and in snow of varyin_g depths. Again,
energy expenditure increased linearly with increasing depth of footprint depression and

with walking speed. Energy cost measured when the subjects walked until exhaustion

averaged 51.4 ml/kg/min and ranged from 39.7 ml/kg/minto 61.1 ml/kg/min, indicating a

very high exercise intensity.
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’I'here has been a llmited amount of research done on the physrologrcal effeots of

i . -snowshoeing, Studies conducted have failed to report many orucial factors of the testmg

procedures. 'I'hese factors can inﬂuence energy cost and the vahdrty of the research

In themos't recent study, Knapick, Hickey-, Ort_ega, Nagel, and Pontbriand (4)_

{’,'*;53 istudied the energy eost of walking in four different types of snowshoes. The four
' snowshoes tested were the Pnde Assault, Montana, British Assualt and the U S. Army

Standard whlch ranged in weight from 2 to3 kg (4. 4-6 6 lbs) Energy cost was

_exmnined while four marines walk"ed a_t 4 km/h'r (2.4 rnph) on an open field with each of

the four snowshoes. The subjeots had prewously trained one day with each snowshoe

before the data colleotlon was to take place. The grade of the field was about 2 4% and

: each Sl.IbJGCt walked once downhill and once uphill with eaeh snowshoe. Each test was

336 meters long and took approximately 5 minutes to complete, To gauge flotation, the

" depth of the snowshoe depression was measured, To determine overall depression, the
| l_ateral, medial, and posterior measurements were calculated and averaged from at least 10
, representativc measurements. Depth of depression on each course averaged 5 cm, while

' subjects snowshoed in 8 em of new snow on top of an unreported snow base, Oxygen

consumption of the subjects on the downhill portion of the course averaged 16.8 to 20.2

ml/kg/min while the HR ranged from 123 to 136 bpm. Oxygen consumption on the

uphill portion of the course ranged from 21.0 to 24.5 mI/kg/min while HR ranged from

143 to 155 bpm. The findings of this study indicate a strong linear relationship between




o . energy exp‘endit'ure anddepthof depression with a correlation of .87 indicating that as

- depth of depressmn mcreased s0 did energy expendtture

Buskirk et al. (2) studied 8 men walking at 3.7 km/hr. They found an average -

L -energy cost of 6,21 kcal/mm and oxygen consumption of 1'7 5 mllkg/mm. Neither the

.- snowshoe characteristios nor depth of SNOW Were reported Rodgers et al, (10) studied
individuals who walked at 3.7 km/hr with a snowshoe depressron of about 9 cm, They
- estunated that oxygen consumption was 35 mlfkg/mm They did not report the type of
- snowshoe used durmg the data collection, Allen and O’ Hara (1) studied 9 infantryman
. who snowshoed at 2.0t0 1.6 km/hr wlule eanying equipment estrmated at 23 to 27 kg,
| They found an average oxygen consumption of 93 llmm Walking pace was hrghly
: variable and the, depth of depression and snowshoe type were not reported, Worsley (15)
o also reported On a number of soldiers walking in snowshoes with packs at various speeds,
where the depression did not exceed 5 cm, The oXygen consumption was 19 ml/kg/min
~ which was predicted using an equation, .
Summary
As the popularity of snowshoeing has increased in recent years, so has the
questions of what degree of cardiovascular effects can be obtained by recreational
snowshoeing. Studies on the physiological effects of snowshoeing often neglected to
report crucial variables which have been shown to alter the physiological effects of either
walking in snow or snowshoeing. By documenting the physiological responses to
snowshoeing, it may motivate participants to use this mode of exercise during the winter

months.




REFERENCBS

1, Allen, C,L,, and W, J, O'Hara, Energy expenditure of Infanrry parrols durmg
‘anarctic winter exercise (DCIEM Report No. 73-R-985)). Downsview, Ontario,
Canada: Defense and Civil Institute of Environmental Medicine, 1973 '

. _Buskirk ER., M. Krelder,RBrebbla,N Morana F, Daniels, B.E, Welch, W, Insuil,
and T.E. Friedeman, Caloric intake and energy expenditure in a sub-arctic
Environment (Technical Report No, EP-33), Natick, MA: Quartermaster Researeh
and Development Center, U S. Army, 1956,

3. Edwards, S., and M. Mckenzie. (1995), Snowshoeing(IS‘ed) Champalgn, IL:.
- Human Kinetics, 1995,

. Knapxck J, 1., C.A I-Iickey, S.A. Ortega, J.R. Nagel and R.D. Pontbriand. Energy -
 costs of walking in four types of snowshoes. (Technical Report No, ARL-TR-1 1”5).
_ Aberdeen Proving Ground MD Army Research Laboratory, 1996,

. Heinonen, A. O., M.J. Karvonen, and R. Ruosteeno_)a The energy expenditure
- of walking on snow at various depths Ergonomics, 2, 389-393, 1959,

. Natlonal Sportmg Goods Assocmtlon Sport Participation, http: Iwww. nsga. org/
1996, Accessed March 1, 1998

7, Osgood W., and L, Hurley. The Snowshoe Book (3rd ed.). Lexington: MA
Stephen Greene Press 1983.

b "}
. o
1

| ]

r
..f:
gAYl

1 )
X

Y

1y

o
B
L% ,

¥,

g -l"_' b o g d
.-..h.-l- .’,_Hﬂh .l-._' s -'L. s ;!

-i-'.“_-"'"

A
. ' .'a.. . . '
H
KA
. oy A
) I. .‘.'* r:l
A AL |
O
L i !
'_ r '1.‘?_
+ ‘: ¥
.‘ ‘m.od .":I
L. " “
v .'_:r' l ]" "
" . 3 .
Mo
4 L L
- .".I".I '_
, N
F
2 -1'. .I:..l r
oo T '.."
] ' '
\ ,r‘_ ‘.. ..+?
. i I'.'I I -. - ..
. :r{'..‘- ‘ ]
pl. .".“'11"" .
T
R . f‘ ;
AN
A '
A |
BRI I
+! ' £, y
ALY
" '.I-I, . *
b t""
h LY r+'I
L
_... e :;Ii'll .*‘1
R T P
I -
SRR AN
y oo sk
*"! A
R
D ¥ L
O B o ) -
7t wd X
) B b T ]
] "h_ &~
S b U
- L
1 b ‘, .!
kL ik :
A T
IR FEL
K. } r, ;
R .
':-'rl- ‘ !
J}"\l:.*#. ' H
LTt
11‘: v *{
.I:..'I' .‘. "
F.‘.h ' LY 1‘:‘. .
_'f.,,liﬁﬁ‘ *
LY,
kel
1 "'_l'..'.'_
ML
[ '
g |
s D
¥, !
9 :. ‘. ._:i
'1. % - .
[ e jiL
NEATE.Y "
R LT O
. r.q*..-'* ’,
REVN
- }‘.I i'.'r ‘..:l‘ [
¥ .
t' f"“_".} [
b .."
X ol
* v )
:1 N .j'l
1F )
PR
h 1!".',. A lr
1:"; .
'; ' ’ .
. [ \
‘_I.'lr L .
s
_‘l'":'._f ". '
sk
._-I
F , .
_-’.':.-r .'E’ .
s IR
e
B
AR i
1 Ay
LYY
*Iaeh
o ¥
R
PR
i
4 "l.-'_ *
.l ‘-..: .' iN
L . ’
Y “- t.
IAY.4 >
] .1' | o
fL fl;,
K
F "_I. ~
Ty K
a s g K
i LA
g OF [
I':. -'. 4
; r
=B .
iThl _
IR
X
Pol ; .
I-I.I l
i
' .." :
LY
g
!
i
Ju
.J_'q.
..'i
i
d

¥ L%
itk
Al i
1}
:"':“J.
Ilr!-' }
o~ in’
:I',;p g
Yy

K ] I"_
.l!.i .
r
1"'1 " 'r
Ny
I
'I

—yy

- %"

L} - - - Ly
-ﬁ 1 — -y
[ ] . ¥t -

Pandolf K B., M.F, Haisman, and R.F. Goldman Metabolic energy expend1ture and
terrain coefficients for walking in snow. Erganamlcs, 19, 683-690, 1976.

Pt et ]

. Ramaswamy,SS G.L. Dua, VK. Raizada, G,P. Dimri, K.R, Viswanathan,
J, Madhaviah, and T, Srivastava, Effect of looseness of snow on energy
expenditure in marching on snow-covered ground. J. of Appl. Phys.,.

21, 1747-1749, 1965.

N - __J I.“-_':- l':,.-l.
- - ‘;: _ - %'— “a -
- - TN . % K -.'...-.F Tt oame - 3
r el Il.‘,‘...' il s N
e ha il | il T . J'.,_- . .
3 pie S . i .
.q.i“"h " . I.n.-f.' ) ';i: —_—
i T D s - _

10, Rodgers, T.A., A.C. Buck, and J.C. Klopping. Studies on the energy cost of
level cross country travel in the arctic. (Technincal Report No. AAL-TR-65-9). Ft.

Wamnght, AK: Arctic Aeromedical Research Laboratory, 1965.




'_ll

13,

14
R .Stowe, VT: Author. (Avmlable from Tubbs Snowshoe Co Stowe, VT.)

Smolander, L., V Louhevaara, and T. Hakola Cardloresplratory strain durmg

_ walkmg in snow wnth boots of differmg weights Ergonomics, 32 3-13 1989.

" Soule. R G., and RF. Goldman Energy cost of load oamed on the head
-,hands and feet J oprpI Phys 27 68! 690, 1969 .

Soule, R.G., and R F. Goldman Terrain coeﬁionents for energy cost
_predlction J. oprpI Phys, 32 '706-‘708 1972 . _

Tubbs Snowshoe Med1a Guide (199’7) 1997/ 1998 Wholesale Booklet (Brochure)

5, -Worsley, D. Physiological trfal of cold weather clothing and equipmenr '
 Exercise Honky Tonk I. Norway 1974 (Technical Report No. 16/74). Famborough
- Hant (UK): Army Personnel Researoh Estabhelnnent Royal Aircraft Estabhshm'ent ,

1974






