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ABSTRACT
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0U[YVK\J[PVU!;OL:TP[O4HJOPULOHZILLUHWVW\SHYHS[LYUH[P]L[VMYLLIHYL_LYJPZLZILJH\ZLVMWLYJLP]LK
ZHML[`HK]HU[HNLZ>P[O[OLHK]LU[VM[OL1VULZ4HJOPUL4H_9HJRP[PZZ[PSSH]PHISLHS[LYUH[P]L[VMYLL
^LPNO[[YHPUPUN&+VLZ[OL1VULZ4HJOPUL4H_9HJROH]LHIL[[LYJVTIPUH[PVUVMMYLL^LPNO[YLZ\S[Z
combined with enhanced safety?
History:;OL:TP[O4HJOPUL^P[OHÄ_LK]LY[PJHSTV[PVU^HZWPVULLYLKPU[OLSH[L ZHUK^HZHKVW[LK
PUYLZWVUZL[VPUJYLHZLKPU[LYLZ[PUYLZPZ[HUJL[YHPUPUN^OPSL[OL1VULZ4HJOPUL4H_9HJR^LYLPU]LU[LKPU
combination to the path options of a free bar combined with safety consideration.
Bar Path Comparison: ;OLILUJOWYLZZKLHKSPM[HUKWV^LYJSLHUHYLL_LYJPZLZ[OH[KVUV[OH]LH
JVTWSL[LS`SPULHYWH[O;OLZX\H[PUWLYMVYTHUJLPZPKLHSS`SPULHY`L[UV[PUSLHYUPUN[OLL_LYJPZL;OL:TP[O
Machine does not allow the bar path used in major free weight exercises.
Strength Testing:)LJH\ZLVMPUOLYLU[MYPJ[PVUHUKIHYWH[OSPTP[H[PVUZ[OL\ZLVMH:TP[O4HJOPULPU[LZ[PUN
MVYMYLL^LPNO[IHZLKZ[YLUN[ONHPUZPZUV[]HSPK
Conclusions:;OL:TP[O4HJOPULKVLZUV[TH[JO[OLMYLLIHYWH[OVM[OLTHQVYL_LYJPZLZ^OPSL[OL1VULZ
4HJOPUL4H_9HJRHSSV^L_LYJPZLZWLJPÄJHUKPUKP]PK\HSIHYWH[O]HYPH[PVUZHUKTH[JOPUN
2L`>VYKZ!:TP[O4HJOPUL"1VULZ4HJOPUL"4H_9HJR":[YLUN[O"7V^LY";LZ[PUN"-YLL>LPNO[":X\H["
)LUJO7YLZZ
*VUÅPJ[VM0U[LYLZ[!;OPZWHWLY^HZWYVK\JLKI`[OLH\[OVYZHUKUVL_[LYUHSÄUHUJPHSZ\WWVY[ZV\NO[
MYVTNYHU[ZVYV[OLYM\UKPUN;OLH\[OVYZOH]LUVÄUHUJPHSPU[LYLZ[PUWYVK\J[LUKVYZLTLU[MYVTHU`VM[OL
products cited in the paper.
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INTRODUCTION
Traditional barbell exercises are an effective and
popular training methodology for both athletes and
ÀWQHVVHQWKXVLDVWV%HFDXVHWKHEDUEHOOLQYROYHV
overcoming resistance and directing the movement,
those exercises are often favored over machine
YHUVLRQV2, 10, 19, 20, 21, 26
Not only does the athlete/participant gain
strength, but they also gain some postural and
kinaesthetic awareness from the addition of
DFFHVVRU\PXVFOHVWRJXLGHWKHPRWLRQ
Neurologically, a major adaptation to the prime
movers in these exercises is increased ease of
recruitment of additional, and more powerful motor
units as well as the combined, synchronous
LQQHUYDWLRQ+RZHYHUEDUEHOOH[HUFLVHVDQG
VSHFLÀFDOO\WKRVHSHUIRUPHGZLWKDQ2O\PSLFEDU
KDYHDOHDUQLQJFXUYHWRGRWKHPRYHPHQWFRUUHFWO\
20, 21, 26
It appears to be necessary for the participant
to feel their way through the proper technique in the
early stages of training for safety, the reinforcement
of basic, then complex movement patterns and
ultimately power/strength/endurance that can
WKHRUHWLFDOO\EHWUDQVIHUUHGWRVSRUWVDFWLYLWLHV43, 45
Without a spotter or assistance, the use of higher
UHVLVWDQFHORDGVFDQEHDVDIHW\LVVXH,QIDFWUHVHDUFK
E\WKH1DWLRQZLGH&KLOGUHQ·V·+RVSLWDO37 indicated
that dropping the weight was responsible for 65% of
ZHLJKWOLIWLQJLQMXULHV:KLOHWKLVVWXG\VKRZHGWKH
majority of injuries were from ages 14-24, the
incidence of those injuries in age 40 plus are
LQFUHDVLQJGUDPDWLFDOO\7KHVWXG\FLWHGRYHU
weight training-related injuries that were treated in
86KRVSLWDOHPHUJHQF\GHSDUWPHQWVEHWZHHQWKH
period of 1990 and 2007, increasing nearly 50
SHUFHQWGXULQJWKH\HDUVWXG\SHULRG7KH
commonality of these injuries is a likely reason for
WKHHDUO\DGRSWLRQRI WKH6PLWKPDFKLQH$OVRWKH
LQFUHDVHLQ$&/LQMXULHVLQIHPDOHDWKOHWHVDQG
increased shoulder injuries has probably fueled the
LQWHUHVWLQWKH6PLWKPDFKLQH+RZHYHUWKHUHZDV
DOPRVWQRHYLGHQFHWKHDGRSWLRQRI WKH6PLWK
machine was even a partial answer to reducing these
LQMXULHV
7KH6PLWKPDFKLQHZDVLQYHQWHGDQGWRXWHGWREH
a safer means of barbell lifting as it took out path

variability and had greater safety compared to a
EDUEHOOH[HUFLVH7KH-RQHV0D[5DFNPDFKLQHZDV
invented to allow for safety yet have the bar move in
XVHUGHÀQHGSDWKVRI PRWLRQZLWKRXWUHVWULFWLRQ
ZLWKDGGHGVDIHW\IHDWXUHV,VWKH-RQHV0D[5DFN
PDFKLQHPRUHHIIHFWLYHDQGMXVWDVVDIHDVWKH6PLWK
PDFKLQH",VWKH-RQHV0D[5DFNDUHODWLYHO\JRRG
substitute for a free weight bar yet with added safety?

HISTORY
Smith Machine History
7KH6PLWKPDFKLQHZDVOLNHO\LQYHQWHGWRDGG
safety to the large muscle group exercises such as the
VTXDW54 The machine is purported to have been
LQYHQWHGRULJLQDOO\E\$PHULFDQ-DFN/D/DQQHZKR
developed this as a sliding apparatus alternative to a
IUHHEDUIRUVTXDWV/RUHQRWHVWKDW5XG\6PLWKD
PDQDJHURI DEDWKKRXVHFORVHWR/D/DQQHREVHUYHG
WKHSLHFHDQGWKHQGLUHFWHG3DXO0DUWLQWRÀQHWXQH
WKHGHVLJQ7KHÀUVWFRPPHUFLDODSSOLFDWLRQRI WKH

Figure 1 LifeFitness Smith machine. Used with permission by
LifeFitness.

Volume 5, Issue 3, December 2016 | JOURNAL OF FITNESS RESEARCH

4

6PLWKPDFKLQHDSSHDUVWREH9LF7DQQ\·VJ\PLQWKH
/RV$QJHOHVDUHD
6RPHWLPHLQWKHODWH·V5XG\6PLWKEHFDPH
an executive in Tanny’s gyms on the west coast of
WKH8QLWHG6WDWHVDQGWKH6PLWKPDFKLQHZDVEHLQJ
PDQXIDFWXUHGDQGVROGPRUHZLGHO\,QWKHSHULRG
from 1985 onward, almost all commercial exercise
equipment companies produced their version of the
6PLWKPDFKLQHWRDSSHDOWRWKRVHZKRZHUH
interested in free weight training but wanted an
element of perceived safety without using a spotter
RUDVVLVWDQFH
Unlike a free bar exercise, there is a vertical post/
guide that directs the motion on plane vertically up
RUGRZQ%HFDXVHRI WKLVIHDWXUHWKHEDURQWKH
6PLWKPDFKLQHFDQRQO\PRYHYHUWLFDOO\DORQJWKH
WUDFNLWFDQQRWPRYHIRUZDUGEDFNZDUGRUVLGHZD\V
Contrast this to the independent arm movement in a
dumbbell where the right side can move at a different
speed, a different path and even a different amount
RI WUDYHOWKDQWKHOHIW7KLVZDVLQLWLDOO\VHHQDVD
safety advantage when combined with a safety-catch
V\VWHP
%HKLQGDYHUWLFDOSRVW UXQQHU LVDVHULHVRI VORWV
on which the barbell/weight bar can be hooked or
SODFHG8QOLNHDQRUGLQDU\EDUEHOOWKH6PLWK
PDFKLQHGHSHQGLQJXSRQVSHFLÀFGHVLJQFDQEH
re-secured at almost any point in the exercise,
generally with a turn or the wrist to attach into the
FDWFKHV7KHUDWLRQDOHZDVOLNHO\VDIHW\IRUWKRVHZKR
lift without assistance, as the exercisers only need to
twist the wrist in to lock the barbell in place when
WKHZHLJKWEHFRPHVWRRJUHDW0DQ\YDULDWLRQV
incorporate blocks, pegs, or other devices/
accessories that can be adjusted to stop the barbell at
DVSHFLÀHGPLQLPXPKHLJKW
While not formally advocated by any industry
group, many feel that locking the bar forward and
unlocking the bar backwards is preferable to the
UHYHUVH,QDGGLWLRQLWLVFRPPRQIRUVTXDWVWREH
performed with the bar behind the user, while incline
and military press motions seem to favor the bar in
IURQWRI WKHXVHU,I D6PLWKPDFKLQHZLWKDQDQJOH
such as 5 or 7 degrees is used, it is more likely to be
used for bench press motions with the bar moving
IURPPLGFKHVWWRRYHUWKHVKRXOGHUV

Figure 2 Matrix Smith machine. Used with permission by
Matrix Fitness.

8QOLNHDIUHHEDUWKHEDURQD6PLWKPDFKLQHRQO\
PRYHVLQRQHSODQH%HFDXVHOLIWLQJRQD6PLWK
machine requires less stabilisation by the lifter, some
OLIWHUVFDQOLIWPRUHZHLJKWRQD6PLWKPDFKLQHWKDQ
on a free bar if the motion is purely a vertical motion
or one that is matched kinaesiologically with the
PHFKDQLFDOSDWKRI WUDYHO
,WLVLPSRUWDQWWRUHPHPEHUWKDWZKHQ-DFN
/D/DQQHDQGRWKHUVSLRQHHUHGWKH6PLWKPDFKLQH
they used it as one component of a full strength and
WRQLQJUHJLPHXWLOLVLQJIUHHZHLJKWVDVZHOO7KHVH
individuals likely never intended it to be used,
particularly, to isolate and necessarily take the place
of free bar activities that were the dominant
UHVLVWDQFHWUDLQLQJPHWKRGV
$QRWKHUIDFWRULVXQGHUVWDQGLQJRI PRYHPHQW
mechanics and kinaesiological analysis gained
dramatically in the period from 1980-1998, where a
vast amount of literature started the process of
quantifying and describing the mechanical paths and
EHQHÀWVRI PDMRUIUHHZHLJKWH[HUFLVHV0DQ\´ROG
time” training devices were part of the magic of that
particular gym and expert before that, with little
HYLGHQFHRI WKHLUHIÀFDF\H[FHSWWKHSRVVLELOLW\WKH\
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worked because they were different in the muscular
VWUHVVSODFHGXSRQWKHV\VWHP0DQ\RI WKH
personalities who ran these gyms were both
dedicated and genetically gifted to the point that
VSHFLÀFWUDLQLQJUHJLPHVDQGH[HUFLVHSULQFLSOHVZHUH
not as much of their success as their genetics
FRPELQHGZLWKZRUNHWKLF19, 27, 28
$VIUHHZHLJKWWUDLQLQJEHFDPHPRUHSRSXODU
athletic/health clubs and school settings gravitated
WRZDUGVWKH6PLWKPDFKLQHV7KHUHDVRQZDVVLPSOH
it appeared to be a free weight bar apparatus with a
PXFKLPSURYHGVDIHW\RSWLRQ
:KLOHWKH6PLWKPDFKLQHVHHPVWRUHGXFH
potential injury with the addition of the bar holding
apparatus, it may be that is can do more harm than
good when utilising it for exercises that do not match
WKHSUHGHWHUPLQHGWUDFNVXFKDVWKHEHQFKSUHVV
,QMXULHVZKLOHXVLQJWKH6PLWK0DFKLQHKDYHEHHQ
attributed to improper use of the apparatus as well as
a lack of maintenance, supervision, and initial
LQVWUXFWLRQ1RGDWDKDVEHHQJDWKHUHGWRGDWHDERXW
WKHORQJWHUPXVHRI 6PLWKPDFKLQHVLQWKLVUHJDUG
Jones Machine/MaxRack History
%HIRUHWKHUHZDVWKH-RQHVPDFKLQHWKHUHZDVWKH
0D[5DFNLQYHQWHGLQE\6WHYH6NLONHQ7KHVH
machines provide simultaneous horizontal and
vertical exercise motion along a rail system with
OLQHDUEHDULQJV7KHGHVLJQDOORZHGWKHH[HUFLVHEDU
to follow a front-to-back exercise motion but still
eliminated the side-to-side balancing aspects of using
DIUHHEDU,QHVVHQFHWKH\DOORZHGPRWLRQLQWKH
frontal plane, but not an independent motion on
either side that would be found in a free bar exercise
VXFKDVWKHEHQFKSUHVV7KHGHYLFHSURYLGHGD
combination of the balance and coordination needed
to perform free weight exercises and the single plane
PRWLRQRI DWUDGLWLRQDO6PLWKPDFKLQH7KLVGHVLJQ
also provided the ability to perform exercises such as
lunges that require horizontal movement forward
DQGEDFNZDUG
&XUUHQWO\WKH0D[5DFNKDVOLFHQVHGWKHSDWHQWWR
WZRFRPSDQLHV,WLVPDQXIDFWXUHGDQGVROGE\
6WDU7UDF1DXWLOXVDVWKH0D[5DFN7KH0D[5DFN
XQGHUZHQWIXUWKHUGHYHORSPHQWE\WKH$PHULFDQ
FRPSDQ\%RG\&UDIWE\DGGLQJWZRIXQFWLRQDO

Figure 3 BodyCraft Jones machine. Used by permission of
BodyCraft Fitness.

elements; the bar hooks and safety catches traveling
in unison with the lifting bar as well as bar balance
via tilting provided by the axial bearing system on the
JXLGHURGV7KXVWKH-RQHVPDFKLQHLQFRUSRUDWHV
ZKDWFDQEHFRQVLGHUHGD´QDWXUDOµOLIWRII DQG
re-rack at any point in the exercise and range of
PRWLRQ7KH-RQHVPDFKLQHZLOODOVRORFNWKH
KRUL]RQWDOUDLOVWRHVVHQWLDOO\PDNHD6PLWKPDFKLQH
These features are not available in free weight
V\VWHPVDQG6PLWKPDFKLQHV,WFDQEHSRVWXODWHG
that these abilities might lead to solo exercisers
pushing to a particular limit when fatigue may be
SUHVHQWEHFDXVHWKHÁRDWLQJEDUFDQEHVHFXUHGDW
DQ\SRLQWLQWKHUDQJHRI PRWLRQ
It can also be theorised that those exercisers who
are taught proper bar path, and are kinaesthetically
aware of path deviations can stop the exercise at that
SRLQWWRHQVXUHFRUUHFWEDUSDWKDQGWUDLQLQJUHVXOWV
2, 6, 13, 14, 20, 38
Is this less likely to occur with a free bar
YHUVLRQRUD6PLWKPDFKLQH"
$VIHZLQGLYLGXDOVDUHHQWLUHO\V\PPHWULFDOIURP
right to left regarding strength and accessory

Volume 5, Issue 3, December 2016 | JOURNAL OF FITNESS RESEARCH

6

Figure 4 Front lunge performed on Jones machine. Used with
permission by BodyCraft Fitness.

muscular usage, this potentially forces the user to
balance the bar during the exercise in this plane of
PRWLRQ)RUH[DPSOHLI WKHH[HUFLVHUZHUH
performing a bench press with a slight curve to the
lifting motion going from approximately the sternum
to over the shoulder capsule, the bar would move
with the path of motion determined by the user and
the user would have to ensure the bar moves evenly
LQDOOWKUHHSRVVLEOHPRWLRQVRUSODQHVZLWKFRQWURO
The same is theoretically true with exercises like
OXQJHVDQGVTXDWV
$VQRWHGWKH-RQHV0DFKLQHLVGLIIHUHQWIURPWKH
0D[5DFNLQWKLVEDODQFHEDUIHDWXUHDQGWKHDELOLW\WR
have safety catches move with the bar anywhere in
WKHSODQHRI WUDYHO)URPDSUDFWLFDOSHUVSHFWLYHWKH
-RQHVPDFKLQHDSSHDUVWRIXQFWLRQDVDIUHHEDUZLWK

safety stops and catches that travel with the user at
DQ\SRLQWLQWKHH[HUFLVHXQOLNHPRVW6PLWK
PDFKLQHV7KH0D[5DFNV\VWHPVUHTXLUHWKHXVHUWR
re-rack the bar on either the front of back of the
FDJH
$WWKHVDPHWLPHWKDWWKH6PLWKPDFKLQHZDV
becoming more available from various
manufacturers, the concept of Closed Kinetic Chain
exercise was widely discussed and interpreted in
VSRUWVPHGLFLQHDQGVSRUWVVFLHQFHFLUFOHV7KLVOLNHO\
DGGHGWRWKHUDWLRQDOHIRUXVLQJD6PLWKPDFKLQH
HVSHFLDOO\LQWKH·V4, 24, 54
,QDFWXDOLW\WKH6PLWKPDFKLQHDVZHOODVWKH
-RQHV0D[5DFNPDFKLQHVDUHFORVHGFKDLQH[HUFLVH
DSSDUDWXV&ORVHG.LQHWLF&KDLQH[HUFLVHVRUFORVHG
FKDLQH[HUFLVHVKDYHEHHQGHÀQHGDVSK\VLFDO
H[HUFLVHVSHUIRUPHGZKHUHWKHKDQG XSSHUERG\ RU
IRRW ORZHUERG\ LVÀ[HGLQVSDFHDQGFDQQRWPRYH
Closed chain exercises often use compound
movements that incur compressive forces, like the
VTXDWRUWKHGHDGOLIW$QRWKHUIDFWRULQWKHLQLWLDO
GHÀQLWLRQ&.&DFWLYLWLHVZDVWKDWWKHH[WHUQDO
UHVLVWDQFHZDV´FRQVLGHUDEOHµIRUFLQJRI WKH
recruitment of multiple muscle groups to overcome
WKHUHVLVWDQFH
The foot or hand remains in constant contact with
the immobile surface, usually the ground or the base
RI DPDFKLQH2SHQ.LQHWLF&KDLQH[HUFLVHVDUH
where the foot or hand moves a lever arm that is not
À[HGWRWKHJURXQGRUWKHDSSDUDWXV$FRPPRQ
example is the leg extension movement and many
IXQFWLRQDOH[HUFLVHV,WKDVEHHQIHOWE\PDQ\WKDW
open-chain exercises, often isolation movements,
SURPRWHPRUHVKHDULQJIRUFHV
Closed Kinetic Chain exercises involve multiple
muscle groups and joints simultaneously rather than
FRQFHQWUDWLQJVROHO\RQRQHDVPDQ\2.&H[HUFLVHV
GR VLQJOHMRLQWPRYHPHQWV OHQGLQJWKH&.&WR
more multiple strength gains and likely more
LPSURYHPHQWRI DWKOHWLFDFWLYLWLHV
6RE\HDUO\DQGDFFHSWHGGHÀQLWLRQVWKHFRPPRQ
exercises of squat, deadlift and bench press are CKC
H[HUFLVHDVHLWKHUWKHIHHWRUEDFNDUHÀ[HGLQWKH
H[HUFLVHDQGWKHEDUUHPDLQVÀ[HGWRWKHH[WUHPLW\
,QFRQWUDVW2.&H[HUFLVHVKDYHDURWDU\FRPSRQHQW
isolate the joint motion, and stress a single muscle
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Table 1: Comparison of Some Common Smith Machines, MaxRack, and Jones Machines.
6DPSOH6PLWK0DFKLQH-RQHV0D[5DFN6SHFL¿FDWLRQV
Smith Machines
Manufacturer

Weight of starting/Bar

Angle

Life Fitness

45

0, 7 degrees forward

Cybex

15, counter balanced

0 degrees

Matrix

15, counter balanced

0, 7 degrees forward

Body Solid

13/45

O or 7 degrees

Tuff Stuff

10/45

0 or 7 degrees

Inspire

45

0 degrees

3D Machines
Manufacturer

Weight of starting/Bar/Movements/Notes

StarTrac/Nautilus

45
Movement: Frontal, Sagittal Plane
Catches/Safety Rack: One on the bottom to set maximum depth which cannot be
performed while in the machine, bar must be racked/stopped by moving bar to the front
or back of the machine.

BodyCraft Jones

45
Movement: Frontal, Sagittal & unequal Frontal with right and left sides on a U-joint
bearing system that promotes the user balancing the bar by allowing the right and left
side of the bar to move independently in a vertical/tilting motion.
Catches/Safety Rack: Bar depth is set with a spring-loaded bumper that can be set
anywhere along the rail height, and can be set while the user is in the machine. Bar
can be racked at any point in the range of motion or by re-catching the bar-catch on the
safety hooks, travels with the user and the exercise.
Additional: Floating guides on the bottom railing can be locked, essentially creating a
standard Smith machine if desired.

group with little contribution regarding coFRQWUDFWLRQ$SULPHH[HUFLVHLVWKHOHJH[WHQVLRQ
Path Comparison: Bench Press & Squat
There has been some consensus about how to
SHUIRUPWKHEHQFKSUHVV$QDO\VLVRI SRZHUOLIWHUV
and those with exceptionally high maximal lifts
compared to body weight strongly suggest that the
bar follows a somewhat curved path for maximal
FRQWUDFWLOHSRZHUDQGHIÀFLHQF\2, 14, 34, 35
In this school of technique, the bar starts at
approximately the sternum, and as the individual
presses upward, the bar begins a slight path backward
DQGHQGVGLUHFWO\RYHUWKHVKRXOGHUV,QWKLVIDVKLRQ

the larger muscles of the chest start the motion, and
WKHPRWLRQLVÀQLVKHGE\WKHVKRXOGHUDUHDDWDSRLQW
RI PHFKDQLFDODGYDQWDJHDWWKHHQGSRLQW7KHH[DFW
muscles used are a function of the path, grip
orientation, grip width, bench angle and direction to
WKHEDU
,QFRPSDUDWLYHHYDOXDWLRQVVSHFLÀFDOO\ZLWKWKH
bench press motion, the free bar did invoke higher
OHYHOVRI PXVFXODUDFWLYDWLRQWKDQWKH6PLWKPDFKLQH
8, 33, 44, 50
2QHVWXG\XVHG(OHFWURP\RJUDSK\ (0* 
data to compare anterior deltoid, medial deltoid, and
pectoralis major at different repetition maximum
OHYHOV7KHFRQFOXVLRQRI WKHVWXG\VKRZHGJUHDWHU
activation of the medial deltoid when performing the
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challenge the glenohumeral joint more and more
PXVFOHVZLOOEHXVHG
In a comparison of true one repetition
PD[LPXPVWKHZHLJKWOLIWHGRQD6PLWKPDFKLQHZDV
less than a free bar exercise in those with moderate
OLIWLQJWUDLQLQJH[SHULHQFH,WFRXOGEHSRVWXODWHG
WKDWD-RQHVPDFKLQHZLWKWKHUGPRWLRQWKDWRI 
independence of right to left motion would invoke a
VLPLODU(0*UHVSRQVHVLPLODUWRGXPEEHOOVRUDIUHH
EDU3
$QRWKHULQYHVWLJDWLRQQRWHGWKDWWHVWLQJRQWKH
6PLWKPDFKLQHZLWKDFRXQWHUEDODQFHWRPHDVXUH
the abilities in explosive movements such as a bench
Figure 5. Bar path of elite powerlifters in the bench press,
McLaughlin, Bench press techniques of elite heavyweight
powerlifters, 1984. Used with permission by the National
Strength & Conditioning Association.

free weight bench press independently of the load
and experience that each subject had with the
H[HUFLVH7KHKLJKHUDFWLYDWLRQRI WKHPHGLDOGHOWRLGV
ZDVGXHWRWKHLQVWDELOLW\ZKHQXVLQJIUHHZHLJKW
The anterior deltoid and pectoralis major muscles did
QRWVKRZDQ\GLIIHUHQFHVLQDFWLYDWLRQ$FFRUGLQJWR
the study, using the free weight bench press is more
applicable to athletes because the instability will

Figure 6, Bench press motion illustration, Algra, An In-Depth
Analysis of the Bench Press, 1982. Used with permission by
the NSCA.

Figures 7/8, Squat motion and major muscle usage, O’Shea,
The Parallel squat, 1985. Used with permission by the NCSA.
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press underestimates actual weight lifted and power
PHDVXUHVE\5 )RUWHVWLQJRI H[SORVLYH
movements, the use of a counterbalance system
likely increases in the net external load during the
FRQFHQWULFSKDVH7KHUHIRUHDFRXQWHUEDODQFH
V\VWHPDIHDWXUHRI PDQ\6PLWKPDFKLQHVVKRXOG
not be used for explosive movement performance
WHVWLQJDFFRUGLQJWRWKLVVWXG\
In contrast, the squat exercise, when performed
with the bar on the back, has more of a linear or
YHUWLFDOPRWLRQ1, 7, 31
$VWKHSDUWLFLSDQWOLIWVWKHEDURII WKHVWDUWLQJ
catches, the lowering motion is ideally performed
with the knees moving forward with the hips moving
backward to essentially keep weight distribution in
WKHPLGGOHRUFORVHWRWKHPLGVWRI WKHIRRW$VWKH
participant squats deeper, the larger muscles are
PRUHSRZHUIXOO\HQJDJHGLQWKHKLSVDQGOHJV
9DULDWLRQVRFFXUZLWKVWDQFHIURQWRUEDFNSRVLWLRQ
IRRWSODFHPHQWDQGHYHQJULS1, 6, 7, 13, 16, 17, 18, 32, 39, 55, 56
6TXDWVRQDIUHHEDULQ(0*PHDVXUHPHQWZHUH
demonstrated to have higher activation in the
gastrocnemius, biceps femoris, and vastus medialis
PXVFOHV DQGSHUFHQWJUHDWHU ZKHQ
FRPSDUHGWRWKHVDPHPRYHPHQW VTXDWV 
SHUIRUPHGRQWKH6PLWKPDFKLQH46 6LQFHERWKWKH
-RQHVPDFKLQHDQGWKH0D[5DFNDUHPRUHOLNHDIUHH
EDUWKDQD6PLWKPDFKLQHLWFRXOGEHSRVWXODWHG
(0*UHVXOWVZRXOGEHVLPLODUZKHQFRPSDUHGWRWKH
6PLWKPDFKLQHIRUWKLVPRYHPHQW2QHVWXG\GLG
note that women in the study had a higher one
UHSHWLWLRQPD[LPXPRQWKH6PLWKPDFKLQHWKDQWKH
free bar, yet possible rationale beyond the lessened
need for balance and bar stabilisation was not
HODERUDWHG8 $OVRWKHVTXDWH[HUFLVHRQDIUHHEDU
appears to have more potential for the range of
motion and depth of movement versus a smith
PDFKLQHZKHUHWKHWUDFNLVVHWE\WKHEDU22
It should be noted a limited amount of research
concluded that the bar path changes with fatigue,
especially early in technique acquisition, indicative
that certain muscle groups are not able to withstand
WKHORDGDQGFRQWULEXWHLQDFRRUGLQDWHGIDVKLRQ3,
7,10, 13, 14, 20, 36, 45, 48
7KXVDIUHHEDURU-RQHV0D[5DFN
machine may indicate the technique is diminishing
via incorrect bar path, and the athlete should stop or

Figures 9/10, Bar path and major muscles of the deadlift,
Gotschalk, Analysis of the deadlift, 1985. Used with
permission by the NSCA.

OLPLWWKHH[HUFLVH
While not compared in both modalities, the
deadlift exercise does appear to have a slight
movement of bar forward and backward as well as
vertical to avoid the shins and for optimum motor
XQLWUHFUXLWPHQW21
+RZGRHVOHDUQLQJRFFXULQIUHHZHLJKWEDU
exercises?
In most cases, instructors/trainers/coaches start
with a light load and attempt to teach the correct
PRWLRQWRWKHLQGLYLGXDO,WLVTXLWHFRPPRQGXULQJ
initial attempts for the bar to wander off the
LQWHQGHGSDWKGXHWRDYDULHW\RI IDFWRUV7KHVH
include lack of stabilisation in accessory muscular
JURXSVODFNRI ÁH[LELOLW\LQWKHMRLQWVVWUHVVHGGXULQJ
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Figure 11, Teaching exercise examples snatch and clean and
jerk. Javorek, Teaching of technique in the snatch and the
clean and jerk, 1986. Used by permission of NSCA.

the lift, the lack of coordination when performing a
QHZDFWLYLW\DQGODFNRI VSHFLÀFFRQWULEXWLQJ
VWUHQJWKLQWKHDIIHFWHGPXVFOHJURXSV1, 2, 20, 38
%HFDXVHRI WKHVHYDULDEOHVLWLVFRPPRQIRUWKRVH
just learning these exercises to demonstrate gains in
the resistance used because the individual has learned
the motion and improved neurological coordination,
and not necessarily impacted the larger muscles used
LQWKHPRWLRQ$OVRWKHPDMRUOLIWVDUHRIWHQ
separated into smaller skills, most of which require
WKHEDUWRIROORZDQRQOLQHDUSDWK27

In essence, many individuals gain performance in
the exercise initially because of coordination gains,
and once that general coordination and muscular
recruitment is maxed, then further and substantial
VWUHQJWKJDLQVRFFXU130DQ\VWUHQJWKDQG
conditioning coaches favor free weight motions for
the reason that the accessory and secondary
muscular groups contribute, useful in generating
more force and power in the application of sports
PRYHPHQWV5, 21, 26, 33, 38, 43, 45
In the limited studies performed on the squat, the
6PLWKPDFKLQHKDGIDUOHVVPXVFXODUDFWLYLW\
UHFRUGHGZLWK(0*WKDQSHUIRUPLQJWKHVDPH
H[HUFLVHZLWKDIUHHEDU7KLVDSSHDUVWRGHPRQVWUDWH
that for training, bars that allow a free range of
motion in as many directions as possible simply have
a higher activation of the same motor units and
DGGLWLRQDOPRWRUXQLWV$GGLWLRQDOO\EHFDXVHWKHEDU
LVÀ[HGRQHVWXG\GHPRQVWUDWHGWKHVXEMHFWV
changed foot position from a normal free bar version
to try to accommodate force requirements by placing
the feet farther away from the knee during the
H[HUFLVH1, 6, 8, 472QHFRXOGSRVWXODWHWKDWIUHHEDU
trained individuals would not perform at the same
OHYHORQD6PLWKPDFKLQHDQGYLVDYHUVD
6WUHQJWK7HVWLQJ$SSOLFDWLRQVRI 6PLWK0DFKLQH
YV)UHH:HLJKW-RQHV0D[5DFN0DFKLQH
6RPHFOXEVDQGVSRUWVSHUIRUPDQFHSURJUDPV
while using free weights for training, have used the
6PLWKPDFKLQHWRTXDQWLI\VWUHQJWKJDLQV,I WKH
results were consistent, this would appear to provide
a safer means to test athletes than relying on bar
H[HUFLVHVZLWKPXOWLSOHVSRWWHUVLQDJURXSVLWXDWLRQ
7KHWUHQGRI WKHVHVWXGLHVZDVVLPSO\WKDWWKH6PLWK
machine did not approximate the actual weight that
FRXOGEHOLIWHG7KLVZDVOLNHO\GXHWRWKHIDFWWKHEDU
did not move in the same mechanical path and had
PRUHLQKHUHQWIULFWLRQEHFDXVHRI WKHÀ[HGPRWLRQ
$GGLWLRQDOO\VRPH6PLWKPDFKLQHVDUH
counterbalanced, adding another source of inherent
IULFWLRQ
It should also be noted that the results of such
VWXGLHVQHHGWREHTXDQWLÀHGDQGYLHZHGFRQVLGHULQJ
WKHDQJOHRI WKHJXLGHURGVDV6PLWKPDFKLQHVKDYH
variations including vertical or 0 degrees, a 5-degree
DQJOHDQGHYHQDGHJUHHDQJOH7KXVD6PLWK
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machine with a 7-degree angle could be postulated to
give a better view of maximal capabilities in the
bench press by matching somewhat the curved lifting
SDWWHUQ+RZHYHULQWKHVTXDWZKLFKLVFOHDUO\PRUH
vertical, a machine with this angle would probably
LQKLELWUHVXOWDFFXUDF\ZKHUHD6PLWKPDFKLQHDWD
GHJUHHDQJOHZRXOGOLNHO\VKRZPRUHVLPLODULW\

CONCLUSION
In the search for effective resistance training gains
combined with the safety of the participant, the
6PLWKPDFKLQHLQLWLDOO\DSSHDUHGWREHDYLDEOH
answer to melding both goals, especially early on in
WKHPRGHUQHUDRI UHVLVWDQFHWUDLQLQJ+RZHYHUDV
WUDLQLQJWKHRU\DQGTXDQWLÀFDWLRQDGYDQFHGLW
EHFDPHDSSDUHQWWKDWWKH6PLWKPDFKLQHGLGQRW
fully replicate free bar training either in training
UHVXOWVRUWHVWLQJVLWXDWLRQV
The reason appears to be the bar in major
H[HUFLVHVUDUHO\IROORZVDVWUDLJKWYHUWLFDOOLQH7KH
one exercise where a vertical line of travel is close to
RSWLPDOLVWKHVTXDW+RZHYHULQDQH[HUFLVHVXFKDV
DVTXDWRQD6PLWKPDFKLQHWKHODFNRI XVLQJWKH
accessory muscles to balance and direct the motion
likely has an adverse effect on both strength
development and transfer to sports and athletic
SHUIRUPDQFH
,QERWKWUDLQLQJDQGWHVWLQJWKH6PLWKPDFKLQH
does not appear to be a reasonable substitute when
considering results compared to a free bar or a
-RQHV0D[5DFNPDFKLQH
Physical therapists, coaches and trainers should be
DZDUHRI WKHVHGLVWLQFWLRQV)URPDSHUIRUPDQFHDQG
UHVXOWVSHUVSHFWLYHWKHIUHHEDUDQG-RQHV0D[5DFN
RSWLRQVDUHVXSHULRUWRD6PLWKPDFKLQHLQOHDUQLQJ
performing and testing with the major free bar
H[HUFLVHVXVHGLQPRGHUQWUDLQLQJ

REFERENCES
 $EHOEHFN.*  %LRPHFKDQLFDOPRGHODQG
HYDOXDWLRQRI DOLQHDUPRWLRQVTXDWW\SHH[HUFLVH
Journal of Strength & Conditioning Research  

 $OJUD%  $Q,Q'HSWK$QDO\VLVRI WKH

%HQFK3UHVVNational Strength & Conditioning
Association Journal  
 $WOH+ROH6DHWHUEDNNHQ$7YDQGHQ7LOODDU5
)LPODQG0  $FRPSDULVRQRI PXVFOH
DFWLYLW\DQG50VWUHQJWKRI WKUHHFKHVWSUHVV
H[HUFLVHVZLWKGLIIHUHQWVWDELOLW\UHTXLUHPHQWV
Journal of Sports Sciences  
 %XFNOH\-  &ORVHGNLQHWLFFKDLQ²DQRSHQ
or shut case? Frontline
 %XGGKDGHY++9LQJUHQ-/'XSODQW\$$
DQG+LOO':  0HFKDQLVPVXQGHUO\LQJWKH
reduced performance measures from using
HTXLSPHQWZLWKDFRXQWHUEDODQFHZHLJKWV\VWHP
Journal of Strength & Conditioning Research,  
²
 &KLX/=)+HLOHU-DQG6RUHQVRQ6&  
6LWWLQJEDFNLQWKHVTXDWJournal of Strength &
Conditioning Research, ²
 &ODUN'5/DPEHUW0,+XQWHU$0  
0XVFOHDFWLYDWLRQLQWKHORDGHGIUHHEDUEHOOVTXDW
DEULHI UHYLHZJournal of Strength & Conditioning
Research,   
 &RWWHUPDQ0/'DUE\/$6NHOO\:$  
Comparison of muscle force production using the
6PLWKPDFKLQHDQGIUHHZHLJKWVIRUEHQFKSUHVV
DQGVTXDWH[HUFLVHVJournal of Strength &
Conditioning Research,   
 &RUPLH30F&DXOOH\*27ULSOHWW71DQG
0F%ULGH-0  2SWLPDOORDGLQJIRUPD[LPDO
power output during lower-body resistance
H[HUFLVHVMedicine & Science, in Sports & Exercise,
²
&URQLQ-6OHLYHUW*  &KDOOHQJHVLQ
XQGHUVWDQGLQJWKHLQÁXHQFHRI PD[LPDOSRZHU
WUDLQLQJRQLPSURYLQJDWKOHWLFSHUIRUPDQFHSports
Medicine,²
'HFNHU0.URQJ-3HWHUVRQ'$QVWHWW77RUU\
0*LSKDUW('XIIH\0-&KDOOLV-+  
)DWLJXH(IIHFWVRQEDUNLQHPDWLFVGXULQJWKH
EHQFKSUHVVJournal of Strength & Conditioning
Research.  
'HUZLQ%3  7KHVQDWFKWHFKQLFDO
GHVFULSWLRQDQGSHULRGL]DWLRQSURJUDPNational
Strength & Conditioning Association Journal.   

'XIIH\0-&KDOOLV-+  )DWLJXHHIIHFWVRQ

Volume 5, Issue 3, December 2016 | JOURNAL OF FITNESS RESEARCH

12

EDUNLQHPDWLFVGXULQJWKHEHQFKSUHVVJournal of
Strength & Conditioning Research,  
'XIIH\0-DQG&KDOOLV-+  9HUWLFDODQG
lateral forces applied to the bar during the bench
SUHVVLQQRYLFHOLIWHUVJournal of Strength &
Conditioning Research,   
(VFDPLOOD5))OHLVLJ*6=KHQJ1/DQGHU
-(%DUUHQWLQH6:$QGUHZV-5%HUJHPDQQ
%:0RRUPDQ&7UG  %LRPHFKDQLFVRI 
the knee during closed kinetic chain and open
NLQHWLFFKDLQH[HUFLVHVMedicine & Science in Sports
& Exercise,  
(VFDPLOOD5))OHLVLJ*6/RZU\70
%DUUHQWLQH6:$QGUHZV-5  $WKUHH
dimensional biomechanical analysis of the squat
GXULQJYDU\LQJVWDQFHZLGWKVMedicine & Science in
Sports & Exercise,²
(VFDPLOOD5))OHLVLJ*6=KHQJ1/DQGHU
-(%DUUHQWLQH6:$QGUHZV-5%HUJHPDQQ
%:0RRUPDQ&7  (IIHFWVRI WHFKQLTXH
variations on knee biomechanics during the squat
DQGOHJSUHVVMedicine & Science in Sports &
Exercise, ²
)U\$&6PLWK&6FKLOOLQJ%.  (IIHFW
of knee position on hip and knee torques during
WKHEDUEHOOVTXDWJournal of Strength & Conditioning
Research, ²
*DLQHV&%XWOHU*Pumping Iron: The Art
and Sport of Bodybuilding. 1HZ<RUN6LPRQDQG
6FKXVWHU
*DUKDPPHU-  .LQHVLRORJLFDO(YDOXDWLRQ
RI WKH3RZHU&OHDQNational Strength &
Conditioning Association Journal,  
*RWVFKDON/$QDO\VLVRI WKHGHDGOLIW  
National Strength & Conditioning Association Journal,
  
*XWLHUUH]$%DKDPRQGH5(  .LQHPDWLF
analysis of the traditional back squat and smith
PDFKLQHVTXDWH[HUFLVHV,QISBS-Conference
Proceedings Archive, 9ROXPH1R 
+DOHV0(-RKQVRQ%)DQG-RKQVRQ-7  
Kinematic analysis of the powerlifting style squat
DQGWKHFRQYHQWLRQDOGHDGOLIWGXULQJFRPSHWLWLRQ
Is there a cross-over effect between lifts? Journal of
Strength & Conditioning Research,²
+RSNLQV-7,QJHUVROO&'6DQGUH\0$

%OHJJL6'  $Q(0*FRPSDULVRQRI IRXU
closed chain exercise with limited knee range of
PRWLRQJournal of Athletic Training  6XSSO
6
,UHODQG0/  7KHIHPDOH$&/:K\LVLW
more prone to injury? Orthopedic Clinics of North
America,²
-DYRUHN,  7HDFKLQJRI WHFKQLTXHLQWKH
VQDWFKDQGWKHFOHDQDQGMHUNNational Strength &
Conditioning Association Journal,   
.HQQHG\-)7KHVRIW$PHULFDQSports
Illustrated, 'HFHPEHU 
.HQQHG\-)7KHYLJRUZHQHHGSports
Illustrated, -XO\ 
.ROEHU0-%HHNKXL]HQ.6&KHQJ066
+HOOPDQ0$  6KRXOGHULQMXULHVDWWULEXWHG
WRUHVLVWDQFHWUDLQLQJDEULHI UHYLHZJournal of
Strength & Conditioning Research,  
/XHEEHUV3()U\$&  7KH.DQVDV6TXDW
7HVW0RGDOLW\&RPSDULVRQ)UHH:HLJKWVYV6PLWK
0DFKLQHJournal of Strength & Conditioning Research,
0DU>(SXEDKHDGRI SULQW@
0F%ULGH-06NLQQHU-:6FKDIHU3&+DLQHV
7/.LUE\7-  &RPSDULVRQRI NLQHWLF
YDULDEOHVDQGPXVFOHDFWLYLW\GXULQJDVTXDWYVD
ER[VTXDWJournal of Strength & Conditioning
Research,  ²
0F&DZ670HOURVH5  6WDQFHZLGWKDQG
bar load effects on leg muscle activity during the
SDUDOOHOVTXDWMedicine & Science in Sports &
Exercise,²
0F&DZ67)ULGD\--  $FRPSDULVRQRI 
muscle activity between a free weight and machine
EHQFKSUHVV Journal of Strength & Conditioning
Research,
0F/DXJKOLQ70  %HQFKSUHVVWHFKQLTXHV
RI HOLWHKHDY\ZHLJKWSRZHUOLIWHUVNational Strength
& Conditioning Association Journal,   
0F/DXJKOLQ70'LOOPDQ&-/DUGQHU7-
 $NLQHPDWLFPRGHORI SHUIRUPDQFHLQWKH
SDUDOOHOVTXDWE\FKDPSLRQSRZHUOLIWHUVMedicine &
Science in Sports & Exercise,²
0F/DXJKOLQ70/DUGQHU7-'LOOPDQ&-
 .LQHWLFVRI WKHSDUDOOHOVTXDWResearch
Quarterly for Exercise and Sport,  
1DWLRQZLGH&KLOGUHQ·V+RVSLWDO  :HLJKW

Volume 5, Issue 3, December 2016 | JOURNAL OF FITNESS RESEARCH

13

WUDLQLQJUHODWHGLQMXULHVLQFUHDVLQJScienceDaily.
2·6KHD3  7KH3DUDOOHOVTXDWNational
Strength & Conditioning Association Journal,  

3DROL$0DUFROLQ*3HWURQH1  7KH
effect of stance width on the electromyographical
DFWLYLW\RI HLJKWVXSHUÀFLDOWKLJKPXVFOHVGXULQJ
EDFNVTXDWZLWKGLIIHUHQWORDGVJournal of Strength
& Conditioning Research, ²
3HUHLUD*5/HSRUDFH*&KDJDV'9)XUWDGR
/)/3UD[HGHV-%DWLVWD/$  ,QÁXHQFH
of hip external rotation on hip adductor and
rectus femoris myoelectric activity during a
G\QDPLFSDUDOOHOVTXDWJournal of Strength &
Conditioning Research,²
5LYHUD-8  2SHQYHUVXVFORVHGNLQHWLF
FKDLQUHKDELOLWDWLRQRI WKHORZHUH[WUHPLW\D
IXQFWLRQDODQGELRPHFKDQLFDODQDO\VLVJournal of
Sport Rehabilitation,
5REHUWVRQ'*:LOVRQ-06W3LHUUH7$
 /RZHUH[WUHPLW\PXVFOHIXQFWLRQVGXULQJ
IXOOVTXDWV Journal of Applied Biomechanics,   

6DOH'*  1HXUDODGDSWDWLRQVWRUHVLVWDQFH
WUDLQLQJMedicine & Science in Sports & Exercise,

6FKLFN((&REXUQ-:%URZQ/(-XGHOVRQ
'$.KDPRXL$97UDQ77DQG8ULEH%3
 $FRPSDULVRQRI PXVFOHDFWLYDWLRQ
EHWZHHQD6PLWKPDFKLQHDQGIUHHZHLJKWEHQFK
SUHVV Journal of Strength & Conditioning Research,
  
6FKRHQIHOG%-  6TXDWWLQJNLQHPDWLFVDQG
kinetics and their application to exercise
SHUIRUPDQFHJournal of Strength & Conditioning
Research,²
6FKZDQEHFN6&KLOLEHFN3'%LQVWHG*  
$FRPSDULVRQRI IUHHZHLJKWVTXDWWR6PLWK
PDFKLQHVTXDWXVLQJHOHFWURP\RJUDSK\Journal of
Strength & Conditioning Research,  ²
6FRWW%5'DVFRPEH%-'HODQH\-$
(OVZRUWK\1/RFNLH5*6FXOOH\'96ODWWHU\
.0  7KHYDOLGLW\DQGUHOLDELOLW\RI D
FXVWRPL]HGULJLGVXSSRUWLYHKDUQHVVGXULQJ6PLWK
PDFKLQHEDFNVTXDWH[HUFLVHJournal of Strength &
Conditioning Research,   ²

6KHOEXUQH.3KLOLSSRQ0  'HHSKLS
PXVFOHDFWLYDWLRQGXULQJDVTXDWH[HUFLVH,Q
Proceedings of the American Society of Biomechanics3$
6LOYHU7)RUWHQEDXJK':LOOLDPV5  
(IIHFWVRI WKH%HQFK6KLUWRQ6DJLWWDO%DU3DWK
Journal of Strength & Conditioning Research,  

6SHQQHZ\Q.&  6WUHQJWKRXWFRPHVLQ
À[HGYHUVXVIUHHIRUPUHVLVWDQFHHTXLSPHQW
Journal of Strength & Conditioning Resesarch,   

6WHLQGOHU$  .LQHVLRORJ\RI WKHKXPDQ
ERG\6SULQJÀHOG,/&KDUOHV&7KRPDV
9DQGHQ7LOODDU56 WHUEDNNHQ$  7KH
sticking region in three chest-press exercises with
LQFUHDVLQJGHJUHHVRI IUHHGRPJournal of Strength
& Conditioning Research,   ²
9LQJUHQ-/%XGGKDGHY+++LOO':  
6PLWKPDFKLQHFRXQWHUEDODQFHV\VWHPDIIHFWV
measures of maximal bench press throw
SHUIRUPDQFHJournal of Strength & Conditioning
Research,   
:HOFK3'  +LVWRU\RI $PHULFDQ3K\VLFDO
(GXFDWLRQDQG6SRUW QGHG 6SULQJÀHOG,/
&KDUOHV&7KRPDV
:UHWHQEHUJ3)HQJ<$UERUHOLXV83  
+LJKDQGORZEDUVTXDWWLQJWHFKQLTXHVGXULQJ
ZHLJKWWUDLQLQJMedicine & Science in Sports &
Exercise,²
:X+/HH6.DR-:DQJ67KUHH
dimensional kinetic analysis of lower limbs in
EDUEHOOVTXDW,Q3URFHHGLQJVRI WK$QQXDO
1RUWKHDVW%LRHQJLQHHULQJ&RQIHUHQFH5RFKHVWHU
1<

Volume 5, Issue 3, December 2016 | JOURNAL OF FITNESS RESEARCH

14

