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Abstract: Regimented resistance training has been shown to promote marked increases in skeletal muscle mass.
Although muscle hypertrophy can be attained through a wide range of resistance training programs, the principle of
specificity, which states that adaptations are specific to the nature of the applied stimulus, dictates that some
programs will promote greater hypertrophy than others. Research is lacking, however, as to the best combination of
variables required to maximize hypertophic gains. The purpose of this study was to investigate muscular adaptations
to a volume-equated bodybuilding-type training program versus a powerlifting-type routine in well-trained subjects. 17
young men were randomly assigned to either an HT group that performed 3 sets of 10RM with 90 seconds rest or an
ST group that performed 7 sets of 3RM with 3 minutes rest. After 8 weeks, no significant differences were noted in
muscle thickness of the biceps brachii. Significant strength differences were found in favor of ST for the 1RM bench
press and a trend was found for greater increases in the 1RM squat. In conclusion, this study showed both
bodybuilding- and powerlifting-type training promote similar increases in muscular size, but powerlifting-type training
is superior for enhancing maximal strength.
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Skeletal muscle is a highly plastic tissue thatgha remarkable ability to adapt to
imposed demands. Mechanical overload leads to artrgphic response while unloading results
in atrophy (38). Resistance training is the primagdel that has been employed to promote
muscular adaptations in humans. Regular resistaaicéng has consistently been shown to
produce rapid and marked increases in both museegth and hypertrophy across a wide
variety of populations (35, 47). Optimization of seular adaptations is influenced by the
prescription of resistance training variables idahg load, volume, and interset rest interval.
Although there is a clear and direct relationstepAeen muscle cross sectional area (CSA) and
the ability to produce force, the acquisition aksfgth also has a significant neural component
(10). Thus, different training strategies have bgeposed for optimizing these outcome
measures.

Prevailing theory suggests that maximal strengthsgare achieved by training with

heavy loads and lengthy rest intervals while theehyophic response is maximized by using
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moderate loads with relatively brief rest betweets $20). This view is consistent with the
training practices of strength and physique atbld®®werlifters often train with heavy loads for
< 5 repetitions taking at least 3 minutes betweés sgng several structural exercises during
specific strength training phases. It is belieyst such heavy loads are necessary to optimize
neural recruitment patterns necessary for exeriagimal force. On the other hand,
bodybuilders predominantly train with loads of 8+&petitions with rest intervals of 2 minutes
or less. It has been hypothesized that this loaslirajegy provides an ideal combination of
mechanical tension and metabolic stress to maxithed&ypertrophic response (39).

Studies show that resistance training volume isrgoortant variable in post-exercise
muscular adaptations. A clear dose-response asisodeas been reported, with multiple set
protocols showing a superiority to those employsirgyle sets for increasing both strength (22)
and hypertrophy (23). While there is undoubtedlyipper threshold to the dose-response
relationship, there is evidence that additionalromements can extend to at least as many as 8
sets per exercise (25).

A number of studies have attempted to compare anttast muscular adaptations
associated with powerlifting- versus bodybuildirygé training. Results of these trials have been
conflicting. Choi et al. (7) randomly assigned Tligg men to either a "bulk-up" protocol
consisting of 9 sets of knee extensions at 40-8B% With 30 seconds rest between sets or a
"power-up" protocol consisting of 5 sets at 90% 1RNh 3 minutes rest. After 8 weeks, those
in the "bulk-up" group showed greater increasaguiadriceps CSA while those in the "power-
up" group displayed greater increases in strefdésuda et al. (27) subsequently employed an
identical protocol and reported similar findingdth®ugh these studies provide support for

current resistance training recommendations at¢hesstrength-endurance continuum, it should



RUNNING HEADER: RESISTANCE TRAINING LOADING STRATE(ES

be noted that volume was substantially higher eé"thulk-up" protocol, raising the possibility
that the hypertrophic findings may have been comdied by differences in workload.

Only a few studies have evaluated powerliftingsusrbodybuilding-type training on a
volume-equated basis. Chestnut et al. (6) compaggfdrmance of 6 sets of 4RM versus 3 sets
of 10RM over the course of a 10 week upper bodgtasce training program. Results showed
that both groups displayed significant increasdsoith strength and hypertrophy with no
differences between groups in either measure. ®wttier hand, Campos et al. (5) found that
lower body strength improvements were greater {oith(3-5) versus high (9-11) repetitions,
but increases in muscle CSA between groups weriéasibetween groups. These findings
suggest that volume plays a role in exercise-induceascular adaptations.

A limitation of the research to date is.that nadgts have evaluated muscular adaptations
in well-trained individuals. It is well-establishéahat highly-trained individuals respond
differently than those who lack training experiei@g). A "ceiling effect” makes it
progressively more difficult for trained individigatio increase muscular gains, thereby
necessitating more demanding resistance trainiogp@ols to elicit a hypertrophic response.
Moreover, there is emerging evidence that condisesistance exercise can alter anabolic
intracellular signaling in rodents (34) and humB)jsindicating an attenuated hypertrophic
response. Given the contradictory findings of ppasistudies and their inherent limitations, the
purpose of this study was to evaluate musculartatiaps in a volume-equated hypertrophy-
type training program employing moderate intenkifgds and short rest intervals versus a
strength-type routine employing high intensity Isahd long rest intervals in well-trained men.

Methods

Experimental Approach to the Problem



RUNNING HEADER: RESISTANCE TRAINING LOADING STRATE(ES

Prevailing opinion amongst strength and conditigrprofessionals is that gains in
muscular strength are maximized using heavy loaddang rest periods between sets while
hypertrophy is best enhanced using moderate |laadisedatively short rest intervals. It is not
clear, however, whether these outcomes hold trienwblume is equated between protocols.
Moreover, no study to date has investigated thacisrof these beliefs in experienced lifters.
Therefore, this study was designed to investigate@mpare muscular adaptations in a
powerlifting-type routine employing 3 repetitionsrset with 3 minutes rest between sets versus
a bodybuilding-type protocol employing 10 repetisgper set with 1.5 minutes rest between
sets. A randomized parallel design was used to enthe question: Are there differences in
muscular adaptations between powerlifting- and badgling-type resistance training programs
in well-trained men when volume is equated?

Subjects

Subjects were 20 male volunteers (age = 23.2 years; body mass = 81.4 + 13.4 kgs)
recruited from a university population. This samgilee was justified bg priori power analysis
using a target effect size of 0.8, alpha of 0.0&% power of 0.80. Subjects were between the ages
of 18-35, did not have any existing musculoskeldisbrders, were not allergic to whey or soy
protein, claimed to be free from consumption oftanli@ steroids or any other legal or illegal
agents known to increase muscle size for the puswear, and were considered experienced
lifters, defined as consistently lifting weightsl@ast 3 times per week for a minimum of 1 year.
The average training experience of the subjectsdaas 2.4 years with a range of 1.5 to 10

years.

Participants were pair-matched according to basalirength and then randomly

assigned to 1 of 2 experimental groups: a stretygtbresistance training routine (ST) designed
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to induce high levels of mechanical tension (n ¥drGa hypertrophy-type resistance training
routine (HT) designed to induce high levels of rheter stress (n = 10). Three subjects did not
complete the study -- 2 as a result of injury andther for personal reasons -- so that the 8
subjects completed ST and 9 subjects completedBSeline descriptive statistics for the
completers in each group are provided in TablegprAval for the study was obtained from the
Institutional Review Boards (IRB) at Rocky Mountdiniversity and Lehman College.
Informed consent was obtained from all participaarisr to beginning the study.

Insert Table 1 here
Resistance Training Procedures

The resistance training protocol consisted of 3@ses per session drawn from a pool of
9 total exercises. These included 3 exercisestiagghe anterior torso muscles (incline barbell
press, flat barbell press, and Hammer Strengtht giness), 3 exercises targeting the posterior
muscles of the torso (wide grip lat pulldown, clgsg lat pulldown, and seated cable row), and
3 exercises targeting the thigh musculature (bbbaek squat, machine leg press, and machine
leg extension). These exercises were chosen basix@dio common inclusion in bodybuilding-
and strength-type resistance training program8)(4oth groups performed the same exercises
over the course of a training week as illustratedable 2. Subjects were instructed to refrain
from performing any additional resistance-typerirag for the duration of the study.

Total volume load (i.e. number of repetitions paried multiplied by the load lifted) was
equalized between routines to control for influentéhis variable on muscle thickness. Training
for both routines consisted of 3 weekly sessiomfopmed on non-consecutive days for 8 weeks.
Both groups completed each set at the point of mastailure—the inability to perform another

concentric repetition while maintaining proper forfRailure training is a common practice in
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both the research and real-world settings, andstideen employed in previous studies on the
topic (5-7, 27). Although hypertrophic programsdea utilize training to failure more
frequently, it was important to have the ST grolgp @onclude sets at failure to avoid
confounding the criteria for set terminatidtepetitions were performed quickly but in a
controlled manner on the concentric phase and learered under control on the eccentric
phase. All routines were directly supervised byrdsearch team, which included a National
Strength and Conditioning Association (NSCA) cextlifstrength and conditioning specialist and
certified personal trainers, to ensure proper perémce of the respective routines. Attempts
were made to progressively increase the loadsl ldeech week within the confines of
maintaining the target repetition range. Prioréning, the ST group underwent 3 repetition
maximum (RM) testing and the HT group underwenRM testing to determine individual
initial loads for each exercise. Repetition maximi@sting was consistent with recognized
guidelines as established by the NSCA (4).

HT was a split routine where multiple exerciseseyaerformed for a specific muscle
group in a session, with only 1 muscle group trdiper session (see Table 2). Split routines are
typical of bodybuilding-style training, and sereeimcrease muscular metabolic stress by
increasing volume load within a muscle group (E6inoderate number of repetitions (target of
10 repetitions per set within a range of 8-12 ngipet) were performed with rest periods of 90
seconds afforded between sets and exercises. Medepgetition routines with short rest
intervals have been shown to heighten the magnfidestabolic stress in a resistance training
routine (16-19) and the combination of these vaembeemingly allowed for greater

accumulation of metabolites during the HT routifibe load was adjusted for each exercise as
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needed on successive sets to ensure that subgaatsed momentary muscular exhaustion
within the target repetition range.

ST was a total-body routine where 1 exercise wa®peed per muscle group in a
session, with several major muscle groups traineshch session (see Table 2). In order to
minimize metabolite buildup in a given muscle, £§sons began with an upper body exercise,
followed next by a lower body exercise, and themctaded with an upper body exercise. A low
repetition range (target of 3 repetitions per séiw a range of 2-4 repetitions) was employed
with 3 minutes rest afforded between sets. Sinptagrams have been shown to produce
minimal metabolic stress in the body (16-18). A&WHT, the load was adjusted as needed to
ensure that subjects achieved momentary muscufgustion within the target repetition range.

Insert Table 2 here
Dietary Adherence

To avoid potential dietary confounding of resuisbjects were advised to maintain their
customary nutritional regimen and to avoid taking aupplements other than that provided in
the course of the study. Self-reported food recarel® collected twice during the study: 1 week
before the first training session (i.e. baselimg) during the final week of the training protocol.
A 3-day dietary recall log was provided to subjeotassess potential differences in total energy
and macronutrient intakes between groups. Subjests instructed on properly completing the
logbook and to record all food items and their ee$pe portion sizes that were consumed for
the designated period of interest. The Interadtealthy Eating Index (Center for Nutrition
Policy and Promotion, United States Departmentgficdulture; http://www.usda.gov/cnpp) was
used to analyze food records. Each item of foodingisidually entered into the program, and

the program provided relevant information as taltehergy consumption, as well as amount of
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energy derived from proteins, fats, and carbohgdraver the three reference days. To ensure
adequate protein intake, subjects were provided avgupplement on training days containing
249 protein and 1g carbohydrate (Iso100 Hydrolyaégy Protein Isolate, Dymatize Nutrition,
Farmers Branch, TX). The supplement was consum#dnaone hour post-exercise, as this time
frame has been purported to help potentiate inessimsmuscle protein synthesis following a
bout of resistance exercise (3).
Muscle Thickness M easurements

Ultrasound imaging was used to obtain measurenoémmiscle thickness (MT). The
reliability and validity of ultrasound in determirg MT is reported to be very high when
compared to the "gold standard" magnetic resonanaging (36) and poses no known harmful
effects (30). A trained technician performed adtiteg using an A-mode ultrasound imaging unit
(Bodymetrix Pro System, Intelametrix Inc., LiverrapCA). Water-soluble transmission gel was
applied to each measurement site and a 2.5 MHasolind probe was placed perpendicular to
the tissue interface without depressing the skihekthe quality of the image was deemed to be
satisfactory, the image was saved to the hard @mgeMT dimensions were obtained by
measuring the distance from the subcutaneous aimssie-muscle interface to the muscle-
bone interface per methods used by Abe and cole=a@l). Measurements were taken at the
biceps brachii, 60% distal between the lateral@miyle of the humerus and the acromion
process of the scapula Ultrasound has been vatidet a good predictor of muscle volume in
these muscles (29, 46) and has been used in nusgtuadies to evaluate hypertrophic changes
(1, 13, 31, 32, 48). The repeatability of ultrasdumeasurements was assessed in a pilot study on
2 separate days in a pilot study of 7 young adelth.nThe test-retest intraclass correlation

coefficient (ICC) for the biceps muscle was 0.84ah effort to help ensure that swelling in the
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muscles from training did not obscure results, iesagere obtained 48-72 hours before
commencement of the study and after the final iimgisession. This is consistent with research
showing that acute increases in muscle thickneasré& baseline within 48 hours following a
resistance training session (33).
Maximal Strength Assessments

Upper- and lower-body strength was assessed by teRfihg in the parallel back squat
(A1RMBS) and bench press (LRMBP) exercises. Theseiges were chosen because they are
well-established as measures of maximal strengthjeSts reported to the laboratory having
refrained from any exercise other than activitiedaily living for at least 48 hours prior to
baseline testing and at least 48 hours prior tingst the conclusion of the study. Repetition
maximum testing was consistent with recognized gJinds established by NSCA (4). In brief,
subjects performed a general warm-up prior tortiggtiat consisted of light cardiovascular
exercise lasting approximately 5-10 minutes. A gmewarm-up set of the given exercise of 5
repetitions was performed at ~50% of subjects’ peec RM followed by one to two sets of 2-
3 repetitions at a load corresponding to ~60-80% 1Btbjects then performed sets of 1
repetition of increasing weight for 1RM determinati Three to 5 minutes rest was provided
between each successive attempt. All 1RM deterimmaivere made within 5 trials. Subjects
were required to reach parallel in the 1RMBS fer @itempt to be considered successful as
determined by a research assistant who was pasitiaterally to the subject. Successful
1RMBP was achieved if the subject displayed a figa body contact position (head, upper
back and buttocks firmly on the bench with both fés on the floor) and executed full elbow
extension. 1IRMBS testing was conducted prior to BRMvith a 5 minute rest period separating

tests. Strength testing took place using barbed fweights. Recording of foot and hand
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placement was made during baseline 1RM testingtsrused for post-study performance. All
testing sessions were supervised by the reseanhtteachieve a consensus for success on each
trial. The repeatability of strength tests was sseé in a pilot study on 2 separate days in a pilot
study of 6 young adult men. The test-retest inielcorrelation coefficient (ICC) for the
1RMBP and 1RMBS was 0.91 and 0.87, respectively.
Statistical Analyses

Descriptive statistics were used to explore th&ibigtion, central tendency, and
variation of each measurement. The final analytidets were adjusted for age. Descriptive
statistics (means = SE) for each variable wererntedat baseline, at 8 weeks, and as percent
change from baseline. In order to test differerms/een groups, we incorporated separate
multiple regression analyses with post-intervenbatcomes as the dependent variable and
baseline values as covariates. The model includgdwp indicator with two levels and baseline
values (centered at the mean values) as predidtbhis model is equivalent to an analysis of
covariance, but has the advantage of providingnesés associated with each group, adjusted for
baseline characteristics that are potentially aased with the outcomes. This was also
important due to the fact that using change scasdbe dependent variable are subject to
regression to the mean. As noted by Vickers anohadt (pg. 1123) (43), “analyzing change does
not control for baseline imbalance because of s=sypa to the mean: baseline values are
negatively correlated with change because [suljjadtis low scores at baseline generally
improve more than those with high scores.” Despitairly homogeneous sample of trained
adult men, there was some variability in both siterand muscle thickness at baseline. Thus,
we decided to incorporate this statistical techaitpuameliorate the influence of such

imbalances. Each model therefore included a grodggator with two levels (0,1), as well as
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baseline values (centered at the mean valueskdgfors. Specifically, the coefficient for the
ST group indicator was used to estimate the meféereince in the outcome (e.g. muscle
thickness change) associated with ST comparedhiiitnd the intercept estimated the mean
change in HT. Regression assumptions were checiegd@propriate transformations (e.g., log)
performed if necessary. An independent t-test veasl tlo compare volume-load between groups.
Two-tailed alpha was set at 0.05.
Results

A total of 17 subjects were analyzed (9 in the Hdug and 8 in the ST group).
Adherence was excellent in those who completedtingy, with an average compliance of
approximately 96% of total sessions. Age, body masight, body mass index, and training
experience were similar between HT and ST at beseBcaled for body weight, total average
weekly load lifted for ST versus HT was 673 kg/kgl®54 kg/kg, respectively. Volume load
was not statistically different between groups. [€&shows the weekly volume-loads for each
of the muscle regions. The mean duration of eaclséfBion was approximately 17 minutes
while the duration of ST sessions was approximatélyninutes.

Insert Table 3 here

Muscle Thickness

Muscle thickness data for the biceps brachii aowshin Table 3. Significant increases
occurred from pre- to post-testing for both HT &Wd(12.6% and 12.7%, respectively -- see
Figure 1). No differences in the magnitude of hyqoghic changes were noted between groups,
even after adjustment for baseline values.

Insert Table 4 here

Insert Figure 1 here

11
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Muscle Strength

Muscle strength data for IRMBP and 1RMBS are shiomirables 4 and 5. Significant
increases from pre- to post-testing for both HT &idn 1RMBP (9.1% and 13.0%, respectively
-- see Figure 2) and 1RMBS (22.2% and 25.9%, resadg -- see Figure 3). Without adjusting
for baseline values, no differences in the mageitoidstrength changes in either 1IRMBP or
1RMBS were noted between the groups. However, aftgrsting for baseline values as a
covariate, there was a significant difference natechange in 1IRMBP favoring ST versus HT
(p < 0.05). A trend for greater increases in 1IRM&£ noted in favor of ST versus HT as well
(B =15.0; p=0.19).

Insert Tables 5 and 6 here

Insert Figures 2 and 3 here

Discussion

To the authors' knowledge, this is the first sttmlgvaluate muscular adaptations
associated with powerlifting- versus bodybuildirygé training protocols in well-trained lifters
when equating for volume-load. The primary findofghe study was that while both protocols
significantly increased indices of maximal strengtidl muscle thickness, there were no
significant differences in muscle thickness obséitvetween groups. With respect to muscle
thickness, results are consistent with previoudistuin untrained subjects that controlled for
volume (5, 6) but in contrast to those that did (79227), thereby lending support to the theory
that higher levels of volume mediate the hypertropésponse at least up to a certain point (23).
With respect to strength, results of the preseamtysaire in conflict with those of Chestnut and
Docherty (6), who found no differences between uyoely powerlifting- versus bodybuilding-

type training in a volume-equated protocol usingained subjects. Discrepancies may be
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related to the different exercises employed betvadadies and training status of the subjects.
Whereas Chestnut and Doherty measured strength LRI for the close-grip bench press and
biceps curl, the present study used the traditibeath press for testing. Alternatively, the
results seem to support those of Campos et awfk),reported greater lower body strength
improvements in untrained subjects with low (3-8)sus moderate (9-11) repetition training.
After adjusting for baseline values, results o$ tsiudy showed a significantly greater increase in
1RMBP and a trend toward greater 1IRMBS performaictdse ST group.

General resistance training guidelines for optimgzihe hypertrophic response to
resistance training recommend that individuals emphulti-set protocols using moderate
repetition schemes and relatively short inter-est mtervals (24). A recent survey shows that
these principles are regularly employed in pradbgeompetitive bodybuilders, with 77%
performing 7-12 reps per set and 68.6% resting1et20 seconds between sets (12).
Hypertrophy-type routines are designed to heightetabolic stress at the expense of higher
levels of mechanical tension (16-18). As previouslyed, there is compelling evidence that
metabolic stress mediates anabolism (37, 40, 425ame researchers have speculated that
metabolite accumulation may be more important thigh force development in optimizing
muscle growth (41). Given that increases in musgtkness in this study were similar between
ST and HT, it may be inferred that metabolic stiesedundant rather than additive with respect
to increasing muscle protein accretion. In otherdspthe higher levels of mechanical tension
attained with heavy loading in ST may be offsetlyyreater generation of metabolites in HT
when volume load is similar, but the increased nata stress might not provide a sufficient
additive anabolic stimulus over and above whatiseved when training with heavier loads.

Alternatively, it is possible that results are pednantly a function of mechanical tension and

13



RUNNING HEADER: RESISTANCE TRAINING LOADING STRATE(ES

that the greater absolute tension in the ST groap effset by an accumulated time-under-
tension in HT. Either way, these findings suggeat ainy hypertrophic advantages seen with
hypertrophy-type training are due to greater voluoagls as opposed to inherent aspects of the
protocol itself.

There is a paucity of data investigating the effexftgraded increases in mechanical
tension on intracellular anabolic signaling. Magtm et al. (26) studied this topicsitu by
isolating the sciatic nerve and plantaris musclemale Sprague-Dawley rats. Electrical
stimulation was applied to achieve a variety often levels across a spectrum of concentric,
isometric, and eccentric actions. Results indicatéeshsion-dependent effect on signaling, with a
strong linear relationship noted between MAPK plmasplation and peak levels of tension over
a 15-fold range in tension, pointing to a dose-oesp effect for mechanical tension and muscle
thickness. Results of the present study indicaewimile mechanical tension alone appears to
play a central role in the hypertrophic respongieeiofactors appear to be involved as well and
may in fact be equally as important provided a gitreeshold of tension is achieved. Although
markers of metabolic stress were not directly itigased in this study, the HT protocol was
similar to that of other studies showing that Hig\els of metabolic stress were present
compared to ST. While it is tempting to extrapolfiese findings as evidence that metabolic
stress does indeed act as a mediator of hypertrgaims, caution must be exercised as
correlation does not necessarily equate to causdtiarther study of the interaction between
mechanical tension and metabolic stress is wamlantdetermine how these factors produce an
anabolic response to resistance training, bothraggg and in combination.

Current theory proposes that strength increasesiar@nized using heavy loads of

approximately 1-5RM. Although significant gainssimength have been reported using higher
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repetition bodybuilding-type training, it has bgeostulated that the lighter loads used in these
protocols are suboptimal for maximizing strengtirtigularly in advanced lifters (2, 21). Results
of the present study support this hypothesis. Giliahmaximal strength has a substantial neural
component (10), it can be inferred from this sttltgt loads of ~75% 1RM are not sufficient to
optimize improvements in neural mechanisms as comdga heavier loads on a volume load-
equated basis in well-trained subjects.

It is important to note that there were substamtifiérences in the duration of training
between the 2 protocols studied. The HT protocok @mpproximately ~17 minutes to perform,
while the ST protocol required a time commitmentafre than 1 hour. Given the similar
hypertrophic gains in the biceps brachii betweerugs, HT was a much more time-efficient
strategy for eliciting these increases. Moreoverspnal communication with subjects both
during and after the study revealed that thoskerSIT group generally felt highly fatigued both
physically and mentally from the workouts while $ian the HT group tended to report being
willing and able to extend the duration of trainsggsions. It therefore stands to reason that the
HT group could have endured additional volume girthoutines while those in the ST group
were at their upper limits of tolerance. Previouslges in untrained subjects show that a
bodybuilding-type protocol promotes a greater hiypehic response compared to a
powerlifting-lifting protocol when volume is not ntdied between groups (7, 27). Future
research should seek to investigate whether waah¢d subjects would respond similarly or
perhaps even better to an increased volume otikesexercise using a bodybuilding-type
training protocol, particularly since it has be@own that experienced lifters can benefit from

greater volumes of work (35).
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A common area of concern with powerlifting-typertrag is an increased potential for
injury (11). The performance of high training volesnusing very heavy loads places substantial
stress on the joints and soft tissue structuress. My make an individual more susceptible to
muscle and connective strains, as well as incrgdbm potential for long-term degenerative
changes at the working joints. Although a small glanthe present study gives credence to the
veracity of these concerns. Two of the 10 subjectse ST group dropped out of the study due
to joint-related injuries; one subject experienaddee-related issue while another suffered a
tendinopathy of the shoulder. The injuries occudespite direct supervision by trained
personnel. In contrast, none of those in the HLgn@ported experiencing a training-related
injury. These findings substantiate the need tacedraining volume when training with very
heavy loads, as well as for incorporating regutdoading cycles with reduced loading and/or
volume to optimize recovery.

The study had several limitations that should kBertanto account when interpreting
results. First, the time frame of assessment waswely short, covering only 8 weeks. It is not
clear whether results would have changed over geloduration of training. Furthermore, we
chose not to test at the mid-point of the studgvoid disrupting the training protocol. While this
provided better continuity, it prevented assessiegime-course of results and therefore
precludes our ability to determine whether gregéens were seen initially or occurred
consistently over time. Second, muscle thicknesdirigs are specific to the biceps brachii; it is
not clear whether other muscles might respond réiffi¢y to the training stimuli provided by the
respective protocols employed in this study. Inigamia, thickness of the biceps was measured
only at the middle portion of the muscle. Whilestheégion is generally considered to be

indicative of overall growth of a given muscle,easch shows that hypertrophy manifests in a
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regional-specific manner, with greater gains somesi seen at the proximal and/or distal aspects
(44, 45). This may be related to exercise-spenitiamuscular activation and/or tissue
oxygenation saturation (28, 44, 45). The fact thaltiple exercises were employed for each
muscle group would seemingly diminish the poterfbaimanifestation of these non-uniform
differences. However, the possibility that proxiroaldistal muscle thickness was greater in one
protocol versus the other cannot be ruled out.dlfalthough the use of failure training is a
common practice in strength and conditioning proggait can increase the potential for
overtraining when employed frequently over time)(XZonsidering that the training protocol
lasted only 8 weeks and given that the subjecte weperienced exercisers who routinely
trained to failure (as determined by questionnairne onset of the study), it seems unlikely that
results were negatively impacted. The robust img@noents in muscular adaptations noted would
seem to support this position. However, we didevatiuate markers of overtraining and it
remains possible that negative effects manifestedmanner that adversely impacted results.
Fourth, although volume load is widely consideregbad estimate for the amount of work
performed in a training bout, it does not accoontlie distance moved nor does it take actual
forces into consideration. Thus, it cannot be dt#tat work was completely equated for
between groupg-ifth, the protocols were designed to replicatedgitraining in bodybuilding-
and powerlifting-type programs. Accordingly, thedgbuilding protocol employed "body part"
training with muscle groups worked 1 time per wedkle the powerlifting routine employed a
total body training with muscle groups worked 3dsiper week. While this design provides
real-world application, it also introduces addiaboonfounding variables to the mix. We
therefore cannot say with certainty that increasesrength and muscle thickness were

attributed to set/reps/load as training frequenmy @ensity of training may have contributed to
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results. Finally, findings are specific to youngis¢ance-trained men and cannot necessarily be
generalized to other populations. Specificallyfetgnces in hormonal influences, anabolic
sensitivity of muscle, recuperative abilities, ander factors may alter the hypertrophic response
in adolescents, women and the elderly. Future reBeshould seek to determine the
generalizability of results to these populations.
Practical Applications

In conclusion, the results of the present studyigenovel insight into muscular
adaptations associated with resistance trainingglivtrained individuals. Based on the findings,
strength-related gains appear to be maximized Hpqmeing heavy- as compared to moderate-
load training, although both protocols significgrahd markedly improved indices of maximal
strength. On the other hand, increases in musidienibss in experienced lifters appear to be
similar in bodybuilding- and powerlifting-type whewlume-load is controlled, at least over a
relatively short time period. The greater timea@éncy of bodybuilding-type training would
seem to make it a superior choice for those sedkingcrease muscle mass, although these
results are limited to the biceps brachii and camegessarily be generalized to other muscles.
Whether combinations of different loading schemeslid produce a synergistic response that

enhances muscular adaptations remains to be detrand requires further study.
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Table Captions
Table 1 Mean (xSD) baseline descriptive statistics

Table 2 Exercises, sets, repetitions, and rest intenaaledch weekly session in ST and HT

Table 3 Volume-loads for each each exercise displayedbsslate values in kg and scaled by
body weight in kg/kg (shown in parentheses).

Table 4 Mean (xSD) pre- and post-training data for bicleyachii thickness in mm.
Table5 Mean (xSD) pre- and post-training data for 1IRMdsepress for ST and HT in kg.

Table 6 Mean (£SD) pre- and post-training data for 1RM bsgkat for ST and HT in kg.

Figure Captions
Figure 1 Graphical representation of change in muscle tl@skrof the biceps brachii pre- to
post-intervention for ST and HT, mean (£SE)

Figure 2 Graphical representation of change in 1RM back tspgrea to post-intervention for ST
and HT, mean (xSE)

Figure 3 Graphical representation of change in 1RM benchspee- to post-intervention for ST
and HT, mean (xSE)
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Tablel

Baseline Descriptive Statistics

Variable ST Group HT Group
Age (yrs) 23.6 + 3.1 years 22.7 + 2.5 years
Weight (kgs) 84.5 £ 14.5 78.4+12.3
Resistance Training Experience (yrs) 4.8 +3.0 3167
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Table2

Group Protocols

)

Protocol| Session 1 Session 2 Session 3
ST Exercises: Incline barbell | Exercises: Flat barbell press,| Exercises: Hammer
press, machine leg press,| barbell back squat, and close Strength chest press,
and wide grip lat pulldown grip lat pulldown machine leg extension, anc
Sets: 7 Sets: 7 cable seated row
Repetitions: 3 Repetitions: 3 Sets. 7
Rest Interval: 3 minutes | Rest Interval: 3 minutes Repetitions: 3
Rest Interval: 3 minutes
HT Exercises: Incline barbell | Exercises: Wide grip lat Exercises. Barbell back

press, flat barbell press,
and Hammer Strength
chest press

Sets: 3

Repetitions: 10

Rest Interval: 90 seconds

pulldown, close grip lat

pulldown, cable seated row

Sets: 3
Repetitions: 10
Rest Interval: 90 seconds

squat, machine leg press,
and machine leg extension
Sets: 3

Repetitions: 10

Rest Interval: 90 seconds
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Table3

Volume Load Per Exercise

EXERCISE ST HT

Incline Press 4140 (49.0) 3693 (47.1)
Flat Press 4504 (53.3) 4014 (51.2)
Hammer Strength Chest Press 5115 (60.5) 3318 (42.3
Squat 5751 (68.1) 6625 (84.5)
Leg Press 17833 (211.0) 17656 (225.2
Leg Extension 4791 (56.7) 3065 (39.1)
Wide Grip Lat Pulldown 4397 (52.0) 4428 (56.5)
Reverse Pulldown 5226 (61.8) 4516 (57.6)
Seated Row 5063 (59.9) 3968 (50.6)
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Table4

Biceps Thickness

ST HT

Pre-Intervention Post-Intervention Pre-Intervention Post-Intervention

35.3+5.7 39.6+5.1* 34.5+4.2 38.7+4.3*

*Represents significant difference
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Table5
Bench Press
ST HT
Pre-Intervention Post-Intervention Pre-Intervention Post-Intervention
104.8+26.6 115.9+21.5*% 97.1+20.6 105.1+18.0*
*Represents significant difference
25
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Table 6
Squat
ST HT
Pre-Intervention Post-Intervention Pre-Intervention Post-Intervention
109.6+59.7 147.7+40.9*% 114.5+36.5 136.1+30.6*
*Represents significant difference
26
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Figurel

Mean (xSE) pre- to post-training percentage chamdpgceps brachii muscle thickness for ST
and HT.
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Figure?2

Mean (xSE) pre- to post-training percentage chamd&M back squat for ST and HT.
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Figure3

Mean (xSE) pre- to post-training percentage chamd®&M bench press for ST and HT.
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