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ABSTRACT

In this retrospective study, powerlifting
performances in the United States from 1995 — 2005
were taken from annual top 100 rankings published
in Powerlifting USA magazine.  The rankings
included results for the squat, bench press, deadlift,
and total for each standard weight class during
a calendar year. In the current study, average
performances for each weight class were compiled
for the #1, #10, #50, and #100 ranks. The weights
lifted for each category increased as a function
of the competitor's weight class in a curvilinear
pattern, with the heaviest classes showing
diminishing improvement in weight lifted with
increased body weight. When weights lifted were
standardized to the lifter's weight class, a unimodal
curve was observed, with maximal values being in
the middle weight classes. The lower mass-specific
performance in heavier lifters is the basis for Wilks
coefficient and other adjustments for comparing
performances among different weight classes. This
coefficient is a mathematical formula based on a
polynomial transformation of a lifter's weight class.
It was derived to compensate for the curvilinear
nature of lifting performance as a function of body
weight. Based on the patterns documented, it is
proposed that part of this flattening of performance
can be attributed to systematic differences in
body composition across weight classes. During
this 11-year period, significant improvements
were observed for some lifts, ranks, and weight
classes. However, many did not change, while
others showed significant declines. These data
demonstrate that U.S. powerlifters at the turn of the
century were highly competitive, particularly within
the middle through the heaviest weight classes.
Overall, the lifting performances in the U.S. during
this decade provide an historical reference point,
from a time before powerlifting records became

more widely available via the internet.
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INTRODUCTION

Functional strength is an important component
of most competitive sports, as well as being an
important aspect of basic health and wellbeing
(American College of Sports Medicine, 2009; Brill et
al., 2000; Suchomel et al., 2016). For most sports,
sophisticated motor control, speed, and agility
interact with foundational strength levels in complex
ways (American College of Sports Medicine, 2009;
Suchomel et al., 2016). By contrast, powerlifting is a
competitive sport that focuses on functional strength
in its most basic form. The three lifts in powerlifting
(squat, bench press, and deadlift) are relatively
simple movements that permit heavy weights to
be moved by recruiting large, compound muscle
groups. Other strength-based sports, including
Olympic weightlifting and strongman competition,
also depend on maximal force development, but
involve more dynamic movements. Powerlifting
as a competitive sport, as well as performance of
individual lifts, can serve as a measure of functional
strength. Using these lifts for training purposes
can also serve to develop foundational strength in
individuals with different goals and objectives. Many
competitive athletes of different sports engage in
powerlifting movements to improve their strength.
The performances documented here may serve
as reference values for both athletes and strength
coaches.

Powerlifting as a sport was born principally in the
U.S. during the 1950’s and 1960’s, from training
lifts performed for Olympic Weightlifting (Warpeha,
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2015). The first recognized national championship
sanctioned by the American Athletic Union (AAU)
took place in York, PA in 1965 (Glossbrenner, 1996;
Warpeha, 2015). The popularity of powerlifting grew
quickly and national championships have continued
in the U.S. each year since 1965 (Warpeha,
2015). Over time, the AAU was overtaken by the
United States Powerlifting Federation (USPF) as a
sanctioning body. In 1981, a group of lifters broke
away from the USPF over issues of drug testing, to
form the American Drug Free Powerlifting Federation
(ADFPA) (Hunt & Todd, 2007). At about the same
time, the American Powerlifting Federation (APF)
also split off from the USPF, expressly because
the APF's founding members did not support
drug testing (Hunt & Todd, 2007). In 1973, the
International Powerlifting Federation was founded,
and powerlifting has been growing internationally
ever since. In 1997, negotiations to unite the
USPF and ADFPA failed and shortly thereafter, the
ADFPA changed its name to the USA Powerlifting.
USA Powerlifting then displaced the USPF as the
organization sending its top lifters to IPF World
Championships (Warpeha, 2015). Although the
specific rules may differ slightly among powerlifting
organizations, the fundamental guidelines are
the same. All sanctioned competitions rely on the
independent judgement of three referees who
assess whether each lift was performed according
to the standards of competition.

From 1977 — 2012, Powerlifting USA was the leading
publication reporting on powerlifting in the U.S. and
internationally. Each month, the magazine posted
information for upcoming local meets and reported
on the results of national-level and local meets alike.
The publisher and editor of Powerlifting USA, Mike
Lambert, also compiled top 100 lists from meet
reports sent in by meet directors from around the
country. The lists reported the top 100 lifts (squat,
bench press, deadlift, and total) for each weight
class over a calendar year. Although the names
of lifters within top 10 rankings are probably
recognizable to those who follow powerlifting, most
of the lifters comprising the ranks within the top 100
each year were simply dedicated lifters training in
garages and local gyms.

In the current paper, top 100 rankings published in
PL USA were compiled for the years 1995 — 2005.
This eleven-year period represents a span largely
before the internet and social media took the place
of traditional published magazines. As such, these
data document benchmarks for U.S. powerlifters
during the end of the 20" Century and the beginning

of the 21t Century. The current analyses include
patterns from the #1, #10, #50, and #100 ranked
lifters. Lifting performance was evaluated in three
ways. First, the total weight successfully lifted was
examined. Second, the mass-specific weight lifted
(weight lifted/weight class) was determined. Finally,
the Wilks coefficient was determined for lifters in
each weight category (Vanderburgh & Batterham,
1999).These analyses show that powerlifting
performances overall were very consistent over
this period, suggesting a high level of competition.
Many of the #1 - #10 ranked U.S. lifters were
competitive at the international level.

Not surprisingly, total weight lifted in all the lifts
was strongly determined by the weight class
represented. This pattern forms the basis for the
Wilk’s coefficient and other measures for comparing
performances across weight classes (Vanderburgh
& Batterham, 1999). One facet of the current
analyses focuses on understanding the patterns
of lifting performance as a function of weight
class. In the biological sciences, allometry refers
to the relative changes in anatomical structures or
physiological process with changes in absolute size
(Calder, 1996). Although some researchers have
applied allometric scaling relationships to explain
the lower mass-specific performance of heavier
lifters, other authors have demonstrated that the
allometric approach is not appropriate (Batterham
& George, 1997, Cleather, 2006). The current study
examines the possible explanations for this well-
known trend.

METHODS
Data collection and analyses

Top 100 lists for each weight class in kg (52, 56,
60, 67.5, 75, 82.5, 90, 100, 110, 120, and super-
heavy weight (SHW)) for results from 1995 — 2005
were obtained from issues of Powerlifting USA
magazine from April 1995 (Vol. 18 No. 9) — March
2006 (Vol. 29 No. 6). The Institutional Review Board
(IRB) at St. Bonaventure University determined
this protocol to be exempt from review, because
it involves only deidentified secondary data. Each
list comprises a ranking of the top 100 lifts (squat,
bench press, deadlift, and total) reported by meet
directors in the United States over the period of a
year. These lists were agnostic with respect to lifting
organization, drug-testing, lifting equipment, age,
and sex. The results from these lists were compiled
into spreadsheets and averaged over the 11-year
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period indicated. In addition to the averages of
these lifts, the variability (standard deviation) was
also determined. The average weights lifted were
plotted as a function of weight class for each of the
three lifts and the totals. In addition, the weights
lifted were standardized to the weight of the lifters,
as estimated by the limits of each weight class.
This mass-specific performance provides important
insights into systematic differences in strength as a
function of body size.

To examine the relationship between lifter weight
and performance, averaged lifts were plotted as
a function of weight class. To examine whether
mass-specific performance followed well known
allometric scaling relationships, weight classes
and lifting performances were log-transformed
and simple linear regression was applied to the
data. The results showed that the log-transformed
data were still curvilinear, meaning that allometric
scaling relationships did not accurately fit the data
(Fig. 1). Therefore, polynomial regression equations
were applied to the data, as were used in a similar
analysis of Olympic lifting performance (Batterham
& George, 1997). 39 order polynomial equations
consistently resulted in higher R? values and
eliminated the downward curve in the SHW class
imposed with 2nd order equations. Statview 5.0.1
(SAS Institute) was used for all statistical analyses.

Changes in performance over time

Changes in performance over time were calculated
for each lift, weight class, and rank over this 11-
year period. Simple linear regression analyses were
performed, and significant changes were noted if
the p-value for the regression was < 0.05.

Comparison of performances across weight classes

To compare the relative performance of lifters
competing in different weight classes, two
approaches were used. First, totals of lifters in each
weight class were transformed using the Wilks
coefficient (500/a + bx + cx? +dx3 + e* +fx®), where
x is the lifter's weight in kg (Ferland, Allard, et al.,
2020). This coefficient is one of the most common
transformations used to compare performances
among the different weight classes. Wilks scores
for each weight class and rank (#1, #10, #50, and
#100) were compared to observe overall trends
Second, the ranked performances of U.S. lifters
were compared with the International Powerlifting
Federation (IPF) world champion totals for the same
years (1995 — 2005). These totals were averaged

over this 11-year period for comparison with the U.S.
performances. The IPF Open World Championships
results were obtained from the IPF website (https://
www.powerlifting.sport/championships/results).
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Figure 1. Average totals plotted as a function of lifter
weight class on a log-log plot. The linear regression line
does not accurately fit the data.

RESULTS
General patterns

The averaged lifts from 1995 — 2005 are compiled
in Tables 1 — 4. Overall, the reported lifts were
very consistent within a given rank (#1, #10, #50,
and #100). However, the variability was greater
for the #1 and #10 ranked lifts across the board.
The coefficient of variation (standard deviation/
mean) was approximately 3-5% for the #1 and
#10 ranked lifts, compared with 1-2% for the #50
and #100 ranks. For all lifts, there was a positive
correlation between weight lifted and weight class
of the lifter (Fig. 2). Each of these curves was fit
with a 3rd degree polynomial regression equation
that significantly matched the data (p < 0.0001 for
each curve; r? ranged from 0.994 — 1.00, with an
average of 0.998). The slope of this relationship was
steepest at the lighter end of the curve, but gradually
flattened, particularly for lifters above 90 kg (Fig.
2). The difference between ranked lifts was much
larger between #1 and #50 than between #50 and
#100. For example, for most of the weight classes,
the #1 total was approximately 25% greater than
#50 total, whereas the #50 was only 6-7% greater
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than the #100 (Fig. 2D and Table 4). Similar trends
can be observed for the individual lifts (Figs. 2A —
C and Tables 1 — 3). Overall, the top #1 — #10 lifts
were in the national and world class caliber at that
time, whereas the #50 - #100 could be considered
as very competitive at a state-level.

The three lightest weight classes (52, 56, and 60
kg) were consistently less competitive as a group,
compared with the other weight classes. This
pattern was revealed through several relationships.
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The first is the depth of the ranks compared with
the #1 rank. In the 52 kg weight class, the average
#50 total was about 62% of the #1, and the #100
total was about 54% (Table 4). Similar, though less
dramatic, trends were observed for the 56 and 60
kg weight classes (Tables 1 — 4). By comparison,
the heavier weight classes posted average totals
in the range of 75-80% of the #1 lifters at the #50
rank and about 70-75% at the #100 rank. Further
evidence of this pattern is reported with the mass-
specific lifts.
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Figure 2. Powerlifting performances as a function of weight class. The three lifts: squat (A), bench press (B), deadlift
(C), and total (D) are shown. The different rankings (#1, #10, #50, and #100) are indicated. Each point represents
the average for the period 1995 — 2005 and the error bars are + SD. Curves are regression lines fit with third order

polynomial equations. The pattern of each curve is similar,

but exhibiting a flatter slope as lifter weight increased.

with weight lifted increasing as a function of weight class,
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Table 1. Rankings of U.S. Powerlifting Squats (1995 — 2005) — weight in kg

Weight Class #1 #10 #50 #100
52 199.5 + 12.1 160.1 £ 5.5 123.7 £+ 5.2 105.2+£5.0
56 228.2 + 19.6 187.0 £ 43 1476 £ 2.7 1254 £ 33
60 2589 + 21.8 209.6 + 7.3 171.7 £ 3.9 1506 £ 5.2
67.5 309.4 £ 17.1 248.2 + 6.9 2136 £6.7 192.8 + 6.1
75 352.1 +£18.5 282.7 +12.2 2440+ 4.9 226.5+5.0
82.5 360.5 £ 20.9 308.3 £ 10.9 267.5+6.4 2482 £ 6.7
90 400.1 £ 10.9 334.1 £ 14.1 290.5+6.0 273.2+54
100 428.2 + 25.9 359.0 + 15.2 313.1+£8.0 2929 £ 4.7
110 453.8 £ 18.9 372.7 + 18.8 3242 +7.0 3029 +6.2
125 453.3 + 23.3 391.7 £ 17.4 3409 + 13.3 315.6 £ 10.5
SHW 466.8 £ 31.2 420.8 £ 23.3 358.8 £ 12.5 323872
Table 2. Rankings of U.S. Powerlifting Bench Press (1995 — 2005) — weight in kg
Weight Class #1 #10 #50 #100
52 140.3 £ 9.0 100.7 £ 4.7 77.3+ 3.4 64.7 + 3.1
56 165.7 £ 6.5 12562+ 56 99.1+ 34 845+ 3.8
60 188.0 = 10.8 146.0 £ 25 120.3 £ 45 1071 +£54
67.5 216.7 £ 16.5 1775+ 5.9 1585+ 28 1421+ 3.8
75 240.0 £ 21.9 204.2 £+ 125 1789+ 45 167222
82.5 256.6 £+ 22.7 2232 +12.2 1978+ 75 1855 + 4.1
90 292.6 + 15.3 2423 + 12.2 2141 +£97 202375
100 306.2 £ 31.8 259.7 £ 19.3 230.7 £ 8.3 2185+ 82
110 316.1 £ 21.9 2729 + 22.8 240.7 £ 12.6 228.6 = 11.4
125 3354 £19.7 286.1 £ 19.7 251.8 + 14.8 2359 + 12.3
SHW 358.5 + 41.7 306.3 + 26.2 262.8 + 17.3 243.5 + 13.1
Table 3. Rankings of U.S. Powerlifting Deadlifts (1995 — 2005) — weight in kg
Weight Class #1 #10 #50 #100
52 222.8 + 10.0 1765+ 53 143.2+3.0 1255+ 3.0
56 237.6 £ 14.7 2014 £57 166.1 £ 1.9 1470+ 27
60 264.1 £9.2 219.2+53 1905+ 28 173.3+ 46
67.5 289.1 + 144 2531 +6.7 2275+ 1.9 211.3+£40
75 3171 £ 145 280.9 + 6.1 2529+ 25 2385+ 27
82.5 331.3+738 298.8 + 3.6 272.4 + 3.1 258.1 £ 3.8
90 3459+ 52 3156.2 £ 4.1 288.0 £ 3.3 275.3+29
100 361.5+9.0 326.2+58 300.1+24 288.9 + 2.4
110 380.4 £ 13.7 337142 307.5+£20 2942 +1.8
125 379.8 £ 9.7 3454 +£73 3171 £ 41 300.0 £ 5.1
SHW 395.1 + 14.3 3534 +73 3183 +49 297357
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Table 4. Rankings of U.S. Powerlifting Totals (1995 — 2005) — weight in kg

Weight Class #1 #10 #50 #100
52 532.6 £+ 25.3 418.4 + 10.7 332.3+12.0 2859 + 10.2
56 5745 + 422 490.7 £ 121 396.7 £ 6.8 339.0+9.3
60 659.1 + 25.7 5427 £+ 9.9 460.2 + 9.6 413.4 + 129
67.5 762.4 £ 34.8 641.2 +11.2 562.2 + 12.6 520.9 + 10.6
75 8459+ 414 727.9 + 28.8 639.9 + 10.1 598.5 + 9.1
82.5 883.3 = 33.6 770.8 + 23.7 692.2 + 9.1 6529 +£9.3
90 957.3 + 29.7 839.5 + 23.1 748.8 + 13.0 708.3 + 10.2
100 10114 £61.2 885.1 £ 24.0 796.1 + 11.9 756.6 + 9.2
110 1084.5 + 38.0 9199+ 314 825.2 + 18.6 779.4 £ 10.0
125 1071.9 = 40.7 959.8 + 31.0 859.3 + 28.8 806.1 + 14.8
SHW 1127.3 £ 75.3 10155 £ 471 886.2 + 24.9 8124 + 149
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Figure 3. Powerlifting performances as a function of weight class. Each of the three lifts: squat (S), bench press (B),
and deadlift (DL) are plotted together to show their relative values. The three lifts are split according to rank: #1 (A),
#10 (B), #50 (C), and #100 (D). Each curve is a line graph connecting points, rather than regression curves. Note
that in each set of curves, the deadlift is greater than the squat in the lighter weight classes, but the squat becomes
greater as the weight classes increase. Vertical arrows denote the crossover point beyond which the squat is greater
than the deadlift. Note that this crossover point occurs at lighter weight classes in the #1 ranked lifters than in the
lower ranks. The weight lifted at which the squat surpassed the deadlift for all ranks was between 250 and 300 kg.
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Figure 4. Relative powerlifting performances (weight lifted/weight class) as a function of weight class. The three lifts:
squat (A), bench press (B), deadlift (C), and total (D) are shown. The different rankings (#1, #10, #50, and #100) are
indicated. Each point represents the average for the period 1995 — 2005 and the error bars are = SD. Curves are
regression lines fit with third order polynomial equations. Overall, the curves are unimodal, with the greatest relative
performances corresponding to the middle weight classes. For each set of curves, the relative performance steadily

declines beyond the 90 kg weight class.

For most of the lifters, the squat and deadlift were
close to the same weight for the #10, #50, and
#100 ranked lifts (Fig. 3). However, the squats for
the #1 ranked lifts were substantially greater than
the deadlifts, across all but the lightest weight
classes (Fig. 3A). In each rank category, the squat
and deadlifts were very close to one another in the
lightest weight classes, but the squat surpassed the
deadlift as lifter weight increased (Fig. 3). The weight
class at which the squat surpassed the deadlift
increased as the lifter rank decreased (see arrows
in Fig. 3). For example, the squats were greater
than the deadlifts for each weight class heavier than
60 kg for the #1 ranked lifters. The points at which
the squats surpassed the deadlifts for lower ranked

lifters were 75 kg, 90 kg, and 100 kg for the #10,
#50, and #100 ranks, respectively. Foreach rank,
the weight at which the squat surpassed the deadlift
was between 250 and 300 kg (Fig. 3). The average
bench press was lower than the average squat and
deadlift in all weight classes and ranks (Fig. 3 and
Tables 1, 2, and 3).

The mass-specific lifts (weight lifted / lifter weight)
exhibited a more complex, unimodal distribution
for all lifts (Fig. 4). Each of these curves was
described by a 3 degree polynomial equation that
significantly fit the data (p < 0.0001 for each curve
except for the #1 bench and total. The p-value
for regression fitting the #1 bench was p < 0.002
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Figure 5. Changes in lifting performance for the #10 ranked lifts. Weight classes are shown on the right of each line.
Only statistically significant changes over time are shown (p < 0.05). Increases in performance are indicated by

a solid line, whereas decreases are indicated with a dashed line. A. Squat performance improved over time for all
weight classes at 75 kg and heavier. B. Performances in the bench press also improved for weight classes 67.5 kg
and above. C. Performance in the deadlift only improved in the two heaviest weight classes. For the 67.5, 75, 90, and
100 kg weight classes deadlift performance declined significantly. D. Totals increased over time in the 75, 100, 110,
125 kg, and SHW classes. Totals for the 60 kg weight class decreased over time.

and was p < 0.004 for the #1 total ; r> ranged from
0.917 — 0.994, with an average of 0.976). Overall,
the middle weight classes (67, 75, 82.5, and 90
kg) posted the greatest mass-specific lifts for all of
the lifts. These values decreased systematically as
weight classes decreased below this peak, with the
lightest weight classes showing systematic decline
in the lowest classes (Fig. 4). One exception was
for the #1 ranked deadlifters, for which the lightest
weight classes were at least as competitive as the
middle weight classes (Fig. 4C). In the heavier
weight classes (about 90 kg), there was an inverse
relationship between mass-specific performance
and increasing body mass (Fig. 4). These patterns
were observed consistently for the individual lifts

and totals.
Changes in lifting performance over time

A total of 176 regressions were performed (4 lifts x 4
ranks x 11 weight classes) to determine if significant
changes in performance could be identified. Of
these, 65 (37%) were improvements in performance
over time, 31 (18%) were declines in performance,
and 80 (45%) did not change significantly during
the 11-year period. The significant changes over
time were not evenly distributed throughout the
ranks. Within the #1 ranked lifts, 18 significant
improvements were noted, with the remaining 26
showing no change over time. The #10 ranked
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lifts showed the greatest changes over time (Fig.
5). In that group, 22 lifts improved over time, 4 lifts
declined, and 18 showed no change. In the #50
ranked lifts, 14 improved, 11 declined, and 19 did
not change. In that group 64% of the declining lifts
were within the lighter weight classes (56, 60, and
67.5). In the #100 ranked lifts, 11 improvements over
time were noted, 16 lifts declined, and 17 remained
unchanged. In that rank, 62.5% of the declines were
also in the lighter weight classes (56, 60, and 67.5).
Overall, the greatest number of improvements in lifts
were observed in the #1 and #10 ranks, whereas
the greatest number of declines were in the #50 and
#100 ranks.

The majority of improvements (41.5%) were seen
in the bench press. These improvements were
primarily in the heavier weight classes (67.5 and
up) (Fig. 5). In the squat, a total of 14 improvements
were observed, primarily in the #10 ranked lifts (Fig.
5). A total of 8 improvements were observed for
the deadlift, whereas 12 of these lifts significantly
declined over time. In the totals, 16 were observed
to increase significantly, while 9 declined. About
81% of declining trends for the deadlift and total
were within the #50 and #100 ranks.

The magnitude of change was greatest for the
bench press and the squat (Fig. 5). For both of
these lifts, the biggest improvements of during
this time period were in the range of 15% to 25%.
Improvements in the deadlift were uncommon and
typically amounted to about 5% increases. The
majority of significant improvements in the deadlift
were within the heaviest two weight classes.

Comparison to World Champion Lifters

The totals for the U.S. lifters during this 11-year time
period were compared with International Powerlifting
Federation (IPF) world champion lifters during the
same years (Fig. 6). Wilk’s coefficients were used
to compare totals across weight classes and U.S.
ranked lifters (Fig. 6A). This comparison shows that
among all but the lightest weight classes, the IPF
world champion totals were intermediate between
the #1 and #10 U.S. totals. The U.S. competed
in each of the IPF world championships during
these years and many of the lifters ranked on the
Powerlifting USA top 100 lifts represented the U.S.
in these meets. A review of the lifters competing at
the IPF world championships revealed that 77% of
the lifters representing the U.S. posted totals within
the top 10 in that year. The Wilk’s coefficients for
the U.S. lifters demonstrates a clear trend for each

rank, where the 3-4 lightest weight classes were
less competitive than the heavier classes. A similar
pattern is shown in Fig. 6B, where the average
mass-specific totals of the IPF world champions are
compared with the average U.S. #10 ranked totals.
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Figure 6. U.S. powerlifting performances compared

with International Powerlifting Federation (IPF) world
champion performances. Wilk's coefficients (A) for totals
by U.S. lifters (open circles) and IPF champions (closed
circles). Note that the lighter weight classes (52, 56, and
60 kg) were less competitive than the rest of the classes
for U.S. lifters. In general, the IPF world champion totals
were intermediate between the #1 and #10 U.S. ranks.
(B) Relative performance (total/weight class) for the IPF
world champions (closed circles) vs. U.S. #10 ranked
lifters. Note again that the lighter weight classes of U.S.
lifters were less competitive by this measure, whereas the
lightest IPF champions posted the highest mass-specific
lifts. For the heavier weight classes, the IPF champions
and #10 ranked U.S. lifters declined with increasing
weight class in parallel with one another.
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For the IPF champions, an inverse correlation exists
between the mass-specific total and increasing
weight class, whereas the U.S. #10 mass-specific
totals were dramatically lower in the lightest weight
classes.

DISCUSSION

Powerlifting USA was published from 1977 — 2012
(Warpeha, 2015). The magazine was unique in its
expressed focus on the sport of powerlifting, which
it covered both in the U.S. and internationally.
Mike Lambert was the driving force behind the
publication. Lambert founded the magazine and
served as sports reporter, publisher, and editor-in-
chief throughout its 35 years of publication. Prior to
the development of the internet, Powerlifting USA
was the principal resource for keeping up with the
sport of powerlifting. In addition to covering the
sport of powerlifting, Powerlifting USA was the main
source of news for lifters seeking information about
upcoming meets long before the development of the
internet. The top 100 lists were compiled from the
reports of meet directors submitted to Mike Lambert
throughout the year. These lists are valuable
because they document the best performances in
the U.S. from formally judged competitions. The top
100 lists captured the best performances over each
year and distilled them into class-specific rankings
from across the many powerlifting organizations.

The data compiled from the top 100 lists (Tables
1 - 4) present a number of notable trends. First,
even the #100 ranked lifters are remarkable for
each weight class. For example, the majority of
the #50 - #100 ranked totals have Wilks scores of
between 450 and 500. Roughly speaking, those
lifters ranked from #50 - #100 would have been
competitive at the state level, whereas those in
the top 10 were national and world class lifters.
Indeed, most of the U.S. lifters that competed in
the IPF world championships for a given year were
within the top 10 on the lists. Another pattern is that
within a weight class and rank, the lifts were highly
consistent during this 11-year period. On average,
the coefficient of variation was generally only 1 —5%
over this 11-year period. Variability was greatest for
the #1 and #10 ranked lifts (3-5%) but was much
smaller for the #50 and #100 lifts (1-2%) (Tables 1
—4; Fig. 2). A likely source of variability, particularly
within the top ranks of these lifters, was the use of
performance enhancing drugs during this period.
The PL USA top 100 lists were compiled from all
powerlifting associations, some of which were

drug-tested while others were not. Another factor
was the use of lifting gear, which also differed from
organization to organization. Performances in the
squat and bench press were significantly increased
by lifters who took advantage of these lifting aids.
Major advances in the DL were much less dramatic,
probably because this lift is not enhanced by tight-
fitting gear like the squat and bench press are
(Warpeha, 2015; Wilk et al., 2020).

Overall, improvements in the bench press and squat
were noted across all ranks, for many of the weight
classes above 67.5 kg. These significant increases
in weight contributed to the greater variability
observed for these lifts, particularly within the #1
and #10 ranks (Tables 1 -4; Figs. 2 and 5). Although
several factors may have contributed to these
improvements, it seems likely that advances in lifting
gear were involved in increased performances. In
particular, highly engineered bench press shirts
and squat suits can produce significant increases
in the amount of weight moved in these lifts (Todd
et al., 2015; Wilk et al., 2020). Supporting this
interpretation, systematic improvements in the
deadlift were not observed. Retrospective analyses
of the impacts of lifting gear have shown that the
squat and bench press are improved much more
than the deadlift (Todd et al., 2015; Wilk et al.,
2020). Another potential factor is an increase in
the total number of lifters entering the sport, as the
popularity of powerlifting grew.

It is difficult to know what the records represent as a
percentile ranking of competitive powerlifters during
this time period, because it is difficult to determine
how many lifters were actively competing. A
recent retrospective study of global drug-tested,
unequipped powerlifting performances from 1968 —
2022 calculated percentile rankings based on mass-
specific performances (van den Hoek et al., 2024).
The data from that report provide an interesting
comparison with the U.S. records presented in
the current study. For example, the #100 squat
records in the current study are very close to the
90th percentile of the mass-specific lifts for 18 —
35-year-old male lifters reported in that recent study
(van den Hoek et al., 2024). The #100 bench press
records for U.S. lifters exceeded the 90th percentile
for the same male age group by about 10%, except
in the two lightest weight classes. For the deadlift,
the male 18 — 35-year-old 90th percentile lifts were
generally about 10% greater than those posted by
the #100 ranked lifters in the U.S. from 1995 — 2005.
Overall, these comparisons suggest that most of
the top 100 lifters in the U.S. during this time period
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were performing close to or greater than the 90th
percentile of lifters broadly. Comparison of these
records with IPF world champions (Fig.6) support
the conclusion that most the #1 - #10 lifters were
world class lifters. When evaluating these data,
it is important to recognize that the U.S. records
reported here included equipped lifters, some of
whom were using performance enhancing drugs.

Observers of competitive lifting have long
recognized the pattern that heavier competitors
lift less weight in relation to their body mass. Thus,
the increase in weight lifted with increased body
mass is curvilinear, flattening out in the heaviest
weight classes (Figures 1 - 3). Some researchers
have applied allometric scaling patterns to explain
this systematic trend (Batterham & George, 1997;
Cleather, 2006). Allometric scaling relationships
following a logarithmic scaling pattern are defined
by the general relationship: Y = A*mass®, where B
represents the slope of the relationship. When this
equation is log transformed, the result is the equation
forastraightline (logy = log A + B*log mass) (Calder,
1996). Allometric scaling relationships define many
physiological trends such as the higher mass-
specific metabolic rate in smaller animals (Calder,
1996). Indeed, there are allometric relationships
that clearly define skeletal muscle function, such as
the faster shortening velocities in smaller animals
(Medler, 2002; Pellegrino et al., 2003). Another well-
recognized pattern is that smaller animals exhibit
greater mass-specific muscle force and power.
This trend follows the basic principle that force is
proportional to physiological cross sectional area
(linear dimension?), whereas mass is scales as linear
dimension® (Biewener, 1989; Bishop et al., 2021).
This pattern would suggest that mass specific force
should scale as mass to the 2/3 power, or 0.66
(Cleather, 2006). This type of allometric scaling
does not explain the size related differences
powerlifting performance. In the current analyses,
log transforming the axes failed to produce a
straight line, as would result with allometric scaling
patterns (Figure 1). In a similar assessment,
Batterham and George (Batterham & George,
1997) demonstrated that allometric modeling did
not predict Olympic weightlifting performance for
the same reason. Cleather analyzed performances
from International Powerlifting Federation World
Championships from 1995 — 2004 as a function of
body mass in both male and female lifters (Cleather,
2006). The results of that analysis demonstrated
similar results, leading the author to conclude that
allometric scaling relationships do not accurately fit
the trend.

A simpler explanation for the systematic
underperformance of larger lifters is that these
athletes have lower a proportion of muscle mass
relative to fat mass. Since skeletal muscle is the only
force generating component of the body, increases
in body mass from adipose tissue should not
contribute to lifting performance. Male competitors
from the U.S. Men's National Powerlifting
Championships in 1997 exhibited significantly
increasing percent body fat (%BF) with increasing
weight classes (Brechue & Abe, 2002). The lifters
from that study were grouped into light weight (67.5
kg and lower), middle weight classes (70 — 100 kg),
and heavy weight classes (110 kg and greater). The
%BF from each category were 13.7%, 14.4%, and
26.7%, respectively. Similar patterns in %BF have
been reported for American football players from
Division | colleges and the National Football League
(Kraemer et al., 2005; Melvin et al., 2014; Noel et al.,
2003). Although the precise %BF reported in these
studies varies, in part because of the assessment
methods used, they all show similar patterns.
Running backs, receivers, and defensive backs
possess the lowest %BF (~6% - 15%), linebackers
and quarterback have intermediate %BF (~15% -
20%), and linemen exhibit the highest %BF (~18% -
24%) (Kraemer et al., 2005; Melvin et al., 2014; Noel
et al., 2003).

The idea that powerlifting performance is a direct
function of fat-free mass (FFM) is appealing,
because it provides a simple, mechanistic
explanation of functional strength. Although
FFM is not only comprised of skeletal muscle, it
does represent a very significant proportion. On
average, about 50% of FFM in non-obese men
is skeletal muscle, while women possess slightly
less muscle (Heymsfield et al., 2002). However,
individuals exhibit significant differences in their
degree of muscular development (Heymsfield et
al., 2022). For mammals broadly, skeletal muscle
represents approximately 40 — 50% of total mass in
a scale independent fashion (Bishop et al., 2021;
Calder, 1996; Muchlinski et al., 2012). Studies
of body composition in competitive powerlifters
have demonstrated a direct linear correlation
between absolute strength and lean body mass,
as measured by dual X-ray absorptiometry (DEXA)
(Ferland et al., 2023; Ferland, St-Jean Miron,
et al.,, 2020). Another study of elite powerlifters
using ultrasound to estimate fat free mass also
demonstrated a linear relationship between lifting
performance and lean mass (Brechue & Abe,
2002). Long-term gains in strength follow increased
muscle thickness and lifters can accrue additional
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muscle mass and strength through years of lifting
(Abe et al.,, 2000; Latella, C et al.,, 2020; Latella
et al., 2022, 2024). Lifters using performance
enhancing drugs enjoy an unfair advantage not
only because these compounds increase muscle
mass, but also because they reduce body fat.
These combined effects lead to an overall increase
in FFM for lifters within a given weight class. Further
empirical studies that assess the connections
between fat-free mass and the amount of weight
lifted are needed to provide a better understanding
of the relationship between weight class and mass-
specific performance.

The data presented in the current report have a
number of limitations, some of which have already
been noted. The records did not include information
about age or even sex, but simply included the
name and date of the lift. In fact, some of the
records, particularly in the lighter weight classes,
were achieved by women. These records were
compiled from meet reports from many different
powerlifting organizations. As noted, powerlifting
in the U.S. has long been fractured into federations
along the lines of drug use and testing. For
example, the American Powerlifting Federation
(APF) was formed with the explicit principle that
they opposed drug testing, whereas the American
Drug Free Powerlifting Federation (ADFPA) was
formed in opposition to drug use (Hunt & Todd,
2007; Warpeha, 2015). It is impossible to know how
these records were impacted by drug use, although
it seems a safe assumption that the highest ranks
were most impacted. In addition, some of the
lifts were performed with assistance from heavy
duty gear that would not be permitted in all lifting
organizations (Hunt & Todd, 2007; Warpeha, 2015).
During this period, the majority of lifters were using
single ply lifting gear, knee wraps, and a lifting belt.
Unequipped, or ‘raw’, lifting competitions were
uncommon. Furthermore, perceived differences
in judging among lifting federations have led
to disagreements over the validity of records.
Comparison of powerlifting performance has
long been wrought with controversy because of
these many factors. Nevertheless, these records,
contemporaneously  published by PL USA,
document the best powerlifting performances
in the U.S. from the end of the 20th Century to
the beginning of the current century. Since that
time, powerlifting has continued to grow as an
international sport, with more than 100 member
nations participating in the International Powerlifting
Federation (Warpeha, 2015). In response to the
perceived unfair advantages of heavy-duty lifting

gear, unequipped or ‘raw’ powerlifting began
to gain popularity beginning sometime after the
time frame of the current study (Todd et al., 2015;
Warpeha, 2015). As with performances in any sport,
it is difficult to make direct comparisons of the
powerlifting records set from 1995 — 2005 with those
being set in the current day.
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