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INTRODUCTION: High external loads have 
been shown to maximize overload and thus are 
essential for maximal strength development (Stone, 
Stone, & Sands, 2007). The squat is an ideal 
strength exercise that is modifiable: the bar can be 
positioned in front or behind the lifter, it can be 
performed with weight releasers (Wagle et al., 2018) 
or accommodating resistance (Rhea, Kenn, & 
Dermody, 2009), and safety squat bars (SSB) can be 
used (Hecker, Carlson, & Lawrence, 2019).  The 
SSB shifts the center of mass of the bar anteriorly, 
and as a result have been used to keep the torso 
more upright and reduce stress on the lower back 
(Hecker et al., 2019).  Another benefit of the SSB is 
that the bar can be securely balanced across the 
lifter’s shoulders eliminating the need of the hands 
to support the bar.  To modify the squat even 
further, towels, chains, or handles can be mounted 
to the rack at chest height, allowing the lifter to 
perform hand-supported squats (i.e., Hatfield 
Squat) (Figure 1). To our knowledge, no research 
has been performed on the Hatfield Squat.  
Therefore, the purpose of this study was to 
determine whether differences in 1RM exist 
between three squat conditions: 1) barbell back 
squat (BS), 2) SSB BS 3) and a hand-supported BS 
using the SSB (Hatfield Squat). A second purpose 
was to determine if differences exist in vertical 
ground reaction forces during a 1RM. 

Methods: Subjects: Five males (23 ± 5.37 yrs; 92.18 
± 3.34 kg; 187.96 ± 8.98 cm; relative 1RM BS: 1.5 
± 0.2 kg˖kg-1) volunteered to participate in the 
study. All subjects completed a minimum of three 
seasons in an NCAA Division III sport (4 lacrosse, 
1 soccer) and was trained by a Certified Strength 
and Conditioning Specialist.  Subjects were 
excluded from the study if they had sustained any 
musculoskeletal injuries within the past six months. 
All participants signed written informed consent 
that was approved by the Carthage College 
Institutional Review Board. Design: The study used 
a repeated measures design, where independent 

variables were presented in a randomized-balanced 
order for each squat condition (BS, SSB, and 
Hatfield Squat). Methodology: Prior to maximal 
strength testing, subjects completed 3 
familiarization sessions where they performed a 
total of 75 repetitions using SSB and Hatfield 
Squat. During familiarization sessions, subjects 
performed 5 sets of 5 repetitions, increasing the 
load with each set as they desired. Each 
familiarization session was separated by a minimum 
of 48 hours. 

To evaluate maximum strength, subjects 
performed 1 repetition maximum (1RM) squats for 
three different conditions: BS, SSB, and Hatfield 
Squat. Squat conditions were presented in a 
randomized order. At the beginning of the 1RM 
testing session, subjects reported a self-estimated 
1RM (for each squat condition), which was used to 
determine warm-up repetitions. Next, subjects 
completed a warm-up, which included 30% (8-10 
repetitions), 50% (4-6 repetitions), 70% (2-4 
repetitions), and 90% (1 repetition) of the 
participants estimated 1RM (McBride, Triplett-
McBride, Davie, & Newton, 2002). A 1RM was 
then determined within 3-4 maximal attempts. Full 
depth was defined as the subject’s hip crease being 
below the patella and was verified by a Certified 
Strength and Conditioning Specialist. Subjects were 
allowed 3 to 5 minutes of rest between each 
attempt. The BS condition utilized a standard 20kg 
barbell (Rogue Westside Power Bar 2.0, Columbus, 
Ohio), and the SSB and Hatfield Squat conditions 
utilized a 29.5 kg barbell (SS Yoke, EliteFTS, 
London, Ohio, USA). In addition, the Hatfield 
Squat condition used handles (Rack Squat Handles, 
PowerLift, Jefferson, IA) that were mounted to the 
squat rack 1m above the ground (Figure 1). All 
1RM testing was performed in a Power Lift Rack 
(Conner Athletic Products, Inc. Jefferson, IA), 
while standing on two force plates (PASCO 
Scientific, Roseville, CA) sampling at 1000hz. Mean 
and peak force were determined using PASCO 



 

 
FIGURE 1. Hatfield squat at the starting position and at the bottom of the squat.  

Capstone software v1.13.4 (PASCO Scientific, 
Roseville, CA). Statistical Analysis: Differences 
between squat conditions were analyzed using a 
repeated-measures ANOVA and Cohen’s d. 
Cohen’s d statistics were categorized as: trivial < 
0.2, small 0.2–0.6, moderate 0.6–1.2, large 1.2–2, 
and very large 2.0–4.0 (Cohen, 1988). Variance was 
addressed using Maunchly’s test of sphericity. 
Sphericity was not assumed when comparing 1RM 
loads and was corrected using a Greenhouse-
Geisser correction. Sphericity was assumed for 
comparisons of both peak and mean force. All 
statistical analyses were conducted with SPSS v26 
(IBM, Chicago, IL, USA) with an alpha level of 
p<0.05.   

Results:  The Hatfield Squat condition had (209.5 
± 38.4 kg) significantly higher 1RM loads when 
compared with the BS (138.6 ± 22.5 kg; p = 0.006; 
d = 2.33 very large) and SSB (135.2 ± 24.2 kg; p = 
0.003; d = 2.38 very large) conditions. No 
significant difference was observed between the BS 
and SSB conditions (p = 0.318; d = 0.15 trivial). 
Peak Force during the Hatfield Squat condition 
(3002 ± 566 N) was significantly greater than the 
BS (2467 ± 420 N; p = 0.032; d = 1.08 moderate) 
and SSB (2393 ± 342 N; p = 0.025; d = 1.34 large) 
conditions.  No significant difference was observed 
between the BS and SSB conditions (p = 0.690; d 
= 0.19 trivial).  Mean force during the Hatfield 
Squat condition (2412 ± 437 N) was significantly 

greater than the SSB (2103 ± 326 N; p = 0.016; d 
= 0.81 moderate) condition.  However, no 
significant difference was observed between the BS 
(2167 ± 372 N; p = 0.142; d = 0.61 moderate) and 
the Hatfield Squat condition.  Furthermore, no 
significant difference was observed between the BS 
and SSB conditions (p = 0.841; d = 0.18 trivial). 

DISCUSSION:  It appears that the Hatfield Squat 
produced the highest 1RMs of the three conditions.  
Subjects were able to lift 35.5% (74.4 kg) and 33.8% 
(70.9 kg) more than the SSB and BS conditions, 
respectively.  Higher loads in the Hatfield Squat 
were expected due to the use of the handles, which 
allowed the participants to involve their upper body 
in the squat. Although the participant’s arms were 
utilized in the Hatfield Squat condition, ground 
reaction forces were still higher than the SSB and 
BS conditions. For instance, peak force values in 
the Hatfield Squat condition were 17.8% (610 N) 
and 20.3% (535 N) higher than the SSB and BS 
conditions, respectively. Furthermore, mean force 
values in the Hatfield Squat condition were 12.8% 
(309 N) and 10.2% (246 N) higher than the SSB 
and BS conditions, respectively. Thus, at 1RM 
loads, the Hatfield Squat condition required the 
greatest vertical ground reaction force production. 
This increase in lower-body force output is likely 
due to the added stability from the handles, which 
allowed for better utilization of lower-body 
musculature to produce vertical forces. It has been 
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previously demonstrated that force output and 
instability are inversely related (Saeterbakken & 
Fimland, 2013). Thus, the added stability of the 
upper body during the Hatfield Squat condition 
may have contributed to the increase in 1RM load 
and vertical ground reaction force output.  In the 
present study, only 2.5% more load was lifted in the 
BS condition than the SSB condition, which is 
much less than the 11.3% difference found using a 
3RM in a previous study (Hecker et al., 2019).  The 
small sample size of this preliminary study was a 
large limitation to this study. In addition, the 
measurement of power, velocity, and rate of force 
development would provide more useful 
information to strength and conditioning 

professionals. Despite the findings from the 
present study, further research is needed to better 
understand the efficacy of the Hatfield squat and 
other specialty bar exercises.   

CONCLUSIONS AND PRACTICAL 
APPLICATIONS: During maximal intensities, 
the Hatfield Squat condition allowed subjects to lift 
significantly more load and produced greater peak 
ground reaction forces. Thus, we recommend use 
of the Hatfield Squat when the goal is to maximize 
peak force production during a squat movement.  
The Hatfield Squat could be used as an associate 
movement to the BS. 
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