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A Case Study on Powerlifting
Introduction
PL involves three controlled lifts at one-repetition maximum (1RM): (1) squat (SQ), (2) bench press (BP), and (3) deadlift (DL) (Ball and Weidman, 2018; Swinton et al., 2009). The lifts measure the absolute maximum strength of the lower and upper body, and contestants are categorised by sex, age, and weight (Michal et al., 2020). The scores for each lift are quantified to provide an overall adjusted result (Wilks coefficient) for body weight (Ferland and Comtois, 2019). During the competition, each lift can be attempted three times; however, the correct form must be maintained, or disqualification occurs (Miletello et al., 2009). 

The physical requirements to excel in PL are predominantly strength “ability to produce force against an external resistance” (Suchomel et al., 2018) and power, “force and velocity” (Solberg et al., 2019; Ball and Weidman 2018). Research has shown several neurological, circulatory, muscular, and metabolic adaptations occur, with the neurological system being the first to adapt (Hughes et al., 2018). Muscle overload techniques used in PL result in muscle tissue damage which causes an inflammatory reaction and the release of cytokines (interleukin (IL)-6, IL-10, and TNF-α) (Islam et al., 2021). As a result, the activation and proliferation of satellite cells (Kadi et al., 2004) increase the number of myonuclei and the recruitment and synchronisation of motor units within the muscles (Liu et al., 2016; Kazior et al., 2016). 

Another adaptation of PL is that the muscle myosin heavy chain (MHC) isoforms alter (Travis et al., 2021), leading to an increase in the number and size of MHC fibres and a higher ratio of MHC type IIA (fast-twitch) muscle fibres to MHC type I (slow-twitch) fibres (D’Souza et al., 2017; Loturco et al., 2015). Moreover, Andersen and Aagaard (2010) reported that MCH type II muscle fibres transform further from type IIX and B fibres into IIA-type fibres. 

[bookmark: _Hlk133763297]Typically, the long-term physiological changes in skeletal muscles from PL are hypertrophy (thickness, area and volume) and an increase in the muscle cross-sectional area (mCSA) (Swinton et al., 2009; Latella et al., 2018; Haun et al., 2019). These adaptations of the muscle fibres, along with changes in intravascular volume (Travis et al., 2021), enable powerlifters to have a higher “explosive” muscular contraction (faster and more powerful) combined with increased muscular strength (Marshall et al., 2011; Swinton et al., 2009; Conceição et al., 2018). In addition, Kongsgaard et al. (2007) reported that weight training also causes hypertrophy of the connective tissues (tendon CSA) and a reduction in tendon stiffness. 

A muscle contraction in PL relies heavily on how much and quickly adenosine triphosphate (ATP) can be utilised and synthesised (Adami et al., 2022). Hence, increased muscle mass containing greater PC stores is beneficial (Baker et al., 2010). According to Baker et al. (2010), the anaerobic system is the primary energy system utilised in PL as it can rapidly adjust to energy demands and can maintain elevated muscular force and power output levels necessary for all-out effort in the lifts (6-10 s for phosphocreatine (PC) and anaerobic glycolysis) (Hargreaves and Spriet, 2020). Thus, the capacity for anaerobic energy production is enhanced by PL training, leading to a rise in the amount of ATP-PC available (Slade et al., 2002; Sahlin, 2014). 

This case study is on a 28-year-old female University of Wales Trinity Saint David student. The participant has been PL for six months and participated in two classic PL competitions (local and regional). The study will explore the physiological aspects of strength and power in PL. The suggestions to improve performance will concentrate on enhancing these components as the objective for the participant is to enter national competitions, where attaining optimal performance is imperative for success.

Method
After being informed of the purpose, testing procedures, and possible risks, the participant voluntarily agreed to participate in the proposed laboratory and performance tests. Written informed consent was obtained, and a Physical Activity Readiness Questionnaire (PAR-Q) was completed (Appendix 1). The results were compared to those of other female students (n = 8). 

Testing protocols
Testing was performed over one week. Appropriate warm-ups with increasing intensity were performed before each test, which raised the participants’ pulse and body temperature, activated muscles, and mobilised joints (upper and lower body).


Anthropometrics
Anthropometric characteristics included stature and body mass index (BMI). Body composition was assessed using the Tanita MC980 MA Body Composition Scale (Tanita, Amsterdam, The Netherlands). Stature was measured with the participant standing upright, without shoes, using a stadiometer (Seca 213, Hamburg, Germany).

Muscular power 
Muscular power was measured using the Keiser A300 pneumatic chest and leg press (Keiser, Fresno, USA). The participant adjusted the seat for the leg press so that the knees were at a 90° angle, with a straight back against the backrest and both feet flat on the footplates. The participant was instructed to push both legs forcefully (maximum velocity) and as fast as possible. A standard protocol of two warm-up repetitions preceded by 10 automated test repetitions was used, which increased resistance and incorporated longer rest intervals. For the chest press, the participant adjusted the handles so that the elbows were flexed at 90°, seated upright against the backrest, and followed the same protocol (repetitions) as the leg press. Peak Power was calculated in watts (W) using the Keiser A300 software.

Muscular strength
Muscular strength was measured using a dynamometer (Habdirect, Southam, UK) (Housh et al., 2016). The test was performed three times for each hand, and the highest value was recorded in kilograms (kg). After adjusting the handle accordingly, the participant was instructed to squeeze for 3 seconds, alternating hands, with 2 minutes of recovery between measurements.

Flexibility 
The sit-and-reach box (Habdirect, Southam, UK) measured lower back and hamstring flexibility (Housh et al., 2016). The participant sat on the floor with legs outstretched, shoes removed, and feet 23 cm against the box. The participant was instructed to bend forward with arms steady, hands spread in front of them, palms down, and fingers on top of each other. The participant had to remain at the maximum distance for 1-2 seconds, and the best of the three trials was recorded.



Anaerobic capacity
Anaerobic performance was determined using the widely recognised and accepted Wingate Anaerobic Test (WAnT) (Bar-Or et al., 1980). Peak Power (PP) and Average Power (AP) were calculated using computer software and expressed as Watts (W). A Monark Ergomedic 894E bike (Monark, Vansbro, Sweden) was used, and the resistance corresponded to 7.5% of body weight (6.5 kg), the weight basket dropped when the pedal cadence reached 70rpm. The participant cycled at 60rpm until hearing ‘GO’ when the participant stayed seated and cycled at a maximum all-out effort for 30 s with verbal encouragement.

Results
The participant and group findings for each laboratory and performance test are shown in Table 1. Results are presented as mean (M) ± standard deviation (SD) and z-score calculations. Z-scores for the participant compared to the group are shown in Figure 1 (Altman, 1968). The participant’s age of 28 exceeds the mean age of the group, which is 24.8 ± 5.8. Additionally, the participant’s height of 176 cm is greater than the group’s mean of 164 ± 9.2. The participant with a BMI of 32.8 kg/m2 would be classified as obese, compared to the group’s mean, categorised as overweight (26.4 ± 5.4 kg/m2) (NHS, 2022).

Figure 1. Z-score results of participants compared to group (n = 8) of female students

The participant’s leg peak power of 664 W exceeded the group mean of 597.9 ± 136.6 by 11%. The corresponding z-score was 0.54. Similarly, chest peak power exhibited a 16.8% increase (163 W) compared to the group’s average of 139.6 ± 27.4, resulting in a z-score of 1.03. The handgrip strength of the group was 35.3 ± 7.92, corresponding to the 95th percentile in normative data adjusted for sex and age, as reported by the American College of Sports Medicine (Liguori, 2021, p. 95). The recorded value of 39.5 by the participant exceeded the 95th percentile by 11.9%.

Table 1  Participant and group (n = 8) anthropometric data, performance test results and z-score for strength, power, anaerobic capacity and flexibility. 
	Variables
	Participants results
	Group (n = 8)
Mean (± SD)
	z-score

	Anthropometric data
	
	
	

	Age (years)
	28
	24.8 (5.8)
	0.60

	Height (cm)
	176
	164 (9.2)
	1.61

	Body Mass (kg)
	101.5
	71.59 (18.3)
	2.02

	Body Mass Index (BMI) (kg/m2)
	32.8
	26.4 (5.4)
	1.30

	Fat-Free Mass (kg)
	62.3
	n/a
	

	Muscle Mass (kg)
	59.2
	n/a
	

	Power
	
	
	

	Leg press PP (W)
	664
	597.9 (136.6)
	0.54

	Chest press PP (W)
	163
	139.6 (27.4)
	1.03

	Strength
	
	
	

	Handgrip (kg)
	39.5
	35.3 (7.92)
	0.50

	Anaerobic capacity
	
	
	

	WAnTPP (W)
	955
	610.6 (148.3)
	2.86

	WAnTAP (W)
	780
	411.6 (111.8)
	3.71

	Flexibility
	
	
	

	Sit and reach (cm)
	27
	32.7 (6.10)
	-1.22


Notes: SD = standard deviation, cm = centimetres, kg = kilogram, W = watts, WAnTPP = Wingate Peak Power, WAnTAP = Wingate Average Power
The results for anaerobic performance indicate that the participant was 56.4% higher than the group’s mean. The average power output of 780 W was nearly twice the group mean of 411.6 ± 111.8, resulting in a z-score of 3.71. Flexibility at 27 cm was lower than the group average of 32.7 ± 6.10, translating to a negative z-score of -1.22. 
A comparison between the participants’ latest competition 1RM results and those of the 2023 British Champion and the top 30 PL women in the USA in 2015 are presented in Table 2 (Bishop et al., 2018; British Powerlifting, 2023).

[bookmark: _Hlk132801494]Table 2. Participant, British Champion and Top 30 USA powerlifters One-repetition maximum (1RM) results
	Powerlifting 
Lifts
	Participant1
	[bookmark: _Hlk133505686]British Open Champion1
	Top 30 USA Powerlifters2

	
	
	
	Mean (SD)

	Squat (kg)
	107.5
	200
	194.7 (16.2)

	Bench Press (kg)
	55
	92.5
	125.6 (11.4)

	Dead Lift (kg)
	135
	242.5
	213.2 (15.3)

	Total (kg)
	297.5
	535
	n/a


Notes: 1 = 2023 and 84+ kg weight category, 2 = 2015 and 82.5 kg category
Source: British Open Classic 84+ kg Open Powerlifting Championship Result and Bishop et al. (2018).

Figure 2. Participants’ powerlifting lifts compared to the 2023 British Champion and 2015 top 30 USA powerlifters.


Discussion
The results from this case study indicate that the participant exhibited superior performance to other group members regarding the physiological components of PL, specifically strength and power. Likewise, the participant’s peak and average anaerobic performance, indicated by z-scores of 2.86 and 3.71, respectively, suggests an elevated PC store from a larger muscle mass (Castañeda-Babarro, 2021). Nevertheless, Figure 2 demonstrates the need for improvement compared to elite1RM PL athletes. According to Latella et al. (2020), individuals new to resistance/weight training are likely to observe greater enhancements in strength compared to elite/international athletes. Additionally, studies indicate that women in PL tend to reach peak strength and power between the ages of 27 and 35 (Solberg et al., 2019; Hernández-Ugalde, 2021). Therefore, because the participant falls within this age range and is relatively new to PL (Tier 2, see Figure 3), there is considerable potential to improve muscular power and strength (McKay et al., 2022).
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Description automatically generated]Figure 3. Taken from McKay et al. (2022) ‘Defining Training and Performance Caliber: A Participant Classification Framework’.

The participant weighed 101.5 kg and had a z-score of 2.02, which may appear unfavourable. However, this is not a major issue as the participant competes in the 84+ kg division in PL. Nonetheless, anthropometric factors (lower fat-mass (FM) to fat-free mass (FFM) ratio) could significantly influence PL proficiency at an elite level (Brechue and Abe, 2002; Hackett et al., 2020; Keogh et al., 2009) as demonstrated by Latella et al. (2018) who reported a negative impact on strength and performance among competitive powerlifters (n = 1368) who exhibited higher levels of FM. As the participant has a FM of 39%, decreasing this to improve FFM levels would improve strength.

The participant exhibited a higher z-score for strength and power in the chest (1.03) and leg (0.54) press than the group. According to Loenneke et al. (2019), it is advisable to replicate each lift during training to enhance specificity and stimulate the desired adaptations. Studies have shown that differences in muscle recruitment and patterns can be observed between SQ and DL when subjected to heavy loads (Hales, 2011). Hence, a hypertrophy-power-strength model that involves SQ and BP three times a week on alternating days is recommended (Ferland and Comtois, 2019). Cudlip et al. (2022) also suggested the arch approach in the BP, which activates different muscle groups (particularly the latissimus dorsi) and induces an adaptive neurological response and increase in muscular strength.

The optimal approach for enhancing strength and power through manipulating variables such as sets, repetitions, and loads is a topic of ongoing debate among researchers. (Klemp et al., 2016; Grgic and Schoenfield, 2018). Recent studies have found that a daily overload strategy based on 1RM SQ can lead to significant improvements (10.8%) in maximal strength of powerlifters (Zourdos et al., 2016). Likewise, training at 80% of 1RM three times per week has resulted in more significant muscle strength gains than lower-intensity training (30% 1RM) (Jenkins et al., 2017). Additionally, incorporating explosive lifts, similar to weightlifting, can increase the rate of force development (RFD), contributing to an increase in force during contractions (Swinton et al., 2009). The literature suggests that to improve strength and power, the participant should participate in training sessions comprising between four and eight sets, using a load that ranges from 70 -100% of their 1RM and incorporating sufficient rest intervals (3 – 5 minutes) (Marshall et al., 2011; Ferland and Comtois, 2019). Moreover, neuromuscular adaptations are dependent on going to failure (Kubo et al., 2021).

The z-score for flexibility for the participant was comparatively lower (-1.22) than the group, which could reduce the range of motion (ROM) and increase the risk of injury (Arandjelović, 2011; Cutrufello et al., 2017). PL puts tremendous strain on muscles, tendons, and joints, and a full ROM is crucial to reduce the “sticking region” (Bloomquist et al., 2013; Kompf and Arandjelović, 2016; Dudagoitia et al., 2021). Resistance training alone can improve flexibility (Leite et al., 2017). However, Ferland and Comtois (2019) propose the low-bar squat and wide grip bench to facilitate moving greater loads. Also, isolation exercises (static stretches) or yoga can increase flexibility (LaSala, 2021). While at the same time, these exercises could substantially augment muscular force and power (Morris et al., 2022; Minozzo et al., 2013).

Conclusion
The areas concerning specificity and repetition of the three lifts (SQ, BP and DL), together with an individualised training program focusing on areas of weakness, will attain the most significant improvement (strength and power) and subsequent success in PL for the participant. Although, the physiological components of PL can only be achieved over the years (Baker and Newton, 2006) as the body needs to adapt at a cellular, tissue and metabolic level to elicit some of the physical changes (hypertrophy) necessary to perform lifts at all-out-maximal effort. 
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Z-score fitness profile


Age (years)	Stature (cm)	Body Mass (kg)	BMI	Grip (kg)	Kieser Chest (w)	Keiser Leg (w)	WAnTPP (w)	WAnTAP (w)	Sit and Reach (cm)	0.60193148820637199	1.607012718849018	2.0154615714136437	1.299326618952555	0.50232456367441891	1.0342688673303875	0.54409376584124136	2.861827465352357	3.7076234922696498	-1.2222325715740001	Test variables	Laboratory tests


Z-score



Competition Comparisons

Participant	
Squat	Bench Press	Dead Lift	107.5	55	135	British	
Squat	Bench Press	Dead Lift	200	92.5	242.5	USA	
Squat	Bench Press	Dead Lift	194.7	125.6	213.2	1RM Lifts


Weight Lifted (kg)
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