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Introduction

Powerlifting is a strength sport where participants compete against others consisting of three lift movements: the Squat (SQ), Bench Press (BP) and Deadlift (DL) (Hackett et al. 2020). Contestants are divided into categories based on gender, body weight, age. In competition they have three attempts at each movement to successfully lift the greatest weight (1RM) possible, the most successful lift from each movement is combined to reach a total weight score (Ball and Weidman, 2018). The sport is defined by the competitors who lift the greatest weight at the lightest body weight in each category. To allow for the differing weights in each category body mass and lifted weighted are combined together with a coefficient formula named ‘Wilks’ to determine the overall winner (Coker et al. 2018). Additionally, the sport has two divisions where the ‘Raw’ division compete with limited “performance enhancing gear” whist the ‘Equipped’ division permits specific aids such as movement suits e.g., DL Suits (Ferland and Comtois, 2019). 

In general, the lifts in powerlifting typically last less than 10 seconds which demand short bursts of high intensity effort which are predominantly supplied by the ATP-PC energy system (Mack, 2022). Adenosine triphosphate (ATP) is the compound required to power all muscle contractions with small amounts stored in muscle for immediate use (Gastin, 2001). There are three symbiotic mechanisms ATP-PC (Anaerobic), Glycolytic (Lactate) and Oxidative (Aerobic) who work together to best produce the ATP required depending on duration of the exercise (Esmaeili et al. 2015). ATP-PC energy system also known as the creatine phosphate or phosphagen system, is one of three principal energy systems used by the body to produce the energy required for any physical activity (Barclay, 2017).  This system responds speedily to break down a limited supply of phosphocreatine (PC) compounds along with ATP in muscle to drive muscle contractions (Hrastnik, 2016). 

The ATP-PC system has a higher association to Type II muscle fibres which contract quickly while generating lots of force, these muscle fibres can store greater proportions of PC but subsequently fatigue quicker than Type I muscle fibres (Fry, 2004). Research has shown the PL competitors have a high proportion of Type II muscle fibre compared to other athletes (D’Souza et al. 2017).

The SQ movement starts with the competitor standing vertically with a barbell with nominal weight, resting on the shoulders, flexing the hip and knee until the cranial part of the thigh is below the knee; to finish the movement the competitor attempts to stand vertically (Clark et al. 2012). Highest peak forces are seen in the Quadriceps, Gluteus maximus Hamstring and Soleus (Sinclair et al. 2020). The BP involves the competitor lying in a supine position on a ‘bench’ where a barbell with a nominal weight is lowered to chest, to complete the movement the barbell is pushed upward to with full extension of the elbows (Bengtsson, Berglund & Assa, 2018). The main muscle recruited in the BP are pectoralis major, anterior deltoid and triceps brachii (Dugdale et al. 2019). 
The DL requires the competitor to crouch over a weighted barbell, to complete the movement requires full extension of the knee and hip to lift barbell off the floor while maintaining straight arms to finish in a standing position (Keogh et al. 2009). The prime muscle movers in the DL are around gastrocnemius, soleus, quadriceps, gluteus maximus, obliques and rectus abdominals (Escamilla et al. 2000) (Vecchio, Daewoud and Green, 2018). 

Method 

The client completed a PAR-Q and signed a consent form. Body composition was assessed by measuring the clients’ weight, height and further anthropometrics were assessed using Tanita Bioelectrical Impedance machine (see Appendices). Data was collated and analysed on Microsoft Excel (2018) The following tests were conducted.

Wingate Anaerobic Test – the client commenced with a warmup for 3-4 minutes on Monark Ergomedic 894E cycle ergometer (Monark, Vansbro, Sweden) with no added weight resistance maintaining a pedal cadence of 60rpm. Following the warmup, the recommended weight was added to the bike, which was 7.5% of clients’ body weight equalling 7.5kg. To commence the test the client was commanded to pedal as quickly as possible in a seated position for 30 seconds. Following the test client remained on ergometer to commence a cool-down of 5 minutes, unweighted and at easy cadence.   
 
Keiser Leg Press & Chest Press
A 1RM of both chest and leg was required to test upper and lower body strength, this was assessed using a Keiser A300 pneumatic resistance machine with integrated software, (Keiser, Fresno, USA). For the leg press the client sat in a seated position with legs fully extended 90° to body. A standardised protocol was conducted with warm-up repetitions, where the resistance weight increased progressively until failure; 1RM was the final successful attempt. Incorporating the same Keiser A300 machine where its levers were realigned horizontal and anterior to chest area of client. Similar protocol to leg press was followed to seek 1RM of upper body strength.  

Dynamometer (Grip Strength)
To access hand grip strength the testing protocol by Housh et al. (2017) was completed.  A Takei hand grip dynamometer (Habdirect, Southam, UK) was utilised where the client completed three tests on each hand where the best force (kg) recorded by squeezing the handle. Best force (kg) from each hand was combined then divided by body mass (kg) with the resulting score compared to normative tables.  





Sport specific Tests 

To elicit more specificity to the sport of PL, tests of 1RM in Squat, Bench lift and Deadlift were conducted to compare results of client to other competitors in the sport. All tests were fully supported and supervised to reduce the risk of injury and were completed on the same day.  A protocol was followed as prescribed by Bayles and Swank (2018). This protocol was followed for each movement of Squat, Bench Press and Deadlift when a specific protocol could not be found. A warm-up of approximately 5 minutes was commenced prior to test where the client practiced the movement with-out load, then progressed for 5 to 10 repetitions with a load that the client would consider ‘easy’ whilst maintaining correct posture. The test followed a fragmented rest period of 1 to 5 minutes, with recovery time ascending to coincide with each progressive loading stage. To elicit the 1 RM additional loads were added to barbell progressively until the client reached an unsuccessful attempt.


Results

The client is a 29-year-old female 2nd year student from University of Wales Trinity St David’s (UWTSD), who currently trains in the sport of Powerlifting 2/3 times a week. Table 1 displays our client’s results in comparison a heterogenous female group of students from the same course group (n=13). The client age is close to the group mean age of 28, has a higher-than-average body mass (101.5kg) and stature (176cm).

Table 1 – Grip Strength, Keiser Chest & Leg Press, Wingate Peak Power & Average Power, Age, Body Mass and Stature.

	Variable
	Mean
	sd
	Client

	Grip Strength (kg)
	33
	7
	37

	Keiser Chest Press (w/kg)
	139
	28
	163

	Keiser Leg Press (w/kg)
	553
	154
	668

	WAnTPP (w)
	602
	135
	836

	WAntTAP (w)
	407
	101
	557

	Age 
	28
	9
	29

	Body Mass (kg)
	68.9
	16.1
	101.5

	Stature (cm)
	163.3
	7.6
	176.0




The client has positive strength and power results with Grip Strength 11% stronger than average and a Z-score of 0.52 (Figure 1). Results from the Wingate Aerobic test show that the client is in the top 4% to 7% for Peak Power and Average Power for the group with z-scores of 1.73 and 1.49 respectively.


Figure 1 – Z-Scores from Group

In terms of comparing relative strength and power of the client to the group Figure 2 displays the z-scores in relation to body mass (kg). The client featured negatively (below average) Grip Strength, Leg and Chest Press in comparison to the group from -0.95sd to -1.25sd. Results from the Wingate tested Average Power show that the client lies within the mean distribution, with Peak Power sitting above average at approximately 53% of the group.




Figure 2 – Z-Scores from Group relative to body mass (kg)





It is important to demonstrate some insights from the sport of Power lifting which Table 2 displays the clients’ results in comparison to published data from the sport of PL. Table 2 shows mean results of all PL movements in relation to body mass. The client had at 1RM of 107.5kg in the Squat (1.1kg/kg body weight), Bench Press of 55kg was 0.54kg/kg and for the Dead Lift was 135kg (1.3kg/kg).

Table 2 – Recent Competition Results in relation to Body Mass in Power lifting Competitions, including total mean lift (kg) and Wilks Score

	
	Squat
	Bench Press
	Dead Lift
	Total Lift (kg)
	Wilks Score*

	Client
	1.1
	0.5
	1.3
	297.50
	246.64

	Bishop et al. (2018)
	2.1
	1.3
	2.3
	520.80
	450.00

	Latella et al. (2018)
	1.5
	0.8
	1.7
	334.40
	298.20

	Suazo and DeBeliso (2021)
	1.5
	0.9
	1.8
	323.80
	-

	Van den Hoek et al. (2022)
	1.3
	0.8
	1.5
	362.18
	301.23


(*See discussion) 



Figure 3 – Comparable results from recent PL competitions absolute lifts in +84kg class









Discussion 875

The client demonstrated above average for Strength and Power amongst her peer group. Absolute Grip strength of 37.5kg would place the client in 90th percentile rank (Liguori, 2021). However relative to body mass her scores (0.5kg/kg) were below the mean and placed her in the bottom 30% percentile rank (Liguori, 2021) and bottom 11% amongst her peer group. Suazo and DeBeliso (2021) found a “moderate significance” in hand grip strength amongst 31 female powerlifters, with the winning lift scoring 38.5kg which is 2% higher than the client.  Similarly, the Keiser Chest Press the client scored approximately 80% higher than others with a lift of 163w/kg where the mean was 139±28w/kg. The client demonstrated that she was 21% stronger than the mean 553w/kg±154 with 668w/kg for the Keiser Leg Press. Larsen et al. (2021) has shown that the Keiser Leg press can be used as a strong predictor of muscular strength to ascertain 1RM for powerlifters. Relative to body mass the client was below average at 6.58 w/kg vs 8.18w/kg in respect of the female group which in the sport of PL could be a deciding factor. The allometric relationship of body mass to winning lifts in PL competition is a notable factor (Bishop et al. 2018). However, Garhammer (1993) state that heavier athletes on average have lower relative power outputs due to higher body fat percentage than lighter competitors and even suggests that Power tests are not a predictive value of “performance capability”.  It was important to test the three specific movements of PL to seek a reference point in the sport.

The Squat 1RM of 107.5kg (figure 3) for the client was approximately 24% lower than mean winning lifts in a Australian powerlifting study from similar weight class (Van den Hoek et al. 2022).  Furthermore, the client would offer that she is a novice due to experience in PL, where perfecting the skill of movement (training) has been shown to improve performance (Miletello, Beam and Cooper, 2009). 

In the Bench Press 1RM the client scored (55kg) in the ‘poor’ range for her age group in comparison to normative data (Liguori, 2021). This normative data has been called into question by Brown and Miller (1998) who found that none of their small group (n=15) even matching mean normative data (0.403 vs 0.650). While Table 2 gives some encouraging reflections with both Latella et al. (2018) and Van den Hoek et al. (2022) within optimistic targets of 0.8kg/kg.

In competition the DL tends to be the final lift placing a strategic element to competition placings. The DL was the strongest movement for the client with a 1RM of 135kg (1.3kg/kg) which demonstrates an area to continue to improve with focused training.




A small study on female PL (n=6) by Ferland et al. (2020) showed mean BMI of 29.7±8.9 and mean Body Fat % of 31.8±13.1. While the client had a BMI above the mean (25.7±5) of her group with 32.8 and Body Fat % of 38% (see appendices). This would be an area to monitor progress through a training programme balancing a purposeful nutritional diet alongside a resistance training. Hackett et al. (2020) notes that PL athletes have greater Fat-Free mass which is a determining factor for muscular strength.

Even though weight classes are categorised in PL, to improve fairness in outcomes in competitions a formula (Wilks) is used to reduce bias and even-out allometric differences (Vanderburgh and Batterham, 1999). Body mass along with total weight from all 3 lifts is used to calculate the winner (Bishop et al, 2018). However, Coker et al. (2018) suggest even with the Wilks formula in place, competition winners all exhibit lean muscle mass resulting in greater strength in relation to body mass. Keogh et al. (2009) showed winner scores tended to score above 410. Table 2 displays Wilks scoring from referenced sources; the most recent being Van den Hoek et al. (2022) reporting winning a score of 301.23 in 100kg class (n=79). 

Powerlifters tend to have greater density of Type II muscle fibres (Machek et al. 2020). To enhance the performance of Type II muscle fibres to improve lifting performance requires specificity of resistance training (Fry, 2004). Focusing on the sport of PL requires not only improving greater lifts but maintaining correct form whilst doing so practising each movement along with assistance exercises would be advised. A 12 twelve-week program would be progressive (3 session per week), starting each training session with a warm-up, 3 sets of 5 reps at 70% 1RM at each movement along with assistance exercises such as weighted lunges, push-up, pull-ups (see Table 3). Due to the highly fatigable nature of Type II muscle fibres (Androulakis-Korakakis, Fisher and Steele, 2020) recommends low repetitions.  Allowing sufficient time to recover (Le Brasseur et al. 2008) has been shown to be optimal to increase strength, up to 5 minutes based on RPE. Staggering the progress of the programme over the weeks to target training session >85% of 1RM would be the aspiration (Austin and Mann, 2012). It is important to include tapering sessions close to competitions by reducing the volume or workload of training sessions, this strategy gives the body time to recover (Ferland and Comtois, 2019). 










Table 3 – Example of 12-week Powerlifting Training Plan

	Week 1-4:

	Day 1 / Day 2 / Day 3

	1. Warm up 10 minutes 

	· 5 minutes Light Cardio (Stationary bike or treadmill)

	· Over Head Arm Reaches – 30 seconds (10 reps)

	· Lunge – 30 seconds (10 reps)

	· High Knees - 30 seconds (10 reps)

	· Hip Rotations - 30 seconds (10 reps)

	· Arm Swings - 30 seconds (10 reps)

	· Bear Walk - 30 seconds 

	2. Squats: 3 sets of 5 reps at 70% of one-rep max (1RM) (3 to 5 minutes recovery)

	3. Bench press: 3 sets of 5 reps at 70% of 1RM (3 to 5 minutes recovery)

	4. Deadlifts: 3 sets of 5 reps at 70% of 1RM (3 to 5 minutes recovery)

	5. Assistance exercises: 3 sets of 10 reps of lunges, pull-ups, and rows

	

	Week 5-8:

	Day 1 / Day 2 / Day 3

	1. Warm up 10 minutes (Replicate from weeks 1 to 4)

	2. Squats: 3 sets of 5 reps at 80% of one-rep max (1RM) (3 to 5 minutes recovery)

	3. Bench press: 3 sets of 5 reps at 80% of 1RM (3 to 5 minutes recovery)

	4. Deadlifts: 3 sets of 5 reps at 80% of 1RM (3 to 5 minutes recovery)

	5. Assistance exercises: 3 sets of 10 reps of lunges, pull-ups, and rows

	

	Week 9-12:

	Day 1 / Day 2 / Day 3

	1. Warm up 10 minutes (Replicate from weeks 1 to 4)

	2. Squats: 3 sets of 5 reps at 90% of one-rep max (1RM) (5 minutes recovery)

	3. Bench press: 3 sets of 5 reps at 90% of 1RM (5 minutes recovery)

	4. Deadlifts: 3 sets of 5 reps at % of 1RM (5 minutes recovery)

	5. Assistance exercises: 3 sets of 10 reps of lunges, pull-ups, and rows

	Notes:

	· Week 9 – 90% 1RM

	· Week 10 – 95% 1RM

	· Weeks 11 to 12 – maintenance lifts 80 -85% 1RM (Tapering weeks to competition)

	· Rest days: Focus of recovery and nutrition 

	· Weeks 12plus – If not in competition utilise as a periodisation part of annual training plan.
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Tanita Body Composition Report
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z-score	Grip Strength	Keiser Chest Press	Keiser Leg Press	WAnTPP (w)	WAntTAP (w)	Age	Body Mass (kg)	Stature (cm)	0.52335155640753572	0.85775280385046282	0.74814948289200378	1.730296084491443	1.4920961645775712	0.1004282872921964	2.0295413103523394	1.6784898053479518	#REF!	Grip Strength	Keiser Chest Press	Keiser Leg Press	WAnTPP (w)	WAntTAP (w)	Age	Body Mass (kg)	Stature (cm)	1	



z-score	Grip Strength / BW	Keiser Chest / BW	Keiser Leg / BW	WAnTPP (w/kg)	WAntTAP (w/kg)	-1.2520806164706384	-0.94968316647682682	-0.95660705955265768	7.0586102586040436E-2	3.4891079805063449E-3	Grip Strength / BW	Keiser Chest / BW	Keiser Leg / BW	WAnTPP (w/kg)	WAntTAP (w/kg)	




Female Powerlifting Lifts (absolute)

Squat	Client	Bishop et al. (2018)	Latella et al. (2018)	Suazo and DeBeliso (2021)	Van den Hoek et al. (2022)	107.5	189.1	122.8	115	133.79	BenchPress	Client	Bishop et al. (2018)	Latella et al. (2018)	Suazo and DeBeliso (2021)	Van den Hoek et al. (2022)	55	120.4	68.099999999999994	66.900000000000006	75.39	DeadLift	Client	Bishop et al. (2018)	Latella et al. (2018)	Suazo and DeBeliso (2021)	Van den Hoek et al. (2022)	135	211.3	143.5	141.5	153	
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This PAR.Q s designed to help you o help yoursel. Many benefitsare associated with regular exercse, and
compltion of the PAR-Q formis a sensibl is tep totake ifyou ae planning to Increase the amount of physical
actvity i your ife.

For most people, physical acivity should not pose a pobiem orhazard.

The PARQ has been designed to identythe small number of people for whom physical activity might be
inapproprate o for those who should seek medicl advice concerning the type o activity most suitsbe for them
‘Common sense s your best guide for answering these questions

s yourdocto avr s ht you hves har conion nd ot youshould oy dophsical  YE5HD)
ey ecomnded o docios

2 Doyou e pin i our ches e you do physcal acvi? “®
3. In the past month, have you had chest pain when you were not doing physical activity? ves D
4. Do you lose your balance because of dizziness or do you ever lose consciousness? VesA®

.00 you have b or ot bl o exampe bk kne or o tht cold b madeworse YES(®)
oy change n phycl acoty?

.15 your doctor curently prescribingdrugs (or exarple, waterpils) foryour lood pressureor  YES(®)
heart conditon? B

7.0 auknowf st sy ou o ot do sl iy @

1fyou have answered YES o any of the sbove questions, then you are required o gain consent rom your doctor
before particpating inthe gym based exercise programme

1fyou have answered NO to il of the above questions and you have reasonable assurance of your sutably for:
A gymbased exercise programme —which wilincude; 3 warm up, cadiovascular aining using equipmen, ied
weights, using resistance machines, free welghts,using dumbbell and barbels, bocy weight exercises and cool
down strtches.

Vou are advised to postpone entry into the programme fyou fee unwel o have a temporary lines. You must
inform your gym instructor ofany changes to your health status, whist engaged inyour trainng programme.

Glent signaure; o 23\3\23
Witness signature: one: 23f3(21
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Informed consent form for exercise prescription

Programme objectives and procedures

| understand that the purpose of the exercise programme i to provide safe and Indiidualised exercise to
improve heath and fitnes. Exercises may include:

+ Cardiovascular machine activities - readmill wolking orjogging, fowing, pright or
recumbent cycing, stair cimbing and ofher such acfiviies

+ Resistance fraining acivifies using resistance machines, free weights or body weight fo
improve muscular srength or endurance

+ Cool down and flexbilfy exercises fo improve movement around fhe joints and range
of mofion

Potential isks

The exerise programme i designed to place 2 gradually increasing workoad on the cardiovasclar and
muscula systems and thereby improve thei function. Th reaction of the cardiovascular and muscular
System to such exercise cannot aways be predicted with complete accuracy. Thee s a isk o certain
changes that might occur during or followin the exercse. These changes could rfate o blood pressure or
heartate

Potential benefits

| understand that a programime ofregular exercise s been shown to be benefcal. Some o these
benefits include:  *

- Adecrease in sk of heart disease

+ Adecrease in body fof

+ Improved blood pressure

+ Improvement in psychological function

+ Improvement in cerobic filness

The gym-based exercise programme has been explained to me and my questions regarding the
programme have been answered o my satisacton. | understand that | am free o withdraw at any time.
‘The information obtained will e treated s private and confidential.

= owe-. 2313123
oater 2331 2

Signature of cent

Witness signature:
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