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I.  Evolving view of resistance training: Resistance training is an ‘Exercise Therapy Program’  
(Strasser, B. 2011. Evidence of resistance training as a treatment therapy in obesity. Journal of 
Obesity; also In Press, Metabolic Effects of Resistance Training by Mang and Kravitz) 

 A.   Aging: highly associated with loss of muscle mass 
 B. Emerging research suggests muscle strength muscle mass are very important in 

mitigating metabolic risk factors  
 C. New Term: Dynapenia: Loss of muscle strength 
 D.  Skeletal muscle is a key regulator of resting metabolic rate 
 E. Strong evidence that maintenance of large muscle mass reduces metabolic risk factors 

including type 2 diabetes, abnormal cholesterol, obesity 
 F. Clinical metabolic effects of resistance training include 
 G.  Favorably improves A1C levels for type 2 diabetes prevention 
 H. Improves systolic and diastolic blood pressure in hypertensives 
 I. Increases resting metabolic rate 
 J. Has a high E.P.O.C. (exercise after burn) 
 K. Decreases visceral adipose tissue 
 L. Maintains lean body mass during caloric restriction 
 M. Reduces oxidative stress and lowers homocysteine (risk factor for heart disease) 
 N.  Favorably effects blood cholesterol  
 O.   Key Take Away Message: Increasing a person’s muscule mass and strength are the key 

factors for improving cardiometabolic health. 
 P.   What does cardiometabolic health mean? Cardiometabolic health is a relatively new term 

that encompases cardiovascular and metabolic diseases, including type 2 diabetes and 
metabolic syndrome. 

 Q. Wait: is there any research if resistance training can truly improve aeobic capacity 
(VO2max)? YES  (Munoz-Martinez et al., Sports Medicine 2017). Circuit Progams that 
improve VO2max include the following: 14-30 sessions for 6-12 weeks; workouts lasting 
20-30 minutes; all exercises performed at 60% to 70% of 1RM; each session should have 
6-12 exercises; perform 12-15 repetitions (or 20-40 seconds per station); very short rest 
between exercises; must complete at least 2 circuits; IMPROVES VO2max up to 10% 

II. The structure of skeletal muscle: Let’s take a visual journey through muscle (smooth, cardiac,       
skeletal with a comparison of skeletal and cardiac muscle physiology) 

 A. 430 muscles in 215 pairs, chemical composition (75% H20, 20% protein, 5% other) 
 B. Epimysium (fascia), perimysium around fasciculus, endomysium around each cell and 

connective tissue is composed primarily of collagen (tensile strength of steel) 
 C. Muscle cell (same as muscle fiber) may contain up to a 1000 nuclei; nuclear domain  
 D.  Sarcolemma (polarized membrane), muscle’s sarcoplasm has glycogen & myoglobin 

 E. Type 1 Fibers: low force, low ATPase, low ATP stores, low PC stores, slow contraction 
speeds, slow relaxation time, low glycolytic enzyme activity, high endurance, high TG 



stores, high myoglobin content, high aerobic enzymes, high capillary and high 
mitochondrial density 

 F. Type II Fibers: high force, high ATPase, high ATP stores, high PC stores, fast contraction 
speeds, fast relaxation time, high glycolytic enzyme activity, low endurance, low TG 
stores, low myoglobin content, low aerobic enzymes, low capillary and low 
mitochondrial density 

 G. No difference in Type I and II fibers in intramuscular glycogen stores  
 H. Discussion of sarcomere (smallest functional unit of muscle—means segment) 
III.  Sliding filament theory: Andrew Huxley and Ralph Niedergerke (Nature 1954) 
 A.  The contractile process 
  1. Nerve impulse arrives at neuromuscular junction; depolarization of sarcolemma 
  2. Depolarization of T-tubules triggers release of calcium ions from the  
   sarcoplasmic reticulum SR (terminal cisternae is the end housing of SR) 

3. Calcium ion is bound by troponin causing a shift of tropomyosin 
4. ATP goes through ‘hydrolysis’ to ADP and Pi and energy release 

  5. Myosin attaches to actin at unblocked binding sites (on actin) 
  6. ADP and Pi drop off myosin: Actin filaments move toward center   
   of A band with a ratchet-like movement called the Power Stroke 
 B. Where does ATP fit into this muscle contraction story? ATP Hydolysis, ATPase, origin 

of acidosis, S1 unit independence 
1. H+ (hydrogen ion) accumulation is the cause of acidosis from hydrolysis of ATP to 

ADP, Pi and energy release (not lactate; lactate is actually a buffer to acidosis) 
 2.  Serious resistance trainers: Do high intensity cardio 2x/week for 5 min at end of 

workout to buffer H+ more effectively; organic ergogenic aid 
 3. What happens to muscle as it ages? Fiber size decreases, loss of fast-twitch fibers, 

ability to activate motor units decreases. Good News: factors are modifiable 
  4. Independence of S1 units—practical application to humans the way we move 
 C. How much protein is needed for optimal hypertrophy? 1.6g/kg/day (Morton, 2017) 
IV. Satellite Cell Theory of Hypertrophy 
V.   Key Training Point #1 for Strength and Hypertrophy Development: Use Eccentric Exercise 
Methods. Schoenfeld, B.J. (2017). Hypertrophic effects of concentric vs. eccentric muscle actions: A 
systematic review and meta-analysis. JSCR, 31(9), 2599-2608. 
Is there a BEST way to do eccentric exercises? Best eccentric exercise practices include the 
following: Thorough full-body warm-up (5-10 min); Appropriate muscle/joint preparation; One 
traditional warm-up set at 50% of what the client normally lifts. TWO METHODS Follow: 
Eccentric emphasis training: a) Start with the weight client normally, b) For instance, if the client 
normally does a 8-RM, meaning she/he does 8 reps using a weight where he/she reaches 
‘momentary muscular fatigue’ at 8 reps, c) Have client do the concentric contraction, lifting the 
load in a 1 second up, d) On the eccentric contraction, lower the load in 3-4 seconds (thus 
emphasizing the eccentric phase of the exercise), e) Client completes 8 repetitions (as this example 
is an 8-RM); the personal trainer will probably need to aid with the concentric lifts as the client 
starts to fatigue, f) Progression options: may increase time (i.e., 5-6 sec) during the lowering, 



eccentric emphasis phase: and/or vary the rep zones (4-RM, 6-RM, 10-RM, 12-RM, etc.), g) 
Number of sets is individualized to client goals. 

A. Exercise video demonstrations: single leg squat on incline leg press, dip on bench, back 
extension on Roman chair. 

Two up: One down eccentric training technique: a) The two up: one down technique is used with 
the arms and legs, b) Initially start with 40-50% of the weight the client normally uses for the 
particular muscular fitness goal being trained (overload progressively), c) For instance, if the client 
normally does a 10-RM with 100 lbs., meaning she/he does 10 repetitions with 100 lbs then you 
would start with 40% or 50% of that weight or 40 lbs or 50 lbs, respectively, d) With the two up: 
one down eccentric technique lift the weight up concentrically with both limbs and then lower the 
weight with one limb; repeat the concentric phase and lower with the alternating limb, e) Try to go 
up (concentric) with one second and lower (eccentric) with three seconds 

A. Exercise video demonstrations: leg extension, leg curl, heel raise 
SPECIAL TOPIC WITH ECCENTRIC EXERCISE: DOMS  
VI. Exercise-induced delayed-onset muscle soreness D.O.M.S. (also abbreviated DOMS) 

A. What is D.O.M.S.? Muscle soreness and swelling that becomes evident 8-10 hrs after 
exercise. Soreness peaks 24-48 hrs. Especially noticed after eccentric training. Takes up to 
72 hrs for body to dissipate (Balnave et al., 1993).  

B. Minimizing DOMS from eccentric exercise. Repeated bout effect (Proske & Allen, 
2005). Eccentrically stimulate the target muscles (progressively) 1 week or more prior to 
a higher intensity eccentric bout.  

C. Repeated bout effect sequence/mechanism: 1st (lighter) eccentric exercise workout, 
DOMS, adaptation occurs (neural theory––increases in motor unit activity; connective 
tissue theory––increases in connective tissue, cellular theory––addition of sarcomeres), 
repeat SAME bout of exercise (at higher intensity) ≥ 1 week later, less DOMS (major 
adaptation: sarcomeres) 

D. How does repeated bout effect help? One major adaptation is muscle adds sarcomeres 
VII. Key Training Point #2 for Strength and Hypertrophy Development: Train to Failure. 
Morton et al. (2016). Neither load nor systemic hormones determine resistance training-mediated 
hypertrophy or strength gains in resistance-trained young men, J of Appl Phys, 121, 129-138. 
STUDY DESIGN 
49 resistance-trained males (23yrs) 
10RM and 1RM on incline press, bench press, knee extension and shoulder press 
HIGH rep group: 3 sets of 20-25 reps/set to FAILURE 
LOW rep group: 3 sets of 8-12 reps/set to FAILURE 
Mon/Thur Training Program 
 Incline leg press with seated row (super set with 60 sec rest): 3x 
 Bench press with cable hamstring curl (super set with 60 sec rest): 3x 
Tue/Fri Training Program 
 Shoulder press with biceps curls (super set with 60 sec rest): 3x 
 Lat pull down with triceps extension (super set with 60 sec rest): 3x 
 3 sets of knee extensions 
Participants consumed 30 g of whey protein twice per day: immediately following RT on training 



days and 1-2 hours prior to sleep. On non-training days, participants consumed the first dose in 
the morning and the second dose 1-2 hours prior to sleep. 
RESULTS: The HIGH rep and LOW rep groups were equally effective in stimulating hypertrophy 
(muscle biopsy techniques). The HIGH rep and LOW rep groups were equally effective in 
stimulating muscular strength. Researchers suggest HIGH and LOW rep training programs (such 
as done with periodization) for optimal benefits in strength! 
VIII. Great Resistance Training Programs. “Periodization programs have been consistently 
shown in research to be the superior training programs.” Ratamess et al. 2009. 
Daily Undulating Periodization (from Russia, popularized in Canada, original study US) 

Young women average age 22 years; 6 month study; Results Indicated: 
No change in body mass, body fat (26.5% to 19.8%), fat-free mass (42.3 kg to 45.6 kg), bench 

press improved 50%, Wingate power improved 27%, speed improved 6%, testosterone and 
Insulin growth factor-1 increased (anabolic hormones), no change in human growth 
hormone, cortisol levels decreased 

Program (3 day/wk): Total body workout each day; 2-4 sets, within week variation of exercises 
Option 1: Monday (all sets done in 12-15 RM zone), Wednesday (all sets done in 8-10 RM zone), 

Friday (all sets done in 3-5 RM zone); note that every 2-3 weeks the program rotated as 
follows in Option 2 

Option 2: Monday (all sets done in 3-5 RM zone), Wednesday (all sets done in 8-10 RM zone), 
Friday all sets done in 12-15 RM zone) 

Every 4-6 weeks plan a transition week: i.e., circuit training, single set training, calisthenics 
only, tubing workouts, functional/stability training 

What if your client only does resistance training 2x as week. Follow the sequence. 
Random Order Undulating Periodization (originated in Canada and US) 

Randomize weekly (MWF) sequence options by rep zones: (a=8-10 RM, 3-5 RM, 12-15 RM;  
b=3-5 RM, 12-15 RM, 8-10 RM;  c=12-15 RM, 3-5 RM, 8-10 RM) 

Why does Periodization Work? Fiber Type Theory 
Linear and Reverse Linear Periodization (introduced in Europe and great research from Brazil) 
20 females in 12-week total body training workout 3 days/week 
Tests for 1RM of bench press, lat pull-down, arm curl, and leg extension 

Weeks 1-3 Rep zones: 10-12 reps, 8-10 reps, 6-8 reps 
Week 4: High Volume Training Week; 12 RM for all exercises 
Weeks 5-7 Rep zones: 8-10 reps, 6-8 reps, 4-6 reps 
Week 8: High Volume Training Week; 12 RM for all exercises 
Weeks 9-11 Rep zones: 6-8 reps, 4-6 reps, 2-4 reps 
Week 12: High Volume Training Week; 12 RM for all exercises 
Training Exercises: Alternate ‘A’ & ‘B’ Workouts: ‘A’ (bench press, incline fly, dumbbell 
shoulder press, lateral raise, standing arm curl, biceps preacher curl, triceps extension, 
close-grip bench press); ‘B’ (back squat, leg extension, leg curl, glute kickbacks, hip 
abduction, hip adduction, standing heel raise, lat pull-down, seated row). Example of 



training: On one week the subjects did Training ‘A’ on Mon. & Fri. and Training ‘B’ on Wed. 
The next week subjects did Training ‘A’ on Wed. and Training ‘B’ on Mon. & Fri. 
Rest Intervals between sets: 60 seconds between 10-12 repetitions; 80 seconds between 8-10 
repetitions; 100 seconds between 6 to 8 repetitions; 120 seconds between 4-6 reps 
Results: Linear periodization superior for strength development 

Circuit High Intensity Exercise from Italy. Paoli et al. (2010). Effects of three distinct protocols of 
fitness training on body composition, strength and blood lactate, J. Sports Med/Phys Fit, 50, 43-51 
40 males, aged 50-65 doing very little exercise; no cardiovascular disease, T2 diabetes or arthritis 
3 times a week of workouts for 12 weeks (control group just worked up to a 40min run) 
5-min warm-up and 5-min cool-down 
Circuit Group Circuit High Intensity Group 
Exercise Sets Reps Recovery Exercise Sets Reps Recovery 
Treadmill 8min 65% Steady  Treadmill 8min 1 to 3 work  

Lat Pulls 3 15 60sec Lat Pulls 3 RP 60sec 

Crunch 1 20 0sec Crunch 1 20 0sec 

Chest Press 3 15 60sec Chest 3 RP 60sec 

Crunch 1 20 0sec Crunch 1 20 0sec 

Lat. Arm raise 3 15 60sec Lat. Arm raise 3 RP 60sec 

Crunch 1 20 0sec Crunch 1 20 0sec 

Leg Press 3 15 60sec Leg Press 3 RP 60sec 

RP=Rest Pause technique: Weight at a 6RM-rest 20 sec—(2 to 3 reps)—rest 20 sec (1-2 reps) 
Control group did endurance training only; 12-week study; exercised 3 times a week 
Results: Circuit High Intensity Group showed the greatest reductions in body weight, lower 
percent fat loss, and greater improvement in leg press and underhand cable pulldowns strength. 
Thank you for coming to this session! 


