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Abstract  
 

Background: Resistance training (RT) for muscle growth (hypertrophy training – HT) theoretically optimizes the 

mechanical tension placed on the working muscle, which may be key to activating hypertrophic mechanisms. After 

prolonged HT, specialized weightlifting techniques like drop set training (DS) – or lifting progressively reduced loads 

without recovery – may help overcome plateaus in strength and re-stimulate hypertrophy, but physiological evidence to 

potentially support this hypothesis or the efficacy of implementing an acute drop set protocol in comparison to 

maintaining a standard hypertrophy training program is lacking. Objective: This objective of this study was to assess the 

levels of plasma growth hormone, and IGF during drop set and concentric exercises. Methods: The study used a 

randomized controlled, counterbalanced, repeated measures design. A repeated measures design was used to minimize 

the inter-individual variability of the hypertrophic response to resistance training. Thirty young males participated in a 

randomized, counterbalanced, within-subjects design, a DS protocol (4 sets, 4 loads/set, 75-30% 1RM, minimal recovery 

between loads, 3-minute recovery intervals between sets) and, separated by at least 7 days, a HT protocol (4 sets, 75% 

1RM, 3-minute recovery intervals between sets). Data was analyzed using a 2 (Training Type: DS, HT, levels of 

quadriceps muscle hypertrophy) ´ 2 (Time: pre-exercise, post-exercise) repeated measures ANOVA to test the differences 

in concentrations of IGF-1 and GH during DS and HT at the specified time points. Results: The study found that there 

was a significant difference in IGF 1 levels before and after the exercise for both groups (Drop set and concentric 

exercise), with a p-value of .007. The interaction effect between the within-subjects factor (IGF 1 pre and post) and group 

was also significant. The results showed that there was a significant difference in GH levels before and after the exercise 

for both groups (Drop set and concentric exercise), with a p-value of < .001. For the Drop set group, GH pre was also 

significantly lower than GH post. It can be concluded that both the drop set and concentric exercise techniques have an 

impact on the levels of IGF 1, and GH in the quadriceps femoris. The study recommends that physical trainers and fitness 

professionals should consider using the Drop set exercise technique in their training programs for clients who are looking 

to improve their performance. 

Keywords: Drop sets, IGF (Insulin-like Growth Factor), GH (Growth Hormone), Quadriceps Femoris, Resistance 

training, Muscle hypertrophy, Anabolic response, Exercise-induced hormone response. 
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BACKGROUND 
 Resistance training (RT) is implemented in 

order to enhance athletic performance and body 

aesthetics, as well as maintain or improve 

neuromuscular functioning and individual health status 

(Bjersing et al., 2017; Folland & Williams, 2007). As 

the hypertrophic adaptations triggered by these 

mechanisms occur slowly and progressively during RT, 

many athletes eventually experience training plateaus, 

where standard RT protocols eventually fail to elevate 

the net protein synthetic rate, thereby reducing expected 

gains in strength and/or hypertrophy (Peterson et al., 

2005; Schoenfeld, 2012). Indeed, studies have shown 

reductions in response to RT in MPS, strength, and 

endurance with long-term repeated exposure (Gacesa et 

al., 2013; Phillips et al., 1999). Training techniques 

such as pyramids, supersets, forced repetitions, and 

drop sets (Hackett & Amirthalingam, 2015; Heavens et 

al., 2014; Kelleher et al., 2010; Robbins et al., 2010; 

Schoenfeld, 2011) are designed to force the athlete to 

increase training volume and induce more mechanical 
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and metabolic stress on a working muscle group than 

standard, multiple set hypertrophy training (HT). 

 Research examining acute and chronic changes 

in circulating anabolic hormonal concentrations in 

response to hypertrophy training (HT) have reported 

increases (Izquierdo et al.,2009; West et al.,2010), 

decreases (Raastadet al., 2000), and no changes (West 

et al.,2010) in levels of GH (Izquierdo et al.,2009; West 

et al.,2010), testosterone (Izquierdo et al.,2009; Raastad 

et al.,2000; West et al.,2010) and IGF-1 (West et 

al.,2010), with or without resultant muscle growth. 

Interestingly, research in both animal and human 

models indicates that an IGF-1 isoform synthesized 

locally in working skeletal muscle (also known as 

mechano-growth factor) is the most likely candidate to 

exert a hypertrophic effect with RT, and is thought to 

most likely involve satellite cell (skeletal muscle stem 

cell) activation and proliferation, as well as 

replenishment of the stem cell pool (Goldspink, 2005; 

Stewart & Pell, 2010). As HT may be optimizing 

mechanical tension and Time under tension (TUT), the 

volume and mechanical overload associated with 

contractions to failure has been shown to trigger 

anabolic hormone release, upregulate muscle protein 

synthesis (MPS), and promote satellite cell activity 

(Pearson & Hussain, 2014; Rasmussen & Phillips, 

2003; Schoenfeld, 2013), especially when the exercise 

involves unaccustomed movements, intensity, or 

duration.  

 

 Concurrently, HT has also been shown to 

elevate skeletal muscle cytokine release (e.g., fibroblast 

growth factor, interleukin (IL)-6, 10, 15) (Schoenfeld, 

2012), which has been suggested to play a potential role 

in the signaling, repair, and hypertrophy of damaged 

muscle tissue after intense resistant training (RT). In 

particular, muscle contraction-induced expression of IL-

6 is minimal in non-overloaded muscles, but readily 

detectable intramuscularly in overloaded muscles 

(Serranoet al., 2008). Elevations of IL-6 within muscle 

and in circulation have also been shown acutely post-

exercise (Pedersen & Febbraio, 2012), especially as 

training volume increases (et al., 2010), and are 

correlated with hypertrophy over long term training 

(Mitchell et al.,2013). IL-6 is suggested to mediate 

skeletal muscle hypertrophy via activation of satellite 

cells, which are capable of differentiating into muscle 

cells and fusing into existing muscle fibers (Serrano et 

al., 2008). This provides the muscle fiber with the 

additional cellular machinery required to support 

increased MPS rates and subsequent muscle 

hypertrophy. Thus, maximizing IL-6 expression in 

working muscle tissue could expedite the hypertrophic 

process. 

 

 In 2003, Goto, Sato, & Takamatsu had young 

male, resistance trained subjects perform a single drop 

set with only one load reduction 30 seconds after the 

completion of a ST protocol consisting of 5 sets of leg 

extensions at 90% 1RM (repetition maximum) with 3-

minute recovery intervals. The single drop set load 

reduction was set at either 50% 1RM (DS50), 70% 

1RM (DS70), or an additional set at 90%1RM (DS90) 

to determine the effect of the inclusion of a single drop 

set with one load reduction on selected physiological 

parameters. The blood lactate (BLa) concentrations of 

the light DS conditions (DS50 and DS70) were 

significantly elevated compared to the DS90 and ST 

protocols (Gotoet al., 2003). They also reported a 

significant acute GH response to the light DS (DS50 

and DS70) compared to ST alone (Goto et al., 2003). A 

significant positive correlation between changes in 

[GH] and training volume (r = .8, p < .05) was also 

observed (Goto et al., 2003). Their data clearly 

indicated the importance of a significantly reduced load 

during DS, and that eliminating recovery intervals 

without reducing load (as in DS90) does not provide the 

same benefits that DS has shown in previous work 

(Choi et al.,1998a; 1998b). This is likely due to the 

additional volume and TUT provided by lifting lighter 

loads for more repetitions in the DS50 and DS70 

conditions.  

 

 Also, the data suggest that performing a 

standard ST protocol followed by a single drop set with 

one load reduction elevates growth hormone (GH) and 

La when the load is adequately light. Interestingly, 

Schoenfeld (2011) and Willardson et al.,(2010) have 

also suggested the increased volume that DS confers, 

and not the drop set technique itself, may explain the 

observed differences. However, increases in GH may 

also be attributed to the increased metabolic stress 

(correlation between [GH] and [BLa]: r = .75, p < .05 – 

(Goto et al.,2003) in the more heavily recruited Type II 

muscle fibers conferred by the minimal recovery 

interval in tandem with high volume provided by the 

drop set (DS) protocols. After their discovery of the 

acute GH responses following a standard ST protocol 

versus various single DS protocols in 2003, Goto et 

al.,(2004) compared ST and their most potent DS 

protocol (DS50 – see Figure 6A) to the DS protocol 

employed by Choi et al.,(1998b) (3 drop sets, each with 

2 load reductions) on changes in acute [GH].  

 

 [GH] followed a dose-response pattern, in this 

case, increasing with training volume (ST – 5 sets + 0 

drop sets; DS50 – ST + 1 drop set with 1 load 

reduction; DS – 3 drop sets each with 2 load 

reductions). These results are consistent with the 

suggestion that the magnitude of the GH response to RT 

is dependent on training volume and the length of 

recovery intervals employed in the program (Fransen & 

Kravitz, 2011). Taking the reported ST [GH] value as a 

“baseline” measurement for standard RT protocols, this 

result may suggest that DS may be effective in creating 

an amplified response to typical training programs, 

which might be suitable for prescription when strength 

gains plateau. Although recent research has reported 
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increases, decreases, as well as no changes in GH 

responses to RT, which has led some to question the 

physiological relevance of changes in [GH] during RT 

(Izquierdo et al.,2009; West et al.,2010), it should be 

noted that it is feasible that DS may influence changes 

in other relevant hormones or physiological activity yet 

to be studied. For example, GH has been suggested to 

mediate insulin growth hormone (IGF-1) activity 

(Fransen & Kravitz, 2011) and activate satellite cell 

proliferation as well as upregulate MPS (Goldspink, 

2005). 

 

 Collectively, drop sets data report an increase 

in tension under tension, elevated anaerobic metabolic 

byproducts, and enhanced anabolic hormone production 

as compared to standard strength training protocols. The 

research suggests that resistance training using drop sets 

may stimulate the potential mechanisms responsible for 

hypertrophy and allow the subject to overcome strength 

and hypertrophy training plateaus often observed over 

the course of standard resistance training programs. 

However, such data is very critical to the exercise 

regimes prescription at the levels of muscle training, the 

purpose of this study is to assess the acute physiological 

effects of drop sets to a standard training protocol using 

leg extensions in the quadriceps femoris 

 

METHODS  
Study Design 

The study was a randomized, counterbalanced, 

repeated measures design. A repeated measures design 

will be used to minimize the inter-individual variability 

of the hypertrophic response to resistance training 

(Kelleher et al., 2010; West et al., 2010), which may be 

very large (Hubal et al., 2005). The repeated measures 

design allowed all participants to participate in both 

conditions and counterbalancing controlled for any 

potentially confounding carry-over effects due to testing 

order. 

 

Ethical and logistical issues 

This study involved human subjects and 

institutions; it was mandatory to ensure that human 

dignity was upheld. Ethical clearance was sought from 

MUSERC followed by the research license from 

National Commission of Science Technology and 

Innovation (NACOSTI). The principle of autonomy 

was exercised through the process of free and informed 

consent. The purpose of the study was explained to the 

participants so that they can make their own informed 

choices. Participants’ personal information and testing 

results were stored confidentially. Digital data was 

secured on a password-protected computer and backed 

up on an external hard drive.  

 

Participants 

This study recruited 30 male participants 

between the ages of 18-28 who have at least 2 months 

of resistance training (RT) experience at least twice per 

week (Charro et al., 2010; Heavens et al., 2014; 

Kelleher et al., 2010). This population was chosen 

because they are relatively healthy and familiar with the 

feelings of regular exercise (e.g., muscle soreness, 

understand feeling of higher exercising heart rates), 

while demonstrating moderate fitness levels. 

Participants were recruited from the local community 

via posters, email, social media, and word of mouth. 

 

Sample Strategy and Size 

Sample size was calculated using software G-

power. Using a repeated measures design, the minimum 

sample size necessary to detect significant changes will 

be 30 participants, with alpha set at 0.05, power set at 

0.7, and effect size estimated at 0.8.  

 

Protocol 

Following blood sampling and a 10-minute 

break, the participant’s resting heart rate and RPE will 

be recorded. Subsequently, they will complete a 

warmup consisting of 2 sets of 12 repetitions of lightly 

loaded (30% 1RM) leg extensions. Initial quadriceps 

strength will be quantified by completion of three 3-

second MVIC tests. After 5 minutes of additional rest to 

ensure full recovery, participants assigned to Group 1 

will perform the DS protocol, and participants assigned 

to Group 2 will perform the HT protocol. Participants 

performed 4 sets of leg extensions at 75% 1RM – 

chosen because this load resides within the traditional 

HT load (70-85% 1RM) and repetition range (6-12 

repetitions) (Bird et al., 2005). Thus, they were 

instructed to complete 8-12 repetitions per set, or as 

many repetitions as possible until momentary muscular 

failure. The total number of successful and unsuccessful 

repetitions were recorded.  

 

A successful/unsuccessful repetition will be 

operationally defined as the ability/inability to move the 

given load through the previously defined range of 

motion. Starting intensity for drop sets (DS) was 

equated to 75% 1RM while aiming to complete 8-12 

repetitions, or as many repetitions as possible until 

momentary muscular failure. A starting intensity of 

75% 1RM was chosen since it is the lowest reported 

starting intensity for drop sets in the available literature 

(Choi et al., 1998b; Goto et al., 2004; Melibeu Bentes 

et al., 2012), and matches the traditional HT load (70-

85% 1RM) and repetition range (6-12 repetitions) (Bird 

et al., 2005). Participants rested only long enough after 

momentary muscular failure to allow the experimenter 

to reduce the % 1RM load and will be instructed to 

immediately start the next set. 

 

Data Collection 

The data collection was conducted by trained 

research assistants who were familiar with the study 

protocol. Samples were thawed on ice and analyzed for 

IGF-1 and GH using commercially available enzyme-

linked immunosorbent assay kits (Human ELISA per 
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the manufacturer’s instructions. Samples, standards, and 

controls were run in duplicate. The concentrations of all 

blood markers were uncorrected for changes in plasma 

volume since these are the concentrations to which 

potential target tissues would have been exposed. IGF-1 

and GH were quantified per the manufacturer’s 

instructions. Standards, blanks, and unknown samples 

were added to three 96-well microplates pre-coated 

with a monoclonal antibody specific for human IGF-1 

and GH. Plasma samples were pretreated to release 

IGF-1 from binding proteins, and thus will be diluted by 

a factor of 100. The plates were washed after a 2-hour 

incubation period at 2-8ºC, and an enzyme-linked 

polyclonal antibody specific to IGF-1 and GH 

conjugated to horseradish peroxidase were added to the 

wells. Following a second 1-hour incubation period at 

2-8ºC and another wash, a substrate solution was added 

to the wells to allow color to develop for 30 minutes in 

the dark. Color development was terminated by the 

addition of sulfuric acid. The optical density (OD) of 

each well was read at 450 nm on a microplate reader. 

Software capable of generating a log-log curve fit (My 

Assay Software) was used to create a standard curve. A 

background correction step will be included in the 

analysis (i.e., the mean OD of the control sample will 

be subtracted from the mean OD of the standards and 

unknown samples). The concentrations of the unknown 

samples (in ng/mL) were interpolated from the standard 

curve and multiplied by the dilution factor 100. 

 

Statistical Analysis 

Data was analyzed using a 2 (Training Type: 

DS, HT) ´2 (Time: pre-exercise, post-exercise) and the 

data met all the assumptions for parametric test, 

repeated measures ANOVA was used to test the 

differences in concentrations of IGF-1 and GH during 

DS and HT at the specified time points. When data did 

meet the assumption for normal distribution it was 

converted by Log 10 conversation. Most of the data met 

the assumption of sphericity, however, when the 

assumption of sphericity was violated, F statistics was 

reported using the Greenhouse-Geisser Epsilon 

correction factor. Mean differences were considered 

statistically significant where p< .05. When a 

significant F value was found, pair-wise comparisons 

were performed using a Bonferroni post hoc procedure. 

A partial eta-squared test (ƞ2p) was performed on each 

interaction to test the effect size for any statistical effect 

found.  All data including descriptive statistics was 

presented as means and standard errors (SE). 

 

Strengths and Limitations  

The strengths of this study is that the study 

design controlled for extraneous variables and reduced 

the likelihood of false results. The use of two groups 

(Drop set and concentric exercise) allowed for 

comparison and determination of which technique had a 

greater impact on IGF 1 and GH levels and 

hypertrophy. Some limitations in the study were; The 

sample size was limited and may not be representative 

of the population. The study only focused on the 

quadriceps femoris, so the results may not generalize to 

other muscle groups. The study only looked at the acute 

effects of the exercise techniques, and long-term effects 

were not evaluated. 

 

RESULTS 
Male participant characteristics are outlined in 

Table1. The observations for age had an average of 

21.77 (SD = 1.33). The observations for height had an 

average of 1.72 (SD = 0.04). The observations for BMI 

had an average of 26.27 (SD = 1.21, Skewness = -0.18, 

Kurtosis = -0.87). The observations for weight had an 

average of 77.70 (SD = 1.99, Skewness = -0.19, 

Kurtosis = -1.42). The observations for Leg extension 

had an average of 207.10 (SD = 5.60, Skewness = -0.05, 

Kurtosis = -0.10). When the skewness is greater than 2 

in absolute value, the variable is considered to be 

asymmetrical about its mean. When the kurtosis is 

greater than or equal to 3, then the variable's 

distribution is markedly different than a normal 

distribution in its tendency to produce outliers (Westfall 

& Henning, 2013).  

 

Table 1: Summary Statistics Table for Interval and Ratio Variables 

Variable M SD n SEM Min Max Skewness Kurtosis 

Age(years) 21.77 1.33 30 0.24 20.00 24.00 0.26 -1.04 

Height(m) 1.72 0.04 30 0.007 1.68 1.79 0.12 -1.70 

BMI (kg×m-2) 26.27 1.21 30 0.22 24.21 28.34 -0.18 -0.87 

Weight (Kg) 77.70 1.99 30 0.36 75.00 80.00 -0.19 -1.42 

Leg extension 1RM (Kg) 207.10 5.60 30 1.02 195.89 219.73 -0.05 -0.10 

Note. '-' indicates the statistic is undefined due to constant data or an insufficient sample size. SE: Standard Error. m: 

meters. kg: kilograms. BMI: Body Mass Index. 1RM: One Repetition Maximum load. 

 

Levels of IGF and GH in the quadriceps femoris 

Human insulin-like growth factor IGF-1 
Evaluation for the presence of human insulin-

like growth factor (IGF)-1 in 120 plasma samples 

collected pre- and post-exercise in both drop set (DS) 

and concentric exercise groups (CE) (Figure 1) was 

completed using a commercially available enzyme 

linked immunosorbent assay (ELISA) kit (DG100, 

R&D Systems, Inc., Minneapolis, MN, USA). A mixed 

model analysis of variance (ANOVA) with one within-

subjects factor and one between-subjects factor was 

conducted to determine whether significant differences 
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exist among IGF 1 pre and IGF 1 post between the 

levels of group. The usual sphericity assumption does 

not apply when there are only two repeated 

measurements. To identify influential points in the 

residuals, Mahalanobis distances were calculated and 

compared to a χ
2
 distribution (Newton & Rudestam, 

2012). An outlier was defined as any Mahalanobis 

distance that exceeds 13.82, the 0.999 quantile of a χ
2
 

distribution with 2 degrees of freedom (Kline, 2015). 

There were no outliers detected in the model. The 

results were examined based on an alpha of .05. The 

main effect for group was significant, F (1, 28) = 8.41, 

p = .007, indicating that there were significant 

differences in IGF 1 pre and IGF 1 post between the 

levels of group. The main effect for the within-subjects 

factor was significant, F (1, 28) = 9.87, p = .004, 

indicating there were significant differences between 

the values of IGF 1 pre and IGF 1 post. The interaction 

effect between the within-subjects factor and group was 

significant, F (1, 28) = 7.95, p = .009, indicating that 

the relationship between IGF 1 pre and IGF 1 post 

differed significantly between the levels of group. Table 

2 presents the ANOVA results. 

 

Table 2: Mixed Model ANOVA Results 

Source df SS MS F p ηp2 

Between-Subjects             

    group 1 309.57 309.57 8.41 .007 0.23 

    Residuals 28 1,030.33 36.80       

Within-Subjects             

    Within Factor 1 437.76 437.76 9.87 .004 0.26 

    group: Within. Factor 1 352.49 352.49 7.95 .009 0.22 

    Residuals 28 1,241.82 44.35       

 

The mean contrasts utilized Tukey post-hoc 

comparisons based on an alpha of .05. Tukey 

comparisons were used to test the differences in the 

estimated marginal means for each combination of 

between-subject and within-subject effects. For the 

Drop set category of group, IGF 1 pre was significantly 

less than IGF 1 post, t (28) = -4.21, p < .001. No other 

significant differences were found for group. Table 3 

presents the marginal means contrasts for the Mixed 

Model ANOVA. 

 

Table 3: The Marginal Means Contrasts for each Combination of Within-Subject Variables for the Mixed Model 

ANOVA 

Contrast Difference SE df t p 

group Drop set           

    IGF 1 pre - IGF 1 post -10.25 2.43 28 -4.21 < .001 

group Concentric exercise           

    IGF 1 pre - IGF 1 post -0.55 2.43 28 -0.23 .821 

Note. Tukey Comparisons were used to test the differences in estimated marginal means. 
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Serum Growth Hormone (GH) 
Serum GH concentrations were measured 

induplicate by immunoradiometric assay using 

standards di-luted in human serum (Nichols Institute, 

San Juan Capis-trano, CA). All samples for a subject 

were run in the same Serum GH concentrations were 

measured induplicate by immunoradiometric assay 

using standards di-luted in human serum (Nichols 

Institute, San Juan Capis-trano, CA). All samples for a 

subject were run in the same Serum GH concentrations 

were measured induplicate by immunoradiometric 

assay using standards di-luted in human serum (Nichols 

Institute, San Juan Capis-trano, CA). The mass of GH 

secreted per pulse was estimated as the area of the 

calculated secretory pulse (μg/l distribution volume, lv).  

A mixed model analysis of variance (ANOVA) with 

one within-subjects factor and one between-subjects 

factor was conducted to determine whether significant 

differences exist among GH pre and GH post between 

the levels of group. The results were examined based on 

an alpha of .05. The main effect for group was 

significant, F (1, 28) = 10,768.35, p < .001, indicating 

that there were significant differences in GH pre and 

GH post between the levels of group. The main effect 

for the within-subjects factor was significant, F (1, 28) 

= 348.99, p < .001, indicating there were significant 

differences between the values of GH pre and GH post. 

The interaction effect between the within-subjects 

factor and group was significant, F (1, 28) = 16.68, p < 

.001, indicating that the relationship between GH pre 

and GH post differed significantly between the levels of 

group. Table 4 presents the ANOVA results. 

 

Table 4: Mixed Model ANOVA Results 

Source df SS MS F p ηp2 

Between-Subjects             

    group 1 3.53 3.53 10,768.35 < .001 1.00 

    Residuals 28 0.009 0.0003       

Within-Subjects             

    Within Factor 1 0.17 0.17 348.99 < .001 0.93 

    group: Within. Factor 1 0.008 0.008 16.68 < .001 0.37 

    Residuals 28 0.01 0.0005       

 

The mean contrasts utilized Tukey 

comparisons post hoc based on an alpha of .05. For the 

concentric exercise category of group, GH pre was 

significantly less than GH post, t (28) = -10.32, p < 

.001. For the Drop set category of group, GH pre was 

significantly less than GH post, t (28) = -16.10, p < 

.001. Table 5 presents the marginal means contrasts for 

the Mixed Model ANOVA. 

 
Table 5: The Marginal Means Contrasts for each Combination of Within-Subject Variables for the Mixed Model ANOVA 

Contrast Difference SE df t p 

group| concentric exercise           

    GH pre – GH post -0.08 0.008 28 -10.32 < .001 

group| Drop set           

    GH pre – GH post -0.13 0.008 28 -16.10 < .001 

Note. Tukey Comparisons were used to test the differences in estimated marginal means. 
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DISCUSSION 
Training plateaus are common during standard 

hypertrophy training (HT), which entails four sets at 

75% of the lifter's one-repetition maximum load (1RM), 

and cause little to no muscle protein synthesis (MPS) 

and little hypertrophic improvements (Peterson et al., 

2005; Schoenfeld, 2012). Drop set training (DS) is a 

method used by strength and conditioning specialists to 

re-stimulate the hypertrophic response to resistance 

training (RT) by maintaining the structure of the typical 

HT design but adding one or more sets at progressively 

reduced loads also to failure before any recovery after 

the initial set of 10–12 repetitions to momentary 

muscular failure. More sets per muscle group performed 

during RT have been demonstrated to improve MPS 

intensity and duration as well as muscular growth (Burd 

et al., 2010a; Krieger, 2010; Phillips et al., 1997). By 

significantly increasing training volume-load 

(repetitions' load), time under tension (TUT), and 

stressing skeletal muscle metabolism compared to HT, 

DS protocols may provide the necessary physiological 

stimulus to reinitiate hypertrophic adaptations during a 

training plateau (Pearson & Hussain, 2014; Schoenfeld, 

2011). (Folland et al., 2002). This research set out to 

compare the immediate post-exercise release of insulin-

like growth factor (IGF)-1 and growth hormone (GH) 

between a DS leg extension protocol and a conventional 

HT leg extension protocol, both of which may play a 

role in the hypertrophic adaptations to RT. 4 sets at 

75% 1RM with 3 minutes of rest between each set was 

the HT regimen. The DS regimen called for four sets 

with three progressive load reductions each set (load 

range: 75-30 percent 1RM, 10 percent load decreases, 

10-12 repetitions per load), for a total of 16 bouts until 

temporary muscle failure. No respite was taken between 

lighter loads, and rest periods of 3 minutes were 

inserted between each set. When comparing HT and 

DS, you can see that DS produced much higher volume-

load and TUT.  

 

Compared to previous DS studies (Choi et al., 

1998b; Goto et al., 2003; Melibeu Bentes et al., 2012), 

our mean volume-load data showed similar, if not 

larger, differences between DS and HT. Our data was 

also comparable to the volume generated by typical 

full-body HT and lower-body HT protocols (McKay et 

al., 2009; Mitchell et al., 2013; Nieman et al., 2004; 

Phillips et al., 2010). An increased hypertrophic 

environment may be fostered by the upregulation of 

muscle protein synthesis (MPS), the enhancement of 

local metabolic stress, and the consequent enhancement 

of the creation of anabolic mediators, as reported by 

Burd et al., (2010a; 2012a). Heart rate responses, Borg 

ratings of perceived effort, and blood lactate (BLa) 

concentrations were all considerably greater in DS 

compared to HT with each set, reflecting the large 

increase in volume-load and TUT seen in DS. This 

suggests that the maximal activation of Type II muscle 

fibers would occur during the 4 DS weights lifted to 

failure without rest, which led to a greater exercise 

intensity and prompted a larger anaerobic glycolytic 

demand for ATP generation (Burd et al., 2012a; 

Carpinelli, 2008). The increased [BLa] seen in DS is 

similar to other RT studies (Goto et al., 2005; Izquierdo 

et al., 2009) given the sole muscle group engaged and 

volume-load produced in our leg extension protocol, 

and validates the findings of prior DS research 

indicating a higher anaerobic energy demand (de Paula 

Simola et al., 2015; Goto et al., 2003). 

 

CONCLUSION & RECOMMENDATION 
The results showed that there was a significant 

difference in IGF 1 levels before and after the exercise 
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for both groups (Drop set and concentric exercise), with 

a p-value of .007. The interaction effect between the 

within-subjects factor (IGF 1 pre and post) and group 

was also significant, with a p-value of .009, indicating 

that the relationship between IGF 1 pre and post varied 

between groups. For the Drop set group, IGF 1 pre was 

significantly lower than IGF 1 post. The results showed 

that there was a significant difference in GH levels 

before and after the exercise for both groups (Drop set 

and concentric exercise), with a p-value of < .001. The 

interaction effect between the within-subjects factor 

(GH pre and post) and group was also significant, with 

a p-value of < .001, indicating that the relationship 

between GH pre and post varied between groups. For 

the concentric exercise group, GH pre was significantly 

lower than GH post. For the Drop set group, GH pre 

was also significantly lower than GH post. 

 

The study recommended that physical trainers 

and fitness professionals should consider using the 

Drop set exercise technique in their training programs 

for clients who are looking to improve their 

performance. However, it is important to remember that 

individual differences, such as age, gender, and fitness 

level, should be taken into account when designing 

training programs. Further research is needed to 

confirm these findings in larger and more diverse 

populations. In addition, the long-term effects of the 

Drop set exercise technique on performance and 

physiological parameters should be studied. 
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