
Introduction
This study investigates how much volume (amount of weight lifted) is needed to maintain muscle mass and 
strength in young and elderly lifters. 

Conclusions

Young and elderly individuals can gain a proportionally same amount of muscle with the same training 
program. 

Detraining leads to reverting back to pre-training muscle levels; however, cutting volume to 1/3 of initial, or 
even 1/9 of initial, maintains muscle mass in younger individuals, but not older individuals. 

Strength is maintained with detraining, and increases with both limited volume groups. 

During training, there is a fiber type switch toward type 2a muscle cells, but when training is stopped or 
reduced to 1/9th of initial volume, fibers switch back to type 2x. 

Amendments

Study Design & Additional Information

This study had 53 participants of two age brackets - young (20-35 years) 
and older (60-75). These participants had no trained in at least 5 years. 
They had their muscle size measured by DEXA scan, as well as muscle 
biopsies taken, and strength tested by 1 repetition maximum. They all 
underwent the same training program - leg press, squat, and leg extension 
at 75-80% of their established 1 repetition maximum for 3 sets of 8-12, 3 
times a week, with progressive overload (increasing difficulty over the 
weeks). The resistance training program was implemented for 16 weeks. 
After the 16 weeks, the 53 participants were split into three groups (all 
groups containing a mixture of young and older participants) - 1. 
detraining, wherein they stopped resistance training entirely; 2. 1/3 of 
normal volume, wherein participants trained only once a week at the same 
volume in that session (effectively cutting volume to 1/3 for the week); 3. 
1/9 volume, wherein participants cut their weekly volume to 1/9th of 
normal - so, lifting only once a week, and even then reducing the sets 
performed, but maintaining intensity (amount of weight lifted). 

Muscle Fiber/Cell Types:
Type 1: Low fatigue, low force output. 
Type 2x: High fatigue, high force output. 
Type 2a: Middle ground between 1 and 2x. 
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16 weeks of progressive resistance training, then detrained (no resistance training), or attempted to 
maintain muscle by using 1/3 of initial volume (amount of total weight lifted) or 1/9th of initial volume. 

70 participants, one group was 60-75 years old, and the other group was 20-35 years old.

Trained 3 days a week for 16 weeks.
Exercises performed were knee extension (leg extension), leg press, and squat (so, this is limited to 
lower body) under supervision of professional. 
They performed 3 sets of 8 to 12 repetitions based on a baseline one repetition maximum and using 
75% of that one repetition maximum. 
Progressive overload was used over the 16 weeks. 

After the aforementioned training for 16 weeks, participants were split into 3 groups (13 participants 
dropped out, leaving 57 left, but one was excluded, so results are based on 56)
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One group detrained (no exercise, at all) - 7 in the young group, 9 in the elderly group.
Second group did 1/3 of the initial volume of the study (at the start of the 16 weeks training) - 10 
young, 9 elderly)
Third group did 1/9 of the initial volume of the study.
Volume was adjusted by decreasing from 3 times a week to once a week training while maintaining 
intensity, but also decreasing volume further for the third group. 

Muscle samples were taken to look at muscle cells, as well as DXA scan to determine full body 
muscle maintenance. Strength was also assessed. 
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Table 1: This table shows the muscle cell (myofiber) size and distribution in young and elderly/old 

participants at baseline (before intervention/resistance training), and at the end of the resistance 
training program (16 weeks). Type 1 cells tend to be endurance focused; Type 2a tend to be a hybrid 
between Type 1 and Type 2x; Type 2x tend to be power/strength focused - low endurance. TLM is 
thigh lean mass - overall muscle size. 

Results
- Regardless of muscle cell type or age of participant, resistance training increased muscle cell size.
- In both age groups, there was a significant shift in muscle cell type as Type 2x decreased, yet Type 
2a increased. 
-  TLM increased, regardless of age, with resistance training. 

Take Away: Resistance training increases muscle size, and changes muscle type distribution. 
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Figure 2: The researchers are showing, graphically, what is shown numerically in 

Table 2. The furthest left bars are at baseline (pre-training); the second furthest to the 
left are after 16 weeks of resistance training; the second to the right are bars after 32 
weeks from baseline (aka, 16 weeks either detrained, 1/3 volume, or 1/9 volume); the 
furthest right is 48 weeks (aka, 32 weeks either detrained, 1/3 volume, or 1/9 volume). 
The grey bar is the young participants (20-35 years), and the white bar is the elderly 
(60-75 years). The line is a combination of both. * is a significant difference compared 
to the baseline; ✞ is a significant difference compared to the 16 weeks resistance 
training. MFA: Mean Fiber Area (Average Muscle Cell Size); Type I: Endurance 
focused muscle cells; Type II: Strength focused muscle cells. Myofiber CSA: Muscle 
cell cross sectional area (size).

Results:
- With detraining, overall type II (likely driven by younger participants) muscle cell size 
decreased over time. The same effect was seen in Type I, but not for elderly. 
- With 1/3 volume, at 32 weeks, type II muscle cell size increased, even above the 
regular resistance training protocol, in younger participants - decreased in elderly back 
to baseline (pre-training).
- With 1/9 volume, muscle cell size (Type I or II) decreased in the elderly group back to 
baseline, but increased with young.

Take Away: Stopping resistance training altogether reduces muscle cell size in both 
age groups. However, doing 1/3 or 1/9th of original volume (doing some resistance 
training) maintained muscle mass in young, but not older population. 
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Figure 3: This figure shows the proportional amount of type IIa muscle cells compared to type IIx 

muscle cells in a slice of muscle at baseline (pre-training - week 0), then again after 16 weeks of training, 
and again after either detraining (stopping training entirely), switching to 1/3 volume (amount of lifting), or 1/9 
volume for an additional 16 weeks (32 week mark) and 32 weeks (48 week mark). Cells are stained green 
for Type IIa and dark for Type IIx. * is significant difference compared to baseline (week 0). 

Results:
- Type 2a muscle cells increased and type 2x decreased after detraining (back to baseline). 
- 1/3rd volume preserved muscle adaptations of increasing type 2a muscle cells acquired from training. 
- 1/9 volume maintained increased type 2a muscle cells and lower type 2x muscle cells compared to 
baseline, but not compared to at the 16 week mark of training. 

Take Away: Not training at all for 8 months leads to a fiber (muscle cell) type switch from 2a to 2x -

this is also seen with type 1/9 volume, although the effect is slower. This effect is not seen with the 1/3 
volume condition. 
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Figure 4: The researchers are showing the change in muscle strength with training 

and then the conditions afterward (detraining, etc.). The furthest left bars are at 
baseline (pre-training); the second furthest to the left are after 16 weeks of resistance 
training; the second to the right are bars after 24 weeks from baseline (aka, 8 weeks 
either detrained, 1/3 volume, or 1/9 volume); the furthest right is 48 weeks (aka, 32 
weeks either detrained, 1/3 volume, or 1/9 volume). The grey bar is the young 
participants (20-35 years), and the white bar is the elderly (60-75 years). The line is a 
combination of both. * is a significant difference compared to the baseline; ✞ is a 
significant difference compared to the 16 weeks resistance training. Higher bars 
means more strength. 

Results:
- Detraining did not change muscle strength.
- 1/3 volume increased muscle strength compared to 16 weeks training. 
- 1/9 volume increased muscle strength compared to the 16 weeks training. 

Take Away: Detraining for 8 months does not impact strength, but lowering volume 
only (1/3 or 1/9 of original volume) does improve strength. 
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