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S&C: 
Isometric resistance training is often

utilized by strength and conditioning
coaches early in a training plan with the 
intent of preparing muscle and tendon
morphologies for future dynamic loading.

Physical therapists
• The same 
• Often at a large degrees of joint
flexion to avoid cause unwanted pain
and inhibition 
• Often used for analgesic effect
• Often used when dynamic

contractions my be contraindicated

Clinical implications



The systematic review conformed to the 
“Preferred Reporting Items for Systematic
Reviews and Meta-Analyses” (PRISMA) 
guidelines



“the purpose of this review was to systematically
evaluate research and comparing the outcomes of 
isometric training variations to provide training
guidelines for a variety of desired outcomes”

The aim of this study ...



INTRODUCTION
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Benefits from Isometrics:
Controlled application of force within pain-free joint angles in rehabilitative settings.

Isometric training to focus on specific weak points in a range of motion that can positively
transfer to performance and injury prevention.
Isometric training provides a means to induce force overload as maximal isometric force is 
greater than that of concentric contractions (Force-velocity curve)
Isometric contractions can also be used to provide an acute analgesic effect by altering
excitatory and inhibitory functions in the corticomotor pathways.
Isometric contractions are a highly reliable means of assessing and tracking changes in 
force production. However, the ability of isometric assessments to predict dynamic
performance is questionable.
Isometric training can elicit changes in physiological qualities including muscle architecture, 
tendon stiffness and health, joint angle-specific torque, and metabolic functions.

Isometric



Literature search
(Isometric train*) AND (strength* OR stiff*); (Isometric train*) AND (muscle* OR tendon*); (Isometric
train*) AND (session* OR week*)



Methods
Inclusion
(a) full text available in English
(b) peer-reviewed journal 

publications or doctoral
dissertations

(c) The study compared two or 
more variations of isometric
training.

Exclusion
(a) Conference papers / posters / 

presentations
(b) Small joints or muscles such as 

fingers or toes
(c) primary dependent variables 

were related to cardiovascular
health

(d) Non-human subjects
(e) In vitro
(f) Intervention period was less

than three weeks in duration
(g) variables such as blood

restriction, vibration, or electrical
stimulation.



Flow chart
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Quality assessment
Training studies that involve strength and 
conditioning interventions usually score very low
on these methodological scales. 

51 training studies analysed, the average score 
was a 4.6/10 with an overall range of 3–5/10. 
Furthermore, none of the 51 studies were able
to accomplish items 3, 5, 6, 7 and 9. 

These items were as follows: 
• allocation was sealed (item 3), 
• blinding of the subjects (item 5), 
• blinding the therapists who administered the 

treatment (item 6), 
• blinding the testers (item 7), 
• intention-to-treat analysis (9)

Pragmatic



Quality assessment
Pragmatic solution

Supplementary file 1. Study quality scoring system

No. Item  Score

1 Inclusion criteria stated  

2 Random allocation of subjects to groups 

3 Independent and dependent variables were clearly stated

4 Groups were tested for similarity at baseline

5 A control group was utilized 

6 Interventions were volume equated   

7 Assessments were practically useful

8 Intervention duration was practically useful

9 Statistical analysis was appropriate

10 Evaluation methods are valid and reliable

Adapted from Brughelli et al.62

0 = clearly no 1 = maybe 2 = clearly





Yes Partial
Yes

No Not able to answer
because no meta analysis
was performed

3 1 10 2

AMSTAR 2 critical domains
•Protocol registered before commencement of the 
review (item 2) No
•Adequacy of the literature search (item 4) Yes
•Justification for excluding individual studies (item 7) 
Yes
•Risk of bias from individual studies being included in 
the review (item 9) No
•Consideration of risk of bias when interpreting the 
results of the review (item 13) no

Yes No I dont know

6 19 2

PRISMA critical domains
•registration number
•study design (PICOS). 
•ideally with a forest plot. 



PICO 26 articles included

P 713 participants (463 male, 250 female).
Mean age 24.3 ± 3.3 years (19.3-31.8)
(16/26) recruited untrained participants, while the remainder (11/26) utilized
“active” or “recreationally trained” participants. 
None of the accepted studies examined competitive athletes or well-trained
participants. 

I Mean length of intervention was in average 8.4 ± 3.6 (range = 3-14) weeks
An average of 3.5 ± 0.96 (range = 2-7) sessions per week for an average of 28.6 
± 13.2 (range = 15-56) total training sessions. 
Interventions were volume-equated in 17/26 studies
Closed-chain movements were only utilized in two studies, whereas 23/26 
utilized single-joint contractions (knee extensors, elbow flexors and plantar
flexors).

C 10 included a non-exercise control group. 

O (a) intent of contraction which included “progressive” vs “rapid” and “explosive” 
vs “sustained” contractions

(b) (b) total volume; 
(c) (c) contraction duration
(d) (d) rest period duration
(e) (e) periodization schemes



Statistical analysis
Percent change and Cohen’s d effect
sizes (ES) were calculated wherever
possible to indicate the magnitude of 
the practical effect. 

As recommended by Rhea, effect
sizes were interpreted as follows: 
trivial <0.35, small = 0.35-0.80, 
medium = 0.80-1.50, and large > 1.5 
for recreationally active participants. 



Result
Muscle size (9N): Muscle size
increased 5% to 19.7% with 
Effect size of 0.19-1.23 and 
0.043 ES per week.

Maximal isometric force (14N) 
significantly increased
(8%-60.3%, ES = 0.34-3.26) by 
4.34%/week and 0.20

Joint angle and hypertrophic
adaptation (3N) improved muscle
size at ≤ 70º (46 ± 6.9º) by 0.47 ±
0.48%/week and 0.032 ± 0.037 
ES/week, vs. >70º 1.16 ± 0.46%/ 
week and 0.067 ± 0.032 
ES/week

Training intensity on muscular
hypertrophy ≤70% (68.9 ± 3.3%) 
of MVIC improved muscle size by 
0.77 ± 0.26%/week and 0.13 ±
0.12 ES/week, compared to 0.70 
± 0.55%/week and 0.13 ± 0.21 
ES/week when training at >70% 
(85.3 ± 12%) of MVIC

training intensity and 
improvements in isometric
force (n3). Training at 
≤70% (41.3 ± 16.5%) of 
MVIC improved muscle
size by 6.8 ± 3%/week and 
0.32 ± 0.13 ES/week, 
compared to training at 
>70% (100 ± 0%) of 
MVIC.had increase of 8.9 ±
5.5%/week and 0.36 ± 0.11 
ES/week

Joint angle-isometric force 
comparison (n7) showed
that training at ≤70º (42.8 
± 16.4º) resulted in MVIC 
improvements of 4 ±
2.1%/week and 0.15 ± 0.1 
ES/week, compared to 
training at >70º (101.8 ±
24.2º) of flexion increased
3.4 ± 4.2%/week and 0.15 
± 0.17 ES/weekConclusion: Muscle size had a small 

effect, max iso force add a high effect. 
Trivial to small effect joint angle 
specific change, however a tendency
to better improvements in higher knee
ankle.

Vytautas Lalas



Training Discussion
Duration: Short duration less than 10 seconds, 
moderate 10-20 sec and long duration 30+ seconds
Both short and long improve CSA in muscle and 
tendons

Rate of force development: RAM gives higher EMG 
but explosive isometric gives higher EMG 0-150ms

Peak force 
is superior
in LML and 
MML then
SML

Tendons but tendon seems to like higher
intensity

EMG activity
tends to 
increase with 
larger range 
of motion

Improvement in 
LML seems to 
correlate with 
improvements in 
isokinetic. Both
LML and SML in 
leg press seems
to give 
improvement in 
CMJ and 1RM 
squat



Discussion: Muscle architecture
• Mid- portion vastus lateralis fascicle length significantly increased following

SML (5.6%, ES = 0.63, P = 0.01), but not LML (3.8%, ES = 0.34, P = 0.20) training.

• Architectural qualities of muscle may underpin the length-tension relationships. 
Alegre et al observed no significant (P > 0.05) shift in fascicle length regardless
of training angle, while Noorkoiv et al reported conflicting findings depending on 
which quadriceps head was evaluated. Therefore, isometric resistance training, 
regardless of muscle length, appears unlikely to efficiently lengthen muscle
fascicles. 



Discussion: Tendon morphology

Waugh et al. compared load-duration isometric plantar flexions
with intra-contraction rest periods of 3 or 10 seconds. While there
were differences (P > 0.05) in type I and type II collagen (factors 
in fiber reorganization), there were no between-group
discrepancies (P > 0.05) in any other dependent variables 
following the 14-week intervention. 

Arampatizis et al: compared 14-week isometric plantar flexion at 
low (~55%) or high (~90%) intensities. Only high intensity
increased Achilles tendon CSA and stiffness following
high-intensity (17.1%-36%, ES = 0.82-1.57, P < 0.05), 

Kubo et al compated knee extensors at either 50° or 90° of 
flexion and found a significantly greater increase in tendon
stiffness (P = 0.021) following LML (50.9%, ES = 1.22, P = 
0.014), 



Discussion Neurological adaptations 
EMG tends to increase by LML training
compared to training at SML. 

Regardless, all studies reported that isometric
training with an “explosive” or “ballistic” intent
was superior to ramping contractions for 
improving rapid force production. 

Anecdoctally, can be more painfull



Limitations and directions for future research
None of the included studies utilized special populations such as patients with tendon disorders, 
high-performance athletes, or experienced resistance trainees. 

Similarly, very few of the included studies examined the effect of isometric training on dynamic performance. 

The 26 studies included a large variety of variables which made analysis difficult and hence definitive 
conclusions problematic. While the limitations present are broad, several directions for interesting future 
research exist. 



Clininal applications and my take home message

1. LML is superior then SML in Muscle size, force, tendon
size and tendon stiffness. Better correlation with 
Isokinetic testing. 

2. high-intensity contractions (>70% MVIC) are likely
required to substantially improve tendon structure and 
function (eg, tendon stiffness). 

3. Explosive contraction has been found to improve rapid 
force production whereas RAM contraction is better for 
peak force.

4. We need to select isometric exercises for the right 
purpose.

Question for clinical practice
Any question for method used or comments?
Pragmatic comments on isometric in Aspetar. Exercise selection, time 
duration and purpose? Should we re-evaluate typically used isometric
such as wall squat, spanish squat, leg extension at 90-60 degrees
with SML.



Special thanks to Alexandra 
Elbakyan, Kazakhstan, for 
develop Sci-hub. Without
Sci-hub I would not have 
been able to make this

presentation

Thanks and time for questions


