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Abstract Blood flow restriction (BFR) training has been

shown to increase muscle size and strength when combined

with low-load [20–30 % one-repetition maximum (1RM)]

resistance training in the lower body. Fewer studies have

examined low-load BFR training in combination with

upper body exercise, which may differ as some muscula-

ture cannot be directly restricted by the BFR stimulus

(chest, shoulders). The objective of this study was to

examine muscle adaptations occurring in the upper body in

response to low-load BFR training. Google Scholar,

PubMed, and SPORTDiscus were searched through July

2015 using the key phrases ‘blood flow restriction train-

ing’, ‘occlusion resistance training’, and ‘KAATSU’.

Upper body training studies implementing the BFR stim-

ulus and providing a pre and post measure of muscle size

and/or strength were included. A total of 19 articles met the

inclusion criteria for this review. The effectiveness of low-

load BFR training appears to be minimally impacted by

alterations to the intensity and restrictive pressures used;

however, the ability to quantitatively analyze our results

was limited by unstandardized protocols. Low-load BFR

training increased muscle size and strength in limbs located

proximal (chest, shoulders) and distal (biceps, triceps) to

the restrictive stimulus; while volume-matched exercise in

the absence of BFR did not elicit beneficial muscle

adaptations. Some of the musculature in the upper body

cannot be directly restricted by the application of BFR.

Despite this, increases in muscle size and strength were

observed in muscles placed under direct and indirect BFR.

Key Points

Low-load resistance exercise in combination with

blood flow restriction (BFR) in the upper body

produces similar muscle adaptations to high-load

resistance training.

Increases in muscle size and strength are observed in

muscles not directly under BFR (i.e., muscles

proximal to the applied pressure).

The benefits observed with resistance exercise in

combination with BFR in the upper body appear to

occur with relatively low loads and pressures.

1 Introduction

It was originally thought that training with loads lower than

70 % one-repetition maximum (1RM) would not result in

muscle hypertrophy [1]. Recent studies have provided

some insight that both low-load training to volitional fati-

gue [2–4], and low-load blood flow restriction (BFR)

training [5, 6] can produce increases in muscle size com-

parable to high-load training. While mechanical tension is

thought to be the primary driver of muscle hypertrophy

during high-load training [7], the mechanisms behind low-

load BFR training-induced muscle growth are not well
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understood. Some of the proposed mechanisms involved in

the hypertrophic response from low-load BFR training

include an accumulation of metabolites, cell swelling [8],

increased motor unit recruitment [9], reactive hyperemia

[10], decreased myostatin messenger RNA (mRNA)

expression [3], reduced protein breakdown [11], and the

proliferation of satellite cells [12]. It can be hypothesized

that these alternative mechanisms responsible for muscle

growth (i.e., metabolic accumulation, cell swelling) may be

able to augment the muscle hypertrophic response during

low-load BFR training in the absence of sufficient

mechanical tension. Additionally, while both low-load

BFR training and traditional high-load training may work

through alternate mechanisms, they appear to both be

reliant on the activation of the mechanistic target of rapa-

mycin (mTOR) pathway, as evident by the blunted protein

synthetic response when rapamycin, an mTOR suppressor,

is administered [13, 14]. While an in-depth review of the

mechanisms behind BFR-induced growth is outside the

scope of this review and can be found elsewhere [15], one

constant that seems to be important for robust muscle

hypertrophy is a high level of muscle activation [2].

Despite similar muscle adaptations occurring from both

low-load BFR training, and low-load unrestricted training

to volitional fatigue, the application of BFR is unique in

that it reduces the workload needed to reach the point of

fatigue [16], therefore reducing the number of repetitions

necessary to see similar muscle adaptations (75 vs. 165)

[17]. Additionally, BFR has been shown to attenuate

strength loss [18, 19] and muscle atrophy [20, 21] inde-

pendent of any muscular contraction, and it has also been

shown to increase muscle size when applied in conjunction

with low-intensity aerobic activity [22–24]. Therefore,

BFR may serve as a beneficial tool for increasing muscle

size and strength among those who are unable to perform

high-load resistance training (i.e., clinical populations).

Further support for the use of BFR in clinical populations

exists, in that low-load BFR training has been shown to be

a safe stimulus [25] and has been demonstrated effective at

increasing muscle size and strength in elderly [26] and

diseased (myositis) [27] populations, as well as those

rehabilitating from injury [28, 29].

While numerous interventions have focused on low-load

BFR training performed in the lower body [30], much less

is known about its effectiveness in the upper body, which

consists of some musculature that cannot be placed directly

under BFR due to its anatomical location (e.g., chest,

shoulders). Therefore, the purpose of this review was (1) to

quantitatively analyze, via meta-analysis, the effectiveness

of low-load BFR training at increasing muscle size and

strength in the upper body; and (2) to compare different

training variables utilized and how they potentially mod-

ulate changes in muscle size and strength.

2 Methods

2.1 Literature Search

Peer-reviewed journal databases (Google Scholar,

PubMed, and SPORTDiscus) were searched up until July

2015 using the terms ‘blood flow restriction training’,

‘occlusion resistance training’, and ‘KAATSU’. Only

studies written in English were considered for evaluation,

and all relevant articles and included citations were

reviewed to ensure all published studies pertaining to BFR

were analyzed. Initially, all abstracts were reviewed, and

those meeting the full inclusion criteria were obtained for

further evaluation. The inclusion criteria included that (1)

BFR must be applied to the upper arm before exercise and

remain restrictive until its completion; (2) a chronic

training study consisting of at least five sessions must be

employed to allow sufficient time for measurable muscle

adaptations; and (3) a pre and post measure of muscle size

and/or strength must be provided.

2.2 Calculation of Effect Size

Effect sizes (ESs) were calculated with the formula

(mean2 - mean1/pooled standard deviation). All inclusive

studies containing values [means and standard deviations

(SDs)] that were not reported in the text, but were illus-

trated in graphical form, were estimated using a graph

digitizer (GetData Graph Digitizer 2.26). If standard errors

(SEs) were presented, they were converted to SDs using the

formula (SE 9 Hn).

3 Results

A total of 19 articles were found meeting all inclusion

criteria [31–49] (Tables 1, 2, 3). A meta-analysis was

conducted to quantitatively compare increases in muscle

size and strength occurring from low-load BFR training

with that of volume-matched unrestricted low-load training

(i.e., the same protocol in the absence of the BFR stimu-

lus). While all studies were included for the analysis of

training variables (Table 2), and outcome measures of

muscle size and strength (Table 3), additional criteria were

established for inclusion in the meta-analysis (Table 1): (1)

A pre and post measure of both muscle size and strength

for the biceps, triceps, and/or chest muscles must be

identified; (2) Muscle size must be assessed using magnetic

resonance imaging (MRI), ultrasound, or computed

tomography (CT) scan; (3) Strength tests must be con-

ducted using a 1RM or maximal voluntary isometric con-

traction (MVC); (4) There must be a control group
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performing a volume-matched protocol in the absence of

BFR; (5) BFR must be applied using a pneumatic cuff that

can be set to specific pressures, and (6) SDs or SEs must be

presented for all pre and post measurements.

Our attempt to conduct a meta-analysis was severely

limited for reasons detailed in Table 1, with the extrapo-

lation of data limited to three studies, two of which com-

pared muscle size and strength of biceps and triceps using

elbow flexion and extension exercises [43, 46], and a third

[47] comparing chest and triceps muscle adaptations via

bench press exercise. Therefore, to avoid over-generalizing

the results of our findings, the focus of this review was

primarily narrative. Table 3 details the changes in muscle

size and strength, as well as ES, for each individual study

included in this review.

4 Discussion

Throughout the literature, only a limited number of studies

have incorporated BFR in combination with upper body

resistance exercise, and these results are difficult to com-

pare due to unstandardized protocols varying in intensity,

volume, duration, and frequencies of exercise performed.

Various testing methods have been employed for the

determination of both muscle size and strength, making

direct comparisons across studies difficult. To illustrate,

isotonic and isometric strength have been shown to pro-

duce varied results when low-load training is employed [2]

(e.g., isometric strength will be less impacted by training

specificity), and the assessment of muscle size via

anthropometric measures (i.e., girth measurements) pos-

sesses obvious limitations (e.g., increased fat mass can be

misconstrued as muscle growth). Furthermore, several

studies [31, 38] implemented protocols involving sets to

volitional fatigue (Table 2), and thus, the groups were

neither repetition nor volume matched, therefore limiting

our ability to compare low-load BFR training to a high-

load or low-load unrestricted control group. Low-load

resistance training to volitional fatigue eliminates the pri-

mary benefit of BFR, which is a reduction in the time

necessary to induce muscular fatigue [16]. Therefore, low-

load resistance training to volitional fatigue will produce

increases in muscle size similar to low-load BFR training

[34, 50]; however, it will require a much greater number of

repetitions (75 vs. 165) [17]. The lack of volume-matched

protocols comparing low-load BFR training to either high-

load or low-load unrestricted training (three in total) did

not warrant the completion of a meta-analysis. The fol-

lowing sections aim to discuss different muscle adaptations

occurring in the upper body and training variables that may

modulate the BFR stimulus.

Table 1 Inclusion/exclusion from meta-analysis

Study Rationale for exclusion

Burgomaster et al. [31] No measure of muscle size, protocol involved one set to fatigue

Credeur et al. [32] Handgrip exercise was performed, and muscle size were measured using circumference

Counts et al. [33] Control group also performed low-load BFR training under a different restrictive pressure

Farup et al. [34] Control group performed low-load training to failure, and 1RM was estimated from 3RM

Hunt et al. [35] Handgrip exercise was performed, and muscle size was measured by water displacement

Luebbers et al. [36] Elastic wraps were used for practical BFR, control group performed high-load training,

muscle size was measured using circumference

Lowery et al. [37] Elastic wraps were used for practical BFR, control group performed high-load training

Moore et al. [38] No measure of muscle size, protocol involved one set to fatigue

Ozaki et al. [39] Control group performed high-load training

Sakamaki et al. [40] Control group performed no exercise

Takarada et al. [41] No standard deviations were presented

Thiebaud et al. [42] Control group performed moderate- to high-intensity exercise

Weatherholt et al. [43] INCLUDED

Yamanaka et al. [44] Elastic wraps were used for practical BFR, muscle size was measured using circumference

Yasuda et al. [45] INCLUDED

Yasuda et al. [46] Control groups either performed no training or high-load training

Yasuda et al. [47] Control groups either performed no training or high-load training

Yasuda et al. [48] Control group performed eccentric only exercise with BFR

Yasuda et al. [49] INCLUDED

BFR blood flow restriction, RM repetition maximum

Upper Body Blood Flow Restriction

123



4.1 Upper Extremity Muscle Adaptations

with Blood Flow Restriction

4.1.1 Upper Extremity Muscle Size

The average increase in biceps and triceps muscle size

per session was similar for both elbow flexion and elbow

extension exercises; that is, the relative increase in tri-

ceps muscle size occurring from elbow extension exer-

cise was similar to that of biceps muscle size resulting

from elbow flexion exercise (Table 3). In comparison,

increases in triceps muscle size tended to be lower dur-

ing bench press exercise as opposed to elbow extensions

[42, 45, 47, 48]. This can likely be attributed to the

triceps being the primary muscles involved in elbow

extensions, whereas the triceps take a more comple-

mentary role in the bench press exercise. The reduced

growth of muscles that were not directly trained was also

demonstrated by Thiebaud et al. [42], reporting only a

3 % increase in biceps muscle size, which was not sta-

tistically significant. While all other studies reported

increased bicep growth, the results of Thiebaud et al.

[42] can likely be attributed to the fact that the biceps

were not directly trained and, therefore, the only stimulus

the biceps received was from their synergistic involve-

ment in the seated row exercise.

Table 2 All study protocols included in qualitative analysis

Study n Sessions %1RM Cuff width

(cm)

Highest cuff pressure

(mmHg)

Final protocol Method of muscle size

measurement

Burgomaster

et al. [31]

8 16 50 12 100 5 sets of 10, 6th set to

failure

Credeur et al.

[32]

12 12 60 NA 80 300 contractions Circumference

Counts et al. [33] 7 22 30 5 40/90 % arterial

occlusion

1 set of 30 followed by 3

sets of 15

Ultrasound

Farup et al. [34] 10 18 40 8 100 4 sets to failure MRI

Hunt et al. [35] 9 12 40 13 80 3 sets to failure Water displacement

Luebbers et al.

[36]

15 14 20 7.6 NA 1 set of 30 followed by 3

sets of 20

Circumference

Lowery et al.

[37]

21 16 30 7.6 NA 3 sets of 30 Ultrasound

Moore et al. [38] 8 24 50 7 100 2 sets of 10, 3rd set to

failure

Ozaki et al. [39] 10 18 30 3 160 1 set of 30 followed by 3

sets of 15

MRI

Sakamaki et al.

[40]

13 6 30 3 100 1 set of 30 followed by 3

sets of 15

MRI

Takarada et al.

[41]

11 32 50 2.5 100 3 sets to failure MRI

Thiebaud et al.

[42]

6 24 10–30 3.3 120 1 set of 30 followed by 3

sets of 15

Ultrasound

Weatherholt et al.

[43]

20 24 20 3 180 3 sets of 15 pQCT scan

Yamanaka et al.

[44]

16 12 20 5 NA 1 set of 30 followed by 3

sets of 20

Circumference

Yasuda et al. [45] 10 18 30 NA 160 1 set of 30 followed by 3

sets of 15

MRI

Yasuda et al. [46] 9 24 30 3 270 1 set of 30 followed by 3

sets of 15

MRI

Yasuda et al. [47] 5 24 30 NA 160 1 set of 30 followed by 3

sets of 15

Ultrasound

Yasuda et al. [48] 10 18 30 NA 160 1 set of 30 followed by 3

sets of 15

MRI

Yasuda et al. [49] 10 18 30 3 160 1 set of 30 followed by 3

sets of 15

MRI

MRI magnetic resonance imaging, NA data not reported, pQCT peripheral quantitative computed tomography, RM repetition maximum
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In control groups performing volume- and repetition-

matched low-load exercise in the absence of BFR, no

hypertrophy of the biceps or triceps was present regardless

of the exercise performed [45–47], corroborating the find-

ings of Loenneke et al. [30] in the lower body. One

exception involved a study by Weatherholt et al. [43]

reporting similar increases in both low-load unrestricted

and low-load BFR training for reasons that could not be

elucidated, and the authors’ suggestion of a cross-over

effect from systemic hormones has been scrutinized else-

where [51]. Additionally, it would seem unlikely that the

volume of exercise, consisting of just three sets of 15

repetitions with a 20 % 1RM load, would produce any

measurable increases in muscle size in the absence of BFR.

Table 3 Muscle adaptations occurring in all included studies

References Muscle size % D per

session

% Total

D
Effect

size

Muscle strength % D per

session

% Total

D
Effect

size

Burgomaster et al.

[31]

NA Isokinetic 60�/sec 0.69 11.0 1.48

NA Biceps 1RM 1.40 22.5 4.13

Credeur et al. [32] NA Handgrip MVC 1.34 16.1 6.7

Counts et al. [33] Biceps upper MTH 0.56 12.5 0.56 Biceps 1RM 0.80 17.9 0.37

Biceps 10cm MTH 0.45 10 0.45 Isokinetic 60�/sec 0.51 11.2 0.23

Farup et al. [34] Biceps CSA 0.64 11.5 0.54 Biceps 3RM 1.08 19.4 0.60

Biceps MVC -0.29 -5.2a -0.14

Hunt et al. [35] Forearm volume 0.14 1.7a 0.16 Handgrip 1RM 1.00 11.9 0.59

Leubbers et al. [36] NA Bench press 1RM 0.16 2.3a 0.20

Lowery et al. [37] Biceps MTH 0.69 11.1 3.90 NA

Moore et al. [38] NA Elbow flex 1RM 0.90 21.7 6.63

Elbow flex MVC 0.32 7.7 0.95

Ozaki et al. [39] Chest CSA 0.38 6.8 1.00 Bench press 1RM 0.49 8.7 1.54

Sakamaki et al. [40] Biceps volume 0.88 5.3 0.39 Biceps MVC 1.1 6.6 0.33

Takarada et al. [41] Biceps brachii

CSA

0.63 20.3 NA Biceps isokinetic

60�/sec
0.58 18.4 NA

Biceps brachialis

CSA

0.56 17.8 Biceps MVC 0.52 16.5

Thiebaud et al. [42] Biceps MTH 0.13 3.0a 0.21 Bench press 1RM 0.43 10.4 0.44

Triceps MTH 0.27 6.5a 0.32 Back row 1RM 0.29 7.0 0.31

Deltoid MTH 0.16 3.8a 0.22 Shoulder press 1RM 0.22 5.3 0.49

Chest MTH 0.73 17.4 1.02

Weatherholt et al.

[43]

Arm CSA 0.15 3.6 0.47 Biceps 1RM 0.56 13.5 1.35

Triceps 1RM 0.64 15.4 1.57

Yamanaka et al. [44] NA Bench press 1RM 0.60 7.2 0.55

Yasuda et al. [45] Triceps CSA 0.26 4.7 0.24 Bench press 1RM 0.48 8.7 0.46

Chest CSA 0.47 8.5 0.47

Yasuda et al. [46] Biceps CSA 0.73 17.7 0.62 Elbow flex MVC 0.35 8.5 0.22

Triceps CSA 0.68 16.3 0.50 Elbow ext MVC 0.68 16.3 0.50

Yasuda et al. [47] Chest MTH 0.75 17.9 0.22 Bench press 1RM 0.26 6.2 0.63

Triceps MTH 0.31 7.5 0.07

Yasuda et al. [48] Chest CSA 0.47 8.4 0.46 Bench press 1RM 0.51 9.1 0.49

Triceps CSA 0.26 4.6 0.23 Tricep MVC -0.01 -0.2a -0.01

Yasuda et al. [49] Biceps volume 0.69 12.3 1.64 Biceps MVC 0.44 8.0 0.79

Biceps mid-upper

CSA

0.56 10.1 1.2

Biceps 10 cm CSA 0.64 11.6 1.42

CSA cross-sectional area, ext extension, flex flexion, MTH muscle thickness, MVC maximal voluntary isometric contraction, NA data not

measured or, in the case of effect sizes, no standard deviations were reported, RM repetition maximum
a Insignificant change
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Therefore, this study demonstrated results that conflicted

with all other included studies in several areas throughout

this review.

Farup et al. [34] investigated low-load BFR training

compared with unrestricted low-load training, with both

groups performing exercise to volitional fatigue. Similar to

the results found in the lower body [50], no differences

were found despite a much greater volume of exercise

completed by the unrestricted group. Therefore, while both

low-load resistance training to volitional fatigue and low-

load BFR resistance training appear to elicit similar muscle

adaptations in muscles located distal to the restrictive

stimulus, the primary benefit of BFR may lie in the reduced

workload necessary to induce these adaptations [17].

Loenneke et al. [30] also examined lower extremity

BFR in conjunction with aerobic exercise and found that,

albeit not to the extent of resistance exercise, low-intensity

aerobic activity elicited muscle growth, whereas unre-

stricted volume-matched exercise did not. There were no

studies found that examined the impact of aerobic exercise

performed using the upper body extremities (i.e., arm

ergometer). Therefore, its effectiveness remains unknown.

If demonstrated to be effective, arm ergometry may pro-

vide an alternative avenue for increasing or maintaining

muscle size and strength among those who are not ambu-

latory, as this exercise can be performed in a variety of

positions (e.g., wheelchair, bed rest). Considering the

effectiveness of lower body cycling [22], it is plausible to

hypothesize that arm ergometry would induce muscle

growth; however, the arms are located at heart level during

exercise, and therefore may be less inclined to benefit from

the pooling of venous blood that appears important for

muscle adaptations in response to BFR training.

Only one study compared low-load BFR training with

high-load training [37]. The authors found that when BFR

was administered in the form of knee wraps, increases in

biceps muscle size tended to be similar between unre-

stricted high-load training and low-load BFR training.

These results demonstrate that high-load training, and low-

load BFR training administered to limbs distal to the

pressure cuff, appear to produce similar increases in muscle

size, although more research is necessary to make this

comparison.

4.1.2 Upper Extremity Muscle Strength

With the exception of two studies [42, 48], muscle strength

was increased in the biceps and triceps across all low-load

BFR training studies. The two exceptions [42, 48] were

likely a result of testing the biceps and triceps muscles that

were not trained during the intervention. The increases in

muscle strength tended to be greater during isotonic testing

than isometric or isokinetic testing, which is likely due to

the principle of specificity, considering training was per-

formed isotonically in almost all studies. To illustrate,

Burgomaster et al. [31] and Moore et al. [38], respectively,

reported 22.5 and 21.7 % increases in bicep 1RM strength,

while only reporting 11 % (isokinetic) and 7.7 % (iso-

metric) strength increases via alternate testing methods

(Table 3). Similarly, Farup et al. [34] reported a 19.4 %

increase in bicep 3RM strength and no increase in iso-

metric strength (Table 3). As supported by Table 3, the

increases in strength from low-load BFR training appeared

to be mainly driven by increases in muscle mass [52],

while those from high-load training appeared to be pri-

marily neurological [45].

Only one study demonstrated that a repetition-matched

protocol in the absence of BFR resulted in increases in

muscle strength [43], which is difficult to explain, but may

have been due to participants learning the movement pat-

tern of the 1RM. Two additional studies with similar pro-

tocols involved a final set performed to volitional fatigue

[31, 38] and thus were not repetition or volume matched. It

has previously been shown that even lower loads can

produce increases in muscle strength when performed to

volitional fatigue [2]; therefore, the strength increases seen

following low-load BFR training support previous research

[34, 50].

With the exception of the two studies previously men-

tioned [42, 48], muscle strength at the conclusion of upper

extremity exercise was greater following low-load BFR

training than following low-load unrestricted training;

however, no studies made a direct strength comparison

between low-load BFR training and high-load training. It

has previously been suggested that both high- and low-load

training produce similar increases in overall strength when

the specificity of training is eliminated through alternative

modalities of strength testing (i.e., isometric testing fol-

lowing isotonic training) [2, 6]. However, only one study

[37] examined biceps exercises comparing high-load

training with low-load BFR training, and since no measure

of muscle strength was reported, no comparisons for upper

extremity strength could be made.

4.2 Trunk and Shoulder Muscle Adaptations

with Blood Blow Restriction

4.2.1 Chest Muscle Size

The chest, back, and shoulder muscles are provided with a

unique stimulus from BFR as they are located proximal to

the pressure cuff, and, therefore, blood flow to the trunk

and shoulder musculature is not directly restricted. It has

been speculated that since these muscles are not placed

under direct restriction, they may not see any benefit from

the application of BFR. However, this review provides
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insight that despite not being directly restricted, muscle

size and strength of the chest muscles can be increased

following low-load BFR training (Table 3). Additionally,

as previously mentioned, several studies demonstrated that

chest muscle size increased to a greater extent than triceps

muscle size following low-load BFR bench press [42, 45,

47, 48] or high-load bench press exercise [53, 54]. It would

also appear that, despite only the triceps being placed under

direct BFR, the relationship of chest to triceps muscle

growth at the conclusion of low-load BFR bench press is

similar to that seen with high-load bench press [48], albeit

to a lesser extent of total muscle growth. To illustrate, the

ratio of absolute chest to triceps muscle growth was iden-

tical (2.6 and 2.7) between low-load BFR and high-load

bench press exercise following two separate studies by

Yasuda and colleagues [45, 48]. This suggests that both

low-load BFR and high-load bench press training fatigue

the chest and triceps proportional to one another.

The increases in chest muscle size can likely be attrib-

uted to increased electromyography (EMG) activity of the

chest muscles, which, during the final set of low-load BFR

training, were increased to high levels of muscle activation

typically associated with traditional high-load training [47].

The increased EMG activity of the chest musculature is

indicative of greater type II fiber recruitment, which

appears to be of critical importance for pronounced muscle

growth [41]. The authors hypothesized that this may have

occurred through increased fatiguing of the triceps mus-

cles, as they are placed under direct BFR, thus causing a

greater stress on the chest musculature to make up for the

loss of force production. While increased stress was placed

on the triceps from the BFR stimulus, the increased EMG

activity of the chest would suggest that the relative con-

tribution of the chest and triceps during low-load BFR

bench press was still maintained despite the chest not being

directly restricted.

The idea that low-load BFR training elicits chest muscle

hypertrophy through its fatiguing effects of synergistic

muscles is supported by the results of Abe et al. [55]. The

authors demonstrated that the gluteus maximus (located

proximal to the pressure cuff), which was synergistically

involved in performing the squat exercise, increased in

muscle size at the completion of low-load BFR training.

Furthermore, Yasuda et al. [48] noted a greater increase in

swelling of the chest muscles compared with the triceps at

the conclusion of low-load BFR bench press exercises,

which is important as muscle cell swelling has been pro-

posed as a potential mechanism driving muscle hypertro-

phy during BFR training [8]. Increased EMG activity and

muscle swelling of the chest detail potential hypertrophic

mechanisms augmenting muscle growth even in muscles

that are proximal to the pressure cuff and not placed under

direct BFR.

Additionally, the increase in chest and triceps muscle

size following traditional high-load training appears to be

slightly greater than that with low-load BFR training [45,

48]. This may be due to the larger quantity of muscle mass

that needs to be fatigued. For example, robust muscle

growth during compound exercises with BFR may require

more volume than that needed for single joint exercises

taxing only muscles located distal to the restrictive stim-

ulus. In other words, BFR in combination with low-load

bench press exercise may require a larger number of rep-

etitions than the commonly used protocol of 1 set of 30

repetitions, followed by 3 sets of 15; however, this number

will likely be less than what is required for unrestricted

low-load bench press training.

4.2.2 Shoulder and Back Muscle Size

Only one study examined deltoid muscle size through the

use of elastic band training, revealing a 3.8 % increase,

which was not statistically significant [42]. One possible

explanation for this may have been the low load used,

which the authors speculated to be around 10–30 % 1RM.

Considering the group training with moderate to heavy

resistance (estimated at 70–90 % 1RM) also did not see

significant muscle growth, it is plausible to assume that the

load may have been overestimated or that the stimulus was

inadequate at inducing growth over the time period allot-

ted. Another possible explanation exists in that the syner-

gistic involvement of the triceps muscles during shoulder

press exercise is likely minuscule compared with that of the

bench press exercise. Therefore, the triceps are only mar-

ginally fatigued, and the amount of increased stress placed

on the shoulders is not great enough to induce muscle

hypertrophy.

No studies provided a measure of back muscle size, and

therefore we can only speculate on the effects of low-load

BFR training in combination with this type of exercise.

Considering the involvement of the biceps in exercises

such as the lat pull-down and seated row, it may be plau-

sible to assume that the synergistic involvement of the

biceps is large enough to induce greater fatigue of the back

musculature and provide greater muscle activation through

the BFR stimulus. Although speculative, this would allow a

greater stress to be placed on the back musculature, thus

activating type II fibers in an attempt to make up for the

loss of force production due to fatiguing of the biceps.

4.2.3 Chest, Back and Shoulder Muscle Strength

Improvements in isotonic 1RM strength of the chest mus-

culature appear to be greater at the conclusion of high-load

training than low-load BFR training. This may be partly

related to the slightly reduced muscle growth that occurs in
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muscles located proximal to the pressure cuff. However, it

would also make sense that high-load training would

increase 1RM strength to a greater extent due to the prin-

ciple of specificity. Individuals who have been consistently

exercising at or near their respective 1RM would likely

become much more proficient at lifting a heavier weight for

that specific exercise being practiced, whereas someone

who has become accustomed to lifting lighter loads will

have less practice exercising near their 1RM in that par-

ticular lift. Therefore, performing a test that eliminates the

skill involved in a 1RM would eliminate differences in

training specificity and allow for a strict and unbiased

testing of muscular strength.

Yasuda et al. [45] reported that strength per cross-sec-

tional area (CSA) increased more at the completion of

high-load training than low-load BFR training. This

demonstrates a potentially greater increase in strength from

neural adaptations and is supported by other studies

reporting greater 1RM strength after high-load training [39,

48]. Only one study compared isometric testing at the

conclusion of low-load BFR training with that of high-load

training [45]. It was demonstrated that high-load bench

press training increased maximal isometric elbow exten-

sion strength, whereas low-load BFR bench press training

did not. This may be due to the combination of neural

adaptations and the slightly greater muscle mass that was

observed in the triceps at the conclusion of high-load

training.

Additionally, muscle strength of the back (seated row)

and shoulder (shoulder press) muscles appeared to be

similar upon the completion of low-load BFR training and

high-load training with resistance bands [42]. The increase

in muscle strength would presumably be driven by muscle

growth, although the increase in muscle size was not sta-

tistically significant. Additionally, no control group per-

formed low-load resistance exercise in the absence of BFR,

and, therefore, the possibility of a learning effect cannot be

ruled out. It would appear that the BFR stimulus is effec-

tive at increasing muscle strength of the shoulder and back

musculature [42], although a larger volume of exercise may

be necessary to achieve greater muscle strength compared

with muscles located distal to the restrictive stimulus (e.g.,

biceps, triceps).

4.3 Training Load

It has been reported that the benefits of BFR increase lin-

early with an increase in exercise intensity [56]; however,

this has only been speculated using loads between 10 and

30 % and may only pertain to very low intensities. To

illustrate, one study [42] implementing elastic band train-

ing noted that significant increases in shoulder muscle size

may not have been present due to the extremely low load

implemented (10–30 % 1RM). However, the authors

reported increases in chest muscle size that were similar to

those of other studies implementing bench press exercise at

30 % 1RM [47]. It is possible the resistance provided from

the elastic bands was insufficient for stimulating muscle

growth of the shoulder; however, no other studies mea-

sured shoulder muscle growth from low-load BFR training,

so a direct comparison was not possible. The greatest

increases in muscle strength were seen using loads of 50

and 60 % 1RM; however, of the two exercise protocols

using a 50 % 1RM load [31, 38], one involved a set to

volitional fatigue, and the other implemented a 60 % 1RM

load used a handgrip protocol [32], making direct com-

parison difficult. Due to reasons associated with training

specificity previously mentioned, it seems logical that

muscle strength would increase to a greater extent through

the lifting of heavier loads, although individuals already

lifting heavier loads will likely see no further benefit by

adding the BFR stimulus [57]. It would seem reasonable to

hypothesize that the load used during upper extremity BFR

training is important to an extent; however, once sufficient

muscle activation is achieved, further increasing the load

may provide no further beneficial adaptations (i.e.,

increasing from 10 to 30 % may be beneficial, but

increasing from 30 to 60 % may not), although this is

speculative.

While a 30 % load may maximize the benefits of BFR in

the upper extremities, a greater load or number of repeti-

tions may be beneficial when more compound lifts are

being performed. It is likely that individuals performing the

standard low-load BFR training protocol (1 set of 30 fol-

lowed by 3 sets of 15) are at, or close to, volitional fatigue

when single joint exercises (i.e., elbow flexion/extension)

are performed. This may be due to the fatiguing effects of

BFR being placed directly on the muscles being exercised.

In contrast, this same protocol (1 set of 30 followed by 3

sets of 15) performed with a compound exercise (e.g.,

bench press, seated rows) will likely elicit muscle growth;

however, the extent of growth may be slightly less than

with high-load training. This may be attributed to the

amount of muscle mass that needs to be indirectly fatigued

by the BFR stimulus. Therefore, upper body exercises

involving musculature proximal to the restrictive stimulus

may see added benefit from either an increased load or a

greater number of repetitions. This differs from compound

exercises performed in the lower body (e.g., squats)

because all of the involved musculature is located in the

extremities distal to the restrictive stimulus.

4.4 Restriction Stimulus

It has previously been demonstrated that smaller limbs will

require lower pressures to reach arterial occlusion [58].
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Given the idea that wider cuffs appear to restrict more

blood flow at a given pressure [59], it seems reasonable to

suggest that smaller limbs in the upper body may allow for

the use of lower pressures and narrower cuffs (3–5 cm)

while still providing an adequate restriction stimulus and

allowing for an increased range of motion. Additionally,

arbitrary pressures (same pressure for all individuals

independent of individual differences) are most commonly

used in the upper and lower body, despite the suggestion

that the restriction stimulus be made relative to the indi-

vidual [58, 59]. This can be seen in Table 2, as only one

study [33] made the pressure relative to the individual by

prescribing it as a percent of arterial occlusion rather than

simply applying the same pressure for all individuals. The

prescription of a relative pressure can be done by directly

measuring arterial occlusion, or appropriately estimating it

based on limb circumference, as this has been shown to be

the greatest predictor of arterial occlusion [58]. However,

since arterial occlusion can be directly measured quite

easily in the upper body, even with narrow cuffs (*5 cm),

it may be ideal to directly measure arterial occlusion to

increase the precision of the measure and ensure a safe and

common stimulus is implemented across the entire study

population. Studies should make mention of cuff widths

used, in addition to pressures, as a set pressure will provide

a much greater level of restriction using a 13.5-cm cuff

than using 5-cm cuff [59]. To allow greater replication and

evaluation of results, we suggest that BFR be prescribed as

a percent of arterial occlusion. Despite not being able to

apply specific pressures using knee wraps, two studies in

this review [36, 44] demonstrated the application of BFR in

a more practical setting, with both studies reporting greater

increases in strength than that of a repetition-matched

control group in the absence of BFR. Therefore, BFR can

be appropriately administered through the use of elastic

wraps, which is likely more practical than using a pneu-

matic cuff inflator throughout training [60].

Tables 2 and 3 illustrate that increasing the pressure

applied during low-load BFR training does not appear to

further augment increases in muscle size and strength over

lower pressures. Three studies [40, 46, 49] implementing

identical protocols and cuff widths illustrated that slightly

greater increases in muscle size and strength were present

using lower (100 mmHg) as opposed to higher (160,

270 mmHg) pressures. Therefore, it can be assumed that as

long as a great enough restriction pressure is applied, fur-

ther increasing this pressure will provide no further adap-

tation, although the minimal pressure required is unknown.

This hypothesis is supported by Counts et al. [33], who

demonstrated that increases in muscle size and strength are

similar when exercising with either 40 or 90 % arterial

occlusion. If this is further supported, it would seem that

lower pressures would be more ideal for lowering the

potential risk of an adverse event, which, while rare, would

conceivably be more likely to occur under higher restric-

tive pressures [61].

4.5 Limitations

A variety of limitations inhibit the true generalizability of

this review. The lack of a common control group made the

completion of a widely inclusive meta-analysis incorpo-

rating all studies difficult. Additionally, muscle size and

strength were measured with various methods and therefore

could not be directly compared with one another. For

example, measures of muscle strength will be altered by

the specificity of resistance training (greater increases in

isotonic testing following isotonic training; Table 3), and

anthropometric measures of muscle size pose obvious

limitations (i.e., they are not reflective of composition) as

muscle mass only makes up a portion of arm circumfer-

ence. The lack of a standardized protocol also created

difficulties, as some studies implemented sets to volitional

fatigue, while others used a more common protocol con-

sisting of 1 set of 30 repetitions followed by 3 sets of 15.

5 Conclusion

This review illustrates that, contrary to common resistance

training guidelines, increases in muscle size and strength can

be achieved from the lifting of lighter loads provided a great

enough stimulus, such as the application of BFR, is applied.

It can be inferred that low-load BFR training produces

greater increases in muscle size and strength than low-load

training utilizing identical protocols in the absence of BFR.

However, the comparison between low-load BFR and high-

load training in the upper body requires further research

utilizing more standardized protocols for appropriate com-

parison. An important finding from this review illustrated

that BFR can increase muscle size and strength of various

muscle groups in the upper body and is not strictly limited to

the limbs; however, exercises targeting muscle groups

located proximal to the restrictive stimulus (e.g., chest,

shoulders, back) may further benefit from additional repeti-

tions. Furthermore, it appears that the restrictive pressures

applied are of minimal importance, as using higher pressures

does not appear to augment muscle size and strength. The

efficacy of low-load BFR in conjunction with upper body

resistance training appears similar to that of the lower body

[30] despite various anatomical and physiological differ-

ences. The efficacy of upper body aerobic exercise (arm

ergometry) remains untested but provides an intriguing

avenue for further research.
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