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Lifting something off the ground is an essential task and lifting is a documented risk 
factor for low back pain (LBP). The standard lifting techniques are stoop (lifting with your 
back), squat (lifting with your legs), and semi-squat (midway between stoop and squat). 
Most clinicians believe the squat technique is optimal; however, training on squat lifting 
does not prevent LBP and utilizing greater lumbar flexion (i.e. stoop) when lifting is not a 
risk factor for LBP. The disconnect between what occurs in clinical practice and what the 
evidence suggests has resulted in ongoing debate. Clinicians must ask the right questions 
in order to apply the evidence appropriately. A proposed clinical framework of calm tissue 
down, build tissue up, improve work capacity can be used to determine which lifting 
technique is optimal for a patient at any given time. When applying this clinical 
framework, clinicians should consider metabolic, biomechanical, physical stress 
tolerance, and pain factors in order to address the movement system. For example, stoop 
lifting is more metabolically efficient and less challenging to the cardiopulmonary 
system. There may be few biomechanical differences in spinal postures and gross loads on 
the lumbar spine between stoop, squat, and semi-squat lifting; however, each lift has 
distinct kinematic patterns that affects muscle activation patterns, and ultimately the 
movement system. Clinicians must find the optimal dosage of physical stress to address 
all aspects of the movement system to minimize the risk of injury. There is no universal 
consensus on the optimal lifting technique which will satisfy every situation; however, 
there may be a lifting technique that optimizes movement to achieve a specific outcome. 
The calm tissue down, build tissue up, improve work capacity framework offers an 
approach to determine the best lifting technique for an individual patient at any give 
time. 

Level of Evidence 
5 

PROBLEM 

Lifting something off the ground is an essential task that 
is required for most individuals to maintain their indepen-
dence and is also required of athletes for training and per-
formance purposes. Lifting is also a documented risk factor 
for low back pain (LBP).1 Therefore, it is essential that phys-
ical therapists provide lifting education and interventions 
for our patients. The standard lifting techniques: stoop, 
squat, and semi-squat (Figure 1) are well-described in the 
literature.2 The stoop technique can be quantified as <45° 

knee flexion and ~90° of trunk flexion, corresponding with 
a layman’s description of lifting with your back. The squat 
technique can be quantified as ~135° knee flexion and <30° 
trunk flexion, corresponding with a layman’s description of 
lifting with your legs. The semi-squat technique uses a pos-
ture midway between the stoop and squat lifts, which quan-
titatively can be described as ~90° knee flexion and ~45° 
trunk flexion. 

Although 75% of physiotherapists, 91% of manual han-
dling advisors, and 88% of osteopaths believe that the squat 
technique is the safest way to lift,3,4 many recreational and 
competitive athletes utilize the stoop and semi-squat lifting 
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Figure 1. (A) Stoop lift, (B) squat lift, (C) semi-squat lift. 

techniques during training. The squat technique is the most 
commonly advised lifting technique by health care 
providers5, however, it has been shown that training on 
squat lifting does not prevent LBP6 and utilizing greater 
lumbar flexion during lifting (i.e. stoop lifting) is not a risk 
factor for LBP onset, persistence, or recurrence.7 There is 
clearly a disconnect between what occurs in clinical practice 
and what the evidence suggests related to lifting. 

The squat technique is generally accepted to be the op-
timal lifting technique,2–5 but are we really practicing in 
an evidence-based manner when making this determina-
tion? It seems that the answer to the question of “what is 
the optimal lifting technique” is that “it depends.” The au-
thors suggest a more appropriate, alternative question that 
should be asked: “which lifting technique optimizes move-
ment to complete the task as hand?” The purpose of this 
clinical suggestion is to propose the calm tissue down, build 
tissue up, improve work capacity framework that can be used 
to determine the optimal lifting technique for a patient. 

SOLUTION 

The clinical framework of calm tissue down, build tissue up, 
improve work capacity is the integration of a concept intro-
duced by Greg Lehman, a physiotherapist and chiropractor, 
and integrated with the the Physical Stress Theory.8 One 
of the primary goals of rehabilitation professionals should 
be to optimize patients’ movement.9 Optimizing movement 
can occur by modulating pain (calm tissue down) to allow 
for greater options of movement, increasing tissue strength, 
hypertrophy, neuromuscular activation, power, and/or en-
durance (build tissue up) to raise the threshold for injury, 
or increase the total amount of work the body can perform 
with respect to the muscular and cardiopulmonary systems 
(improve work capacity). There is an abundance of research 
and data on lifting, yet clinicians struggle applying the ev-
idence. The calm tissue down, build tissue up, improve work 
capacity framework can be applied to lifting, in order to 
utilize evidence appropriately to optimize movement. The 

American Physical Therapy Association defines the Move-
ment System as a collection of systems that interact to move 
the body or its component parts.9 Since human movement 
is a complex behavior within a specific context,9 the authors 
consider four primary movement factors when applying this 
framework: 1) metabolic, 2) biomechanical, 3) physical 
stress tolerance, and 4) pain. 

METABOLIC 

Energy consumption, ventilation, and heart rate are all 
higher during squat and semi-squat lifting when compared 
to stoop lifting.2,10 In other words, the stoop technique is 
more metabolically efficient and energy sparing, which is 
likely the reason many individuals use the stoop as their de-
fault lifting technique.2 If a goal is to improve work capac-
ity, the patient’s intended type of work must be considered. 
Does the patient require energy conservation for repetitive 
submaximal lifting and work productivity? If so, the stoop 
technique would be a more optimal movement as it is more 
energy efficient, less challenging to the cardiopulmonary 
system, and has been shown to be a quicker technique.2 

BIOMECHANICAL 

During lifting, the lumbar spine is subjected to high loads; 
however, it is not clear if loads differ between lifting tech-
niques.2,11 It appears that joint positions, the size and 
weight of the load lifted, and the biomechanical models 
used to estimate forces affect the calculated loads on the 
spine.2,11 It has also been shown that the lumbar spine ex-
periences significant amounts of flexion, even when sub-
jects attempt to keep a “neutral” spine,12 suggesting there 
may be very little difference in spinal postures between 
the stoop and squat techniques. Even with the unclear dif-
ference in the gross loads placed on the lumbar spine,2,11 

as indicated by estimated moments acting on the spine, 
and unclear differences in spinal postures between the lift-
ing techniques, evidence suggests subjects with LBP, when 
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asked to lift, utlize the squat technique,13 indicating the 
squat techqnique may feel less stressful. Looking collec-
tively at the overall loads on the spine and the relative load 
sharing between active and passive spinal structures, there 
is evidence to support the utilization of semi-squat lift-
ing.14 

It is clear that the kinematic patterns for the stoop, 
squat, and semi-squat techniques are different. The most 
obvious difference is that stoop lifting requires greatest 
trunk flexion, the squat lift requires greater tibiofemoral 
flexion, and the semi-squat lift is a blend of squat and stoop 
lifts.15 These kinematic differences will affect muscle ac-
tivation patterns, power generation abilities, and joint 
stress.15 If the goal is to optimize movement by building tis-
sue up, the therapist needs to consider prescribing the lift-
ing technique that produces the desired muscle activity and 
power generation in the targeted tissue(s). The squat tech-
nique is optimal for quadriceps muscle activation, while 
the stoop technique is optimal for hamstring and lumbar 
extensor muscle activation.15,16 If the goal is to optimize 
movement by calming tissue down, the therapist should 
prescribe the lifting technique that incorporates kinematic 
patterns that do not excessively load tissues that may not be 
able to currently handle the stress. Based on what is known 
on the effects of different kinematic patterns on lifting, ath-
letes and fitness populations need to ensure they utilize a 
lifting technique that accomplishes their desired outcome. 
Specific kinematic patterns used during a lift can help to 
protect painful tissue, help to strengthen specific tissue, 
and can ultimately help create an advantage when lifting 
heavy loads. 

The amount of weight someone is able to lift is influ-
enced by their lifting technique. There is strong evidence 
suggesting individuals self-select a maximum acceptable 
weight for the semi-squat and stoop lifts that is greater than 
the squat lift; however, the strength capacity of each lift-
ing technique is very similar.2 A recent study looked at the 
effect of three different lumbar postures while lifting with 
the knees in 45° of flexion on lumbar extensor strength, 
which is a technique that would fall somewhere between 
the stoop and semi-squat lifting techniques.16 The three 
different lumbar postures included full extension (lordotic), 
mid-range (flat back), and fully flexed. It was found that 
lumbar extensor moments and neuromuscular efficiency 
was greatest when lifting with fully flexed lumbar spines 
and changes in lumbar spine posture did not influence hip 
or knee moments.16 These findings suggest that lifting with 
your legs while keeping your back straight (squat lifting) 
may not be an efficient way to lift heavy loads.16 

PHYSICAL STRESS TOLERANCE 

Changes in the relative level of physical stress on the body 
will cause predictable adaptive responses in biological tis-
sue.8 Tissue will atrophy under decreased stress, be main-
tained when stress is unchanged, and will hypertrophy un-
der increased stress.8 Increased stress will also provide an 
opportunity for development of increased strength, neuro-
muscular activation, power, and/or endurance. Tissue will 
become injured if exposed to stress beyond its physical ca-
pacity.8 

There is a common belief among clinicians that stoop 
technique leads to intervertebral disc herniations, which 
is a primary reason clinicians oppose stoop lifting. While 
herniations are associated with spinal compressive loads 
in flexion (i.e. stoop lifting), there is a high percentage of 
asymptomatic individuals with herniations16 and sponta-
neous regression of herniated disc tissue can occur.17 In 
line with other tissues, such as bone and muscle, specific 
types of loading appear to be beneficial to the intervertebral 
disc and will result in hypertrophy18 (build tissue up) or 
spontenous regression of disc material.19 Intervertebral 
discs act as shock-absorbing cushions between vertebrae, 
and, if compressed or degenerative, may lose flexibility and 
load bearing ability. It is unknown if intervertebral disc hy-
pertrophy is clinically revelant or protective; however, hy-
pertrophy appears to be possible in the intervertebral 
disc.18 It is currently unknown what mode of stress or 
dosage is optimal for intervertebral disc hypertrophy. If a 
clinician’s goal is to optimize movement by building tissue 
up, then physical stress levels that overload the tissue are 
required. However, excessively high levels of physical stress 
may result in injury. Therefore, it is the clinician’s job to 
find the optimal dosage of physical stress to ensure hy-
pertrophy and minimize the risk of injury, and impact the 
movement system, even in those with intervertebral disc 
pathologies. 

When considering modification of a patient’s lifting 
technique, clinicians must consider whether it was the 
technique itself or the inadequate dosage of physical stress 
that led to injury. Changing the patient’s preferred lifting 
technique may change the physical stress patterns on their 
body, decreasing stress in some areas while increasing 
stress to other areas which could result in pain in other ar-
eas. 

PAIN 

Pain is a perception and one of the ways the brain lets us 
know that it perceives a threat. If a patient has pain with 
lifting, should the clinician permanently change the way 
the patient lifts or utilize an alternative lifting technique 
as an intervention until symptoms resolve? If a patient is 
in pain, sometimes the goal is to give that perceived threat 
a break (calm tissue down). Recognizing that pain is com-
plex and interrelated with many other variables, the chal-
lenge clinicians have is determining when they should be 
calming tissue down, building tissue up, or improving work 
capacity to optimize movement. With an acute injury and 
intense pain, the clinical focus should be to protect the tis-
sue by decreasing the physical stress, as the tissue is likely 
not prepared to handle load and is at risk for further injury. 
This can be accomplished by educating a patient on alter-
nate lifting techniques that can be utilized in the presence 
of pain. An alternate lifting technique as a temporary de-
sensitizer can be used to calm tissue down prior to build-
ing tissue up. Even in cases of chronic pain, alternate lift-
ing techniques can be used to teach the patient that they 
can control their pain and positively affect overall move-
ment tolerance. 
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Figure 2. Application of Calm Tissue Down, Build Tissue Up, Improve Work Capacity framework to determine 
appropriate lifting technique. 

DISCUSSION 

The conflicting evidence regarding lifting techniques im-
plies that there is no universal consensus on the optimal 
lifting technique; however, there may be a lifting technique 
that optimizes movement to complete the task at hand. A 
lifting technique should be specific to a patient’s desired 
outcome and tailored to improve their unique function (Fig-
ure 2). Clinicians need to consider why they would promote 
one lifting technique over another, at any given time. The 
following clinical examples highlight the application of this 
clinical framework. 

In CrossFit, the athlete that completes a workout in the 
shortest time “wins” that workout. Depending on the 
specifics of a CrossFit workout, the athlete will require vary-
ing degrees of strength, neuromuscular activation, power, 
and endurance. Similar to a track athlete completing a mile 
run as quickly as possible, CrossFit athletes complete many 
workouts as fast as they can. An example of a CrossFit work-
out might be completing 21 deadlift repetitions, 21 hand-
stand push-up repetitions, 15 deadlift repetitions, 15 hand-
stand push-up repetitions, 9 deadlift repetitions, and 9 
handstand push-up repetitions, as fast as possible. The 
deadlift exercise requires lifting a barbell off the ground un-
til the athlete is standing erect. The goal is to complete 
the deadlifts as quickly as possible, while also conserving 
as much energy as possible, in order to complete the hand-
stand push-ups quickly, which would ultimately lead to a 
faster time and improve the athlete’s chances of winning. A 
lifting technique that resembles the stoop technique may be 
most optimal for this athlete, as the stoop lift is more en-
ergy efficient, less challenging to the cardiopulmonary sys-
tem, and has been shown to be a quicker technique.2 Lum-
bar extensor moments and neuromuscular efficiency when 
deadlifting is greater when the lumbar spine is flexed,16 

providing another potential benefit of stoop lifting for this 
athlete. 

Patellofemoral pain has an annual prevalence in the gen-
eral population of over 22% and over 35% in professional 
male cyclists.20 The incidence rates for patellofemoral pain 
in adolescent amateur athletes is between 5.1% - 14.9%.20 

Due to the high incidence and prevalence rates for for 
patellofemoral pain and poor long term prognosis,20 op-
timizing treatment in these patients should be a priority. 
Patellofemoral joint reaction forces are partially explained 
by the knee flexion angle; as knee flexion increases in a 
closed chain environment, the patellofemoral compressive 
load is increased.21 However, quadriceps strengthening ex-
ercises should be included in the management of patients 
with patellofemoral pain.22 Those patients with high levels 
of patellofemoral pain may benefit from stoop lifting, where 
the knee flexion angle is minimal and remains relatively 
static, while those patients with resolving or lower pain 
may benefit from squat lifting for optimal quadriceps acti-
vation.15 

A patient presents with a discogenic LBP, where their 
pain is reproduced with prolonged sitting, forward bending, 
and lifting anything heavier than 10 pounds. In an acute 
case, this patient would benefit from a lifting technique that 
prevents exacerbation of symptoms (calm tissue down), and 
in a chronic case, a lifting technique should be used that al-
lows the patient to control or manage their symptoms while 
maintaining their independence (improving work capacity). 
Evidence suggests that patients with LBP prefer the squat 
technique,13 indicating that squat lifting may be best indi-
cated for this patient while in the acute stage. 

Evidence supports each technique in different scenarios; 
therefore, clinicians need to start asking alternative ques-
tions: How can movement be optimized by calming tissue 
down, building tissue up, or improving work capacity? This 
question cannot be answered without in depth, integrative 
knowledge of the movement system and its component ele-
ments.9 
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