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Positional,	Compression,	and	Restraint	Asphyxia:	A	Brief	Review	
Mark Kroll, PhD, FAIMBE 

Feb 2017 

Compression	Asphyxia	
Compression asphyxia is a real 
phenomenon and it has resulted in 
many deaths. This is not controversial. 
What is controversial and largely 
debunked now, is the mis-application of 
this to arrest-related and custodial 
deaths. In the USA alone there are 
about 800 cases of arrest-related-death 
annually and in some cases the subject 
expired after law enforcement officers 
used short-term controlling pressure on 
the back of the chest during 
handcuffing.1 Hence, there has been 
debate about the potential for law 
enforcement officers to be able to cause 
fatal compression asphyxia with their 
body weights.2-12 This is sometimes 
incorrectly referred to as “restraint” or 
“positional” asphyxia due to the 

restraints of the wrists and ankles along 
with the prone position in the law-
enforcement scenario. 
 Compression or crush asphyxia 
has caused death from soft-drink (soda) 
vending machine tipping, building 
collapse, vehicle accidents, crowd 
collapse, and trench cave-ins.13-23 True 
compression asphyxia, has been 
differentiated as “a form of suffocation 
where respiration is prevented by 
external pressure on the body.”16,24  

Published research has found no 
evidence of compression asphyxia in 
hogtied individuals with a static mass up 
to 102 kg (225 lbs) on the back.25 
However, numerous deaths from falling 
soda machines have been reported. 17-20  

 

 
Figure 1. True compression deaths typically involve broken ribs and weights over 1000 lb. 

Since a fully-loaded soda vending 
machine weighs up to 500 kg (1100 lbs), 
with most of the mass in the top, these 

deaths establish that an impact (falling) 
load of 500 kg can kill an adult human.  

Most of the published fatal chest 
compression cases involve the mass of 



a car or tractor (typically > 1000 kg) 
compressing the torso and hence they 
set a high upper bound on the mass 
required for ribcage failure. 16 26 
Conversely, cases of survival under a 
motor vehicle do not appear to have the 
full vehicle weight on the subject. For 
example, Shamblin reported a case of a 
farmer pinned under the steering wheel 
of an overturned tractor; he had several 
rib fractures but only on the right side 
and survived. 13  

 Vega and Adams have 
suggested the use of rib fractures as a 

marker for torso compression.27 In the 
setting of short-duration chest 
compression, such as that typically 
encountered during handcuffing, fatal 
compression asphyxia, due to 
ineffective breathing, probably requires 
a flail chest injury since diaphragmatic 
breathing can support life even with the 
chest restricted. 28-31 We recognize that 
compression asphyxia can kill even with 
no ribs fractures. However, that appears 
to require a longer-term compression or 
the rapid application of heavy weight to 
the chest.15,26,32 

 

 
Figure 2. The human chest can handle a surprising amount of weight. 

The US National Football League injury 
statistics were recently published.33 
Counting practices and games from 
2000 to 2010 there were a total of 
31,338 injuries that resulted in players 
leaving a game or practice. Minor 
sprains, bruises and other trivial injuries 
were not included. There were a total of 
2 rib injuries. These 2 rib injuries were 
more likely bruises and not fractures. 
Rib injuries, including possible fractures, 

that did not preclude participation in 
training or competition were also not 
included.  Since the American (and 
Australian) version of football often 
involves large body-piles, these data 
suggest that it is very difficult to 
generate significant rib injuries from the 
weight of other humans. Granted, 
professional football players are in 
excellent physical condition with strong 
musculo-skeletal systems. On the other 



hand, the other players applying the 
weight tend to be very heavy. Rib 
fractures in football appear to most 
commonly result from localized impacts 
rather than diffuse compression. 

Cadaver car-safety tests of 
steering-wheel impacts also provide 
some chest impact data. 34 A somewhat 
distributed force was used to simulate 
compression from a steering-wheel 
center-section by applying a 15 cm 
diameter load. Fractures were minimal 
up to 338 kg (745 lbs). Volunteers 
tolerated chest compressions involving 
20% displacement with no injury and the 
cadavers showed rib fractures beginning 

above that 20% level ending in flail 
chest at 40% compression.35 

 A biomechanical ribcage model 
predicts that an adult male requires at 
least 572 ± 57 lbs of static chest mass 
to cause flail chest, a potentially lethal 
condition and a true compression 
fatality. Historical records exist of judicial 
“pressing” or the application of chest 
mass for interrogation or execution.36 
These records of judicial pressing show 
that about 600 lb is required to kill.  

The concept of compression 
asphyxia as a cause of arrest-related or 
custodial deaths has been thoroughly 
debunked in the peer review 
literature.7,10,11 

 

 
Figure 3. Volunteer in prone restrained position connected to spirometer.25 

Prone	and	Positional	Asphyxia	
 Similarly, people have died from 
positional asphyxia.  Perhaps the most 
common form of this is people trapped 
upside down in a car for long period of 
time.23,37  This concept also has been 
carried over and misapplied in an 
attempt to blame the prone position for 
arrest-related or custodial deaths.4 

In fact, there have been 2 very 
large studies covering 1000s of forceful 
arrests that have shown no increased 
risk with prone restraint.38,39 In fact, 
researchers are now arguing that the 
prone position is preferred as it leads to 
increased control and  decreased 
subject and officer injury risks. See 



Figure 3 in which a volunteer is 
restrained in a prone position while 
breathing thru spirometry 
instrumentation. There is no clinically 
significant reduction in breathing 
capability.25  

Parkes studied breathing by 
seated individuals forced to lean 
forward. 40 See Figure 4. The only 
clinically significant respiratory reduction 
seen with this restraint was with obese 
subjects as their abdominal mass 
interfered with diaphragmatic breathing.  

 

 
Figure 4. A seated position with subject forced to lean forward can interfere with breathing 
— but only with an obese individual (not shown here).40 

Restraint	Asphyxia	
Restraint asphyxia is another 
speculative theory to explain arrest-
related or custodial deaths. This has 
also been thoroughly debunked.38,39,41-43 
Impressive experiments have been 
done in which volunteers were: (1) 
prone, (2) hog-tied, and (3) compressed 
with up to 225 pounds on the back.25 
See Figure 5. 

The scientific literature on restraint 
has been nicely summarized by 
Barnett.44 He reported: 
 

The reduction in spirometry 
measures was proportional to 
the extent of the restriction 

imposed by position, increasing 
weight applied on the torso and 
increasing obesity in the seated 
flexed position. The literature did 
not report that the reductions 
seen were clinically significant 
except for Parkes et al. who 
reported the reductions seen in 
the flexed seated position with 
obese individuals were 
operationally significant. 

 
In other words, the only clinically 
significant respiratory reduction seen in 
restraint is with obese individuals forced 
into a seated position (and forced to 



lean forward) as their abdominal mass 
can interfere with diaphragmatic 

breathing.40  

 

 

Figure 5. Maximally restrained prone subjects with 225 lb on the back have sufficient 
ventilation.45 

Junk	Science	Under	Different	Names:	
There are 3 intuitively appealing and 
often accepted theories for arrest-
related and custodial deaths that are 
simply not supported by the peer-
reviewed scientific literature. These are:  
compression asphyxia,  restraint 
asphyxia,  and positional (prone) 
asphyxia.  They are basically 3 flavors 
of the same fundamental theory and 
they are all unsupported.38,39,41-43,46 

Some continue to preach the 
anachronistic myth that prone 
positioning interferes with breathing. No 
matter how many studies have refuted 
this, it continues to be brought up. Of 
course, experts that raise this issue, do 
so without citations to the scientific 
literature since the literature does not 
support this old hypothesis. 

 In 2015, my colleagues and I 
authored the following summary of the 
situation in a lengthy review letter:47  
In 2007, Michaelwitz investigated the 
ventilatory and metabolic demands in 
healthy adults who had been placed in the 
prone maximal restraint position (PMRP).25 
Maximal voluntary ventilation (MVV) was 
measured in seated subjects (n=30), in the 
PMRP (hogtied), and when prone with up to 
90.1 or 102.3 kg of weight on their backs. 
MVV with >100 kg on their backs was 70% 
of the seated MVV (122±28 and 156±38 
L/min, respectively; p<.001). However 
measurable decreases were observed in a 
second phase of the study when subjects 
were made to struggle vigorously before 
being studied; a decline in maximal minute 
ventilation (MMV) of 44% was observed. 
The researchers concluded the decrease in 



MVV was of no clinical importance in these 
subjects, and that even in PMRP ventilatory 
exchanges was still adequate to supply the 
ventilatory needs, a judgement that would 
be shared by any pulmonologist.  

In 2012, Hall published her 
epidemiological study “Incidence and 
outcome of prone positioning following 
police use of force.”48 In her study, data from 
a single police force serving >1.1 million 
people were collected for 3 consecutive 
years. Officers prospectively documented 
the final position of the subject, among other 
data points, via electronic study forms 
embedded in standard force reporting forms. 
Final resting position was available for 1255/ 
1269 subjects. Force was required in 1269 
cases. The majority (52%) were not even left 
in a prone position. There was 1 death, and 
that occurred in a prisoner not in the prone 
position. The authors concluded “prone 
positioning was common and was not 
associated with death in our cohort of 
consecutive subjects following police use of 
force.” In 2015, Hall published her further 
study reporting 4828 consecutive force 
events in seven police agencies in four 
cities, concluding that their data support the 
human laboratory data that the prone 
position has no clinically significant effects 
on subject physiology.38  

In 2013, Savaser’s group evaluated the 
effect of maximal prone restraint (PMPR) on 
a group aged 22–42 years old.43 Each 
volunteer was hogtied and tested in five 
different positions: supine, prone, prone 
maximal restraint with no weight force, 
prone maximal restraint with 50 lbs added to 
the subject’s back, and prone maximal 
restraint with 100 lbs added to the subject’s 
back for three minutes. Heart rate (HR), 
blood pressure (BP) and oxygenation 
saturation (O2 sat) were monitored for each 
volunteer in each position. In addition, 
echocardiography was performed to 
measure left ventricular outflow tract 
diameter. HR, MAP or O2 sat were 
statistically no different in any of the 
positions.  

In 2014, Sloane extended the work even 
further measuring the ventilatory and 
cardiovascular parameters in 10 intensely 
exercising volunteers (85% of their 
measured VO2 max) who were placed in 
PMPR after exercising and then studied 
while in three different positions for 15 

minutes: (1) seated with hands behind the 
back, (2) prone with arms to the sides, and 
(3) PMPR position.49 Cardiovascular 
parameters (oxygenation, stroke volume, 
inferior vena cava diameter, cardiac output, 
cardiac index, oxygenation, stroke volume, 
IVC diameter, cardiac output and cardiac 
index) were all measured. There was no 
evidence of hypoxia or hypoventilation 
during any of the monitored 15-minute 
position periods. Numerous other papers 
confirm the findings summated above.  
 
 
In 2016, Karch published a review 
article on arrest-related-death which 
included the following relevant points, 
here paraphrased:50 
 
1. “Positional asphyxia” or “restraint 

asphyxia,” the theories most 
frequently proposed, are terms often 
used synonymously.  The term 
“restraint asphyxia” came into use 
when the notion of “positional 
asphyxia” fell from favor (it was 
retracted in court testimony by its 
author, Reay) and was replaced with 
the phrase “restraint asphyxia,” 
which is used in exactly the same 
way, and should be considered to 
have the same meaning.  

2. Those who accept the theory of 
“positional or restraint asphyxia” 
assume that prone positioning is 
clearly harmful, even though all of 
the available peer-reviewed 
evidence suggests that quite the 
opposite is the case.   

3. Attempts at introducing the newly 
defined “positional asphyxia” into the 
court system have been rejected by 
several United States courts. In 
Garcia v City and County of San 
Francisco (State of California, 
Superior Court, Case #984e221), 
the presiding judge ruled that 
“reliance by plaintiffs on the theory of 
positional asphyxia is irrelevant … 
the original proponent of the theory, 
Dr. Donald Reay, has now retracted 



it … Indeed, even Dr. Reay himself 
acknowledges the 1997 UCSD 
(University of California, San Diego) 
study refutes his earlier work. 
Everyone now agrees that there is 
no scientific evidence to support the 
idea that hog-tying or any other body 
position plays any role in causing 
life-threatening respiratory effects.” 

4. Positional asphyxia, as the term is 
used in court today, is an interesting 
hypothesis unsupported by any 
experimental data. 

 
MRI studies of healthy 

volunteers show lung perfusion is 
significantly greater in the prone position 
than when studied in volunteers lying 

supine.51 Ross and Hazlett conducted a 
prospective study examining 1085 
violent arrests occurring over a 1-year 
period in 17 different police jurisdictions 
across the United States.52 Police 
placed all of the arrestees in the prone 
position for 1-5 minutes; forcible 
measures were used to get them prone 
in 71% of cases. Handcuffs were used 
in 96% of the incidents and were first 
applied when the arrestee was prone in 
a ¼  of the cases. Hobble restraints 
were used in about ¼ of the cases. No 
deaths were recorded during the study 
and only 1 fracture occurred. The 
authors concluded “the use of prone 
position with violent arrestees is a safe 
restraint method.” 

 

Author	has	been	an	expert	witness	in	law-enforcement	litigation.	mark@kroll.name	
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