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Applied Force During Prone Restraint
Is Officer Weight a Factor?
Mark W. Kroll, PhD, FAIMBE,*† Michael A. Brave, MS, JD,‡ Scott R. Kleist,§ Mollie B. Ritter, MS, PA,
Darrell L. Ross, PhD,|| and Steven B. Karch, MD
Introduction: It has been suggested that law enforcement officer (LEO)
weight on the backs of prone subjects may cause asphyxia.
Methods: Law enforcement officers used their agency-trained “local”
single- and double-knee techniques, the “Wisconsin” 3-Point Ground Sta-
bilization, and the Human Factor Research Group Inc single-knee tactical
handcuffing techniques, and the weight force was measured.
Results: Forty-one LEOs (36 men, 5 women) participated, aged
38.4 ± 8.3 years, and weighing 96.2 ± 19.4 kg. The double-knee technique
transmitted more weight than single knee (P < 0.0001). Wisconsin tech-
nique force was lower than other single-knee techniques (P < 0.0001).
Double-knee weight was 23.3 kg plus 24% of LEO's body weight. Mean
values for local and Human Factor Research Group Inc single-knee were
30.9 and 32.9 kg, respectively. The Wisconsin single knee weight force
was given by 15.4 kg plus 9.5 kg for a male.
Conclusions: A double-knee technique applies more weight force than
single-knee techniques. The Wisconsin single-knee technique provides
the least weight force of single-knee techniques. Law enforcement officer
body weight is irrelevant to prone-force weight with single-knee techniques.
With double-knee restraint, it has amodest influence. Our data do not support
the hypothesis of restraint asphyxia.
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N orth American law enforcement officers (LEOs) control and
restrain agitated and resistant subjects in the prone position

more than 500,000 times each year without a death or serious
injury.1–4 Prone restraint is a standard technique taught in criminal
justice academies and through in-service training courses and is
often preferred to facilitate control and restraint of resistant sub-
jects in handcuffs secured behind their back. The restraint process
may involve 1 or 2, and sometimes more, LEOs placing a single or
both knees on the subject's back or kneeling next to the subject to
control the subject's movements, hands, and arms to facilitate
handcuffing. If necessary, the subject's ankles may also be re-
strained with a hobble strap.5 It is largely based on Fairbairn's6

scientific self-defense system dating back to 1926, updated in
1931. Once the restraint process has been completed, and
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depending on the subject's continuing resistance, LEOs may
place the subject into a recovery position (side lying) or assist
the person to a standing or a seated position to faciliate medical
assessment and treatment.

Epidemiology
Law enforcement officer force is rare, but prone positioning

is common when force is used. In the United States in 2008, there
were 562,000 incidents (1 per 71 contacts) with police in which
force was used or threatened. In a US study of more than 1 million
calls for service, force was used in 893 incidents, (0.09% of calls)
and 0.8% of 114,000 criminal arrests (1 in 128).4

In Ross and Hazlett's3 study of 110,000 US arrests, 1085 in-
cidents resulted in prone positioning. Lasoff et al2 report that of
2431 force incidents, 1535 subjects (63%) ended up being placed
in a prone-restraint position. Approximately 80% of resistant sub-
jects have comorbidities of mental illness, drug abuse, or intoxica-
tion (most have ≥2 of these).7,8 In Canada, Hall et al1 reported on
3.25 million consecutive police-public interactions; force was
used with 4828 subjects (0.1% of police-public interactions),
and 82% exhibited alcohol or drug intoxication or emotional dis-
tress at the scene. More than 2000 subjects remained prone after
handcuffing. Despite these significant comorbidities, these stud-
ies reported no deaths linked to prone restraint.

Arrest-related death (ARD) is significantly rarer than the use
of prone restraint. Annually in the United States, there are about
800,000 forceful arrests and 800 temporal ARDs, yielding a mor-
tality rate of ≈1:1000. The rate for electrical weapon temporal
ARDs is estimated to be 1:3500.9–11 Virtually every use of force
poses some risk of death. Krexi et al12 report that in stress-
induced sudden cardiac death 45% involved altercation, 31%
had physical restraint, and 10% were in police custody, with 53%
of all cases having a negative (normal) autopsy and a morphologi-
cally normal heart. Sudden death from metabolic and adrenergic
stress is not confined to the targets of law enforcement. In a
25-year study of US LEOs, Varvarigou et al13 reported that –
compared with routine activities– the risk of LEO sudden death
was 34 to 69 times higher during restraint or an altercation.

The Controversy
If a person dies temporal to law enforcement custody during

control and restraint, a thorough investigation follows. An ARD,
after restraint, comprises multiple factors to review, including
the force techniques; postmortem findings and toxicology results;
the subject's underlying medical, psychological, and chemical
substance history; conditions during the restraint confrontation;
and the continued levels of agitation and resistance exhibited dur-
ing and after restraint processes.14,15 Even a thorough autopsy
may find no apparent anatomical or toxicological causes of death
and the medical examiner then may theorize about the cause or
contributing factors of death. Although the medical examiner
may exclude many of the LEO's force measures as contributing
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to death, it is not uncommon for them to opine—or in an abundance
of broad inclusion—to include prone restraint as contributory to the
death. We note that the medical examiner opinion is typically re-
ferred to as a “finding.”

When a cause of death cannot otherwise be determined, po-
sitional asphyxia is often suggested. True positional asphyxia
has occurred in individuals found in an abnormal body position
preventing adequate gas exchange due to an upper airway obstruc-
tion or a limitation in chest wall expansion.16,17 The term “posi-
tional asphyxia” was imported into law enforcement usage and
later randomized to “restraint asphyxia” and “compression as-
phyxia,” often through causally unreliable case reports and case
series.18–27 These semantic modulations were forced on law en-
forcement arrest and restraint situations attempting to support
speculations that short-term downward pressure on a subject's
back caused or contributed to sudden death. Proponents of this
theory often hypothesize that subjects restrained prone, with ap-
plied downwardweight force, hobbled, or inmaximal restraint (re-
strained on their stomach with hands and wrists secured to the
handcuffs) were unable to breathe because the position caused
chest wall and abdominal restriction that prevented adequate ex-
pansion of the lungs.27–31 Subsequent rigorous scientific studies,
however, using sophisticated measurements have debunked the
positional or restraint asphyxia hypothesis because the prone posi-
tion does not produce respiratory compromise.24,25,32,33

Despite significant research showing that the prone-
restraint position per se is physiologically neutral, the concern
has shifted to the risk of death due to “compression” asphyxia
from the LEO's weight. Clinical studies have assessed human
subjects in the prone-restraint position with weights from 45
to 102 kg (100–225 lb) placed on their back over several mi-
nutes. No evidence of clinically significant respiratory impair-
ment, hypoxia, hypoventilation, or venous return has been
found.34–38 Prone maximal restraint also appears safe in obese
subjects.39 Epidemiological studies are consistent with these
clinical findings, and these studies refute the hypothesis that prone
position, temporary weight force, hobble restraint, and maximal
restraint are inherently dangerous.1–3

There is societal interest in guiding LEOs toward safer and
more effective methods of capturing, controlling, and restraining
agitated or resistant persons. With this interest in mind, we
evaluated the amount of single-officer human weight-force
pressure applied on a training mannequin in prone position during
simulated handcuffing.
FIGURE 1. Mannequin on low-profile scales with height-equalizing
pads.
METHODS
Wemeasured downward weight-force pressure of 4 exemplar

single-officer ground-prone restraint techniques commonly uti-
lized by LEOs to place downward kneeling pressure (weight
force) on a simulated-resistant prone subject: (1) local double
knee, (2) local single knee, (3) single-knee “Wisconsin” Defen-
sive and Arrest Tactics (DAAT) 3-Point Ground Stabilization
technique, and (4) single-knee Human Factor Research Group
Inc (HFRG) tactical handcuffing technique.40,41 The local tech-
niques were those used by the participating Plymouth (Minn)
Police Department.

Study participants were a convenience volunteer sample of
active Minnesota LEOs during their in-service training (n = 35),
as well as 6 recruits attending a law enforcement academy. Data
on participants' age, height, standing weight, and sex were col-
lected. Because data collection was run in parallel with physical
tactics training, the ordinal sequence was used as a predictor to
neutralize training effect.
2 www.amjforensicmedicine.com
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The simulated subject was a Simulaids Rescue Randy training
mannequin, 165 cm (65 in.) in height and weighing 46 kg (102 lb),
supplied by OregonCPR, placed prone on an Intercomp Speedway
electronic scale system of 4 small platforms in series. The height of
the scales from the floor surface was offset by training floor
pads to simulate the mannequin being flat on the floor surface,
more accurately simulating a prone human subject (Fig. 1).

Prior to each downward weight measurement, the specific
technique to be performed andmeasured was explained to the par-
ticipants, and they were asked if they had any questions, which
were answered to participants' satisfaction. The participants were
instructed that they could take as much time as they wanted to po-
sition themselves into the optimal position for the specific tech-
nique. Once stationary, they were instructed to do their best to
hold the position with consistent normal downward pressure for
30 seconds until they were instructed to relax. The scales were
rebalanced after each measurement. The scales were programmed
to average 8 readings to give stable readings, and the last (aver-
aged) reading was recorded.

Participants used the local double- and single-knee control
techniques as shown in Figure 2. They then used the Wisconsin
DAAT 3-Point Ground Stabilization and the HFRG single-knee
techniques as shown in Figure 3. The Wisconsin DAAT 3-Point
Ground Stabilization technique is similar to the local single-
knee technique, except the DAAT technique involves LEOs plac-
ing their left knee in direct contact next to the subject's elbow to
stabilize the elbow for a compression hold, emphasizing that most
of their weight should be on the supporting stabilizing knee, and
as they perform the technique intentionally keeping their weight
on the ball of their stabilizing foot. The HFRG technique is similar
to the local single-knee technique, except that the LEO faces the
subject's lower body and the LEO's shin is close to the subject's
head. Human Factor Research Group Inc also teaches a double-
knee technique, which was not evaluated in this study.

Ethics
The study was performed under an exemption from the Uni-

versity of Minnesota Institutional Review Board. No compensa-
tion or inducement was provided. All subjects signed a consent
form. Photographed subjects provided written consent allowing
the publication of their likeness.

Statistical Analysis
Tukey outliers of prone-forceweight readingswere excluded.

Univariate significance was defined by P < 0.05, and paired com-
parisons were done by theWilcoxon signed rank test. Multivariate
© 2018 Wolters Kluwer Health, Inc. All rights reserved.
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FIGURE 2. Local handcuffing techniques. Double knee (A) and single knee (B).
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significance required P < 0.1 and a correlation increase of
r2 ≥ 0.02. Predictors evaluated were age, standing weight, sex,
body mass index (BMI), and sequence offset. The sequence offset
was −20 for the first LEO of the study and +20 for the last. Be-
cause BMI competes for variance with weight, we also analyzed
the prone weight with BMI left out.

RESULTS
Data on 41 LEOs (36 men, 5 women) were collected. Age

was 38.4 ± 8.3 years with a median of 39 years (interquartile range
[IQR]: 32–45 years). Height was 180.0 ± 8.0 cm with a median of
FIGURE 3. Other handcuffing techniques. Wisconsin (A) and HFRG (B) s
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183 cm (IQR: 175–185 cm). BMI was 29.4 ± 4.4 kg/m2 with a me-
dian of 28 kg/m2 (IQR: 26–33 kg/m2). Weight was 96.2 ± 19.4 kg
with a median of 90 (IQR: 82–118 kg [212 ± 43 lb; median,
198 lb with IQR of 181–259 lb]).

There were 3 Tukey outliers in the kneeling data, and they
were excluded. With the local single knee, these were subject 37
(65 kg) and subject 15 (69 kg). Subject 3 had a Wisconsin single-
kneeweight of 62 kg, and this datumwas also excluded. Therewere
no outliers with the double-knee or HFRG weights. After these 3
exclusions, the kneeling-force weights were as shown in Table 1.
The double-kneeweight was greater than all single-knee techniques
ingle-knee techniques.
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TABLE 1. Summary Force Statistics (kg)

Mean ± SD Median IQR Min Max

Double knee 46.6 ± 13.3 48 39–55 17 73
Local single knee 30.9 ± 12.0 33 22–38 7 55
Wisconsin single knee 23.7 ± 11.5 23 15–31 4 50
HFRG single knee 32.9 ± 14.2 34 22–41 5 67

Kroll et al Am J Forensic Med Pathol • Volume 00, Number 00, Month 2018
with P < 0.0001. The local single-knee technique was not distin-
guishable from the HFRG (P = 0.43 byWilcoxon signed rank test).
The Wisconsin technique weights were significantly lower than the
other single-knee techniques with P < 0.0001.

The LEO standing weight distribution was bimodal and
highly non-Gaussian (Shapiro-Wilk P = 0.008) (Fig. 4). For this
reason, we analyzed the results with 3 groupings based on
standing weight: lumped, lower 3 quartiles of weight, and heavier
officers (weight >90 kg). Summaries are shown in Table 2 (in ki-
lograms) and Table 3 (in pounds).

Lumped Analysis
The double-knee force was predicted by an intercept of

≈10 kg plus ≈10 kg for a male and 0.94 times BMI. When BMI
was forced out, the predictors were 23.3 kg plus 24% of the LEO's
body weight.

The local and HFRG single-knee forces were not correlated
with any of the predictors but rather best predicted by intercepts
of their mean values of 30.9 and 32.9 kg, respectively. The
Wisconsin single-knee weight was predicted by an intercept of
15.4 kg plus 9.5 kg for a male.

Lower 3 Quartiles Analysis
The lower 3 quartiles produced a fairly Gaussian distribution

(n = 31) with a Shapiro-Wilk statistic of 0.19 and ameanweight of
87.7 ± 13.9 kg. The double-knee force was predicted by an inter-
cept of −0.9 kg (negative 0.9 kg) plus ≈10 kg for a male and 1.36
times BMI. When BMI was forced out, the predictors were
34.7 kg plus 12.6 kg for a male.
FIGURE 4. Officer weight distribution (in kilograms) was bimodal.

4 www.amjforensicmedicine.com
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As with the lumped analysis, the local and HFRG single-
knee forces were not correlated with any of the predictors but
rather best predicted by intercepts of 32.4 and 32.8 kg, respec-
tively. The Wisconsin single knee was predicted by an intercept
of 29.1 kg plus 10.8 kg for a male less 0.42 kg per year of
LEO's age.

Heavier Officers (Weight >90 kg) Analysis
Limiting the group to a weight of greater than 90 kg (198 lb)

produced a less bimodal distribution (n = 20) with a Shapiro-Wilk
statistic of 0.05 with mean weight of 113.4 ± 11.5 kg. Because of
the small subgroup sample size, the following statistics should
be considered with some circumspection. The double-knee,
Wisconsin, and HFRG single-knee forces were not correlated with
any of the predictors but rather best predicted by intercepts of 51.2,
24.9, and 33.9 kg, respectively. The local single-knee forcewas pre-
dicted by an intercept of 81.2 kg less 45% of the LEO'sweight. That
fit was judged to be a spurious overfit, and it was removed, leaving
an intercept value of 30.5 kg for the predictor.
DISCUSSION
We believe that this is the first study to present the actual

weight force applied during single-officer prone subject
handcuffing. A surprising and key finding was that the prone
force applied had almost zero correlation with the LEO's weight.
Only with the double-knee technique was the LEO's weight rele-
vant, with 24% being transferred to the prone subject with the
lumped analysis. In none of the single-knee techniques was there
any positive correlation of LEO weight with the prone force. In
force-involved litigation, the weight of the LEO, including all
equipment, is often stressed if the LEO is heavy. That
presumption—that a large fraction of the LEO's weight is
transferred—stands refuted by these data.

Another finding was that male LEOs presented about 10 kg
(22 lb) more downward force than female LEOs with some tech-
niques (double knee and Wisconsin for the lumped and lower
3-quartiles groups). An interesting result was that the double-
knee force increased during the day of testing as shown by the
sequence-offset variable. This was seen with the lumped popula-
tion and with the lower 3-quartiles but not with the LEOs
© 2018 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 2. Multivariate Fits to Prone Force (kg)

Technique r2 RMS Error Intercept, kg Male Age, kg/y Weight BMI Sequence Offset

Lumped Double knee 0.35 11.1 9.9 10.2 0.94 0.46
n = 41 (BMI forced out) 0.27 11.6 23.2 0.24 0.44

Local SK 12 30.9
96.2 ± 19.4 kg Wisconsin SK 0.08 11.1 15.4 9.50

HFRG SK 14.2 32.9
Lower 3Q Double knee 0.43 10.9 −0.9 10.3 1.36 0.59
n = 31 (BMI forced out) 0.35 11.4 34.7 12.6 0.52

Local SK 12.5 32.4
87.7 ± 13.9 kg Wisconsin SK 0.18 10.3 29.1 10.8 −0.42

HFRG SK 13.9 32.8
>90 kg Double knee 11.2 51.2
n = 20 Local SK 10.7 30.5

Wisconsin SK 11.7 24.9
113.4 ± 11.5 kg HFRG SK 14.6 33.3

SK indicates single knee.

Am J Forensic Med Pathol • Volume 00, Number 00, Month 2018 Applied Force During Prone Restraint
weighing more than 90 kg. Because the study was run in parallel
with defensive-tactics training, we speculate that LEOs became
slightly more aggressive as the day progressed. Notably, no such
increase was seen with the single-knee techniques. Older LEOs
tended to provide less force with the Wisconsin technique as seen
in Tables 2 and 3.

The transferred weight is highly dependent on the technique
used. The double-knee technique provided about double (2�) the
weight of the Wisconsin single-knee technique. This is likely
because the Wisconsin technique emphasizes intentional main-
tenance of weight on the stabilizing leg. Other single-knee
techniques lie in between.

Instrumented breathing studies have shown that back weights
up to 102 kg (225 lb) do not cause clinically significant inter-
ference with breathing.37 The maximum transferred weight
measured was with the double-knee technique, and that was
73 kg (161 lb).

Asphyxial death requires mechanical factors that either oc-
clude the airway or prevent the usual movement of the chest wall
and diaphragm for breathing. Asphyxia also involves impaired
blood flow affecting the brain. This can occur in any position,
TABLE 3. Multivariate Fit With Pounds and BMI Excluded

Intercept, lb

Lumped Double knee 51
Local SK 68
Wisconsin SK 34
HFRG SK 73

Lower 3Q Double knee 77
Local SK 71
Wisconsin SK 64
HFRG SK 72

>90 kg Double knee 113
Local SK 67
Wisconsin SK 55
HFRG SK 73

SK indicates single knee.

© 2018 Wolters Kluwer Health, Inc. All rights reserved.

Copyright © 2018 Wolters Kluwer Health, Inc. Unau
including the seated position. This may also occur, in heavily in-
toxicated subjects who “pass out” with their airway occluded.
The term “positional asphyxia” was classically used to describe
the death of individuals who were found in circumstances with
truly compromised respiratory function. Compression asphyxia
is also a genuine phenomenon that has caused many deaths. How-
ever, these deaths have occurred from auto accidents, building col-
lapse, cave-ins, crowd crush, and occupational accidents.42,43

To date, none of the published human clinical studies, or ep-
idemiological studies, support the hypothesis that the prone-
restraint position causes or contributes to ventilatory compromise.
When gas exchange is severely impaired in critically ill lung-
disease patients, they are commonly repositioned to receive venti-
lation in the prone position rather than in the supine position as the
prone position improves gas exchange.44–47

We have previously published on the issue of compressional
asphyxia and the weight needed to cause death.48,49 Weights of
170 to 182 kg (375–400 lb) on the chest are survivable because
of diaphragmatic breathing. Weight force beyond 260 ± 26 kg
(573 ± 57 lb) would cause sufficient rib fractures for fatal flail
chest. Applying this to prone restraint suggests that it would take
Male, lb Age, lb/y Weight, %

24

21

28

24 −0.93
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2 or more LEOs each weighing 130 kg (287 lb) standing and
balancing on the back of a prone subject to produce true compres-
sional asphyxia via flail chest.

Even with significant weight applied with both knees placed
on the back of a subject, an individual can breathe well with dia-
phragmatic or “belly” breathing. In fact, breathing is primarily ab-
dominal. Deep breathing is more thoracic (chest-based) in females
but more abdominal in males. In other words, even if the chest is
restricted, we can survive with abdominal breathing. If both the
chest and the abdomen are restricted for more than 4 minutes, a
person may die of asphyxia. That is seen in crowd-crush incidents
and is well documented on surveillance videos.

Our results are supported by prospective field research stud-
ies that examined the outcome of prone restraint with violent
subjects.1–4 Collectively, these studies found that law enforcement
use of force is rare and that the prone position was safe—with no
deaths—and treatable injuries were sustained in fewer than 25%
of the subjects. Law enforcement officers in these 4 studies
used various force measures to control the subject, including:
empty-hand control techniques, oleoresin capsicum spray, electri-
cal weapons, impact weapons (eg, baton), canines, handcuffs, and
a hobble strap. Only in the study of Hall et al1 did a subject die,
and he was not in a prone-restraint position. The study of Ross
and Hazlett3 also showed that the weight of LEOs on the back
of the subject in the prone-restraint position, for about 1 to
5 minutes, and with about 20% of the subject's ankles hobbled,
did not create adverse physiological effects. The collective con-
clusion of these clinically consistent field studies shows that using
the prone-restraint position did not increase the risk of harm.

DiMaio and DiMaio50 observed that acceptance of the con-
cept of positional asphyxia as the cause of death in restraint-
associated deaths often involves the suspension of common sense
and logical thinking. Further, other researchers have commented
that positional asphyxia is an interesting theory unsupported by
the experimental data.18,51 Nor are significant changes in cardio-
vascular measures found. It is important to be aware of the poten-
tial for airway occlusion, including in the prone position, but it is
not inherently more dangerous than any other position. In fact, in
a severely altered person, the chance of airway compromise by
the tongue or vomitus is a concern in the supine position. Simply
placing knees on the back of a prone and actively resisting sub-
ject and controlling the legs do not impede the person's ability
to ventilate.5

Our findings continue the ongoing refutation of the specula-
tion that using the prone-restraint position, with officer weight
placed on the back, presents an increased risk of harm.

Limitations
It is probable that different weights could have been obtained

with an actual struggling subject or with multiple-officer tech-
niques. It is difficult to say whether those weights would have
been higher or lower. Law enforcement officers may be tempted
to push down harder with a struggling subject. On the other hand,
LEOs could be more concerned about a loss of balance and thus
apply less knee force. Also, this study did not include objective
measurements of the effectiveness of each technique. The effec-
tiveness of a given technique must be balanced against the risk
of the technique. For example, Barnett et al52 proposed “safer”
prone arm positioning, which unfortunately would not be compat-
ible with handcuffing.

CONCLUSIONS
Single-officer double-knee techniques apply slightly more

weight force than single-knee techniques. The Wisconsin single-
6 www.amjforensicmedicine.com
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knee technique provides the least weight force of the single-knee
techniques tested. Law enforcement officer body weight is irrele-
vant to applied prone-force weight with single-knee techniques.
With double-knee restraint, it has a modest influence. Prone force
weight—with various handcuffing techniques—is less than that
demonstrated safe for breathing. Our data do not support the con-
cept of restraint asphyxia.

ACKNOWLEDGMENTS
The authors thank the Plymouth (Minn) Police Department

for providing the subjects for this study. They also thank Carrie
Carns and Lori Kroll, BSN, for assistance in conducting the in-
formed consenting and data gathering. They thank Intercomp
for loaning the scales and Chris Berg for programming them.

REFERENCES
1. Hall CA, Votova K, Heyd C, et al. Restraint in police use of force events:

examining sudden in custody death for prone and not-prone positions.
J Forensic Leg Med. 2015;31:29–35.

2. Lasoff D, Hall C, BozemanW, et al. Outcomes of use of force followedwith
prone restraint. J Forensic Med. 2017;2.

3. Ross DL, Hazlett MH. Prospective analysis of the outcomes of violent
prone restraint incidents in policing. Forensic Res Criminol Int J. 2016;2:
1–10.

4. BozemanWP, Stopyra JP, Klinger DA, et al. Injuries associated with police
use of force. J Trauma Acute Care Surg. 2018;84:466–472.

5. Neuman T. Positional and restraint asphyxia. In: Ross DL, Chan TC, eds.
Sudden In-Custody Deaths. Totowa, NJ: Humana Press; 2006:39–57.

6. Fairbairn WE. Scientific Self-defence. New York City:
Appleton-Century-Crofts; 1931.

7. Hall C, Votova K, Wood D. Prospective analysis of police use of force in
four Canadian cities: nature of events and their outcomes. Defence R&D
Canada Centre for Security Science. 2013. Available at: http://cradpdf.drdc-
rddc.gc.ca/PDFS/unc127/p537864_A1b.pdf. Accessed December 6, 2018.

8. Strote J, Walsh M, Angelidis M, et al. Conducted electrical weapon use by
law enforcement: an evaluation of safety and injury. J Trauma. 2010;68:
1239–1246.

9. HickmanMJ, Piquero AR, Garner JH. Toward a national estimate of police
use of nonlethal force. Criminol Public Policy. 2008;7:563–604.

10. Mumola C. Arrest-Related Deaths in the United States, 2003–2006.
Bureau of Justice Statistics Special Report. 2011. Available at: https://www.
bjs.gov/content/pub/pdf/ardus05.pdf. Accessed December 6, 2018.

11. Kroll MW, Adamec J, Wetli CV, et al. Fatal traumatic brain injury with
electrical weapon falls. J Forensic Leg Med. 2016;43:12–19.

12. Krexi L, Georgiou R, Krexi D, et al. Sudden cardiac death with stress and
restraint: the association with sudden adult death syndrome,
cardiomyopathy and coronary artery disease.Med Sci Law. 2016;56:85–90.

13. VarvarigouV, Farioli A, KorreM, et al. Law enforcement duties and sudden
cardiac death among police officers in United States: case distribution
study. BMJ. 2014;349:g6534.

14. Chan TC. Medical overview. In: Ross DL, Chan TC, eds. Sudden
In-Custody Deaths. Totowa, NJ: Humana Press; 2006:9–14.

15. Ross D, Vilke G. Guidelines for Investigating Officer-Involved Shootings,
Arrest-Related Deaths, and Deaths in Custody. New York, NY:
Routledge; 2018.

16. Savaser DJ, Chan TC. Positional and restraint asphyxia. In: Ross DL, Vilke
GM, eds. Guidelines for Investigating Officer Involved Shootings,
Arrest-Related Deaths, and Deaths in Custody Rutledge. New York: Taylor
and Francis; 2017:149–162.

17. Padosch SA, Schmidt PH, Kroner LU, et al. Death due to positional
asphyxia under severe alcoholisation: pathophysiologic and forensic
considerations. Forensic Sci Int. 2005;149:67–73.
© 2018 Wolters Kluwer Health, Inc. All rights reserved.

horized reproduction of this article is prohibited.

http://cradpdf.drdc-rddc.gc.ca/PDFS/unc127/p537864_A1b.pdf
http://cradpdf.drdc-rddc.gc.ca/PDFS/unc127/p537864_A1b.pdf
http://www.bjs.gov/content/pub/pdf/ardus05.pdf
http://www.bjs.gov/content/pub/pdf/ardus05.pdf
http://www.amjforensicmedicine.com


Am J Forensic Med Pathol • Volume 00, Number 00, Month 2018 Applied Force During Prone Restraint
18. Karch SB, Brave MA, Kroll MW. On positional asphyxia and death in
custody. Med Sci Law. 2016;56:74–75.

19. Sathyavagiswaran L, Rogers C, Noguchi TT. Restraint asphyxia in
in-custody deaths. Medical examiner's role in prevention of deaths.
Leg Med (Tokyo). 2007;9:88–93.

20. Glatter K, Karch SB. Positional asphyxia: inadequate oxygen, or
inadequate theory? Forensic Sci Int. 2004;141:201–202.

21. O'Halloran RL, Frank JG. Asphyxial death during prone restraint revisited:
a report of 21 cases. Am J Forensic Med Pathol. 2000;21:39–52.

22. Reay DT, Howard JD. Restraint position and positional asphyxia. Am J
Forensic Med Pathol. 1999;20:300–301.

23. Howard JD, Reay DT. Positional asphyxia. Ann Emerg Med. 1998;32:
116–118.

24. Chan TC, Vilke GM, Neuman T. Reexamination of custody restraint position
and positional asphyxia. Am J Forensic Med Pathol. 1998;19:201–205.

25. Chan TC, Vilke GM, Neuman T, et al. Restraint position and positional
asphyxia. Ann Emerg Med. 1997;30:578–586.

26. Karch SB, Wetli CV. Agitated delirium versus positional asphyxia.
Ann Emerg Med. 1995;26:760–761.

27. Reay DT, Fligner CL, Stilwell AD, et al. Positional asphyxia during law
enforcement transport. Am J Forensic Med Pathol. 1992;13:90–97.

28. Reay DT, Howard JD, Fligner CL, et al. Effects of positional restraint on
oxygen saturation and heart rate following exercise. Am J Forensic Med
Pathol. 1988;9:16–18.

29. Reay DT. Death in custody. Clin Lab Med. 1998;18:1–22.

30. Hick JL, Smith SW, Lynch MT. Metabolic acidosis in restraint-associated
cardiac arrest: a case series. Acad Emerg Med. 1999;6:239–243.

31. Michaud A.Hemodynamic consequences of restraints in the prone position
in excited delirium syndrome. J Forensic Leg Med. 2014;27:85–86.

32. Chan TC, Vilke GM, Neuman T. Restraint position and positional
asphyxia. Am J Forensic Med Pathol. 2000;21:93.

33. Schmidt P, Snowden T. The effects of positional restraint on heart rate and
oxygen saturation. J Emerg Med. 1999;17:777–782.

34. Vilke GM, Chan TC, Neuman T, et al. Spirometry in normal subjects in
sitting, prone, and supine positions. Respir Care. 2000;45:407–410.

35. Chan TC, Neuman T, Clausen J, et al. Weight force during prone restraint
and respiratory function. Am J Forensic Med Pathol. 2004;25:185–189.

36. Ho JD, Dawes DM, Moore JC, et al. Effect of position and weight force on
inferior vena cava diameter—implications for arrest-related death. Forensic
Sci Int. 2011;212:256–259.

37. Michalewicz BA, Chan TC, Vilke GM, et al. Ventilatory and metabolic
demands during aggressive physical restraint in healthy adults. J Forensic
Sci. 2007;52:171–175.
© 2018 Wolters Kluwer Health, Inc. All rights reserved.

Copyright © 2018 Wolters Kluwer Health, Inc. Unau
38. Savaser DJ, Campbell C, Castillo EM, et al. The effect of the prone
maximal restraint position with and without weight force on cardiac output
and other hemodynamic measures. J Forensic Leg Med. 2013;20:
991–995.

39. Sloane C, Chan TC, Kolkhorst F, et al. Evaluation of the ventilatory effects
of the prone maximum restraint (PMR) position on obese human subjects.
Forensic Sci Int. 2014;237:86–89.

40. Siddle BK. Chapter 5. HFRG Tactical Handcuffing. In: Human Factor
Research Group Inc, ed. Threat Pattern Recognition Use of Force Student
Training Manual. Millstadt, IL; 2017.

41. Follow-through considerations. In:Defensive and Arrest Tactics, ATraining
Guide for Law Enforcement Officers. Madison, WI: Law Enforcement
Standards Board, Wisconsin Department of Justice; 2017.

42. Gill JR, Landi K. Traumatic asphyxial deaths due to an uncontrolled crowd.
Am J Forensic Med Pathol. 2004;25:358–361.

43. Byard RW, Wick R, Simpson E, et al. The pathological features and
circumstances of death of lethal crush/traumatic asphyxia in adults—a
25-year study. Forensic Sci Int. 2006;159:200–205.

44. Mure M, Martling CR, Lindahl SG. Dramatic effect on oxygenation in
patients with severe acute lung insufficiency treated in the prone position.
Crit Care Med. 1997;25:1539–1544.

45. Mure M, Glenny RW, Domino KB, et al. Pulmonary gas exchange
improves in the prone position with abdominal distension. Am J Respir Crit
Care Med. 1998;157:1785–1790.

46. Douglas WW, Rehder K, Beynen FM, et al. Improved oxygenation in
patients with acute respiratory failure: the prone position. Am Rev Respir
Dis. 1977;115:559–566.

47. Langer M, Mascheroni D, Marcolin R, et al. The prone position in ARDS
patients. A clinical study. Chest. 1988;94:103–107.

48. Kroll MW, Still GK, Neuman TS, et al. Acute forces required for fatal
compression asphyxia: a biomechanical model and historical comparisons.
Med Sci Law. 2017;57:61–68.

49. Kroll M. Positional, compression, and restraint asphyxia: a brief review.
Research Gate. 2017;1–9. Available at: https://www.researchgate.net/
publication/313205063_Positional_Compression_and_Restraint_
Asphyxia_A_Brief_Review. Accessed December 6, 2018.

50. DiMaio T, DiMaio V. Excited Delirium Syndrome Cause of Death and
Prevention. Boca Raton, FL: Taylor & Francis; 2006.

51. Karch SB. The problem of police-related cardiac arrest. J Forensic Leg
Med. 2016;41:36–41.

52. Barnett R, Hanson P, Stirling C, et al. The physiological impact
of upper limb position in prone restraint. Med Sci Law. 2013;53:
161–165.
www.amjforensicmedicine.com 7

thorized reproduction of this article is prohibited.

https://www.researchgate.net/publication/313205063_Positional_Compression_and_Restraint_Asphyxia_A_Brief_Review
https://www.researchgate.net/publication/313205063_Positional_Compression_and_Restraint_Asphyxia_A_Brief_Review
https://www.researchgate.net/publication/313205063_Positional_Compression_and_Restraint_Asphyxia_A_Brief_Review
http://www.amjforensicmedicine.com

