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ORIGINAL ARTICLE

Weight Force During Prone Restraint and
Respiratory Function

Theodore C. Chan, MD,* Tom Neuman, MD,*† Jack Clausen, MD,†
John Eisele, MD,‡ and Gary M. Vilke, MD*

Abstract: Prone maximal restraint position (PMRP, also known as
hogtie or hobble) is often used by law enforcement and prehospital
personnel on violent combative individuals in the field setting.
Weight force is often applied to the restrained individual’s back and
torso during the restraint process. We sought to determine the effect
of 25 and 50 lbs weight force on respiratory function in human
subject volunteers placed in the PMRP. We performed a random-
ized, cross-over, controlled trial on 10 subjects placed in 4 positions
for 5 minutes each: sitting, PRMP, PRMP with 25 lbs weight force
(PMRP�25), and PRMP with 50 lbs weight force placed on the
back (PMRP�50). We measure pulse oximetry, end-tidal CO2

levels, and forced vital capacity (FVC) and forced expiratory vol-
ume in 1 second (FEV1). FVC and FEV1 were significantly lower
in all restraint positions compared with sitting but not significantly
different between restraint positions with and without weight force.
Moreover, mean oxygen saturation levels were above 95% and mean
end-tidal CO2 levels were below 45 mm Hg for all positions. We
conclude that PMRP with and without 25 and 50 lbs of weight force
resulted in a restrictive pulmonary function pattern but no evidence
of hypoxia or hypoventilation.

Key Words: restraint, weight force, respiratory function

(Am J Forensic Med Pathol 2004;25: 185–189)

Law enforcement and prehospital care personnel often con-
front violent, dangerous individuals who must be physi-

cally restrained to insure the safety of the individual, as well
as those around them. A number of physical restraint tech-

niques have been developed to subdue and control such
individuals in the field.1–3 The prone maximal restraint posi-
tion (PMRP, also known as hobble or hogtie) position has
been used extensively by field personnel. This position places
a subject prone with wrists handcuffed behind the back,
ankles bound together, and wrists and ankles secured together
by means of as strap or other device.

Because of reports of the sudden deaths of individuals
placed in this restraint position, controversy has arisen re-
garding the PRMP.4–7 Some have argued the position ad-
versely impacts respiratory function and places individuals at
risk for a so-called “positional” or “restraint” asphyxiation by
restricting chest and abdominal movement.5,8 We previously
conducted a study which found that PMRP by itself resulted
in a small restrictive pattern on spirometry but had no impact
on oxygenation or ventilation in healthy subjects.

It has been suggested that additional weight force
pressure placed on the back of individuals during the restraint
process can impede chest and abdominal movement further.
Some have argued that it is this additional pressure on the
torso, along with the PMRP, that causes chest and abdominal
constriction and respiratory compromise leading to asphyxi-
ation.9 In this study, we sought to investigate the impact of
weight force on the back on the respiratory function and
physiology of individuals placed in PMRP.

METHODS
We conducted a randomized, cross-over, controlled

trial at a University Medical Center pulmonary function
laboratory. Ten volunteer male subjects between the ages of
18 and 45 years were recruited to participate in the study.
Potential subjects were excluded if they were unable to be
placed in PMRP. No exclusion was made on the basis of
pulmonary or cardiovascular disease or function, or based on
body size and weight.

Each subject was placed into 4 different positions:
sitting, PMRP with no weight force, PMRP with 25 lbs of
weight force on the back (PMRP�25), and PMRP with 50 lbs
of weight force on the back (PMRP�50). Subjects were
placed in these positions in random order. For the sitting
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position, the subject sat in a chair with feet flat on the floor
and back upright against the back of the chair. In the PMRP
without weight force, the subject was placed prone on their
stomach with head turned to the side on a medical examina-
tion table. The subject’s wrists were bound together behind
the back by means of law enforcement handcuffs. The sub-
ject’s ankles were bound together and drawn up near the
wrists be means of a police restraining cuff device used by
local law enforcement, known as the maximal restraint cuff.
In PMRP�25, the subject was placed in PMRP and a 25-lb
sandbag was placed on the back of the subject between the
scapulas. In PMRP�50, the subject was placed in PMRP and
a 40-lb sandbag was placed on the back of the subject
between the scapulas (Fig. 1). Subjects remained in each
position for 5 minutes. After each 5-minute period, the
subject rested in the sitting position for 10 minutes before
starting the next trial.

Spirometric pulmonary function testing was performed
at 1 and 5 minutes into each position for every subject.
Measurements of forced vital capacity (FVC) and forced

expiratory volume in 1 second (FEV1) were obtained using a
Medgraphics Cardiopulmonary Diagnostic System (Medical
Graphics Corporation, St. Paul, MN) in accordance with the
American Thoracic Society’s standards for reproducibility
and acceptability.10 Raw spirometric data were converted to
percent predicted (%predFVC and %predFEV1) for each
subject to normalize for height, gender, age, and race as per
standard practice.11

Oxyhemoglobin percent saturation (SpO2) was moni-
tored using a pulse oximeter sensor placed on the index finger
(Ohmeda Biox 3740 Pulse Oximeter, Datex-Ohmeda, Hel-
sinki, Finland). Expired end-tidal CO2 (etCO2) levels were
monitored by means of a quantitative CO2 detector using a
Medgraphics Cardiopulmonary Exercise System CPX/D,
Medical Graphics Corporation, St. Paul, MN). SpO2 and
etCO2 measurements were recorded every 30 seconds during
the 5-minute period for each position.

Statistical analysis was performed using an analysis of
variance for repeated measures, with position and time as
factors. A probability value of less than 0.05 was considered
statistically significant. Data analysis was performed by
means of a computerized statistical software package soft-
ware package (STATA 6.0).

Clinically, data were also analyzed as absolute values
in comparison with normal values defined prior to the start of
the study. Hypoxemia was defined as SpO2 less than 95%.
Hypercapnia was defined as etCO2 levels greater than 45 mm
Hg. Spirometric measurements were considered abnormal if
they fell below 1.65 standard deviations of established pre-
dicted values. The research design and methods of this study
were approved by our University Human Subjects Committee
and institutional review board.

RESULTS
All 10 subjects recruited for this study completed each

of the 4 position trials. Subjects ranged in age from 21 to 40
years, and body mass index ranged from 21.3 to 35.3 kg/m2.
There were no exclusions of any participant or subject data.
At 1 minute into each position, mean %predFVC was lower
for all restraint positions when compared with sitting: 101%
�95% confidence interval (CI) 91.6%-110%� for sitting com-
pared with 87.1% �CI 79.7%-94.6%� for PMRP, 84.7% �CI
76.9%-92.5%� for PMRP�25, and 84.2% �CI 75.5%-93.0%�
for PRMP�50. However, there was no difference in mean
%predFVC in the PMRP or PMRP with additional weight
force of 25 or 50 lbs (Fig. 2). Similarly, mean %predFEV1
was lower for all restraint positions when compared with
sitting: 98.2% �CI 89.6%-107%� for sitting compared with
83.4% �77.6%-89.2%� for PMRP, 81.0% �CI 73.5%-88.6%�
for PMRP�25, and 80.1% �72.1%-88.1%� for PMRP�50.
Again, there was no difference in mean %predFEV1 in the
PMRP with and without additional weight force of 25 or 50
lbs (Fig. 3).

FIGURE 1. Top, Bottom, Subject placed in PMRP with weight
force on back.
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At 5 minutes into the position, mean %predFVC was
significantly lower for all 3 PMRP position compared with
sitting, but there was no difference between the restraint
positions with and without weight force: 103% �CI 92.6%-
112%� for sitting, 86.8% �CI 79.7%-93.8%� for PMRP,
82.5% �CI 74.0–90.9%� for PMRP�25, and 80.5% �CI
72.5%-88.5%� for PMRP�50 (Fig. 2). Similar findings were
seen for % predFEV1 at 5 minutes: 99.3% �CI 90.1%-108%�
for sitting, 82.2% �CI 75.0%-88.9%� for PMRP, 79.5% �CI
70.9%-88.0%� for PMRP�25, and 75.0% �CI 66.6%-82.8%�
for PRMP�50 (Fig. 3).

Clinically, mean SpO2 levels remained above 95% and
revealed no evidence of hypoxemia throughout the 5-minute
trials for each position (Fig. 4). Similarly, etCO2 levels remained
below 45 mm Hg and revealed no evidence of hypercapnia
throughout the 5-minute trails for each position (Fig. 5).

DISCUSSION
Although sudden deaths have clearly occurred in indi-

viduals placed in the hobble, hogtie, or PMRP, the cause of
death and the actual role of body position remain controver-

sial. Some have argued that the PMRP prevents adequate
chest wall, abdominal, and diaphragmatic movement, leading
to hypoventilatory respiratory compromise and risk for death
from so-called positional asphyxia.12 However, case reports
and case series of the sudden deaths of restrained individuals
do not clearly indicate a specific mechanism.4–7 Historical as
well as autopsy evidence is often unrevealing as to a clear
cause of death. Importantly, similar sudden deaths have been
reported in patients who were not restraint in the PMRP, but
simply in the prone, supine, lateral side, and even sitting
positions.13,14 As a result, some have argued that factors such
as drug intoxication, excited delirium, trauma, stress, and
catecholamine hyperstimulation are more important causes of
sudden death rather than asphyxiation from body posi-
tion.15,16

The theory of positional asphyxia as it relates to sudden
deaths in restraint cases has been based primarily on the
physiologic study of Reay et al,8 who found that healthy

FIGURE 2. Mean %predFVC for subjects at 1 and 5 minutes
into each position.

FIGURE 3. Mean %predFEV1 for subjects at 1 and 5 minutes
into each position.

FIGURE 4. SpO2 during each 5-minute restraint period.

FIGURE 5. SpO2 during each 5-minute restraint period
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individuals had a delayed recovery in oxygen saturation
following mild exercise. However, this study was limited by
the fact that a decrease in oxygen saturation was documented
during mild exercise, in opposition to well-established exer-
cise physiology work that has shown arterial oxygenation
improves with exercise.17

We conducted a more comprehensive randomized
physiologic study measuring arterial oxygenation as well as
ventilation parameters, including spirometry and CO2 levels.
We found no evidence of desaturation or hypoxia during
exercise or PMRP. More importantly, while there was a
progressive restrictive pattern on spirometric measurements
from sitting to supine to prone to PMRP positions, there was
no evidence of hypoventilation or hypercapnia.18 Other stud-
ies have confirmed our spirometric and respiratory measures
in relation to PMRP.19 Additionally, other investigators have
not shown evidence of hypoxia or oxygen desaturation as a
result of PMRP or restraint body position.20–22 As a result,
many now argue that “the hog-tied prone position should be
viewed as not producing significant physiologic respiratory
compromise, and it does not produce any serious or life-
threatening respiratory effects.”9

While body position by itself may not cause asphyxi-
ation, others now argue that PMRP in combination with
additional chest and abdominal compression during the re-
straint process could cause hypoventilatory respiratory com-
promise.9 Proponents of this “restraint asphyxia” theory (as
opposed to “positional asphyxia”) argue that weight force
often applied to the back of an individual restrained in the
prone position during the restraint “take-down” process could
potentially cause greater constriction of the torso and decre-
ment in ventilatory function to the point of asphyxiation.23

Deaths from the application of weight to the torso have
been described in the medical literature.23 The term traumatic
or mechanical asphyxiation has been applied to cases in
which extreme weight force was applied to individuals, such
as when an automobile runs over the torso of an individual.
However, in these cases, there is often pathologic evidence of
chest trauma (pulmonary contusion, rib fractures) or in-
creased intrathoracic pressure affecting venous return and
cardiovascular function (plethoric facies, edema, and rup-
tured small blood vessels above the shoulders).24

In this study, we sought to determine if additional
weight force on the back of an individual in the PMRP
resulted in any evidence of respiratory compromise or risk for
asphyxiation. Similar to previous studies, we found a restric-
tive pulmonary function pattern with PMRP but no significant
further detriment in spirometric measures of FVC and FEV1
with the addition of 25 and 50 lbs of weight force on the back.
More importantly, we found no evidence of hypoxia, oxygen
desaturation, hypercapnia, or CO2 retention from hypoventi-
lation in the PMRP with the additional weight force.

Our study has limitations. First, as this was a laboratory
physiology study, we could not reproduce all conditions
encountered in the field setting with such cases. In particular,
we did not simulate trauma, struggle, drug intoxication, and
other physiologic and psychologic stresses that commonly
occur with individuals who are being restrained in the field
setting.

Second, the amount of weights selected for this study
may not reproduce the actual amount of weight force used on
individuals during the restraint process. It is possible that
heavier amounts of weights would have impacted respiratory
function to a greater degree. Similar to traumatic or mechan-
ical asphyxia cases, extreme amounts of weights could have
resulted in significant chest wall trauma and marked eleva-
tions in intrathoracic pressure that could have impacted car-
diovascular function. To our knowledge, this is the first
laboratory investigation studying the effects of weight force
during restraint. As a result, we chose weight amounts which
we felt would approximate weight force used in the field
setting, heavy enough to indicate any trends if respiratory
function was impacted, but not so heavy as to potentially
place our subjects at risk for injury.

CONCLUSION
We conducted a study on the impact of weight force

placed on the back of individuals in the PMRP on pulmonary
and respiratory function. We found that weight force of 25
and 50 lbs did not result in evidence of hypoxia or hypoven-
tilatory respiratory compromise in our study subjects.

REFERENCES
1. Mittleman RE, Davis JJ. Deaths from custody? Forensic Pathol. 1991;

22:98.
2. Luke JL, Reay DT. The perils of investigating and certifying deaths in

police custody. Am J Forensic Med Pathol. 1992;13:98–100.
3. Lifshultz BD, Donoghue ER. Deaths in custody. Legal Med. 1991;45:1.
4. Reay DT, Fligner CL, Stilwell AD, et al. Positional asphyxia during law

enforcement transport. Am J Forensic Med Pathol. 1992;13:90–97.
5. Stratton SJ, Rogers C, Green K. Sudden death in individuals in hobble

restraints during paramedic transport. Ann Emerg Med. 1995;25:710–
712.

6. Stratton SJ, Rogers C, Brickett K, et al. Factors associated with sudden
death of individuals requiring restraint for excited delirium. Am J Emerg
Med. 2001;19:187–191.

7. Ross DL. Factors associated with excited delirium deaths in police
custody. Mod Pathol. 1998;11:1127–1137.

8. 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. 1989;9:16–18.

9. Reay DT. Death in custody. Clin Lab Med. 1998;18:1–22.
10. American Thoracic Society. Standardization of spirometry: 1994 update.

Am J Respir Crit Care Med. 1995;152:1107–1136.
11. Morris JF. Spirometric standards for health, non-smoking adults. Am Rev

Respir Dis. 1971;103:57.
12. Hirsh CS. Restraint asphyxiation �letter�. Am J Forensic Med Pathol.

1994;15:266.
13. Park KS, Korn CS, Henderson SO. Agitated delirium and sudden death:

two case reports. Prehosp Emerg Care. 2001;5:214–216.
14. Hick JL, Smith SW, Lynch MT. Metabolic acidosis in restraint-associ-

ated cardiac arrest: a case series. Acad Emerg Med. 1999;6:239–243.

Chan et al The American Journal of Forensic Medicine and Pathology • Volume 25, Number 3, September 2004

© 2004 Lippincott Williams & Wilkins188



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

16. Mirchandani HG, Rorke LB, Sekula-Perlman A, et al. Cocaine-induced
agitated delirium, forceful struggle, and minor head injury. Am J Fo-
rensic Med Pathol. 1994;15:95–99.

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

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

19. Chan TC, Vilke GM, Clausen J, et al. The effect of oleoresin capsicum
“pepper” spray inhalation on respiratory function. J Forensic Sci. 2002;
47:299–304.

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

21. Parkes J. Sudden death during restraint: a study to measure the effect of
restraint positions on the rate of recovery from exercise. Med Sci Law.
2000;40:39–44.

22. Roeggla M, Wagner A, Muellner M, et al. Cardiorespiratory conse-
quences to hobble restraint. Wien Klin Wochenschr. 1997;109:359 –
361.

23. 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.

24. Lee MC, Wong SS, Chu JJ, et al. Traumatic asphyxia. Ann Thoracic
Surg. 1991;51:86–88.

The American Journal of Forensic Medicine and Pathology • Volume 25, Number 3, September 2004 PMRP

© 2004 Lippincott Williams & Wilkins 189


	ADP91.tmp
	COVER PAGE FOR the PDF file of


