
CONTROVERSIES IN LONG-TERM CARE

Are All Pressure Ulcers Avoidable?
David R. Thomas, MD, FACP

A quality of care debate centers on whether pressure
ulcers result from factors largely dependent on care-
givers, or whether pressure ulcers result from factors
associated with patient morbidity. A reduction in inci-
dence, defined as the development of a new pressure
ulcer, is the focus of prevention strategies. Yet epide-
miological data demonstrates a stability in the inci-
dence of pressure ulcers despite drastic improvements
in understanding of pressure ulcers, increased regula-
tory oversight, and improvements in technologies
available for prevention of pressure ulcers. The expla-
nation for this stable incidence of pressure ulcers in-
cludes a failure of known effective preventive treat-

ment to be applied or the failure of prevention
strategies to be effective in spite of being applied. No
intervention strategy has been reported that consis-
tently and reproducibly reduces the incidence of pres-
sure ulcers to zero. The published data on prevention
of pressure ulcers do not support an assumption that
all pressure ulcers are preventable. An effective pre-
vention strategy demonstrated to eliminate pressure
ulcers across healthcare settings is lacking. (J Am Med
Dir Assoc 2003; 4: S44–S48)
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Pressure ulcers continue to generate controversy related to
quality of care. The quality debate centers on whether pres-
sure ulcers result from factors largely dependent on the care-
givers, or whether pressure ulcers result from factors associated
with patient morbidity. The debate is critical, because the
emphasis in reducing the incidence of pressure ulcers depends
on which view predominates.

DISCUSSION

A reduction in incidence, defined as the development of a
new pressure ulcer, is the focus of prevention strategies. The
first observable puzzle about pressure ulcers is that incidence
data demonstrates little change over the past decade (See
Table 1). In one observational study of pressure ulcer inci-
dence in a national nursing home chain from 1991 to 1995, a
relative decrease in incidence of 29% was observed over time.
The absolute reduction was 0.8%, from an incidence of 2.7%
to 1.9%. The incidence of stage III and IV pressure ulcers
declined from 30% to 24%, an absolute reduction of 6%. This
data confirms that although the incidence in long-term care
may have decreased slightly, pressure ulcers continue to
occur.1

In a similar study of patients in the Veterans Adminis-
tration long-term care facilities from 1990 to 1997, the

incidence of pressure ulcers increased with time, from 4.5%
to 4.6% in the first half of 1997 (P � 0.001). The severity
of pressure ulcers increased during this time also, with 43%
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Table 1. Incidence of Pressure Ulcers in Acute and Long-Term
Care (1982–1999)*

Study Date Site Incidence

Anderson, et al.23 1982 Acute care 2.7%
Moody, et al.24 1988 Acute care 5.4%
Gosnell, et al.25 1992 Acute care 8.4%
Thomas, et al.26 1991 Acute care

(high risk)
12.9%

Langemo, et al.27 1991 Acute care 15%
Perneger, et al.28 1998 Acute care 10.3%
Bergstrom, et al.29 1998 Acute care 8.5%
Goodridge, et al.30 1998 Acute care 9.7%
Hagisawa & Barbenel31 1999 Acute care 4.4%
Schultz, et al32 1999 Acute care 2%
Leshem & Skelskey33 1988 Long-term care 7%
Berlowitz & Wilking34 1989 Long-term care 10.8%
Brandeis35 1990 Long-term care 13.2%
Berlowitz, et al.2 1990 Long-term care 4.5%
Langemo, et al.16 1991 Long-term care 28%
Berlowitz et al.1 1991 Long-term care 2.7%
Leshem & Skelskey22 1992 Long-term care 4%
Rudman, et al.36 1993 Long-term care 4.2%–10.3%
Brandeis, et al.37 1994 Long-term care

(low risk)
6.5%

Berlowitz, et al.1 1995 Long-term care 1.9%
Berlowitz, et al.2 1997 Long-term care 4.6%
Richardson, et al.38 1998 Long-term care 13%
Bergstrom, et al.39 1998 Long-term care 23.9%

*Reported incidence rates in two clinical settings for Stage II or
greater pressure ulcers. Hospice, home care and rehabilitation rates
excluded.

S44 Thomas JAMDA – March/April 2003



of ulcers stage III or IV in 1990, and 45% of ulcers at these
stages in 1997 (P � 0.01). Overall, in this health system
there was little change or a slight increase in incidence of
pressure ulcers.2

This stability in incidence rates occurs despite drastic im-
provements in understanding of pressure ulcers, increased
regulatory oversight, and improvements in technologies avail-
able for prevention of pressure ulcers. The explanation for this
stable incidence of pressure ulcers includes a failure of known
effective preventive treatment to be applied, or the failure of
prevention strategies to be effective despite being applied.
Clearly effective prevention strategies may fail because they
are inadequately applied, such as vaccination for measles. On
the other hand, failure of prevention may occur because the
intervention is ineffective, as in osteoarthritis, for which there
is no clearly effective strategy. No intervention strategy has
been reported which regularly and reproducibly reduces the
incidence of pressure ulcers to zero, even in the setting of
randomized trials where prevention strategies are consistently
applied.3,4

Epidemiological studies of risk factors have explored clues
for developing prevention strategies. Risk factors do not al-
ways imply causative factors, and may merely represent asso-
ciations. Epidemiological risk assessment for pressure ulcers is
limited to factors that are observable and quantifiable. Non-
observable factors may be extremely important but may not be
captured or quantifiable. No controlled trial has shown that
risk assessment leads to a reduction in incidence of pressure
ulcers.5

Risk factors associated with the development of pressure
ulcers in epidemiological studies are shown in Table 2. Risk
factors associated with pressure ulcers can be divided into
those that are modifiable and those that are unmodifiable.
Examples of a modifiable risk factor include lowering choles-
terol to prevent heart disease. Unmodifiable risk factors can-
not be changed, such as age or gender.

Clearly some factors are amendable to intervention and
some are not. For example, nonblanchable erythema, in effect
an Agency for Healthcare Policy and Research Stage I pres-
sure ulcer, or smoking might be eliminated by interventions.
While difficulty with ambulation and diabetic control might
be improved, no interventions are known to eliminate lym-
phopenia, or fecal incontinence. While there are effective
treatments for dry, scaly skin, no clinical trial has been done
showing that correction of this problem eliminates its risk for
pressure ulcers.

The hypothesis to be tested from these epidemiological
studies is whether modification of a risk factor will reduce
incidence. Studies showing this type of relationship do not
exist for pressure ulcers. One would presume that immobility
can be improved. However, in many situations, such as hemi-
paresis due to stroke, improvement may not be possible.6–8

Despite commonsense approaches to turning, positioning, and
improving passive activity, no published data supports the
view that pressure ulcers can be prevented by passive
positioning.9

The risk association with nutritional factors such as diffi-
culty feeding oneself, weight loss, and impaired nutritional
intake has led to a focus on nutritional interventions to
prevent pressure ulcers. Intuition would suggest that supplying
abundant calories and protein would lead to improved out-
comes. Despite numerous studies, no nutritional intervention
has shown effectiveness in prevention of pressure ulcers.10–13

In an observational study of hospitalized, critically ill pa-
tients, oral supplements were given to 33% of one group
compared to 87% of another group. There was no difference
in pressure ulcer incidence (26% vs. 20%), or to the presence
of a pressure ulcer at discharge (15% vs 10%).14

In a prospective trial of supplemental nutritional products
given to older patients, the intervention did not affect devel-
opment of a pressure ulcer. Despite a higher caloric intake in
the intervention group (1081 Kcal versus 957 Kcal, P �

Table 2. Published Studies of Risk Factors for Development of Pressure Ulcers

Population Factors Odds
Ratio

Bed- or chair-confined hospital persons older than 55 years40 Nonblanchable erythema 7.52
Lymphopenia 4.86
Immobility 2.36
Dry, scaly skin 2.31
Loss of body weight 2.18

In low-incidence nursing homes Difficulty in ambulation 3.6
Difficulty feeding oneself 3.5
Male gender 1.9

In high-incidence nursing homes.41 Difficulty with ambulation 3.3
Fecal incontinence 2.5
Difficulty feeding oneself 2.2
Diabetes mellitus 1.7

Prospective, chronic-care setting42 A history of cerebrovascular accident 5.0
Bed- or chair-confined 3.8
Impaired nutritional intake 2.8

National probability sample of community-dwelling persons aged
55 to 75 years43

Self-assessed poor health 3.5
Current smoking 2.9
Dry or scaly skin on examination 2.5
Decreased activity level 1.9
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0.006) and higher protein intake (45.9 g protein versus 38.3 g
protein in the control group, P � 0.001), the cumulative
incidence of pressure ulcers was 41% in the nutritional inter-
vention group versus 47% in the control group.15

The effect of overnight supplemental enteral feeding in
patients with a fracture of the hip and a high pressure-sore risk
score has been evaluated in a randomized clinical trial. Of the
62 patients randomized for enteral feeding, only 25 tolerated

Table 3. Published Studies of Pressure-reducing Devices in Prevention of Pressure Ulcers

Population Intervention Results Comment

Prospective, randomized trial in
hospitalized patients with
femoral neck fracture.44

Experimental device vs. standard
mattress.

66% incidence of pressure ulcers at 1
and 2 weeks. Patients on
experimental mattress had
reduction to 25%.

Incidence remained 25% at 2
weeks on experimental
device.

Prospective, randomized trial in
surgical & oncology
subjects.45

Experimental device vs. standard
mattress

34% incidence of pressure ulcers
control vs. 7% on treatment
device.

Incidence remained 7% in
experimental device.

Prospective randomized trials in
intensive care units46, 47

Standard mattress vs. kinetic
turning beds

2 trials No difference between
groups.

Randomized, controlled trial
intensive care unit.48

Low-air-loss bed vs. standard
mattress.

12.2% treatment vs. 51% control. Extremely high incidence in
control group.

Randomized, quasi-
experimental design,
intensive care unit.49

Low-air-loss bed vs. standard
mattress.

19% low-air-loss group vs. 15%
standard mattress.

No difference between
groups.

Prospective, controlled trial in
intensive care unit.50

Alternating air mattress vs. static
air mattress vs. water
mattress.

Incidence 20% alternating vs. 5%
static vs. 10% water.

No statistical difference
between groups.

Prospective, randomized trial in
110 intensive care patients.

Three-pressure-reducing devices Pressure ulcers occurred in 8–9% of
patients on any device.

No difference between
groups.

Prospective, non-random,
controlled trial intensive care
patients.51

Static foam vs. dynamic
replacement mattress.

8% incidence in all groups. No difference between
groups.

Prospective, randomized trial in
high risk intensive care
patients.52

Air-filled vs. gel-filled pad. 32% gel pad vs. 32% air pad. No difference between
groups.

Prospective, controlled trial in
intensive care unit.53

Alternating pressure mattress vs.
all other overlays.

Incidence 0% alternating pressure vs.
40% all other devices.

High incidence in the control
group.

Prospective, randomized trial in
orthopedic patients54

Bead bed vs. standard mattress RR 0.32 (0.14 to 0.76) Better than standard
mattress

Prospective, randomized trial in
orthopedic patients55

Airwave vs. Large Cell Ripple
alternating air mattress

Incidence 16% vs. 34% (P � 0.05) No difference between
groups

Prospective, randomized
controlled trial in operating
theater56

Operating table overlay vs.
standard table

RR 0.53 (0.33 to 0.85) Better than no device

Prospective, randomized
controlled trial in operating
theater57

Alternating pressure support vs.
gel pad and standard mattress

RR 0.21 (0.06 to 0.7) Better than standard
mattress

Prospective, randomized trial in
acute care58

Alternating pressure mattress vs.
water mattress vs. standard
mattress

Incidence 4% alternating vs. 5%
water vs. 13% on standard
mattress

RR 0.35 (0.15 to 0.79) water
mattress compared to
standard

Prospective, non-random trial
in long-term care.59

Experimental device vs. standard
mattress

2.4% control vs. 2.0% treatment. No difference between
groups.

Prospective, randomized trial in
long-term care60

Maxifloat overlay vs 4� foam
mattress

RR 0.42 (0.18 to 0.96) Better than foam mattress

Prospective, randomized trial in
long-term care subjects with
a Braden score �16.61

Two pressure-reducing devices Incidence was 31 to 47%. High incidence in high-risk
persons, unaffected by
device.

Prospective, randomized trial in
long-term care, Norton Score
�15.62

Two pressure-reducing devices Incidence 32% on both devices. High incidence in high-risk
persons, unaffected by
device.

Prospective, randomized trial in
long-term care.63

Alternating air mattress vs.
silicone overlay.

25% incidence in both groups. No difference between
groups.

Prospective, nonrandom trial in
long-term care.64

Foam device vs. standard
mattress

Incidence 2.4% on both surfaces. No difference between
groups.

Prospective, randomized trial in
long-term care (neurological
impairment)65

Alternating air mattress vs.
silicone overlay

Incidence � 50% in both groups No difference between
groups

Prospective, randomized trial in
acute & long-term care66

Experimental device vs. all other
surfaces

19% on experimental device vs. 7%
on all other surfaces

Experimental device was
worse.

Meta-analysis67 Standard mattress vs. foam
support

4 trials Average risk reduction of
71% (57% to 81%)

Meta-analysis62 Standard mattress vs. constant
low pressure support

3 trials Average risk reduction of
70%

RR � relative risk.
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their tube for more than one week, and only 16 tolerated their
tube for two weeks. Comparison of the actually tube-fed group
(n � 25 at one week, n � 16 at two weeks) and the control
group showed two to three times higher protein and energy
intake (P � 0.0001), and a significantly higher total serum
protein and serum albumin after one and two weeks in the
actually tube-fed group (all P values � 0.001). However, the
development of a pressure ulcers and severity of the ulcers
were not significantly different in the actually tube-fed
group.16

The data for the effectiveness of feeding interventions in
established pressure ulcers may provide some insight. The data
on effectiveness of feeding in reversing established pressure
ulcers is problematic. In a study of enteral tube feedings in
long-term care,17 49 patients were followed for three months.
Patients received 1.6 times basal energy expenditure daily,
1.4 g of protein per kilogram per day, and 85% or more of
their total recommended daily allowance. At the end of 3
months, there was no difference in number or healing of
pressure ulcers. In a study of survival among residents in
long-term care with severe cognitive impairment,18 135 resi-
dents were followed for 24 months. The reasons for the
placement of a feeding tube included the presence of a pres-
sure ulcer. Having a feeding tube was not associated with
increased survival; in fact the risk was slightly increased (OR
1.09). The authors conclude that the effectiveness of enteral
feeding in pressure ulcers is not established.

It has been axiomatic that pressure ulcers are due to pres-
sure. Therefore, reducing body-surface interface pressure
should prevent pressure ulcers. If this type of prevention
strategy was effective, we should see a decline in incidence
with pressure reduction. This hypothesis has led to a number
of technological solutions to reduce pressure at the body-
surface interface.

Table 3 shows the results from testing the hypothesis that
pressure-reduction devices will eliminate pressure ulcers.
These randomized trials of pressure-reducing surfaces demon-
strates a reduction in incidence of pressure ulcers in some
studies, and no difference in other studies. The incidence in
high-risk populations in these studies remained very high,
comparable with or exceeding historical incidence studies in
which no pressure-reducing device was used. A meta-analysis
of six randomized studies of dynamic therapy in intensive care
units showed no effect on incidence of pressure ulcers.19 No
study has demonstrated an elimination of pressure ulcers de-
spite presumed effective pressure reduction.

SUMMARY

The published data on prevention of pressure ulcers do not
support an assumption that all pressure ulcers are preventable,
as suggested by some authors.20,21 Evidence from published
literature suggests that many of the known risk factors for
development of a pressure ulcer are unmodifiable by current
treatment. Nutritional strategies have been developed, but
have not been demonstrated to be effective in prevention.
Despite advanced technological devices, pressure reduction
has not demonstrated a consistent ability to affect incidence.

An effective prevention strategy demonstrated to eliminate
pressure ulcers across healthcare settings is lacking.

Further research may demonstrate effective strategies. Al-
ternatively, there may be a “floor” effect in which the un-
modifiable patient-related factors result in development of
pressure ulcers despite adequate provision of the best preven-
tion strategies.22 When pressure ulcers are not preventable by
medical interventions, the development of a pressure ulcer
cannot be used as an indicator of the quality of care provided.
The development of a pressure ulcer may be a quality indica-
tor only when persons without risk factors or who are at low
risk develop pressure ulcers.

REFERENCES
1. Berlowitz DR, Bezerra HQ, Brandeis GH, et al. Are we improving the

quality of nursing home care: The case of pressure ulcers. J Am Geriatr
Soc 2000;48:59–62.

2. Berlowitz DR, Young GJ, Brandeis GH, et al. Health care reorganization
and quality of care: Unintended effects on pressure ulcer prevention.
Med Care 2001;39:138–146.

3. Gould D, James T, Tarpey A, et al. Intervention studies to reduce the
prevalence and incidence of pressure sores: A literature review. J Clin
Nurs 2000;9:163–177.

4. Gunningberg L, Lindholm C, Carlsson M, Sjoden PO. Implementation
of risk assessment and classification of pressure ulcers as quality indicators
for patients with hip fractures. J Clin Nurs 1999;8:396–406.

5. Stotts NA, Deosaransingh K, Roll FJ, Newman J. Underutilization of
pressure ulcer risk assessment in hip fracture patients. Adv Wound Care
1998;11:32–38.

6. Souren LEM, Franssen EH, Reisberg B. Contractures and loss of function
in patients with Alzheimer’s disease. J Am Geriatri Soc 1995;43:650–
655.

7. Steffen TM, Mollinger LA. Low-load, prolonged stretch in the treatment
of knee flexion contractures in nursing home residents. Phys Ther 75;
886–895, 1995.

8. Yarkony GM, Sahgal V. Contractures. A major complication of cranio-
cerebral trauma. Clin Orthop 1987;219:93–96.

9. Bliss MR, McLaren R. Preventing pressure sores in geriatric patients.
Nursing Mirror 1967;2:405–408.

10. Thomas DR. Improving the outcome of pressure ulcers with nutritional
intervention: A review of the evidence. Nutrition 2001;17:121–125.

11. Green SM, Winterberg H, Franks PJ, Moffatt CJ, Eberhardie C, McLaren
S. Nutritional intake in community patients with pressure ulcers. J
Wound Care 1999;8:325–330.

12. Thomas DR. The role of nutrition in prevention and healing of pressure
ulcers. Clin Geriatr Med 1997;13:497–511.

13. Bergstrom N. Lack of nutrition in AHCPR prevention guideline. Decu-
bitus 6:1993;4:6.

14. Bourdel-Marchasson I, Barateau M, Sourgen C, et al. Prospective audits
of quality of PEM recognition and nutritional support in critically ill
elderly patients. Clin Nutr 1999;18:233–240.

15. Bourdel-Marchasson I, Barateau M, Rondeau V, et al. A multi-center
trial of the effects of oral nutritional supplementation in critically ill
older inpatients. GAGE Group Groupe Aquitain Geriatrique
d’Evaluation Nutrition 2000;16:1–5.

16. Hartgrink HH, Wille J, Konig P, et al. Pressure sores and tube feeding in
patients with a fracture of the hip: A randomized clinical trial. Clin Nutr
1998;17:287–292.

17. Henderson, et al. Clinical outcomes of feeding tubes in long-term care.
J Amer Coll Clinical Nutrition 1992;11:309.

18. Mitchell SL, Kiely DK, Lipsitz LA. The risk factors and impact on
survival of feeding tube placement in nursing home residents with severe
cognitive impairment. Arch Intern Med 1997;157:327–332.

19. Choi SC, Nelson LD. Kinetic therapy in critically ill patients: Combined
results based on meat-analysis. J Crit Care 1992;7:57.

SUPPLEMENT Thomas S47



20. Olshansky K. Pressure ulcers: A preventable American tragedy. Ad-
vances Wound Care 1996;9:8.

21. Rudman D, Matson DE, Alverno L, et al. Comparison of clinical indi-
cators in two nursing homes. J Amer Geriatrics Soc 1993;41:1317–1325.

22. Hagisawa S, Barbenel J. The limits of pressure sore prevention J R Soc
Med 1999;92:576–578.

23. Anderson KE, Kvorning SA. Medical aspects of the decubitus ulcer. Int
J Dermatol 1982;21:265–270.

24. Moody BL. Fanale JE. Thompson M. et al. Impact of staff education on
pressure sore development in elderly hospitalized patients. Arch Intern
Med 1988;148:2241–2243.

25. Gosnell DJ, Johannsen J, Ayres M. Pressure ulcer incidence and severity
in a community hospital. Decubitus 1992;5:56–8, 60:62.

26. Thomas DR, Goode PS, Tarquine PH, Allman RM. Hospital-acquired
pressure ulcers and risk of death. J Am Geriatr Soc 1996;44:1435–1440.

27. Langemo DK, Olson B, Hunter S, et al. Incidence and prediction of
pressure ulcers in five patient care settings. Decubitus 4:25–6, 28, 30
passim, 1991.

28. Perneger TV, Heliot C, Rae AC, et al. Arch Intern Med 1998;158:1940–
1945.

29. Bergstrom N, Braden B, Kemp M, et al. Predicting pressure ulcer risk: A
multisite study of the predictive validity of the Braden Scale. Nurs Res
1998;47:261–269.

30. Goodridge DM, Sloan JA, LeDoyen YM, et al. Risk-assessment scores,
prevention strategies, and the incidence of pressure ulcers among the
elderly in four Canadian health-care facilities. Can J Nurs Res 1998;30:
23–44.

31. Hagisawa S, Barbenel J. The limits of pressure sore prevention. J R Soc
Med 1999;92:576–578.

32. Schultz A, Bien M, Dumond K, Brown K, Myers A. Etiology and
incidence of pressure ulcers in surgical patients. AORN J 70:434, 437–
1999;40:443–449.

33. Leshem OA. Skelskey C. Pressure ulcers: Quality management, preva-
lence, and severity in a long-term care setting. Advances in Wound Care
1994;7:50–54.

34. Berlowitz DR. Wilking SV. Risk factors for pressure sores. A comparison
of cross-sectional and cohort-derived data. J Am Geriatr Soc 1989;37:
1043–1050.

35. Brandeis GH, Morris JN, Nash DJ, Lipsitz LA. The epidemiology and
natural history of pressure ulcers in elderly nursing home residents.
JAMA 1990;264:2905–2909.

36. Rudman D, Slater EJ, Richardson TJ, Mattson DE. The occurrence of
pressure ulcers in three nursing homes. Journal of General Internal
Medicine 1993;8:653–658.

37. Brandeis GH, Ooi WL, Hossain M, et al. A longitudinal study of risk
factors associated with the formation of pressure ulcers in nursing homes.
Journal of the American Geriatrics Society 1994;42:388–393.

38. Richardson GM, Gardner S, Frantz RA. Nursing Assessment: Impact on
type and cost of interventions to prevent pressure ulcers. J Wound
Ostomy Continence Nurs 1998;25:273–280.

39. Bergstrom N, Braden B, Kemp M, Champagne M, Ruby E. Predicting
pressure ulcer risk: A multisite study of the predictive validity of the
Braden Scale. Nursing Research 1998;47:261–269.

40. Allman RM, Goode PS, Patrick MM, et al. Pressure ulcer risk factors
among hospitalized patients with activity limitation. JAMA 1995;273:
865–870.

41. Brandeis GH, Morris JN, Nash DJ, Lipsitz LA. Epidemiology and natural
history of pressure ulcers in elderly nursing home residents. JAMA
1990;264:2905–2909.

42. Berlowitz DR, Wilking SVB. Risk factors for pressure sore: A comparison
of cross-sectional and cohort-derived data. J Am Geriatr Soc 1989;37:
1043–1050.

43. Guralnik JM, Harris TB, White LR, et al. Occurrence and predictors of
pressure ulcers in the National Health and Nutrition Examination Sur-
vey Follow-up. J Am Geriatr Soc 1988;36:807–812.

44. Hofman A, Geelkerken RH, Wille J, et al. Pressure sores and pressure-
decreasing mattresses: Controlled clinical trial. Lancet 1994;343:568–
571.

45. Gray D, Campbell M. A randomised clinical trial of two types of foam
mattress. J Tissue Viability 1994;4:128–132.

46. Gentiletto L, Thompson DA, Tonnesen AS, et al. Effect of a rotating
bed on the incidence of pulmonary complications in critically ill patients.
Crit Care Med 1988;16:783–786.

47. Summer WR, Curry P, Haponikm EF, et al. Continuous mechanical
turning of intensive care unit patients shortens length of stay in some
diagnostic-related groups. J Crit Care Med 1989;4:45–53.

48. Inman KJ, Sibbald WJ, Rutledge FS. Clinical utility and cost-effective-
ness of an air suspension bed in the prevention of pressure ulcers. JAMA
1993;269:1139–1143.

49. Jesurum J, Joseph K, Davis JM, Suki R. Balloons, beds, and breakdown.
Effects of low-air-loss therapy on the development of pressure ulcers in
cardiovascular surgical patients with intra-aortic balloon pump support.
Crit Care Nurs Clin N Am 1996;8:423–440.

50. Sideranko S, Quinn A, Burns K. Effects of position and mattress overlay
on sacral and heel pressures in a clinical population. Res Nurs Health
1992;15:245–251.

51. Ooka M, Kemp MG, McMyn R, Shott S. Evaluation of three types of
support surfaces for preventing pressure ulcers in patients in a surgical
intensive care unit. J Wound Ostomy Care Nurs 1995;22:271–279.

52. Lazzara DJ, Buschmann MT. Prevention of pressure ulcers in elderly
nursing home residents: Are special support surfaces the answer? Decu-
bitus 1991;4:42–48.

53. Gebhardt KS, Bliss MR, Winwright PL, Thomas J. Pressure-relieving
supports in an ICU. J Wound Care 1996;5:116–121.

54. Goldstone L, Norris M, O’Reilly M, et al. A clinical trial of a bead bed
system for the prevention of pressure sores in elderly orthopaedic pa-
tients. J Advanced Nurs 1982;7:545–548.

55. Exton-Smith AN, Overstall PW, Wedgewood J, et al. Use of the air wave
system to prevent pressure sores in hospital. Lancet 1982;1288–1290.

56. Nixon J, McElvenny D, Mason S, et al. A sequential randomized con-
trolled trial comparing a dry visco-elastic polymer pad and standard
operating table mattress in the prevention of postoperative pressure sore.
Int J Nurs Stud 1998;35:1932–1933.

57. Aronovitch SA. A 7-day, pilot, comparative, parallel, single center study
to determine the safety and efficacy of the MicroPulse system for the
prevention of pressure ulcers. Adv Wound Care 1998;11:15–16S.

58. Andersen KE, Jensen O, Kvorning SA, et al. Decubitus prophylaxis: A
prospective trial on the efficacy of alternating pressure air mattresses and
water mattresses. Acta Dermatovener (Stockholm) 1982;63:227–230.

59. Andrews J, Balai R. The prevention and treatment of pressure sores by
use of pressure distributing mattresses. Decubitus 1988;1:14–21.

60. Vyhlidal SK, Moxness D, Bosak KS, et al. Mattress replacement or foam
overlay? A prospective study on the incidence of pressure ulcers. Appl
Nurs Res 1997;10:111–120.

61. Kemp MG, Kopanke D, Tordecilla L, et al. The role of support surfaces
and patient attributes in preventing pressure ulcers in elderly patients.
Res Nursing Health 1993;16:89–96.

62. Frantz RA, Gardner S, Harvey P, Specht J. The cost of treating pressure
ulcers in a long-term care facility. Decubitus 1991;4:37–38,42.

63. Daechsel D, Conine TA. Special mattresses: Effectiveness in prevention
decubitus ulcers in chronic neurological patients. Arch Phys Med Rehab
1985;66:246–248.

64. Sternberg J, Spector WD, Kapp MC, Tucker RJ. Decubitus ulcers on
admission to nursing homes: Prevalence and resident’s characteristics.
Decubitus 1988;1:14–20.

65. Conine TA, Daechsel D, Lau MS. The role of alternating air and silicone
overlays in preventing decubitus ulcers. Int J Rehabil Res 1990;13:57–65.

66. Bennett RG, Baran PJ, DeVone LV, Bacetti H, Kristo B, Tayback M,
Greenough WB 3rd. Low airloss hydrotherapy versus standard care for
incontinent hospitalized patients. J Am Geriatr Soc 1998;46:569–576.

67. Cullum N, Dickson R, Eastwood A. The prevention and treatment of
pressure sores. Nurs Stand 1996;10:32–33.

S48 Thomas JAMDA – March/April 2003


