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Abstract 

Objectives: To examine the effect of external pressure of the bed surface on heel skin 

temperature in adults in the first three days after hip surgery.   

Design: A quasi-experimental study in a prospective within subjects repeated-measures 

design. 

Setting: Two acute care hospitals. 

Participants: Eighteen subjects (9 men and 9 women) with a mean age of 58.3 (± 16.1) 

years were recruited after hip surgery at two hospitals.   

Methods: Temperature sensors were placed on the plantar surface of each foot, close to 

the heels.  Measures were taken when the heels were 1) suspended above the bed surface 

for 20 minutes (preload), 2) on the bed surface for 15 minutes (loading), and 3) 

suspended again above the bed surface for 15 minutes (unloading).  

Main Outcome Measures: Heel skin temperature and demographic data. 

Results: Heel temperature increased during loading and unloading in both legs on post-

op days 1 (p = 0.003) and 3 (p = 0.04) but not on post-op day 2. Heel temperature in the 

non-operative leg decreased in the first 3 minutes of unloading on post-op days 2 (p = 

0.02) and 3 (p < 0.01). 

Conclusion: Heel temperature increased with loading and unloading on postoperative 

days 1 and 3.  Upon immediate unloading, hyperemic response was present only in the 

non-operative leg. Keeping the heels off the bed surface at all times may avoid heel skin 

temperature changes and prevent tissue damage.  Further research is needed to identify 

the mechanisms that explain the effect of external pressure on heel temperature.  

 

 



                                                                                                                                                                                                      

Introduction 

Pressure ulcers are a frequent complication of hip fracture and its surgical repair.1-

3  The sacrum and heels are the most common sites of pressure ulcer and the incidence of 

heel ulcers is increasing.4  Factors that contribute to heel pressure ulcers in the operative 

leg include decreased perfusion 5 and reduction in femoral blood flow during hip 

surgery.6  Likely explanations for decreased perfusion in the non-operative leg are 

increased pressure at the groin intraoperatively, lateral positioning on the operating table, 

use of hypotensive anesthesia, and pre-existing vascular diseases.7 In addition, the non-

operative leg is often used as a pivot point for turning and repositioning in bed, making it 

susceptible to intermittent friction and pressure.  Consequently, perfusion in both the 

operative and non-operative legs may be compromised and the heels are at risk of 

pressure ulcer development.  In addition, surgical pain may deter the patient from moving 

the operative leg, with the heel resting on the bed surface for extended periods of time.  

Skin temperature has been used as a measure of perfusion, yet the relationship between 

temperature and perfusion is not linear.8 Heat loss in the subcutaneous tissue and the skin 

is regulated by vasoconstriction and vasodilatation.9 Skin temperature is influenced by 

the difference between ambient temperature and blood temperature and perfusion is 

correlated with blood temperature. Depending on clinical circumstances, external 

pressure can increase or reduce skin blood flow.  Release of pressure may lead to reactive 

hyperemia; that is, a transient increase in blood flow.  At the other extreme, external 

pressure can reduce blood flow and produce ischemia, the sine qua non of pressure ulcer 

development. 



                                                                                                                                                                                                      

Few studies have explored whether a change in skin temperature is related to 

external pressure and pressure ulcer development. If a change in skin temperature can 

reflect skin blood flow, it can also represent the change in external pressure.  This study 

was conducted to examine the relationship between external pressure and heel skin 

temperature in the non-operative and operative leg over three days after surgery in adults.  

The study questions were:  

1. Is there a difference in heel skin temperature in the non-operative leg 

compared to the operative leg during repeated loading and unloading 

conditions in hip surgery patients on postoperative days 1, 2, and 3? 

2. Is there a difference in heel skin temperature during the first 3 minutes of 

unloading compared to the last minute of loading on postoperative days 1, 

2, and 3 after hip surgery? 

Background 

Blood Flow and External Pressure 

Vascular flow is affected by the application and removal of external pressure.  

Increased blood flow in the human hand was noted when external pressure of various 

non-extreme magnitudes was applied.9 Pressure-induced vasodilatation is thought to be 

the body’s protective mechanism against external pressure.  In another study, arterial 

blood flow doubled in the forearm of healthy men when compression stockings were 

applied to the forearms for 10 minutes.10 The increased blood flow and local vessel 

dilation was attributed to a decrease in transmural pressure in the blood vessel. 

Effect of Pressure on Skin Temperature 



                                                                                                                                                                                                      

Blood flow and external pressure affect skin temperature.  A gradual rise in skin 

temperature at the pressure site was recorded in rats when increasing external pressure 

was applied.8 Similar skin temperature response has been shown in human when 

trochanter skin was subjected to pressures of 100 mmHg, 200 mmHg, and 300 mmHg for 

periods of 11 to 67 minutes.  With loading, skin temperature increased initially and then 

decreased but with the removal of pressure, the temperature increased and peaked  after 3 

to 5 minutes.11 The increase in skin temperature during unloading in another study was 

affected by both the magnitude and the duration of applied pressure.11,12 Greater pressure 

and longer duration resulted in higher post-unloading temperature.  A study on the 

sacrum and gluteus maximus muscle in both older and younger adults also demonstrated 

that skin temperature increased after removal of external pressure.13  Increased perfusion 

(i.e. reactive hyperemia) was observed when pressure was removed.14   

Skin Temperature & Pressure Ulcer Formation 

Skin temperature was examined in undamaged but erythematous skin using 

ultrasonography.15  Data showed that capillaries and venules were engorged with red 

blood cells, suggesting that the engorged blood vessels caused reduced blood flow, 

persistent erythema, and decreased skin temperature.15  Similarly, another study showed 

that skin perfusion was higher in the center of the nonblanchable erythema (stage 1 

pressure ulcer) and decreased toward the edge in patients in the acute care and geriatric 

units.16   It is possible that the increased central temperature reflected inflammation while 

the decreased distal flow in the small vessels was due to obstruction of vessels with red 

blood cells. In another study, increased skin perfusion was also found in the damaged 

area as compared to the undamaged skin on the sacrum in older adults. In this situation, 



                                                                                                                                                                                                      

the temperature in the damaged skin did not change.17  These finding are not consistent 

with those of others; however, the authors suggest that increased perfusion in the 

damaged skin might have dissipated enough heat so that skin temperature was not 

increased. 

Pain 

 Pain induces sympathetic nervous activities with subsequent arteriolar 

vasoconstriction leading to reduced peripheral blood flow18 that may impact skin 

temperature.   

Pressure Ulcers & Hip Surgery Patients 

Pressure ulcers are a frequent complication of hip fracture and surgery3 with a 

common site of ulcer development being the heels.19 Perfusion in both legs may be 

impaired by anesthesia,19 operative position, and pre-existing vascular disease.7  These 

unresolved issues led to the present study to explore the relationships between external 

pressure and temperature of the heels during loading and unloading in postoperative hip 

fracture patients.   

Methods 
 

In this quasi-experimental study nested within a larger longitudinal study, a 

prospective within-subjects repeated-measures design was used to study the effects of 

loading and unloading on skin temperature. An actual clinical condition was used and the 

weight of each subject’s foot served as the loading pressure, with the recognition that 

loading pressure varies by foot weight and heel architecture.  All subjects in this study 

were positioned on a pressure-reduction mattress (Hill-Rom, Model Advanta) as part of 

routine nursing care.   



                                                                                                                                                                                                      

The independent variable was the loading condition with two levels, loading and 

unloading. The baseline measure (preload), intervention (loading), and post-test measure 

(unloading) were sequenced as follows: Preload was defined as the time period right 

before loading and after the 20-minute stabilization when heels were off the bed surface.  

Studies examining skin temperature on the plantar aspect of the foot found that 

stabilization of temperature is achieved after 15 minutes.20, 21 Procedures in this study 

were consistent with these recommendations, ensuring a stable baseline.  Loading was the 

15-minute time period when the heels touched the bed (generated by the subject’s full 

weight of the foot); and Unloading was defined as the 15-minute time period when the 

heels were kept off the bed surface after the heels were placed on the bed surface for 15 

minutes.  The dependent variable was the heel skin temperature.  Subjects were 

encouraged to maintain maximal pain control during data collection. The non-operative 

leg served as a comparison to the operative leg. 

A convenience sample of 18 subjects was recruited from two San Francisco area 

hospitals after approval by the Institutional Review Board for each facility as well as that 

of the University of California, San Francisco.  A preliminary power analysis on 9 

subjects showed significant differences with 80% power.  Included were persons > 21 

years undergoing hip surgery who had both lower extremities intact, a score ≤ 5 on the 

Mental Status Questionnaire (MSQ), an ankle-brachial index (ABI) > 0.9 in both legs, 

intact plantar surface foot sensory perception measured with a 5.07 Semmes-Weinstein 

(S-W) monofilament, and a fasting glucose for diabetics of < 140 mg/dL or a pre-

operative random plasma glucose of 120-180 mg/dL.  Persons with existing chronic foot 

ulcers or medical conditions associated with carbon dioxide retention (i.e., chronic 



                                                                                                                                                                                                      

obstructive airway diseases) were excluded.  Eligibility was determined by the 

researchers through chart reviews, interview of potential subjects and screening tests 

(MSQ, ABI, and S-W monofilament test). Written informed consent was obtained by the 

researcher prior to study procedures.   

Mental Status Questionnaire (MSQ). 

 The MSQ objectively measures a person’s orientation in time and place, remote 

memory, and general knowledge.22 The number of wrong answers and unanswered items 

are counted as errors.  Cut-points are determined by the number of wrong answers.  A 

score of 6 -10 error points generally indicates moderate to severe mental impairment.23  

The test-retest reliability is 0.87 at 2 - 4 weeks.24  Sensitivity (45% - 94%) and specificity 

(96% - 99%) vary according to different cut-points.22  We used an error point of ≤ 5 as an 

indication that the person was mentally competent to consent and follow the study 

protocol. 

Ankle-brachial Index. 

ABI is an indirect method of assessing arterial blood flow in the leg.  ABI is 

obtained using a hand-held Doppler (Park Electronics Model 840) and 

sphygmomanometer to measure systolic pressures in the brachial, dorsalis pedis and/or 

posterior tibial arteries.25  If arterial blood flow is normal, the pressure in the foot or ankle 

should be equal or only slightly higher than that in the arm.  An index of 1.0 to 1.1 is 

considered normal, indices below 0.9 indicate the presence of lower extremity arterial 

disease.25-27 Potential subjects with ABI less than 0.9 in either leg were excluded in this 

study. 

 Semmes-Weinstein (SW) monofilament test. 



                                                                                                                                                                                                      

A 5.07 Semmes-Weinstein monofilament 28, 29 was used to assess sensory 

neuropathy of the feet.  The monofilament is applied perpendicular to the skin for about 

one second with enough force to cause the monofilament to buckle.  These 

monofilaments generate a reproducible bucking pressure and have sizes from 1.65 to 

6.65.  The higher the number of the monofilament, the more difficult it is to bend, and a 

greater force must be applied to bend the monofilament for the patient to feel the 

pressure.30  The inability to feel a point of pressure over the metatarsal heads and toes, the 

medial or lateral midfoot on the plantar surface of the foot (as in diabetic neuropathy) 

represents a sensory loss of about 98%.28  We required subjects to have intact plantar 

sensation, since neuropathy may alter temperature and blood flow responses, and increase 

the risk of pressure ulcers. 

Measurements and Instruments 

Demographic data. 

Demographic data extracted from the participants’ medical record or obtained by 

interview were age, gender, ethnicity and race, smoking history, blood glucose level, co-

morbid medical conditions, type of anesthesia, duration of surgery, estimated blood loss 

during surgery, mobility, pain medications and sedatives.    

Heel skin temperature.  

Heel skin temperature was measured with a Respiratory Support Products (RSP) 

Bi-Temp temperature monitor (model TM-201) (Smiths Industries Medical Systems, 

London) using 400 series thermistors in contact with the skin surface.  Sensors covered 

by tape produced higher mean skin temperatures than uncovered sensors (p<0.05).31 To 

mitigate this error, self-adherent sensors were utilized (i.e., no tape was used to hold 



                                                                                                                                                                                                      

sensors in place). All measurements were conducted in the patient’s hospital room and 

room temperature during data collection was 21- 23 ºC, with a humidity of 60%.   

Pain. 

Pain was assessed using a horizontal Visual Analog Scale (VAS) and when 

present, location was identified on a picture of a body outline.  The VAS measured pain 

intensity on a 10 cm scale (0 cm = no pain, 10 cm = worst pain you can imagine) where 

the participant marked the line at the point that best reflected their pain intensity “at that 

particular moment”.32 The VAS is a reliable measure of subjective pain in the clinical 

setting.32-35   

Procedure 

Data were collected on both legs on the first three post-operative days.  To 

simulate clinical practice, measures were performed with subjects in their natural clinical 

condition.  Some subjects wore anti-embolic stockings (TED Hose, Kendall, Mansfield) 

on all 3 days while some wore them intermittently.  For those with anti-embolic 

stockings, the stocking (plantar foot portion) was pulled back through the opening at the 

posterior aspect of the toes and the thermister attached to the plantar surface of the foot 

adjacent to the heel.  The sensors did not touch the bed surface when the heels were 

placed on the bed.  For participants with the intermittent pneumatic compression devices 

(IPC) on, the device was not manipulated as it extended only to the ankle. The thermister 

was applied to the plantar surface of the foot in a similar location on all subjects.  

All participants were positioned supine in bed.  A pillow was placed under each 

calf to suspend the heels at about 15 degrees from the bed surface. The legs were covered 



                                                                                                                                                                                                      

by a single bed sheet and maintained for 20 minutes.  At the end of 20 minutes, baseline 

values of pain intensity (and location, if applicable) and skin temperature were recorded. 

Loading was performed by removing the pillows and placing the heels in contact 

with the bed surface.  Heel skin temperature was recorded every 3 minutes for 15 minutes 

and at the end of loading.  Both skin temperature and pain were assessed and recorded at 

the end of loading.  

Then, the heels were again suspended above the bed surface on pillows.  During 

this 15 minutes of unloading, heel skin temperature was measured every minute for the 

first 3 minutes and then every three minutes for the remaining 12 minutes.  At the end of 

unloading, both skin temperature and pain were assessed and recorded.  Subjects were 

encouraged to use patient-controlled-analgesia (PCA) and oral analgesic for maximum 

pain control before and during data collection.  All data were collected by the researchers. 

Data Analysis 

The Statistical Package for the Social Sciences (Version 13.0) was used to 

manage and analyze data.  All variables were examined descriptively. Data were 

analyzed with a 3-way repeated measures analysis of variance (RMANOVA) with 3 

within subjects’ factors: leg, day, and time.  The leg had two levels: operative leg and 

non-operative leg. Day had three levels: post-operative day 1, post-operative day 2, and 

post-operative day 3. Time had 11 levels:  preload, loading (3, 6, 9, 12, and 15 minutes), 

and unloading (1, 2, 3, 6, 9, 12, and 15 minutes).  The 3-way RMANOVA design tested 

the main effect of day, leg, and pressure loading time as well as the interaction of day x 

leg, day x pressure loading time, leg x pressure loading time, and day x leg x pressure 

loading time.  Prospectively, a follow-up test for contrast was planned, and subsequently 



                                                                                                                                                                                                      

used, when any of the main effects was significant; similarly, for any interaction, tests of 

simple effects or tests of trends were planned and performed.  A conservative value for 

these post-hoc tests was set prospectively at 0.05 with significance for any one contrast 

equal to 0.05 divided by the total number of contrasts.  This meant that an alpha of < 0.02 

was the criterion for 3 contrasts, < 0.01 was the criterion for 5 contrasts, and < 0.005 was 

the criterion for 10 contrasts.  The relationship of pain and skin temperature was 

evaluated using Pearson Product Moment Correlation.  In addition, the relationships 

between demographic data and the dependent variable were examined using correlation 

analysis.   

Results 

Sample 

Forty people were approached for inclusion in the study and 18 participated.  Of 

the 22 who were not enrolled, 15 refused, 6 had their surgery cancelled or postponed, and 

one did not meet the screening criteria.  Nine subjects were recruited from each of the 

two sites.  

The mean age of the sample was 58.3 ± 16.1 years. Half of the subjects were 

women, 61.1% were Caucasian, 22.2% were Asian, 11.1% African American, and 5.6% 

Hispanic.  Most had degenerative joint disease (88.9%), while a small percentage had a 

fracture (11.1%).  All subjects had one or more concurrent diseases, with hypertension 

being the most frequent secondary diagnosis (27.8%), followed by coronary artery 

disease (11.1%).  Mean ABI in 13 subjects was 1.0 ± 0.08 in the non-operative leg and 

1.0 ± 0.14 in the operative leg, indicating peripheral arterial disease was unlikely.  Five 

subjects refused ABI measurement but had no documented peripheral arterial disease.  



                                                                                                                                                                                                      

One subject was a current smoker.  No subjects had sensory loss in their feet or had 

diabetes mellitus.  Most persons underwent general anesthesia (83.3%), were American 

Society of Anesthesia (ASA) classification II (58.5%), with a median surgery duration of 

2.5 hours (interquartile range 111 - 285 minutes), and median estimated blood loss of 400 

ml (interquartile range 200 – 650 ml)(Table 1).  Pain assessment during preload, loading, 

and unloading yielded a range of scores from 0 to 8.  Most subjects (n = 14) denied 

having pain or had minimal pain while resting in bed.  A few subjects (n = 4) complained 

of moderate to severe pain due to muscle spasm.  Pain level did not fluctuate during the 2 

hours of data collection.   

Study Question 1: Was there a difference in heel skin temperature in the non-operative 

leg compared to the operative leg during repeated loading and unloading conditions in 

hip surgery patients on postoperative day 1, 2, and 3? 

There was an overall trend of change in heel skin temperature in both legs during 

loading and unloading compared to preload (p < 0.01) on all 3 post-op days (Figure 1).  

Heel skin temperature in both legs increased during loading and unloading on post-op 

days 1 (p < 0.01) and 3 (p = 0.04).  Heel skin temperature on post-op day 2 was not 

significantly different and there was no significant difference in the skin temperature in 

the operative and non-operative leg.  Mean heel skin temperature on each leg over the 

first 3 post-operative days is presented in Table 2.   

Study Question 2: Was there a difference in heel skin temperature during the first 3 

minutes of unloading compared to the last minute of loading on post-operative day 1, 2, 

and 3 after hip surgery? 



                                                                                                                                                                                                      

Heel skin temperature in the non-operative leg decreased in each of the first 3 

minutes of unloading only on post-op days 2 (p = 0.02) and 3 (p < 0.01).  There was no 

heel skin temperature change in the first 3 minutes in the operative leg over the 3 days 

(p > 0.05) (Figure 2).  

 
Discussion 

 
This study examined the relationships between external pressure and heel skin 

temperature in the operative and non-operative leg after hip surgery in 18 adults.  Heel 

skin temperature increased during loading and unloading on days 1 and 3 in both legs.  

Heel skin temperature decreased only in the non-operative leg during the first 3 minutes 

of unloading on post-op days 2 and 3.  Since the difference in skin temperature was small 

and relatively inconsistent when comparing the three post-op days, the data must be 

interpreted with caution. There was a possibility that the statistical difference detected 

was secondary to a potential lack of clinical significance in the difference in skin 

temperature. 

Loading 

Heel skin temperature in our study increased significantly during loading.  This 

finding is consistent with the findings of Sae-Sia and colleagues (2007) who 

demonstrated an increase in sacral skin temperature during pressure loading of 2 hours.36  

The mean sacral skin temperature at the end of the 2-hour lying in the supine position 

(loading) was compared to that in the lateral position (baseline) in subjects with spinal 

cord injury (n = 20), orthopedic trauma (n = 30), and healthy conditions (n = 47).36  The 

increase in sacral skin temperature during loading was observed in all study groups but 

was the lowest in the spinal cord injury group when compared with the other 2 groups (p 



                                                                                                                                                                                                      

< 0.01).  The authors suggested that people with spinal cord injury may have problems 

with microvascular function, contributing to the difference in temperature response.  

Other studies confirm that loading increases skin temperature but the variability in 

duration of loading may confound these temperature responses.8, 11   

Increase in skin temperature has been shown in pressure induced erythema in the 

ischial tuberosity in 6 individuals with spinal cord injury at or above the thoracic level.  

Skin temperature at the erythematous center remained elevated one hour after pressure 

relief.37 The authors postulated that the elevated skin temperature was due to an increased 

capillary flow in the underlying tissue, increased tissue metabolism, and a mild 

inflammatory response.  Another study on hospitalized neurologically impaired patients 

in Thailand revealed that increased sacral skin temperature predicted subsequent pressure 

ulcer development.38 Mean sacral skin temperature in subjects who developed a pressure 

ulcer (stage 1 and II) was higher than those who did not develop a pressure ulcer during 

both loading (p < 0.01) and unloading (p < 0.01) at both the initial and subsequent 

assessments.  These findings may be confounded by the fact that this study was 

conducted in a non-air conditioned hospital in hot temperatures and patients may have 

experienced changes in their thermoregulatory mechanism from neurological damage.38 

In addition, these subjects were either bed- or chair-bound before data collection and 

deep tissue damage might have already occurred.  Regardless, the increased sacral skin 

temperature during loading and unloading was associated with compromised tissue 

perfusion and pressure ulcer development.  

The relationship among inflammation, blood flow, and skin temperature was 

examined in a study that compared skin blood flow, skin temperature, and transcutaneous 



                                                                                                                                                                                                      

oxygen on the medial aspect of the lower leg in subjects with (n = 31) and without 

chronic venous disease (n = 24).39 Measurements were taken once a week for three 

consecutive weeks with laser Doppler, infrared thermometer, and transcutaneous 

oximeter respectively.  Participants with chronic venous disease had no open ulcers.  Skin 

temperature was found to be consistently higher at weeks 1, 2, and 3 (p < 0.05), blood 

flow was higher at weeks 1 and 3, while transcutaneous oxygen was lower at weeks 1 and 

3 in the chronic venous disease group.39  The authors suggested that inflammation might 

have affected heat production and retention in the skin.  However, no direct measure of 

inflammation was reported in this study. 

Loading in our study produced increased local skin temperature on the heels, a 

possible indication of tissue inflammation under the skin.  However, with only 15 

minutes of loading, it is unlikely that inflammation was the major cause.  Since increased 

skin temperature has been shown to involve deep tissue,40 leaving the heels on the bed 

surface may have further increased skin temperature, leading to a higher risk of heel 

tissue damage.  The mattress and its covers also may retain heat, producing a warming 

effect on the heels.  

The reduction in skin blood flow in our study in response to external pressure is 

inconsistent with other studies that have shown increased skin blood flow with various 

loading magnitudes.9-10  Of interest are the variations in blood flow in response to the 

magnitude of pressure in a study on 10 young adults.  Incremental indentation was 

applied to the sacrum using a computer-controlled indenter; skin blood flow was 

measured by laser Doppler.41 The indenter system consisted of a 36 mm diameter probe 

which incorporated the indenter, temperature sensor, heating head, and laser Doppler 



                                                                                                                                                                                                      

probe.  Mean skin blood flow decreased as pressure increased from 0 to 15 mmHg but 

increased as pressure increased from 15 to 60 mmHg.  The authors suggested a myogenic 

mechanism may be responsible for these differences where skin blood flow is mediated 

by changes in transmural pressure of the blood vessels.41  Loading pressure in our study 

was not controlled or measured but the variations in transmural pressure may have 

contributed to changes in skin blood flow. 

Tissue damage, inflammation and the warmth created from wearing external 

stockings might also partially explain the increased skin temperature.  Heat can be 

trapped by stockings, sequential compression devices, and cover sheets.  Since skin blood 

flow plays an important role in transporting heat from the skin surface, external pressure 

that impedes blood flow may lead to an increase in skin temperature.42 Perfusion in our 

study decreased during loading as reflected in the reduction of skin oxygenation.43 The 

corresponding increase in skin temperature may be related to impaired heat dissipation 

instead of increased perfusion. 

Unloading 

An increase in skin temperature during the immediate unloading period is usually 

indicative of reactive hyperemia.  This study sought to evaluate reactive hyperemia by 

examining temperature minute by minute for the first 3 minutes of unloading.  During the 

immediate pressure unloading period, a decrease in heel skin temperature was evident in 

the non-operative leg on post-op days 2 and 3.  The operative leg did not show a reduced 

temperature response, thus, heat dissipation and perfusion might be different between the 

non-operative and operative legs.  Other investigators have also reported a reduction in 

skin temperature during the immediate unloading period before temperature increased 



                                                                                                                                                                                                      

again.36  Thermography of the forearm after loading showed a 1-3 minute time lapse 

before temperature increased to a maximum.44  Differences may be due to blood flow as 

upper extremities consistently have better perfusion than heels.  In another study, the 

immediate decrease in skin temperature during unloading was shown when the thermal 

response of cyclic pressure on the lower leg of human subjects (n = 3) was examined.45  

Skin temperature was recorded every 30 seconds in this small sample at the pressure 

unloading site and a contra lateral site using an infrared temperature sensor.  Temperature 

decreased immediately after unloading and then increased, prompting authors to postulate 

reperfusion as a possible mechanism.  In our study, skin temperature was recorded every 

60 seconds for the first three minutes, and therefore may not have captured a very brief 

reduction in temperature at the beginning of unloading. Whether the sudden decrease in 

temperature represents an increase in blood flow after release of pressure in the non-

operative leg is not clear.   

After the brief period of hyperemia (the immediate first three minutes of 

unloading), heel skin temperature during the remaining unloading period increased in 

both legs on postoperative days 1 and 3.  It is unclear why there was no significant 

change in skin temperature during unloading on day 2.  Other studies have also shown a 

rise in skin temperature during unloading.11, 13, 14 Skin temperature in these studies 

remained elevated even in the immediate unloading period. 

Pain 

Literature on the relationship between pain and skin temperature is scarce.  For 

example, it is not known if pain relates to a higher skin temperature in the peri-wound 

area or if changes in skin temperature indicate perfusion changes.38 Pain could be both a 



                                                                                                                                                                                                      

confounder and an effect modifier.  Further work is needed to understand the role of pain 

and temperature. 

Strengths and Limitations 

Heel skin temperature was measured in the clinical environment.  Although the 

environmental temperature and humidity were fairly constant, there was some variation 

in heel skin temperature within individuals over the 3 days.  The differences were small 

and are consistent with normal subject’s core body temperature variability. Temperature 

variance was greater on post-op days 2 and day 3 than on day 1. Further research needs to 

systematically control or measure factors that might contribute to this phenomenon, such 

as sequential compression devices, leg mobility, and edema.  Most subjects were wearing 

anti-embolic stockings during data collection and this may have had a warming effect on 

the feet, confounding the interpretation of the findings. Due to the small sample size of 

subjects wearing leg devices, it was not meaningful to examine the variance separately. 

Because of the technical difficulty of placing the sensors, consistent sensor placement 

could not be assured on each data collection day, and this may have contributed to intra-

subject variability.  Pain after hip surgery could be a confounder or effect modifier.  

Since subjects were encouraged to use pain medications, there is no variability in the data 

to examine pain as a variable.  Despite these limitations, this study demonstrates a heel 

skin temperature response to external pressure in the clinical setting.  

Implications and Recommendations  
 

The important finding from this study is that there was a trend for heel skin 

temperature to increase after placing the heels on the bed surface for 15 minutes and this 

increase continued after the heels were removed from the bed surface.  Even this 



                                                                                                                                                                                                      

relatively short period of pressure loading seemed to have a lasting effect on skin 

temperature.  Keeping the heels off the bed surface at all times may avoid heel skin 

temperature changes, enhance heat dissipation, and prevent deep tissue damage.  The 

inconsistent temperature change in the operative leg upon unloading suggests possible 

inflammation, edema, impaired perfusion or heat dissipation.  This finding underscores 

the fact that post-operative patients are at significant risk for pressure ulcer development 

and pressure ulcer prevention is imperative after hip surgery.  

Future studies on the development of heel pressure ulcers need to explore the 

response of heel skin temperature to bilateral pressure loading and unloading 

longitudinally in an age and gender matched non-surgical population.  Equally important 

is the examination of the effect of edema and compression stockings on heel skin 

temperature, and whether skin temperature is an accurate indicator of pressure-induced 

reactive hyperemia.  Finally, studies must examine whether ethnicity impacts skin 

temperature.    
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Table 1.  
 
Surgery Related Information 

 
           Percentage             n 

 

  Previous hip surgery     44.4                 8 

  Type of anesthesia   

 General     83.3                       15 

 Epidural/spinal     16.7                3 

  ASA classification (physical status) 

 I        5.6                   1 

 II      55.5                       10 

 III      33.3                 6 

 IV        5.6                   1 

 

                                                                               

 

                                                                                    Median                    n 

 

  Median duration of surgery in minutes (IQR) 160 (174)                 18 

  Median estimated blood loss in millimeter (IQR) 400 (450)          18 

 



                                                                                                                                                                                                      

Table 2. 

Mean Heel Skin Temperature in the Non-operative and Operative Leg (n = 18) 

   
Conditions          
            Mean heel temp (°C) (SD) 
 Non-operative leg Operative leg 
_____________________________________________________________________________________ 
   
Post-op day 1   
Preload 32.6 (2.3) 32.9 (2.7) 
Loading (15 mins) 33.1 (2.7) 33.1 (2.5) 
Unloading (15mins) 33.3 (2.5) 33.5 (2.4) 
   
Post-op day 2   
Preload 33.0 (3.3) 32.7 (3.4) 
Loading (15 mins) 33.1 (2.6) 33.2 (3.3) 
Unloading (15 mins) 33.3 (2.5) 33.1 (3.2) 
   
Post-op day 3   
Preload 32.0 (3.4) 32.1 (3.3) 
Loading (15 mins) 33.1 (3.4) 33.1 (3.3) 
Unloading (15 mins) 33.3 (3.2) 33.4 (3.2) 
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Figure 1.

Mean heel skin temperature (± SD) during preload, loading, and unloading in the operative and non-operative 
leg on the first 3 post-operative days.

Heel skin temperature in both legs increased over time during loading and unloading as compared to preload (p = 
0.001). The change over time did not depend on the day or the leg.



                                                                                                                                                                                                      

Figure 2.  

Mean heel skin temperature (± SD) in the non-operative leg and operative leg during the first 3 
minutes of unloading on the first 3 post-operative days.

Heel skin temperature in the non-operative leg did not change from the 15th minute of loading to the first 3 
minutes of unloading on post-op day 1.  Heel skin temperature decreased in the first 3 minutes of unloading 
on post-op days 2 (p = 0.021) and 3 (p = 0.002).  Heel skin temperature in the operative leg did not differ in 
the first 3 minutes of unloading from loading at the 15th minute in all 3 post-operative days.
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