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ABSTRACT 

This study compared ankle range of motion (AROM) 
including dorsiflexion, plantar flexion, inversion and 
eversion, and venous refill time (VRT) in leg skin in- 
flamed by venous disorders, before and after a new 
cryotherapy ulcer prevention treatment. Fifty-seven- 
individuals participated in the randomized clinical 
trial; 28 in the experimental group and 29 received 
usual care only. Results revealed no statistically sig- 
nificant differences between the experimental and 
usual care groups although AROM measures in the 
experimental group showed a consistent, non-clini- 
cally relevant decrease compared to the usual care 
group except for dorsiflexion. Within treatment group 
comparisons of VRT results showed a statistically sig- 
nificant increase in both dorsiflexion and plantar fle- 
xion for patients with severe VRT in the experimental 
group (6.9 ± 6.8; p = 0.002 and 5.8 ± 12.6; p = 0.02, 
respectively). Cryotherapy did not further restrict 
already compromised AROM, and in some cases, 
there were minor improvements. 
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1. INTRODUCTION 

Ankle range of motion (AROM) is impaired in individu- 
als with chronic venous disorders and was the focus of 
this study to determine the efficacy of using a cryother- 
apy gel wrap on leg skin circulation where skin damage 
and healed venous ulcers were present. The randomized 
clinical trial compared a usual care protocol to a spe- 
cially-designed cooling gel wrap applied to the lower leg 
and ankle area combined with usual care for 30 minutes 
a day for one month. The aim was to determine if cooling 
the skin and ankle area further restricted AROM. The 
long-term objective is to demonstrate that cooling the 
skin could prevent new leg ulcers in damaged skin and 
reduce the recurrence of ulcer in individuals with a his- 

tory of ulcers associated with chronic venous disorders. 
It is estimated that 7 million people in the United 

States are affected by chronic venous disorders such as 
venous insufficiency and venous disease [1]. These dis- 
orders impact the structure and function of the lower 
extremity vasculature, typically involving the ankle, where 
range of motion is impaired, and the skin becomes dam-
aged. New ulcers develop in the skin around or just 
above the ankle in approximately 600,000 patients each 
year [2]. An additional 2.5 to 3 million suffer with 
chronic, slow-to-heal lower leg ulcers at any given time 
[3]. The inability to effectively prevent and treat chronic 
venous disorders contributes substantially to the high rate 
of chronicity and disease sequelae, including a lifetime 
of recurring leg ulcers. 

The disease sequelae, in part, stems from sustained am- 
bulatory venous hypertension, hypothesized to be the 
underlying pathological event that eventually results in 
the stretching of the vein pores. The stretching allows 
blood components to leak into the interstitial tissues, in- 
citing an inflammatory reaction that causes skin damage 
and ulceration [4,5]. It is suggested that venous hyper- 
tension and deterioration of the calf muscle pump are 
related. Loss of AROM, particularly dorsiflexion, has 
been implicated as a potential factor contributing to inef- 
fective calf muscle pumping, affecting between 32% and 
70% of patients with venous insufficiency [6,7]. Studies 
have demonstrated a relationship between ineffective calf 
muscle function and impaired AROM [8,9], where the 
ability of the calf muscle to effectively pump or eject 
blood out of the lower leg is reduced, resulting in blood 
stasis in the large and perforating vessels. In particular, 
the ankle skin below the calf is affected due to the 
backup of blood into abundant cutaneous blood vessels 
located in this region of the leg. Regardless of whether 
calf muscle dysfunction is present, studies show a strong 
relationship between chronic venous disorders and im-
paired AROM [6,10-12]. 

A host of other factors play a role in patients with 
chronic venous disorders and impaired AROM. Co- 
morbid conditions such as obesity [13,14], diabetes [15], 
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and arthritis [16,17] have been found to be associated 
with ankle stiffness, reduced dorsiflexion range of mo- 
tion, and leg ulcers. Treatment of edema associated with 
chronic venous disorders with compression is an addi- 
tional confounding factor that likely influences AROM. 
Multi-layer high compression (40 - 50 mm Hg), applied 
from the base of the toes to just below the knee, is the 
mainstay of leg ulcer management. However, high com- 
pression restricts ankle joint movement [18]. Finally, 
pain, a common accompaniment of leg ulcers, hampers 
AROM because patients find that even small movements 
in their feet and lower legs can cause discomfort and 
achiness, thus leading to lack of physical activity and 
stiffness of joints [19]. Due to a multitude of factors, 
intervention strategies to ameliorate impaired AROM 
remain elusive. 

2. METHOD 

This study builds on a larger randomized controlled trial 
to test a cryotherapy (cooling) treatment on leg skin 
around the ankle in patients with severe venous insuffi- 
ciency [20]. The purpose of this study arm, also a ran- 
domized trial, was to examine the relationships among 
AROM (specifically dorsiflexion, plantar flexion, inver- 
sion and eversion), venous refill time (VRT) of the cuta- 
neous vessels above the medial malleolus of the most 
severely affected leg (an outcome variable for the pri- 
mary study), and ankle circumference (AC), before and 
after the cooling intervention. We also evaluated AROM 
by categories of body mass index (BMI) and AC, recog- 
nizing that higher BMIs and larger ACs could nega-
tively impact AROM. We hypothesized that there would 
be no differences in AROM for VRT and AC after the 
cooling treatment. The rationale for this investigation 
was that using ice or cyrotherapy, a widely accepted 
and practiced treatment for inflammation associated 
with acute soft tissue injury, could be applied to chroni-
cally-inflamed-skin to reduce swelling, and improve 
circulatory function [21]. However, little is known 
about the effects of cooling chronically inflamed skin 
and joint mobility. We did not want to further restrict 
AROM with the cooling therapy, however, we were 
interested to learn if cooling the ankle region affected 
by chronic venous disorders might have a positive effect, 
such as improving AROM. 

2.1. Sample 

In accordance with Institutional Review Board study 
approval, sixty patients from wound clinics, primary care 
practices, and the general community were recruited, 
consented, and enrolled in the one-month trial conducted 
2008-2010. If eligible after screening, patients were en- 
rolled and randomized to receive the cooling treatment 

coupled with usual care (n = 30) or usual care only (n = 
30). Inclusion criteria were age 21 years or older, diagno- 
sis of chronic venous disorders, ankle brachial index 
(ABI) 0.8 - 1.3 mm Hg (arterial sufficiency) measured 
with a blood pressure cuff and Doppler, Clinical-Etio- 
logical-Anatomical-Pathological (CEAP) [22] stages C4 
(skin damage) or C5 (history of venous leg ulcers), intact 
skin sensation measured at the plantar surface of the foot 
with a 10 gram monofilament, intact thermal sensation 
measured over the dorsum of the foot with a thermal 
sensor (Tip Therm, Bailey Instruments LTD, Salford 
Quays, England), and venous refill time (VRT) ≤ 25 
seconds (indicates venous insufficiency) measured with a 
handheld venous photoplethysmograph (PPG) (Hunt- 
leigh, Eatontown NJ). Subjects also had to have a work- 
ing freezer to store the cooling wrap and agree to wear 
compression during waking hours. 

Exclusion criteria were having an open ulcer, surgical 
procedures performed on the affected leg in past one year 
(which can affect venous circulation/cause edema), im- 
paired cognitive status (cannot perform procedures), chro- 
nic inflammatory and vascular conditions such as Lupus 
erythematosus, lymphedema, Raynaud’s phenomena or 
disease, rheumatoid arthritis, scleroderma, end stage re-
nal disease, chronic obstructive pulmonary disease, chro- 
nic regional pain syndrome, multiple sclerosis, hypersen-
sitivity to cold, or patients on chemotherapy (blood flow 
of the skin or AROM might be impacted). 

2.2. Procedures 

The experimental conditions consisted of a daily 30- 
minute treatment with a cooling gel wrap (Southwest 
Technologies, Kansas City, MO) placed over the lowest 
portion of the leg around the ankle of the most affected 
leg. The experimental group patients also engaged in 
usual care that consisted of the wearing of compression 
stockings (except during treatment and at night) and 30 
minutes of leg elevation daily. Patients randomized to the 
usual care (only) group wore compression stockings 
(except during treatment and at night) and elevated their 
legs for 30 minutes without using the cooling wrap. Both 
groups measured the lower leg skin temperature with a 
long handled infrared thermometer (Temp Touch, Dia- 
betica Solutions, San Antonio, TX) at an inked spot, 
measured 5 cm above the medial malleolus, before and 
after each treatment, and recorded it on a log sheet. This 
inked area was the location on the lower leg chiefly af-
fected by venous insufficiency with damaged skin. The 
purpose of temperature monitoring was to prevent exces-
sive cooling or frostbite and to track adherence. The goal 
was to have skin temperature at the ankle reduced by 
10˚C to 15˚C from baseline, in contrast to the standard 
25˚C used to reduce metabolic activity from acute injury. 
If the temperature was outside of the range, patients were 
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to call the study nurse. 

2.3. Study Endpoints and Instruments 

2.3.1. AROM 
Plantar flexion and dorsiflexion were measured with a 

standard 
1

12
2

 inch plastic goniometer while inversion 

and eversion were measured with an 8 inch plastic go- 
niometer (Sammons Preston Rolyan Company, Cedar- 
burg, WI). Measurements were reported in degrees. 
Normal values for this study were: Ankle plantar flexion 
(movement downward) ~50˚; ankle dorsiflexion (move- 
ment upward) ~20˚; foot inversion (turned inward) ~35˚; 
and foot eversion (turned outward) ~20˚ [23]. One study 
nurse, using the same goniometer for each measurement, 
collected all study data. Trained by a physical therapist 
(PT) using the procedure described by Norkin and 
White [23], she began AROM measurements in the 
study after she achieved 100% interrater agreement 
with the PT’s goniometric readings. The goniometer 
used in this study has intrarater reliability using intra-
class correlation coefficient (ICC) of 0.92 for dorsi-
flexion and 0.96 for plantar flexion [24]. ICC for inver-
sion and eversion is reported as high as 0.90 and 0.80 
respectively [25]. 

2.3.2. Venous Refill Time 
Venous refill time (VRT), measured with a hand-held 
photoplethysmograph (PPG), detects venous reflux, an 
indicator of venous insufficiency. VRT is defined as the 
time it takes blood to refill the microcirculation after a 
series of 10 foot dorsiflexions, toes lifted up with heel 
firmly planted, conducted with the patient in the seated 
position, knees bent, and feet flat on the floor. Dorsi-
flexions cause the calf muscle to contract and empty the 
veins. The time taken to refill the small cutaneous ves-
sels at the ankle was then measured with a probe placed 
five cm above the medial malleolus, and recorded in 
seconds with the PPG (Huntleigh, Eatontown NJ). 
Findings of ≤ 25 seconds indicate that the calf pump is 
ineffective in ejecting blood and thus, the engorged lar-
ger vessels quickly refill the smaller vessels, an abnormal 
finding [26]. The PPG used in this study has an intrarater 
reliability using ICC reported as high as 0.98 [27]. 

2.3.3. Ankle Circumference 
A standard tape measure was used to measure the cir- 
cumference of the ankle, five cm above the medial 
malleolus, at the same location where VRT was meas-
ured, while the patient was in the standing position. 
This measurement provided an estimation of the pres-
ence of edema. Both legs were measured for compari-
son. 

2.4. Study Power 

As AROM measures were secondary outcomes for the 
larger, randomized study, the study was not adequately 
powered to detect statistically significant differences in 
AROM measurements between the treatment and usual 
care groups. However, for the between group (cooling 
versus usual care) comparison of AROM change from 
baseline to follow-up, based on a two-sided pooled t-test 
comparison with level of significance  = 0.05, there 
was approximately 80% power to detect a difference of 
0.8 standard deviation (SD) units. 

2.5. Data Analysis 

The study sample was described in terms of demographic 
and clinical characteristics using measures of central 
tendency or frequency distributions. For comparisons 
between the treatment groups, pooled t-test or chi-square 
tests were used. AROM means were compared between 
baseline and follow-up within treatment groups (cooling 
and usual care) using Wilcoxon Signed Rank tests, while 
AROM means were compared between VRT levels using 
Kruskal-Wallis tests. Similarly, means and SDs for AROM 
measures were reported for two levels of ankle circumfer-
ence (AC): 25 cm or less versus more than 25 cm within 
the treatment groups. Within each treatment group AROM 
mean change from baseline to follow-up was compared 
using pooled t-tests and AROM differences in means at 
baseline and at follow-up between the AC levels were 
compared using Wilcoxon Signed Rank tests. In addition, 
adjusted AROM means from general linear models 
(GLM) are reported using change in AROM measure 
from baseline to follow-up as dependent measures, treat- 
ment group as primary independent variable of interest 
adjusted for baseline AROM measurement and individu-
ally for number of previous ulcers, VRT level, ankle cir-
cumference, and BMI. Mean differences in adjusted 
AROM measure between the groups are reported along 
with 95% confidence intervals. Further, distributions of 
mean eversion-inversion flexion and mean dorsi-plantar 
flexion at baseline by BMI category (normal: 18.5 - 24.9; 
overweight: 25.0 - 29.9; obese: 30 - 39.9; morbidly obese: 
>40.0) are shown. 

3. RESULTS 

Of the 60 patients consented and enrolled, a total of 57 
completed the study (n = 28 experimental and n = 29 
usual care). One patient dropped out due to personal 
reasons, one was lost to follow-up, and one was with- 
drawn due to sustaining a traumatic wound to the unaf- 
fected leg over which she could not wear compression 
stockings. Overall the mean age was 61.2 ± 12.7; 70.2% 
were female, 50.9% were African-American or Black, 
and 47.4% were White. The majority of participants were 
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obese or morbidly obese (see Table 1). At the start of the 
study, individuals randomized to receive the cooling- 
treatment had statistically significantly smaller ankle cir- 
cumferences (24.9 ± 3.6 versus 27.3 ± 4.9; p = 0.05). 
Participants randomized to cooling started out with sta- 
tistically significantly higher plantar flexion compared to 
the usual care group (26.7 ± 7.9 vs. 22.2 ± 7.5, p = 0.03). 
All participants had considerably lower AROM (dorsi- 
flexion, plantar flexion, inversion and eversion) com- 
pared to normal values. 

Study Endpoints 

Table 2 reports mean AROM measures from GLMs ad- 
justed for putative predictor variables. After adjustment, 
there were no statistically significant differences between 
the experimental and usual care groups although AROM 
measures in the experimental group showed a consistent 
decrease compared to the usual care group except for 
dorsiflexion. 

Within treatment group comparisons of VRT levels 
results showed a statistically significant increase in both 
dorsiflexion and plantar flexion for patients with severe 
VRT levels in the cooling group (6.9˚ ± 6.8; p = 0.002 
and 5.8˚ ± 12.6; p = 0.02, respectively). No further statis-
tically significant differences in AROM measures of dor-
siflexion, plantar flexion, inversion, or eversion at base-
line and after the 30-day study period for VRT were 
found (Table 3). Furthermore, no statistically significant 
differences were noted when between-group analyses 
were performed for VRT levels. 

For the ankle circumference category 25 cm or less a 
statistically significant increase in dorsiflexion was ob- 
served in the usual care group (8.2˚ ± 6.4; p = 0.002) 
while the increase was not significant in the cooling 
group (3.5˚ ± 7.7; p = 0.10). Though only marginally 
statistically significant in the cooling group, inversion 
was almost 5˚ less after 30 days for patients with larger 
ankle circumferences compared to those with thinner 

 
Table 1. Demographic and clinical characteristics at baseline (n = 57). 

 Cryotherapy (n = 28) Usual care (n = 29) p-Value 

Age (mean [SD]) 61.6 (12.1) 60.9 (13.4) 0.851 

Age categories   

35 - 49 years 17.9% ( 5/28) 17.2% (5/29) 

50 - 69 years 53.6% (15/28) 55.2% (16/29) 

70 years or older 28.6% (8/28) 27.6% (8/29) 

0.993 

Gender (Female) 71.4% (20/28) 69.0% (20/29) 0.839 

Race/ethnicity   

White 46.4% (13/28) 48.3% (14/29) 

African-American 50.0% (14/28) 51.7% (15/29) 

Latino 3.6% (1/28) 0 

0.992* 

Occupation   

Professional 42.9% (12/28) 44.8% (13/29) 

Technical 32.1% (9/28) 20.7% (6/29) 

Labor 25.0% (7/28) 34.5% (10/29) 

0.562 

Residence (Urban) 78.6% (22/28) 79.3% (23/29) 0.946 

BMI (mean [SD]) 36.8 (11.5) 39.3 (12.1) 0.439 

BMI categories   

Normal (18.5 - 24.9) 10.7% (3/28) 17.2% (5/29) 

Overweight (25.0 - 29.9) 21.4% (6/28) 10.3% (3/29) 

Obese (30.0 - 39.9) 32.1% (9/28) 24.1% (7/29) 

Morbidly obese (≥40.0) 35.7% (10/28) 48.3% (14/29) 

0.341** 

Calf circumference (mean [SD]) 42.5 (7.0) 44.0 (6.3) 0.419 

Ankle circumference (mean [SD]) 24.9 (3.6) 27.3 (4.9) 0.035 

Doppler VRT (mean [SD]) 18.1 (13.8) 12.7 (12.6) 0.110 

Compression stockings (Yes) 75.0% (21/28) 55.2% (16/29) 0.117 

*From Chi-square test for White vs. African-American only; **From Chi-square test for Normal or Overweight vs. Obese vs. Morbidly obese. 
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Table 2. Adjusted means (and standard errors)* from general linear models with change in AROM measures from baseline by treat-
ment group. 

Eversion Cryotherapy Usual care Difference 95% CI p-value 

#previous ulcers 1.35 (1.47) –1.30 (1.44) 2.65 –1.52; 6.82 0.208 

VRT level 1.53 (1.49) –1.88 (1.50) 3.42 –0.89; 7.72 0.117 

Ankle circumference 1.61 (1.46) –1.60 (1.44) 3.22 –0.99; 7.42 0.131 

BMI 1.34 (1.47) –1.29 (1.44) 2.63 –1.55; 6.81 0.213 

Inversion Cryotherapy Usual care Difference 95% CI p-value 

#previous ulcers 1.95 (1.52) –1.19 (1.49) 3.14 –1.16; 7.44 0.149 

VRT level 2.57 (1.51) –1.37 (1.52) 3.94 –0.40; 8.28 0.074 

Ankle circumference 2.28 (1.48) –1.58 (1.46) 3.86 –0.39; 8.11 0.074 

BMI 1.93 (1.52) –1.17 (1.49) 3.11 –1.19; 7.40 0.153 

Dorsiflexion Cryotherapy Usual care Difference 95% CI p-value 

#previous ulcers –3.12 (1.41) –3.43 (1.39) 0.31 –3.68; 4.30 0.877 

VRT level –2.94 (1.47) –3.38 (1.50) 0.43 –3.80; 4.66 0.839 

Ankle circumference –2.63 (1.40) –3.98 (1.37) 1.35 –2.63; 5.34 0.498 

BMI –3.04 (1.43) –3.51 (1.40) 0.48 –3.56; 4.51 0.814 

Plantar flexion Cryotherapy Usual care Difference 95% CI p-value 

#previous ulcers 0.43 (1.70) –1.52 (1.66) 1.95 –2.92; 6.81 0.426 

VRT level 0.30 (1.73) –0.98 (1.76) 1.28 –3.79; 6.35 0.615 

Ankle circumference 0.62 (1.71) –1.73 (1.68) 2.36 –2.59; 7.30 0.344 

BMI 0.42 (1.69) –1.51 (1.66) 1.94 –2.92; 6.79 0.428 

*Adjusted for baseline AROM measure and individually for number of previous ulcers, VRT level, ankle circumference, BMI. 

 
ankles (17.7˚ ± 6.5 vs. 24.4˚ ± 9.5; p = 0.06). For plantar 
flexion in both AC groups, there was a non-statistically 
significant decrease after cooling. Study participants in 
the lower BMI groups tended to have higher AROM 
measurements compared to heavier participants. 

4. DISCUSSION 

Our patients having the severest stages of chronic venous 
disorders, CEAP 4 (skin damage) and 5 (history of ulcers) 
showed reduced AROM at the start of the study to about 
two-thirds below normal values. The cooling treatment 
group did not experience a further statistically significant 
reduction in AROM, the key finding of this study. While 
there was a statistically significant difference in dorsi- 
flexion in the usual group with AC < 25 cm, these dif- 
ferences were not considered to be clinically important 
as this group was small (n = 17) and had better AROM at 
the start of the study. While the primary aim of the study 
was to establish relationships among AROM, VRT, and 
AC, before and after the cooling intervention, there was a 
concern that applying a cooling wrap to functionally 
compromised ankles could further reduce AROM. The 
hypothesis that there would be no differences in primary 
endpoints AROM, VRT, and AC after the cooling treat- 
ment within and between the treatment groups was only 

partially supported. Certain demographic and clinical fac- 
tors may have had an impact on study findings. 

4.1. Demographic and Clinical Factors 

Ankle motion may be affected by certain demographic 
and clinical characteristics of the study population. The 
average age of the sample was 61 years. While age-re- 
lated changes intuitively sound like a plausible explana- 
tion of reduced ankle motion, no research evidence sug- 
gests normal aging as a major cause: Study results are 
conflicting and data from recent research studies are not 
forthcoming. Findings from an older study of strength 
and range of motion published in 1986, measured in 20 
normal men and 20 normal women divided equally into 
age groups (25 - 35 and 50 - 60 years), were not statis- 
tically significantly different between the age groups, 
genders or dominant and non-dominant limbs [28]. An-
other older study found age-related differences in ankle 
joint range of motion in 120 children (range 9 - 13 years), 
adolescents (14 - 16 years), and young adults (17 - 20 
years) compared to data published for older subjects (21 - 
79 years) [29]. Findings suggest a consistent downward 
trend in AROM from a maximum at 14 to 16 or 17 to 20 
years to a minimum after age 60 years and this average 
decrement was greater for females than for males. The 
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Table 3. Means (SD) of AROM measures by VRT level and study group. 

Cryotherapy 

Eversion Baseline Follow-up Difference p-Value* 

VRT level: Marginal (21 - 25) n = 7 27.9 (8.6) 27.1 (7.6) –0.7 (6.1) 0.999 

VRT level: Moderate (10 - 20) n = 13 27.7 (11.8) 26.9 (11.6) –0.8 (10.6) 0.857 

VRT level: Severe (<10) n = 8 33.8 (8.4) 28.1 (10.3) –5.6 (6.8) 0.063 

p-value** 0.407 0.851 0.334  

Inversion     

VRT level: Marginal (21 - 25) n = 7 26.4 (6.9) 22.1 (7.0) –4.3 (6.7) 0.250 

VRT level: Moderate (10 - 20) n = 13 23.1 (10.3) 22.7 (10.5) –0.4 (8.0) 0.955 

VRT level: Severe (<10) n = 8 25.6 (7.8) 20.0 (8.5) –5.6 (10.8) 0.250 

p-value** 0.611 0.828 0.298  

Dorsiflexion     

VRT level: Marginal (21 - 25) n = 7 8.6 (8.5) 12.9 (7.0) 4.3 (9.8) 0.313 

VRT level: Moderate (10 - 20) n = 13 11.2 (8.7) 15.4 (8.5) 4.2 (7.3) 0.089 

VRT level: Severe (<10) n = 8 11.9 (8.8) 10.0 (10.0) –1.9 (9.2) 0.625 

p-value** 0.630 0.423 0.244  

Plantar flexion     

VRT level: Marginal (21 - 25) n = 7 25.0 (5.8) 22.9 (6.4) –2.1 (3.9) 0.375 

VRT level: Moderate (10 - 20) n = 13 25.2 (6.5) 23.9 (9.4) –1.3 (10.6) 0.572 

VRT level: Severe (<10) n = 8 30.6 (10.8) 26.4 (6.4) –4.3 (12.6) 0.406 

p-value** 0.485 0.395 0.703  

Usual care 

Eversion Baseline Follow-up Difference p-Value 

VRT level: Marginal (21 - 25) n = 6 28.3 (14.7) 30.0 (8.4) 1.7 (11.7) 0.563 

VRT level: Moderate (10 - 20) n = 7 27.9 (6.4) 31.4 (11.4) 3.6 (6.9) 0.375 

VRT level: Severe (<10) n = 16 23.1 (7.9) 24.7 (8.1) 1.6 (7.7) 0.391 

p-value** 0.425 0.187 0.944  

Inversion     

VRT level: Marginal (21 - 25) n = 6 24.2 (10.2) 20.0 (7.1) –4.2 (3.8) 0.125 

VRT level: Moderate (10 - 20) n = 7 24.3 (9.8) 29.3 (9.8) 5.0 (11.9) 0.438 

VRT level: Severe (<10) n = 16 19.1 (10.4) 22.2 (7.7) 3.1 (10.3) 0.223 

p-value** 0.428 0.205 0.127  

Dorsiflexion     

VRT level: Marginal (21 - 25) n = 6 12.5 (6.9) 11.7 (8.2) –0.83 (9.7) 0.938 

VRT level: Moderate (10 - 20) n = 7 9.0 (8.0) 10.7 (8.4) 1.7 (12.7) 0.999 

VRT level: Severe (<10) n = 16 7.5 (7.8) 14.4 (6.6) 6.9 (6.8) 0.002 

p-value** 0.359 0.505 0.157  

Plantar flexion     

VRT level: Marginal (21 - 25) n = 6 21.7 (4.1) 25.0 (11.4) 3.3 (8.8) 0.500 

VRT level: Moderate (10 - 20) n = 7 25.7 (8.9) 23.6  (6.3) –2.1 (11.1) 0.688 

VRT level: Severe (<10) n = 16 20.9 (7.8) 26.8 (10.3) 5.8 (12.6) 0.022 

p-value** 0.261 0.913 0.185  

*From wilcoxon signed rank test; **From kruskal-wallis test. 
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study conclusion provides limited support for the conten- 
tion that age-related and gender differences in AROM 
exist. 

The relationship between a clinical factor, obesity 
(BMI > 30 kg/m2) and AROM is also poorly documented 
and evidence is conflicting. In a study of 20 obese and 20 
non-obese men, there were no statistically significant 
differences between the two groups for plantar flexion 
and dorsiflexion [3]. However, findings from a study of 
14 obese participants (six men, eight women) with BMI 
> 30 kg/m2 and 14 (six men, eight women) with normal 
BMI showed that plantar flexion of the obese group was 
significantly reduced compared to the normal group [30]. 
Dorsiflexion was not reported in this study. 

4.2. AROM and AC 

The only statistically significant finding in this study was 
a change in dorsiflexion, observed in the usual care 
group during leg elevation, when AC was 25 cm or less. 
This finding did not hold for the cooling treatment group. 
However, the patients in the cooling group with AC 25 
cm or less had better dorsiflexion (11.2˚ ± 9.4) at base- 
line compared to the control group (7.3˚ ± 6.8) and both 
groups had similar results at the end of the study (treat- 
ment = 14.7˚ ± 8.4; control = 15.5˚ ± 6.1). Normal dorsi- 
flexion is ~ 20˚. A possible explanation is that while pa- 
tients with smaller AC were laying down with their legs 
elevated during the treatment, many reported that they 
often “automatically exercised” their ankles in circles 
and up and down while doing the treatment. This activity 
might have improved dorsiflexion over the four-week 
study. This same “exercise” phenomenon was not re- 
ported by participants with AC greater than 25 cm. Those 
with larger AC might have found it too difficult to move 
the ankle due to stiffness or from having more edema 
present, limiting the movement of the ankle. We also 
recognize the statistically significant difference in AC 
between the two groups at the start of the study. The 
control group was larger by 2.4 cm, which could possi- 
bly account for the lack of improvement in AROM. 

Intact dorsiflexion is required to effectively pump the 
calf muscle to squeeze the veins and empty the vessels to 
eject blood up out the leg. When impaired, venous hy- 
pertension increases and insufficiency (blood is not 
moved out of the venous system) results. The associa- 
tions of venous insufficiency and impaired AROM have 
been investigated in numerous studies. In a study of 32 
limbs of 26 adult men, Back [6] showed that the more 
severe the skin damage in patients with varying degrees 
of severity of venous insufficiency, the greater the degree 
of loss of AROM. There were statistically significant 
differences in AROM in all three venous groups (p-val- 
ues < 0.001 per group), rated using the Society for Vas- 

cular Surgery/International Society for Cardiovascular Sur- 
gery: class 1 or 2, n = 9 limbs; class 3 with healed ul-
ceration, n = 9 limbs; class 4 with active ulceration, n = 8 
limbs) compared to six normal controls (class 0). How-
ever AROM was most impaired in class 4 where there 
were severe clinical symptoms including skin inflamma-
tion and a history of leg ulcers. Similarly, Dix [11] stud-
ied 47 limbs of adults with varying degrees of venous 
insufficiency, staged by the Clinical-Etiology-Anatomi- 
cal-Pathological (CEAP) Classification and 11 normal 
controls. Venous hypertensive limbs with the most severe 
stage of venous insufficiency, CEAP stage 6 (active ulcer) 
experienced the most pronounced reduction in plantar 
flexion and dorsiflexion. However, measurements of 
both plantar flexion and dorsiflexion showed that there 
were statistically significant differences in all limbs with 
CEAP stages 2 - 6, compared to controls p < 0.004. 
Cavalheri [10] showed that patients with the more severe 
stages of venous insufficiency, CEAP stages 5 (history of 
ulcer) and 6 (open leg ulcer) (n = 49) compared to CEAP 
stages 0 - 4 (n = 140), experienced statistically signifi- 
cantly restricted AROM p < 0.05. Panny [12] (2009) 
most recently conducted an investigation of 84 limbs in 
44 patients with venous insufficiency compared to 34 
control limbs. Where pathological reflux was noted in 
the venous system, especially in limbs with ulcers, there 
were statistically significant differences (p < 0.05) in 
range of ankle plantar flexion and strength of dorsiflex- 
ion (p < 0.05). 

Findings from these studies suggest that the severity of 
venous insufficiency is correlated with restricted AROM, 
however, some loss of AROM exists in all clinical stages 
of chronic venous disorders. It is unclear whether venous 
insufficiency is caused, in part, by reduced AROM, or if 
AROM restricts calf muscle pump function. Nonetheless, 
these findings underscore the need to address impaired 
AROM when assessing patients for venous insufficiency 
or leg ulcer treatment, which, is currently not a standard 
assessment parameter for patients with venous disorders 
or leg ulcers. 

4.3. AROM and VRT 

VRT provides information about the overall function of 
the venous system.. Faster refill time (≤25 seconds) is 
associated with impaired venous blood flow; <10 sec- 
onds is associated with severe insufficiency. We found no 
statistically significant differences in AROM (eversion, 
inversion, dorsiflexion, plantar flexion) and VRT (mar- 
ginal, moderate, severe) between the two groups. The 
hypothesis that there would be no difference in AROM 
for VRT was supported. To our knowledge, there are no 
studies that address the relationship between AROM and 
VRT. We found taking VRT measurements with the 
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handheld PPG difficult in many subjects. In the presence 
of severe lipodermatosclerosis (hardening of the skin), 
the sensor would often not stick to the skin and in highly 
pigmented skin, errors in readings were encountered as 
the Doppler “signal” could not penetrate through the 
pigments. Thus, there is reason to question the validity of 
taking VRT measurements in patients with severe skin 
damage. The findings do not reveal useful data upon 
which to base clinical decisions. 

4.4. Strengths and Weaknesses 

We acknowledge the weaknesses of this study, including 
the small sample size and ability to control for multiple 
factors that may impact the physiologic outcomes such 
as co-morbid conditions. There was a lack of sufficient 
numbers of subjects in the different severity groups to 
truly analyze differences according to disease severity. 
Also, increased AC size > 25 cm, obesity, and the pres- 
ence of edema may restrict ankle motion, thus compli- 
cating the interpretation of the findings. However, the 
strength of this work has established that cooling in- 
flamed skin did not pose a risk by further compromising 
AROM. Our results support findings from the literature 
that AROM is reduced in patients with chronic venous 
disorders, now a well-recognized phenomenon. When the 
ankle circumference is smaller, leg elevation may im-
prove dorsiflexion, perhaps by spontaneous movements 
of the feet when the legs are at rest. 

4.5. Nursing Application 

To our knowledge, this is the first study to evaluate the 
effects of cooling inflamed skin associated with chronic 
venous disorders on AROM. Further clinical studies ex-
amining strategies for interventions with severely com- 
promised AROM are needed. While studies show im-
provements in AROM after physical therapy and spe- 
cial exercises, feasible, sustainable, and novel treatments 
are needed for patients with severely deconditioned 
lower legs and ankles, obesity, and painful legs and ul- 
cers to promote ankle mobility and physical activity. 
Without movement, skin damage and ulcers are slow to 
heal as the pumping action of the calf is necessary to 
reduce high venous pressures. In addition, studies are 
needed that examine the relationship between passive 
treatments to strengthen the ankle before a more strenu- 
ous active approach is taken, especially in patients with 
open ulcers being treated with high compression. The 
novel cooling gel wrap used in this study is currently 
being investigated in a larger randomized clinical trial 
conducted over a 9-month period. The aim is to deter- 
mine if there is a reduction in the incidence of new or 
recurring leg ulcers during the study period. If this aim is 
achieved, cryotherapy could augment guideline-guided 

nursing care for the prevention of leg ulcers in patients 
with skin damage and a history of recurrent ulceration. 
Nurses who care for patients with venous disorders are 
uniquely positioned to assess the lower extremities for 
ankle range of motion. If reduced, physical activity re- 
commendations through physical therapy and minimally 
exertive exercises could improve the strength and inte- 
grity of the ankle to promote pumping of the calf. 
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