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Objective  To evaluate the effect of a modified hand compression bandage in patients with a post-burn hand 
edema.
Methods  Patients were recruited from burn centers. We classified the patients into two groups: the modified 
hand compression bandage group comprising of 22 patients who had a modified hand compression bandage 
and received conventional physical therapy and the conventionally treated group, comprising of 20 patients who 
received only conventional physical therapy during the 4-week period post-burn. Hand circumference, hand 
skin thickness, and hand function were evaluated by grip strength, active range of motion (ROM), Jebsen hand 
function test, and visual analogue scale (VAS). These assessments were used to evaluate treatment effectiveness 
prior to the first treatment, 2 weeks after the first treatment, 4 weeks after the first treatment, and 4 months after 
the first treatment.
Results  As a result of repeated-measures analysis of variance on hand circumference, skin thickness, VAS, and 
each metacarpophalangeal joint ROM, we found significant differences that corresponded to time effect (p<0.05) 
and time×group (reciprocal action) effect (p<0.05). The results of grasp power, Jebsen hand function test, and 
each proximal interphalangeal joint ROM, show significant differences in accordance with the time effect (p<0.05), 
however, there was no reciprocal action effect (p>0.05).
Conclusion  The modified hand compression bandage will be clinically useful for the treatment of patients with 
post-burn hand edemas.
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INTRODUCTION

The most common body parts where burns occur are 
the hands and arms. The main complications of hand 
burns are edemas, which are the pathological accumu-
lation of the fluid in the extracellular space [1]. Hand 
edema is followed by the aggravation of symptoms, such 
as swelling and pain, and major complications including 
finger joint contracture. Edema onset begins immedi-
ately after burn injury and continues to enlarge up to 2–3 
weeks later. Therefore, muscle weakness and disturbance 
of joint structure can result from edema and when cou-
pled with immobilization of movement, it contribute to 
the formation of adhesion and disturbances in the nor-
mal sliding and gliding motion between the underlying 
structures. In absence of therapeutic exercise, secondary 
changes in the articular and supporting structures will 
result in joint stiffness and decrease joint excursion with 
deterioration of function [2].

For hand burn patients, a resting hand splint with the 
inclusion of wrist extension or compression garment is 
used to prevent edema, contracture and deformity [3,4]. 
It is generally known that resting hand splint with the 
inclusion of wrist extension is applied to patients with 
acute post-burn hand edemas at the burn center in the 
early stage of injury. Moreover, a compression garment is 
applied in such a condition that there is scar maturation 
after complete wound healing in the stage of physical 
therapy. The problems of compression garment are great 
discomfort, blistering, wound breakdown, pruritus, and 
uncontrolled pressure [5]. Moreover, there is a low com-
pliance problem due to the difficulty in wearing a com-
pression garment. Further, the range of motion (ROM) 
exercise is impaired due to the pressure applied to the 
joint area when wearing the compression garment. Nev-
ertheless, the most adverse problem concerning the post-
burn bandaging is that the compression garment can 
only be applied after wound healing and scar maturation 
and cannot be applied easily in the early stage of burn in-
jury [5]. For this reason our burn center used a compres-
sion bandage, similar to those bandages used for breast 
cancer treatment-related lymphedema, to patients with a 
post-burn hand edema. 

To ensure that patients can perform the ROM exercise, 
we used a novel type of modified hand compression 
bandage with in the first stage bandaging, avoiding the 

proximal interphalangeal (PIP) joint and metacarpopha-
langeal (MCP) joint. Thus, we treated patients with early 
onset burn injury that occurred within 3 months and for 
whom a compression garment could not be applied. 

The primary objective of this study was to evaluate the 
circumference effectiveness in applying a modified hand 
compression bandage to patients with post-burn hand 
edemas. The secondary objective of this study was to 
evaluate the modified bandage’s effectiveness in visual 
analogue scale (VAS), ROM, grasps power, hand function, 
and skin thickness.

MATERIALS AND METHODS

This is a retrospective cohort study, reviewed at Institu-
tional Review Board. All consecutive patients who were 
admitted to the special burn center from January 2012 
to December 2014 and treated for post-burn hand injury 
were identified by a retrospective chart review. Included 
were burn patients who had symptoms of aggressively 
and rapidly progressing hand swelling, whose hands had 
a deep partial-thickness (second-degree deep) burn or 
full-thickness (third-degree) burn, contracture of joint, 
pain transferred to the rehabilitation department af-
ter acute burn treatment, and less than 3 months since 
the onset of burn injury. Exclusion criteria were severe 
wound infection or cellulitis, musculoskeletal diseases 
(fractures, amputation, rheumatoid arthritis, and degen-
erative joint disease), nervous diseases (peripheral nerve 
disorder, cervical radiculopathy), and electrical burn pa-
tients. 

The patients were classified into two groups: the 
modified hand compression bandage group who had a 
modified hand compression bandage applied and had 
received conventional physical therapy and the con-
ventional treated group who received only conventional 
physical therapy. The modified hand compression ban-
daging was applied to the patients who were treated by a 
physical therapist 6 days a week for 4 weeks. A modified 
hand compression bandage was applied to make it pos-
sible to perform the ROM exercise at the MCP and PIP 
joint, while avoiding the bandaging in the joint areas. 

The method to apply the modified hand compression 
bandage firstly uses a one inch bandage gauze (miro 
Verbandstoffe GmbH, Wiehl, Germany) to wrap from 
the wrist to all the 5 fingers, initiating the fingertip to 
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Fig. 1. (A–O) Method of applying modified hand compression bandage.
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the MCP joint. Thereafter, a one inch short stretch ban-
dage (miro Verbandstoffe) was used to wrap all 5 fingers, 
excluding the MCP and PIP joint. Last, bandaging was 
performed from the MCP joint to the wrist, using a three 
inch short stretch bandage (miro Verbandstoffe) (Fig. 1).

All patients had four weeks of intensive rehabilita-
tion and hospitalization. After their discharge, the both 
groups had standard rehabilitation and wore compres-
sion garment to the outpatient clinic. Both groups re-
ceived the standard rehabilitation therapy focusing on 
post-burn hand therapy such as passive ROM exercise, 
activities of daily living  training, manual lymphatic 
drainage, and skin care. 

The following data were collected from the case re-
cords: the hand size using the figure-eight method, grip 
strength, the MCP joint ROM, the PIP joint ROM, skin 
thickness using ultrasonography, Jebsen hand function 
test, and VAS [4,6]. 

For the figure-eight tape method protocol, the following 
procedures were performed. 1) The starting point for the 
tape measure was the outermost aspect of the most distal 
aspect of the ulnar styloid process. 2) The tape measure 
was drawn across the ventral surface of the wrist to the 
most distal aspect of the radial styloid process. 3) The 
tape measure was placed diagonally across the dorsal 
aspect of the hand with the proximal surface of the tape 
measure placed over the fifth MCP joint line. 4) The tape 
measure was then brought across the ventral surface of 
the MCP joints and the proximal surface of the tape mea-

sure positioned over the second MCP joint line. 5) The 
tape measure was wrapped diagonally across the dorsum 
of the hand back to the starting point [7,8] (Fig. 2). 

The active joint motion range and the grip strength 
were measured using the goniometer (Jamar Stainless-
Steel Finger Goniometers; Lafayette Instrument, La-
fayette, IN, USA) and squeeze dynamometer (Lafayette 
Instrument), respectively. These tests evaluated the 
changes in the flexion limit of MCP joint and PIP joint. 

The hand skin thickness measured the sum of skin and 
subcutaneous tissue thicknesses using ultrasonography 
(Medison, Seoul, Korea) (Fig. 3). Since each patient has 
burn wound in different location, the site with thickest 
skin in wound area was chosen and marked for measure 

Fig. 3. Hand thickness measured by using ultrasonogra-
phy. *p<0.05, independent t-test.

A B

Fig. 2. Placement of tape measure 
for figure-eight method of mea-
suring hand circumference, ven-
tral surface (A) and dorsal surface 
of the hand (B). First, the zero 
mark of tape measure was placed 
over the distal aspect of the ulnar 
styloid process, and the tape was 
drawn across the ventral surface 
of the wrist to the distal aspect of 
the radial styloid process. Next, 
the tape measure was drawn di-
agonally across the dorsum of the 
hand, brought over the ventral 
surface of the metacarpophalan-
geal joints, and wrapped diago-
nally across the dorsum to return 
to the starting point.
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[9]. Four tests were conducted after recording the initial 
measurement and taking photos of the exact location 
each time. The Jebsen hand function test was performed 
by one occupational therapist. In addition, a designated 
physician measured VAS was in a resting state by [10].

Each scale was assessed prior to the first treatment 
(baseline assessment), 2 weeks after the first treatment, 
4 weeks after the first treatment, and 4 months after the 
first treatment. Data collected were analyzed by using the 
SPSS ver. 18.0 program (SPSS Inc., Chicago, IL, USA). An 
independent t-test was carried out for homogeneity tests 
in both groups. Repeated-measures analysis of variance 
(ANOVA) was carried out to examine the effectiveness of 
the results. A significant difference in accordance with 
time×group (reciprocal) effect showed the effectiveness 
of the treatment. Additional analyses were performed 
to compare the differences depending on the time point 
between the two groups, for which we used and indepen-
dent t-test. 

RESULTS

The modified hand compression bandage group and 
the conventionally treated groups were comprised of 
22 patients (18 men and 4 women) and 20 patients (14 
men and 6 women), respectively. The mean age was 
45.86±8.51 years old in the modified hand compression 
bandage group and 45.85±5.73 years old in the conven-
tionally treated group. 

Using the independent t-test, both groups were found 
to be homogeneous as there was no significant difference 
(p>0.05). Moreover, there was no significant difference 
in baseline assessment data between the two groups 
(p>0.05) (Table 1).

On repeated-measures ANOVA, variables considered 
for significant time effects (p<0.05) and reciprocal ef-
fects (p<0.05) were figure-eight hand circumference, 
skin thickness, VAS, and each MCP joint ROM. However, 
variables with significant time effects (p<0.05), but in-
significant reciprocal effects (p>0.05) were grasp power, 

Table 1. Demographic and clinical characteristics of participants

Modified hand compression bandage group Conventional treated group
Sex (male:female) 18:4 14:6

Burn side (left:right) 9:13 10:10

Age (yr) 45.86±8.51 45.85±5.73

TBSA (%) 31.91±19.88 36.60±14.36

Burn type (CoB:FB:SB:SPB) 0:19:0:3 1:17:2:0

Values are presented as mean±standard deviation.
TBSA, total burn surface area; CoB, contact burn; FB, flame burn; SB, scalding burn; SPB, spark burn.

Table 2. Metacarpophalangeal (MCP) joint range of motion

MCP joint Group Baseline 2 wk 4 wk 4 mo p-value
Thumb Bandage 26.45±8.81 38.14±6.77 49.36±6.60 59.41±4.08 T <0.001

Conventional 28.40±9.16 32.65±9.23 35.85±10.10 38.95±8.74 G×T <0.001

2nd Bandage 37.41±15.19 50.36±12.74 66.45±11.11 80.77±7.91 T <0.001

Conventional 30.55±16.38 36.50±13.42 44.75±14.00 49.00±13.32 G×T <0.001

3rd Bandage 40.77±15.37 56.18±12.78 72.91±10.97 82.64±8.78 T <0.001

Conventional 41.60±20.16 53.35±17.70 61.55±16.94 66.45±16.45 G×T <0.001

4th Bandage 41.41±15.31 56.91±12.99 72.27±9.31 82.86±6.31 T <0.001

Conventional 41.25±17.62 46.20±16.22 50.40±17.62 51.50±17.68 G×T <0.001

5th Bandage 35.77±17.89 51.14±13.09 66.82±13.15 81.14±10.35 T <0.001

Conventional 42.25±25.16 54.75±18.46 62.75±20.30 67.00±19.77 G×T 0.002

Values are presented as mean±standard deviation.
G, group; T, time.
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the Jebsen hand function test, and each PIP joint ROM 
(Tables 2–4, Fig. 4).

The ndependent t-test was performed to compare the 
time point difference between the two groups, figure-
eight hand circumference, and VAS showed a significant 
difference for 2 weeks and 4 weeks after treatment. Four 
months after treatment, there were no significant dif-
ferences between the two groups. The skin thickness 
test showed a significant difference in the 4 weeks after 
treatment time point. The second and fourth MCP joint 
ROM showed a significant difference from 2 weeks after 
treatment to end of the study. The first and third MCP 
joint ROM showed a significant difference from 4 weeks 
after treatment to end of the study. The fifth MCP joint 

ROM showed a significant difference up to 4 months after 
treatment. Grasp power, the Jebsen hand function test, 
and PIP joint ROM showed no significant difference dur-
ing the study (Tables 2–4, Fig. 4).

DISCUSSION

Various complications occur after hand burn injury, 
which can result in limitations in everyday movements 
and in functional disorders [11,12]. Edema occurs even in 
the early stage of burn injury, alters the fibrosis of mus-
cle, tendon and skin, and impairs the joint structures, 
thus, inducing the occurrence of complications that are 
exacerbated in time. Thus, early edema formation reduc-

Table 3. Proximal interphalangeal (PIP) joint range of motion

PIP joint Group Baseline 2 wk 4 wk 4 mo p-value
Thumb Bandage 30.68±20.82 37.18±19.20 42.14±20.63 45.55±20.47 T <0.001

Conventional 30.75±14.20 34.80±14.51 39.80±15.82 44.25±15.62 G×T 0.422

2nd Bandage 53.00±19.45 58.14±19.22 69.55±22.38 72.45±22.32 T <0.001

Conventional 51.70±28.72 62.05±23.64 71.00±23.22 76.60±22.15 G×T 0.348

3rd Bandage 49.23±17.95 56.59±18.77 63.00±20.78 67.18±18.95 T <0.001

Conventional 47.25±23.41 52.70±22.38 60.40±23.12 66.45±23.11 G×T 0.561

4th Bandage 54.00±15.87 60.32±14.99 68.32±13.34 70.55±14.05 T <0.001

Conventional 46.05±23.32 49.90±24.58 52.80±26.78 53.65±27.61 G×T 0.251

5th Bandage 45.00±22.89 58.14±16.93 68.64±16.80 76.32±16.21 T <0.001

Conventional 44.45±28.81 55.35±25.75 65.15±24.87 69.45±21.73 G×T 0.444

Values are presented as mean±standard deviation.
G, group; T, time.

Table 4. The change of figure-eight hand circumference, skin thickness, VAS, grasp power, Jebsen hand function test 
total scores

Parameter Group Baseline 2 wk 4 wk 4 mo p-value
Circumference (cm) Bandage 46.83±3.23 44.20±3.56 42.77±4.15 40.21±2.32 T <0.001

Conventional 47.20±4.23 46.05±4.02 45.50±4.13 40.45±2.39 G×T <0.001

Skin thickness (cm) Bandage 0.4970±0.16 0.3877±0.12 0.2955±0.10 0.2700±0.09 T <0.001

Conventional 0.4975±0.23 0.4385±0.16 0.3950±0.13 0.2560±0.07 G×T <0.001

VAS Bandage 7.07±1.53 5.40±1.35 4.13±1.06 2.87±0.83 T <0.001

Conventional 7.27±1.49 6.40±1.18 5.40±0.91 5.80±2.01 G×T <0.001

Grasp power (kg) Bandage 5.52±4.74 9.89±5.77 13.14±7.33 19.32±8.04 T <0.001

Conventional 6.23±5.72 9.50±6.51 12.30±7.63 17.35±7.95 G×T 0.178

Hand function test Bandage 157.01±62.20 122.84±45.84 96.14±34.59 73.32±21.35 T <0.001

Conventional 142.64±93.84 12.75±74.31 110.55±67.86 74.17±32.90 G×T 0.107

Values are presented as mean±standard deviation.
VAS, visual analogue scale; G, group; T, time.
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tion would prevent these complications.
Most of burn types such as contact burn, flame burn, 

scalding burn, spark burn, and electrical burn entail edema 
formation. The magnitude of post-burn edema is depen-
dent on the depth of burn injury and heat exposure time, 
not burn type, with the exception of electrical burn [13]. 

Edema control through externally applied pressure is 
frequently used in burn centers and is considered clini-
cally useful, although little objective data exist to sub-

stantiate its use [14]. Salisbury et al. [15] and Ause-Ellias 
et al. [16] demonstrated a decrease in edema on burned 
hands using intermittent mechanical compression. Flow-
ers [17] compared various wrapping techniques and 
massage for reducing hand edema secondary to a range 
of pathologies and found that edema was reduced in all 
cases, with the most effective method being a combina-
tion of compression wrap with continuous retrograde 
massage. In this study, we found early edema reduction 
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Fig. 4. On repeated-measures ANOVA, variables with 
significant time effect (p<0.05) and reciprocal effect 
(p<0.05) including figure-eight hand circumference (A), 
Skin thickness (D), and visual analogue scale (VAS) (E). 
Moreover, variables with a significant time effect (p<0.05), 
but insignificant reciprocal effect (p>0.05) include grasp 
power (B) and the Jebsen hand function test (C).
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in the modified hand compression bandage group and 
significant differences in time and reciprocal effects be-
tween the test and control groups. 

A modified hand compression bandage was applied to 
the hand areas other than the finger joint. Thus, attempts 
were made not to restrict the finger joint ROM. Thus, 
we maximized the finger ROM exercise. In this study, a 
modified hand compression bandage showed a signifi-
cant effect in improving the MCP joint ROM compared to 
the conventionally treated group. However, there was no 
difference in the PIP joint ROM. 

Moreover, long-term outcomes showed a significant 
difference in MCP joint ROM. Post-burn hand edema in-
duces the occurrence of fibrosis, thickening of the tissue, 
and gradually lowers tissue extendibility. This eventually 
leads to the decreased ROM [18,19]. Eventually, the de-
creased edema plays a key role in achieving a recovery of 
the ROM. Omar et al. [20] reported that electrical stimu-
lation treatment was effective in improving edema, hand 
function, and ROM in patients with post-burn hand ede-
ma. Lowell et al. [19] reported that in patients with post-
burn both hand edema, following the treatment with 
Coban bandaging for the unilateral hand, showing that 
Coban bandaging was effective in improving the edema 
and finger joint ROM. The difference between the above 
studies and the current one is that previous studies have 
applied the total sum of MCP and PIP joint motion range 
in measuring the ROM. In this study, we measured each 
MCP and PIP joint and then analyzed them respectively. 
This study showed early reduction of edema resulting 
in MCP joint ROM improvement. However, the PIP joint 
was not effective for the reciprocal action effect. 

This data suggests that a modified hand compression 
bandage treatment was more effective for the MCP joint 
than the PIP joint. The edema control had a negligible 
effect in improving the PIP joint ROM because a limited 
amount of fluid accumulated in the extracellular space 
owing to a smaller thickness of dermis and subcutane-
ous fat layer around PIP joint. In addition, the PIP joint is 
a difficult area to avoid bandaging, unlike the MCP joint 
area, because of variability in distance between the MCP 
joint and PIP joint among patients. These are considered 
to have effects in the improvement of ROM of the PIP joint. 

Edema fluid in the extravascular space around the 
wound limits the flux of toxic metabolites and the ex-
change of vital nutrients, such as oxygen circulation 

around damaged tissues [21]. As described here, edema 
is associated with the healing process, inflammation and 
pain. Also in this study, there may be a relationship be-
tween the decreased edema and pain relief.

Burn scarring occurs in 70% of burn patients and 
pressure therapy has been widely used as the first line 
treatment for hypertrophic scars. A study conducted 
by Li-Tsang et al. [14] showed a significant difference 
in decreased skin thickness between treatment groups 
by examining pressure therapy in 26 burn patients. As 
with effects of pressure therapy, there was a decrease in 
cell density and myofibroblasts, leading to the impaired 
synthesis of collagen. Therefore, we infer that there is a 
decrease in the fluid influx to the interstitium. This leads 
to the speculation that there might have been effects on 
the edema, as well as, hypertrophic scaring. However, 
in our study, skin thickness assuming hypertrophic scar, 
showed no significant difference at the end of this study.

According to Covey et al. [22], grasp power in patients 
with post-hand burn, had a recovery of up to 60% and 
42% compared with the non-affected side in the right 
and left hand, respectively. In this study, grasp power im-
proved significantly with the time effect. However, there 
was no significant reciprocal action effect. Moreover, 
there was no significant time-dependent difference in the 
conventional treated group following the treatment. 

Grasp power is associated with elbow, wrist, and hand 
functions. This leads us to speculate that the compres-
sion bandage did not completely reflect the functions 
of the hand in patients with post-burn edema [23]. The 
Jebsen hand function test also showed that there was a 
significant time effect. However, there was no significant 
reciprocal action effect. Furthermore, there was no sig-
nificant time-dependent difference between the groups. 

Schneider et al. [24] conducted a study showing that 
there were significant differences in the Jebsen hand 
function test between the post-burn rehabilitation group 
and the conventionally treated group. Likewise, in our 
study, there was a decrease in the Jebsen hand function 
test score following the initiation of rehabilitation thera-
py. However, there was no significant difference between 
the modified hand compression bandage group and the 
conventionally treated group. 

Choi et al. [11] conducted a study where MCP Joint flex-
ion orthoses were applied to patients’ post-burn hands, 
reporting that there was an improvement in the ROM of 
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the MCP Joint. However, there were no significant differ-
ences between grasp power and the Jebsen hand function 
test. In the MCP joint flexion orthoses group, there was 
significant improvement in the ROM of the MCP joint. 
However, there were no significant effects in improv-
ing the ROM of the PIP and distal interphalangeal (DIP) 
joint. Eventually, insignificant effects on the improve-
ment of the ROM of the PIP and DIP joint were explained 
as a lack of significant differences in grasp power and the 
Jebsen hand function test. 

King et al. [25] conducted a study to compare the effects 
between compression garments and compression ban-
daging in 21 patients with breast cancer-related lymph-
edema. They report the compression bandaging had 
increased effects on edema volume reduction. This leads 
to the speculation that the compression bandaging might 
be more effective for the treatment of lymphedema. 

In patients with post-burn hand edema, there is a con-
current presence of lymphedema and hypertrophic scar-
ring. Therefore, it would be difficult to draw a conclu-
sion based on results obtained from patients with breast 
cancer-related lymphedema. According to this study, a 
modified hand compression bandage has positive effects 
to acute hand burns that are too sensitive for compres-
sion garments application. Further study on comparing 
the efficacy in the reduction of edema and improvement 
of hand function between compression garments and 
modified hand compression bandages to subacute hand 
burns is required to standardize the appropriate time and 
period to apply the modified hand compression bandage. 

In conclusion, the modified hand compression bandage 
was effective to patients with post-burn hand edema, im-
proving the ROM of MCP joint, hand circumference and 
skin thickness. The modified hand compression bandage 
will be clinically useful for the treatment of patients with 
post-hand burn edema.
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