
Effects of Continuous 
Passive Motion on the 
Edematous Hands of 
Two Persons Wit11 
Flaccid Hemiplegia 

Diane Dirette, Jim Hinojosa 

Key Words: occupational therapy (treatment) 
• single subject research 

Objectives. This study evaluated the effect oj the use oj 
a continuous passive motion device Jar the edematous 
hands oj two persons with jlaccid hemzplegia. 

Method. The subjects were both 1 month post
cerebrovascular accident with leji-sided hemiplegia. 
Each subject's routine therapy program was main
tained throughout this ABA design study. During the 
Jirst week. baseline data were gathered, during the 
second week the intervention was provided (2 hr oj 
continuous passive motion device use), and during 
the third week data were gathered with treatment 
withdrawn. Edema was measured with a hand /Jolu
meter and finger Circumference. 

Results. The continuous passive rnotion device 
had an effect in reducing edema in the hands 0/ the 
two subjects. 

Conclusion. The continuous passive motion device 
is a readiZy available tool that could enhance the 
treatment of edematous hands ofpersons with flaccid 
hemiplegia by offering a contribution to already es
tablished treatment protocols Further research is 
needed, however, 10 establish gUidelines for use 
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dema, the presence of large quantities of fluid in 

the intracellular spaces, is likely to develop in 
extremities that are in a dependent position or 

inactive because of weakness, paralysis, or pain (Vasude
van & Melvin, 1979; Worenson, 1989). Edema is reponed 
in about 16% of cases of hemiplegia after a cerebrovascu
lar accident (CVA). It is usually more marked in the upper 
extremity, and it may be confined to the hand (Exton
Smith & Crockett, 1957; Sorenson, 1989). 

The most imponant factor in the causation of edema 
is that drainage of protein from the tissues by the Jym
phatics is impaired due to the loss of muscular activity. 
Edema that is allowed [0 persist will likely cause an ex
tremity to become painful, disfiguring, and disabling. Col
lagen tissue is laid down in the protein-rich, gluelike fluid 
deposited between tissue layers and the folds of the joint 
capsule (Laseter, 1983; Mackin, 1986). When this condi
tion is accompanied by immobilization, the tissues are 
allowed to set, thus leading to fibrosis and eventually to 

contractu res. 
After a CVA, the upper extremity recovers in the 

follOWing sequence of stages : (a) flaCCidity, (b) little or no 
active movement, (c) mass grasp, (d) lateral prehension, 
(e) palmar prehension, and (f) individual finger Illove
ments (Brunnstrom, 1970). During the flaccid stage, the 
person is especially susceptible to persistent edema due 
to a lack of active movement. Some traditional treatments 
of edema in the hands, such as toning gloves and com
pression boarcls, do not provide needed movement and 
contribute to the immobilization of the joints. 

Both active and passive movement can reduce ede
ma (Abramson, 1965; Sorenson, 1989). The pumping ac
tion of the muscles reduces edema by returning fluid to 
[he venous flow (Hargens, 1981). Because persons with 
flaccid hemiplegia cannot engage in self-initiated hand 
exercises that incorporate pumping actions, they must 
rely on passive range of motion (Trombly, 1983). 

Continuous passive motion, which proVides repet
itive movement of a joint either through full or partial 
range of motion, may have potential for reducing edema. 
Early use of continuous passive motion of the limbs was 
found to stimulate healing of injured joints (Salter et aI., 
1984). Since that time, continuous passive motion has 
been found effective for the treatment of limited range of 
motion and edema when applied to a variety of diagnoses 
including burns, arthritis, phalangeal fractures, and 
hemiplegia (Bentham, Brereton, Cochrane, & Lyttle, 
1987). 

Giudice (1990) evaluated the effects of continuous 
passive motion and hand elevation in the treatment of 
edematous hands of 16 subjects, including a subgroup of 
11 subjects with hemiplegia. Each subject received both 
treatments, including 30 min of hand elevation alone and 
30 min of hand elevation with continuous passive motion, 
one on each of 2 consecutive days. Giudice concluded 
that 30 min of continuous passive Illotion with elevation 
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resulted in a significantly greater reduction in hand ede
ma than the 30 min of hand elevation alone. Her study 
provides preliminary support for the usc of continuous 
passive motion in the reduction of hand edema. 

The hypothesis of this study was that a continuous 
passive motion device, used in addition to ongoing occu
pational therapy and physical therapy, would reduce ede
ma in the hands of persons with flaccid hemiplegia. 

Method 

Subjects 

The two subjects selected for this study had each expe
rienced a eVA resulting in a left-sided hemiplegia 1 month 
before the study. Both subjects met the criteria for the 
study, which included flaccid hemiplegia, no limitations 
in passive movement, at least moderate edema in the 
hand, and no history of neurological disorder. Each sub
ject participated on a voluntary basis with the option to 

discontinue participation in the study at any time. 
Subject 1 was a 75-year-old woman whose left upper 

extremity had flaccid tone throughout with no active 
movement; no limitations in passive movement of the 
elbow, wrist, and hand; and moderate edema in the hanel, 
as diagnosed by the treating physiatrist. She also reponed 
an aching pain in the joints of the hand. Measurement 
with a jeweler's rings showed that the index finger on the 
affected left hand measured two sizes larger than the 
index finger on the nonaffected right hand. The subject 
used a wheelchair independently for transportation. The 
wheelchair was equipped with a fabricated armboard and 
an elevating wedge for positioning of the left upper 
extremity. 

Subject 2 was a 62-year-old man whose left upper 
extremity had flaccid tone throughout with no active 
movement; no limitations in passive movement of the 
elbow, wrist, and hand; and moderate edema in the hand. 
This subject had no complaints of pain in his left hand and 
displayed a decreased awareness of the left upper extrem
ity. The jeweler's rings showed that the finger on the 
affected left hand measured two sizes larger than the 
corresponding finger on the nonaffected right hand. He 
used a wheelchair independently for transportation. The 
wheelchair was equipped with a fabricated armboard for 
positioning of the left upper extremity. 

Procedures 

A single-subject ABA withdrawal design was used for this 
study (Ottenbacher, 1986; Ottcnbacher & Bonder, 1986). 
Edema was measured by the same person with two meth
ods: volumeter and the jeweler's rings (Bear-Lehman & 
Abreu, 1989; Waylett-Rendall & Seibly, 1991). The volu
meter measures the amount of water displaced by the 
fingers, hand, and wrist as a total unit. The jeweler's rings 
measure the circumference of the base of one finger. 

Measurements were taken daily for 3 weeks at the same 
time of day. According to Waylett-Rendall and Seibly 
(1991), the volumeter was found to be accurate to within 
1% of the total volume when successive measurements 
were performed with a prosthetic hand. Preliminary in
trarater assessment of this study was performed by the 
primary investigator with five persons without impair
ments. The combination of normal daily fluctuation in 
body fluid levels and measurement error resulted in a 5% 
change or margin of error with the use of the volumeter. 

During this 3-week study, baseline measures were 
taken in the first week. Daily measures were taken after 
the subject had received 2 hr of continuous passive mo
tion treatment the second week, and in the third week 
daily measures were taken at the same time while no 
continuous passive motion treatment was administered. 
The Toronto Mobilimb H2 Hand! set at a 45° angle was 
the continuous passive motion device used. The device is 
lightweight (18 oz) and employs advanced electronics to 
maintain ongOing motion. A reverse on-load safety 
mechanism prevents excessive force. 

Subjects' medications and therapeutic interventions, 
1 hr of occupational therapy and 2 hr of physical therapy 
daily, were maintained during the study to avoid changes 
due to other treatments. 

Data Analysis 

The measurements were plotted on a graph for both 
visual and statistical analysis (Ottenbacher, 1986). Visual 
analysis was completed by observation of patterns that 
developed over the 3-week data coIJection period. Obser
vations of upward, downward, or inconsistent patterns 
were noted. 

The split-middle method of trend estimation was 
used to determine the statistical significance of the find
ings (Wolery & Harris, 1982). In this method, data from 
each week are plotted on graph paper, the data points are 
divided in half, midpoints of the first half and the second 
half are determined, and the midpointS are connected. 
The resulting split-middle lines are evaluated according 
to the degree of change. Because there are no established 
criteria for determining the significance of the degree of 
change, the lines are drawn for illustration of direction 
and degree of change. 

The mean of the data gathered with the volumeter 
was also calculated for each of the 3 weeks. These means 
were used for comparison of edema levels over time. In 
addition to this visual analysis, a Pearson's product-mo
ment correlation coefficient (r) was calculated to estab
lish the strength of the correlation between the two 
measurements. 

IManufacwred bl' Toronto Medical. PO f30x 26. Yellow Springs. Ohio 
4')387. . 
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Results� declines 7° in the first subject and 50° in the second 
subject.Volumeter data and data gathered with the jeweler's rings 

The mean of the data for each week of the study are shown in Figures 1, 2, 3, and 4. The correlation be
repeats this pattern. For the first subject, the means from tween the two measurements was fairly strong with a 
the volumeter data are 314.4 011 for the baseline week Pearson's r = .57 for the first subject and r = .56 for the 
285.4 011 for the treatment week, and 305 011 for th~second subject (Pagano, 1986). 
withdrawal week. For the second subject, the means from Visual analysis of the figu res indicates an effect in the 
the volumeter data are 577.2 011 for the baseline week, amount of edema in the flaccid hands. The pattern during 
5496 ml for the treatment week, and 562 ml for the the first (baseline) week reveals an unstable situation 
withdrawal week. In this and each of the other aspects ofwhere edema appears to be increasing. The pattern in the 
the analysis, the treatment phase of the study resulted in second (treatment) week with the use of the continuous 
a reduction in the amount of edema in the hands of bothpassive motion device indicates a reduction in edema. 
persons with flaccid hemiplegia. Although Subject 2 disThe panern in the third (withdrawal of treatment) week 
played a decrease in edema followed by an increase in 

did not show a continued increase in edema as seen in 
eclema during the treatment phase, the average overall 

the first week. 
volume was reduced during this phase. The reason forThe statistical anal}'sis demonstrates the same pat
the upswing at the end of the treatment week cannot be

tern noted in the visual analysis. In both subjects. the 
determined by the parameters of thiS study.

split-middle line inclines at a 75° angle during the first 
week. During the second week, the split-middle line of 
trend estimation from data on the first subject declines at Discussion 
a 75° angle and that of the second subject declines at a 1')°� 
angle. During the third week, the line of trend estimation The analysis of tbe data indicates that the use of continu
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Figure 1. Subject 1: Volumeter measurements throughout all phases of the stUdy. 
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Figure 2. Subject 1: Jeweler's ring measurements throughout all phases of the study. 

ous passive motion may have value in the treatment of 
edematous hands of persons with flaccid hemiplegia. 
Both subjects displayed a reduction in edema of their 
involved hands during the treatment phase. The litera
ture indicates that immobilization of the edematous hanu 
allows for the formation of contractures (Laseter, 1983; 
Mackin, 1986). The findings of this study suggest the 
potential use of continuous passive motion in addition to 
the use of devices such as toning gloves and splints, 
which provide compression and positioning, but immobi
lize the joints. 

Both the visual and statistical analyses of the data 
indicate a positive response during the treatment phase, 
but the continual effect during the withdrawal phase is 
somewhat unclear In both subjects, the mean of the data 
gathered during the third week was higher than that of 
the second week, but lower than that of the first week 
(see Figures 1 and 3). The edema increased somewhat 
during the withdrawal phase, but did not return to base
line. It is not known whether the edema would have 
decreased further with the continued use of the continu

ous passive motion device or whether the device had 
reached its maximal effect. 

This design eliminated the difficult task of matching 
subjects and the influence of between-group variance. 
The Single-subject design alloweu the edema to be evalu
ated with each subject's own hand as the control data 
while also providing an assessment of change over time. 

Further research might include subjects with some 
beginning movement and mild edema. The data could 
then be separated for evaluation to determine the levels 
of recovery with which the continuous passive motion 
device is most effective. 

The measurement devices used in this study can also 
be evaluated. The volumeter has a greater sensitivity to 
change in the fluid in the fingers, hand, and wrist. It did, 
however, have a greater margin of error in the prelimi
nary intra rater reliability assessment. The jeweler's rings 
did not indicate any error in intrarater reliability, but they 
were not as sensitive to smal1 changes in edema. The use 
of the two measurement devices al10wed the investigator 
options in the study. For example, the jeweler's rings 
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Figure 3. Subject 2: Volumeter measurements throughout all phases of the study. 

were used to compare finger circumference with the con
tralateral hand; the more sensitive measurement, the vo
lumeter, provided information about small changes in 
edema in the entire hand. Evaluation of the results indi
cated a fairly positive correlation between the two types 
of measurements. 

Some subjective observations were made hy the in
vestigator and the subjects regarding the treatment tool. 
The Toronto Mobilimb H2 Hand device was generally 
easy to use with the subject seated in a wheelchair with an 
attached armboard. It was portable and the suhject was 
free to perform other activities during treatment such as 
eating, reading, and visiting with others. Although the 
device did provide sufficient flexion of the proximal inter
phalangeal joints and the distal interphalangeal joints, it 
provided only partial flexion at the metacarpal phalangeal 
joints. ClOth adhesive tape had to he used in addition to 

the device straps to anchor the device to the fingertips. 
Neither suhiect reported discomfort resulting from the 
treatment; one subject reported that the use of the device 
relieved the aching feeling in the joints of her hand. 

The continuous passive motion device was used in 
addition to the scheduled therapeutic intervention This 
study in no way suggests that the use of the continuous 
passive motion device could replace the hands-on treat
ment received in occupational therapy and physical ther
apy. This device, however, could enhance treatment by 
providing the continuous rassive range of motion that is 
needed over longer periods of time. The continuous pas
sive motion devices designed for treatment ofother joints 
such as the knee, elbow, and wrist are prescribed for use 
during the hours that clients are not in therapy sessions. 
The use of a hand continuous passive motion device dur
ing out-of-therapy hours would proVide supplemental 
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Figure 4. Subject 2: Jeweler's ring measurements throughout all phases of the study. 

treatment. technologies to enhance the effectiveness of treatmem. 
Although the manufacturer recommends that, in The continuous passive motion device is a readily avail

general, the device he used for 8 hr per day for mCL'{imal ahle tool that is used to treat edematous upper extrem
benefit for edema reduction, it was used for only 2 hr daily ities. Further research is needed to establish gUidelines 
and only over a 5-day period for practical purposes and for the use of the continuous passive motion device for 
client tolerance, The ability of the person to tolerate 8 hr the treatment of edematous hands of persons with flaccid 
of time and the effects that would be observed on the hemiplegia, With gUidelines, the usc of the continuous 
edematous hand were not assessed. Both suhjects were passive motion device could enhance the effectiveness of 
ahle to tolerate 2 hr of continuous passive motion treat already established treatment protocols by preserving the 
ment per day but no more. integrity of the joints while supplying additional means of 

This study was also limited to two suhjects, Further edema reduction . .&� 

research is needed to investigate the use of the continu�
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Two New Resources for Educators and ~)tudents
 

Financial Aid Guide' 994-' 995 
Compiled by Shirley Wells, MPH, OTR and AOTA Public� 
Relations Department� 

Consists of public, private, civic, and health care-related 
organizations and facilities that offer assistance 10 persons 
pursuing a health care career. Although applicable 10 all students, 
the funding sources described in this book are primarily targeted 
for ethnic minorities, individuals with disabling conditions, and 
men. Sources for funding have been grouped according 10 

grants, loans, scholarships, graduate fellowships, and 
publications in order 10 help address each applicant's type of 
financial need. Also included is financial aid tenninology, tips 
for applying for fmancial aid, and advice on applying 10 an 
occupational therapy program. 107 pages. 1994. 

Order#1119� 
$20.00 AOTA member $25.00 nonmember� 

To order, call1-800·SAY·AOTA (members),� 
1·800·377-8555 (rDD users), or (301) 948·9626 (nonmembers).� 
Shipping and handling additional.� 

The American ]oumal of Occupational Therap\' 

A Multicultural Education and 
Resource Guide for C1ccupational 
Therapy Educators allid Practitioners 
Shirley A. Wells, MPH, OTR 
Developed for therapists, educators and students, this 
manual addresses the multicultural <lSpe{:t of practice 
through a variety of vigneues geared IOward helping the 
OT become more culturally competent Includes cultural 
competency guidelines, a proposed teaching module for 
training and educating students and practitioners in 
multicultural interaction, and an extensive bibliography. 
112 pages, 1994. 

Order#1112 
$22.00 AOTA $27.00 nonmember 
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