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Abstract

Study design Survey research design.

Objectives To describe current practice methods for oedema management in people with tetraplegia.

Setting Australia.

Methods Online survey with open and closed questions regarding clinical practice trends in the assessment and treatment of
oedema in the hands in people with tetraplegia.

Results Seventeen occupational therapists working in spinal cord injury (SCI) in Australia completed the survey. Oedema
was identified by visual inspection (n =17, 100%) and recorded using circumferential tape measurement (n = 13, 76%).
Elevation was used by all participants in conjunction with compression gloves (n = 13, 76%), retrograde massage (n = 13,
76%), compression bandaging (n =12, 71%) and the boxing glove splint (n =9, 53%). Participants stated that oedema
presented challenges to patients with difficulty exercising (n = 11, 65%), changes to body image (n =5, 29%) and pain (n =
4, 24%).

Conclusion Assessment and treatment practices were not consistent. Oedema in the hands in people with tetraplegia was
perceived to have various impacts on a person’s rehabilitation and hand function. The findings highlight the need for
research evidence to guide practice.

Introduction guidelines highlights the importance of preventing secondary
complications in the upper extremity including oedema [2].

People who sustain tetraplegia following a spinal cord injury Oedema is defined as the accumulation of fluid in the

(SCI) report that hand and arm function is the most important
factor in improving their quality of life [1]. The loss of
function to their upper limbs can be a key link to their level
of mobility, independence and engagement with occupational
roles. A range of secondary complications such as con-
tractures, pain and oedema in the hands can have significant
implications to hand function. Key SCI clinical practice

Supplementary information The online version of this article (https://
doi.org/10.1038/s41394-019-0215-7) contains supplementary
material, which is available to authorised users.

>J Soo Oh
s00.0h@health.qld.gov.au

School of Health and Rehabilitation Sciences, University of
Queensland, Brisbane, QLD, Australia

Occupational Therapy department, Princess Alexandra Hospital,
Brisbane, QLD, Australia

Published online: 07 August 2019

intracellular spaces due to an imbalance of effective capil-
lary pressure or an obstruction to the venous lymphatic flow
by a weak or paralysed extremity [3]. Oedema is well
researched in areas such as stroke and lymphoedema and
has been linked to reduced range of motion (ROM), pain
and compromised hand function [4, 5]. However, there has
been minimal research conducted specific to cause, inci-
dence or impact of oedema after SCI. With limited evidence
to support assessment and treatment practices, clinicians
working in SCI often refer to evidence from other areas.

3 School of Allied Health Sciences, Griffith University,
Brisbane, QLD, Australia

Community and Oral Health, Metro North Hospital and Health
Service, Brisbane, QLD, Australia

SPRINGER NATURE


http://crossmark.crossref.org/dialog/?doi=10.1038/s41394-019-0215-7&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41394-019-0215-7&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41394-019-0215-7&domain=pdf
mailto:soo.oh@health.qld.gov.au
https://doi.org/10.1038/s41394-019-0215-7
https://doi.org/10.1038/s41394-019-0215-7

71 Page 2 of 6

Spinal Cord Series and Cases (2019)5:71

Assessment tools

The International Spinal Cord Injury Upper Extremity Basic
Data Sets (ISCIUEBDS) states that oedema can be graded as
‘minor’ or ‘major’ and that impact on function can be cate-
gorised as ‘minimal’, ‘moderate’ or ‘extensive’ [6]. However,
the ISCIUEBDS make no specific recommendations regard-
ing assessment tools. A tape measure to record the cir-
cumference of the affected limb is the assessment tool most
commonly used for upper limb lymphoedema [7] followed by
the volumetric metre and perometry. The volumetric metre is
used to measure water displacement when the affected limb is
immersed in water. A perometer is an infra-red measuring
device that calculates volume of the extremity [8]. Emerging
assessment tools for lymphoedema include bioimpedance
spectroscopy [9] and the Moisturemeter-D [10]. The bioim-
pedance spectroscopy measures the resistance of body tissue
to electrical current flow in the extracellular fluid and
demonstrates significant clinical utility and use for the early
detection of the accumulation of extracellular fluid [11]. The
Moisturemeter-D measures the tissue dielectric constant by
measuring the local tissue water and has demonstrated relia-
bility, showing promise in detecting change in measuring
head and neck lymphoedema [10].

Intervention

The most commonly applied and effective method for the
treatment of lymphoedema is compression therapy, includ-
ing bandages and garments [12]. A systematic review of
stroke-specific literature found the most effective treatment
methods were compression garments, bilateral passive ROM
and contemporary therapies [13]. A treatment method that
appears to be unique to SCI is the ‘boxing glove’ splint [14].
The ‘boxing glove’ splint involves wrapping the hand in a
crepe bandage with the wrist is positioned at 45° of exten-
sion, the metacarpophalangeal joints at 90°, interphalangeal
joints at 20-30° and the thumb opposed with fully stretched
web space. There has been limited research of this treatment
method. A final, emerging treatment is kinesio tape. Kinesio
tape is an elastic stretch tape that is applied to the skin’s
surface with claims that by lifting the skin, there are phy-
siological effects including ‘removing congestion of lym-
phatic fluid under the skin’ [15]. There is currently
insufficient evidence to suggest that the use of the kinesio
tape is more effective than other treatment modalities [16].

Current study
Oedema in the hands of people with SCI is a greatly under-
researched area. The purpose of this study was to gather

information from clinical experts regarding their percep-
tions and management of oedema, including perceived
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causes, prevalence, assessment, treatment and effects on
rehabilitation and function.

Methods

A survey research design collected information from clin-
ical specialists in the area of SCL

Participants

Participants for this study included occupational therapists
with experience working with people with a SCI. Invitations
were sent via a SCI specific email listserv and an email to the
lead occupational therapist in the SCI centres in Australia.

Procedure

The email provided background information to the study
and a link to the online survey in SurveyMonkey ©. The
survey included an introduction and sought participant
consent prior to commencing. Participants were provided
with an email address to contact the research team with any
queries regarding the survey.

Instruments

The survey included closed and open-ended questions and
was pilot tested with two colleagues. The survey gathered
demographic information including place of work and level
of experience and information regarding the perceived
prevalence of oedema, assessment and treatment methods
used, impact on rehabilitation, and any other challenges.
The survey questions were developed from the existing
literature and clinical expertise.

Data analysis

Data from the online platform were downloaded into
Microsoft® Office Excel for collation and analysis. The
closed-ended questions and Likert scale data were sum-
marised and presented as number and percentages. Data
from open-ended questions were collated and content ana-
lysis allowed categories for responses to be developed.
Direct quotes are reported where appropriate.

Results
Participants

Responses were received from 17 occupational therapists
and the demographics are reported in Table 1.
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Table 1 Participant demographics

Demographic n (%)
Service type

Spinal injuries unit 14 (82)
(NSW) 6 (35)
(VIC) 5(29)
(WA) 2 (12)
(QLD) 2(12)
(SA) 2 (12)
Neurorehabilitation 2 (12)
Community 1 (6)
No. of years of experience as an occupational therapist

0-5 years 4 (24)
6-10 years 6 (35)
11-20 years 4 (24)
21-30 years 1 (6)
30+ years 2 (12)
No. of years of experience working in spinal cord injury

0-5 years 8 (47)
6-10 years 5(29)
11-20 years 3 (18)
21+ years 1 (6)

Patient demographic

Participants treated patients within 6-weeks post injury (n
=9, 53%); from 6-weeks to 3-months post injury (n =4,
24%); or at a range of time points on the continuum (n = 8§,
47%). The length of stay was under 3 months (n =5, 29%);
4-12 months (n =10, 59%) and over 12 months (n =2,
12%). Finally, 88% (n=15) of the participants reported
treating their patients one to twice a day for rehabilitation
and 12% (n = 2) saw patients by referral only.

Causes and prevalence of oedema

Participants identified positioning (n =17, 100%) and lack
of movement (n =16, 94%) as the predominant causes of
oedema. They reported that oedema occurred often (n = 11,
65%) and was more likely to occur in both hands (n = 14,
82%) than one hand (n =3, 18%). (Table 2) Participants
reported that <50% of their current clinical caseload had
oedema in their hands and there was no clear trend to
‘when’ oedema was likely to occur post injury.

Assessment

Oedema was most commonly identified by visual inspection
(n=17, 100%) then followed by a combination of formal
and informal assessment tools. The assessment tools used
by the participants are reported in Table 3. The tape

Table 2 Cause and prevalence of oedema in hands in people with
tetraplegia

Cause of oedema® n (%)
Positioning 17 (100)
Lack of movement 16 (94)
Disuse 11 (65)
Affected sympathetic nervous system 5(29)
Affected lymphatic system 4 (24)
Other (co-morbidities i.e. cardiac conditions) 1 (6)
General impressions of prevalence of oedema

Never 0 (0)
Occasionally 5(29)
Often 11 (65)
Always 1 (6)
% of prevalence of oedema in the current clinical setting

0% 5(29)
1-25% 2 (12)
26-50% 5(29)
51-75% 2 (12)
76-100% 0 (0)
Unclear 3 (18)
Timing of when oedema occurs

First 2 weeks 4 (24)
1-2 months 5(29)
Varies 2 (12)
Unsure 2 (12)
Unclear 4 (24)

*Multiple responses permitted

measure was reported as the most effective assessment tool
(n =10; 59%) and one of the most commonly used (n = 13,
76%), seen as ‘objective’ and ‘easy’. ROM was commonly
used (n = 14, 82%), considered ‘objective’ but reported less
likely to be effective (n=4; 24%). The participants who
preferred the use of photos (n=3; 18%) referred to the
‘visual’ nature of this approach. Appearance to the naked
eye (n=2, 12%) and patient feedback (n =1, 6%) were
considered least effective although they were reported as
‘most convenient’ and ‘quick’.

Re-assessment

Re-assessment occurred 4-5 times a week (n =10, 59%),
once a week (n =35, 29%), and variably on admission and
discharge, each visit, rarely, or every few weeks (n =1, 6%
respectively). Fourteen (82%) participants did not specify
the type of assessment with the remaining three (18%)
participants specifying that a visual inspection was used.

SPRINGER NATURE
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Table 3 Assessment tools currently used in clinical settings

Table 4 Treatment methods currently used in clinical settings

Assessment tools* Currently Considered Treatment method® Current Considered
used (%) effective (%) use (%) effective (%)
Naked eye 17 (100) 2 (12) Elevation 17 (100) 7 (41)
Range of motion 14 (82) 4 (24) Compression gloves 13 (76) 4 (24)
Tape measure 13 (76) 10 (59) Retrograde massage 13 (76) 5(29)
Patient feedback 12 (71) 1 (6) Compression bandaging 12 (71) 7 (41)
Comparison with 11 (65) 0 (0) Boxing glove 9 (53) 0 (0)
other hand Manual lymph drainage 5(29) 2(12)
Pitting hand 11 (65) 0 (0) Kinesio tape 3(18) 0 (0)
Photos 10 (59) 3(18) Range of motion (passive and 3 (18) 4 (24)
Sensation assessment 2 (12) 0 (0) active)
Ill-fitting splints 1 (6) 0 (0) Splinting 2 (12) 0 (0)
Moisture metre 0 (0) 0 (0) Manual Oedema Mobilisation 2 (12) 1 (6)
CT/X-ray/US 0 (0) 0 (0) Functional Electrical 1 (6) 1 (6)
Volumetric metre 0 (0) 0 (0) Stimulation
Bioimpedence 0 (0) 0 () “Multiple responses permitted

*Multiple responses permitted

Challenges with assessment

Participants identified that the process of assessment was
not consistent (n =5, 29%), had poor inter-rater reliability
(n =4, 24%), the measures were subjective (n =2, 12%),
inaccurate (n =2, 12%) and time consuming (n =2, 12%).
One participant stated that assessments do not provide a
precise measurement of oedema and that ‘presence and
reduction of oedema is easy to identify visually and through
patient/family feedback’.

Treatment

Elevation was the most commonly used treatment method
(n=17, 100%) and seven (41%) participants reported it to
be effective. Table 4 shows the frequency of the remaining
treatment methods, including reports of perceived effec-
tiveness. Eleven participants (65%) stated that they would
use a combination of various treatment methods including
bandaging for acute oedema and compression garments for
chronic oedema.

Challenges with oedema management

Participants reported they felt the treatments did not have
long-term effects (n =11, 65%) and eight (47%) partici-
pants were often not sure of what intervention to trial next.
Five (29%) participants felt they had a lack of resources and
two (12%) participants reported that there were competing
therapeutic demands such as equipment prescription, func-
tional retraining and discharge planning. Three (18%) par-
ticipants reported clinician fatigue as an issue, and three
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(18%) participants stated that the patient concordance
reduced over time.

Impact of oedema on rehabilitation

Eleven (65%) participants reported that oedema affected
ROM and made it ‘difficult to exercise’, affected body
image (n =5, 29%), caused pain (n =4, 24%) and stiffness
(n =2, 12%). Furthermore, two participants (12%) linked
oedema and the ‘enlarged limb’ to psychosocial impacts
with one of these participants linking it to poor hand
function and reduced engagement in therapy. Three parti-
cipants (18%) linked oedema to reduced motivation and
engagement in therapy. Other comments included the lack
of research to provide a basis for any standard of practice
for this population. Finally, one participant highlighted that
involvement of nursing staff and family support had posi-
tive impacts on outcomes.

Discussion

The literature review highlighted that limited evidence
exists regarding oedema in the hands of people with tetra-
plegia. This study sought to build this knowledge-base,
collating information on current clinical practices for
oedema management from experts working in pre-
dominantly specialised SCI units. The role of occupational
therapy for people with tetraplegia includes functional
retraining, upper limb management, equipment provision
and community reintegration [17]. Oedema management
during rehabilitation occurs within the context of these
competing therapy goals and experts were seeking guidance
to maximise outcomes.
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There was some uncertainty about prevalence and timing
of oedema presentation, with participants suggesting that
oedema of the hands occurred ‘often’ whilst reporting an
incidence of 23% of their current patient population. Sys-
tematic data collection that follows the recommendations of
the ISCIUEBDS [6] would support the development of a
clearer understanding of both the prevalence and timing of
this issue. It is important for further research to develop a
better understanding of causal factors so that recommen-
dations regarding preventive practices can be met. This is
particularly important provided the recommendations for
early preventative practices [18]. Reports from other clinical
areas link oedema to disturbances in the lymphatic system,
decreased muscle tone, vascular changes and impaired
muscle pump [4, 5, 19, 20]. Participants in this study
reported causes linked to biomechanical factors including
positioning, lack of movement and disuse of the limb.
Multiple factors may contribute to the development and
continuing presence of oedema, including the biomechani-
cal factors identified by clinicians as well as underlying
physiological processes evident in other diagnostic groups.

Visual inspection to identify the presence of oedema was
prevalent despite evidence that interstitial fluid volume can
increase by 30% before oedema is detected by the naked
eye [21]. The use of visual inspection may be appropriate in
clinical areas where the affected limb can be compared to
the unaffected limb. However, relying on visual inspection
may not be appropriate for people with tetraplegia who, as
suggested in the results, are most likely to develop oedema
in both hands. There is a need for an exploration of alternate
ways to identify early onset of oedema to inform pre-
ventative measures where possible.

The findings highlight that “gold standard” assessment
tools, such as the volumetric metre and the tape measure,
are not being consistently used. Participants reported that
these assessments lacked inter-rater reliability, which con-
tradicts the literature supporting the inter-rater reliability of
tape measurement [22]. Further research should explore the
reasoning for this belief and address any gaps in knowledge
or practice. One consideration may be that the assessments
do not determine specific tissue composition changes within
a limb [23], an important consideration when working with
people with tetraplegia who experience muscle wasting.
Finally, ROM has been adopted as an assessment approach
that is unique to SCI. Despite established links between
oedema and loss of ROM [24], there are no studies that
establish ROM as a reliable and valid measure of oedema.

Four treatment methods were regularly applied in clinical
practice; elevation, retrograde massage compression gloves
and bandaging. This correlates with evidence from the
Australasian Lymphology Association stating that use of
compression garments is one of the ‘cornerstones of lym-
phoedema’ treatments [25]. The boxing glove splint was

used by more than half of the participants but not con-
sidered effective by any. Cheshire et al. [14] introduced the
boxing glove splint to prevent oedema within the first two
months of SCI during an era when the newly injured person
with tetraplegia was managed with 2-3 months of bed rest.
This approach has been retained within clinical practice in
Australia despite no evidence for its effectiveness. Medical
advancement means that people with tetraplegia are now
managed surgically, mobilise earlier, and engage in thera-
pies sooner [26]. It would be appropriate to evaluate the
effectiveness of this approach within this new medical
context. Finally, the practice evidence gap identified in this
study has been reflected in other clinical areas [5, 27], with
a particular need to identify treatments with long-lasting
effects [5, 13, 16]. The literature highlights the importance
of identifying effective treatments to reduce and manage the
oedema in the early stages of onset and maintaining the
gains long term [5, 28].

Limitations

This study included findings from one small informant
group. The inclusion of patients experiencing oedema and
other health disciplines providing care may have provided
additional information. Participants were not asked to
comment on their clinical reasoning and thus we are unable
to comment on their reasoning and decision making.
Finally, the study did not explore how information about
oedema was documented and therefore we are unable to
determine whether clinical practice aligned with interna-
tional recommendations.

Future research

This survey has highlighted the need for further research to
increase understanding of oedema in the hands of people
with tetraplegia. Research needs to explore the most accu-
rate assessment tools and effective treatment methods for
this population with a focus on clinical utility. A qualitative
study with people with tetraplegia who either have experi-
enced or are experiencing oedema in the hands would add
depth to our understanding of this issue.

Conclusion

The clinical experts applied assessment and treatment
approaches frequently reported in the general oedema lit-
erature but also with some approaches specific to the SCI
population. The use of range of motion for assessment and
the boxing glove as treatment are unique to SCI clinical
practice and both require further investigation. Impacts on

SPRINGER NATURE



71 Page 6 of 6

Spinal Cord Series and Cases (2019)5:71

hand function and engagement in rehabilitation were
reported when oedema was present. In addition, there were
impacts reported for functional recovery, pain, limitations
with ROM and psychological consequences. The effec-
tiveness of current assessment tools and treatment methods
requires further research specific to people with tetraplegia
with a view to developing clinical practice guidelines.
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