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Abstract
Forty years of clinical experience and peer-reviewed research studies support the use of nonweight-bearing removable rigid
dressings (RRDs) as an effective means of postoperative management of transtibial amputations. We reviewed the published
medical evidence regarding the use of RRDs as a postoperative management strategy, culminating in an evidence-based practice
recommendation. Published peer-reviewed literature on the topic was searched and classified by level of evidence based on the
research design using the scale recommended by the PM&R (level I through V). The search uncovered a total of 15 articles,
including 5 level I randomized controlled trials, 6 level III retrospective matched controlled trials, and 4 level V case reports.

A number of benefits associated with the application of RRDs compared with soft dressings were reported across these 15 studies.
These included faster healing times, reduced limb edema, preparatory contouring of the residual limb in anticipation of prosthetic
use, the prevention of knee flexion contractures, and reduced external trauma to the limb. Also described were an increased
probability of successful prosthetic use and pain reduction. The RRDs studied permitted regular inspection of surgical wounds with
greater ease and consistency of application than traditional soft dressing approaches. Rigid dressings provide all the same benefits of
RRDs except ease of wound inspection, therefore rendering them impractical for the 82% of patients receiving an amputation for
ischemicdisease that areat high risk of developingwounddehiscence.Weight-bearing immediate postoperativeprostheses arealmost
exclusively reserved for use on trauma patients who usually do not show evidence of vascular or neurologic impairment. The inherent
risks of falls and inconsistent pressure on the surgical wound have further restricted their use in practice to a limited patient type.

The benefits of RRDs compared with soft dressings are universally recognized in the published peer-reviewed medical evidence
to be superior to soft dressings. Based on the best-available current published evidence, nonweight-bearing removable rigid
dressings should be considered the first treatment choice for the postoperative care of transtibial amputees to optimize outcomes
with regard to reductions in injury due to falls, knee flexion contractures, edema, healing time, time to prosthetic fitting, and pain.
Level of Evidence: II
Introduction

Postamputation management of the residual limb
remains an integral yet often overlooked element of
surgical recovery and is instrumental in achieving
optimal long-term patient outcomes [1-3]. Post-
operative, preprosthetic care prepares the residual limb
for a more successful prosthetic fitting and earlier
ambulation compared with soft dressings alone [4]. The
goals of postoperative management are to provide a
clean wound healing environment, reduce swelling and
associated pain, protect the limb from external trauma,
reduce the incidence of knee flexion contractures,
reduce hospital length of stay, decrease time before
casting for initial prosthesis, provide for earlier
1934-1482/$ - see front matter ª 2018 by the American Academy of Physi
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ambulation, and ultimately facilitate each person’s
potential for their maximum rehabilitation with a faster
return to activities of daily living.

The primary dressings in use today are soft dressings,
nonweight-bearing removable rigid dressings (RRDs),
nonremovable rigid dressings (RDs), and weight-bearing
immediate postoperative prostheses (IPOPs). RDs pre-
viously have been proven superior to soft dressings, but
their contemporary use has diminished in clinical prac-
tice because of inaccessibility to the residual limb and
the risk of developing wound dehiscence in patients
with ischemic disease [5-7]. Thigh-level RDs, RRDs, and
IPOPs split the knee in extension and protect the re-
sidual limb inside the dressing with a protective outer
shell [8]. After initial enthusiasm, IPOPs were proven to
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be unsafe in most settings for patients with ischemia
and are now rarely used in that population [9,10]. RRDs
often are applied over soft dressings.

Despite the published evidence supporting the attri-
butes of RRDs, a consensus has not been reached in clinical
practice regarding dressing selection for the management
of transtibial amputations [2]. In 2001 Choudrey et al [11]
reported up the practice patterns observed across the
Veterans Administration hospitals that performed trans-
tibial amputations and found that 67% of patients who
underwent transtibial amputation received soft dressings,
5% IPOP, 14% nonremovable RDs, and 14% RRDs.

Currently, choice of dressing appears to be based on
training, local practice patterns, and intuition rather
thanmedical evidence. This is likely because themedical
evidence regarding RRDs has been published over many
years and in varied journals across multiple disciplines,
with some studies commingling the various dressings
(Table 1) [12]. All the dressing types satisfy the imme-
diate need to cleanly cover the fresh surgical incision and
maintain some compression on the residual limb. The
historical standard of soft dressings offers the advantage
of low cost and accessibility to the wound. However,
descriptive studies have observed a tendency for soft
dressings to fall off, an increased probability of knee
flexion contractures, the potential for proximal or un-
even circumferential pressures that inhibit healing and
skin survival, and greater likelihood of injury to the re-
sidual limb from external trauma [13]. Subsequent de-
velopments of postoperative dressings were designed to
address these shortcomings by preventing knee flexion
contractures, reducing edema, providing consistent
precontouring of the residual limb, facilitating ease of
patient use, and protecting against external trauma from
falls [1,2,14]. The objective of the present narrative
review is to examine the extant literature regarding
nonweight-bearing RRDs for transtibial amputees and
determine whether the body of the evidence is sufficient
to support an evidence-based recommendation.

Search Strategy

Using Google Scholar, PubMed, Cumulative Index of
Nursing and Allied Health Literature (CINAHL), OVID,
Medline, Medline plus (at National Library of Medicine),
Scopus, JSTOR Search, Web of Science (ISI Citation In-
dexes), and Embase, we conducted a literature search
using the following keyword search terms: removable
rigid dressings, transtibial amputation dressings, post-
operative dressings for transtibial amputees, and rigid
dressings. The search was not constrained by search
dates but was limited to human studies published in the
English language. No methodologic filters were applied
to limit retrieval by study type. A manual search of the
bibliographies from extracted studies was conducted to
identify studies not captured in the electronic database
searches. All authors’ names on relevant identified
articles were searched to further mitigate the possibil-
ity of inadvertently omitting any published work on the
topic. All articles identified by the search are included
in this review.

Assessment of the Literature

The body of published peer-reviewed literature
regarding RRDs revealed by our search consisted of 5
level I randomized controlled trials (RCTs), 6 level III
retrospective matched controlled trials, and 4 level V
case reports (Table 1) [12]. Although the RRD initially
was described in a textbook chapter, the clinical ma-
neuver was not technically studied and published until
the following year [13]. In 1979, the first peer-reviewed
published work on the intervention was a retrospective
matched controlled trial that compared 19 patients
experiencing 21 transtibial amputations treated with a
RRD compared with 30 patients treated at the same
medical center with similar surgical technique but with
conventional soft dressings postoperatively [15]. Wu
et al [15] demonstrated RRDs compared with soft
dressings had 57.8% faster average “time to healing,” as
measured by the time from amputation to initial casting
for definitive prosthesis, and 46.8% faster average “time
to rehabilitation,” as measured by date of discharge on
prosthesis. In addition, the authors described how the
removable nature of the RRD permitted frequent
observation and progressive shrinkage of the residual
limb while maintaining the advantage of immobilization
of soft tissue to reduce pain and prevent external
trauma to the residual limb. RRDs also significantly
reduced the incidence of skin breakdown and distal
edema, which facilitated earlier hospital discharge.

Superiority of the RRD versus soft dressings was sub-
sequently confirmed by a RCT that included 15 patients
with 16 amputations due to vascular disease [16]. The
RRD group had a significant decrease in volume from a
mean change of zero (t ¼ 9.35, P < .0005). The authors
also reported that the RRD group experienced signifi-
cantly greater reductions in residual limb volume
compared with the elastic bandage group (t ¼ 2.09, P <
.05). The RRD was also described as providing symmet-
rical shaping forces to the limb without creating local-
ized pressure areas and could be independently applied
by patients. The authors speculated that a well-shaped
limb would enhance the overall prosthetic-wearing
experience.

Three case reports were published next. These case
reports were published at an important time in the
development and acceptance of RRDs in that they
served to allay fears that extreme caution should be
exercised before applying RRDs to patients with either
wound healing challenges or manual dexterity limita-
tions. The initial case report described 2 individual pa-
tient cases. A 53-year-old woman was admitted to the
rehabilitation hospital with a swollen, edematous, and



Table 1
Medical evidence using RRDs for patients with transtibial amputations

Study
Level of
Evidence N Research Design Population Studied Dressing Studied Principal Findings/Reported Outcomes

Wu et al, 1979 [15] III 21 Matched cohort 19 men with BKA Experimental group: BK plaster cast held
by a suspension stockinette to a
supracondylar plastic cuff

Control Group: SD

57.8% faster average time to healing
and 46.8% faster time to
rehabilitation with RRD vs SD.

Mueller et al, 1982 [16] I 16 RCT 10 men, 5 women þ55 y BKA
<2 mo, vascular disease

Experimental group: modified Wu
dressing

Control group: elastic bandage

RRD showed significantly greater
residual limb shrinkage compared
with SD (t ¼ 2.09, P < .05). RRD had
a significant decrease in volume
from a mean change zero (t ¼ 9.35,
P < .0005).

Gandhavadi et al,
1987 [17]

V 2 Case report 53-y-old woman, diabetic,
62-y-old man with PAD

Modified Wu dressing Female - unhealed wound; 3 wk after
RRD completely healed wound,
residual limb shaped and
conditioned for prosthesis. Male -
unhealed wound, 3 wk after RRD the
wound healed and limb shrinkage
and shaping took place. RRD
maintains advantaged of rigid
dressings and allows wound
inspection.

Richter et al, 1988 [18] V 1 Case report 68-y-old man, diabetic Modified Wu dressing 6 wk after the RRD was applied, the
patient had complete wound
healing. RRD proved ideal for a
residual limb with poor wound
healing.

Gendron et al, 1991 [19] V 1 Case report 9-y-old boy, traumatic Modified Wu dressing 35 d after the injury, a RRD replaced
SD. 14 d later, complete wound
healing occurred. The RRD is a
beneficial technique for the
preprosthetic management of the
juvenile amputee.

Hughes et al, 1998 [20] III NR Matched cohort Uncomplicated BKA Experimental group: Modified Wu
dressing

Control group: SD

RRD significantly reduced time to
fitting of definitive prosthesis from
101 to 46 d. Residual limb injury
decreased from 22% to 0%.

Duetsch et al, 2005 [22] I 41 RCT BKA vascular disease Experimental group: modified Wu
dressing

Control group: standard SD

Primary wound healing of the residual
limb occurred almost 2 wk earlier in
patients with RRD (RRD ¼ 51.2 d �
19.4; SSD ¼ 64.7 d � 29.5 d; P ¼ .07;
RRD: n ¼ 17; SSD: n ¼ 14).

Tsai et al, 2007 [24] V 1 Case report 89-y-old man, PVD Customized polyethylene RRD Authors observed improved wound
healing and the patient reported
less phantom pain.

Ladenheim et al, 2007 [25] III 104 Matched cohort BKA Experimental group: prefabricated
polyethylene RRD

Control group: SD

Patients with RRD casted for initial
prosthesis an average of 58.4 d
(SEM), � 3.6 d) postsurgery vs 84.4
(SEM � 7.9 days) with SD, P ¼ .001).
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Johannesson et al, 2008
[26]

I 27 RCT Patients undergoing BKA
for PVD

Experimental group: vacuum-formed
RD

Control Group: rigid dressing of
plaster of Paris

Mean time to prosthetic fitting 37
(26-54) d in the RRD group vs 34
(21-47) days in the rigid dressing
group (adjusted mean difference 3,
95% CI e3 to 9). RRDs give results
similar to RDs while allowing
frequent wound inspection.

Taylor et al, 2008 [27] III 65 Matched cohort Dysvascular patients
receiving BKA

Experimental group: modified Wu
dressing

Control group: conventional SD

Mean time to casting with a RRD 27.6
(21.2-32.7) d vs 36.4 (24.0-50.0) in
the non-RRD group (P < .05). Acute
length of stay 15.9 in the non-RRD
group vs 8.7 days in the RRD group
(P < .001). RRD significantly reduced
acute LOS and time to first
prosthetic casting.

Janchai et al, 2008 [28] I 26 RCT 11 men, 15 women average
age 68 y, 80% vascular
indications

Experimental group: modified Wu
dressing

Control group: elastic bandage

Tendency to reduce residual limb
volume at two weeks 42.73 � 62.70
cm3 in the RRD group vs 21.89 �
118.49 cm3 in the elastic bandage
group (P ¼ .064). Residual limb
volume reduced faster with use of
RRD compared with SD. Decreasing
volumes were not different at 4 wk.

Duwayri et al, 2012 [29] III 100 Case series/matched
cohort

66 men and 34 women BKA
>18 y

Layer of soft stockings and a compressive
gel liner under a rigid removable,
custom-designed shell. Experimental
group: compliant patients

Control group: noncompliant patients

Compliant patients more likely to be
fitted with prosthesis (72 vs 42%, P ¼
.005). Greater number of compliant
patients fitted 100 days
postamputation (69.7 vs 22.2%, P ¼
.012).

Hidayati et al, 2013 [30] I 23 RCT BKA dysvascular indication Experimental group: modified Wu
dressing

Control group: elastic bandage

Decrease in edema at 2 wk 63.85% in
the RRD group vs 34.35% in the SD
group (P ¼ .01). Significant decrease
in residual limb volume and a
nonsignificant tendency toward pain
reduction.

Sumpio et al, 2013 [31] III 151 Matched cohort Experimental group: prefabricated
polyethylene RRD

Control group: SD

Median time to heal was 76 d for
patients in a RRD compared with 127
in the SD group (P ¼ .02). The
percentage of patients casted at 60
d was 58.24% in the RRD group and
38.33% in the control (P ¼ .03). RRD
patients had a significantly quicker
healing time and faster time to be
cast for first prosthesis.

Based on the levels of evidence definitions used by PM&R.
RRD ¼ removable rigid dressing; BKA ¼ below-knee amputation; BK ¼ below knee; SD ¼ soft dressing; RCT ¼ randomized controlled trial; PAD ¼ peripheral artery disease; SSD ¼ standard

soft dressing; PVD ¼ peripheral vascular disease; SEM ¼ standard error of the mean; CI ¼ confidence interval; LOS ¼ length of stay.
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520 RRDs for Transtibial Amputations
tender residual limb with a 4-cm opening in the surgical
incision after 3 weeks in a traditional soft dressing. A
RRD was applied, and within 2 weeks the surgical wound
was healed and the residual limb was conditioned and
shaped. The second patient was a 62-year-old man
admitted to the same hospital with a residual limb that
was red, swollen, and tender with a 2-cm open area in
the surgical incision over the lateral aspect. Three
weeks after applying a RRD, the author observed
reduction in the size of the residual limb, improved
shaping, and the surgical incision healed well [17].

The second case report published described suc-
cessful use of a RRD in obtaining wound closure for a
patient with severe wound dehiscence [18]. The authors
concluded the technique was ideal for a residual limb
with poor wound healing while providing protection of
the limb and better shrinkage combined with the ability
to remove the dressing, examine the wound and treat if
necessary. The third case report described a traumatic
amputee in which the use of a RRD over 14 days facili-
tated wound closure for a juvenile who had experienced
delayed healing for 35 days before the intervention
[19]. This latter case was notable in that the authors
observed that the RRD provided wound protection dur-
ing ambulation, normal childhood playing, and mat
exercises.

In 1998, a second retrospective case controlled trial
further compared outcomes between RRDs and soft
dressings [20]. The authors reported that the average
time for fitting of definitive prosthesis was reduced by
55% for those managed with a RRD and the annual
incidence of external trauma to the residual limb
decreased from 22% to zero. This reduction in external
trauma to the residual limb as a result of falls was
confirmed in a later study that demonstrated a similar
decline from 17% to zero with the use of a RRD [21].

These observations were followed by a RCT composed
of 22 patients receiving a RRD and 19 patients receiving
standard soft dressings [22]. For those subjects
managed with an RRD, primary wound healing of the
residual limb occurred nearly 2 weeks earlier than those
managed with soft dressings; this, however, was not
statistically significant (51.4 days versus 64.7 days; P ¼
.07). This study also confirmed the earlier findings of
enhanced protection from falls. Proponents of RRDs
wrote a letter to the editor after this study. They
questioned the feasibility of an RCT to show dramatic
differences from soft dressings because of cofounders,
such as hospital procedure, surgical technique, and
postamputation rehabilitation program [23].

This was followed by yet another case report
describing an 89-year-old man who had sustained
frequent falls in the bathroom of a rehabilitation hos-
pital, leading to residual limb wound dehiscence. After
a polyethylene RRD was applied, the patient had better
limb protection and demonstrated improved wound
healing while reporting less phantom pain [24].
A multicenter retrospective cross-sectional study
compared 76 patients treated with a prefabricated RRD
with 28 patients receiving soft dressings [25]. Consistent
with previously reported results, those patients
managed with the prefabricated RRD were casted for
their first custom prosthesis an average of 26 days
sooner than those in the soft dressing group (58.4 days
versus 84.4 days; P ¼ .001). Citing this statistically sig-
nificant improvement, authors concluded that wound
healing was improved with a RRD (Figure 1).

Researchers next sought to determine equivalency
between RDs and RRDs by performing an RCT, since RDs
were already well accepted by clinicians as superior to
soft dressings and producing beneficial outcomes in the
transtibial amputee. This is the only published study
comparing RRDs with RDs. This study demonstrated the
mean time to prosthetic fitting of 37 (26-54) days in the
RRD group compared favorably with 34 (21-47) days in
the RD group (adjusted mean difference 3, 95% confi-
dence interval e3 to 9). Three months postamputation,
the researchers measured each patient with the Loco-
motor Capability Index and the Timed “Up and Go” test
and found both groups performed equally. The authors
concluded the RRD appears to give results similar to
those of conventional RDs regarding time to prosthetic
fitting and patient’s function with prosthesis [26].

An additional retrospective case-note audit
composed of 28 subjects in a RRD group and 37 in a non-
RRD group demonstrated that the application of RRDs
significantly reduced acute hospital length of stay (15.9
days versus 8.7 days, P < .001) and time to first pros-
thetic casting (36.4 days versus 27.6 days, P < .05) [27].
The RRD thus provided substantial benefits in preparing
the transtibial amputee for early rehabilitation and
prosthetic intervention.

A subsequent RCT provided a comparison between
RRDs and elastic bandages in reducing limb volume of
below-knee amputees [28]. RRDs had a tendency to
reduce residual limb volume faster than elastic ban-
dages at 2 weeks; however, the study found no statis-
tically significant differences between the 2 groups at 2
and 4 weeks postoperatively. The limb volume reduction
for the RRD versus elastic bandage was 42.73 � 62.70
cm3 versus 21.89 � 118.49 cm3 at 2 weeks and 79.9 �
103.33 cm3 versus 83.03 � 113.05 cm3 at 4 weeks.

A retrospective cohort study then compared 76 pa-
tients who were compliant with an RRD with 24 who were
not [29]. Compliant patients were significantly more
likely to be successfully fit with a prosthesis (72% versus
42%, P ¼ .005). A clinically important discovery of this
study is that RRD use was found to be associated with
earlier and more frequent use of prosthesis (Figure 2).

In another RCT that included 23 patients, those
treated with an RRD experienced accelerated limb
volume reduction rates in the first 2 weeks compared
with those with soft dressingsda 63.85% reduction for
the RRD group versus 34.35% for the soft dressing group



Figure 1. FLO-TECH-TOR prefabricated polyethylene removable rigid
dressing used in the Ladenheim et al [25] and Sumpio et al [31] studies.
Courtesy of FLO-TECH O&P Systems, Inc.

Figure 2. AmpuShield removable rigid dressing. Predicate device used
in the Duwayri et al [29] study. Courtesy of Hanger Clinic.
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(P ¼ .01). After 3 weeks, decreases in residual limb
edema were not statistically different; however, those
improvements observed in the first 2 weeks can have a
valuable impact on initial wound healing and therefore
speed up limb maturation. The residual limb was free of
edema at week 5.08 � 1.17 in the RRD group versus
week 6.82 � 1.31 in the elastic bandage group, which
was statistically significant (P ¼ .03) [30].

More recently, the authors of a 151-patient retro-
spective, cross-sectional study compared the outcomes
with RRDs or RDs against those with soft gauze dressings
and knee immobilizers [31]. This largest study to date
demonstrated significantly quicker healing times, as
measured by time to be cast for initial prosthesis. After
the first 60 days, the percentage of patients ready to be
cast was significantly greater in the RRD and RD group
compared with the soft-dressing group (58.24% versus
38.33%; P ¼ .03) (Figure 1).

Discussion

RRDs were originally designed to provide all the
advantages previously reported for the IPOP and rigid
cast dressings while eliminating the disadvantages of
lack of access to the wound site and the potential for
excessive weight bearing, particularly troublesome for
patients receiving an amputation due to vascular
disease. Among the cited benefits of RRDs is reduced
incidence of fall-related trauma to the residual limb.
Falls are both a common and potentially catastrophic
occurrence after lower limb amputation, often
resulting in lacerations, fractures, wound dehiscence,
and additional damage to the limb that may require
revision surgery [32-36]. Many patients with lower
limb amputations experience difficulty retaining bal-
ance and as a result represent the subset of patients
most likely to fall during inpatient stay (20.6%) [32].
Approximately one third of all lower limb amputee
admissions are complicated by an accident; most
represent falls. In the general hospitalized popula-
tion, injurious falls have been proven to be associated
with prolonged hospital stay [21,37]. In their assess-
ment of postoperative RRDs Gooday and Hunter [21]
observed that they “are straightforward to apply,
well tolerated, and inexpensive so it may be appro-
priate to consider using them more widely.” Corrob-
orating evidence by Hughes et al [20] showed a
decrease in the annual incidence of injury to the re-
sidual limb from 17% to zero as result of introducing
RRDs as a standard of care for postoperative man-
agement of transtibial amputations.

A recent study entitled “Do Rigid Dressings Reduce the
Time From Amputation to Prosthetic Fitting? A Systematic
Review and Meta-Analysis” confirmed the faster time to
prosthetic fitting demonstrated in the studies with small
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sample sizes [4]. A subsequent letter to the editor clari-
fied the potentially misleading title by pointing out that 4
of the 6 trials that met the strict entry criteria actually
examined RRDs [38]. The authors wanted readers to
realize that clinicians could apply RRDs, which provided
the identical advantages as RDs while maintaining the
ability to easily inspect and treat the surgical wound.

Conclusion

The benefits of RRDs are universally recognized in the
published peer-reviewed medical evidence to be superior
to soft dressings. Based on the best-available current
published evidence, RRDs should be considered the first
treatment choice for the postoperative care of transtibial
amputees to optimize outcomes with regard to re-
ductions in injury due to falls, knee flexion contractures,
edema, healing time, time to prosthetic fitting, and pain.
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