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Objective. Oﬀ-loading is one of the crucial components of diabetic foot (DF) therapy. However, there remains a paucity of studies on
the most suitable oﬀ-loading for DF patients under postoperative care. The aim of our study was to evaluate the eﬀect of diﬀerent
protective oﬀ-loading devices on healing and postoperative complications in DF patients following limb preservation surgery.
Methods. This observational study comprised 127 DF patients. All enrolled patients had undergone foot surgery and were oﬀloaded empirically as follows: wheelchair+removable contact splint (RCS) (group R: 29.2%), wheelchair only (group W: 48%), and
wheelchair+removable prefabricated device (group WP: 22.8%). We compared the primary (e.g., the number of healed patients,
healing time, and duration of antibiotic (ATB) therapy) and secondary outcomes (e.g., number of reamputations and number and
duration of rehospitalizations) with regard to the operation regions across all study groups. Results. The lowest number of
postoperative complications (number of reamputations: p = 0 028; rehospitalizations: p = 0 0085; and major amputations: p = 0 02)
was in group R compared to groups W and WP. There was a strong trend toward a higher percentage of healed patients (78.4% vs.
55.7% and 65.5%; p = 0 068) over a shorter duration (13.7 vs. 16.5 and 20.3 weeks; p = 0 055) in the R group, as well. Furthermore,
our subanalysis revealed better primary outcomes in patients operated in the midfoot and better secondary outcomes in patients
after forefoot surgery—odds ratios favouring the R group included healing at 2.5 (95% CI, 1.04-6.15; p = 0 037), reamputations at
0.32 (95% CI, 0.12-0.84; p = 0 018), and rehospitalizations at 0.22 (95% CI, 0.08-0.58; p = 0 0013). Conclusions. This observational
study suggests that removable contact splint combined with a wheelchair is better than a wheelchair with or without removable
oﬀ-loading device for accelerating wound healing after surgical procedures; it also minimises overall postoperative complications,
reducing the number of reamputations by up to 77% and the number of rehospitalizations by up to 66%.

1. Introduction
One of the most important components of diabetic foot (DF)
therapy is appropriate oﬀ-loading [1–4]. DF oﬀ-loading
improves healing by immobilising and reducing maximal
plantar pressure [5]. Several therapeutic devices are routinely used to treat DF patients. The total contact cast
(TCC) is the most eﬃcient and considered the gold standard for DF oﬀ-loading [6, 7]. Other oﬀ-loading options

are half-shoes and prefabricated or individualized orthoses
[1, 8–10]. These tools are easier to prescribe, but they do
not always result ineﬃcient healing [10–12]. A wheelchair
is usually recommended in cases of extensive foot lesions
and bilateral impairment.
Many studies describe the eﬀectiveness of diﬀerent oﬀloading modalities, especially the TCC in the treatment of
DF ulcers or Charcot osteoarthropathy [6]. However, none
of these studies has clearly proved which type of oﬀ-loading
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Table 1: A comparison of basic characteristics among the study groups.

Evaluated parameters
Age (years)
Diabetes duration (years)
HbA1c (%/mmol/mol)
BMI (kg·m-2)
Haemodialysis (% of patients)
Organ transplantation (% of patients)
Peripheral arterial disease (% of patients)
TcPO2 (mmHg)
Osteomyelitis (% of patients)

Group R (n = 37)

Group W (n = 61)

Group WP (n = 29)

p value

57 9 ± 10 7∗

64 6 ± 12 2

65 6 ± 10 1

p = 0 007
NS

20 3 ± 11 2

21 7 ± 12 5

22 3 ± 13 6

7 9 ± 3 8/62 9 ± 17 7

7 9 ± 4 1/62 3 ± 20 9

7 6 ± 3 5/59 3 ± 15 2

NS

30 1 ± 5 5

30 7 ± 5 5

29 2 ± 5 5

NS

8.1
16.2

11.5
8.2

17.2
6.9

51

78.7†

69

NS
NS
p = 0 019

43 1 ± 12 9

37 5 ± 19 2

41 4 ± 14 7

NS

70.3

62.3

82.8

13.1/86.9

34.5/65.5

NS
p < 0 0001

31.2

27.6

NS

Outpatient/inpatient procedures (%/% of patients)

0/100

Revascularisation during follow-up (% of patients)

13.5

‡

Data are presented as means ± SD; HbA1c: glycated haemoglobin values according to DCCT/IFCC; BMI: body mass index; TcPO2: transcutaneous oxygen
pressure; NS: nonsigniﬁcant; p: value of signiﬁcance compared among the study groups (group R: patients treated by a combination of a wheelchair plus a
removable contact splint, group W: wheelchair only, and group WP: wheelchair plus a removable device) detected by one-way ANOVA, comparisons of all
pairs based on Turkey-Kramer analysis, contingency analysis, and the Cochran-Armitage trend test; ∗ group R vs. other study groups; †group W compared
to group R; ‡group R compared to group WP.

should be used for DF patients under postoperative care.
We have experience with TCCs in the treatment of DF
ulcers of varying degrees [13], but most do not use them
for postoperative care. To improve access to the surgical
wound and facilitate faster and easier availability, we modiﬁed the TCC application method by using removable contact
splints (RCSs) of various types (L-dorsal, L-pretibial, and Usplint) to ensure adequate stability and immobilisation. The
aims of our study were to evaluate the eﬀectiveness of various
oﬀ-loading methods used for DF patients who had undergone extensive foot surgery at diﬀerent intervention locations
and to conﬁrm the eﬀectiveness of our novel oﬀ-loading
method—removable contact splints (RCSs)—toward achieving better postoperative outcomes.

2. Research Design and Methods
2.1. Study Subjects. Annually, approximately 130 to 200
patients undergo a surgical procedure in our centre—only
50% of them were hospitalized patients. We included in our
study about 20% of our clients treated only by one type
of oﬀ-loading device, since the type of oﬀ-loading method
is frequently changed in the majority of patients, which
could negatively aﬀect the evaluation of the eﬀect of certain
oﬀ-loading device. Based on our inclusion criteria, our prospective observational comparative study comprised 127
patients treated for DF (DF ulcers scored by the University
of Texas (UT) diabetic wound classiﬁcation stages as 2B/3B
or 2D/3D; [14]) at the foot clinic of the Diabetes Centre at
the Institute for Clinical and Experimental Medicine (from
06/2013 to 06/2017). All patients who have undergone at
least one surgical foot procedure were oﬀ-loaded using one
type of oﬀ-loading method only during the whole observed
period. Patients were followed until they were healed or for
at least 3 months up to a maximum of 12 months (26.3 weeks
on average). Exclusion criteria included postsurgical followup shorter than 3 months, use of more than one oﬀ-loading

method during the follow-up period, full nonadherence to
oﬀ-loading (deﬁned as wearing of oﬀ-loading less than 50%
of the time during the day as we usually recommended),
and complete immobility due to stroke, paresis, or other
neurological disabilities.
Patients were treated comprehensively according to the
IWGDF guidance on the prevention and management of
foot problems in diabetes, which seeks to improve diabetes
control and the detection and therapy of macrovascular complications such as peripheral arterial disease (PAD) and
infection complications [1]. In our study, oﬀ-loading was
indicated empirically according to the type and extent of
the surgical procedure, anatomical proportions (lower limb
proportions, swelling, and the presence of deformities), and
the health status of the patient, including locomotor skills.
Based on the type of oﬀ-loading, patients were divided into
3 treatment groups: patients treated by RCS (our innovative
oﬀ-loading method introduced to the oﬀ-loading therapy at
the beginning of 2013) plus wheelchair (group R; n = 37;
[13]); patients treated by wheelchair only (group W, n = 61);
and those treated by a combination of a wheelchair plus a
removable device (half-shoe/orthosis) (group WP; n = 29).
Basic characteristics of the DF patients (except mean age)
did not diﬀer signiﬁcantly across the study groups
(Table 1). Group W diﬀered signiﬁcantly with regard to the
incidence of peripheral artery disease (PAD; p = 0 019).
However, transcutaneous oxygen pressure (TcPO2) values
evaluated preoperation did not diﬀer signiﬁcantly among
the study groups.
The primary outcomes of DF postoperative therapy—
percentage, duration and costs of hospitalizations, percentage of healed patients, healing time, length of antibiotic
(ATB) therapy, and number of revascularisations—were
compared among the study groups. From the secondary outcomes, we assessed postoperative complications, such as the
number of reamputations and major amputations and the
number and duration of rehospitalizations. All outcomes
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Figure 1: Removable contact splint manufacturing.

were analysed over the course of the follow-up period.
Results were also compared with regard to the locations of
the surgical procedures performed.
Prior to enrolment into the study, each patient signed an
informed consent form approved by the local ethic authority.
2.2. Removable Contact Splints (RCSs). We developed our
RCSs by modifying casting techniques. To produce the
special contact splints, we used a variety of underlying materials, including stockings, cotton wool materials, adhesive
felt-padding of diﬀerent thickness layers, and gypsum bandages as well as semirigid and rigid bandages containing
polymerising resins. The L-dorsal RCS was the most frequently produced. Manufacturing was carried out in several
steps (Figure 1). We ﬁrst applied a stocking along the lower
limb to which we dorsally attached a thin, sticky felt material.
This took the form of a splint made from a rigid material in

the shape of the letter L. The material was then ﬁxed to the
lower limb using 1 or 2 rolls of semirigid bandages to make
the splint compact. This product was cut along its entire
length on both sides of the lower limb. The semiﬁnished
product was subsequently removed and shaped adequately
to avoid compressing the toes, popliteal area, foot ulcers, or
any surgical wounds. The edge was arranged so as not to partially or totally overlap bone prominences, where the risk of
excoriation and foot ulcers is the greatest. The last step
consisted of adapting the RCS edges by cutting and taping
(Figure 2). For a more detailed description of RCS production, see the available literature [15, 16].
2.3. Surgical Procedures. Of the patients enrolled in the study,
61.4% (78/127) had undergone transmetatarsal toe amputations, metatarsophalangeal joint resections, transmetatarsal amputations, sesamoid bone resection, and soft tissue
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Figure 2: Dorsal L—removable contact splint—ﬁnal product.

operations of the forefoot; 29.1% (37/127) of patients had
undergone Lisfranc amputations, tarsal bone procedures,
such as bone abrasions, extirpations, and resections, and
soft tissue operations of the midfoot; and 9.5% of patients
had undergone calcaneal resections (including abrasions)
and soft tissue procedures of the hindfoot. Patients that
had undergone the following procedures were excluded
from the study: bone biopsies and dissections, ﬁstula resections, ulcerectomy, simple tenolysis, Syme amputations, and
major amputations.
2.4. Deﬁnition of Peripheral Arterial Disease. PAD was
determined based on the following criteria: patient history
(endovascular or surgical revascularisation), ankle brachial
index (ABI) lower than 0.9 on the examined limb, and/or a
TcPO2 value below 40 mmHg measured just before surgery.
We used duplex vascular ultrasound and/or CT/MR angiography to verify vascular status.
2.5. Deﬁnition of Osteomyelitis. Osteomyelitis was diagnosed based on laboratory signs of inﬂammation, positive
probe-to-bone (PTB) testing, X-ray ﬁndings, and previous
osteobiopsies [1].
2.6. Statistical Analysis. Shapiro-Wilk’s statistics was used to
test the Gaussian distribution. Then, the Gaussian variables
were tested by ANOVA, with the Tukey-Kramer method
used for multiple comparisons. For variables diﬀering from
the Gaussian distribution, we applied the Kruskal-Wallis test
and Steel-Dwass method for multiple comparisons. For discrete variables, we used χ2 test of independency in contingency tables. For statistical analysis of patient characteristics
and its responsiveness and power analysis, we applied Nominal Logistic Fit test and ANCOVA test. A two-sided p value
of less than 0.05 was considered statistically signiﬁcant. The
log rank test was used in Kaplan-Meier for DF healing. All calculations were carried out using JMP 11 statistical software.

3. Results
Approximately 14.2% of subjects were surgically treated as
outpatients, while 85.8% were hospitalized. Signiﬁcantly,
more patients from group R were managed as inpatients
(100%, p < 0 0001) compared to other groups (Table 1).
Patients in group W had signiﬁcantly longer hospital stays,

leading to a signiﬁcant increase in hospital costs compared
to other study groups (Table 2).
Higher percentages of patients in group R (78.4% and
55.7% and 65.5%, p = 0 0681; Kaplan-Meier (see Figure 3);
p = 0 013) healed for a considerably shorter time compared
to the W and WP groups (13.7 vs. 20.3 and 16.5 weeks, p =
0 055; Table 2). Groups R and WP had signiﬁcantly shorter
ATB intakes than group W (p = 0 0019; Table 2). With
regard to secondary outcomes, we observed a signiﬁcantly
lower number of reamputations in patients from group R
compared to groups W and WP (0.16 vs. 0.7 and 0.55 number/patient; p = 0 028). The incidence of major amputations
was signiﬁcantly higher in group W compared to groups R
and WP (8.2% vs. 0% and 0%; p = 0 023). Patients from
group R were less frequently rehospitalized to a signiﬁcant
degree (p = 0 0085; Table 3).
Our subanalysis of the relation between surgery region
and oﬀ-loading showed that the percentage of healed DF
patients after forefoot surgical procedures was higher (but
not signiﬁcantly) in patients treated by an RCS+wheelchair
(82.4% in group R vs. 68.9% in groups W and WP; NS).
These patients healed faster (13.6 vs. 18.7; p = 0 064) and
were treated by ATBs for a signiﬁcantly shorter time (10.4
vs. 16 weeks; p = 0 038) compared to individuals from groups
W and WP. During postoperative care, patients from group
R underwent less reamputations (p = 0 0004), major amputations (p = 0 024), and rehospitalizations (p = 0 027) compared to the other study groups (Table 4).
There was a trend toward better healing in midfoot
surgery patients provided with RCS+wheelchair compared
to other study groups (73.3% vs. 45.5% of healed patients;
p = 0 09). Wound healing was signiﬁcantly faster in group
R compared to groups W and WP (10 vs. 19.9 weeks; p =
0 005), a trend associated with shorter ATB usage in the same
study group (9.7 vs. 16 weeks, p = 0 0043). Postoperation
complications did not diﬀer signiﬁcantly between study
groups. These data are further illustrated in Table 4.
We also observed a signiﬁcantly higher percentage of
healed patients (80% vs. 14.3%; p = 0 029) and a trend toward
a lower number of reamputations (0%) and rehospitalizations (0.2 per patient) in patients after hindfoot surgical procedures provided with an RCS+wheelchair compared to
other study groups (Table 4). Given the low number of subjects with hindfoot surgical procedures, evolutive data are
inconclusive for these patients.
Based on our analysis of the possible impacts of RCS on
surgical wound healing in DF patients, we found that RCS
signiﬁcantly increased the healing rate 2.5-fold (odds ratio
(OR) 2.53, lower 95% 1.04–upper 95% 6.15, p = 0 037) and
reduced the need for reamputations (OR 0.319, lower 95%
0.121–upper 95% 0.843, p = 0 0175) and rehospitalizations
(OR 0.221, lower 95% 0.084–upper 95% 0.582; p = 0 0013)
compared to patients treated by wheelchair only or a wheelchair+another removable device.

4. Discussion
One of the key components of DF treatment is the provision
of an adequate form of lower limb oﬀ-loading [1]. The types
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Table 2: A comparison of primary outcomes of DF healing after foot surgery among the study groups.
Evaluated parameters

Group R (n = 37)

Group W (n = 61)

Group WP (n = 29)

p value

15 ± 8

18 8 ± 9 5∗

14 3 ± 9 1

p = 0 04

3787 ± 2500

5378 ± 3303∗

4013 ± 2961

p = 0 025

Hospital stay (days)
Hospitalization costs (€/1 hospitalization)

†

78.4

55.7

65.5

p = 0 068

13 7 ± 8 5†

20 3 ± 11 9

16 5 ± 9 94

p = 0 055

18 ± 12 6

11 9 ± 8 2

p < 0 002

Healing of DF (% of patients)
Healing time (weeks)

†

11 ± 10 3

Length of antibiotic therapy (weeks)

Data are presented as means ± SD; DF: diabetic foot; NS: nonsigniﬁcant; p: value of signiﬁcance among the study groups (group R: patients treated by a
combination of a wheelchair plus a removable contact splint, group W: wheelchair only, and group WP: wheelchair plus a removable device) detected by
one-way ANOVA, comparisons of all pairs based on Turkey-Kramer analysis, the Wilcoxon/Kruskal-Wallis tests; nonparametric comparisons for all pairs
based on the Steel-Dwass method, contingency analysis, and the Cochran-Armitage trend test; ∗ group W vs. group R and WP; †group R compared to group W.
100
p = 0.013

Healed patients (%)
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Figure 3: Healing of DF after surgical procedures using diﬀerent oﬀ-loading devices.
Table 3: A comparison of secondary outcomes of DF therapy after foot surgery among the study groups.
Group R (n = 37)

Group W (n = 61)

Group WP (n = 29)

p value

Reamputation (number/1 patient)

0 16 ± 0 37∗

0 7±1 1

0 55 ± 0 9

p = 0 028

Major amputation (% of patients)

0

8.2†

0

p = 0 023

0 79 ± 1 1

p = 0 0085

19 8 ± 13 7

NS

Evaluated parameters

‡

Rehospitalization (number/1 patient)

0 3±0 8

0 87 ± 1 2

Rehospitalization stay (days)

15 5 ± 10 4

22 6 ± 16

Data are presented as means ± SD; DF: diabetic foot; NS: nonsigniﬁcant; p: value of signiﬁcance among the study groups (group R: patients treated by a
combination of a wheelchair plus a removable contact splint, group W: wheelchair only, and group WP: wheelchair plus a removable device) detected by
one-way ANOVA, comparisons of all pairs based on Turkey-Kramer analysis, the Wilcoxon/Kruskal-Wallis tests; and nonparametric comparisons for all
pairs based on the Steel-Dwass method; ∗ group W compared to group R; †group W compared to groups R and WP; ‡group R compared to groups W and WP.

of oﬀ-loading used for diabetic ulcers, pathological fractures,
and Charcot osteoarthropathy are usually determined based
on clinical ﬁndings, foot diameter, patient mobility, and
comorbidities (including poor cardiovascular status and the
presence of foot deformities) [16]. The gold standard for
oﬀ-loading is the application of TCCs [2, 9, 17, 18]. Their
eﬀectiveness has been demonstrated in several studies, e.g.,
by Armstrong et al. [9], Katz et al. [19], Lavery et al. [20],
and Pua et al. [21]. From a technical point of view, TCCs
are considered both removable and nonremovable devices.

Removable devices are particularly indicated in the case of
diabetic patients not only because they are easy to handle
by both patients and medical staﬀ but also because they are
readily available. However, according to a number of studies,
they are not as eﬀective as nonremovable devices [19, 22, 23]
probably due to lower patient compliance with oﬀ-loading
and/or a tendency toward higher physical activity [24]. As
described in Morona et al.’s systematic review [24], nonremovable oﬀ-loading devices are more eﬀective at promoting
the healing of diabetic foot ulcers (hazard ratio: 1.43; [24]).

NS

p = 0 027

p = 0 024

p = 0 0004

p = 0 038

p = 0 06

NS

NS

NS

p value

∗

∗

19 ± 15 6

0 27 ± 0 8

0

0 2 ± 0 41

9 7 ± 11 4∗

10 ± 5 76

73.3∗

3615 ± 2617

14 9 ± 9

Group R
(n = 15)

17 1 ± 99

0 55 ± 0 8

0

0 36 ± 0 8

16 ± 10

19 9 ± 8 2

45.5

5666 ± 3618

19 2 ± 9 2

Midfoot surgery
Group W+group
WP
(n = 22)

NS

NS

NS

NS

p = 0 0043

p = 0 005

p = 0 09

p = 0 07

NS

p value

6

0 2±0 4

0

0

17 2 ± 12 7

24 5 ± 12

80∗

4551 ± 1426

18 ± 6

Group R
(n = 5)

26 ± 19 9

0 86 ± 1 4

0

0 57 ± 1 4

16 4 ± 9 4

20 ± 0

14.3

6073 ± 1923

19 7 ± 5 1

Hindfoot surgery
Group W+group
WP
(n = 7)

NS

NS

NS

NS

NS

NS

p = 0 029

NS

NS

p value

Data are presented as means ± SD; DF: diabetic foot; NS: nonsigniﬁcant; p: value of signiﬁcance among the study groups (group R: patients treated by a combination of a wheelchair plus a removable contact splint,
group W: wheelchair only, and group WP: wheelchair plus a removable device) detected by one-way ANOVA. Comparisons of all pairs based on Tukey-Kramer analysis and the Wilcoxon/Kruskal-Wallis tests;
nonparametric comparisons for all pairs based on the Steel-Dwass method; ∗ group W compared to groups W and WP.

22 5 ± 15 5

16 3 ± 9 5

Rehospitalization stay (days)

8.2
0 95 ± 1 18

0
0 35 ± 0 86∗

Rehospitalization (number/1 patient)

Major amputation (% of patients)

0 77 ± 1

0 18 ± 0 39∗

Reamputation (number/1 patient)
∗

16 ± 12 4

10 4 ± 8 5∗

20 4 ± 13 3

13 6 ± 7 1

Length of antibiotic therapy (weeks)

∗

68.9

4769 ± 3278

16 6 ± 10

Healing time (weeks)

82.4

3754 ± 2734

Healing of DF (% of patients)

14 2 ± 7 9

Hospital stay (days)

Group R
(n = 17)

Hospitalization costs (€/1
hospitalization)

Evaluated parameters

Forefoot surgery
Group W+group
WP
(n = 61)

Table 4: A comparison of primary and secondary outcomes of DF therapy among the study groups according to surgical procedure location.
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A recent overview of 13 randomized controlled trials
revealed that TCC and irremovable cast walkers are superior
to removable cast walkers in the treatment of neuropathic,
noninfected foot ulcers in patients with diabetes but without
severe PAD [25]. Nevertheless, the vast majority of studies
indicate that the healing time for TCC treatment is shorter
than other oﬀ-loading methods [26].
So far, there are insuﬃcient data to provide a comprehensive overview of the most eﬀective oﬀ-loading method in DF
patients following surgical procedures [23]. Not only do oﬀloading studies usually exclude patients with PAD, infection,
and surgical procedures, they also disregard pathology locations [9]. The only papers to have accounted for the location
of foot lesions are studies by Lavery et al. and Bus et al. [20,
27]. The Lavery trial included patients with forefoot ulcers,
but without signiﬁcant PAD. The study reported the higher
eﬀectiveness of TCC in the healing of DF ulcers (compared
to other methods), an increased number of healed patients
and shorter healing times [20]. Another randomized, controlled multicentre study by Bus et al. comprising 60 patients
with forefoot defects reported that TCCs and other oﬀloading devices have the same eﬀect on the healing of DF
[27]. The above studies selectively excluded surgically treated
patients and individuals with DF ulcers in the mid- or hindfoot, where based on our experience, healing is often altered.
For our DF patients under postoperative care, we mostly
employed empirical data for oﬀ-loading indications. There
are currently no valid studies on oﬀ-loading in speciﬁc relation to the locations of surgical procedures in DF patients.
One randomized study, ORTHODIAB, is planned to redress
this unmet need. This trial will try to identify the impact of
using a new removable device on the healing of patients with
diabetic ulceration and amputation in comparison with other
prefabricated devices. The advantages of this study are that
it uses orthosis to evaluate real-time oﬀ-loading while also
estimating patient adherence [28]. Its limitations, in our
opinion, pertain to the inclusion of a wider cross section of
patients with chronic/acute amputation/resection wounds
and patients with forefoot problems only [28].
The goal with our postsurgical DF patients was to heal as
many wounds as possible in the shortest time. Therefore, we
needed to know which type of oﬀ-loading would be the most
eﬀective with respect to the location of the surgical procedure. In our patients, amputation procedures in the area of
the forefoot are usually performed in cases of osteomyelitis,
nonhealing ulcers, and chronic ﬁstulae. Midfoot or hindfoot
procedures are indicated for osteomyelitis of the tarsal or
calcaneal bones, nonhealing ulcers, ulcers in the region of
Charcot osteoarthropathy deformities, pseudocysts, chronic
ﬁstulae, etc. These surgical procedures not only involve less
extensive operations such as metatarsal osteotomies and capsulotomies [29] but also more extensive ray or transmetatarsal amputations, bone resections, and calcanectomies [30].
Our study is intended to determine the most eﬀective oﬀloading method used to heal surgical procedures for various
locations in DF patients and minimise the number of postoperative complications. We did not indicate nonremovable
devices because the status of surgical wounds needs to be
checked regularly by the medical staﬀ and/or the patient
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while under postoperative care. When local ﬁndings worsen,
an immediate change in therapy is recommended.
The data from the present study suggest that the most
eﬀective oﬀ-loading for DF patients with surgical procedures
is the combination of a wheelchair plus an RCS. These
patients achieve the highest percentages of DF healing compared to patients treated by a wheelchair alone or a combination of a wheelchair plus a removable device (almost up to
10-20%). The healing of surgical wounds such as usage of
ATB therapy was signiﬁcantly shortened by this oﬀ-loading
method (both up to 7 weeks). This consequently leads to a
reduction in the costs of DF therapy, while improving patient
comfort and reducing ATB side eﬀects experienced by
patients (e.g., less allergic reactions, clostridial infections)
[31] and beneﬁtting bacterial epidemiology (lower induction
of bacterial resistance) [31, 32].
Concerning the secondary endpoints of DF therapy, we
observed the lowest postoperative complications in patients
treated by a combination of a wheelchair plus an RCS (in
group R). This group of patients underwent less frequent
reamputations and rehospitalizations (a reduction of nearly
77% and 66%, respectively). There are diﬀerent data on the
prevalence of DF reamputations. According to Borkosky
and Roukis, it is approximately 20% [33], while Thorud
et al. report postoperative reamputations in up to 27% of
cases [30]. In our study, we found lower prevalence in individuals treated by an RCS in group R (16.2%) compared to
the W (37.7%) and WP (37.9%) groups, which probably
was reﬂected in the reduction in hospital costs. We observed
better primary and secondary outcomes of DF therapy when
using a wheelchair plus RCS (in patient from group R), particularly in terms of ﬁxing and stabilising the foot in the
desired position as well as foot immobilisation. The eﬀect of
RCS is probably also connected with better patient compliance. As conﬁrmed in a study by Waaijman et al., patients
oﬀ-loaded by a wheelchair alone or a combination of a wheelchair and another removable device are less likely to continue
to use the device, especially when at home [34].
The aim of our subanalysis was to assess whether the
location of the surgical procedure would play a role in selecting the oﬀ-loading method and in the subsequent DF healing
process. To verify the eﬀectiveness of RCS, we have pooled
the W and WP groups during the subanalysis due to small
numbers of included patients. Our subanalysis revealed that
in patients after forefoot procedures the number of healed
patients did not diﬀer between groups. There was a trend
toward the better eﬀect of RCS, with healing time borderline
signiﬁcant. However, we observed considerably less reamputations in the group of patients provided a wheelchair plus
an RCS (group R). These patients were treated for shorter
periods by antibiotics, thus likely minimising the risk of
antibiotic resistance to causative infectious bacterial strains
[35]. Also, during postoperative follow-up, these patients
were less frequently rehospitalized and underwent fewer
reamputations and even fewer major amputations than the
cohort as a whole.
With regard to midfoot surgery, there was a trend for surgical wounds to heal better and over a signiﬁcantly shorter
period (reducing by almost 10 weeks) in the group provided
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a wheelchair and an RCS (group R) compared to other study
cohorts. Thus, in this group, ATB therapy lasted for a shorter
time (more than 6 weeks) and the cost of hospitalizations
reduced. As part of the study, a minority of patients underwent hindfoot operations, and while the results were not statistically demonstrative, we observed a signiﬁcantly higher
percentage of healed patients (up to 80%) in the individuals
treated by an RCS compared to other study groups (14.3%).
As our data on the healing of surgical wounds in the area of
the fore-, mid-, and hindfoot using various types of oﬀloading techniques are unique, they have yet to be compared
with other studies.
Our study has several limitations. It is not a randomized
controlled trial because of the relatively heterogeneous set of
patients enrolled and the necessity of adopting an individual
approach to oﬀ-loading according to each patient’s needs and
clinical ﬁndings. All these limitations could bias the results of
this study. Patients were not consistently monitored for compliance and activity, as was the case in a study by Crews et al.
[36], who monitored the adherence of patients treated for
diabetic ulceration using removable devices. That particular study monitored patients for a relatively short time,
on average, 35 days using activity monitors [36]. In our
study, our ability to monitor patient activity was limited for
several reasons: patients were not checked as frequently, they
often came from distant parts of the country, and they were
followed up for a relatively long time in our outpatient foot
clinic. Other than questionnaires (compliance was determined based on patients wearing the device ≥ 50% during
daytime), we had no monitoring systems at our disposal
[34, 36]. However, in our experience, postoperative patient
adherence to oﬀ-loading is higher than in patients with
chronic wounds.
Other limitation is the inclusion of diﬀerent numbers of
patients to study groups that was given by inclusion criteria.
We have treated surgically a wide spectrum of patients with
diabetic foot; however, oﬀ-loading methods were frequently
changed during the postsurgical follow-up. Since we aimed
to clearly show how eﬀective certain oﬀ-loading devices are,
we rather included only a part of well-deﬁned subjects into
our study. The distribution of patients in study groups was
therefore not equivalent. Nevertheless, based on power analysis for healing, this study have suﬃcient strength. Moreover,
study groups diﬀered in age and the incidence of PAD as well
as inpatient/outpatient rates. Neither age nor PAD inﬂuenced signiﬁcantly based on statistical analysis the healing
of study subjects during the follow-up period. That is maybe
because of relatively high mean TcPO2 values in all study
groups that varied from 38 to 43 mmHg. Another inpatient/outpatient rates in study groups have been given due to
the enrollment of hospitalized patients only into group R;
other groups included mostly hospitalized patients with a
small proportion of outpatient subjects. This is due to better
timing for splint making, since we always apply the splint
every 2nd or 3rd day after the patient’s surgery. Sometimes
it can be hard to fulﬁll this schedule in an outpatient setting.
In conclusion, our study provides a comprehensive
report on the types of oﬀ-loading that might be indicated in
DF patients following surgical procedures. The data suggest
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that a customized removable splint may be superior as it
increases the likelihood of DF healing 2.5-fold, reduces the
risk of reamputations by almost threefold, and lessens the
risk of rehospitalizations by almost ﬁvefold. RCSs are further able to reduce healing time and the duration of ATB
treatment. We contend that when forefoot surgery patients
are treated by an RCS, fewer postoperative complications
are likely to occur. In the case of surgical operations in
the mid- and hindfoot, a wheelchair plus an RCS may lead
to better DF healing. We look forward to further studies
that may conﬁrm, modify, or refute these ﬁndings. A randomized study should conﬁrm the interest of individualized
removable casting techniques.
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