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a b s t r a c t

Orthoses are an important part of both conservative and operative treatment of acute Achilles tendon
rupture as they can be used to position the foot in equinus and protect the torn tendon from strain in the
healing phase. The aim of the study was to test four different orthoses ability to position the foot in equinus.
The study was performed as a cross-sectional study. 15 healthy study participants underwent radiographic
examination with 11 true lateral radiographs of the right ankle and foot, one with the ankle joint in neutral
position; one of a circular equinus cast (CEC); three of an adjustable equinus boot (AEB) with the foot in 30°,
15°, and 0° of plantar flexion, respectively; three of a fixed angle orthosis with 1, 2, and 3 wedges with a
plateau (WWP); and three of a fixed angle orthosis with 1, 2, and 3 wedges without plateau (WWOP). The
primary outcome was the Achilles Relief Distance (ARD). Secondary outcomes were the tibiocalcaneal angle
(TCA), the tibiotalar angle (TTA), and the tibio- 1st metatarsal angle (1MTP). All measurements were per-
formed by a radiologist. The mean (SD) ARD was 11 mm (7) in CEC, 23 mm (6) with 3 WWP, 11 mm (5) with
3 WWOP, and 15 mm (5) using AEB in 30° of plantarflexion. The mean (SD) TCA was 86° (7,8) in CEC, 76°
(7,3) with 3 WWP, 90° (6,9) with 3 WWOP, and 84° (6,6) using the AEB in 30° of plantarflexion. CEC, AEB,
and WWOP showed statistically significantly larger plantarflexion than WWP. CEC, AEB and WWOP pro-
duced significantly greater plantarflexion compared to WWP.

© 2022 Published by Elsevier Ltd on behalf of European Foot and Ankle Society.

1. Introduction

Acute Achilles tendon ruptures are commonly seen in middle-
aged active people [1]. The incidence in the Danish population is 31
per 100.000 /year, with a male to female ratio of 3:1 [2]. The rup-
tures happen at an average age of 45 years highlighting the im-
portance of optimal treatment of this work and physically active
population [2].

As part of both operative and non-operative treatment regimes,
varying periods of immobilization can be chosen [3,4]. The purpose
of immobilization is to put the foot in plantarflexion to enable ap-
position of the torn tendon fibers, reduce tension, and thereby
possibly reduce elongation of the healed tendon [5]. Post-treatment
elongation of the tendon is a possible predictor for reduced function
of the triceps surae [6,7].

Different types of orthoses are commercially available, with
variations in design and functionality. A recent study looked at im-
mobilization in plantar flexion in a circular cast, a fixed angle boot
with inserted wedges, and an adjustable equinus boot [3]. They
found that circular casting resulted in the largest Tibiotalar angle
(TTA), while immobilization in a fixed angle orthosis with wedges
did not result in increased TTA, but rather an undesirable plantar-
flexion of the forefoot, resulting in a larger 1st Metatarsal Tibia Angle
(1MTA). However, the study population of this study was small and

https://doi.org/10.1016/j.fas.2022.06.011
1268-7731/© 2022 Published by Elsevier Ltd on behalf of European Foot and Ankle Society.
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the different orthoses were tested in different patients resulting in
risk of bias.

The aim of the present study was to test the ability of four dif-
ferent orthoses to position the foot in equinus using the same test-
population for all four orthoses. The hypothesis of the study was that
circular casting would position the calcaneus in the greatest degree
of equinus and that wedges with a plateau would position the foot in
the smallest degree of equinus.

2. Methods

The study was performed as a cross-sectional comparative study
planned and executed according to the Standard Protocol Items:
Recommendations for Interventional Trials (SPIRIT) guidelines. The
degree of equinus was evaluated by lateral x-rays, using radiographic
measurements.

2.1. Participants

15 persons were included in the study. The participants were
divided according to their shoe-size into three groups of five:

Group 1: Small feet (EU size < 39.5, US Male < 7, US female < 9).
Group 2: Middle size feet (EU size 40–45, US Male 7.5–11, US

female 9.5–12.5).
Group 3: Large feet (EU size > 45, US Male > 11, US female > 12.5).

2.2. Inclusion and exclusion criteria

Healthy participants (ASA 1–2) aged 20–60 years, able to un-
derstand Danish, and give informed consent were eligible for in-
clusion. Participants were excluded if they had a previous fracture of
the lower extremity, or were suffering from other impairment of the
lower extremity, e.g. pes planus or osteoarthritis.

2.3. The tested orthoses

Four orthoses were tested in the study:

1) Circular equinus casting (CEC). CEC was done by a casting spe-
cialist. The participant was placed supine. A thin cotton sock was
applied, followed by two layers of cotton-wool and four layers of
3MTM Scotchcast™ tape. The cast extended from the meta-
tarsophalangeal joints to the proximal calf one hand below the
apex of the patella.
The casting specialist was asked to apply the cast “as usual”
without measuring the degree of plantarflexion. The foot was
held at approximately 30 degrees of plantarflexion without use of
excessive force until the cast had hardened.

2) Wedges with plateau (WWP) (Fig. 1A). A fixed angle orthosis (DJO
Airselect Standart Walking Boot; DJO Global Inc.™, Vista, CA,
USA) with 1–3 wedges with an even plateau for the heel (Aircast

Achilles Wedge; DJO Global Inc.™, Vista, CA, USA). The plateau is
intended to allow for more comfortable weight-bearing. Three
sizes of boots were used. Size small for small feet, size medium
for middle size feet, and size large feet for large feet. The WWP
came in one size and was used for all sizes of feet.

3) Wedges without plateau (WWOP) (Fig. 1B). A fixed angle orthosis
(DJO Airselect Standart Walking Boot; DJO Global Inc.™, Vista, CA,
USA) with 1–3 wedges without plateau (BREG Achilles wedge™
(BREG), Carlsbad, C, USA). Three sizes of boots were used. Size
small for small feet, size medium for middle size feet, and size
large feet for large feet.
The wedges came in two sizes, S/M and M/L. We used S/M for
small feet. M/L was used for both middle and large size feet as
advised by the manufacturer.
The foot was placed far back in the boot so that the heel and
posterior part of the leg was supported by the boot. The wedges
were placed under the removable insole, as far back in the boot as
possible. The liner was closed over the dorsum of the foot first,
then the leg. The front panel was placed anteriorly over the liner
and the straps were tightened successively over the front panel,
starting with the distal strap, the middle-, and last the proximal
strap. The air cells were inflated, lateral cell first then medial. The
air cells were inflated until the boot was tight, yet comfortable.

4) An adjustable equinus boot (AEB) (VACOped Boot™, OPED North
Andover, MA, USA) was investigated in 0°, 15°, and 30° of plan-
tarflexion. Three sizes of boots were used. Size small for small
feet, size medium for middle size feet, and size large feet for
large feet.

The AEB was positioned according to the manufacturer's in-
structions. The desired angle was set. The liner was taken out and
the foot was placed in the liner with the foot placed as far back as
possible. The liner was closed with the Velcro®, and the foot then
placed as far back as possible in the boot. The front panel was placed
anterior, with the sides of the front panel on the insides of the boot
at the dorsal foot level, and on the outside of the foot at the level of
the leg. The Velcro® straps were tightened in the order advised by
the manufacturer; first across the ankle, then dorsum of the foot,
and last the crural strap. The air was sucked out of the liner and the
straps re-tightened in the same order.

2.4. Test setup

The orthoses were tested in the following order: CEC, WWP,
WWOP, and EAB, followed by a radiograph without orthosis with the
ankle in neutral position. Except for CEC, all radiographs were per-
formed with partial weight-bearing, with the participant holding on
to a rail to maintain balance and avert motion-artefacts. The ankle
was positioned right lateral – i.e. lateral malleolus touching the
cassette, rendering lateral radiographs. All radiographs were per-
formed on the same detector; CARSTREAM DRX-1 C, set to 65 kV, 3.6
mAs, horizontal beam, constant source to film distance (1.1 m), and
no grid. The field of exposure was adjusted individually, to include a
minimum of 15 cm of the distal tibia, the 1st metatarsal head, and
the whole of the calcaneus. The central beam was focused at the
anterior cortex of the tibia, 5 cm above the ankle joint. Radiographs
were analyzed using the OrthoGon 1.0.1046 tool, available on the
hospitals Picture Archiving and Communications System (AGFA
IMPAX 2019).

2.5. Outcomes: The radiological measurements

The primary outcome of the study was the Achilles relief distance
(ARD). The ARD was measured as the shortest distance from the
most proximal point of the calcaneal tuberosity to a line through the
articular facet of the distal tibia (Fig. 2A).

Fig. 1. Drawing showing the two types of wedges. A) Wedges with plateau (WWP)
and B) Wedges without a plateau (WWOP).
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A small ARD indicates a large degree of equinus of the talus and
calcaneus, thus relieving tension on the Achilles tendon. ARD is a
novel measurement and thus has not been validated or tested for
reliability. Due to the intuitive understanding of the ARD, it was
chosen over the TCA as the primary outcome as it directly reflects

how many mm the insertion of the Achilles tendon is distalized, or if
the equinus position is not reached in the orthosis.

The secondary outcomes were the Tibiocalcaneal angle (TCA)
[8,9], the Tibiotalar angle (TTA) [4], and the Tibio 1st Metatarsal

Fig. 2. Lateral radiographs showing the four different radiographic measurements. The radiographs are of a right foot. A) The ARD is the shortest distance between a line through
the tibial facet of the talocrural joint and the most proximal part of the calcaneal tubercle. B) The TCA is the angle between the tibial axis and the sagital axis of the calcaneus. The
sagittal axis of the calcaneus is found connecting the most plantar point of the tuberculum- and processus lateralis tuber calcanei. C) The TTA is the angle between the tibial axis
and the sagital axis of the talus. The sagittal axis of the talus is found connecting the middle of the talar neck and the talar head. D) The 1MTA is the angle between the sagital axis
of the talus and the axis of the 1st metatarsal diaphysis. Abbreviations: ARD; Achilles relief distance, TCA; Tibio Calcaneal Angle, TTA; Tibiotalar Angle 1MTP; 1st Metatarsal Tibial
Angle.

R.K. Mikkelsen, S. Somodi, P. Hölmich et al. Foot and Ankle Surgery 28 (2022) 1314–1320

1316



angle (1MTA) [3,10] (Fig. 2B-D). The TTA has previously been de-
scribed with good in interobserver reliability [11].

The TCA is the angle between the sagittal longitudinal axis of the
tibia and the sagittal axis of the calcaneus. The measure was per-
formed as described by Davids et al. [8] (Fig. 1 B). A larger TCA in-
dicates a larger degree of plantarflexion of the calcaneus.

The TTA is the angle between the sagittal longitudinal axis of the
tibia and the sagittal axis of the talus. The measure was performed as
described by Lamm et al. [11] (Fig. 2C). A greater TTA indicates a
larger degree of plantarflexion of the talus.

The 1MTA is the angle between the sagittal longitudinal axis of
the tibia and the longitudinal axis of the 1st Metatarsal. The measure
was performed as described by Lamm et al. [11] (Fig. 2D). A greater
1MTP indicates a larger degree of plantarflexion of the 1st meta-
tarsal.

The three angle measurements were included to assess their
individual contribution to the achieved plantar flexion of the foot
and ankle. The measurements are described in the article by Davids
et al. [8]. Good intra- and interobserver variability is reported.

2.6. Statistics

Continuous data were tested for normality by visual inspection of
histograms. Data was descriptively presented by the use of mean and
standard deviations. Comparison between specific orthoses was
performed using paired t-test. One-way ANOVA was used for com-
parison between the three groups of different shoe sizes. All statis-
tical testing was performed at the 2-sided 5% significance level.
Statistical analysis was performed using Microsoft Excel for
Windows (Version 2010).

3. Results

15 participants, 8 male and 7 female, mean age 36 years (range
25–48 years) were included in the study. None of the participants
had radiographic signs of osteoarthritis of the talocrural joint, signs
of former fractures, pes planus, or other range of motion limiting
radiographic signs.

CEC and WWOP (3 wedges) both had an ARD of 11 mm and
produced a statistically significantly larger degree of equinus when
compared to AEB (15 mm, p < 0.05) and WWP (23 mm, p < 0.01)
(Tables 1 and 2) (Fig. 2). The same was found for TCA; CEC and
WWOP (3 wedges) both had a TCA of 85° which was statistically
significantly higher than AEB (80°, p < 0.05) and WWP (70°,
p < 0.05) (Table 1). Comparing CEC and WWOP no statistically

significant difference was found in any of the four radiographic
measurements.

The results for TTA and 1MTP, were not statistically different
from TCA. For each additional wedge or 15° increment in the AEB,
TTA and 1MTP changed in the same degree as TCA did. All three
angle measurements changed on average 8° per added wedge for
WWOP, 2° for WWP, and 10° per level for AEB.

For one WWP we found a difference compared to neutral posi-
tion of 6 mm ARD, 7° in TCA, 4° in TTA and 8° in 1MTP. All were
significantly different. Adding more than one WWP did not lead to
better equinus (Table 1, Fig. 3).

Investigating shoe sizes, statistically significantly less relief of the
tendon was found with larger shoe size for WWOP (Table 3). There
was no statistically significant difference between groups in the
other types of orthoses.

4. Discussion

The most important finding of the study was that WWP did not
place the foot in the desired equinus position. This finding was
statistically significant for all four radiographic outcome measure-
ments. Three WWP gave an average ARD of 23 mm compared to
11 mm with CEC and three WWOP. This 12 mm difference is probably
of clinical importance and might lead to excessive elongation of the
Achilles tendon.

Our secondary outcomes were the radiographic angles TCA, TTA,
and 1MPT. These measurements changed almost to the same degree,
indicating that most of the movement takes place in the talocrural
joint. With AEB and WWOP the TCA, TTA, and 1MTP changed ap-
proximately 10° (range 5–13), for each additional wedge, or a 15
degrees change in the AEB. 1 MTP and TCA did change a bit more
than TTA, although not statistically significant, which could be an
indication that some additional movement takes place in the sub-
talar joint (greater TCA) and also in the midfoot (greater 1MTP).

Circular casting and WWOP gave the largest equinus angles
across all four measurements. Circular casting was applied in ap-
proximately 30 degrees of equinus, but care was taken not to use
excessive force. A larger plantarflexion could have been achieved
with the use of more force, but we aimed to investigate the standard
procedure for circular equinus casting of patients with acute Achilles
tendon rupture. Ellison et al. found a larger TTA and 1MTP in CEC
than we did, which probably could be explained by the force used to
put the foot in equinus when applying the cast.

The AEB at maximal plantarflexion position the foot in angles
close to that of 3 WWOP and CEC, with only an average difference of
4 mm in ARD. Whether or not such a difference is large enough to be
of clinical relevance is difficult to say.

Table 1
The results of the four tested orthoses. Data are presented as mean (standard de-
viation).

ARD TCA TTA 1MTP

CEC 11 mm (7) 85° (8) 124° (7) 141° (10)
WWP
1 wedge 25 mm (4) 66° (6) 112° (4) 119° (5)
2 wedges 23 mm (6) 69° (7) 114° (6) 123° (4)
3 wedges 23 mm (6) 70° (7) 115° (6) 124° (7)
WWOP
1 wedge 25 mm (5) 68° (5) 112° (4) 118° (4)
2 wedges 18 mm (5) 76° (6) 119° (5) 128° (5)
3 wedges 11 mm (5) 85° (7) 124° (6) 138° (6)
AEB
0° 34 mm (6) 57° (7) 103° (6) 105° (7)
15° 23 mm (5) 70° (6) 113° (5) 119° (6)
30° 15 mm (5) 80° (7) 120° (6) 130° (9)
Neutral 31 mm (4) 59° (6) 108° (5) 107° (4)

Abbreviations: AEB, adjustable equinus boot; ARD, Achilles relief distance; CEC, circular
equinus cast; TCA, tibiocalcaneal angle; TTA, tibiotalar angle; 1MTA, tibio 1st metatarsal
angle; WWOP, wedges without plateau; WWP, wedges with plateau

Table 2
Comparison of the investigated orthoses' ability to position the foot in maximal
equinus position. A positive value indicates that the first mentioned orthosis produces
the most equinus. A negative value indicates that the last mentioned orthosis pro-
duced the most equinus. For the WWP and WWOP, it is three wedges, and the AEB, it
is 30 degrees of plantarflexion. Results are presented as mean differences (standard
deviation). Significant results are marked with an asterisk.

Difference
in ARD

P-value Difference
in TCA

P-value

CEC vs. WWP 12mm (7) P < 0.01* 14° (8) P < 0.01 *
CEC vs. AEB 4 mm (7) P = 0.05* 4° (8) P < 0.05 *
CEC vs. WWOP 0 mm (6) P = 0.90 0° (6) P = 0.87
AEB vs WWP 8 mm (4) P < 0.01 * 10° (5) P < 0.01 *
AEB vs WWOP -4 mm (4) P < 0.01 * -5° (4) P < 0.05 *
WWP

vs WWOP
-12 mm (4) P < 0.01 * -15° (5) P < 0.05 *

Abbreviations: ARD, Achilles Relief Distance; TCA, tibiocalcaneal angle; CEC, circular
casting; WWP, Wedge With Plateau; WWOP, Wedge Without Plateau; AEB, Adjustable
Equinus Boot; SD, Standard Deviation.
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The WWP did not position the ankle joint in the same degree of
equinus as did the three other orthoses and there was no difference
in equinus position when comparing the use of one, two, or three
WWP (Table 1, Fig. 4). The WWP has a horizontal plateau for the
heel, which probably locks the calcaneus. One WWP does change the
degree of plantarflexion compared to neutral position, but it is only
by a difference of 5 mm ARD [p < 0,05] and an average TCA differ-
ence of 7 degrees [p < 0,05].

Adding more than one WWP does not seem to give additional
plantarflexion (Fig. 4). Based on these findings we cannot re-
commend the use of more than one WWP.

Ellison et al. [3] had similar results in TTA and 1MTP using WWP,
indicating that the TTA does not change much compared to neutral,
but that the 1MTP angle changes more and that the apparent
plantarflexion takes place in the midfoot rather than the tibiotalar

Fig. 3. A direct comparison of the ARD between the four orthoses in the same participant. A) CEC, B) AEB in 30 degrees of plantarflexion, C) 3WWP, and D) 3 WWOP.
Abbreviations: ARD, Achilles relief distance, CEC; Circular equinus casting, WWP; Wedges with plateau, WWOP; Wedges without plateau, AEB; adjustable equinus boot.
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joint. We did not show that there was an increased 1MTP with WWP
compared to the other orthoses.

Investigating shoe size, it seems that medium-size feet are best
suited for the orthoses. There is a non-statistically significant trend
across the orthoses that ARD and TCA are better in the medium-size
group. In the WWOP group, there were different sizes of wedges,
with smaller wedges for the small feet group and large wedges for
both medium and large size feet.

The study was limited by the use of a non-validated primary
endpoint. The ARD was chosen as the primary endpoint over the
validated TCA. ARD, we believe, is a direct measurement in mm
which gives the clinician a more intuitive understanding of the in-
fluence on the Achilles tendon. The TCA and the ARD found the same
statistically significant differences in all comparisons indicating that
the ARD measurement is valid though not yet formally validated.
Fifteen healthy participants were used instead of patients suffering
from acute Achilles tendon ruptures, which could be a limitation of
the study as it is possible an injured Achilles tendon could affect
placement of the foot in the orthoses.

Finally, the study participants only wore the orthoses for a short
period before the x-ray, and perhaps the foot settles into a different
position with longer use.

5. Conclusions

CEC, AEB, and WWOP produced significantly larger equinus
compared to WWP. Adding more than one WWP did not change the
angle of the foot. We do not recommend the use of WWP for the
treatment of acute Achilles tendon rupture.
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