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Abstract
Introduction Orthoses are designed to achieve immobilization or off-loading of certain regions of the foot. Yet, their off-
loading capacity for the specific regions has not yet been studied. Therefore, the aim of this study was to analyze the plantar 
pressure distribution of five commonly applied orthoses for foot and ankle in a healthy population.
Materials and Methods Five orthoses (postoperative shoe, forefoot relief shoe, short walker boot, high walker boot, and 
calcaneus fracture orthosis) were compared pedobarographically using insoles on a treadmill to a ready-made running shoe 
in eleven healthy subjects (median age 29 years). Peak pressure, maximum force, force–time integral, contact time, and 
contact area were evaluated separately for the forefoot, midfoot, and hindfoot.
Results The forefoot relief shoe, the short- and high walker boot significantly reduced the peak pressure at the forefoot with 
no significant differences between these orthoses. None of the five orthoses off-loaded the midfoot, but the calcaneus fracture 
orthosis and the short walker boot instead increased midfoot load. For the hindfoot, the calcaneus fracture orthosis was the 
only device to significantly reduce the peak pressure.
Conclusions This is the first study to investigate the specific off-loading capacities of different orthoses for specific foot 
regions in a healthy collective. The knowledge of absolute and relative load shifts for the different orthoses is of fundamental 
interest for targeted clinical decision-making of physicians.
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Introduction

Orthotics are defined as ‘externally applied devices used to 
compensate for impairments of the structure and function of 
the neuro-muscular and skeletal systems’ (ISO 8549-1:2020, 
3.1.2). General functions include immobilization, protected 
range of motion, selective load reduction, or the correction 
of the shape and function of the body. Thereby, they allow 

for earlier mobilization, pain reduction, and secure non-
operative or operative treatment [1–3].

Orthoses are a frequently applied medical devices. About 
ten percent of the German population will use one at some 
point in their life [2]. One field in which orthoses are com-
monly applied is the foot and ankle, for example, to immo-
bilize the ankle following arthrodesis [4], to unload the 
hindfoot in calcaneus fractures [5; 6], or to reduce mid- and 
forefoot forces after hallux valgus surgery [7, 8].

Despite their importance in foot and ankle rehabilitation, 
the number of studies investigating the selective load reduc-
tion of common orthoses within the foot is limited. Various 
studies have assessed the off-loading capacity of orthoses for 
the treatment of plantar ulcers in diabetic patients [9–11]. 
However, diabetes-associated comorbidities, such as periph-
eral neuropathy, postural impairments, and altered gait pat-
terns, limit the translation of these results to the general 
population [12]. Other studies were limited to specific inju-
ries, such as fractures to the fifth metatarsal bone [13], or 
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anatomical locations, such as the hindfoot [14] or forefoot 
[15]. Consequently, up to date, no study has investigated the 
off-loading capacity of different types of orthoses for the 
different regions of the foot.

Therefore, the aim of the present study was to analyze the 
plantar pressure distribution of five common orthoses for the 
foot and ankle in a healthy population.

Materials and methods

The herein presented study is a laboratory study and was 
approved by the local Ethics Committee (#18-882).

Participants

Eleven healthy participants were recruited. Eligibility cri-
teria were age between 18 and 65 years. Exclusion criteria 
were previous foot and ankle injuries/pathologies, pain dur-
ing physical activities, peripheral vascular or neurological 
diseases, balance deficiencies, pregnancy or inability to pro-
vide informed consent.

Orthoses

Five commonly used foot and ankle orthoses were selected 
(Fig. 1). The postoperative shoe (Relief Dual®; Darco; 
USA) aims to reduce the pressure of the metatarsal region 
[16]. The forefoot relief shoe (OrthoWedge®; Darco; USA) 
has a step-shaped sole to eliminated forces to the forefoot 
[17]. The short walker boot (VACOpedes®; Oped; Ger-
many) comprises a plastic shell with an inner vacuum cush-
ion and is frequently applied for mid- and forefoot injuries. 
The high walker boot (VACOped®; Oped; Germany) is the 

high-cut version of the short walker boot, immobilizing the 
ankle, and is thought to reduce plantar pressure by redistri-
bution [18]. It is commonly used, e.g., following Achilles 
tendon ruptures [19] and ankle fractures [20, 21]. The calca-
neus fracture orthosis (CFO®; perpedes; Germany) consists 
of a polyethylene frame designed to unload the calcaneus 
and is used for the early functional treatment of calcaneus 
fractures [22].

Additionally, for the high walker boot the effect of a 
contralateral orthotic shoe lift was evaluated. The orthotic 
shoe lift (EVENUp®, Oped; Germany) is a synthetic sole 
of 1.27 cm height that is attached to the contralateral foot by 
elastic straps. It aims at leveling the leg length discrepancy 
[23].

Insoles

The plantar pressure distribution was assessed using paroTec 
insoles (Paromed GmbH&Co.Kg, Neubeuern, Germany). 
They utilize 32 piezoresistive sensors with a silicon mem-
brane imbedded in a hydro cell. They record compression 
as well as shear forces at a sample rate of 100 Hz. The pres-
sure detection ranges are 0–700 kPa with a sensitivity of 
0.51–0.66 mV/kPa and a reproducibility of ± 0.1% of the 
full scale. paroTec insoles exhibit a high reproducibility of 
0.96 [24] and are frequently used in studies analyzing plantar 
pressure distribution [25, 26]. The insoles are available in 
six different sizes, and the appropriate size was chosen for 
each participant individually.

Data acquisition

First, to determine the individual preferred walking speed 
[m/s], volunteers performed a 10-m walk in running shoes 

Fig. 1  Illustration of the five orthoses analysed. Postoperative shoe: Relief Dual®; Darco; Forefoot relief shoe: OrthoWedge®; Darco; Short 
walker boot: VACOpedes®; Oped; High walker boot: VACOped®; Oped; Calcaneus fracture orthosis: CFO.®; perpedes)
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at a self-chosen comfortable pace. All orthoses were tested 
on the participant’s dominant leg and a running shoe on 
the supporting leg. The different orthoses were assessed in 
a standardized order: running shoe (control), postoperative 
shoe, forefoot relief shoe, short walker boot, high walker 
boot (ankle fixed in neutral position; with and without the 
orthotic shoe lift), and the calcaneus fracture orthosis. The 
appropriate insole was placed in the respective orthoses.

Prior to each recording, participants were allowed to 
walk in each orthosis until they felt comfortable. After 
static calibration of the insoles, the participants were 
asked to walk on a treadmill at their individual comfort-
able walking speed. After an initial adaption phase of 15 s, 
the pedobarographic data were recorded for 60 s.

Data analysis

A visual example of the paroTec recordings is illustrated in 
Fig. 2a. Each recording was exported from the paroTec soft-
ware (Paromed GmbH&Co.KG, Neubeuern, Germany) for 
subsequent analysis in MATLAB (Matlab 2020b, The Math-
works, Natwick, USA). First, the plantar pressure data of the 
32 sensors were subdivided into individual steps, i.e., suc-
cessive periods of ground contact (48 ± 6 steps (mean ± SD), 
minimum 34  steps). Furthermore, the 32 sensors were 
divided into three different regions using an adaptation of 
the definition by Westphal et al. [27], the hindfoot (0–30% 
length), midfoot (31–60% length), and forefoot (61–100% 
length; Fig. 2b). Then, the following parameters (accord-
ing to Nagel et al. [11]) were calculated for each individual 

Fig. 2  Illustration of the 
dynamic pressure measurements 
(running shoe) by the paroTec 
software (Paromed GmbH&Co.
KG); black lines in a: trajectory 
of the center of pressure (a) and 
the sensor allocation into three 
foot regions (b)
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step and region of interest: peak pressure (i.e., the highest 
local load), contact time (i.e., the duration of ground con-
tact), contact area (i.e., the percentage of sensors detecting 
a load during ground contact), force time integral (the prod-
uct of the amplitude and duration of force application), and 
maximum force. Finally, parameter estimates were averaged 
across all steps of a recording.

Outcome parameters

The primary outcome parameter was the peak pressure 
[kPa]. The absolute values, as well as the relative values (% 
to normal loading of a running shoe), were calculated and 
analyzed. Secondary outcome parameters were the contact 
area [%], contact time [ms], force time integral [Ns], and 
the maximum force [N] for each orthosis. These were again 
analyzed as absolute and relative values. Finally, the effect 
of the orthotic shoe lift was evaluated by comparing absolute 
and relative values.

Statistical analysis

The Shapiro–Wilk and Levene tests as well as QQ-plots 
were calculated in between the orthoses and foot regions and 
revealed no normal distribution. Therefore, nonparametric 
testing using the Wilcoxon test followed by a p value adjust-
ment via Holm’s method was performed. p values < 0.05 
were considered as statistically significant. The values are 
presented as median and interquartile range. The statistical 
analysis was performed in R (version 4.1.2 (2021-11-01)).

Results

Eleven healthy volunteers (6 females) with a median age of 
29 (range 26–38) years, were included. Their median BMI 
was 22 kg/m2 (range 17.9–25.5), and the median shoe size 
was 40 EU (range 37–46). The dominant leg was the left 
leg in six, and the right leg in five participants. The absolute 
and relative values for all pedobarographic parameters are 
presented in Supplementary Table 1.

Primary outcome—peak pressure

The peak pressure values for each individual orthosis are 
presented in Fig. 3a. Every orthosis exhibited a specific peak 
pressure pattern with significant peak pressure differences 
between the three foot regions. The peak pressure values 
of each orthosis were compared in-between the three foot 
regions (Fig. 3b). For the forefoot, significantly lower abso-
lute and relative peak pressure values were observed for the 
forefoot relief shoe and the high walker boot and lower rela-
tive peak pressure values for the short walker boot, when 

compared to the control. None of the orthoses significantly 
reduced the peak pressure of the midfoot. The calcaneus 
fracture orthosis showed significantly higher absolute and 
relative peak pressure values when compared to the postop-
erative shoe, forefoot relief shoe, and running shoe. For the 
hindfoot, the calcaneus fracture orthosis was the only one to 
significantly reduce the absolute and relative hindfoot peak 
pressures. Absolute values were significantly lower com-
pared to all other orthoses but the high walker boot.

Secondary outcomes

The absolute/relative values for the secondary outcome 
parameters, i.e., contact area, contact time, force time inte-
gral, and maximum force, are presented in the Supplemen-
tary Table 1. A summarizing illustration of the absolute and 
relative pedobarographic measures (including peak pressure) 
comparing the different orthosis within the three different 
foot regions is presented in Fig. 4.

For the forefoot, none of the assessed orthoses resulted in 
an increase of any parameter, when compared to the control. 
Out of all assessed orthoses, the high walker boot revealed 
the lowest peak pressure values (120 kPa (IQR: 34 kPa), the 
forefoot relief shoe the smallest contact area (73% (IQR: 
14%), and the calcaneus fracture orthosis the lowest force 
time integral (47 Ns (IQR: 25 Ns).

For the midfoot, no orthosis showed a significant decrease 
of any of the assessed parameters. The calcaneus fracture 
orthosis was the only orthosis to increase the peak pressure 
(126 kPa (IQR: 45 kPa), force time integral (114 Ns (IQR: 
74 Ns), and maximum force (272 N (IQR: 182 N) within the 
midfoot. The short walker boot did increase the relative force 
time integral significantly (181% (IQR: 119%).

For the hindfoot, no orthosis showed an increase of 
the assessed parameters. The calcaneus fracture orthosis 
decreased the peak pressure (84 kPa (IQR: 60 kPa), contact 
area (57% (IQR: 11%), force time integral (10 Ns (IQR: 
16 Ns), and the maximum force (63 N (IQR: 71 N).

Finally, the effect of a contralateral orthotic shoe-lift to 
compensate for the resulting leg length discrepancy when 
wearing a high walker boot was assessed. Comparing abso-
lute and relative values for all primary and secondary out-
come parameters with versus without orthotic shoe lift did 
not reveal any significant differences.

Discussion

This is the first study to assess the off-loading capacity 
for specific foot regions of five commonly used orthoses 
in foot and ankle surgery. Regarding the forefoot, the fore-
foot relief shoe, the short and high walker boot showed 
a comparable off-loading capacity. None of the assessed 
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orthoses was capable of off-loading the midfoot, but the 
calcaneus fracture orthosis and the short walker boot 
instead increased the load within the midfoot. The calca-
neus fracture orthosis was the only device to significantly 
off-load the hindfoot.

Orthotic devices are used to off-load specific foot regions 
with the aim to enable earlier mobilization, pain reduction 
and to secure successful treatment [1, 2, 28]. Despite their 
frequent use, information regarding the specific off-loading 
capacity of commonly used orthoses is sparse.

a

b

Fig. 3  a Violin plots (representing the distribution of the measured 
values in a density-dependent manner) of the absolute peak pres-
sure (upper) and the relative peak pressure values referenced to the 
running shoe (lower) comparing the different regions within each 
orthosis. b Violin plots of the absolute peak pressure (upper) and the 

relative peak pressure values referenced to the running shoe (lower) 
comparing the different orthoses for each foot region. *p < 0.05; 
**p < 0.01; ***p < 0.001; dashed line lower display (a, b) baseline 
values in running shoes represent 100%
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The forefoot relief shoe, short and high walker boot sig-
nificantly reduced the plantar pressure in the forefoot com-
pared to a running shoe. These findings are in line with pre-
vious studies, which reported an equal off-loading effect of 
the forefoot for vacuum orthoses, such as walker boots, and 
cushioning orthotic devices, such as forefoot relief shoes [9, 
11]. Interestingly, the short walker boot only yielded sig-
nificant reductions in relative peak pressure values, but did 
neither affect absolute peak pressure values nor any other 
assessed pedobarographic parameter. In contrast, the fore-
foot relief shoe, high walker boot, and calcaneus fracture 
orthosis significantly reduced absolute and relative values 
for two or more parameters.

None of the assessed orthotic devices generated a sig-
nificant pressure reduction in the midfoot. Consequently, 
none of these orthoses appears to be appropriate for 
applications, in which an off-loading of the midfoot is 
aspired. Therefore, if pressure in the midfoot region is to 
be reduced, an orthosis should be combined with partial-
weightbearing. Controversy, in particular the calcaneus 
fracture orthosis significantly increased the midfoot load, 
which has been reported previously [14]. This load shift 
toward the midfoot may lead to secondary displacement 
in calcaneus fractures affecting the anterior process of the 
calcaneus, cause pain, or stress fractures in case of long-
term use [14]. It might also explain why the calcaneus 

Fig. 4  Summary of significant findings of primary and secondary outcome parameters between the orthoses, when compared to the control (run-
ning shoe). *p < 0.05; **p < 0.01; Dark frames: highest/lowest values
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fracture orthosis is often doomed uncomfortable by 
patients.

Mazur et al. [14] compared pedobarographic measure-
ments between a running shoe and two different hindfoot 
relief orthoses—the hindfoot relief shoe and the hindfoot 
relief orthosis in 25 healthy volunteers. They reported an off-
loading capacity for the hindfoot of 52% for the two tested 
devices, which is in line with the herein observed 57% for 
the calcaneus fracture orthosis.

Finally, we also assessed the effect of a contralateral shoe 
lift when using a high walker boot on the plantar pressure 
characteristics. Palmanovich et al. [29] investigated the load 
effect of a contralateral leg-length equalizing sole when 
wearing a forefoot relief shoe in 20 healthy men. Similar 
to our presented data, they could not detect any significant 
changes in peak pressure and peak pressure integral. How-
ever, previous studies were able to show a reduction of gait 
asymmetries [30], significant improvements in the modified 
Oswestry low back pain disability questionnaire, and higher 
scores in the lower extremity functional scale [23] when an 
orthotic shoe lift was used.

One limitation of the present study is that only the ortho-
sis-specific plantar pressure distribution was assessed, but 
not the ability of immobilization. Some orthoses, espe-
cially the high walker boot, have fields of application due 
to their ability to immobilize the hind- and midfoot [31], 
that go beyond the plantar off-loading. This aspect was not 
addressed in the present study. Furthermore, we retained 
the same sequence in testing the orthoses for each partici-
pant. This holds a potential bias. Another limitation is the 
rather small sample size and the focus on healthy individu-
als. Patients suffering from pain and/or gait insecurity might 
exhibit considerably different patterns of plantar pressure 
distribution. Therefore, it remains unclear, whether the pre-
sent observations can be generalized to a clinical setting. 
Despite these limitations, this study established a standard-
ized assessment setting that not only focused on the absolute 
effects of orthoses on specific pedobarographic measures, 
but also analyzed their relative effect in comparison with a 
control shoe. Any orthosis must proof its off-loading superi-
ority to a regular shoe. By standardizing our measurements 
to a control, i.e., running shoe, we were able to highlight this 
real-life advantage of the respective orthosis.

Conclusion

The results provide new insights into the efficiency of five 
commonly used orthoses to modify pressure distribution pat-
terns in specific foot regions. The knowledge of the specific 
pressure distribution of the different orthoses is essential for 
orthopedics to specifically choose the appropriate device. 
Therefore, the clinical use of specific off-loading orthoses 

should be indicated carefully and critically discussed as they 
might induce the risk to increase pressure distribution at 
the adjoining foot regions. These results should further be 
validated in larger healthy and patient cohorts.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00402- 022- 04729-2.

Funding Open Access funding enabled and organized by Projekt 
DEAL. The authors did not receive support from any organization for 
the submitted work.

Declarations 

Conflict of interest None of the authors have any conflicts of interest 
to disclose related to this work. All authors certify that they have no 
affiliations with or involvement in any organization or entity with any 
financial interest or non-financial interest in the subject matter or ma-
terials discussed in this manuscript.

Ethical approval This study was performed in line with the principles 
of the Declaration of Helsinki. Approval was granted by the Ethics 
Committee (LMU: #18-882).

Informed consent Informed consent to participate and to publish was 
obtained from all individual participants included in the study.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

 1. Bhuyan D, Kumar K (2019) A brief history of prosthetics and 
orthotics of the lower body and their typesdesign, development, 
and optimization of bio-mechatronic engineering products, pp 
36–56

 2. Gutsfeld P, Simmel S, Benning E, Brand A, Augat P (2016) 
Orthesen in der Unfallchirurgie. Trauma und Berufskrankheit 
18(2):116–124. https:// doi. org/ 10. 1007/ s10039- 016- 0164-3

 3. Gratwohl V, Jentzsch T, Schoni M et al (2022) Long-term fol-
low-up of conservative treatment of Charcot feet. Arch Orthop 
Trauma Surg 142(10):2553–2566. https:// doi. org/ 10. 1007/ 
s00402- 021- 03881-5

 4. Baumbach SF, Massen F, Bocker W, Polzer H (2020) Arthro-
scopic tibiotalocalcaneal arthrodesis using an intramedullary lock-
ing nail. Oper Orthop Traumatol 32(2):158–170. https:// doi. org/ 
10. 1007/ s00064- 019- 00646-7

 5. Zwipp H, Borrmann M, Walter E (2017) Experience with the hind 
foot relaxation boot. Z Orthop Unfall 155(3):333–339. https:// doi. 
org/ 10. 1055/s- 0043- 100016

https://doi.org/10.1007/s00402-022-04729-2
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s10039-016-0164-3
https://doi.org/10.1007/s00402-021-03881-5
https://doi.org/10.1007/s00402-021-03881-5
https://doi.org/10.1007/s00064-019-00646-7
https://doi.org/10.1007/s00064-019-00646-7
https://doi.org/10.1055/s-0043-100016
https://doi.org/10.1055/s-0043-100016


4256 Archives of Orthopaedic and Trauma Surgery (2023) 143:4249–4256

1 3

 6. Richter I, Krahenbuhl N, Ruiz R, Susdorf R, Horn Lang T, Hinter-
mann B (2021) Mid- to long-term outcome in patients treated 
with a mini-open sinus-tarsi approach for calcaneal fractures. 
Arch Orthop Trauma Surg 141(4):611–617. https:// doi. org/ 10. 
1007/ s00402- 020- 03530-3

 7. Zirngibl B, Grifka J, Baier C, Gotz J (2017) Hallux valgus: etiol-
ogy, diagnosis, and therapeutic principles. Orthopade 46(3):283–
296. https:// doi. org/ 10. 1007/ s00132- 017- 3397-3

 8. Bernasconi A, Rizzo M, Izzo A et al (2021) Bosch osteotomy 
for hallux valgus correction: results at a mean 10-year fol-
low-up. Arch Orthop Trauma Surg. https:// doi. org/ 10. 1007/ 
s00402- 021- 04259-3

 9. Gotz J, Lange M, Dullien S et al (2017) Off-loading strategies in 
diabetic foot syndrome-evaluation of different devices. Int Orthop 
41(2):239–246. https:// doi. org/ 10. 1007/ s00264- 016- 3358-1

 10. Gutekunst DJ, Hastings MK, Bohnert KL, Strube MJ, Sinacore 
DR (2011) Removable cast walker boots yield greater forefoot 
off-loading than total contact casts. Clin Biomech (Bristol, Avon) 
26(6):649–654. https:// doi. org/ 10. 1016/j. clinb iomech. 2011. 03. 
010

 11. Nagel A, Rosenbaum D (2009) Vacuum cushioned removable cast 
walkers reduce foot loading in patients with diabetes mellitus. Gait 
Posture 30(1):11–15. https:// doi. org/ 10. 1016/j. gaitp ost. 2009. 02. 
007

 12. Mustapa A, Justine M, Mohd Mustafah N, Jamil N, Manaf H 
(2016) Postural control and gait performance in the diabetic 
peripheral neuropathy: a systematic review. Biomed Res Int 
2016:9305025. https:// doi. org/ 10. 1155/ 2016/ 93050 25

 13. Hunt KJ, Goeb Y, Esparza R, Malone M, Shultz R, Matheson G 
(2014) Site-specific loading at the fifth metatarsal base in reha-
bilitative devices implications for Jones fracture treatment. PM 
R 6(11):1022–1029. https:// doi. org/ 10. 1016/j. pmrj. 2014. 05. 011 
(quiz 1029)

 14. Mazur F, Swoboda B, Carl HD et al (2019) Plantar pressure 
changes in hindfoot relief devices of different designs. J Exp 
Orthop 6(1):7. https:// doi. org/ 10. 1186/ s40634- 019- 0173-9

 15. Carl HD, Pfander D, Swoboda B (2006) Assessment of plantar 
pressure in forefoot relief shoes of different designs. Foot Ankle 
Int 27(2):117–120. https:// doi. org/ 10. 1177/ 10711 00706 02700 208

 16. Dawin N, Dirksen N, Buß P, Peikenkamp K (2016) Analysis of 
bending and torsional stress on the foot in different offloading 
shoes. Foot Shoe 1:30–35

 17. Lorei T, Klarner H, Rosenbaum D (2006) Influence of postopera-
tive shoes on plantar pressure patterns. Z Orthop Ihre Grenzgeb 
144(2):153–157. https:// doi. org/ 10. 1055/s- 2006- 921572

 18. Pauser J, Jendrissek A, Brem M, Gelse K, Swoboda B, Carl HD 
(2012) Foot loading with an ankle-foot orthosis: the accuracy of 
an integrated physical strain trainer. Int Orthop 36(7):1411–1415. 
https:// doi. org/ 10. 1007/ s00264- 012- 1501-1

 19. Aujla RS, Patel S, Jones A, Bhatia M (2019) Non-operative func-
tional treatment for acute Achilles tendon ruptures: The Leicester 
Achilles Management Protocol (LAMP). Injury 50(4):995–999. 
https:// doi. org/ 10. 1016/j. injury. 2019. 03. 007

 20. Stockle U, Konig B, Tempka A, Sudkamp NP (2000) Cast immo-
bilization versus vacuum stabilizing system. Early functional 

results after osteosynthesis of ankle joint fractures. Unfallchirurg 
103(3):215–219. https:// doi. org/ 10. 1007/ s0011 30050 525

 21. Pfeifer CG, Grechenig S, Frankewycz B, Ernstberger A, Nerlich 
M, Krutsch W (2015) Analysis of 213 currently used rehabili-
tation protocols in foot and ankle fractures. Injury 46:S51–S57. 
https:// doi. org/ 10. 1016/ s0020- 1383(15) 30018-8

 22. Münch T (2002) Proof of Functionality of the Heel Relief Orthosis 
according to Dr. Settner/Münch. Orthop-Tech. 2:646D145

 23. Kipp D, Village D, Edwards KJ (2017) Effectiveness of evenup 
shoe-lift use among individuals prescribed a walking boot. J 
Allied Health 46(2):104–110

 24. Bauer JA, Cauraugh JH, Tillman MD (2000) An insole pressure 
measurement system: repeatability of postural data. Foot Ankle 
Int 21(3):221–226. https:// doi. org/ 10. 1177/ 10711 00700 02100 307

 25. Leunkeu AN, Lelard T, Shephard RJ, Doutrellot PL, Ahmaidi S 
(2014) Reproducibility of gait cycle and plantar pressure distribu-
tion in children with spastic hemiplegic cerebral palsy. NeuroRe-
habilitation 35(3):597–606. https:// doi. org/ 10. 3233/ NRE- 141155

 26. Peters P, Runge J (2001) Electronic plantar pressure measurements 
in different types of moutaineering boots. Sportverletz Sports-
chaden 15(2):40–44. https:// doi. org/ 10. 1055/s- 2001- 14816

 27. Westphal E, Carl H-D, Krinner S, Grim C, Swoboda B, Hotfiel 
T (2016) Plantar force deviations in dynamic pedobarography—
the role of insole and platform based systems as influencing fac-
tors. Sports Orthop Traumatol 32(4):380–386. https:// doi. org/ 10. 
1016/j. orthtr. 2016. 10. 007

 28. Cho BK, Kim JB, Choi SM (2022) Efficacy of hook-type locking 
plate and partially threaded cancellous lag screw in the treatment 
of displaced medial malleolar fractures in elderly patients. Arch 
Orthop Trauma Surg 142(10):2585–2596. https:// doi. org/ 10. 1007/ 
s00402- 021- 03945-6

 29. Palmanovich E, Ayalon M, Sira DB, Nyska M, Hetsroni I (2017) 
The effect of eliminating leg length difference on plantar foot 
pressure distribution in patients wearing forefoot offloading shoe. 
Foot (Edinb) 33:39–43. https:// doi. org/ 10. 1016/j. foot. 2017. 10. 003

 30. Severin AC, Gean RP, Barnes SG et al (2019) Effects of a correc-
tive heel lift with an orthopaedic walking boot on joint mechanics 
and symmetry during gait. Gait Posture 73:233–238. https:// doi. 
org/ 10. 1016/j. gaitp ost. 2019. 07. 374

 31. Kosiol J, Keiler A, Loizides A, et al (2022) Operative versus con-
servative treatment of acute Achilles tendon ruptures: preliminary 
results of clinical outcome, kinematic MRI and contrast-enhanced 
ultrasound. Arch Orthop Trauma Surg https:// doi. org/ 10. 1007/ 
s00402- 022- 04457-7

 32. Joseph M, Constant R, Rickloff M, Mezzio A, Valdes K (2018) A 
survey of client experiences with orthotics using the QUEST 2.0. 
J Hand Ther, 31(4):538–543 e531. https:// doi. org/ 10. 1016/j. jht. 
2018. 07. 002

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1007/s00402-020-03530-3
https://doi.org/10.1007/s00402-020-03530-3
https://doi.org/10.1007/s00132-017-3397-3
https://doi.org/10.1007/s00402-021-04259-3
https://doi.org/10.1007/s00402-021-04259-3
https://doi.org/10.1007/s00264-016-3358-1
https://doi.org/10.1016/j.clinbiomech.2011.03.010
https://doi.org/10.1016/j.clinbiomech.2011.03.010
https://doi.org/10.1016/j.gaitpost.2009.02.007
https://doi.org/10.1016/j.gaitpost.2009.02.007
https://doi.org/10.1155/2016/9305025
https://doi.org/10.1016/j.pmrj.2014.05.011
https://doi.org/10.1186/s40634-019-0173-9
https://doi.org/10.1177/107110070602700208
https://doi.org/10.1055/s-2006-921572
https://doi.org/10.1007/s00264-012-1501-1
https://doi.org/10.1016/j.injury.2019.03.007
https://doi.org/10.1007/s001130050525
https://doi.org/10.1016/s0020-1383(15)30018-8
https://doi.org/10.1177/107110070002100307
https://doi.org/10.3233/NRE-141155
https://doi.org/10.1055/s-2001-14816
https://doi.org/10.1016/j.orthtr.2016.10.007
https://doi.org/10.1016/j.orthtr.2016.10.007
https://doi.org/10.1007/s00402-021-03945-6
https://doi.org/10.1007/s00402-021-03945-6
https://doi.org/10.1016/j.foot.2017.10.003
https://doi.org/10.1016/j.gaitpost.2019.07.374
https://doi.org/10.1016/j.gaitpost.2019.07.374
https://doi.org/10.1007/s00402-022-04457-7
https://doi.org/10.1007/s00402-022-04457-7
https://doi.org/10.1016/j.jht.2018.07.002
https://doi.org/10.1016/j.jht.2018.07.002

	Pedobarographic evaluation of five commonly used orthoses for the lower extremity
	Abstract
	Introduction 
	Materials and Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Participants
	Orthoses
	Insoles
	Data acquisition
	Data analysis
	Outcome parameters
	Statistical analysis

	Results
	Primary outcome—peak pressure
	Secondary outcomes

	Discussion
	Conclusion
	Anchor 21
	References




