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ABSTRACT 

Orthoses development requires special attention from mechanical designers since it is directly 

linked with improving the users’ life quality. Camptocormia is a postural disease 

characterized by the antero-flexion of the trunk, which prevents patients from having a normal 

life. Consequently, a methodology that allows structured orthoses development was 

implemented during the design process of a new brace for the treatment of camptocormia. 

Keywords: mechanical design, product development, medical devices, orthoses. 

 

INTRODUCTION 

The development of new products is a difficult task demanding close collaboration between 

several different domains and stakeholders to satisfy user requirements at several different 

levels. Product development is strongly dependent on the conceptual stage, where the 

designer defines the functioning principles of the device based on the users’ requirements 

(Baxter 1995; Pahl et al. 2007; Ullman 2005). Although this conceptual design phase is 

important, only a few tools and methods are available at this stage compared with others such 

as the embodiment design or detailed design phase (Rios-Zapata et al. 2016; Tomiyama et al. 

2009; Wang et al. 2002). 

For medical devices, this lack of tools and methods is more evident due to the particularities 

of this domain. One of the most used medical devices are orthosis, which according to global 

market estimations, a revenue of 6.5 billion dollars will be expected in 2018 (according to 

ARC Industry), due to the aging of the population and daily accidents. Despite this 

indisputable evidence, orthotics development is based, in many cases, on the empirical 

knowledge of enterprises (mainly SMEs). In addition, this empirical knowledge does not fully 

cover important biomechanical and ergonomic knowledge and criteria during orthosis 

development. As it is a device that is placed in contact with the user’s body, it should take 

into account the human constraints and especially develop a user-centered design.  

Postural braces are an example of this kind of device, and independently of their purpose their 

development should consider mechanical and biomechanical criteria to obtain better adapted 

and more efficient devices.  

A postural disease that is shaking up the orthopedic community is camptocormia, also known 

as bent spine syndrome (Azher and Jankovic 2005; Cugy et al. 2013; Karbowski 1999; 

Rodrigues and Caldas 2010; de Sèze et al. 2014). Camptocormia is characterized by the 

antero-flexion of the trunk during the standing or walking gait positions, but is reversible 
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when the patient pushes the hips with the hands or uses a wall (Laroche and Cintas 2010a, 

2010b; Laroche 2011). There is no agreement on the origins of camptocormia due to the many 

possibilities such as muscular or neurological disorders (Finsterer and Strobl 2010). 

 

 

 

 

 

 

 

 

 

 

Fig. 1 - Typical camptocormic posture. 

 

Due to the many possible origins of camptocormia, one of the accepted treatments is based on 

the combined use of orthoses and physiotherapy (Cugy et al. 2013; Duarte et al. 2016; 

Pardessus et al. 2005; de Sèze and Creuzé 2009). The use of the brace to treat camptocormia 

involves the distraction of the device in order to redress the patient’s posture. To do this, 

functional biomechanical factors as well as ergonomic ones must be taken into account by all 

the stakeholders involved in product development (enterprise, mechanical designer and 

doctors). 

The purpose of the present work was to establish and apply a design structuring method 

during the conceptual design phase to develop a specific orthosis for the treatment of 

camptocormia. 

 

MATERIALS AND METHODS 

The brace used for treating camptocormia can be considered as a position fixed articular 

orthosis (PFAO), which means that during use it allows only one predefined position, defined 

according to the doctor’s recommendations. 

 

Orthosis main notions 

It is important to identify and distinguish the different orthosis components: references, 

supports and interaction components. These notions will be described in the following steps 

taking the camptocormia brace as an example. 

� References: the references are the body segments that are in direct contact with the 

orthoses, working as an anchor point. The purpose of the brace used for the treatment of 

camptocormia is to redress the trunk (place the trunk in the vertical position). As a brace, 

it has a region of interest on the surface between the hips and the thorax. In the 

camptocormia brace, these references are the pelvic region (hips) as an initial reference 

and the externum/ ribs as a terminal reference (Fig.2). 
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� Supports: the supports are the parts of the device that are in contact with the references 

and their main role is to connect the device to the body segment. In the specific case of 

the camptocormia brace, the supports are the pelvic and thoracic “rings” (Fig.2). 

 

� Interaction components: the interaction components allow the link between the notions 

described above. Two different types of interaction component can be distinguished, 

interface interaction components and articular interaction components: 

 

� Interface interaction components: between the references and supports there is a 

component that promotes contact between them. The main purpose of the interface 

interaction component is to promote the comfortable adaptation of the support to the 

body segment. In the specific case of the brace the interface interaction component is 

polyurethane foam to promote the adaptation between the support and the thorax. 

 

� Articular interaction components: these are components that promote the connection 

between two consecutive supports. As an articular orthosis between two consecutive 

supports, there is an articular mechanism which allows relative movement between 

them. In the case of the camptocormia brace, the articular interaction component 

allows verticality between the supports. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2 - Orthosis main definitions. 

 

Life situations and significant moments 

The proposed methodology is based on the life situation (LS) and significant moments (SM) 

of the orthosis and divides orthosis utilization into several different instants and projects an 

adapted concept to the different usage stages (Nadeau and Pailhes 2007; Scaravetti et al. 

2005). 
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Fig. 3 - Generic life situation discrimination. 

 

Thus use of the brace can be divided into five different life situations (Fig.3): 

� Connection: this is the first life situation and concerns the connection between the device 

and the body, in this case, the connection between the brace and the trunk. Additionally, 

this life situation can be subdivided into three different significant moments: 

� Connection to the initial reference, 

� Mechanism deformation, 

� Connection to the terminal reference. 

� Adjustment: the adjustment life situation corresponds to the regulation of the orthosis 

mechanism in order to set it in a palliative position (position of the device that provides 

treatment). 

� Reference relaxation, 

� Minor adjustment. 

� Usage: the third life situation corresponds to the use of the device in a position that 

provides treatment. This life situation can be described as a palliative position of the 

orthosis once it allows for palliative care. 

� Release: this life situation is basically the opposite of the adjustment life situation, 

defined above. During this life situation, the user will release the adjustment previously 

set in order to come out of the palliative position. 

� Disconnection: during this life situation the user performs the disconnection between the 

orthosis and the body. 

� Disconnection from the terminal reference, 

� Mechanism deformation, 

� Disconnection from the initial reference. 

 

Database 

A database can be defined as an organized collection of information (data) about one specific 

domain. Databases are tools that are developed to organize and support processes requiring 

information in order to provide faster and more structured access (Berrington 2017).  

A tool based on the “Théorie des mécanismes” or TRESA (acronym for Tableau de 

Recherche Exhaustive de Solutions Articulaires) was developed in order to work as a 

kinematics and joint links database for the development of articular orthoses. This database 

provided an exhaustive evaluation of the kinematics chain of these mechanisms.  

Connection Adjustment Usage Release Disconnection 

Brace use 
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In TRESA, criteria such as number of solids, links, degrees of hyperstatism and nature of 

movement were considered. Additionally, through the TRESA database, several screening 

stages were defined in order to gradually reduce the possible number of concepts. 

One limitation of this database is the fact that the “Théorie des mécanismes” only considers 

rigid and non-deformable solids (Le Borzec and Lotterie 1975; Siestrunck 1973). This 

limitation means that TRESA can only be used to develop articular interaction components. 

In the same way, TRESI (acronym for Tableau de Recherche Exhaustive de Solutions 

d’Intéraction) was developed in order to feed the interface interaction components, and is 

composed of deformable links and materials. 

 

Articular interaction components development method 

The proposed structure for the development of articular interaction components for articular 

orthosis development consists of four distinct phases (Fig. 4) 

. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4 - Articular interaction components development method. 

 

� First stage - research into the nature of the kinematics 

During this stage, research into the nature of the kinematics for the interaction 

components will be defined. The designer may chose the number of solids, joint links and 

kinematic chains according to the orthosis requirements.  

In the first stage, the connection and adjustment life situations have a relevance as it is in 

these life situations that the kinematics of the articular device start their role.  

Additionally, the doctor’s prescription giving the purpose of the orthosis should be 

considered to take into account the patient needs. Thus the doctor and the user are the 

main specifiers at this stage. 
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The purpose of the brace in the treatment of camptocormia is to redress the patient’s 

trunk, taking into account the trunk’s rotation (biomechanical information).  

As camptocormia is a disease that acts along the sagittal plane and the desired treatment 

is based on the redress effect of the trunk along that plane, the kinematic chain should 

enable the verticality of the trunk (Fig. 5). Thus in this case, only the links (rotations and 

translations) in the sagittal plane will be considered, according to norm NF EN ISO 3952-

1 (1995). The number of solids considered depends on the complexity and precision of 

the desired movement for the orthosis. For example, in this case a three-solid chain will 

be considered. 

 

Fig. 5 - First stage considerations. 

 

During this stage, solution links that consider translations, rotations and a combination of 

translations and rotations will be screened.  

 

� Second stage - user-specific limitations 

Camptocormia is a disease that acts along the sagittal plane, as previously stated, thus 

only the movements in that plane (xOy plane) may be considered (two translations and 

one rotation). 

During the second stage, the user’s specific limitations will be considered. This stage has 

a special impact on the second life situation, palliative adjustment, since it is during 

palliative adjustment that the patient actually acts on the mechanism.  

The patient’s physical characteristics and movement limitations will therefore have an 

influence and should be introduced into the solutions of the previous stage. This enables 

solutions to be screened. In this case the direction of the links will be considered. 
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Table 1 - Stage reduction options. 

 Translations Rotations 

First stage Tx, Ty, Tz Rx, Ry, Rz 

Second stage Tx, Ty Rz 

 

 

Transposing these findings to the camptocormia brace case it can be seen that the 

solutions with only a rotation or a translation are simpler and easier for the patient. Thus, 

as the vertical redress of the trunk is the desired movement, the Tx translation was 

deleted from the possible solutions resulting in only two mechanism options (Ty, Rz or 

Ty and Rz) (Fig.6). 

 

 

 

Fig. 6 - Links graph of possible solutions at the end of the second stage. 

 

 

Nevertheless, when the interaction between the patient and the mechanism is considered, 

there are ergonomic criteria that should be introduced. Through an ergonomic analysis 

and structuration, these ergonomic criteria should be based on biomechanics, emotional 

and cognitive principles (Fig.7). 

On that basis, it can be seen that wide and thin motricity, necessary efforts and the 

formation needed to use the mechanism have a relevant importance during the 

development of the orthosis in terms of ergonomic factors.  
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Fig. 7 - Ergonomic criteria for the articular interaction components. 

 

� Third stage - specific amplitude research 

The third stage corresponds to satisfaction of a medical constraint in order to provide the 

specific amplitude needed during the palliative adjustment phase. As stated before, 

palliative adjustment allows the user to adjust the mechanism to a desired position 

(position that promotes treatment).  

At this stage, the doctor should provide information about the amplitude of these 

adjustments based on each patient’s needs and tolerance to the redress. At the end of this 

stage, the mechanical designer will obtain a dimensioned kinematics scheme.  

Taking into account the camptocormia brace, an example will be considered of a 

camptocormia patient with a 50° antero-flexion of the trunk and an intervertebral distance 

in the redressed position between S1 and C7 of 45cm, which gives rise to a sagittal arrow 

of 54cm. 

Considering the possibility of total postural redress, the pre-dimensioning of the 

mechanism should consider a maximum pivot joint amplitude of ∆θ=50° or a maximum 

prismatic joint amplitude of ∆y=45cm. 

 

� Fourth stage - blocking research 

The last stage takes into account the blocking options for the previous concept solutions. 

The kinematic chain should be blocked to ensure that the orthosis can be used in a 

corrective position. On this basis, the life situation involved is palliative use. 

The number of links and how to block them are important issues during orthosis 

development. During this stage, enterprises’ competencies dictate the technological 

choice of concept. Thus, a structured diagram of blocking options is available at this 

stage (Fig.8). 
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Fig. 8 - Blocking options diagram. 

When considering the camptocormia brace, a classical blocking system was assumed by 

obstacle opposition in a double direction (total). Additionally, the solutions emerging 

from the second stage should be evaluated in order to analyze which should be blocked in 

order to block the entire system (Fig.9). 

 

Fig. 9 - Joints to block according to their links. 

 

At this point it can be seen that solution (a) only needs to block one link in order to block 

the entire system. In the other two cases, three joints have to be blocked in order to block 

the system. The decision should be taken by the enterprise. 

 

Interface interaction components development method 

When developing the interface interaction components, there are some notions that should be 

taken into account, such as the degree of hyperstatism and the kind of interface between the 

supports and the references. A four-stage structure was therefore developed using the 

information provided by the TRESA and TRESI databases (Fig.10). 

In the particular case of the orthosis, the degree of hyperstatism manifests itself through a 

feeling of local discomfort at the interface between the body and the orthosis. 
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Fig. 10 -.Interface interaction components development method. 

 

 

� First stage - degree of hyperstatism analysis 

During the first stage, the degree of hyperstatism in the chains will be evaluated as 

hypostatic, isostatic or hyperstatic according to the “Théorie des mécanismes”, following 

equations according to whether the case is 2D (eq.1) or 3D (eq.2): 

 

ℎ = 	
 +� +�� − 3�  (1) 

ℎ = 	
 +� +�� − 6�  (2)  

 

where ℎ is the degree of hyperstatism; 	
: the degree of linkage; �	���	 �� the useful 
and internal mobility respectively and � the number of solids. 

 

with,	� = 	� +��   (3) 

 

Analyzing the camptocormia brace case it is possible to evaluate the three possible 

solutions emerging from the second stage of the articular interaction components method. 
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        (a)                                                (b)                                                 (c) 

Fig. 11 -.Analysis of the degree of hyperstatism for solutions a, b and c. 
 

From the analysis of the degree of hyperstatism, it was possible to observe that there are 

three different degrees of hyperstatism, where the (a) solution represents the lower case 

of hyperstatism and the (b) solution the higher case (Fig.11).  

 

� Second stage - degree of hyperstatism control 

As stated before, the larger the degree of hyperstatism, the more difficult the movement 

of the mechanism chain and in the specific case of an orthosis this difficulty will have an 

impact on the human body, specifically regarding comfort. This means that, the greater 

the degree of hyperstatism, the greater the discomfort in the interface regions. 

Managing the degree of hyperstatism will also depend on the doctor’s specifications, thus 

in certain cases it could be useful to have a hyperstatic mechanism to give the system 

higher rigidity. 

In the case of the camptocormia brace, the purpose of the device requires a rigid but 

comfortable link between the body (references) and the mechanism (supports). Thus, the 

link between the body and the mechanism will be evaluated and the hypothesis of a 

clamped link will be abandoned. 

 

� Third stage - interface analysis 

The third stage involves analysis of the interface between the body and the support. 

According to the types of orthosis and the duration that the patient may use it, the 

interface between body and support may have different needs. For example, an arm, even 

over long periods of time (i.e. several months) does not change its morphology. However, 

the trunk may vary significantly over the course of several months, and consequently the 

interface between body and support should enable that adaptation. 

As previously, palliative usage is the most important life situation in current use of the 

orthosis, where the comfortable or uncomfortable interface will play its role and harm the 

patient, or otherwise. 

Considering that the camptocormia brace will be placed along the trunk, morphological 

changes in the thorax and especially the abdomen should be taken into account in order to 

define the interface material.  
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� Fourth stage - links evolution 

The last stage of the interface interaction components research is based on the possibility 

of evolution between the interface connections. This stage is intimately linked to the 

second stage of the method. However, in this case, the decision will be taken by the 

enterprise according to their technical options regarding deformable or indeformable 

links. 

Taking into account the camptocormia brace and the examples previously obtained, the 

options are shown in this diagram (Fig.12). 

 

                    (a)                                                (b)                                                 (c) 

Fig. 12 - Links evolution to promote a comfortable interface. 
 

At the end of this stage three solutions are proposed depending on the desired degree of 

hyperstatism and/or the technical realization. Solution (a) proposes an isostatic system 

where the interface between the body and the mechanism is considered as one. (b) and (c) 

propose a hyperstatic solution, however, by changing the interface between the body and 

the mechanism by deformable connections it is possible to reduce the degree of 

hyperstatism and consequently promote patient comfort.  

Additionally, the final decision will take into account the enterprise’s technical 

possibilities. 

 

DISCUSSION AND CONCLUSIONS 

The organization of the tasks and the different sources of information during the product 

development stages is a key factor in achieving effective devices in general and medical 

devices in particular. 

Orthosis development covers several different domains, such as medical, design and 

industrial, which are not fully integrated into orthosis development. 

In an orthosis there are two main components that should be taken into account during the 

development stage: the articular interaction components and the interface interaction 

components, which ensure correct orthosis adjustments and the contact with the body 

respectively. 

The design methodology presented in this study promotes the merging of the conceptual and 

the architectural design phases, which may also merge with the development of the articular 

interaction components and the interface interaction components. 



Proceedings of the  7th International Conference on Mechanics and Materials in Design 

 

 

-839- 

This methodology was applied to the development of a medical brace for the treatment of 

camptocormia, where the main objective involves the redress of the patient’s trunk.  
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