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ABSTRACT. This document describes the design and construction of a mechanical device that allows a 

subject with ectrodactyly to perform a power grip. For this purpose, the coupled bar mechanism for the 

emulation of a finger is presented, and a system that allows, from a single movement, to perform a large 

diameter grip, considering design variables obtained from anthropometric and goniometric measurement 

techniques. This is complemented by kinematic and static analysis, in which the position and force 

behaviours required in the design are verified. Then, the final construction scheme is carried out by means of 

computer-assisted design (CAD) software, in which the position behaviour of the distal phalanx end is obtained 

and compared with the models obtained in Linkage and Matlab. Finally, the work conclusions are presented. 
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Introduction 

The term ectrodactyly (lack of fingers) derived from the Greek ektroma (abortion) and daktylos (finger), is 

manifested as an autosomal dominant hereditary disorder with incomplete penetrance and variable 

expressivity, which modifies the gen TP63 and the chromosomes 2, 7, 10, or X (Jindal, Parmar, & Gupta, 2009), 

(Sutton, & Van Bokhoven, 1993), (Kalathia, Seta, & Parmar, 2013). Ectrodactyly affects approximately 1 in 

90,000 to 150,000 live births with prenatal diagnosis established by obstetric ultrasound in the second 

trimester of pregnancy (Gane & Natarajan, 2016). 

This disorder causes anomalies in the human limbs involving the central rays of the autopod and it is 

observed as: partial or total absence of the fingers, syndactyly, or finger or toe fusing; often described as 

"claw-like or lobster claw hand", with greater incidence in the upper limbs compared to the lower ones (Nunes, 

Jadan, & Bello, 2014), (Jindal et al., 2009). The hand malformation is classified in two basic subtypes: typical 

form (1 in 90,000) in which the metacarpal bones and phalanges are absent, dividing the hand into ulnar and 

radial portion (V-shaped defect); and atypical (1 in 150,000) where the metacarpal bones generate a wide 

fissure (U-shaped defect) (Nirmala, Sandeep, Chaitanya, Nuvvula, & Veluru, 2015), (Bharati et al., 2020). 

In Colombia, congenital anomalies generate more than 30% of the disability in the general population, 

which includes congenital cardiopathies (15.73 in 10,000 live births), Down's syndrome (17.82 in 10,000 live 

births), cleft lip and palate, and neural tube closure defects. For their follow-up, the national public health 

surveillance system and the SIVIGILA information subsystem created a congenital defect notification in 

which the pathologies presented by newly born in the city of Bogotá are recorded. From this information, it 

is observed that in 2012, 2 cases of ectrodactyly were reported, in 2013 there were 3 cases, and for 2014 and 

2018 there was 1 case (Avila, 2018; França Bisneto, 2012).  

From a biomechanical point of view, patients with ectrodactyly are very affected since they have at least 

one or two fingers that supply basic gripping functions. This accompanied by orthopedics, which offers 

orthotics to improve interaction with the environment, as well as to prevent deformations and make physical 

corrections; or rehabilitation that helps improve the maneuverability of the hand with existing fingers. It 

should be noted that the method of rehabilitation or orthotics varies from individual to individual since the 

malformations differ in size, shape, number of fingers, among others (Valderrama-Zaldivar, 2013). 
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In terms of mechanical solutions, there is a series of systems to improve the ranges of movement in the 

hands of people with ectrodactyly. Then, full hand prosthetic mechanism is made, which eliminates 

movement in the existing fingers, controlled by physiological signals or movements in different parts of the 

upper limb such as the wrist and/or forearms. Some of these systems are based on pulley or gears mechanisms, 

such as the Vincent evolution 2 and the system created by the company I-limb or linkage systems such as 

those presented by Bebionic and Vincent that show four ways of moving a finger from different bar 

configurations (Belter, Segil, Dollar, & Weir, 2013), (Van Der Niet, Bongers, & Van Der Sluis, 2013), (Belter et 

al., 2013), or others such as the one presented by P&G MG LATAM in (P&O MG LATAM, 2020), which reports 

the treatment of ectrodactyly from silicone prostheses. Finally, (Jabin, Adnan, Mahmud, Chowdhury, & Islam, 

2019) show a cost-effective prosthesis for an upper limb congenital amputee patient using 3D printing 

technology. 

As seen above, the current systems eliminate the functionality of the existing fingers in people with 

ectrodactyly and create mechanisms whose operation is based on other types of control signals, leading to 

possible muscle atrophy or increased malformation. 

Therefore, the main contribution of this work is the development of a prosthesis for a person with 

ectrodactyly that requires power gripping using the existing fingers on the right hand since currently there 

are no devices on the market that can be coupled for this type of pathology. Furthermore, since this 

malformation is rare, the designs must be customized considering the type of defect (U or V), the fingers that 

are missing, and the hand size. 

Material and methods 

For the development of the present work, a crossbar mechanism is proposed in Figure 1, which allows 

obtaining behaviors of force and position necessary to supply power grips, involving a maximum of one 

actuator per finger. Furthermore, its functionality and aesthetics emulate the natural finger movement in a 

similar way. From here, the finger can be observed in extension, flexion, and intermediate positions, as well 

as the trajectory of the distal phalanx end. 

 
Figure 1. Bar mechanism for finger emulation. 

Taxonomy of Grasp 

Determining the anatomical behavior of the hand makes it possible to establish variables of force and 

angles of movement, which are the basis for structures that enable behaviors like those of the human hand. 

For this reason, the design begins by proposing the form of the power grip to be worked on based on the 

Cutkosky taxonomy in Figure 2 (Cutkosky, 1989). From there, the grips that a person with ectrodactyly can 

make are highlighted in red, and the power grip that the mechanism must make is highlighted in green.  
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Figure 2. Cutkosky’s taxonomy. 

Anthropometric considerations for subjects with ectrodactyly 

For the development of the prosthesis, the anthropometric measurements of the healthy hand of a test 

subject are considered; this, to handle a dimensional relationship between the healthy hand and the designed 

hand. based on this, the following design variables are considered. 

Healthy hand dimensions 

As main dimensions we take the measurements of the proximal and distal phalanx of the little finger and 

index finger, as shown in Figure 3. From this we get that the thickness of the proximal and distal phalanx of 

the little finger is 35.2 and 24 mm, respectively; while, for the proximal and distal phalanx of the index finger 

we have dimensions of 44 and 30 mm, respectively. 

 
Figure 3. Side view of the fingers, hand without pathology. 

Hand dimensions with ectrodactyly 

The purpose of taking anthropometric measurements of the hand of the subject with ectrodactyly is to 

define the working space for the prosthesis drive system. Therefore, in Figure 4, the affected hand is shown, 

as well as the schematic dimension of the general dimensions (height and width) of the hand. 

Design of the bar mechanism 

With the data obtained, both from the hand anatomy and the anthropometric dimensions, the design of the bar 

mechanism is approximated by means of the graphic method in the Linkage software, shown in Figure 5. 
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Figure 4. Hand with ectrodactyly. 

 
Figure 5. Graphic method by Linkage software. 

With the established design, the kinematic calculation is carried out to obtain the angular variables 

involved in the movement of the mechanism. For this purpose, it was subdivided into simplified 

configurations of four and three bars. It must be considered that the selection of the independent sets depends 

on the phalanx to be emulated, as well as on the dimensions of each one. For the proximal phalanx, the 

measures are 28.3 mm, for the middle phalanx of 24 mm, and for the distal phalanx of 20 mm, the above 

having as reference the index finger, for the other fingers the dimensions are scaled.  

The first configuration is shown in Figure 6, which is defined as an articulated quadrilateral type of mechanism. 

It should be taken into account that the mechanism built does not have the dotted line but the BH and HF bars do 

not modify the angle between them, so a scalene triangle can be formed to simplify the calculations. 

 
Figure 6. Initial bar configuration, input by the AB link. 
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The system of Figure 7 is worked in vector form, so the loop closing equation is presented in Equation (1) 

and (2). Then, in Equations (3) and (4) the Freudenstein equations described for the solution of four-bar 

mechanisms are implemented, from which the value of 𝜃𝐵 is obtained, knowing 𝜃𝐴 as the angle of entry and 

𝜃𝑋 ,which is known from the geometry of the finger and whose value is 23.8°. 

𝐴𝐵 cos 𝜃𝐴 + 𝐵𝐹 cos 𝜃𝐵 + 𝐹𝐸 cos 𝜃𝐸 − 𝐸𝐴 cos 𝜃𝑋 = 0 (1) 

𝐴𝐵 sin 𝜃𝐴 − 𝐵𝐹 sin 𝜃𝐵 − 𝐹𝐸 sin 𝜃𝐸 + 𝐸𝐴 sin 𝜃𝑋 = 0 (2) 

𝐹𝐸2 cos2 𝜃𝐸 = (𝐸𝐴 cos 𝜃𝑋 − 𝐴𝐵 cos 𝜃𝐴 − 𝐵𝐹 cos 𝜃𝐴)2 (3) 

𝐹𝐸2 sin2 𝜃𝐸 = (𝐸𝐴 sin 𝜃𝑋 + 𝐴𝐵 sin 𝜃𝐴 − 𝐵𝐹 sin 𝜃𝐵)2 (4) 

Where 𝐴𝐵 equals 16 mm, 𝐹𝐸 = 15.5 mm, 𝐵𝐹 = 5 mm, 𝐴𝐸 = 5.5 mm. Equalizing Equations (3) and (4), 

Equation (5) is obtained, which finally allows us to obtain the value 𝜃𝐵, which will be the starting pattern for 

the calculation of the following configuration. 

𝐹𝐸2 = 𝐸𝐴2 + 𝐴𝐵2 + 𝐵𝐹2 − 2𝐸𝐴 ⋅ 𝐴𝐵 cos(𝜃𝑋 + 𝜃𝐴) − 2𝐸𝐴 ⋅ 𝐵𝐹 cos(𝜃𝑋 − 𝜃𝐵) + 2𝐴𝐵
⋅ 𝐵𝐹 cos(𝜃𝐴 + 𝜃𝐵) 

(5) 

Then, with the configuration of Figure 7, the analysis is carried out using trigonometric equations, from 

which Equations (6) to (10) are obtained. 

 
Figure 7. Bar configuration No 2. 

𝐻𝐹2 = 𝐵𝐹2 + 𝐵𝐻2 − 2 ⋅ 𝐵𝐹 ⋅ 𝐵𝐻 ⋅ cos 𝛼𝐵 (6) 

𝜃𝐻 = 𝛼𝐵 − 𝜃𝐵 (7) 

𝐼𝐽2 = 𝐵𝐼2 + 𝐵𝐽2 − 2 ⋅ 𝐵𝐼 ⋅ 𝐵𝐽 ⋅ cos 𝛾𝐵 (8) 

𝜀𝐵 = 180° − 𝛾𝐵 (9) 

𝜃𝐽𝐵 = 𝜀𝐵 + 𝜃𝐻 (10) 

Where BI equals 5 mm, BJ = 5 mm, IJ = 6.5 mm. We proceed with the analysis of the mechanism in Figure 8, 

which from Equations (11) to (15), allow us to obtain the value of 𝜃𝐿 which will be used in the following mechanism. 

 
Figure 8. Bar configuration No 3. 
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𝐵𝐿 cos 𝜃𝐴 + 𝑁𝐿 cos 𝜃𝐿 − 𝐽𝑁 cos 𝜃𝑁 − 𝐽𝐵 cos 𝜃𝐽𝐵 = 0 (11) 

𝐵𝐿 sin 𝜃𝐴 − 𝑁𝐿 sin 𝜃𝐿 − 𝐽𝑁 sin 𝜃𝑁 − 𝐽𝐵 sin 𝜃𝐽𝐵 = 0 (12) 

𝐽𝑁2 cos2 𝜃𝑁 = (𝐵𝐿 cos 𝜃𝐴 + 𝑁𝐿 cos 𝜃𝐿 − 𝐽𝐵 cos 𝜃𝐽𝐵)
2
 (13) 

𝐽𝑁2 sin2 𝜃𝑁 = (𝐵𝐿 sin 𝜃𝐴 + 𝑁𝐿 sin 𝜃𝐿 − 𝐽𝐵 sin 𝜃𝐽𝐵)
2
 (14) 

𝑁2 = 𝐵𝐿2 + 𝑁𝐿2 + 𝐽𝐵2 + 2 ⋅ 𝐵𝐿 ⋅ 𝑁𝐿 cos(𝜃𝐴 + 𝜃𝐿) − 2𝐵𝐿 ⋅ 𝐽𝐵 cos(𝜃𝐴 − 𝜃𝐽𝐵) − 2𝑁𝐿

⋅ 𝐽𝐵 cos(𝜃𝐿 + 𝜃𝐽𝐵) 
(15) 

Where 𝐽𝐵 equals 5 mm, 𝑁𝐿 = 5 mm, 𝐽𝑁 = 9.6 mm, and 𝐵𝐿 = 12.2 mm. Then, the mechanism of Figure 9 

allows establishing equations to obtain the value of 𝛼𝐿, which determines the inclination of the fifth 

mechanism of bars raised in the configuration of the finger. These equations are described from (16) to (18). 

 
Figure 9. Bar configuration No 4. 

𝜃𝑅𝐴 = 𝜃𝐴 − 𝜃𝐿𝑅 (16) 

𝐴𝑅 sin 𝜃𝑅𝐴 − 𝐴𝐿 sin 𝜃𝐴 = 𝐿𝑅 sin 𝛼𝐿 (17) 

𝛼𝐿 = sin−1 (
𝐴𝑅 sin 𝜃𝑅𝐴 − 𝐴𝐿 sin 𝜃𝐴

𝐿𝑅
) (18) 

Where 𝐴𝑅 equals 31.8 mm, 𝐴𝐿 = 28.3 mm, 𝐿𝑅 = 6.5 mm, and 𝜃𝑅𝐴 11°. Then, the fifth mechanism of Figure 

10 is proposed in a four-bar cross configuration, in which the loop-closing and Freudenstein equation are 

implemented in Equations (19) to (24), to obtain the angular value of 𝜃𝑊. This input value allows the sixth 

mechanism to locate the value of the distal phalanx end. 

 

Figure 10. Bar configuration No 5. 
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𝛾𝐿 = 90° − 𝜃𝐿 (19) 

𝐿𝑅 cos 𝛼𝐿 + 𝑅𝑊 cos 𝜃𝑅 + 𝑊𝑇 cos 𝜃𝑊 − 𝑇𝐿 cos 𝛾𝐿 = 0 (20) 

𝐿𝑅 sin 𝛼𝐿 + 𝑅𝑊 sin 𝜃𝑅 + 𝑊𝑇 sin 𝜃𝑊 − 𝑇𝐿 sin 𝛾𝐿 = 0 (21) 

𝑅𝑊2 cos2 𝜃𝑅 = (𝑇𝐿 cos 𝛾𝐿 − 𝐿𝑅 cos 𝛼𝐿 − 𝑊𝑇 cos 𝜃𝑊)2 (22) 

𝑅𝑊2 sin2 𝜃𝑅 = (𝑇𝐿 sin 𝛾𝐿 − 𝐿𝑅 sin 𝛼𝐿 − 𝑊𝑇 sin 𝜃𝑊)2 (23) 

𝑅𝑊2 = 𝑇𝐿2 + 𝐿𝑅2 + 𝑊𝑇2 + 2𝑇𝐿 ⋅ 𝐿𝑅 cos(𝛾𝐿 − 𝛼𝐿) − 2𝑇𝐿 ⋅ 𝑊𝐿 cos(𝛾𝐿 − 𝜃𝑊) + 2𝐿𝑅
⋅ 𝑊𝑇 cos(𝛼𝐿 − 𝜃𝑊) 

(24) 

Where 𝐿𝑅 equals 6.5 mm, 𝑅𝑊 = 20 mm, 𝑊𝑇 = 4.8 mm, and 𝑇𝐿 = 24 mm. Finally, the last mechanism in 

Figure 11 allows us to obtain the value in position of the point Q through the angular value of 𝜃𝑄, as described 

in Equations (25) and (26). 

 
Figure 11. Bar configuration No 6. 

𝑌𝑇2 = 𝑊𝑇2 + 𝑊𝑌2 − 2𝑊𝑇 ⋅ 𝑊𝑌 cos 𝛼𝑊 (25) 

𝜃𝑄 = 𝜃𝑊 + 𝛼𝑊 (26) 

Where 𝑊𝑇 equals 4.8 mm, 𝑊𝑌 = 3.3 mm,  𝑌𝑇 = 3.5 mm, and 𝑊𝑄 = 17.3 mm. 

Analysis of results 

With the data obtained using the graphic method and kinematics analysis, the CAD design is made, and 

the trajectory is simulated by means of the SolidWorks program by carrying out a movement study, from 

which the behavior in Figure 12 is obtained. 

 
Figure 12. SolidWorks Trajectory. 



Page 8 of 11  Caicedo et al. 

Acta Scientiarum. Technology, v. 44, e56069, 2022 

These data are exported to Matlab and compared with those obtained in the ideal mechanism. Where the 

green trajectory in Figure 13 describes the behavior of a finger when its phalanges go from extension to 

flexion, and the blue trajectory the same route, but for the designed system. 

 
Figure 13. Path comparison. 

The error generated by the ideal and real trajectories can be tolerated since the application of the 

mechanism is aimed at power grips, but not at precision grips. 

To corroborate that the designed system has only one input variable, the degrees of freedom (F) of the 

system are calculated, according to the description in Figure 14 and the Grübler-Kutzbach Equation in (27). 

 
Figure 14. Calculation of degrees of freedom. 

𝐹 = 3(𝑛 − 1) − 2 ⋅ 𝑝𝑣 (27) 

Where n is the total number of links in the mechanism and 𝑝𝑣 the number of joints acting in the two-

dimensional plane. From the above, 14 links and 19 joints are obtained, both single and double, which with 

equation (27), determine one degree of freedom for the system.  

Finally, the assembly of the five fingers of the hand is carried out with the crank handle type activation 

system in Figure 15. This gives the final system in Figure 16 in which the position of the hand is considered 

with ectrodactyly. 



Bar mechanism for ectrodactyly Page 9 of 11 

Acta Scientiarum. Technology, v. 44, e56069, 2022 

 
Figure 15. Activation system. 

 
Figure 16. Final assembly. 

Nomenclature  

V/ble Definition V/ble Definition 

𝜃𝐴 angle of the bar AB 𝐵𝐹 distance between points B and F 

𝜃𝑅𝐴 angle of the bar AR 𝐵𝐽 distance between points B and L 

𝜃𝐻 angle of the bar BH 𝐵𝐿 distance between points B and J 

𝜃𝐿 , 𝜃𝑁  angle of the bar NL 𝐼𝐽 distance between points I and J 

𝛼𝐿 angle of the bar LR 𝐽𝐵 distance between points J and B 

𝜃𝑅 angle of the bar RW 𝑇𝐿 distance between points T and L 

𝜃𝑄 angle of the bar YQ 𝑊𝑇 distance between points W and T 

𝜃𝐵 angle of F with respect to B 𝐴𝐵 length of the bar AB 

𝜃𝐽𝐵 angle of B with respect to J 𝐴𝑅 length of the bar AR 

𝜃𝑋 angle of A with respect to E 𝐵𝐻 length of the bar BH 

𝜃𝑊 angle of W with respect to T 𝐵𝐼 length of the bar BI 

𝜃𝐿𝑅 angle between bar AR and points A and L 𝐹𝐸 length of the bar FE 

𝛼𝐵 angle between bar BH and points B and F 𝐹𝐻 length of the bar FH 

𝜀𝐽𝐵 angle between bar BH and points B and J 𝐽𝑁 length of the bar JN 

𝛾𝐵 angle between bar BI and points B and J 𝐿𝑅 length of the bar LR 

𝛾𝐿 angle between bar LR and points L and T 𝑁𝐿 length of the bar NL 

𝛼𝑊 angle between bar WY and points W and T 𝑅𝑊 length of the bar RW 

𝐹 Degrees of freedom 𝑊𝑌 length of the bar WY 

𝐴𝐸 distance between points A and F 𝑌𝑇 length of the bar YT 

𝐴𝐿 distance between points A and L 𝑛 total of links 

𝑝𝑣 Total of 2D 𝑝𝑣 total of 2D 
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Conclusion 

This document aimed at developing the kinematic models and CAD software simulations of a bar 

mechanism for the construction of a hand that allows the generation of large diameter power grips, according 

to Cutkosky's taxonomy. These grips are characterized by having the fifth finger of the hand as fixed, so that 

the stipulated design does not present variations in the movement of the thumb. As for fingers 1 to 4, these 

must go from a state of extension to flexion from the angular variation of 0° to 90°, according to the hand 

goniometry; therefore, in the design the increase of each phalanx is made by one degree measured with 

respect to the previous one, this allows the fingers to reach the closing position in the same time interval. 

On the other hand, the activation system for this angular variation is designed based on a lever handle 

type mechanism, which is operated by fingers one and five of the person with ectrodactyly. These fingers give 

a stroke of 15 mm, which is proportionally related to the stipulated angular variation, so that at the end of 

this movement the fingers reach their maximum angle of flexion. 

Finally, a design that allows large diameter grips to be made for applications such as riding a bicycle or 

gripping elements with cross sections that not exceed 50 mm in diameter is obtained. These tasks should 

consider that the system actuates the fingers together and not individually. In addition, functionality of 

fingers 1 and 5 of the subject is maintained, avoiding possible muscle atrophy. 
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