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Abstract  
 
This study offers data on finger joint morphology, revealed by micro-anatomical 
observations, histological screening, and various high resolution imaging techniques in in-
vitro anatomical specimens of small finger joints. Such data may help to understand the use 
of finger joints while handling PC mice, especially flexing and extending the fingers in e.g. 
moving a PC mouse scrolling wheel during educational and professional activities. Possible 
solutions after long standing finger problems are proposed. 
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1. Legitimisation  
 
In present day education, a classroom without a computer is almost unthinkable (Crawford, 
2010). Practising e.g. mouse control, while flexing and extending the fingers many hours a 
day, includes some risk of overusing our finger joints. Recently, this specific relation has 
drawn the attention of only a few researchers, focusing respectively on finger joint pain in 
teachers (Ding et al., 2011), finger behaviour and PC mice (Lee et al., 2008), finger joint 
coordination (van Zwieten et al., 2010), and micro-trauma (Hedrih et al., 2005). Given the 
fact that 1 % of our population is subjected to rheumatoid arthritis (Gabriel et al., 1999) and 
that 5-20 % of young adults develop osteoarthritis (Mansat et al., 2007) - both chronic 
illnesses primarily affecting small finger joints - surprisingly few studies appeared in this 
clearly education-related domain, in contrast to e.g. the world of performing arts (Boyette, 
2005). 
 
 
2. Methodology 
 
In a limited number of normal anatomical in-vitro specimens of the 2nd and 3rd finger, the 
small interphalangeal (IP) joints of a right hand were screened by extreme HR CT scanning. 
Transverse slices were matched, where possible, with an existing series of HR MRI 2 mm 
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slices of an IP joint in the three orthogonal planes. A series of histological sections of the so-
called Proper Collateral Ligament (PCL) of the Proximal Inter Phalangeal (PIP) joint of a 3rd 
finger was screened on ligamentous tissue (collagen, elastin) and checked on the presence of 
individual bundles within this ligament. In a normal anatomical specimen of a 3rd finger, 
bundles and their bony attachments were visualised by microdissection, with enlargements 
up to 40 X. By virtual modelling, bundles and bony phalanges to which they attach were 
represented as a crossed bar link mechanism, whose kinematic behaviour was analysed. 
 
 
3. Results and findings 
 
Trabecular structures inside the bone of the first phalanx’s head (where the PIP joint begins) 
are mostly in line with cartilaginous fibres leaving the bone that continue as collagen fibres 
outside the bone, thus forming the PCL-bundles of the PIP joint. The same applies to their 
bony anchorages at the level of the base of the second phalanx (where the PIP joint ends) 
around its lateral tubercle. The first phalanx’s head possesses two divergent condyli whose 
outer sides are characterised by the presence of a shallow groove or pit. This pit’s circular 
margin has a somewhat doughnut-like appearance. The most superficial bundle of the PCL 
arises from this circular margin’s proximal part, running obliquely distally, to insert above 
the second phalanx’s lateral tubercle. A next, somewhat deeper bundle arises from the pit 
itself and runs obliquely distally, to end on top of the lateral tubercle. The deepest more 
distal bundle arises from the pit as well, running obliquely distally to insert above the 
second phalanx’s lateral tubercle at its onset, thereby deep to the first bundle. In alternately 
flexing and extending the PIP joint, these bundles shift over each other like theatre wings. 
Histological staining did not reveal notable differences in elasticity between these PCL 
bundles. Once flexion starts, all crossing bundles become taut. Therefore they may be 
considered, together with the first phalanx’s head and the second phalanx’s base to which 
they attach, as a crossed bar linkage system. Flexing such a (virtual) PIP joint yields a 
spiral-like trajectory of the second phalanx’s base. This spiral fits well with the curve of a 
first phalanx’s condyle. 
 
 
4. Scientific implications  
 
Most of our anatomical and histological observations concerning the PCL are in accordance 
with literature (Kuczynski, 1968; Hintringer and Leixnering, 1991; Lewis et al., 1998). The 
PCL’s most superficial fibre bundle however is not mentioned by these authors. Modelling 
these crossing bundles as a crossed bar linkage system that describes  
the curvatures of the articular surfaces of the PIP joint’s condyli, was performed before (van 
Zwieten et al., 2010), by applying so-called Chebyshev - linkages 
(http://web.mat.bham.ac.uk/C.J.Sangwin/howroundcom/straightline/Chebyshev1.html). 
 
 
5. Practical implications 
 
Arthroplasty with interphalangeal joint prostheses is currently recommended to overcome 
intractable rheumatoid arthritis and osteoarthritis (Luther et al., 2010). Small finger joint 
prostheses may however be improved with the help of our data on these finely tuned 
correlations between ligaments behaviour, and the shapes of joint surfaces.  
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6. Social implications 
 
Hand and finger problems, by intensively using e.g. PC mice during educational processes 
often have ergonomic causes (Lee et al., 2008; van Zwieten et al., 2010), which are solved 
by practical adaptations. Those considerable percentages however, that are eventually 
affected by osteoarthritis or rheumatoid arthritis, may be helped by finger joint prostheses 
that take into account our basic outcome data. Meanwhile whole hand robotics was 
proposed based on Chebyshev - linkages (Thayer et al., 2011). Only one prosthesis design 
however comes closest to our description (Ngalé Haulin et al., 2001). 
 
 
7. Originality 
 
A recent analysis represented condyli of the PIP joint as quasi circular (Loubert et al., 2007). 
As rightly demonstrated by later researchers however, these condyli have rather spiral 
curvatures (Dumont et al., 2008). Our present observations and analyses offer new, 
morphologically justified, original approaches to corroborate these latter findings. 
 
 
 
 
 
References 
 
Boyette, J. (2005) “Splinting for adaptation of musical instruments”, Work, Vol. 25, pp. 99-
106. 
 
Crawford,        B.        (2010) “Educational  Learning        Tools”,  available         at: 
http://www.ehow.com/list_6538440_educational-learning tools.html#ixzz1G93A4X9i 
(accessed 21 May 2010). 
 
Ding, H., Solovieva, S. and Leino-Arjas, P. (2011) “Determinants of Incident and Persistent 
Finger Joint Pain During a 5-year Follow up among Female Dentists and Teachers”, Arthritis 
Care & Research, 2011 Jan.26. doi: 10.1002/acr.20437 (Epub ahead of print). 
 
Dumont, C., Albus, G., Kubein-Meesenburg, D., Fanghänel, J., Stürmer, K.M. and Nägerl, 
H. (2008) “Morphology of the Interphalangeal Joint Surface and its Functional Relevance”, 
Journal of Hand Surgery, Vol. 33 A, pp. 9-18. 
 
Gabriel, S. E., Crowson, C. S. and O’Fallon, W. M. (1999) “The Epidemiology of 
Rheumatoid Arthritis in Rochester, Minnesota, 1955-1985”, Arthritis & Rheumatism, Vol.  
42 No 3, pp. 415-420. 
 
Hedrih, A., Stanković, A. and Stamenković, B. (2005) “Influence of Repetitive Micro-
Trauma on Pathogenesis and Progression of Hand and Neck Osteoarthrosis”, Facta 
Universitatis, Series: Medicine and Biology, Vol. 12 No. 3, pp. 179-184. 
 
Hintringer, W. and Leixnering, M. (1991) “Knöcherne oder ligamentäre Verletzungen am 
Mittelgelenk und ihre Behandlung”, Handchirurgie Mikrochirurgie Plastische Chirurgie, 
Vol. 23, pp. 59-66. 
 



 
 

ESSIE ANNUAL ASSEMBLY 2011 
                              “Towards Systemic Innovation of Education” 
 

© 2011 ESSIE  
European Society for the Systemic Innovation of Education 

ISBN 978-90-817453-0-7 
 

 

Kuczynski, K. (1968) “The proximal interphalangeal joint”, Journal of Bone and Joint 
Surgery, Vol. 50 B No 3, pp. 656-663. 
 
Lee, D.L., McLoone, H. and Dennerlein, J.T. (2008) “Observed finger behaviour during 
computer  mouse use”, Applied Ergonomics, Vol. 39, pp. 107-113. 
 
Lewis, A.R., Ralphs, J.R., Kneafsey, B. and Benjamin, M. (1998) “Distribution of Collagens 
and Glycosaminoglycans in the Joint Capsule of the Proximal Interphalangeal Joint of the 
Human Finger”, The Anatomical Record, Vol. 250, pp. 281-291. 
 
Loubert, P.V., Masterson, T.J., Schroeder, M.S. and Mazza, A.M. (2007) “Proximity of 
Collateral Ligament Origin to the Axis of Rotation of the Proximal Interphalangeal Joint of 
the Finger”, Journal of Orthopaedic &  Sports  Physical  Therapy,  Vol. 37  No. 4, pp. 179-
185. 
 
Luther, C., Germann, G. and Sauerbier, M. (2010) “Proximal Interphalangeal Joint 
Replacement with Surface Replacement Arthroplasty (SR-PIP): Functional Results 
and Complications”, Hand, Vol. 5, pp. 233-240. 
 
Mansat, P., Railhac, J.-J. and Fournié, B. (2007) Arthrose Digitale, Lettre de l’Observatoire 
du Mouvement, Vol. 21, pp.1-8. 
 
Ngalé Haulin, E., Lakis, A. and Vinet, R. (2001) “Optimal synthesis of a planar four-link 
mechanism used in a hand prosthesis”, Mechanism and Machine Theory, Vol. 36, pp. 1203-
1214. 
 
Thayer,  N.  and     Priya,   S.  (2011)    “Design    and   implementation   of    a     dexterous 
anthropomorphic robotic typing (DART) hand”, Smart Materials and Structures,    Vol. 20  
No. 3, 12 pp., available at: stacks.iop.org/SMS/20/035010 (accessed 9 February 2011). 
 
van Zwieten, K.J., Hotterbeekx, A., Thywissen, C., Helder, P., Lippens, P.L., Schmidt, K. 
P., Zoubova, I.A., Piskùn, O.E., Varzin, S.A. and Zinkovsky, A.V (2010) “Functions of 
some finger joints while handling the PC Mouse, and their possible relevance for computer 
aided learning”, in: Auer, M. E. and Schreurs, J. (Ed.), Academic and Corporate E Learning 
in a Global Context, Kassel University Press, Kassel, pp. 1098-1101. 


