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¶CYTOLOGICAL PHENOMENA OF THE TENDONS OF BIRDS IN PROCESS OF OSSIFICATION, 

¶by ¦ÉD.¦ ¦RETTERER¦ and ¦AUG.¦ ¦LELIÈVRE¦.*¶
¶In spite of much research where the subject was ossified tendons of birds, one is far from agreeing on their structure. ¶By employing the methods which we applied to the study of tendinous ¦tendteand osseous fabrics, here is what we observed on the ossified tendons of a three years old turkey.¶
Exposed facts.¶- the tendons of the flexors of the toes form an ossified mass, 7 centimeters long and 5 to 6 millimeters broad in mass. ¶Seven to eight ¦osseous fibers, each one ¦0.5¦ to 2 millimeters thick, constitute this mass. ¶Each fiber is composed: primarily¶primarily of a fibrous or tendinous¦tete¦ sheath from 50 to 70thick; secondarily of ¶calcified tendinous¦¦ fabric; thirdly¶ter of Haversian systems (true bone).¶
¶The fibrous sheath makes the structure of the tendon: ¶cells with granular or chromophilic ¦cytoplasm¦, whose prolongations, divide and are subdivided to form the reticulum that partitions conjunctive or tendinous¦tyen¦ fibers.¶
¶The Haversian systems¦¦ include osseous rings, each one

COMPANY OF BIOLOGY, MEETING OF DECEMBER 9 


597 

¶REPORTS.¶- 1911 ¶
¶from 35 thick and surround the Haversian channels ¦, with the number of a score in a fiber ¦stalof 0.¦000¦6 mm. ¶These osseous rings have the structure of skeletal bone (femur¦femure or tibia), i.e. the bone cells are limited by a capsule, while radiating canniliculi¦. ¶These granular and chromophilic filaments anastomose and determine the formation of a reticulum whose mesh, is from 1 to 2 broad, and contains amorphous and calcified mass.¶
¶As for the calcified tendinous ¦tendfabric, intermediate to the Haversian systems¦¦, it has characters quite different from ordinary tendinous¦t fabric and true bone tissue. ¶This constitutes the principal mass of the ossified tendon, because it reaches, between two Haversian systems ¦, an extent that varies between 20 and 300 . ¶On the transverse sections, the calcified fabric shows round fibers, from 5 to 10 broad and consists of conjunctive fibrillae.¶
¶Each fiber has a granular or chromophilic sheath from 1 to 2, in which one can, with fuchsine resorcin, detect the presence of elastic fibers. ¶On the longitudinal sections appear the cellular elements of calcified fabric in the shape of trails laid out in longitudinal chains, stopped on the level of the branches of communication of tendon ¦tt¦ fibers. ¶The cells of the calcified fabric are distinguished from the ¦tendon cells by their round or oval core ¦and ¦cytoplasm which¦ is clearly similar to the vesicular cells of some sesamoids ses ¦. ¶Their cellular body is directly limited to the chromophilic protoplasm of the granular plates and rubber bands that wrap the conjunctive fibers and that reach a width from 2 to 3.¶
¶In short, the various elements of the tendon undergo, before there is production of bone tissue, the same modifications as those that we observe in cartilage in process of ossification: ¶the tendon ¦cells multiply and give rise to vesicular cells, at the same time as the tendon ¦fibers, as well as the chromophilic and elastic fibers, hypertrophied and mineralized.¶
Critical Results. ¶- ¦Hamel¦ (1739) saw reddening the ossified tendons of the pigeon under the influence of the ¦garancé¦ mode. ¶For Cuvier, the ossified tendon of birds was the seat only of one abundant mineral deposit. ¶Actually, like ¦Lieberkühn¦ (1860) and H. ¦Müller¦ (1863) showed, there exist rings of true bone tissue around the Haversian cannels¦, and¦and¦ the intermediate parts with the Haversian systems ¦continue made of conjunctive fibers and¦¦ of cells. ¶However, these cells are not ordinary conjunctive or tendon¦¦ cells any more; ¶they become abundant, are laid out in longitudinal chains, and show ¦cytoplasm¦ clearly. ¶These histologists took them for ¦cartilage¦ cells: They are¶theyare not, because they lack capsules. ¶They do not represent either embryonic cells, like ¦Ranvier¦ (1874), or ¦Busch¦ (1878) have suggested. ¶These vesicular cells correspond to hyperplastic¦h and hypertrophied tendon ¦cells.¶
¶With this proliferation of tendon ¦tendicells and their transformation ¶ 
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¶into vesicular cells correspond to the hypertrophy of the tendinous¦t fibers and their calcification; ¶the chromophilic and elastic network of tendon¦¦ fibers undergoes considerable development.¶
¶In brief, there are profound changes of the cellular elements and conjunctive fibers in the tendon in the process of ossification. ¶But, at this stage, the tendon, though calcified and hard, is not true bone. ¶It is only with the invasion of the blood vessels, which admittedly widened and became very abundant, that the vesicular cells deviate from each other, order themselves in concentric series and work out a bone tissue of identical structure to that of the skeletal segments. ¶This transformation of calcified fabric is done extremely slowly and the true bone tissue, constituting Haversian systems¦¦, represents only one extremely tiny portion of the ossified tendon, because in the three year old turkey, the rings of the Haversian systems ¦¦ reach only 35, whereas the intermediate systems (hypertrophied and calcified tendinous ¦tfabric) form a mass five or ten times more considerable. ¶One can follow, with the limit of the two systems (Haversian and intermediate), all the phases of transformation of calcified fabric into true bone tissue. ¶Also, is it useless to explain the presence of these two fabrics thus agreeing with V. ¦von¦ ¦Ebner¦ (1875) of the existence of two germs, one governing the formation of calcified fabric and the other with that of true bone tissue.¶
¶¦Landois¦ (1866) admitted that the spangled and ¦anatomizing¦ tendon ¦cells were transformed directly into osseous cells, and considered it, wrongly according to us, fabric calcified like genuine bone tissue.¶
Conclusion.¶- For birds, especially those which are heavy and constantly upright, the tendons of the muscles of the posterior legs acquire the hardness of bone tissue. ¶The ordinary tendon¦¦ cells change on this level of characters: ¶after having multiplied and having hypertrophied, a zone of ¦cytoplasm clearly appears around the core¦, while the peripheral ¦cytoplasm¦, also increased in volume, very bulky and chromophilic, also continues with the chromophilic and elastic fibers of the intercellular substance. ¶This one also changed, because the conjunctive and elastic fibrillae took part in general hypertrophy; ¶at the same time, minerals settle in this tendinous¦¦ fabric hypertrophied, hyperplastic¦hyper¦ and modified in all its elements. ¶However this last, though having the properties of hardness and resistance of bone tissue, is not structurally bone. ¶It is only with the circumference of the vascular channels that the vesicular cells take the form and the structure of bone cells; ¶the protoplasm of these vesicular cells increases in volume and is different in chromophilic reticulum and calcified amorphous mass, in order to take the characters of bone tissue of the skeletal segments.¶
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In brief, the principal mass of the tendon known as ossified is consists of a tendinous¦of fabric of which the cells are hypertrophied and hyperplastic¦¦ become vesicular, and whose also hypertrophied conjunctive fibers are calcified. ¶It is only on one perivascular¦per¦ zone that these vesicular cells work out true bone tissue.¶
* Original citation: Retterer, E., and A. Lelievre. 1 911.  Phenonmenes cytologiques des tendons des oiseaux en voie d'ossification.  Soc. Biol. C.R. Seanc. Mem. 71:596-599.  Translated by Chris Organ, Montana State University, August 2003.





