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Summary. Biopsy specimen from 18 patients suffering from calcifying tendinitis were 
stained with different histologic and histoehemical techniques. The results of these examina- 
tions seem to indicate that we are not dealing with a dystrophic calcification, but with a 
cell-mediated calcification of a living tissue. The process resembles an incomplete endochondral 
ossification. 

Key words." CMeinosis - -  Pare-Articular Tendons - -  Peri-Arthritis - -  Tendinitis - -  
Shoulder. 

Zusammen/assung. Histologische und histoehemische Untersuchungen der Supraspinatus- 
sehne yon 18 Patienten mit caleifizierender Tendinitis. Der VerkalkungsprozeB wird einge- 
leitet dureh eine Transformation der Tendinoeyten in Chondrocyten begleitet yon einer 
Anreieherung alkalischer Phosphatase. In einer zweiten Phase kommt es, unter Mitwirkung 
der Chondrocyten, zur granul/iren Verkalkung und gelegentlich auch zur Ossifikation ver- 
gleichbar der enchondralen Ossifikation. F~ir die Annahme einer dystrophisehen Sehnen- 
verkalkung ergeben sich keine ttinweise. 

Since Codman ' s  classic studies on the  shoulder  publ ished in 1934 and  1938, 
i t  seems genera l ly  accepted  tha t ,  in calcifying tendini t i s ,  degenera t ion  of t endon  
fibers precedes calcif ication,  a process also called dys t roph ic  calcification. 

Codman  bel ieved the  lesion to be t r a u m a t i c  in origin wi th  degenera t ion  
occuring secondari ly .  Meyer  on the  other  hand,  s t a t ed  t h a t  degenera t ion  is a 
p r i m a r y  and  spontaneous  change. Ste inbrocker ,  in the  most  recent  edi t ion of 
Hol l ander ' s  t e x t b o o k  of ar thr i t i s ,  sti l l  adheres to  these classic views. He  describes 
the  di f ferent  s ta tes  of calcifying tendin i t i s  as follows: wear and  tea r  or i n ju ry  
resul ts  in degenera t ion  of t endon  f ibers;  cont inuing wear leads to  loss of vascu la r i ty  
and  subsequen t ly  to t issue necrosis;  this  necrot ic  tissue, in t u rn  is replaced b y  a 
f ibr inoid mass which is sur rounded  by  leukocytes  and h is t iocytes ;  f inally,  this  
mass  calcifies. McLaughl in  descr ibed the  necrot ic  t issue as resembling r i c e - - l i k e  
bodies. He though t  t h a t  mot ion  would gr ind t hem into f inely pulver ized mate r i a l  
which could r ema in  as such or calcify. 

All  a forement ioned  au thors  bel ieved t h a t  the  in i t ia l  s teps of calcifying ten- 
d ini t i s  and  of rup tu res  of the  ro t a to r  cuff were ident ical .  Only the  las t  s tage was 
t hough t  to  be di f ferent :  in one case the  necrot ic  t issue calcifies and  in the  o ther  
r up tu r e  occurs t h rough  the  degenera ted  tendon.  Given this  a p p a r e n t  s imi la r i ty  
in pa thogenes is  i t  is no t  surpr is ing to f ind t h a t  calcifying tend in i t i s  and  rup tures  
of the  ro t a to r  cuff are grouped  toge ther  under  the  heading  of pe r i a r th r i t i s  
humeroscapular i s  (Sehaer,  G la t thaa r )  or of degenera t ive  diseases of pe r i a r t i cu la r  
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tissues (Salter). Why in one case calcification takes place contrary to rupture in 
another is not explained in the pertinent literature. Indeed Steinbrocker states 
that  "the exact method by which calcium is deposited remains obscure". 

Both entities, calcifying tendinitis and rupture of the rotator cuff, also differ 
clinically. Patients with calcifying tendinitis are in a younger age group (30 to 
45 years) and are engaged in a more sedentary work (Steinbrocker). Calcification 
starts 1 to 1.5 cm medial to the tendon insertion into bone (" Umbiegungsstelle" 
of Schaer). gadiographs do not show signs of osteoarthritis of the shoulder joint. 
The beginning of symptoms is acute without any known injury. The excruciating 
pain is responsible for the marked limitation of movements.  Following disap- 
pearance or removal of the calcific deposit the patients usually remain free of 
symptoms. 

On the other hand, patients suffering from ruptures of the rotator cuff belong 
to an older age group (50 to 60 years) and are laborers or factory workers (Stein- 
brocker). Rupture occurs at  the tendon insertion into bone. Calcifications and 
ossifications seen at this level histologically should not be confused with calcifying 
tendinitis. Radiographs show signs of osteoarthritis, such as cysts, irregularities 
of the cortex, bony sclerosis, and/or narrowing of the acromio-humeral interval 
(Cotton and Rideout). A period of chronic pain precedes the rupture which occurs 
during an effort. Conservative or operative t rea tment  never result in a restitutio 
ad integrum. 

I t  is generally agreed tha t  radiologically visible calcium deposits and ruptures 
of the rotator cuff do not appear together (DeS~ze and Welfling, Friedman, 
McLaughlin, 1963; Neer, Ollson, Pedersen and Key). The observation of Wolfgang 
of eleven instances of calcification among 74 cases with tears should be carefully 
evaluated since this author did not differentiate between complete and incomplete 
tears. Firstly, tears can be incomplete, secondly, rupture of the calcium deposit 
into the bursa is necessarily accompanied by an incomplete tear and thirdly, no 
proof exists that  incomplete tears will always become complete. Moreover, 
Wolfgang did not prove tha t  patients showing calcification had a complete tear, 
which in our study is called " rup tu re" .  Respecting this distinction between 
incomplete and complete tears, Ollson proved through a statistic analysis tha t  
no association exists between calcifying tendinitis and cuff ruptures. McLaughlin 
and Asherman are of the same opinion. They state that  the presence of calcifica- 
tion constitutes a strong evidence against a rupture. 

In  view of so many  differences between calcifying tendinitis and cuff ruptures, 
a s tudy was undertaken to determine whether the pathogenesis of both entities 
is indeed identical. 

Material and Method 
Biopsy material from the supraspinatus tendon was obtained from eighteen patients 

during removal of their calcium, deposit and from four patients during repair of the tendinous 
cuff. Care was taken to remove a portion of the normal tendon ~djacent to the lesion. Two 
patients with calcifying tendinitis received tetracycline pre-operatively permitting fluores- 
cence studies. In additional four cases the supraspinatus tendon was removed in toto during 
autopsy. In these cases, varying from 64 to 79 years of age, no history of shoulder pain was 
recorded. 
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Fig. 1. Chondrocyte-like cells surrounded by a metachromatic matrix in proximity to amor- 
phous calcified masses. Note the conservation of the fibrillar aspect of the matrix. Toluidine 

Blue • 500 

All specimens were fixed in 70% alcohol. Decalcification with EDTA was used when the 
biopsy specimen included bone. In these cases half of the specimen was retained for tech- 
niques requiring undecalcified bone. The specimens were then stained with: hematoxylin- 
eosin, hematoxylin-phloxine-safranine, yon Kossa silver stain, Toluidine Blue, Safranine 0 
and Gomori for alkaline phosphatase. 

Results 

Calci/ying Tendinitis 
Serial  sections s ta ined  wi th  different  techniques pe rmi t t ed  the  following 

observa t ions  : away  from the  site of amorphous  calcium deposits ,  chondrocyte- l ike  
cells appea red  focal ly ins t ead  of tenocytes .  A t  the  same t ime  the  ma t r i x  sur- 
rounding  these  cells became metachrom~t ic  wi thou t  loosing its f ibr i l lar  aspect  
(Fig. 1). No calcium was present .  I n  p r o x i m i t y  to  the  site of calcium deposi t ion,  
the  chondrocy ted ike  cells hype r t roph i ed  and  e labora ted  a lkal ine  phospha tase .  
Around  o ther  hype r t roph ic  chondrocyte- l ike  cells per icel lular  granules  of calcium 
sal ts  appea red  (Fig. 2). W i t h  increasing calcif icat ion the  cells died. Calcif icat ion 
was a lways  seen a t  mul t ip le  sites. Liv ing  t issue separa ted  these foci. No cellular 
in f i l t ra t ion  and  no blood vessels were seen in the  areas  of ongoing calcif icat ion 
whereas a round  some sites of es tabl i shed  calc ium deposi ts  an  increased cel lu lar i ty  
and  blood vessels were noted.  These cells, inside the  tendon,  looked l ike h is t iocytes  
and  macrophages .  Mul t inuc lea ted  cells were regular ly  presen t  (Fig. 3). I n  no 
ins tance  d id  we observe any  t y p e  of leukocytes .  I t  should be added  t h a t  bursa l  
walls were not  examined.  U p t a k e  of t e t racyc l ine  occured a t  the  pe r iphe ry  of 
some calcium deposits .  I n  two cases no rma l  bone was presen t  inside the  t end inous  
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Fig. 2. Beginning of calcification around hypertrophic chondrocyte-like cells. Von Kossa • 635 

Fig. 3. Cellular infiltration bordering calcified focus. Note giant-cells surrounding broken-up 
calcium deposits. Von Kossa. Interference Contrast • 1350 
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Fig. 4. Ossicle containing hemopoietic marrow inside suI0raspinatus tendon. Von Kossa • 40 

tissue. I n  the  f irst  case an ossicle conta in ing  hemopoie t ic  mar row was seen 
(Fig. 4). Here  the  u p t a k e  of t e t racyc l ine  occured a t  two d is t inc t  sites. F i r s t ly ,  
in a more diffuse fashion, a t  the  site of calcif icat ion of t endon  fibers and  secondly  
in a l inear  appearance ,  a t  the  inner  wall  of the  ossicle. The second ease showed 
necrot ic  lamel lar  bone inside the  t endon  close to  a site of amorphous  cMcifieation. 
Resul t s  ob ta ined  wi th  techniques  no t  p rev ious ly  used in the  s tudy  of this  disease 
seem to ind ica te  the  following sequence of events :  focal t r ans fo rma t ion  of tendi-  
nous t issue into car t i lage wi th  concomi tan t  e labora t ion  of acid  mucopolysac-  
eharides.  W i t h  increas ing h y p e r t r o p h y  of the  chondroeytes  an  in t race l lu la r  
e labora t ion  of a lkal ine  phospha tase  is seen. L a t e r  this  enzyme is also seen in the  
ma t r ix .  Subsequen t ly  a per ieel lular  depos i t ion  of calcium takes  place. Fol lowing 
comple te  calcif icat ion degenera t ion  into an  amorphous  mass occurs. A t  a la te r  
s tage  blood vessels can invade  this  a rea  and phagocytos i s  becomes obvious.  A t  
no t ime  d id  we observe leukoeytes  a round  these  in t ra tend inons  calcium deposits .  

Rupture o/the Rotator Cu]/ 

These specimens a lways  included pa r t  of the  bony  insert ion.  Whereas  the  
bone and  the  Sha rpey ' s  f ibers looked normM, cloning of chondrocytes  close to the  
r u p t u r e  was apparen t .  Metachromas ia  was consis tent ly  absen t  a round  the  clones 
(Fig. 5). The f rayed  ends of the  t endon  d id  not  conta in  l iving cells. 

Autopsy Specimens 

St rands  of poor ly  s ta in ing t endon  were seen in which tcnocytes  were sparse 
or  absen t  and  no chondrocyte- l ike  cells as well as no cloning were observed.  I n  
o the r  specimens the  no rma l  s t ruc tu ra l  a r r angemen t  of t endon  fibers was missing. 
I n  no case was calcif icat ion seen inside the  tendon.  
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Fig. 5. Cloning of cells bordering frayed ends of a ruptured supraspinatus tendon. H. E. • 210 

Discussion 

This study of calcifying tendinitis seems to indicate that we are not dealing 
with a dystrophic calcification but with calcification taking place in a living 
tissue. We, therefore, have adopted the term "calcifying tendinitis" (" tendinite 
calcifiante", DeS~ze and Welfling) instead of calcareous or calcified tendinits. 

Calcification occurs multifocally. These loci are separated by normal living 
tissue, a fact also observed by Ollson. The presence of cartilage in proximity to 
some loci of calcification was already noted by Wrede in 1912. This author stated 
that  the appearance of cartilage cells precedes calcification. SandstrSm and 
Wahlgren also described the transformation of tenoeytes into round or oval cells. 

Thus, the early stage of calcifying tendinitis resembles the first steps of 
endochondral ossification of tendons and ligaments (Johnson; Uhthoff; Urist, 
De La Sierra and Strates). In this latter process invasion of blood vessels is seen 
following calcification of the cartilaginous matrix. In calcifying tendinitis no 
blood vessels are present at the moment of calcification and therefore degenera- 
tion into an amorphous mass occurs. The observation of two instances of bone 
formation lends support to this theory. We believe that in these two cases blood 
vessels had reached the hypertrophic cartilage cells at the moment of calcification 
prior to degeneration, so that endochondral ossification could proceed normally. 
Fluorescence studies confirm that mineral deposition took place at two sites as in 
endochondral ossification, namely at the site of calcification of the cartilaginous 
matrix and at the site of ossification. 
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In  all eases of tendon rupture the frayed tendon ends showed signs of degenera- 
tion. Attempts of repair as evidenced by cloning of cells were present in close 
proximity to these ruptures. As had to be expected these proliferating cells did 
not elaborate acid mueopolysaccharides. Tendon degeneration, as seen in autopsy 
specimens of elderly people, did neither reveal the presence of hypertrophied 
ehondrocytes, nor a calcified matrix nor cloning of cells. 

The etiology of calcifying tendinitis is unknown. Since calcification of tendons 
appears in high percentage of patients in more than one location (DeS~ze and 
Welfling) the possibility of a systemic disease can not be overlooked but was 
never found (DeS~ze and Welfling). A process similar to Selye's ealeiphylaxis 
(Selye and Berczi) was suspected by Moseley. However, no induced systemic 
hypersensitivity was ever observed in patients suffering from calcifying tendinitis. 
Furthermore, the histology of calcareous subdeltoid bursitis (Selye, Gentile and 
Veilleux) induced by caleyphylaxis does not resemble that  of calcifying tendinitis. 
The process of caleergy can also be excluded since no hypercaleemia or hyper- 
phosphatemia (Gabbiani and Tuehweber) was ever reported in patients with 
calcifying tendinitis. 

In summary we propose that in calcifying tendinitis vascular and/or mechanical 
disturbances lead to a diminished local blood flow which, in turn, is responsible 
for the modulation of tenocytes into chondroeytes. These cells elaborate acid 
mueopolysaecharides (or proteoglyeans) as well as alkaline phosphatase which 
are essential for the subsequent calcification of the cartilaginous matrix. 

The circulation of the short rotator tendons was studied by Moseley and 
Goldie who demonstrated that  the blood supply of the supraspinatus was critical 
in the area one centimeter medial to its insertion into bone. Rathbun and M~cNab 
showed that  the position of the arm influenced the circulation, as in adduction 
blood vessels in the supraspinatus tendon close to the humerus did not fill. 
However, in abduction this "avascular"  area showed filling of vessels. 

Whereas calcification occurs in our opinion in a living otherwise normal 
tissue, ruptures, on the other hand, seem to take place in a degenerated tendon. 
Cartilage cell proliferation are expressions of an attempts by nature to repair the 
structurally weak tendon. We agree therefore with the current thinking that  
ruptures of the rotator cuff result from degeneration of tendon fibers. This 
degeneration is either due to wear and tear and/or injury. The histologic expres- 
sion of degeneration of the tendon cuff due to ageing is somewhat different from 
degeneration due to wear and tear in that  in the latter no attempt of repair was 
noticed. 
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