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Introduction

alcific tendinitis is a common disorder of the shoulder
n which multifocal, cell-mediated calcification in or
around a living tendon is usually followed by spontane-
_ous: phagoeytic resorption.' The tendon reconstitutes it-
elf ‘after resorption or surgical removal of the calcium
eposit.” Although the etiology of calcific tendinitis re-
“mains controversial, circumscribed tissue hypoxia and
localized tissue pressure may be triggers for the disease
process.>* In some patients with calcific tendinitis, acute
or chronic pain is caused by inflammation around the
calcium deposits.” Mild or moederate chronic pain may
be present during the formative, calcium deposition
phase, although this phase is latent and asymptomatic
in most patients. The acute, resorptive phase may be
characterized by an abrupt onset of severe pain that
limits function. The pain may be caused by mflamma-
tion or secondary to rotator cuff impingement from bur-
sal irritation, thickening, or deposit prominence. Chronic
glenohumeral stiffness can also result from calcific ten-
dinitis.

Epidemiology

Most patienis with calcific tendinitis are 30 to 50 years
old, and women are affected approximately 1.5 times as
often as men.>* As many as 10% of patients have bilat-
eral deposits. The reported incidence ranges from 2.7%
to 63% of the general population; it varies with the clin-
ical and radiographic criteria used in the study.” More
than 30% of patients with insulin-dependent diabetes
mellitus develop tendon calcification; patients with dia-
betes are more likely than other patients to have asymp-
tomatic deposits. Approximately 25% of patients with
calcific tendinitis have a rotator cuff tear, although these
patients are likely to have a relatively small amount of
calcification.” In approximately 80% of patients, the dis-
gase occurs in the supraspinatus tendon, 1.5 to 2 cm
from the tendinous insertion at the greater tuberosity.™*
There may a genctic susceptibility to calcilic tendinitis;
patients were found to have an increased frequency of
the HLLA-AT antigen.'
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Pathogenesis
The mechanism of calcific tendinitis was first believed to
involve degenerative calcification. This theory held that
tendon fiber degeneration precedes calcification in the
critical zone at the hypovascular bone-tendon junction.®
Age-related wear leads to tendon fiber degeneration,
followed by focal hyalinization, fibrillation, and eventual
detachment from the surrounding normal tendon fi-
.wbers'? The necrotic debris becomes calcified in a pro-
“cess that corresponds histologically with necrosis of
tenocytes and intracellular accumulation of calcium in
the form of microspheroliths or psammomas.

More recent studies have rejected the degenerative
calcification model and proposed reactive calcification
as the mechanism.>* These studies point out that the de-
generative calcification model has several limitations, It
Fails to consider that incidence does not increase with
patient age (the typical patient is in the fifth decade of
life); that the disease is self-limiting; and that the histo-
logic, morphologic, and ultrastructural features of

Normal tendon

Fibrocartilaginous
metaplasia
% (No pain}

Reconstitution
(Possible pain}

Precalcific
stage

Postcalcific
stage

Formative phase

Resorptive phase
{Possible pain}

(Painj Calcific stage

Resting period
(Possible pain)

Figare 1 Schematic representation of the progressive phases of caldific tendinitis,
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Figure 2 AP radiographs showing caicifications. A, Dense, rounded, and sharply delineated calcification (DePaima type Il, Gartrer type ). B, Multilobar, radiodense, and
sharply delineated ealcification (Gariner typa H). {Reproduced with permission from Porceifini G, Paladin P, Camp! F, Paganeili M: Arthroscopic treatment of calcifying tendinitis
of the shoulder: Clinical and wltrasenographic follow-up findings at two to A8 Pears. ) Shoulder Elbow Surg 2604;13:503-508.)

deggnerative calcification are different from those ob-
served in patients with calcific tendinitis. In addition, the
model does not differentiate between insertional tendon
calcification and intrasubstance caicification.’

The active mediation of calcification by cells in a via-
ble environment is called reactive calcification.™ The
process has three siages (Figure 1). During the first, pre-
calcific stage, the predisposed site undergoes fibrocarti-
laginous metaplasia of tenocytes into chondrocytes. The
second, calcific stage has three phases: formative, rest-
ing, and resorptive. During the formative phase, calcium
crystals are deposited primarily in matrix vesicles, which
coalesce to form large foci of calcification. These appear
in multifocal areas within the tendon and are separated
by fibrocartilaginous or fibrocollagenous tissue. The de-
posits have a chalklike consistency."” The resting phase
begins when calcium deposition ends and the fibrocarti-
laginous tissue bordering the foci of calcification shows
no evidence of inflammation.” After a variable period of
inactivity, the resorptive phase begins with the appear-
ance of thin-walled vascular channels at the periphery
of the calcium deposits. Macrophages and multinucle-
ated giant cells surrcund the deposits and phagocytose
debris as the caleium is resorbed. Morphologically, the
material is formed by inflammatory cell-mediated
breakdown of the caicium deposit during the formative
phase; it forms a thick, creamy materiai under pressure
during the resorptive phase. During the final, postcai-
¢ific stage, granulation tissue with young fibroblasts and
new vascular channels remodels the space occupied by
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the resorbing calcium deposits. With scar maturation,
type III collagen is replaced with type I collagen. The
tendon heals with subsequent fiber rf:alig,ﬂment.m

The reactive calcification theory describes the patho-
genesis of the disease based on morphologic studies.
However, the factors causing the initial fibrocartilagi-
nous transformation within the tendon and the [actors
leading to the onset of the resorptive period remain clu-
sive.

Classification

The DePalma and Kruper classification describes two
radiographic types, which are clinically correlated with
the resorptive and formative phases. Type 1, usually seen
during the resorptive phase in patients with acute pain,
has a fluffy, fleecy appearance with a poorly defined
periphery; an overlying crescentic sireak indicates rup-
ture of the calcium deposit into the subacromial bursa.
Type 11 corresponds to subacute or chronic disease in
the formative phase and is characterized by discrete,
homogenous deposits with uniform density and a
well-defined periphery. Radiographic change can be
seen from type I to type I but never from type I fo type
" (Figure 2).

The commonly used Girlner classification system 1s
also based on the radiographic appearance of the calcifi-
cation. Type I is homogenous in structure and has well-
defined borders; type Il is heterogeneous with a sharp
outline or homogenous without a defined border; and
type 11 is cloudy and translucent® (Figure 3).
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Clinical Evaluation
Caleific tendinitis is usnally diagnosed by a thorough pa-
tient evaluation that includes a detailed history, a fo-
cused physical examination, and basic radiographic
studies.® The initial radiographs should include AP, inter-
nal and external rotation, scapular Y, and axillary views
to determine the location of the deposits and reveal
possible impingement,” Supraspinatus tendon deposits
can be seen on a neutral rotation view; infraspinatus or
teres minor deposits, an internal rotation view; and sub-
scapularis tendon deposits, an external rotation view.!
The scapular Y view can help in determining whether
the calcification is causing impingement. CT can be use-
ful if the calcium deposits are not clearly visible on plain
radiographs. On Tl-weighted MRI images, calcium de-
posits appear as areas of decreased signal intensity. T2-
weighted images [requently reveal a perifocal band of
increased signal intensity consistent with edema.! MRI
can also be helpful in determining the presence of an as-
sociated rolator cuff tear.

It is important to distinguish caleific tendinitis from
a rotator cuff tear because the treatment of the two con-
ditions is nherently different.” The clinical presentation
of calcific tendinitis depends on the stage and extent of
disease. The formative phase is rarely symptomatic.’
Acute symptomatic episodes usually occur during the
resorptive phase because of edema and the sudden in-
crease in infratendinous pressure.® For approximately
50% of patients diagnosed during the resorptive phase,
the primary complaints are shoulder pain, especially at
night, and decreased range of motion.” On radiographs,
these patients have cloudy, transiucent tendon calcifica-
tion without clear circumscription (DePalma type I,
Gértner type IilI). The patients with the worst pain and
symptoms usually have the best prognosis, for reasons
that are not entirely clear. It is possible that robust
acute inflammation more readily clears the deposits and
leads into the postcalcific healing phase. .

There 1s a strong tendency to seif-healing by sponta-
neous resorption of the deposits. Within approximately
2 to 3 weeks of the onset of symptoms, the patient usu-
ally regains a normally functioning joint, with or without
treatment. However, the condition does not always fol-
low this pattern, and the natural cycle can be blocked at
any point.” In these patients, the symptoms are related
to the presence of dense, sharply delineated calcifica-
tions (DePalma type II, Gértner types I and 11} that can
become chronic and debilitating.” The calcification
sometimes leads to a rotator cuff tear” Although the
symptoms disappear as the calcification disappears, the
time required for spontaneous resolution of calcification
and the related symptoms often represents an unaccept-
ably long interference with the patient’s quality of life.
In one study, calcifications disappeared in 9.3% of pa-
tients within 3 years of the initial diagnosis.'” In another
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Figure 3 AP radiograph showing fluffy, indistingt caleification (arrowheads} corre-
sponding to Gértner type 11, {Reproduced with permission from Hurt G, Baker CL Jr;
- Caleific lendinitis of the shoulder. Crthep Clin North Am 2003;34:567-575.)

study, calcifications disappeared in 27.1% of patients
within 10 years.** A third study reporied that calcifica-
tions with sharp margins and a homogeneous or hetero-
geneous structure disappeared spontancously in 33% of
patients within 3 years.””

Treatment

Proper treatment of calcific tendinitis of the rotator cuff
requires distinguishing between the resorptive and for-
mative phases. The goals of treatment are pain reduc-
tion and the disappearance of calcium deposits, Physical
therapy, oral nonstercidal anti-inflammatory drugs
(NSAIDs), subacromial corticosteroid injections, needle
lavage, and extracorporeal shock-wave therapy (ESWT)
are the mainstays of nonsurgical treatment of acute and
chronic discase. Open or arthroscopic surgery is re-
served for patients who had unsuccessful nonsurgical
treatment.

The Resorptive Phase (Acute Calcific Tendinitis)

In a patient who has clinical and radiographic signs of
the resorptive phase (severe, acute-onset shoulder pain;
decreased range of motion; Girtner type IIl radio-
graphic findings), spontancous resolution of the disease
can be anticipated.! The treatment of these patients
should be focused on controlling pain, decreasing in-
flammation, relieving infratendineus pressure, and
mainiaining range of motion. Steroid injections are ef-
fective in decreasing pain and inflammation for patients
with acute symptoms, although there is no evidence that
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Figure 4  Arthroscopic view of the bursal side showing evidence of a calcific deposit
in the rotator cuff tendon, (Reproduced with permission from Hurt G, Baker CL Jr.
Caloific tendinitis of the shoulder. Orthop Clin North Am 2003,34:567-573)

steroid injections facilitate calcium resorption™ and fre-

quent injections may be harmful to the tendon struc-
ture.® A short course of NSAIDs is often useful in pam
control, although there is no evidence that they altesthe
natural progression of the disease.""”

During the resorptive phase of caicific tendinitis, the
use of treatments such as ESWT, radiotherapy, and ar-
throscopic and open surgical procedures is not indi-
cated. Supportive measures and gentle physical therapy
to maintain range of motion usually lead to a favorable
outcome.

Needie lavage is often extremely useful during the
resorptive stage to decrease intratendinous pressure
Lavage is performed in the operating room or radiology
suite. The preferred technique uses an inflow-outflow
setup with two large-bore needles and injection of 2%
tidocaine.” The clinical response to needle lavage has
been favorable; in one study, more than 70% of patients
had improvement in pain.” Needle aspiration and lavage
using ultrasonography or image intensification was 1e-
ported to eliminate between 28% and 76% of calcium
deposits.! Most calcifications are likely to be resorbed
spontaneously, - without intervention, in patients with
acute symptoms. Therefore, completely eliminating de-
posits with needle lavage is less important than decreas-
ing intratendinous pressure and pain.

The Formative Phase (Chronic Calcific Tendinitis)

Chronie, debilitating calcific tendinitis has been the fo-
cus of much recent research. Patients with chronic, de-
bilitating calcific tendinitis are in the formative phase of
the disease, with Gértner type I or type II radiographic
findings. Although the natura! history of calcification is
unclear in these patients, spontanecus resolution does
not usually occur. Standard nonsurgical treatments have
been unsuccessful. Treatments ranging from ESWT to
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open and arthroscopic stirgery have been used io ads
dress patients’ functional concerns. '

ESWT is gaining popularity as a treatment for
chronic calcific tendinitis of the rotator cuff Sound
waves are used lo create substaniial differences in pres-
sure at the interface of anatomic structures having dif-
ferent acoustic impedances.'* Although the ‘mechanism
of action is not fully understood, ESWT has been used
to largel calcium deposits for resorption. A recent re-
view of 16 studies, including 5 randomized controlled
trials, found moderate evidence that high-energy ESWT
is effective for chronic calcific teadinitis when the shock
waves are focused on the calcium deposit.'” High-
energy ESWT was found to be superior to low-energy
ESWT or placebo treatment, and ESWT was found
more effective than transcutancous electrical nerve
stimuiation.”™>™® The clinical and radiographic outcomes
of ESWT appear to be significantly better when three-
dimensional computer-assisted navigation is used to lo-
cate the calcium deposit."* Another recent randomized,
conirolled study found that, in comparison with ESWT
alone, altrasonography-guided needle lavage in combi-
nation with high-energy ESWT significantly improved
calcium deposit elimination, led to bett{,r clinical results,
and decreased the need for surgery.’ All of these studies
suggest a relationship between residual calcium deposits
and eventual clinical outcome, but this relationship has
yet to be fully explored. '

Surgical treatment of caleific tendinitis is most help-
ful for patients who are in a chronic formative phase, es-
pecially if impingement symptoms are present. Approxi-
mately 10% of all patients have shoulder pain that is
unresponsive o nonaurgicaﬁ treatment and requires sur-
gical treatment.* Open or arthroscopic e*{cmon of cal-
cium deposits reliably leads to pain reliet® The indica-
tions for surgery include symptom progression, constant
pain that interferes with activities of daily livsng, and
lack of improvement after nonsurgical treatment. ? Open
surgical procedures have had very good results. Studies
have consistently found that 82% to 88% of patients
rate the subjective outcome as excellent; the zmprov&,-
ment in the Constant score is as much as 100%.> The
outcomes of recent arthroscopic surgical procedures ap-
pear to be equivalent to those of open procedures. Ar-
throscopic surgery offers better cosmesis, a shorter
length of stay, and a shorter rehabilitation time without
compromising patient outcome, and it has become the
preferred method of surgical treatment for calcific ten-
dinitis' (Figures 4 and 5). Studies of arthroscopic re-
moval of rotator cuff calcifications found that 79% to
94% of patients had excellent shoulder function and
subjective satisfaction; the average age- and gender—
correcied Constant scores were 85 points or higher.”

The arthroscopic freatment of calcific tendinitis s
technically demanding. Tt can be difficult to locate the
caleium deposits within the tendon and determine the
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amount of resection needed, while avoiding compromise
of the surrounding healthy tendon. Postsurgical recov-
ery requires 3 to 6 months because the tendon and sub-
acromial bursa heal slowly. Pain.relief is gradual and
progressive, and it may extend over the entire first year.
Nonetheless, most patients are able to return to work
within 6 weeks.” Complications of the arthroscopic tech-
nique, although uncommon, have been reported to in-
clude frozen shoulder, hematoma, and residual impinge-
ment because of inadequate resection (requiring repeat
surgery and possible subacromial decompression}.™"”
The amount of calcium deposit for which resection is
necessary, the use of subacromial decompression acro-
mioplasty, and the routine exploration of the glenohu-
meral joint are controversial topics in arthroscopic
freatment.

The reported rates of complete calcium deposit re-
moval range from 40% to 88%. A large study with a
2-year follow-up found that a successful ouicome de-
pended only on the absence of calcium deposits, and a
high Constant score was inversely related to the number
and size of residual calcium deposits.” The complete re-
moval of all calcifications was therefore recommended.

Another large study found that more than 90% of
patients had excellent shoulder function and satisfaction
at 2-year follow-up, aithough only 44% had immediate
and compléte removal of calcification.” The study con-
cluded that complete removal of calcification is not ab-
solutely necessary, and partial resection, with preserva-
tion of surrounding heaithy tendon, is sufficient {or an
excellent functional outcome. Prospeciive, randomized
studies are needed to setile the ongoing debate.

Studies of routine subacromial decompression found
that good results were obtained regardless of whether
subacromial decompression was used.® Some sur-
geons argue that decompression is not routinely indi-
cated because it does not improve ouicomes and leads
to a moderate decrease in postsurgical strength.” Tn gen-
eral, it has been suggested that subacromial decompres-
sion should be performed if intrasurgical signs of me-
chanical irritation appear on the undersurface of the
acromion or the calcium deposits cannot be completely
removed without causing significant tendon damage.’
For patients with obvious inflammatory changes around
a calcium deposit or with large deposits that bulge into
the subacromial space and cause obvious mechanical
impingement, acromioplasty is not routinely indicated
because it does not address the underlying condition.

Routine exploration of the glenchumeral joint is of-
ten part of the arthroscopic treatment of calcific tendini-
tis, although the deposits are removed through a bursal
approach. Few studies have addressed the desirability of
entering the joint. At 3-month follow-up, duration of
pain and time to return to work were found to be signif-
icantly greater in patients who underwent routine gleno-
humeral exploration; however, Constant scores and re-
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Figure B Arthroscopic view showing the snowstorm effect, which is often seen with

arthroscopic needie lavage or débridement of caleffic tendinitis. (Reproduced with per-

*mission from Hurt G, Baker CL Jr; Calcific tendinitis of the shoulder. Crthop Clin North
TAm 2003,34:567-575.) :

sidual deposit size were not affected at 6-month follow-
up.*®* Although a larger prospective evaluation i$
needed, routine glenohumeral exploration appears to be
detrimental to short-term outcome and not essential in
the arthroscopic treatment of calcitic tendinitis,

Summary

Calcific tendinitis is a common shoulder disorder of un-
known etiology that involves calcium deposition and re-
sorption within a rotator cuff tendon. Most affected pa-
tients are 30 to 50 years old. Most calcifications occar
1.3 to 2 em from the insertion of the supraspinatus ten-
don. Calcific tendinitis is a process of reactive formation
involving three stages: precalcific, calcific (formative,
resting, and resorptive), and posicalcific, The diagnosis is
made through patient history, physical examination, and
imaging studies. Patients in the resorpiive phase may
have acute-onset shoulder pain, decreased range of mo-
tion, and Gértner type IIT calcium deposits. These pa-
tients are best treated using NSAIDs, subacromial injec-
tions, gentle physical therapy, and, for some patients,
needie lavage. Spontaneous resolution with subsequent
tendon healing usually occurs within 2 to 3 weeks.
Patients in the formative phase may have chrosic,
progressive shoulder pain and Gértner type 1 or
type 11 deposits. High-energy ESWT, with or without
ultrasonography-guided needle lavage, has been success-
ful in these patients. For 10% of patients, surgery is
indicated after unsuccessful nonsurgical treatment.
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Open and arthroscopic procedures have had eguivalent
outcomes (patient satisfaction 79% to 94%, Constant
score > 85). Arthroscopic treatment offers improved
cosmesis, a shorter hospital stay, and a shorter rehabili-
tation period. Controversies in arthroscopic treatment
inclede the amount of calcium deposit resection neces-
sary for functional improvement, the use of routine sub-
acromial decompression, and the benefit of glenohu-
meral joint exploration.
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