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Abstract

Objective The intent of the study is to describe an unusual
pattern of intramuscular migration of calcific deposits related
to hydroxyapatite deposition disease (HADD) involving the
rotator cuff, to illustrate the characteristic imaging features of
this phenomenon, and to discuss the clinical significance of
such migration.

Materials and methods A series of cases of intramuscular
accumulation of calcium hydroxyapatite crystals collected
over a 7-year period at multiple hospitals within the same
academic institution were retrospectively reviewed.

Results The patient group was composed of seven men and
four women, ranging in age from 51 to 79 years, with a mean
age of 63 years. All subjects presented with acute shoulder
pain. The majority of subjects reported the spontaneous onset
of the symptoms (64 %), while others reported weight lifting
(27 %) and a fall on the arm (9 %) as the mechanisms of injury.
The right shoulder was affected in 73 % of the subjects. The
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supraspinatus was the most commonly affected muscle
(82 %), followed by the infraspinatus muscle (36 %).
Conclusions Knowledge of the imaging features of intramus-
cular migration of hydroxyapatite deposits is important in or-
der to avoid the erroneous diagnosis of other causes of muscle
edema and inflammation such as myotendinous injury,
myositis, subacute denervation, and neoplasm.

Keywords Hydroxyapatite deposition disease - Rotator cuff -
Intramuscular migration - Myotendinous junction

Introduction

Calcium hydroxyapatite is the most common form of calcium
in the human body, representing the major crystal constituent
of bone. It is also the crystal type seen in the majority of
pathologic calcifications in the body, particularly those calci-
fications found in tendons and ligaments. Soft-tissue deposi-
tion of hydroxyapatite may occur in an isolated location or it
may be widespread, related to a number of systemic disorders
such as idiopathic tumoral calcinosis, autoimmune rheumato-
logic disorders, and metabolic conditions such as renal failure,
hypervitaminosis D, and other disorders that alter calcium
homeostasis [1].

Hydroxyapatite deposition disease (HADD) has been ex-
tensively described in the literature over the years. Asymp-
tomatic hydroxyapatite deposits are common, and may be
found in the periarticular soft tissues of virtually every joint
[2]. Symptomatic HADD typically affects middle-aged per-
sons and represents a common cause of joint pain, related
primarily to periarticular deposition of calcific material within
tendons [3]. Clinical symptoms range from chronic or recur-
rent joint pain associated with a limited range of motion to
acute severe pain and tenderness [4]. It is estimated that
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HADD afflicts 3 % of the asymptomatic adult population and
7 % of those with shoulder pain [5]. The shoulder is the most
commonly affected region, where symptomatic HADD is
usually referred to as “calcific tendinitis”, “calcific
periarthritis” or “calcific bursitis”. The critical zone of the
supraspinatus tendon (approximately 1 cm from its insertion
in the greater tuberosity of the humerus) is, by far, the most
frequently affected site. Less frequent sites of symptomatic
tendon deposition include the hip, elbow, wrist, and knee [1].

It is common for hydroxyapatite deposits within tendons to
migrate to adjacent tissues such as bursae and, less frequently,
bones. However, movement of hydroxyapatite crystals along
the course of the tendon toward the myotendinous junction, to
our knowledge, has been described in only one case report in
the English literature [6]. The purpose of this study was to
perform a review of patients that presented with intramuscular
migration of rotator cuff hydroxyapatite deposits, noting clin-
ical manifestations, imaging features, and differential
diagnosis.

Materials and method

This study was complied according to HIPAA guidelines, and
approval, along with exemption status for informed consent,
was obtained from the Institutional Review Board. An elec-
tronic search was performed in the radiology report databases
of'three affiliated institutions for shoulder magnetic resonance
(MR) imaging examinations obtained between January 2007
and January 2015. Cases were identified by searching a com-
bination of terms, including “intramuscular or
intratendinous”, “hydroxyapatite”, “HADD”, “calcific
tendinitis”, “calcification” and the name of each rotator cuff
muscle (supraspinatus, infraspinatus, subscapularis and teres
minor). The adopted exclusion criteria were the absence of
intratendinous or intramuscular calcific deposits and evidence
of muscle strain injury, infection, tumor, or denervation my-
opathy. We reviewed the available medical records, radiology
reports, and surgical notes of every patient.

A total of 11 subjects met imaging inclusion criteria for
intramuscular migration of rotator cuff hydroxyapatite de-
posits after a thorough review of our medical records. The
patient group was composed of seven men (64 %; 7/11) and
four women (36 %; 4/11) with ages that ranged from 51 to
79 years (mean age=63 years).

MR images were available in all 11 patients with the ma-
jority performed at 1.5 T (91 %; 10/11), although a 3 T system
was used for one patient (9 %; 1/11). All patients had a com-
bination of T1-weighted and fluid-sensitive sequences per-
formed in the oblique coronal, transverse and oblique sagittal
planes, although exact parameters varied depending on partic-
ular institution protocol. Acquired sequences included a com-
bination of fast spin-echo (FSE) T1-weighted (TR/TE, 367—
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700 ms/9—14 ms; 10/11 patients), FSE T2-weighted (2,132-4,
000/96-131; 5/11 patients), FSE PD-weighted (2,000-2,800/
20-51; 5/11 patients), FSE T2-weighted with fat-suppression
(2,500-6,050/62—84; 6/11 patients), FSE PD-weighted with
fat-suppression (1,400-3,010/22-51; 9/11 patients). In two pa-
tients each, additional gradient-echo T2*-weighted (908-910/
24), and short tau inversion-recovery (4,466—4,666/31-38)
sequences were utilized. In two patients, (18 %; 2/11), MR
arthrography was performed utilizing an intra-articular injec-
tion of a solution containing gadolinium DTPA, followed by
three plane acquisition of FSE T1-weighted with fat-
suppression (563—676/22-23). One patient (9 %; 1/11)
underwent intravenous gadolinium DTPA administration.

Conventional radiographs were acquired in four patients
(36 %; 4/11), and CT was obtained in one patient (9 %;
1/11). Radiographs included routine and true anteroposterior
(AP) views of the shoulder in both neutral and internal rota-
tion, axillary views, and scapular outlet views. The CT exam-
inations were obtained in a multi-slice detector with a slice
thickness of 2.5 mm.

Two fellowship-trained musculoskeletal radiologists with
4 years (E.Y.C.) and 29 years (M.P.) of experience evaluated
the examinations and established a consensus opinion regard-
ing the imaging findings. All examinations were assessed for
the side of involvement. The specific tendon affected, the
anatomic extent of involvement of the tendon, myotendinous
unit and muscle, as well as the size and configuration of the
calcific deposit within the tendon and muscle were evaluated.
Periarticular and intramuscular reactive edema was graded as
mild (limited to the muscle fibers that were immediately ad-
jacent to the deposits), moderate (involving less than 50 % of
the muscle substance) or severe (involving more than 50 % of
the muscle substance). Identification of any additional sites of
calcific migration was noted. All of the imaging studies in
each patient were assessed at the same time.

Results

The calcific deposition was right-sided in eight subjects
(73 %; 8/11) and left-sided in the remaining three (27 %;
3/11). In subjects for whom upper limb dominance informa-
tion was available (27 %; 3/11), the non-dominant limbs
(67 %; 2/3) were more commonly affected than the dominant
limbs (33 %; 1/3). There were no documented cases of bilat-
eral involvement, although imaging examinations of both
shoulders were available in only two patients (18 %; 2/11).
The most commonly affected muscle was the
supraspinatus, which was affected in nine patients (82 %;
9/11). Two patients (18 %; 2/11) showed isolated infraspinatus
muscle involvement, and two patients (18 %; 2/11) showed
involvement of both the supraspinatus and the infraspinatus
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muscles. There were no cases involving the subscapularis or
the teres minor muscle.

All 11 patients presented with acute shoulder pain. Three
patients (27 %; 3/11) also reported night pain. Seven patients
(64 %; 7/11) reported the spontaneous onset of the acute symp-
toms, three patients (27 %; 3/11) reported weight lifting as the
cause of their symptoms, and one subject (9 %,; 1/11) reported
the acute onset of pain following a fall on the arm. Seven patients
(64 %; 7/11) had a history of chronic shoulder pain and experi-
enced a superimposed acute exacerbation that led to the imaging
examinations. The remaining four patients (36 %; 4/11) reported
no prior symptoms and presented with acute symptoms. In sub-
jects for whom information regarding the range of motion of the
affected joint was available (82 %; 9/11), all patients (100 %;
9/9) reported limited range of motion or such limitation was
noted during the initial clinical examination.

Rotator cuff calcifications were identified in all initial ra-
diographs (100 %; 4/4). Radiographs in three persons (75 %;
3/4) demonstrated amorphous calcifications that were medial-
ly located within the muscle substance and had no relationship
with the greater tuberosity of the humerus (Fig. 1). In the
remaining subject (25 %; 1/4), radiographs showed linear,
slightly irregular “comet-tail” calcifications that extended me-
dially from the greater tuberosity towards the myotendinous
junction of the rotator cuff muscle (Fig. 2).

Fig. 1 A 62-year old man with
acute exacerbation of chronic
right shoulder pain. a The
scapular Y-view radiograph
shows amorphous calcifications
within the infraspinatus muscle
(dashed arrow), as well as smaller
calcifications overlying the
supraspinatus tendon
(arrowhead). Axial (b) and
coronal (c) fat suppressed PD-
weighted fast spin-echo MR
images illustrate several large
intramuscular hydroxyapatite
deposits (arrows) within the
infraspinatus accompanied by
prominent muscle edema

The majority of the MR examinations (91 %; 10/11) dem-
onstrated intramuscular hydroxyapatite deposits that were as-
sociated with edema of the adjacent muscle fibers. The de-
posits were hypointense on all imaging sequences, had either
a linear (45 %; 5/11) or globular (45 %; 5/11) morphology, and
were located at or about the myotendinous junction of the
rotator cuff muscles. In the linear form, the width of the cal-
cification was relatively uniform, whereas the globular form
had an enlarged rounded or oval area of calcification, typically
located at the medial edge of the calcification. The surround-
ing muscle edema was striated in appearance, did not involve
the entirety of the muscle, and was usually limited to the fibers
that were adjacent to the calcific deposits. The amount of
edema was categorized as mild (45 %; 5/11), moderate
(36 %; 4/11), and severe (18 %; 2/11), based on its size and
signal increase on fluid sensitive sequences. Two patients
(18 %; 2/11) showed coexistence of the intramuscular migra-
tion pattern with other migration patterns, namely bursal ex-
trusion (50 %; 1/2) and intraosseous extension (100 %; 2/2;
Fig. 2). Enhancement of the soft tissues that surrounded the
deposits after intravenous gadolinium DTPA administration
was seen in one examination (9 %; 1/11; Fig. 3). One patient
(9 %; 1/11) presented with an intramuscular cyst that
contained layered calcific material and surrounding muscle
edema (Fig. 4).
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Imaging follow-up was available in two patients (18 %;
2/11). One subject (50 %; 1/2) showed resolution of the de-
posits after surgical treatment, and the other (50 %; 1/2)
showed persistence of the deposits on a radiograph that was
performed 7 days after the first examination.

Follow-up information regarding management was avail-
able in five subjects (45 %; 5/11). All of these patients
(100 %; 5/5) underwent subacromial injection of anesthetics
and steroids. Three subjects (60 %; 3/5) underwent physical
therapy sessions, and two (40 %; 2/5) underwent arthroscopic
surgery with bursectomy and cannulation of the calcium de-
posits after failure of conservative treatment. All patients
(100 %; 5/5) experienced pain relief during follow-up exami-
nations after treatment.

Discussion

Many authors have proposed different theories regarding the
pathogenesis of HADD such as repeated microtrauma, de-
creased local vascularity, failed healing response, and erroneous
differentiation of tendon-derived stem cells; however, the exact
pathogenesis of this disorder remains controversial [1, 7, 8].

Hydroxyapatite deposits usually change over time and un-
dergo three distinct stages: pre-calcific, calcific, and post-
calcific [4]. The presence of fibrocartilaginous metaplasia
without visible calcifications characterizes the pre-calcific
stage. The calcific stage is characterized by the presence of
macroscopic calcifications, and it is further divided into three
phases: formative, resting, and resorptive. Homogeneous,
well-defined deposits that are contained within the tendon
and cause minimal symptoms are observed in the formative
and resting phases. In the resorptive phase, however, the de-
posits grow in size, become ill-defined, and often migrate to
the adjacent tissues [1, 9], where they may extend beneath or
within the overlying bursa, erode into the underlying bone
[10, 11] or, as described in this report, migrate medially within
the tendon substance to the myotendinous junction of the cor-
responding rotator cuff muscle. The dispersion of hydroxyap-
atite crystals into neighboring tissues triggers an acute inflam-
matory response with severe pain and tenderness that is fre-
quently seen with MRI as bursal fluid, soft tissue edema, or
marrow edema about intraosseous deposits.

The disappearance of the calcifications shortly after the
resorptive phase is not uncommon and is frequently accom-
panied by improvement of the inflammatory symptoms. This
characterizes the post-calcific stage, when granulation tissue
replaces the space left behind by the hydroxyapatite crystals
and eventually matures into a fibrotic scar [3].

In our series, we observed a pattern of reactive edema in-
volving the rotator cuff muscles that, in part, surrounded the
hydroxyapatite deposits that had migrated medially along the
tendon fibers. The deposits were located at or near the
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myotendinous junction and were likely associated with
coexisting intrasubstance delaminating-type tendon tears that
served as a migration pathway for the calcifications, although
such tears were not always clearly visualized. The fact that one
of our patients presented with an intramuscular cyst that
contained layered calcific material supports this hypothesis,
taking into account the strong association between this variety
of cyst and delaminating rotator cuff tears [12]. It is unclear,
however, if the crystals migrate toward the myotendinous
junction through pre-existing tears or if they create
intrasubstance tears during the migration process. Many au-
thors have reported the association between intratendinous
hydroxyapatite deposits and tendon rupture [13, 14], and
some even suggest that HADD may be a predisposing factor
for rotator cuff tendon tears [15].

Fig. 2 A 75-year old man with acute exacerbation of chronic right
shoulder pain. Coronal PD-weighted fat-suppressed (a) and sagittal T1-
weighted (b) fast spin-echo MR images show intramuscular migration of
hydroxyapatite deposits (arrows) within the supraspinatus. Sagittal (c)
and axial (d) PD-weighted fat-suppressed fast spin-echo MR images
show bursal extrusion (asterisk) as well as intraosseous extension
(dashed arrow) of hydroxyapatite deposits. An AP radiograph of the
shoulder (e) shows calcifications extending medially to the
myotendinous junction of the supraspinatus in a “comet-tail”
configuration (arrowheads)
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Fig. 3 Sequential imaging in a
51-year old woman presenting
with acute right shoulder pain. a
A coronal PD-weighted fast spin-
echo MR image obtained 4 years
prior to presentation shows
discrete hydroxyapatite deposits
in the supraspinatus tendon
(arrow) and a large intermuscular
lipoma (asterisk) between the
trapezius and supraspinatus
muscles. b Coronal PD-weighted
fast spin-echo MR image
obtained 1 year prior to
presentation (following lipoma
excision) shows intratendinous
growth of the calcific deposits
(arrow). Coronal (c) and axial
(d) T1-weighted fat-suppressed
fast spin-echo MR images after
intravenous gadolinium
administration acquired at the
time of presentation show
migration of the calcific deposits
(arrows) into the supraspinatus
muscle with enhancement of the
adjacent soft tissues

Fig. 4 A 60-year old man with
acute left shoulder pain. Axial CT
acquired with the patient in a
prone position (a) and axial T1-
weighted fat-suppressed fast spin-
echo MR arthrographic image
obtained with the patient in a
supine position (b) show an
intramuscular cyst (arrows)
within the supraspinatus
containing calcific material that
layers in a variable pattern
depending on the position of the
patient (arrowheads). Coronal
T2-weighted fat-suppressed fast
spin-echo MR image (c)
delineates the cyst (arrow) and
edema of the adjacent muscle
fibers
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CT remains the best method to evaluate the precise location
and extent of the calcific deposits, but MR is the modality of
choice to assess muscle involvement in HADD [6, 16]. The
presence of hydroxyapatite crystals within the muscle creates
an inflammatory response that is easily identified with MRI.
The high signal intensity of the muscle edema on fluid-
sensitive sequences creates a background that makes the
hypointense calcium deposits even more conspicuous.

Given its relatively low frequency and unusual appearance,
intramuscular migration of hydroxyapatite deposits may be
easily confused with other entities. Injury to the myotendinous
junction of rotator cuff muscles is the most important differ-
ential diagnosis. The striated appearance of the edema seen in
rotator cuff strains is very similar to the edema pattern that is
visible about intramuscular hydroxyapatite crystals. Further-
more, when there are associated partial tears of the tendon
following injury, the retracted torn fibers may assume a glob-
ular appearance that resembles that of hydroxyapatite de-
posits, making the distinction between the two entities even
more difficult with MRI [17]. The slightly younger age group
of the patients, the history of acute trauma, and the lack of
radiographic evidence of calcific tendinitis are helpful in dif-
ferentiating between these two entities. It is noteworthy, how-
ever, that some authors have reported a high incidence of
calcific tendinitis amongst patients with infraspinatus
myotendinous disruption [18, 19], so it remains unclear if
the two entities are related or if there is any overlap between
them.

Isolated edema involving rotator cuff muscles may also
raise concern for subacute denervation injuries or pyogenic
myositis. The most common denervation injuries involving
the muscles of the rotator cuff are cervical radiculopathy, bra-
chial neuritis (Parsonage-Turner syndrome), and
suprascapular nerve compression at the spinoglenoid notch
[6, 20-23]. Denervation edema, unlike intramuscular
HADD-related edema, results in a mild increase in signal in-
tensity that uniformly involves the entirety of the affected
muscles and is not associated with perimuscular fluid accu-
mulation [20, 23, 24]. Diffuse muscle edema may also be seen
in the context of myositis, either pyogenic or idiopathic. The
clinical history of infection is key to differentiate it from in-
tramuscular HADD [24]. The most reliable way to distinguish
these entities from intramuscular HADD through imaging,
however, is achieved through the documentation of rotator
cuff calcifications on radiographs or CT.

Management of patients with intramuscular HADD depo-
sition was very similar to that of patients with acute HADD-
related symptoms in general. Physical therapy sessions helped
recovering the lost range of motion and pain relief was fre-
quently accomplished following subacromial injection of an-
esthetics and steroids. In 40 % of the patients where complete
management information was available, arthroscopic removal
of the hydroxyapatite deposits was necessary due to failure of
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conservative therapy, but our study is too small to determine if
conservative treatment is more likely to fail in patients with
intramuscular extension of HADD.

We acknowledge that our study has limitations, mainly
because of its retrospective design. Follow-up examinations
were not frequently performed, compromising the assessment
of progression or resolution of the imaging findings. Further-
more, detailed clinical notes were not available for all subjects,
and information such as symptom resolution, the side of arm
dominance, and chosen therapeutic regimen was lacking.

In conclusion, the accurate diagnosis of intramuscular mi-
gration of hydroxyapatite deposits is most dependent on the
identification of focal edema involving portions of the muscle
that contain hypointense calcific foci on MR fluid-sensitive
sequences. Correlation with clinical data and results of other
imaging studies is also essential to avoid misinterpretation of
the MR findings. We hope that our study encourages future
investigations on the clinical outcomes and imaging features
of intramuscular HADD not only within the rotator cuff but
also at other locations throughout the body.

Conflict of Interest The authors declare that they have no conflicts of
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