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A B S T R A C T

Objective: Calcium hydroxyapatite depositional disease (HADD) is usually asymptomatic and self-limiting;
however, when there is an associated inflammatory process or HADD occurs in an unusual location, it may
mimic trauma, infection, or neoplasm. The purpose of this article is to review the imaging features of HADD and
how to distinguish it from more worrisome entities that can have similar appearances.
Conclusion: An understanding of the presentations of HADD is important to allow early and confident diagnosis.
In particular, familiarity with presentations that resemble more ominous pathologies is essential to avoid costly
and time-consuming workup or intervention.

1. Introduction

Calcium hydroxyapatite, Ca10(PO4)6(OH)2, is the most common
type of calcium in bone and pathologic calcifications [1]. Calcium hy-
droxyapatite depositional disease is also known as calcific tendinosis,
calcific periarthritis, peritendinitis calcarea, calcific peritendinitis, cal-
cific bursitis, and hydroxyapatite rheumatism. There is a female pre-
dominance [2], with one cohort study of HADD indicating that 71.6%
of affected individuals were female [3]. The peak incidence occurs in
the fourth through sixth decades of life [2,4,5]. Although the patho-
genesis remains unknown, HADD is common—with reports of deposits
in 2.7–20% of adult shoulders [2,5].

HADD is a self-limited process and is often discovered incidentally
on radiographs, with up to 20% of asymptomatic individuals found to
have HADD; however, during its resorptive phase, HADD has an asso-
ciated inflammatory process that is an important cause of joint pain,
and represents the major diagnosis in up to 7% of painful shoulders [2].
HADD can involve any joint. The most commonly affected location is
the shoulder, followed by hip, elbow, wrist, and knee [1]. Other less
common locations include the ankle/foot and fingers [1,6]. When
symptomatic, HADD may present with pain, redness, swelling, and/or

limited range of motion of the affected joint.
There are numerous clinical presentations of HADD which mimic

pathologies that require additional work-up or aggressive treatment.
For example, symptoms of longus colli muscle involvement can mimic a
retropharyngeal abscess [7]. Similarly, if unsuspected, HADD may be
misdiagnosed as a neoplasm [8]. In this paper, we review HADD with
an emphasis on distinguishing it from more ominous pathologies with
similar imaging appearances. Familiarity with these cases will allow
early and confident diagnosis, thereby reducing costly and time-con-
suming workup or intervention.

1.1. Pathogenesis and predisposing factors

Although HADD has been studied extensively since its first de-
scription by Painter in 1907 [8], its pathogenesis remains unknown.
Four pathogenic pathways have been proposed [9]: (1) degenerative
calcification, in which local tendon damage secondary to vascular
ischemia or repetitive trauma is thought to promote deposition of cal-
cified material [5,10]; (2) reactive or cell-mediated calcification,
wherein chondrocytes mediate calcium deposition and phagocytosing
cells contribute to resorption [11,12]; (3) a process similar to
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endochondral ossification [13]; and (4) erroneous differentiation of
tendon-derived stem cells into calcium-depositing chondrocytes or os-
teoblasts [14].

Predisposing risk factors for HADD include diabetes [15], thyroid
and estrogen metabolism disorders [3,16], and genetic factors, such as
the HLA-A1 genotype [17].

1.2. Stages of HADD

HADD changes with time and several classification schemes have
been proposed, dividing it into various stages based on chronicity as
described by DePalma [18] or radiographic appearance of the calcifi-
cations as in the French Society of Arthroscopy classification [19,20]. A
frequently utilized system was first described by Uhthoff and Sarkar
[11,12,21], which defines three stages: precalcific, calcific, and post-
calcific.

In the precalcific stage, impaired perfusion and resultant focal

hypoxia are thought to trigger fibrocartilaginous transformation at the
site of future calcification.

The deposition of calcium crystals is termed the calcific stage, which
is further subdivided into formative, resting, and resorptive phases.
During the formative phase, the fibrocartilage is replaced by a calcific
deposit. This deposit then dwells without associated inflammation or
vascularity during the “resting phase”, which can be a variable length
of time. Eventually, the focus may undergo the resorptive phase, during
which the calcium deposit is surrounded by small vascular channels and
invaded by macrophages, polymorphonuclear cells, and fibroblasts
which phagocytose and remove the calcium and result in an ill-defined,
irregular appearance of the calcification. It is during the resorptive
phase, in which the calcific deposit can rupture into nearby tissues and
trigger an acute inflammatory response, that HADD is acutely painful.
Correlative magnetic resonance imaging (MRI) demonstrates edema or
fluid signal surrounding the calcific focus [22].

The postcalcific stage occurs when the void from the resorptive

Fig. 1. Adult man referred to orthopedic oncology clinic for an initial diagnosis of tumor. AP radiograph with internal rotation (A) was read as normal; however, in
retrospect there is a faint calcification (arrow) overlying the posterior aspect of the oblique facet and mainly the vertical facet of the greater tuberosity, that is
consistent with the resorptive phase of HADD. Subsequent sagittal T2-weighted fat-suppressed image (B) of the shoulder shows a hypointense focus of calcium
(arrow) with surrounding marrow and soft tissue edema. Biopsy was requested and axial CT with bone windows (C) shows HADD with subcortical extension. Using a
spinal needle this was aspirated and confirmed histologically, and steroids were also administered.
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phase of the calcific stage is replaced by granulation and scar tissue.

1.3. Imaging of HADD

Radiography is the ideal initial modality for evaluating HADD, as it
is sensitive for the detection of calcifications, and can distinguish them
from mature ossifications which will show a distinct cortical and/or
trabecular bone pattern, or foreign bodies which will have sharp/geo-
metric borders [23]. Calcifications within tendons are most frequently
secondary to HADD or calcium pyrophosphate dihydrate deposition
(CPPD), the latter of which typically has a more linear and delicate
appearance and likely has associated articular calcification, i.e. chon-
drocalcinosis.

Once a radiodensity has been identified as HADD, it can be further
characterized by its radiographic appearance. To this end, several
classification systems based on size, morphology, and density of the
calcification have been described [5,18,20,24,25]. Pragmatically ap-
plying Uhthoff and Sarkar’s work to radiographs, HADD can be broadly
categorized into the formative and resorptive phases. In the formative
phase, which is typically asymptomatic or associated with chronic pain
secondary to mechanical impingement, HADD will present as a well-
defined, homogeneous and amorphous calcification. In the resorptive
and acutely symptomatic phase, on the other hand, HADD typically
appears ill-defined, inhomogeneous, and fluffy [22,26].

Computed tomography (CT) is superior to conventional radiography
for detecting calcifications and is particularly useful for identifying
osseous erosions or migration of calcium into nearby structures. CT may
provide additional information to distinguish calcification from

ossification based on Hounsfield unit (HU) values, with calcifications
typically demonstrating lower HU values of 100–400, as compared to
700 and over 1500 for trabecular and cortical bone, respectively [23].
Additionally, HADD can have a characteristic “comet tail” appearance
on CT, which results from the longitudinal orientation of calcified de-
posits along tendons such that they seem to taper away from a site of
bone involvement [27].

Ultrasonography (US) is also useful in the evaluation of HADD. In a
study of 951 patients who underwent bilateral shoulder sonography
with correlative radiographs, calcifications were detected with ultra-
sound in 87 patients and radiographs in 93 patients [28]. As with
radiography, multiple classifications have been proposed to describe
the appearance of the calcifications [25]. In general, calcifications ap-
pear hyperechoic with or without acoustic shadowing. In keeping with
Uhthoff, the sonographic appearance of HADD can be categorized as
well-defined, arc-shaped, hyperechoic foci with posterior acoustic
shadowing and no significant vascularity in the formative phase. During
the symptomatic resorptive phase, calcifications appear ill-defined,
non-arc shaped (fragmented, punctate, cystic, or nodular), less homo-
geneously hyperechoic with less well-defined posterior acoustic sha-
dowing. Typically, symptomatic resorptive HADD will also demonstrate
vascularity on color Doppler images [25,29–31]. The presence of vas-
cularity distinguishes HADD calcifications from degenerative non-
HADD calcifications, which occur in non-viable and dysvascularized
tendons, typically at a tendon insertion or the edge of a tendon tear
[19]. Degenerative calcifications will also tend to worsen over time,
while HADD will typically resolve.

On MRI, HADD is hypointense on all pulse sequences, which can

Fig. 2. 47-year-old woman with acute pos-
terior shoulder pain. Coronal (A) and sagittal
(B) T2-weighted fat suppressed images show
intercompartmental migration of HADD (ar-
rows) between the infraspinatus and teres
minor muscles, owing to variant continuous
fascia enveloping both muscles, and sur-
rounding inflammation. (Courtesy of Donald
Resnick, M.D., University of California San
Diego, San Diego, Calif.).

Fig. 3. 45-year-old woman with acute vo-
loulnar wrist pain. Lateral radiograph (A) of
the right wrist shows a subcentimeter calcifi-
cation (arrow) near the flexor carpi ulnaris
tendon insertion on the pisiform that was in-
itially misdiagnosed as a fracture. Two days
later, an axial T1-weighted fat-suppressed post
contrast image (B) shows fragmentation of the
calcium with surrounding inflammation
(arrow), consistent with resorption of HADD.
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make it difficult to identify without correlative radiographs. MR does
not add significant diagnostic information in most cases [30], may not
visualize calcifications [32,33], and can lead to a false positive

diagnosis, for example, when normal hypointense parts of the rotator
cuff mimic calcific deposits [34]. MRI can be helpful in detecting the
pattern of migration during the resorptive phase, if any: bursal or

Fig. 4. 50-year-old man with medial knee pain. AP radiograph (A) of the left knee shows an ovoid calcification (arrow), consistent with HADD but initially read as a
remote injury of the tibial collateral ligament. Coronal (B) and axial (C) T2-weighted fat suppressed sequences demonstrate HADD (arrows) within the proximal
portion of the tibial collateral ligament with a mild amount of surrounding soft tissue edema.
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intratendinous toward the myotendinous junction [35], intramuscular
[36], or intraosseous [8,27,37–39]. Migration of HADD into nearby
tissues triggers an acute inflammatory response that is frequently seen
on MRI as bursal fluid, soft tissue edema, or marrow edema about the
deposit(s) [36] (Fig. 1). If prior radiographs are not available at the
time of the initial MRI interpretation, the inflammatory findings of
migratory HADD may mimic trauma or infection [36], and the cortical
erosion due to intraosseous migration and/or presence of calcification
may raise suspicion for a chondroid neoplasm [8]. When the diagnosis
of HADD is suspected but not definitive, particularly in an uncommon
location or unusual presentation, radiographic or CT correlation can be
obtained to confirm the diagnosis.

1.4. Shoulder: the primary site of HADD involvement and usual
presentation

As mentioned previously, HADD most commonly affects the
shoulder. Specifically, the supraspinatus tendon is the most frequently
involved rotator cuff tendon, which is involved in approximately half of
cases with shoulder involvement [5]. Radiographs with the humeral

head in external rotation readily show the calcific deposit in profile
[4,40].

Infraspinatus, subscapularis, and teres minor tendon involvement
are less common and better appreciated on internal rotation or axillary
views of the shoulder [25,36,41,42]. HADD in the shoulder may be
associated with a rotator cuff tear in 27–28% of patients [43,44]. In-
tercompartmental migration of HADD between the infraspinatus and
teres minor can be seen in rare instances owing to variant continuous
fascia enveloping both these muscles [45] (Fig. 2).

Other sites of HADD about the shoulder include the long head of the
biceps musculotendinous junction, which can resemble a loose body
within the long head of the biceps tendon sheath [46]; the pectoralis
major tendon insertion [38,47], which may resemble the reactive cor-
tical irregularity of the “ringman’s lesion” [48]; the insertion of the
latissimus dorsi simulating a “pseudotumor” [49]; and the subacromial-
subdeltoid bursa, which can give the appearance of a “skull cap” [50].

1.5. HADD presentations mimicking other pathologies

Given the variable appearance of HADD, it can be misdiagnosed as

Fig. 5. 25-year-old woman volleyball player
with a painful wrist mass. Initial AP radiograph
(A) shows a C-shaped calcific aggregate just
distal to the ulnar styloid (arrow). It was un-
certain whether this was HADD or zonal or-
ganization seen in myositis ossificans/hetero-
topic ossification. A follow-up radiograph (B)
was recommended and obtained 28 days later;
there is near complete resolution of the calci-
fications—supporting the diagnosis of HADD.

Fig. 6. 49-year-old man with acute neck pain
and concern for retropharyngeal or peri-
tonsillar abscess. Sagittal (A) and coronal (B)
post contrast CT images of the neck show an
ovoid peripherally calcified mass (arrow) in-
ferior to the anterior arch of C1 and anterior to
the body of C2 oriented along course of the
superior oblique portion of the left longus colli
muscle. Note also the subtle soft tissue edema
(arrowhead) anterior to C3.
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trauma, infection, or tumor. This may result in unnecessary additional
imaging, intervention (e.g. biopsy), and patient angst.

1.5.1. Mimic of acute or subacute trauma
The diagnosis of HADD may be confounded by the setting of a re-

cent trauma. It can be mistaken for a small acute avulsion fracture
fragment, especially when the calcific deposit is small and occurs in
uncommon locations, such as the origin of the long head of the triceps
tendon [51], hand [52–54] and wrist (Fig. 3). The two entities can be
differentiated by a history of trauma, the homogenous appearance of
HADD, and the partially corticated jigsaw puzzle piece appearance of a
fracture fragment that “fits” into the defect of the parent bone [26].

Osseous—cortical, subcortical, or intramedullary—migration of
HADD coupled with a history of recent trauma can mislead one to the
diagnosis of bone contusion or fracture [55]. For instance, substantial
subcortical involvement of the greater tuberosity of the humerus with
underlying inflammatory marrow edema on MRI may be mistaken for a
Hill-Sachs lesion, which often presents as a notched defect of the pos-
terolateral aspect of the humeral head with associated intermediate to
high subcortical signal intensity [56]. In addition, punctate residual
HADD in the nearby tendon on an accompanying radiograph or CT may
be mistaken for fracture fragments. HADD can also extend further into
the intramedullary space [55], which may lead to its misdiagnosis as a
subacute fracture with partial healing; however, HADD is typically less
dense and organized as compared to callus formation.

When intratendinous migration of HADD occurs, the striated pat-
tern of reactive edema in the surrounding rotator cuff musculature can
mimic injury of the myotendinous junction [36]. This is further com-
plicated by the globular appearance of torn and retracted tendon fibers,

which can resemble HADD, and by concomitant tendon calcifications
occurring in up to 11% of myotendinous injuries [57]. An accurate
history of acute trauma, patient demographics, and correlative radio-
graphs are helpful in differentiating myotendinous injury from HADD,
as the former typically occurs in younger patients with a history of
trauma and no visible calcifications on radiographs.

1.5.2. Mimic of chronic trauma and normal ossicles
HADD can mimic chronic fracture fragments, myositis ossificans

(MO)/heterotopic ossification (HO), or normal accessory ossicles. A
small focus of HADD in the tibial collateral ligament or tibial collateral
ligament bursa may be confused for a remote avulsion fracture, the so-
called Pellegrini-Stieda lesion [58–61] (Fig. 4); however, Pellegrini-
Stieda lesions are typically curvilinear, while HADD is rounded and
lobate in appearance [58]. Additionally, Pellegrini-Stieda lesions re-
present ossification rather than calcification of the tibial collateral li-
gament and should demonstrate a distinct trabecular pattern on
radiographs with marrow signal on MRI (hyperintense on T1 weighted
images and intermediate to low signal on fat-suppressed images) [62],
while HADD appears homogeneously dense [58]. HADD in the symp-
tomatic phase will also demonstrate surrounding edema on MRI.

HADD may also be mistaken for immature MO/HO in an atypical
location such as the shoulder [63] or hand [64,65]. Although mature
MO/HO demonstrates characteristic zonal mineralization (i.e. cortical
bone peripherally and internal trabeculae) after approximately 6–8
weeks [1,66,67], immature MO/HO may present with only faint cal-
cifications. Follow-up radiographs are most useful in distinguishing the
two entities, as HADD will likely remain the same (resting phase) or
resolve (resorptive phase), while MO/HO will mature over time (Fig. 5).

Fig. 7. 58-year-old woman with pain and swelling of the third toe. Initial radiograph of the foot (A) shows a mild amount of nonspecific soft tissue swelling of the
third toe. Short axis T2-weighted fat-suppressed image (B) shows a mild amount of nonspecific soft tissue edema of the third toe. Note the fiduciary marker at the
dorsolateral aspect of the third toe. The patient had mentioned an outside diagnosis of a “rock” in her toe; those radiographs were obtained (C) and confirms the
diagnosis of HADD, which has undergone resorption.
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Finally, HADD may be misperceived as a normal accessory ossicle,
but ossicles will have a cortical rim with internal trabeculae and occur
in typical locations [1].

1.5.3. Mimic of infection
During the symptomatic phase, the clinical presentation of HADD

may mimic infection with low-grade fever, soft tissue swelling, er-
ythema, limited range of motion of the affected joint, and abnormal
laboratory values (including mild leukocytosis, elevated erythrocyte
sedimentation rate, and elevated C-reactive protein) [68–73]. For in-
stance, involvement of the superior oblique portion of the longus colli

muscle often results in neck pain/stiffness and elevated inflammatory
markers that clinically mimics neck infections, such as retropharyngeal
abscess or meningitis [7,74–76]. The diagnosis of HADD of the longus
colli muscle is readily made on a well-aligned lateral radiograph or CT
of the neck or cervical spine, and the calcification is usually ante-
roinferior to the anterior arch of C1 but is occasionally seen anterior to
C2 [77](Fig. 6).

HADD may also mimic pyogenic myositis as deposits migrate into
nearby muscles [36]. Although pyogenic myositis typically presents
with an associated abscess, early infection may demonstrate only T2
hyperintense signal and heterogeneous contrast enhancement of the

Fig. 8. 79-year-old woman with known breast
cancer and right hip pain initially mis-
diagnosed with osseous metastasis involving
the right greater trochanter. Initial axial CT
image (A) shows a subcentimeter calcification
(arrow) at the lateral facet of the greater tro-
chanter. Also note the subtle focus of calcifi-
cation beyond the cortex, which would be
unusual for metastatic disease and suggests the
so-called “comet tail” sign of HADD instead. At
the time of biopsy (note the CT-guidance
markers along the anterolateral right hip), an
axial CT image (B) shows disappearance of the
calcification (arrow), consistent with the re-
sorptive phase of HADD. Prior CT image (C)
was requested and confirms HADD of the glu-
teus medius tendon (arrow) before intraoss-
eous migration.

Fig. 9. 38-year-old man initially misdiagnosed
with a tumor of the superior glenoid. Coronal
T2-weighted fat-suppressed image (A) shows a
heterogeneous mass in the region of the biceps-
labral complex (arrow) with nearby marrow
edema within the superior glenoid. Prior
radiograph (B) was requested and confirms the
diagnosis of HADD involving the biceps-labral
complex (arrow), as well as the infraspinatus
footprint (arrowhead), which was difficult to
discern from tendon on the MRI (not shown).

P. Hongsmatip, et al. European Journal of Radiology 120 (2019) 108653

7



affected muscle [76,78], which can be seen with HADD migration [36].
In such cases, history of predisposing factors for infection such as in-
travenous drug use or immunocompromised state, and careful inspec-
tion for calcification on radiographs may be the only clues to distin-
guishing these two entities.

The clinical presentation of HADD of the fingers or toes can also be
confused for acute septic arthritis, but can be distinguished by calcific
deposits about the affected joint(s) [69,70] (Fig. 7). Alternatively, if MR
is performed, absence of synovial enhancement and thickening or joint
effusions, characteristic of septic arthritis [79], may distinguish HADD
from infection.

1.5.4. Mimic of tumor
The imaging appearance of HADD as it migrates into nearby bone

may raise concern for an aggressive neoplasm, as osseous erosion with
periosteal reaction and soft tissue calcification are also seen with jux-
tacortical chondroma or chondrosarcoma and with secondary bone
invasion by soft tissue sarcomas [8,27,55,80]. In the setting of cortical
erosion, two key distinguishing features of HADD are (1) continuity
with a tendon calcification [55] and (2) a tapered configuration of the
calcification producing a “comet tail” appearance [27] (Fig. 8), which
are best appreciated on CT. Other findings favoring HADD include the
absence of a discrete soft tissue mass, HADD involving another tendon
or joint (Fig. 9), and the characteristic appearance of resorptive phase
calcification with “snowy” density on CT or central high signal intensity
on T1 weighted images of MR [8,80].

When classic imaging features are not present and biopsy is un-
avoidable, it is crucial to communicate the suspected diagnosis of
HADD to the pathologist because histologic findings of chondroid me-
taplasia, seen in HADD, can be misdiagnosed as a chondroid neoplasm
[8].

1.6. A brief word on the treatment of HADD and the role of the radiologist

When HADD presents acutely in the resorptive phase, it is a self-
limited process and frequently resolves spontaneously within two to
three weeks [81]. During the symptomatic phase, the primary man-
agement is conservative with non-steroidal anti-inflammatory drugs
(NSAIDs) or physiotherapy [22,25,26,30,38,82]. Non-invasive treat-
ment with acetic acid iontophoresis, ultrasound therapy [83], and ex-
tracorporeal shock wave therapy [84–87] have also been described.
However, the mainstay of treatment is one which can be performed by
the radiologist: percutaneous needle aspiration and lavage of the cal-
cific deposits (i.e. barbotage) under ultrasound guidance (Fig. 10),
which has been described in detail by Aina et al. [88] and others
[25,61,89,90]. Ultrasound-guided barbotage has been shown in a large-
scale meta-analysis of 920 studies to be more effective than

extracorporeal shock wave therapy or subacromial corticosteroid
treatment [83]. For recalcitrant cases, arthroscopic removal of calcific
deposits may be considered [91], although there is no consensus on
optimal surgical technique [92].

2. Conclusion

HADD can mimic a variety of pathologies. It may be confused for
trauma or infection due to its associated inflammatory response or re-
semble neoplasm due to its propensity for cortical erosion. It is im-
portant to remember the diagnosis of HADD, particularly its char-
acteristic radiographic appearance, to avoid additional unnecessary
workup or intervention.
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