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The humeral head is considered the second most common site for osteonecrosis to occur after the
femoral head. As seen in the femoral head, the circulatory implications characteristic of this condition are
attributable to the interaction between a genetic predisposition and the exposure to certain risk factors.
There is no consensus regarding the pathogenesis of osteonecrosis, yet the final common pathway results
in disrupted blood supply, increased intraosseous pressure, and bone death. Disease staging using
radiography and magnetic resonance imaging is predictive of disease progression and can help the or-
thopedic surgeon to guide treatment. Although there is a myriad of treatment modalities, there is a lack
of high-quality evidence to conclude what is the most appropriate treatment option for each stage of
humeral head osteonecrosis. Nonoperative treatment is the preferred option in early-stage disease, and it
may prevent disease progression. Nonetheless, in some cases, disease progression occurs despite
nonoperative measures, and surgical treatment is required. The purpose of this article is to provide an
updated review of the available evidence on risk factors, diagnosis, and treatment of atraumatic humeral
head osteonecrosis.

© 2022 The Authors. Published by Elsevier Inc. on behalf of American Shoulder & Elbow Surgeons. This
is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/

4.0/).
Osteonecrosis is a relatively common condition characterized by
a reduction in subchondral blood supply leading to necrosis of the
cells, subchondral collapse, and ultimately joint degeneration. The
etiology of the blood supply disruption can be either traumatic or
atraumatic.67 The humeral head is the second most common
location for atraumatic osteonecrosis to occur after the femoral
head; therefore, atraumatic osteonecrosis and its sequelae are not
infrequently seen in the shoulder.33

Atraumatic humeral head osteonecrosis (HHO) can lead to
substantial morbidity, with the vast majority of untreated patients
progressing to articular collapse, especially those who remain
symptomatic.26,47 There is a lack of complete understanding in the
body of knowledge regarding the pathogenesis and prognostic
factors for osteonecrosis. In addition, osteonecrosis usually pre-
sents in young active patients in whom arthroplasty is not ideal,
posing a great challenge for orthopedic surgeons when deciding a
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treatment option. The purpose of this review is to summarize the
current knowledge on the pathophysiology, risk factors, diagnosis,
and treatment strategies for atraumatic osteonecrosis of the hu-
meral head (AOHH).
Vascular supply of proximal humerus

The humeral head is directly supplied by the anterior and pos-
terior circumflex arteries along with several anastomotic contri-
butions of the suprascapular, thoracoacromial, and subscapular
arteries. Traditionally, it was considered that the anterolateral
branch of the anterior circumflex artery provided the main blood
supply to the humeral head. This finding was supported by Gerber
et al14 in 1990 in a study of 29 cadavers using a radiopaque contrast
technique. However, this notionwas later questioned, given the fact
that the anterior circumflex artery is disrupted in association with
80% of proximal humeral fractures, and the resultant osteonecrosis
is infrequent. To clarify this inconsistency, in 2010, Hettrich et al
performed a quantitative assessment of the vascularity of the
proximal part of the humerus using magnetic resonance imaging
(MRI) with gadolinium contrast in 24 cadavers.29 These authors
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Table I
Factors associated with osteonecrosis of the humeral head.

� Corticosteroid treatment6

� Systemic lupus erythematosus79

� Hemoglobinopathies (Sickle cell disease)60

� Alcohol abuse59

� Dysbaric osteonecrosis84

� Gaucher’s disease73

� Idiopathic osteonecrosis
� Cigarette smoking59

� Chemotherapy (bevacizumab)49

� Radiation exposure58

� Pregnancy (estrogen excess)2,17

� Pancreatitis39
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found that the posterior circumflex artery provided two-thirds of
the blood supply to the humeral head overall and provided
significantly more of the blood supply in 3 of the 4 quadrants of the
humeral head. This finding changed the notion that the anterior
circumflex artery provided the main blood supply to the humeral
head and postulated a possible explanation for the relatively low
rates of osteonecrosis seen in association with displaced fractures
of the proximal part of the humerus.

Risk factors and pathogenesis

Osteonecrosis is a multifactorial condition that develops in in-
dividuals with a genetic predisposition who are exposed to one or
several risk factors (Table I).

Although different mechanisms of pathogenesis have been
described depending on the etiology, all of them share a common
final pathway, resulting in disrupted blood supply, increased
intraosseous pressure, and bone death.67 Different studies have
demonstrated that osteocyte apoptosis seen in osteonecrosis pro-
duces a release of paracrine factors that trigger a bone remodeling
cycle.4,41 Regardless of the osteonecrosis etiology, this bone
remodeling cycle is poorly regulated with abnormal osteoblast and
osteoclast activity leading to microfractures, subchondral fracture,
articular surface collapse, and finally, glenohumeral arthritis.

Corticosteroid use and osteonecrosis

Corticosteroid (CS) use is the most common cause of atraumatic
osteonecrosis in any anatomical region, including the shoul-
der.23,47,63 There are 2 accepted theories on the pathogenesis of CS-
induced osteonecrosis. First, Jones et al35 hypothesized that
cortisone generates fatty liver and hypertriglyceridemia, resulting
in systemic fat embolism that may affect the subchondral bone
circulation. A second theory proposes that instead of fat embolism,
glucocorticoids induce local changes within the bone that result in
increased differentiation of mesenchymal stem cells (MSCs) into
adipocytes, fat cell hypertrophy, reduced osteoclast and osteoblast
differentiation, and osteocyte apoptosis.69,78,79,82 Whether due to
fat embolism or local changes within the bone, fat cell hypertrophy
and hyperplasia result in increased intramedullary pressure and
decreased blood flow.

CS-induced osteonecrosis may be multifocal, and MRI has been
suggested as a screening method for multifocal osteonecrosis.
Nawata et al demonstrated that hips and knees are first affected
shoulders in CS-induced osteonecrosis. Therefore, they suggested
that any osteonecrosis observed in the hip and/or the knee joints
warrants a second MRI screening of the shoulders.58 A population
with a particularly high risk for CS-induced osteonecrosis are
childrenwith acute lymphoblastic lymphoma and leukemia.70 HHO
is an underappreciated adverse late effect of therapy in these
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patients, which can limit the quality of life and functionality. Two
different studies have reported the severity and functional
impairment of HHO among children with acute lymphoblastic
lymphoma and leukemia.31,38 In these studies, despite a large
proportion of the patients were being asymptomatic, 35%-63% of
the shoulders had necrotic lesions involving >30% of the humeral
head.31

CS usage has recently increased worldwide because of its role in
the treatment of patients with severe coronavirus disease 2019
(COVID-19).30 Li et al51 reported that the incidence of osteonecrosis
among patients with severe acute respiratory syndrome who
received high cumulative doses and long treatment durations of
glucocorticoids was 32%. Considering the similarity between severe
acute respiratory syndrome and COVID-19 and the fact that
osteonecrosis has already been reported after COVID-19 and CS
treatment,51 clinicians must be aware of this condition in conva-
lescent COVID-19 patients with shoulder symptoms who received
CS treatment.

The natural progression of HHO related to CS treatment was
described by Hernigou et al in a cohort of 125 patients (215
shoulders).26 The delay between the beginning of the CS treatment
and the diagnosis of HHO averaged 15 months. Of the patients who
were initially asymptomatic, 74% developed pain, and collapse
occurred in 54% during the follow-up. Staging at initial visit,
occurrence of pain, and continuation of peak doses of CS therapy
predicted progression of disease in asymptomatic shoulders,
whereas in the symptomatic shoulders, extent and location of the
lesion were the main risk factors for progression.26

Although CS treatment is a risk factor for osteonecrosis, not
every patient receiving CS treatment develops osteonecrosis. Thus,
there is an increased body of evidence supporting the role of ge-
netic factors in the development of CS-induced osteonecrosis. To
date, at least 7 different gene polymorphisms have been proposed
as risk factors for the development of CS-induced osteonecrosis.48

One of these polymorphisms occurs in the ACP1 gene, a key regu-
lator of osteoblast differentiation.84 Polymorphism in the ACP1
gene has been associated with increased risk for osteonecrosis (ON)
and increased cholesterol levels in patients receiving high-dose CS
therapy.40 Polymorphisms in the GRIN3A and GRIK1 genes have
been associated with an increased osteonecrosis risk in indepen-
dent cohorts of children with acute lymphoblastic leukemia un-
dergoing high-dose CS therapy.37,85 These genes encode glutamate
receptor subunits, suggesting a role of the glutamate receptor
pathway in the pathogenesis of CS-induced osteonecrosis.37 In
addition, Sherief et al70 identified that factors strongly associated
with CS-induced osteonecrosis, such as older age (>10 years) and
lower levels of 25-hydroxy vitamin D, were associated with poly-
morphisms of the plasminogen activator inhibitor 1 and vitamin D
receptor genes. Given thatmost findings on genetic polymorphisms
have not been replicated in independent cohorts, pharmacogenetic
testing in clinical practice is not currently indicated. However, this
is a promising area of research that could help stratify osteonecrosis
risk in patients requiring long-term high-dose CS therapy.

Hemoglobinopathies

Sickle cell disease (SCD), thalassemia, and G6PD deficiency are
recognized hematological conditions that can induce osteonecrosis.
SCD is the most common hemoglobinopathy related to ON. Osteo-
necrosis pathophysiology in SCD consists of deformed blood cells
that obstruct the microcirculation of the humeral head leading to
microinfarcts.8 Milner et al evaluated the prevalence and incidence
of HHO in a cohort of 2524 patientswith SCDwhowere entered into
a prospective study and followed for an average of 5.6 years.54 The
prevalence of radiographic evident HHO was 5.6%, with little
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difference in age-adjusted prevalence among genotypes. However,
specifically at ages ranging from 5 to 24 years, there were striking
differences in HHO rates among genotypes, with the highest prev-
alence (3.25%) seen in patients homozygous for hemoglobin S (S/S
genotype). Patients with hemoglobin S/hemoglobin C (S/C) had a
prevalence ofHHOof 1.1%, andno S/betaþ thalassemiapatients aged
<25 years had HHO on entry. The natural course of symptomatic
HHO in adults with SCD was described by Poignard et al demon-
strating that untreated symptomatic HHO related to SCD has a high
likelihood of progressing to humeral head collapse (86%), and the
natural evolution in the long term requires surgical treatment for
61% of these patients.60 Furthermore, these authors found a higher
risk of disease progression in patients with S/S hemoglobin geno-
type, large lesion size (�36% of humeral head volume), medial or
posterior location of the lesion, and Stage II or greater.60

Alcohol

Alcohol triggers a pathophysiological mechanism similar to that
proposed for CS-induced osteonecrosis in which hyperlipidemia
results in subchondral fat embolization.34 Studies on osteonecrosis
of the hip have found a doseeresponse relationship between
alcohol intake and osteonecrosis. Consumers of 400-1000 mL and
�1000 mL of alcohol per week have a greater risk of ON (Relative
risk ¼ 9.8 and 17.9, respectively, P < .001) compared with
nondrinkers.53

In an in vitro study, Yu et al evaluated the role of adalimumab, a
tumoral necrosis factor alpha (TNF-alpha) inhibitor, in alcohol-
induced ON. These authors found an enhancement of the osteo-
genic activity with the use of adalimumab, thereby suggesting a
role of inflammatory cytokines (TNF-alpha and miR-31) in alcohol-
induced osteonecrosis.83 Nevertheless, further research is needed
before considering TNF-alpha inhibitors as a therapeutic option in
the clinical practice. The current recommended treatment in these
patients aims to reduce hyperlipidemia through dietary recom-
mendations and lipid-lowering drugs.33

Dysbarism (Caisson disease)

Dysbaric osteonecrosis (DON) appears typically in divers who
suffer a sudden change in pressure, which may result in intravas-
cular air embolism that can occlude smaller vessels.8 Prevalence of
DON among professional divers is highly variable, being higher in
countries such as Hawaii, Turkey, Korea, and Japan.76

A study conducted by Miyanishi et al found that plasminogen
activator inhibitor concentrations >38 ng/mL and a diving depth
>35 m were independent predictors for DON.55 Another study by
Gempp et al demonstrated that factors influencing the occurrence
of DON were age �40 years, body mass index >25.5 kg/m2, total
dive �40 minutes, delay to hyperbaric treatment >6 hours, and
residual symptoms over several days after discharge, sometimes
preceded by worsening of pain during recompression.

Gaucher’s disease

Type 1 Gaucher’s disease, an autosomal recessive disease caused
by a deficient activity of B-glucocerebrosidase, induces accumula-
tion of glucocerebroside in macrophage lysosomes. The patho-
physiology leading to osteonecrosis in Gaucher’s disease is not
completely understood, but there is a compromise of the bone
marrow with obstruction of small vessels that finally leads to
ischemia. The presence of anemia (odds ratio, 1.59; confidence in-
terval 95%, 1.06-2.38; P < .05)43 and splenectomy (odds ratio, 10;
confidence interval 95%, 1.7-58.4; P < .01) have been described as
risk factors for osteonecrosis in this patient population.65
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Idiopathic osteonecrosis and other etiologies

In some cases, the direct cause of osteonecrosis cannot be
determined and is classified as idiopathic. A significant association
has been reported between idiopathic osteonecrosis of the femoral
head in adults and the presence of either factor V Leiden or pro-
thrombin 20210Amutations.3 However, no study has evaluated this
association in patients with idiopathic osteonecrosis of the humeral
head. Postoperative HHO has been reported after arthroscopic
d�ebridement and rotator cuff repair in patients with no known risk
factors for osteonecrosis.9,17 Other uncommon etiologies of atrau-
matic HHO reported in the literature include fat embolism sec-
ondary to pancreatitis,36 hypofibrinolysis and thrombophilic state
induced by estrogen excess in pregnant women,2,15 smoking,53

chemotherapy (bevacizumab),45 and radiation exposure.52 Pa-
tients with systemic lupus erythematosus (SLE) are at greater risk
for developing osteonecrosis, and SLE has been considered an in-
dependent risk factor for osteonecrosis.71

In conclusion, although several risk factors and etiologies have
been described for osteonecrosis, several aspects of the patho-
physiology of this condition remain unclear. CS use is by far the
most common cause of atraumatic HHO, and an active surveillance
for HHO in patients under high-dose CS regimes is warranted,
especially in those patients who develop hip or knee osteonecrosis.
Children with acute lymphoblastic leukemia or lymphoma and
adult patients with SLE under CS treatment are populations at
higher risk of osteonecrosis, and thus, a higher index of suspicion is
recommended in patients with these conditions and shoulder
symptoms. Progression of CS-induced HHO is almost inevitable,
and a high proportion of patients develop symptoms and collapse,
requiring surgical treatment. Research on the role of gene poly-
morphisms and inflammatory cytokines in the development of
osteonecrosis is promising and holds exciting potential as targets
for pharmacological interventions to prevent disease presentation
and progression.

Clinical assessment

The clinical evaluation should begin with a thorough history to
identify risk factors for osteonecrosis that facilitate the diagnosis
and to clarify the presence and severity of symptoms, including
pain and limitations in activities of daily living. HHO may occur at
almost any age, with an average age at diagnosis of 46 years.47

Patients with HHO usually present with poorly localized intermit-
ting deep shoulder pain that radiates down to the elbow. Range of
motion (ROM) is not severely compromised until final stages of
HHO when collapse and articular incongruity are present. Other
findings in the physical examination may include mild to moderate
pain at 60 degrees of abduction or 90 degrees of forward flexion as
the diseased part of the humeral head comes into contact with the
glenoid20 and a painful click due to joint irregularity or intra-
articular loose bodies.18 Bicipital tendinitis because of loose
bodies inside the bicipital tendon sheath has been reported as an
infrequent form of presentation of HHO.80

A high index of suspicion is required, as there are no specific
clinical findings for HHO. In addition, a good proportion of patients
may be clinically asymptomatic despite advanced staging of the
disease.

Radiographic staging and prognosis

Radiographic assessment of the shoulder is essential to diagnose
HHO and to stage disease progression. Staging is critical in HHO, as
treatment is mostly dictated by disease progression and severity.
Radiographs should include anteroposterior, true anteroposterior,



Figure 1 Illustration and MRI findings of the stages of progression of osteonecrosis of the humeral head according to Cruess. (A) Stage I, preradiological stage characterized by a total
absence of radiological changes. MRI findings include small focal lesion with a hyperintense signal abnormality in T2 weighted sequences. (B) Stage II, the curvature of the humeral
head is maintained with radiologic signs of repair, including diffuse osteoporosis and mottled sclerosis. MRI findings include bone marrow signal abnormality and the double-line
sign: a bright line (granulation tissue) and dark line (necrosis and sclerosis). (C) Stage III is defined by the presence of classical radiographic sign of osteonecrosis “the crescent sign.”
This stage represents collapse of the subchondral bone. MRI findings include the crescent sign and associated bone marrow signal abnormality. (D) Stage IV is characterized for
extensive collapse of the subchondral bone and severe deformity of the humeral head because of superior flattening. MRI findings include flattening of the humeral head and
narrowing of the articular space. (E) Stage V shows pathologic changes in the glenoid in addition to the changes seen in Stage IV. MRI findings include severe humeral head collapse,
glenoid cartilage wear, and osteoarthritic changes.
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Y-scapular, and axillary views of the affected shoulder. A 40� pos-
terior oblique view in internal and external rotation may be useful
as well.20,22 The Cruess classification system7 is themost commonly
used staging system for HHO. This classification system is based on
progression to collapse and categorizes disease progression from
Stage 1 in which no radiographic changes are observed to Stage V,
in which humeral head collapse and glenoid involvement are pre-
sent (Fig. 1). While widely used, there are some concerns with the
Cruess classification, including the fact it was described more than
40 years ago with few studies assessing its validity and that it was
not intended to guide treatment.6,7 As a result, a more recent
simple radiological staging system of HHO based on radiological
findings and the Association of Research Circulation Osseous
principles was proposed.5 This system divides the disease into
stages 0 to 4: Stage 0 (all images normal), Stage 1 (radiograph and
computed tomography normal, MRI abnormal), Stage 2 (radio-
graphic evidence of sclerosis, osteolysis, and focal porosis but
spherical outline of head intact), Stage 3 (subchondral collapsewith
preservation of joint space), and Stage 4 (advancing joint destruc-
tion due to secondary osteoarthritis and loss of joint space). Despite
the potential advantages of this simplified system, no further
studies have incorporated its use, and the Cruess classification re-
mains to be used as the preferred classification system in HHO
studies.

Although radiographs are the initial imaging study and are the
primary tool used to stage disease, MRI is themost sensitive tool for
diagnosing osteonecrosis especially among early-stage cases with
normal radiographs. Typical MRI findings of osteonecrosis include a
“band-like” sign (seen as a low-intensity lesion in T1-weighted
images and high intensity in T2), humeral head and bone marrow
signal abnormalities, double-line sign, and subchondral
280
fracture.11,28,49 Bone scintigraphy has poor sensitivity and is not
recommended for the diagnosis of HHO.57

MRI is not only useful for the diagnosis of HHO, but it may be
useful to establish prognosis. Lesion extent and location as evalu-
ated on MRI have been found as good predictors of osteonecrosis
progression in symptomatic patients.26,60 Different methods have
been described to measure lesion extent on MRI. Hernigou et al26

proposed to measure the percentage of the humeral head
involved in the lesion by calculating the ratio of the volume of the
lesion in relation to the volume of the humeral head considered as
1/2 of a sphere. The extent of involvement is graded as A indicating
mild (<15%), B as moderate, and C as severe (>30%; as described by
Steinberg et al75 for ON of the hip) according to the percentage of
extent of the lesion in the humeral head. Using this method, Her-
nigou et al found that lesions B or C and posterior and medial le-
sions were at significantly higher risk of progression.26 Another
technique to quantify lesion extent on MRI was described by Sakai
et al66 using the necrotic angle. The necrotic angle was measured
both in mid-oblique-coronal andmid-oblique-sagittal planes as the
angle formed between the center of the humeral head and the 2
endpoints of the necrotic lesion on the joint surface. The lesions
with initial necrotic angles of more than 90� onmidoblique-coronal
images and midoblique- sagittal images more often progressed to
collapse than those with smaller angles.66

In conclusion, radiographic and MRI evaluations are pivotal for
diagnosis, treatment selection, and prognosis. Radiographs are the
most useful tool for disease staging and guiding treatment, whereas
MRI is the most sensitive test for diagnosing early-stage disease,
screening high-risk patients, and establishing prognosis in terms of
disease progression in patients in whom clinical observation and
conservative treatment are chosen.
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Treatment

The goals of HHO treatment are to improve shoulder function,
decrease pain, and avoid progression of osteonecrosis. Conservative
treatment can be effective in Stages I and II, especially when
symptoms aremild.When clinical and radiographic progression are
evident, joint preserving procedures such as arthroscopic
d�ebridement and core decompression (CD) are preferred.67 More
invasive surgical techniques such as resurfacing, hemiarthroplasty
(HA), and total shoulder arthroplasty (TSA) are reserved for more
advanced stages (III, IV, or V). Nevertheless, in elderly patients with
end-stage ON and low functional demands, conservative treatment
remains a feasible option.

Conservative treatment

High-level evidence on pharmacological treatment of HHO is
lacking. Conservative interventions include physical therapy,
nonsteroidal anti-inflammatory drugs, and activity modification to
decrease the risk of collapse. In addition, in patients with CS-
induced HHO, a careful evaluation of indication, dose, and dura-
tion of CS treatment should be performed to decrease the dose and
duration to the greatest possible extent. In cases where high-dose
CS therapy is imperative, the use of statin therapy has been sug-
gested to decrease the risk of osteonecrosis.61 Early-stage osteo-
necrosis promptly treated with conservative treatment may reduce
the risk of disease progression.

Mesenchmal stromal cell therapy is a novel conservative treat-
ment that may have a role in the treatment of patients with
osteonecrosis. Favorable outcomes in terms of decreased pain and
prevention of articular collapse after MSC therapy have been
demonstrated in patients with hip osteonecrosis16 and patients
with posttraumatic shoulder osteonecrosis when used at the time
of CD.27 Despite these good results, the body of evidence for this
intervention is veryweak, and thus, its routine use for patients with
HHO may not be recommended. Similarly, the evidence on the
effectiveness of hyaluronic acid injections in shoulder osteonecrosis
is merely anecdotal,81 and therefore, there is a lack of evidence to
recommend its use in this patient population. Further research is
needed before recommending the routine use of these therapies.

In conclusion, conservative treatment is the first line of treat-
ment for most patients with atraumatic HHO. However, conserva-
tive interventions are limited, and their effectiveness to decrease
the risk of disease progression is limited. Future research should
focus on a better understanding of osteonecrosis pathogenesis to
identify potential pharmacological targets thatmay prevent disease
presentation and progression.

Surgical treatment

Surgical treatment strategies are chosen based on the integrity
of the joint surface and the subchondral bone. Traditionally, HHO is
managed with joint preserving procedures in Cruess stages I and II,
whereas Stages III through V require more invasive treatment such
as shoulder arthroplasty.

Preoperative clinical conditions such as mild to moderate pain,
preserved ROM, and minimal delay to surgery are associated with
favorable postoperative outcomes. In contrast, patients with post-
radiation osteonecrosis demonstrated worse postoperative
results.52

CD and bone grafting

Core decompression aims to reduce intraosseous pressure and
restore normal circulation to the humeral head. The goal of this
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procedure is to delay arthroplasty in young patients with HHO,
improve ROM, and reduce pain. The success rate of CD decreases as
disease staging increases, and therefore, CD is recommended in
Stages I, II, and III with minimal subchondral fracture.13,21,46,56 La
Porte et al reported the results of CD in 63 shoulders with a follow-
up of 10 years and documented successful outcomes in 94%, 88%,
70%, and 14% in Stages I, II, III, and IV, respectively.46,56 Harreld et al
first reported the use of a small pin diameter (3.2 mm) technique
for Stages I and II HHOwith an improvement in the functional UCLA
score from 14 to 27 points and a significant clinical improvement in
terms of function and pain.21 In a case series of 25 shoulders with
atraumatic HHO, Kennon et al reported the results of CD in 8 pa-
tients with Stage I or II.42 Of these, 7 patients (88%) progressed to
Stage III and required additional surgical treatment. Furthermore,
L’Insalata et al concluded that CD was not effective in preventing
progression in Stage III ON.47 Kawamura et al39 and Inoue et al32

reported the use of vascularized scapular grafts after drilling in a
27-year-old man with HHO Stage II and a 17-year old woman with
HHO Stage III, respectively. At the final follow-up, both patients
were pain free and had full ROM. Although these cases demon-
strated satisfactory results, the use of these techniques is limited to
case reports, and the reproducibility of the surgical technique and
clinical outcomes should be demonstrated in further studies,
including a larger population of patients. Furthermore, it remains
unclear what is the ideal candidate for this procedure and what
patients benefit from vascularized grafts in addition to drilling.
Arthroscopic treatment

The first arthroscopic procedure for AOHH was reported by
Hayes in 1989.24 Arthroscopy is a joint preserving procedure that
delays more invasive methods, limits soft tissue damage and sur-
gical time, and leads to a faster recovery. Although arthroscopic
management was initially used to perform d�ebridement, syno-
vectomy, and loose bodies removal, currently, it is also used to
assist with drilling (CD) and bone grafting.

In 2000, Hardy et al19 performed arthroscopic d�ebridement,
synovectomy, and removal of loose bodies in a 37-year-old woman
with bilateral AOHH (right shoulder Stage III and left shoulder Stage
IV). At the final follow-up, the Stage III shoulder was asymptomatic
and had better ROM than the Stage IV shoulder, which remained
symptomatic.

CD assisted by arthroscopy was reported by Dines et al10 in 3
patients and by Kircher et al44 in 1 patient; all these subjects had
Stage II AOHH. At the final follow-up, 3 of the 4 patients were pain
free, whereas one patient in the study by Dines et al remained
symptomatic. Heid et al25 treated a youngmale with Stage III AOHH
with arthroscopic assisted drilling and bone grafting. The authors
covered the humeral head defect with an autologous bone graft
(iliac crest) plus a bone morphogenetic protein (BMP 7). At 2-year
follow-up, the patient had full integration of the bone graft,
remained pain free, and had complete ROM.
Resurfacing arthroplasty

Resurfacing of the humeral head has gained increased attention
because of its capacity to conserve native anatomy parameters
associated with good functional results. In 2009, Uribe et al77

published a prospective study of patients with traumatic (n ¼ 6)
and atraumatic (n ¼ 6) ON of the humeral head Stages III, IV, or V
treated with partial humeral head resurfacing, showing significant
improvements in ROM and pain scores (P < .001). In addition, Raiss
et al compared the results of cementless resurfacing arthroplasty
between atraumatic (n ¼ 9) and traumatic (n ¼ 8) ON of the



Figure 2 Proposed treatment algorithm for atraumatic osteonecrosis of the humeral head (AOHH). HA, hemiarthroplasty; TSA, total shoulder arthroplasty; MSC, mesenchymal stem cells.
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humeral head and observed significantly higher clinical results in
the atraumatic group at 3-year follow-up.62

Resurfacing arthroplasty in AOHH has shown better functional
results and patient-reported outcomes when compared with other
etiologies.50,73 Levy et al50 performed 54 resurfacing arthroplasties
in patients aged <50 years with glenohumeral arthritis, of which 16
were AOHH cases. After 14-year follow-up, AOHH patients
improved the mean age- and sex-adjusted Constant score from 12
points preoperatively to 75 points after surgery; also, AOHH was
the group with the highest patient-reported outcomes when
compared with other etiologies. Allen et al1 performed 9 inlay
hemiarthroplasties (partial resurfacing) in patients with amean age
of 47 years and AOHH Stage II-IV. Significant improvement was
observed in patient-reported outcomes (ASES, P ¼ .01; VAS pain,
P ¼ .009), forward elevation (P ¼ .012), and external rotation
(P ¼ .007) at 7.2 years follow-up.

Revision rates after resurfacing arthroplasty for AOHH vary be-
tween 11% and 37.5%.1,73 Preoperative factors associated with fail-
ure were glenoid erosion (P ¼ .001) and rotator cuff tear (P ¼
.0017).73 A better understanding of the optimal candidates for
resurfacing arthroplasty can decrease the revision rates currently
reported. Based on the current evidence, resurfacing arthroplasty
can be considered in young patients with advanced stages of AOHH,
acceptable bone stock (>60%), minimal glenoid erosion, and no or
minimal rotator cuff involvement.

Hemiarthroplasty and total shoulder replacement arthroplasty

There are no standardized criteria to choose between HA and
TSA in patients with advanced AOHH. Decision-making depends on
several factors, such as patient age, activity demands, radiological
stage, and intraoperative findings. Nonetheless, the orthopedic
surgeon’s expertise and judgment should determine treatment
selection.

Most of the published studies have not found significant dif-
ferences in clinical outcomes between HA and TSA for
AOHH.12,13,64,74 Both TSA and HA have demonstrated satisfaction
rates over 80% in mid-term and long-term follow-up studies.52,68 In
a case series by Schoch et al,68 the authors reported on 67 HA and
71 TSA for AOHH, documenting significant improvement in ROM
(P < .001) and pain (P < .001) in both groups. However, there was a
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higher active elevation in the HA than in the TSA group (P < .04). In
this study, the authors chose between HA and TSA based on
intraoperative findings; when four-fifths or more of the glenoid
area were covered with cartilage, HA was performed. Meanwhile,
TSA was considered in patients with severe glenoid wear or hu-
meral head subluxation into the deficient glenoid area. In general,
hemiarthroplasty is recommended when glenoid wear is minimal
or nonexistent; total shoulder arthroplasty is generally recom-
mended when both humerus and glenoid are involved.

Ristow et al64 reported the mid-term results (3.9-year mean
follow-up) of 29 shoulders with osteonecrosis of the humeral head
treated either with HA or TSA (19 HA and 10 TSA) and reported
statistically significant improvement in all 4 functionality measures
(P < .01). There were no significant differences in patient-reported
outcomes, ROM, or revision rates between treatment methods.64

Smith et al reported the results of 31 patients with CS-induced
AOHH who were treated with HA. Of the 31 patients, 14 reported
unsatisfactory results because of persistent pain and lack of
abduction (<90�).72 Interestingly, of these 14 failed cases, 7 had
thinned glenoid cartilage (>50%) in preoperative radiographs, and
this may have influenced the unsatisfactory results.

A caveat in patients with high-stage CS-induced AOHH under-
going either HA or TSA is the poor bone stock in the calcar region
that may increase the risk of intraoperative fracture.59,64 Although
press-fit stems may be used, caution is advised when reaming the
humeral canal. In some studies, cemented stems were preferred to
avoid this potential complication.59,64,68

In conclusion, although high complication rates remain a pri-
mary concern, the different surgical treatments for the manage-
ment of AOHH have an overall success rate >70%.13 These surgical
procedures allow patients to perform basic daily activities with
minimal pain, thereby improving their quality of life. Surgical
treatment is mainly guided by disease staging and treatment, and
based on the current available data, a treatment algorithm is pre-
sented in Figure 2.

Conclusion

Patients with AOHH are usually asymptomatic, and therefore,
early-stage diagnosis is rare. Thus, patients with risk factors may
benefit from screening methods, such as MRI of the most
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commonly affected joints. When AOHH is diagnosed, patient
symptoms, age, functional demands, and radiographic staging are
crucial to decide between conservative treatment and surgery. If
conservative treatment fails to limit AOHH progression, more
aggressive methods may be necessary. CD guided by fluoroscopy
with or without bone grafting is a reasonable option for patients in
the early stages. Shoulder arthroplasty should be reserved for pa-
tients with advanced AOHH.
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