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Knee osteonecrosis is a debilitating progressive degenerative disease characterized by
subchondral bone ischemia. It can lead to localized necrosis, tissue death, and progressive
joint destruction. For this reason, it is essential to diagnose and treat this disease early to
avoid subchondral collapse, chondral damage, and end-stage osteoarthritis, where the

only solution is total knee arthroplasty.

Three types of knee osteonecrosis have been documented in the literature: spontaneous
or primitive, secondary, and post arthroscopy. Spontaneous osteonecrosis is the most
common type studied in the literature. Secondary osteonecrosis of the knee is a rare
disease and, unlike the spontaneous one, involves patients younger than 50 years. It
presents a particular set of pathological, clinical, imaging, and progression features. The
management of secondary osteonecrosis is determined by the stage of the disorder, the
clinical manifestation, the size and location of the lesions, whether the involvement is
unilateral or bilateral, the patient’s age, level of activity, general health, and life
expectancy. This review aims to present the recent evidence on treatment options for
secondary osteonecrosis of the knee, including conservative treatment, joint preserving

surgery, and knee replacement.

1. INTRODUCTION

Osteonecrosis is a relatively common degenerative disease.
It is characterized by the death of the cellular components
of the subchondral bone due to ischemia, which can lead
to devastating, progressive destruction of various joints.1=3
The most significantly affected joints are the hip, the knee,
the shoulder, and the ankle; however, the disease can affect
certain other small bones (e.g., metatarsal bone, semilunar
bone, etc.).3

Firstly described by Ahlbdck in 1968, knee osteonecrosis
is nowadays classified into three types: primary, sponta-
neous or idiopathic osteonecrosis (SONK), which appears
in patients without any risk factors, secondary osteonecro-
sis (SON), which is associated with recognized, predispos-
ing conditions such as steroid use, alcohol excess, obesity,
chemotherapy, dialysis, organ transplantation and other
general diseases (e.g., sickle cells anemia, systemic lupus
erythematosus, liver disease, dysphoric disease, etc.), and

post arthroscopy osteonecrosis, which arises as a result of
chondral damage during knee arthroscopy.4-10

The incidence of knee SON is approximately 90% less
than that of the hip.8 SON occurs predominantly among
females and is typically associated with the epiphysis, the
metaphysis, and the diaphysis of a particular condyle. Both
femoral condyles can be affected. The lateral femoral
condyle is associated with up to 60% of cases, either inde-
pendently or with the medial femoral condyle.# The tibia
plateau may be affected in approximately 20% of cases;
SON can have multiple localizations, and both knees are
involved in 30-80% of cases.* Multifocal osteonecrosis
(MFON) is a disorder that affects three or more different
anatomic sites simultaneously or in a series.3

Unlike spontaneous osteonecrosis, SON generally man-
ifests in young people under 50 and presents particular
anatomopathological, clinical, imaging, and progression
features.”
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The management of SON is limited by problems con-
cerning the true etiology, the diagnostic tools (especially
in the early phases), the effectiveness of the conservative
treatment and the joint conservation surgery, as well as the
choice of arthroplasty (e.g., uni-compartmental, total, stem
use, etc.). In the early phase, its management is conserva-
tive. However, in the case of patients who would not ben-
efit from such a therapy, surgical management is recom-
mended.”~11

In light of these considerations, the main question is
the choice of the appropriate treatment based on the pa-
tient characteristics and the phase of the disease. There-
fore, this narrative review aims to evaluate the medical and
surgical options for the treatment, focusing on the early
stage of the disease. This is intended to avoid the pro-
gression of the degenerative condition with subchondral
collapse and knee osteoarthritis, particularly among young
people, which would require joint replacement.

2. METHODS

PubMed/MEDLINE was searched between January 1, 2000,
and December 31, 2020, using a combination of the follow-
ing keywords: secondary osteonecrosis, knee, aetiopatho-
genesis, diagnosis, management, and treatment. The most
recent and relevant studies investigating the diagnostic
tools and therapeutic strategies for the management of SON
were reviewed. In addition, a manual search was carried out
to retrieve other articles which met the inclusion criteria
that the initial search strategy had not identified. The non-
English studies, those relating to spontaneous and post
arthroscopy osteonecrosis, and reports concerning other
joints were excluded from this narrative review.

3. AETIOPATHOGENESIS

The etiopathology of knee SON is similar to that of the hip
and shoulder.8 SON is related to several direct and indi-
rect factors (Table 1), which may lead to the impairment of
bone blood circulation. The actual pathogenesis, however,
remains largely undefined.®~!2 The possible mechanisms
are the restriction or occlusion of the blood supply, direct
tissue injury, and increased intraosseous pressure. Indirect
factors include alcohol abuse, smoking, obesity, and cor-
ticosteroid use. Natural factors include hemopoietic disor-
ders (e.g., sickle cell disease, etc.), myeloproliferative dis-
ease, Gaucher disease, dysbarism disorders, systemic lupus
erythematosus, and other particulars diseases for which
long-term corticosteroid treatment is prescribed.13-16 Cor-
ticosteroid use and alcohol excess are the two most signifi-
cant risk factors in the case of SON.16

The exact mechanism of the pathogenesis is un-
clear.17-21 Recent research indicates that several factors
(i.e., corticosteroids, alcohol, etc.) cause adipose cell en-
largement in the bone marrow, leading to increased intra-
osseous pressure, resulting in bone ischemia.l4 Further-
more, other conditions associated with osteonecroses, such
as myeloproliferative disorders and glycogen storage dis-
eases like Gaucher’s, may be explained by this theory. Risk
factors, such as cigarette abuse, coagulopathies, and sickle

Table 1. SON Risk Factors.

Indirect Causes

e Corticosteroid

e Alcohol excess

e Smoking

e Obesity

Direct Causes

e Haematologic diseases (sickle cell disease, myeloproliferative disorder,

thalassemia)

e Coagulopathies (thrombophilia, hypofibrinolysis)

e Caisson’s disease

e Chemotherapy

e Cushing’s syndrome

e Diabetes

e Gout

e Inflammatory bowel disease (Crohn’s disease, etc.)

e Liverdisease

e Gaucher disease

e Organ Transplantation

e Rheumatoid arthritis

e Radiation

e Systemic lupus erythematosus

e Tumors

cell disease, may cause vaso-occlusive effects.!3 In sickle
cell disease, hemolytic anemia, the deformable red blood
cell is more likely to bind to vascular walls, leading to vas-
cular occlusion.!8 In Caisson’s condition, the mechanism
may be a direct vessel occlusion due to nitrogen gas emboli,
directly correlated to the depth of dive, the amount of time
under pressure, the rate of descent, and the inappropriate
decompression procedure. A genetic predisposition towards
osteonecrosis may be present, but no correlation has been
found.3

4. DIAGNOSIS
4.1. CLINICAL MANIFESTATION

In more than 60% of patients, the onset of symptoms is pro-
gressive, with moderate pain occurring under joint stresses
(e.g., weight-bearing, etc.). The pain can be localized in the
medial, lateral, or both condyles and may be exacerbated by
palpation of the affected area.

Typically, patients are young, can have bilateral knee
pain, and, in some instances, a history of other joint dys-
function is present. With the progression of the disease,
the knee symptoms are exacerbated and can include pain,
swelling, and joint dysfunction. Knee deformity can also be
present.
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Figure 1. Secondary osteonecrosis of femoral lateral
condyle treated arthroscopically by debridement, bone
marrow stimulation and implant of scaffold. (A) X-ray
plain. (B) MRI image showing epiphysis involvement.
(C) Arthroscopic view of lesion. (D) Post-treatment
arthroscopic view.

4.2. IMAGING

The diagnosis is based on X-ray and magnetic resonance
imaging (M.R.L) examination.22-26 X-ray is helpful in the
advanced stages and for the monitoring of disease progres-
sion, while M.R.I. is the method of choice for early-stage di-
agnosis.zz‘25

Imaging investigations enable the diagnosis of SON and
identify the stage of the disease (Figures 1A and B). There
are several classifications for osteonecrosis, initially for the
more common osteonecrosis of the femoral head.22 The
categories are based on the trabecular pattern, the shape of
the particular area, the presence of subchondral collapse,
and the joint space narrowing. One of the most used clas-
sifications for knee osteonecrosis is the Fiat and Arlet X-
ray staging system, which divides knee osteonecrosis into
four types: type I (normal appearance), type II (the presence
of radiolucency surrounded by the sclerotic area, but the
condyle still having a normal curvature), type III (the com-
pany of crescent sign with subchondral bone fractures and
collapse), and type IV (the presence of failure and symp-
toms of degenerative, advanced osteoarthritis).> However,
it does not consider the size, location, and extension of the
necrotic area, and there is excellent variability of intra- and
interobserver interpretation.

M.R.L. is the gold standard of imaging in investigating
and understanding the bone and soft tissue features of SON
especially in the early stages. M.R.I. can present the char-
acteristics of multiple foci of bone marrow oedema with the

epiphysis and the diaphysis, which contrasts with SONK,
where the lesion is confined to the epiphysis.26 Bone mar-
row oedema indicates an osseous perfusion disorder and
can be related to an initial stage of osteonecrosis or a tran-
sient clinical condition not associated with osteonecrosis.

The disease-specific findings of SON are manifested by
a central area, surrounded by a serpentine-like lesion, with
a well-defined border of reactive bone; these findings have
a low signal on T1-weighted images and a high signal
T2-weighted, FS PD-FSE and STIR ideas.2” These features
are significant for secondary osteonecrosis diagnosis.28
Moreover, M.R.I. detects cartilage lesions, the presence of
loose bodies, and the associated intra-articular lesions (e.g.,
meniscal tear, etc.). M.R.I. can result in a negative diagnosis
in too early a stage; the optimal time to perform an M.R.L. is
between one and 3.5 months from the onset of knee symp-
toms.29

Bone scintigraphy has traditionally been the imaging
modality of choice for investigating and staging SON, espe-
cially in the early stages of the disease.30 However, accord-
ing to a study by Mont, in symptomatic cases of ON, bone
scanning detected just 37 (64%) of the 53 lesions, while
M.R.I. detected 100% of the lesions.® In selected cases,
computed tomography (C.T.) can be employed to confirm or
exclude the presence of articular surface collapse, and it’s
helpful for patients who cannot undergo MRI.30

5. TREATMENT OPTIONS AND CLINICAL
OUTCOMES

In the literature, there are few reports regarding the man-
agement of SON, which is based on the clinical manifesta-
tions, the stage, the extension of the necrotic area, whether
it is unilateral, bilateral, or multifocal, the grade of os-
teoarthritis, the age of the patient,

the level of activity, the general health, and one’s life ex-
pectancy.3513

For the management of SON several conservative and
surgical procedures have been proposed, with variable clini-
cal outcomes.® In a study by Boontanapibul et al., consider-
ing 164 knees with SON, the management was conservative
in 57% of cases, and joint preservation surgery and total
joint replacement were recommended in 20% and 23% of
cases, respectively.® Since SON. mainly affects young peo-
ple, conservative management and joint-preserving treat-
ments should be at the forefront of treatment options.31,32
Patients with advanced Stages 3 and 4 require surgical
treatment (Table 2). A delay in diagnosis and treatment can
lead to the collapse of the lesion, resulting in a joint disrup-
tion in the final stages.28

5.1. NONSURGICAL TREATMENT

Conservative treatment is recommended at Stages 1 and
2 of osteonecrosis and in small lesions.31:32 Conservative
treatment includes lifestyle modification, pharmacological
therapy (analgesic, non-steroid anti-inflammatory drugs
(NSAIDs), bisphosphonates, prostaglandin agents, etc.),
physiotherapy (extracorporeal shockwave therapy and
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Table 2. Treatment of SON.

Management Stage Type of Treatment
Non surgical 192 Protected weight bearing, medication (NSAIDs, bisphosphonates, prostaglandin agents, etc.),
treatment ’ physiotherapy (extracorporeal shockwave, pulsed electromagnetic, etc), HBO.
. -1,2 Arthroscopy, debridement, drilling, bone graft (autologous, allogenic), osteochondral autologous
Joint ; >
. -Small transplantation, autologous chondrocyte transplantation, MSC.
preservation .
surgery lesions
stage 3
Joint 34 Unicompartmental knee arthroplasty, TKA.

arthroplasty

pulsed electromagnetic field therapy), and hyperbaric oxy-
gen (HB0O).33-38

Lifestyle modification includes protected weight-bearing
and strength exercises for the quadriceps and gluteus.3
Analgesics and NSAIDs relieve the pain associated with
avascular necrosis and maintain joint motility in the initial
observational period. NSAIDs reduce swelling and inflam-
mation in the soft tissues surrounding the joint.33

Bisphosphonates are a class of medication that includes
alendronate, ibandronate, and others widely used in clinical
practice to treat osteoporosis and osteolysis in cases of
bone tumors. Bisphosphonates promote the reconstruction
of subchondral fractures and the prevention of further ag-
gravation, resulting in improving symptoms and imaging
appearance.3%35

Iloprots (PGI2) is a vasoactive prostaglandin analogue
drug that is generally used to treat peripheral angiopathy,
pulmonary hypertension, and organ transplantation. In ad-
dition, it is employed in managing bone marrow oedema
and in the early stage of avascular osteonecrosis, involving
different localizations in the body.3¢ Iloprost caused va-
sodilatation and increased blood flow, which facilitates mi-
crocirculation. Nevertheless, the short-term outcome is
promising. ClafRen shares the results of 136 avascular os-
teonecroses of different joints in 108 patients treated with
iloprost, with 74.8% reporting significant subjective im-
provement without irreversible side effects.36 Total total
joint arthroplasty was needed in 71% of grade 3 patients
and 100% osteonecrosis grade 4 patients.

Several studies have shown the positive effect of bio-
physical stimulation on the proliferation of cells, the de-
velopment of extracellular matrix (E.C.M.), the apoptosis
of chondrocytes, and the control of inflammatory cy-
tokines.3%38 Marcheggiani Muccioli found that pulsed elec-
tromagnetic field stimulation substantially decreased knee
pain and the necrosis region during the first six months,
maintaining 86% of knees from prosthetic surgery at the
24-month follow-up.38

HBO therapy is used to increase tissue oxygenation and
perfusion of the ischaemic area.39~42 Aseptic bone necrosis
is approved as a recommendation for hyperbaric treatment
by the Undersea and Hyperbaric Medical Society.43 In the
early stages of SONK, a systematic review showed that HBO
could improve the clinical treatment effect in patients with
femoral head necrosis.42 Bosco presented good results after
30 sessions in patients with condylar femoral necrosis.4!

In the literature, there are no randomized trials that con-
firm the efficacy of conservative therapy in the management
of SON Furthermore, certain studies concern all types of os-

teonecrosis or only the more common SONK, and only a
limited number of studies have an adequate number of pa-
tients and have found long-term follow-ups to be conclu-
sive. Boontanapibul reported that in around 80% of patients
who underwent conservative treatment methods, SON had
progressed to advanced stages, requiring surgical interven-
tion.®

5.2. JOINT PRESERVATION SURGERY

Surgical treatment is a challenge, owing to the young age
of patients affected by SON.44 Since SON progresses to end-
stage disease, early surgical procedure is recom-
mended.4546 Joint preservation surgery is generally indi-
cated for symptomatic patients after the failure of
conservative treatment and in the absence of joint collapse
(Figures 1C and D). In select young patients with a small le-
sion, knee arthroplasty must be avoided even in the post-
collapse phase.3 The results of surgical treatment are sum-
marized in Table 3.

Joint preservation surgery can be performed using
arthroscopy, an open approach or a percutaneous technique
under fluoroscopic control. Joint preservation surgery in-
cludes debridement, drilling, microfractures, core decom-
pression, bone grafting, osteochondral autologous trans-
plantation or allograft, autologous chondrocyte
implantation, and the employment of mesenchymal stem
cell (M.S.C.) with possible use of the scaffold.

Arthroscopy is indicated in the early phase of the dis-
ease. The main arthroscopic procedures are debridement,
loose body removal, meniscal and chondral treatment, and
the employment of marrow stimulation techniques (i.e.,
Pridie drilling, microfractures, abrasion arthroplasty).

Bone marrow stimulation procedures are subchondral
perforation techniques aimed at releasing the marrow com-
ponents such as mesenchymal stem cells (M.S.C.), growth
factors, and other healing proteins to perform a super-clot
that will create an enriched environment for fibrocartilage
repair and new tissue development.4” The procedure of sub-
chondral drilling with microfractures is safe, simple, cost-
effective, and maybe a viable alternative for treating early-
stage SON in young patients before joint arthroplasty.
Akgun reported an improvement in the Lysholm score from
41 to 75 at a 37-month follow-up of 15 patients affected
by SON, with average defects’ size of 3.6 cm2 treated by
debridement and microfractures.4” The limit of microfrac-
tures in the extension of the diseases (i.e., depth, diameter,
etc.); however, in exceptional cases, the Pridie drilling can
be employed to reach the deep localisations better. More-
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Table 3. Results of surgical treatment of SON

Authors (year) Cases Type of Treatment Outcome Follow-up
Akgun?” 15 Microfractures Lysholm score from 41 pre-op. to 75 27 months
(2005) post-op.
Marulanda%8 . Good 92% 3years
(2006) 61 Percutaneous drilling (KSS>80)
49 .
g%rlt(z)) 08 Allogenic bone graft Good 82,1.KSS: 85,7 67 months
Nishitani>0 14 OATS IKDC from 32,9 pre-op. to 74,2 post-op. 14 years
(2020)
Goodman15 12 joint debridement and BMC Good 100%. KSS: 87 5years
(2015) grafting
Aydin4é 19 MACI ICRS from 28,3 pre-op. to 70,8 post-op. 60 months
(2020)
Daltro5? N Good 87%. KSS: 92,2 27,3
(2018) 45 BMC injection months
o016 . .
(I-ée(z)r{gou 60 30 TKA and 30 injection of MSC KSS: 80,3 for TKA KSS: 78,3 for MSC 12 years
Chalmers>2 5 UKA 20% free from any revision or 10 years
(2018) reoperation
Ollivers>3 90% survival 26 years
10 UKA
(2019)
Mont>4 95,8% survival 9 years
24 TKA ’
(2002)
Chalmers>3 93% survival 10 years
47 TKA
(2019)
Boontanabipul5é 32 TKA 92% survival 6 years

(2020)

Abbreviations: OATS = Osteochondral Autologous Transplantation. IKDC = International Knee Documentation Committee. BMC = Bone Marrow Concentrate. KSS= Knee Society Score.
ICRS = International Cartilage Repair Society. MSC = Mesenchymal Stem Cells. TKA = Total Knee Arthroplasty. UKA = Unicompartmental Knee Arthroplasty.

over, after bone marrow stimulation, implanting a scaffold
can help regenerate bone and cartilage; in literature stud-
ies, the combination of microfractures and scaffold aug-
mentation for osteochondral repair is a single-stage modal-
ity that is related to better outcomes compared with
microfractures alone.

Core decompression can be successfully employed in
knee osteonecrosis in the pre-collapse phase. Core decom-
pression aims to remove the necrotic area, reduce the in-
terosseous pressure, and restore adequate circulation in the
affected bone; this can delay the need for total knee arthro-
plasty (T.K.A.). In a systematic review among patients in the
pre-collapse phase, core decompression effectively treated
small osteonecrosis lesions and avoided further surgical op-
eration, with a failure rate of 10.4%.44 Small lesions have
better results. Marulanda, who studied 61 knees with SON.,
reported, at a three years follow-up, positive results after
using a decompression technique (small, multiple, percu-
taneous 3 mm drilling under fluoroscopic guidance) in 24
knees with small lesions, and in 86% of the 37 remaining
knees with extensive lesions.48

Core decompression can be associated with refilling the
drill hole and the defect area with a bone substitute, auto-
or allograft, or osteochondral transplantation. Bone graft-
ing procedures effectively treat patients affected by SON,
with and without knee joint collapse.? In some instances,
especially among obese patients, core decompression of the

femoral condyle by precise drilling while remaining extra-
articular is a challenge.8

Osteochondral transplantation has the advantage of re-
pairing both hyaline cartilage and subchondral bone and
can even be used in the post-collapse phase.’® The limit
is the extension of the lesion; in the case of small lesions,
this can be used in both the pre-collapse and post-collapse
stages.57 Autologous and osteochondral allografts can re-
duce the need for additional surgery. In literature studies,
autologous transplantation prevents joint arthroplasty in
young patients with SON. of the knee for at least the first
decade.* Matsusue reported good results in 94.3% of 25
patients affected by SONK and SON. treated with osteo-
chondral autologous transplantation at the 42-month fol-
low-up. %>

The limit of autologous osteochondral transplantation is
the size of the defect. Autologous chondrocyte implanta-
tion and M.S.C., combined with the scaffold, can be em-
ployed for large lesions.

Even with significant cartilage defects, two-stage autol-
ogous chondrocyte transplantation is an effective and safe
treatment option.>8 In patients with an associated bone de-
fect, the use of bone grafting or matrix-induced chondro-
cyte transplantation can benefit sizeable osteochondral re-
construction. The limit of this technique is the need to
use a two-stage procedure. Minas described the sandwich
technique for patients with deep osteochondral lesions and
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avascular necrosis.>® This procedure consists of the em-
ployment of autologous chondrocyte implantation, in ad-
dition to autologous bone grafting. He reported better re-
sults using the sandwich technique than only a bone graft
in patients with osteochondral lesions (87% vs. 54% at the
five-year follow-up). In 21 cases of osteonecrosis, secondary
to steroid use and treated with matrix-induced, autologous,
chondrocyte implantation in the knee, Aydin reported an
improvement of the International Cartilage Repair Society
(ICRS) score from 28.33 at the preoperative stage to 70.88 at
the mean follow-up of 72.4 months. In the 18 cases of os-
teochondritis dissecans, on the other hand, the result im-
proved from 29.75 to 87.58.46

In combination with tissue engineering therapy, cell
therapy and stem cell research play an important role in
regenerative medicine.51:59 Certain studies suggest that
M.S.C. represents a safe treatment for numerous degenera-
tive diseases.®0 M.S.C. can be bone marrow-derived or adi-
pose tissue-derived and rarely obtained from other sources.
S.O.N. can be treated by an intralesional injection or an
MSC-impregnated scaffold. The precise localization of the
injection can be administered under direct visualization or
ample scope control to restore the structure of the necrotic
bone. Kouroupis reported on the case of an 18-year-old fe-
male who was affected by ON secondary to systemic lupus
erythematosus (S.L.E.) and received successful treatment
on both knees under ultrasound guidance, with serial, local,
direct injections of autologous bone marrow aspiration con-
centrate (BMAC), obtained from the posterior-superior iliac
crest.6! In a prospective, randomized, and controlled clini-
cal trial, carried out on 60 knees of 30 patients affected by
bilateral SON and treated with T.K.A. in 30 knees and a sub-
chondral injection of bone marrow concentrate in the con-
tralateral knee, Hernigou reported similar positive results,
with fewer complications and quick recovery after a sub-
chondral M.S.C. injection.1®

M.S.C. represents the future of SON management, but as
for all joint conservative surgery, clinical trials are needed
to confirm the effectiveness of this treatment for secondary
osteonecrosis.

5.3. JOINT ARTHROPLASTY

Joint arthroplasty is generally recommended in cases of
phase three large lesions covering more than 50% of the
common, and in phase 4, with progressive degenerative
change and mutual destruction (Figure 2). The choice of ap-
propriate arthroplasty is based on local and general condi-
tions,>4—56,62-64

Uni-compartmental arthroplasty is a successful treat-
ment of SONK. However, unlike spontaneous osteonecrosis,
SON can involve epiphysis and diaphysis, and most of the
cases have bicondylar involvement. For this reason, high
tibial osteotomy and unicompartmental arthroplasty have
certain limitations.®2.63 The dates in the literature are con-
troversial and, in selected cases when the lesion is located
only in one compartment, unicompartmental knee arthro-
plasty should be considered. Ollivier found no survival rate
difference between primary and secondary osteonecrosis in
28 patients (primary in 19 knees and secondary in 10 knees)
who underwent unicompartmental knee arthroplasty at the

Figure 2. SON evolved into end-stage osteoarthritis.
(A) X-ray plain. (B and C) MRI image showing knee
osteoarthritis and involvement of epiphysis and
metaphysis. (D) Patient treated with TKA.

26-year follow-up.’3 Yang presents a case study of a
54-year-old woman who had a SON. of the lateral femoral
condyle successfully treated with fixed-bearing, lateral,
unicompartmental knee arthroplasty.®>  Conversely,
Chalmers found that unicompartmental arthroplasty for
S.0.N. was less durable at the middle-term follow-up.52

The treatment of choice for advanced-stage osteonecro-
sis is cemented total knee replacement, which restores joint
anatomy, relieves symptoms, and has good long-term out-
comes.>%56 To maximize prosthesis stability, early diag-
noses, strict indications, and effective surgical techniques
are essential.>>:%6 In a literature review, Myers66 found that
T.K.A. for SONK was associated with a better outcome than
T.K.A. for SON. and U.K.A. for SONK. However, Chalmers
recently reported a 93% survival rate for any revision at
the 10-year follow-up in 167 primary T.K.A.s for SONK and
S.0.N., with no risk factors related to S.O.N. present in 57
cases.>5

In cases of extended lesions, the use of a stem is rec-
ommended to guarantee good stability; moreover, based on
the extension of the lesions and the local and general fea-
tures of the patient, specific authors suggested consider-
ing the use of stem in combination with a wedge or hinged
arthroplasty.63:64 Recently, Boontanapibul reported an im-
plant survival rate of 92%, with a significant improvement
of symptoms at the 72-month follow-up in 32 cemented
T.K.A.s among patients treated for S.0.N., with a mean age
of 43 years; stem extension was used in 8% of cases and
constraint implants in 3% of cases.56
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Table 4. SON Characteristics.

e Theknee is joint affected most after the hip.

e Risk factors includes steroid use, alcohol abuse, and inflammatory dis-
eases.

e Young people, lateral femoral condyle.

e 80% bilateral, 80% multifocal.

e Mechanism is vessel occlusion.

e Extension to epiphysis and diaphysis.

e MRIisthe gold standard.

e Rxfor joint collapse and monitoring.

e Pre-collapse phase: conservative treatment and joint preserving
surgery are recommended.

e Post-collapse phase: joint arthroplasty.

6. CONCLUSIONS

SON is a rare disease with specific characteristics (Table 4).
It affects young people and may evolve to complete joint
destruction. Therefore, early diagnosis and treatment are
crucial for reconstructing the subchondral bone and pre-
serving the native articular cartilage until it collapses. The
choice of appropriate therapy is based on the phase of the
disease, the clinical manifestation, and the imaging appear-
ance (i.e., extension, diameter, localization, etc.).

The management of SON. aims to avoid the progression
of the disease and the onset of severe knee osteoarthritis.
The treatment in the early phase is conservative, with phar-
macological therapy, lifestyle modification, and physiother-
apy. The surgical management in the pre-collapse and se-
lected post-collapse of small lesions consist of joint
preservation with arthroscopic perforation, osteochondral
graft, regenerative surgery with the employment of scaf-

fold, and M.S.C. The limitations of our narrative review in-
clude the fact that there are only a limited number of avail-
able studies, each with a small number of cases, regarding
the management of the early phase of the disease; clinical
trials are needed to confirm the effectiveness of a particular
treatment. In the case of disease progression with the pos-
sible involvement of epiphysis, metaphysis, and diaphysis,
the final treatment is total knee replacement.
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