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Objective: To evaluate the use of subchondroplasty in the treatment of bone marrow lesions

in  an initial series of five cases.

Methods: The study included patients aged between 40 and 75 years old, with pain in the

knee for at least six months, associated with high-signal MRI lesion on T2 sequences, on

the  tibia or femur. Patients were assessed using the visual analog pain scale and the KOOS

score, one week before surgery and one, three, six, 12, and 24 weeks after the procedure.

Subchondroplasty was performed with a technique developed for filling the area of the bone

marrow lesion with a calcium phosphate bone substitute.

Results: The filling was performed on the medial femoral condyle in four patients and medial

tibial plateau in one case. The assessment by the KOOS score presented a preoperative

average of 38.44 points and 62.7, 58.08, 57.92, 63.34, and 71.26 points with one, three, six, 12,

and  24 weeks after surgery, respectively. In the evaluation by the VAS, the average was 7.8

points preoperatively and 2.8, 3, 2.8, 1.8, and 0.6 points over the same periods. All patients

were able to ambulate without additional support, on the first day after the procedure. One

patient had a minimal graft dislocation to the soft tissue, with local pain, which resolved

completely after a week.

Conclusion: The subchondroplasty technique provided significant improvements in the

parameters of pain and functional capacity in the short-term assessment.
©  2016 Sociedade Brasileira de Ortopedia e Traumatologia. Published by Elsevier Editora

Ltda. This is an open access article under the CC BY-NC-ND license (http://
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Objetivo: Avaliar o uso da técnica de subcondroplastia no tratamento das lesões medulares

ósseas em série inicial de cinco casos.

Métodos: O estudo incluiu pacientes entre 40 e 75 anos, com dor em joelho com pelo menos

seis  meses de duração, associada à ressonância magnética com lesão hipercaptante em

ponderação  de T2 na tíbia ou no fêmur. Os pacientes foram avaliados segundo a escala

visual analógica de dor (EVA) e pelo Knee Injury and Osteoarthritis Outcome Score (KOOS), uma

semana antes da cirurgia e uma, três, seis, 12 e 24 semanas após. A subcondroplastia foi

feita  com técnica desenvolvida para o preenchimento, guiado por radioscopia, da área de

lesão  óssea medular, com o uso de substituto ósseo em pasta à base de fosfato de cálcio.

Resultados: O preenchimento foi feito com sucesso em todos os casos, quatro no côndilo

femoral medial e um no planalto tibial medial. A avaliação pelo KOOS apresentou uma

média pré-operatória de 38,44 pontos e 62,7, 58,08, 57,92, 63,34 e 71,26 pontos com uma,

três,  seis, 12 e 24 semanas após a cirurgia, respectivamente. Na avaliação pela EVA, a média

foi  de 7,8 pontos no pré-operatório e 2,8, 3, 2,8, 1,8 e 0,6 pontos nos mesmos períodos.

Todos os pacientes conseguiram deambular, sem apoio adicional, já no primeiro dia após

o  procedimento. Um paciente apresentou mínimo extravasamento de enxerto para partes

moles, causou dor local que se resolveu completamente após uma  semana.

Conclusão: A técnica de subcondroplastia desenvolvida proporcionou melhorias significa-

tivas nos parâmetros de dor e capacidade funcional na avaliação de curto prazo.

©  2016 Sociedade Brasileira de Ortopedia e Traumatologia. Publicado por Elsevier

Editora Ltda. Este é um artigo Open Access sob uma licença CC BY-NC-ND (http://
Introduction

Osteoarthritis of the knee is currently accepted as a dis-
ease that affects the entire joint. It is interpreted as
a multifactorial process involving cartilage, bone, menis-
cus, ligaments, synovial tissue, and musculature; it is
difficult to define how much each of these factors con-
tributes to each case. Changes in subchondral bone are
currently recognized as an important factor in this arthritic
process.1,2

Bone marrow lesions (BMLs) characterized by increased
signal on T2-weighted sequences with fat suppression on
magnetic resonance imaging (MRI), known as bone edema
lesions, indicate a mechanically and histologically altered
subchondral bone. Such lesions have been related to pain,
joint surface deformation, and accelerated osteoarthritis
progression.3–6 Histological evaluations of these lesions
demonstrate that these are not edema areas per se,  but rather
a set of nonspecific changes involving fibrosis, medullary fat
necrosis, microfractures of the trabecular bone, and poor min-
eralization, confirming the hypothesis of areas of excessive
bone remodeling without the ability to form bone with normal
characteristics.7,8

Studies on natural history of arthritis demonstrate an
accelerated progression to total knee arthroplasty (TKA) in

9
patients with BML, who are up to nine times more likely to
undergo TKA in three years.10 There is therefore an interest in
therapies directed toward the subchondral bone that aim on
preserving the joint.
creativecommons.org/licenses/by-nc-nd/4.0/).

The use of sodium alendronate and strontium ranelate has
been investigated as an option, but the results regarding the
control of disease progression are divergent.11–14

Subchondroplasty consists of the application of a synthetic
bone substitute based on calcium phosphate in the BML  for the
treatment of lesions in which conservative treatment failed.
The goal is to improve the structural quality of the affected
subchondral bone and promote local bone remodeling, aiming
to prevent bone collapse and the progression of arthritis.15,16

Previous reports in the literature have demonstrated
the feasibility and applicability of the technique to
reduce pain and improve function, with a small risk of
complications.17 However, this is the first study to assess
the reproducibility of the subchondroplasty technique with
a different system and bone substitute, outside the United
States.

Thus, the authors present the evaluation of the initial
results of the treatment of BML with subchondroplasty, the
applicability and viability of the surgical technique in Brazil,
and the initial functional results.

Material  and  methods

This study was approved by the Institutional Review Board
under No. 859.206.

To be included in the study, patients had to be aged between

40 and 75 years, present knee pain for at least six months, and
have a magnetic resonance imaging indicating a hypercaptat-
ing lesion in T2-weighted fat suppression images, located in
the subchondral region of the tibial or femoral condyle (Fig. 1).
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Fig. 1 – Bone medullary lesion in medial femoral condyle,
with hypersignal on T2-weighted magnetic resonance
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Fig. 2 – Image of intraoperative radioscopy, with cannula
positioning in a lesion mapped using magnetic resonance

Results
mage.

The exclusion criteria were: autoimmune diseases, renal
isease requiring dialysis, osteoarthritis radiographically clas-
ified in the Kellgren–Lawrence system18 as greater than
rade 3, diversion of the mechanical alignment of the lower
imbs larger than 8 degrees, or radiographic alterations of the
atellofemoral joint associated with symptoms of anterior
ain in the knee.

MRI  images were analyzed using the iSite PACS server
Philips, Amsterdam, Netherlands). Lesions were mapped and

easured in the axial, coronal, and sagittal views to plan
he injection site and the trajectory of the cannula used for
he procedure. Radiographs using anteroposterior, profile, and
osenberg views of the knee and lower limb were performed
o classify the lesion according to the Kellgren–Lawrence clas-
ification and to assess lower limb alignment.

Patients were assessed one week prior to the procedure and
ne, three, six, 12, and 24 weeks after it, using the KOOS and
he visual analog scale (VAS) for pain.

escription  of  the  surgical  technique

fter mapping, patients underwent the subchondroplasty pro-
edure, which was performed under spinal anesthesia, in
n operating room, after conventional prepping techniques.
atients were placed on dorsal positioning on a radiolucent
able, with a cushion under the ipsilateral hip for better con-
rol of the external rotation of the limb. Another cushion was
lso positioned under the knee to be operated, aiding in the
ateral incidence of fluoroscopy and avoiding an overlap with

he image  of the contralateral knee. According to preoperative
lanning, the cannula entry point was demarcated with the
id of fluoroscopy in front and profile views. The cannula was
imaging.

then introduced, with fluoroscopy control, toward the previ-
ously determined center of the lesion (Fig. 2). Progression was
performed manually or with the use of a surgical mallet.

The paste bone substitute (graft) was then prepared until
it reached liquid/pasty viscosity, and subsequently injected
into the affected region. Through fluoroscopy, we  were able
to visualize the distribution of the product in the bone mar-
row, ensuring that the application followed the lesion mapping
(Fig. 3). Graftys HBS

®
(Graftys, Aix en Provence, France)

(ANVISA: 80517190001) was used.
The patients were hospitalized and discharged on the

first postoperative day. After the procedure, patients were
allowed to full weight bearing as tolerated, with free range
of motion. During hospitalization, patients received analgesia
with dipyrone 1 g intravenously every six hours combined with
tramadol 100 mg  intravenously every eight hours, on demand
if they indicated pain higher than 6 on VAS. After hospital dis-
charge, patients received analgesia with oral dipyrone 4 g daily
(1 g every six hours) for seven days.

Statistical  analysis

The quantitative values with normal distribution (parametric)
were analyzed by Student’s t-test; those with nonparametric
distribution were analyzed using the Mann–Whitney test.
Results presented are related to the initial sample of this
prospective study, which is still in progress.
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Fig. 3 – Image of intraoperative radioscopy, with
radiopacity after filling by subchondroplasty, in a region
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Fig. 4 – Mean visual analog scale (VAS) pain preoperatively
(pre) and one, three, six, 12, and 24 weeks after
mapped using magnetic resonance imaging.

Five patients were prospectively evaluated, four females
and one male, with a mean of 67.7 (±9.67) years; they pre-
sented pain in one knee for at least six months, after a
minimum of three months of conservative treatment without
improvement. All patients had a MRI  scan with a hypercap-
tating lesion in T2-weighted fat-suppression images in the
subchondral region of the tibial plateau or femoral condyles.

Filling with bone substitute was performed in the medial
femoral condyle in four patients and in the medial tibial
plateau in one case.

Three patients were radiographically classified as
Kellgren–Lawrence grade II and two grade patients as
grade I. None of the patients presented lesion or previous
surgery in the evaluated knee (Table 1).

Evaluation using the KOOS showed a mean total score in
the preoperative period of 38.44 points and of 62.7 (p < 0.05),
58.08 (p < 0.05), 57.92 (p < 0.05), 63.34 (p < 0.07), and 71.26
(p < 0.05) points at one, three, six, 12, and 24 weeks after
surgery, respectively. In the VAS assessment, mean was 7.8
points preoperatively and 2.8 (p < 0.05), 3 (p < 0.05), 2.8 (p < 0.05),
1.8 (p < 0.05), and 0.6 (p < 0.05) points in the same periods
(Fig. 4).
One of the patients had a minimal amount of graft
extravasated into the soft tissue, upon the introduction of the
cannula; local pain was observed for one week, and resolved

Table 1 – Detail of the cases that underwent
subchondroplasty: age, sex, laterality, lesion topography,
and Kellgren–Lawrence classification of the radiograph.

Patient Age Sex Side Topography of
the lesion

Kellgren-Lawrence

1 61 F R Femoral medial I
2 69 M L Tibial medial II
3 58 F L Femoral medial II
4 85 F L Femoral medial I
5 70 F R Femoral medial II
subchondroplasty.

completely after this period. The radiographic follow-up also
demonstrated a progressive resorption of the product, which
after six months of surgery was still partially identifiable on
radiography. No patient required additional procedures during
follow-up.

All patients were able to walk, without additional support,
on the first day after the procedure.

Discussion

The main finding of the present study was that patients who
underwent subchondroplasty showed a significant improve-
ment in functional capacity from the first week post
procedure, which persisted in the subsequent six months.
There was also a significant and quick pain improvement,
which also continued during the six months of follow-up.

Osteoarthritis is a disease characterized by wear of hyaline
cartilage; however, as this tissue does not have nerve pain
fibers, the cause of the pain is still not completely clear.19

Nonetheless, pain receptors are found in several other struc-
tures affected by the pathological process of osteoarthritis,
such as joint capsule, ligaments surrounding the knee, and the
peripheral portion of the meniscus. The periosteum and bone
marrow are also richly innervated by nociceptive receptors.4

Studies have shown that the presence of BML  in some
patients with osteoarthritis is associated with pain, disease
progression, joint deformation, and rapid progression to treat-
ment with arthroplasty.3,5,10

Calcium phosphate-based bone substitute has been used
primarily as a graft option in bone defects.20–22 For this
function, biphasic calcium phosphate ceramics show good
osteoinductive and osteoconductive results.23,24 Such proper-
ties may contribute to the balance of the bone mineralization
that was lost in the areas of BML, and may modify the course of
the disease. Unlike hydroxyapatite, which presents a very long
reabsorption time, the degradation of biphasic calcium phos-
phate ceramics is more  similar to that of autologous bone.25

Although not the central point of the present study, the

analysis of other factors that may be associated with the
presence of BML is paramount. For example, a careful assess-
ment of limb alignment may indicate the need to associate
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n osteotomy in order to reduce the overload of the affected
ompartment.

The present study demonstrated a simple and reproducible
urgical technique, which succeeded in its objective of inject-
ng calcium-phosphate-based bone substitute into BML  areas.
he only complication observed during the study, extrava-
ation of the bone substitute, did not lead to significant
onsequences for the patient. A significant reduction of pain,
ssessed by VAS, and KOOS improvement after subchon-
roplasty were also evidenced.

The small number of patients and the absence of control
roup are important limitations of the present study, which
eports an initial experience over a still short-term follow-up
eriod. A larger study, with a long-term follow-up, is under-
ay. Nevertheless, the present study is pioneering in the
evelopment and presentation of the surgical technique of
ubchondroplasty in the Brazilian literature.

onclusion

he developed subchondroplasty technique is safe, providing
ignificant improvements in pain parameters and functional
apacity in the short-term evaluation. Subocondroplasty may
e a new treatment modality for early stage osteoarthritis
hen an associated bone marrow lesion is present.
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