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Background: Bone marrow lesions (BMLs) are common subchondral defects revealed by magnetic resonance imaging (MRI) in
patients with osteoarthritis, often associated with pain and functional limitation. Subchondroplasty (SCP) is a relatively new
technique in which bone substitute material (BSM) is injected inside BML areas to provide structural support to the subchondral
bone, preventing its collapse and reducing pain.

Purpose/Hypothesis: The purpose of this study was to characterize changes in pain, functional and radiological outcomes,
conversion to knee replacement, and complications after SCP. We hypothesized that�70% of patients would achieve a reduction
in pain of �4 points on a numeric rating scale (NRS) at a 6-month follow-up after SCP.

Study Design: Case series; Level of evidence, 4.

Methods: Patients with symptomatic knee BMLs who underwent SCP were prospectively evaluated preoperatively and at 1, 6, 12,
and 24 months postoperatively. Functional outcomes were measured with the NRS for pain, Knee Society Score (KSS), Western
Ontario and McMaster Universities Osteoarthritis Index (WOMAC), and International Knee Documentation Committee (IKDC)
scores. Radiographs and MRI were performed preoperatively and at 6- and 12-month follow-ups to verify edema healing and
changes in bone structure.

Results: A total of 50 patients were included in the study. The mean follow-up was 26 months (24-30 months). Compared with
preoperative values, the mean NRS score decreased at every follow-up point (P < .0001 for all) and the IKDC, WOMAC, and KSS
scores improved significantly at 6- and 12-month follow-ups. At 6 months postoperatively, 27 patients (54%) registered a reduction
on the NRS of�4 points. Postoperative MRI revealed a hypointense zone surrounded by a hyperintense signal at the injection site.
Standard radiography showed osteoarthritis grade worsening in 4 (8%) patients. Knee replacement was performed in 11 patients
—in 7 patients due to the worsening or persistence of disabling symptoms and in 4 patients due to the progression of osteoarthritis.
The leakage of BSM occurred in 6 patients without any clinical consequences during the study period.

Conclusion: About half of the study patients achieved a reduction in the NRS of 4 points at the 6-month follow-up after SCP.

Registration: NCT04905394 (ClinicalTrials.gov identifier).

Keywords: bone marrow lesions; early osteoarthritis; knee; subchondroplasty

Subchondral bone marrow lesions (BMLs) have been
described in the knee, hip, clavicle, foot, and ankle of
patients with osteoarthritis (OA).17,22 They can be classi-
fied into 3 categories as follows: (1) reactive, which is
caused by an inflammatory process; (2) ischemic, which
is due to perfusion reduction; and (3) mechanical, which
is imputable to joint malalignment and meniscal or liga-
mentous injuries.1,26 They are commonly associated with
OA when physiologic subchondral remodeling fails due to

increased focal stress or reduced healing capacity of the
subchondral bone.7 Histologically, BMLs demonstrate
nonspecific changes, including edema, fibrosis, medullary
fat necrosis, trabecular bone microfractures, and poor
mineralization.11 Clinically, such lesions have been related
to pain, joint surface deformation, and accelerated OA
progression.13 Radiologically, they are rarely recognized
by standard radiographs and commonly characterized on
magnetic resonance imaging (MRI) by the presence of an
area of low signal intensity on T1-weighted images and
high signal intensity on T2-weighted images compared
with normal bone marrow in fat-suppressed T2-weighted
short-tau inversion recovery (STIR) and proton density
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sequences.13,27 The literature demonstrated that patients
with BMLs are 9 times more likely to undergo knee
replacement within 3 years than those without BMLs;
thus, interest is growing in treatment options directed
toward the subchondral bone that aim to preserve the
joint.24

Treatment of BMLs has historically focused on conserva-
tive management, including off-loading, physical therapy,
and anti-inflammatory drugs; however, these treatments
are usually burdensome and involve partial or nonweight-
bearing for a long period. BMLs are also treated by phar-
macological therapies such as prostacyclin,
bisphosphonates, or intra-articular hyaluronic injections
as well as core decompression and osteotomy. For more
severe BMLs that are unresponsive to conservative mea-
sures, subchondroplasty (SCP) has emerged as a potential
treatment to improve pain.8 The SCP procedure is a mini-
mally invasive, fluoroscopically assisted intervention that
fills subchondral bone defects with bone substitute material
(BSM), which is an engineered flowable osteoconductive
calcium phosphate mineral compound that mimics the
properties of cancellous bone and is resorbed and replaced
by new bone during the healing process.25 It is often per-
formed in conjunction with arthroscopy to improve the
accuracy of the desired injection site and to correct any
associated intra-articular pathologies (ie, degenerative
meniscal tears, loose bodies, chondral flaps, and synovitis),
if present.21 The goal of SCP is to improve the structural
quality of the affected subchondral bone and promote local
bone remodeling, aiming to prevent bone collapse and
arthritis progression.7

The purpose of this study was to characterize changes in
pain, functional and radiological outcomes, and conversion
to knee replacement, and complications after SCP. We
hypothesized that �70% of patients would achieve a reduc-
tion in pain of �4 points on a numeric rating scale (NRS)
at a 6-month follow-up. Furthermore, we evaluated the
prevalence of patients with a �2-point reduction in pain
NRS—the established minimal clinically important differ-
ence10 (MCID)—at a 6-month follow-up. The secondary out-
comes were functional improvement as well as any
osteoarthritic and BML changes at short- and medium-
term follow-ups.

METHODS

This prospective observational cohort study protocol was
approved by the regional ethical committee and was regis-
tered at ClinicalTrials.gov (Clinical Trials.gov ID
NCT04905394; May 26, 2021). We enrolled consecutive
patients with symptomatic knee BMLs resistant to nonop-
erative treatment who underwent SCP, and we prospec-
tively evaluated them up to 2 years after surgery. They
were selected according to the inclusion and exclusion cri-
teria listed in Table 1.

Preoperative Evaluation

Every patient underwent clinical assessment 1 week before
surgery using the NRS for pain,9 Knee Society Score
(KSS)6, Western Ontario and McMaster Universities Oste-
oarthritis Index (WOMAC),20 and International Knee Doc-
umentation Committee (IKDC)18 scores. Knee radiographs
and MRI (T1-weighted, T2-weighted, and STIR sequences)
were performed to evaluate the BML size and location and
knee OA, graded according to the Kellgren-Lawrence clas-
sification, and to exclude malalignment.12

Surgical Technique

SCP was performed under spinal anesthesia. Patients lay
supine on a radiolucent table with a cushion under the
ipsilateral hip to better control limb external rotation.
According to preoperative planning, the cannula entry
point was anteroposteriorly and laterally demarcated with
fluoroscopy. The BSM—an engineered calcium phosphate
mineral compound—was then prepared until it reached liq-
uid/pasty viscosity (Figure 1A). The fenestrated cannula
was then introduced toward the center of the BML in the
femoral lesion or the tibial lesion or both (Figure 1B). A
delivery syringe filled with the BSM was attached to the
back of the cannula and injected into the bone—an average
of 2 mL in the femur and 3 mL in the tibia. A trocar was
inserted into the cannula to push any remnants into the
bone, then after hardening of the BSM, the cannula was
removed (Figure 1, C-D). Finally, proper placing of the bone
substitute was confirmed using fluoroscopic imaging and
the incisions were sutured (Figure 1E). Arthroscopy was
performed after the procedure to treat any concomitant
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TABLE 1
Eligibility Criteriaa

Inclusion criteria
& Age >18 years
& Atraumatic knee pain for �3 months
& Failure of conservative treatments, including NSAIDs, physical therapy, and intra-articular injections with steroids or hyaluronic acid and

bisphosphonates
& Mild to moderate OA (Kellgren-Lawrence grade �3)
& BML on a loading area on MRI (femoral condyles and/or tibial plateau)
& Pain in the BML area
Exclusion criteria
& Knee pain and functional limitation related to other causes such as osteonecrosis, osteochondritis dissecans, fractures, or inflammatory

arthritis
& Presence of ligamentous instabilities
& Malalignment on the coronal axis of >10� varus/valgus
& Severe tricompartmental arthritis (Kellgren-Lawrence grade 4)

aBML, bone marrow lesion; MRI, magnetic resonance imaging; NSAIDs nonsteroidal anti-inflammatory drug; OA, osteoarthritis.

Figure 1. Subchondroplasty procedure. (A) Preparation of bone substitute. (B) Fenestrated cannula. (C-E) Insertion of cannulas and
injection of bone substitute under fluoroscopic guidance.
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pathology (eg, unstable meniscal tears) and eventually
remove any intra-articular BSM leakage. Radiography was
performed at the end of surgery to assess whether any
extra-articular leakage had occurred.

Postoperative Rehabilitation

Patients were allowed to resume weightbearing activities
as tolerated with crutches assistance, if needed, for up to
2 weeks. Rehabilitation, including range-of-motion and
strengthening exercises, started on day 1 after surgery,
while return to full unrestricted activities was allowed
4 to 8 weeks postoperatively.

Postoperative Evaluation

All patients were clinically assessed at 1, 6, 12, and
24 months postoperatively using the same clinical scores
as before surgery (NRS for pain, KSS, WOMAC, and IKDC)
to evaluate knee pain and function. In addition, radio-
graphs and MRI were performed at 6- to 12-month follow-
ups to detect bone remodeling and OA progression.

Statistical Analysis

Statistical analysis (A.M. and A.D.S.) was performed using
R Statistical Software (Version 4.0.0; R Foundation for Sta-
tistical Computing) and Graph Pad Prism Version 6.0 soft-
ware (Graph Pad Software).

The sample-size calculation and 6-month evaluation
point were determined based on previous studies.4,5,14,16

With a sample size of 50, a confidence interval of about
10% would be obtained if the prevalence of success—
defined as patients with a 4-point reduction in the
6-month NRS score—was 72%, indicating a high precision
of the estimates.

The prevalence of success was calculated by dividing the
number of patients with a 4-point reduction in the NRS
score at the 6-month follow-up by the number of patients
not lost to follow-up and was reported with a 95% CI. To be
conservative, patients who underwent prosthetic replace-
ment surgery before 6 months—for whom NRS scores at
6 months were unavailable—were considered as not achiev-
ing the 4-point reduction. In sensitivity analyses, patients
with the NRS scores of <4 at the baseline and 0 at the
6-month follow-up were considered successes. We also cal-
culated the prevalence of patients with a 2-point reduction
in the NRS (MCID).

Continuous variables were recorded as the mean ± SD or
medians and interquartile range as appropriate. The
within-group differences from the baseline to different
follow-ups for continuous variables were evaluated with
the paired t test or the Wilcoxon matched-pairs signed-
rank test according to the characteristics of the data
distribution evaluated using the Shapiro-Wilk normality
test. Categorical variables were recorded as the number
of patients and frequencies. For all analyses, the signifi-
cance level was set at P < .05.

RESULTS

A total of 50 patients having chronic symptomatic BMLs
were enrolled between April 2017 and February 2020. The
mean follow-up period was 26 months (24-30 months).
The age of patients ranged from 34 to 91 years, with a mean
of 64.62 ± 11.39 years at the time of surgery. Also,
34 patients (68%) were women and 16 (32%) were men. The
medial compartment was more frequently involved—14
BMLs in the medial femoral condyle, 15 in the medial tibial
plateau, and 19 in both the femoral condyle and the tibial
plateau (kissing) lesions. In 29 patients, a concomitant
arthroscopic surgical procedure (eg, partial meniscectomy)
was performed during the same surgery. According to the
Kellgren-Lawrence classification, 7 patients had grade
0 knee OA, 16 patients had a grade of 1, 20 patients had
a grade of 2, and 7 patients had a grade of 3. A complete
description of the demographic characteristics of all the
enrolled patients is reported in Table 2.

Two patients were lost to follow-up because they with-
drew their consent to participate in the study, leaving 48
patients. Eleven patients (22.9%) underwent prosthetic
replacement surgery within the 24-month follow-up ; for
these patients, the last available scores before knee replace-
ment were collected and analyzed. Patients who underwent
a new procedure were excluded from further analysis at 6
months: the 2 patients that were lost to follow-up, and 3
patients underwent prosthetic replacement surgery; thus,

TABLE 2
Patient Characteristics (N ¼ 50 patients)a

Variable Value

Age at surgery, y 64.62 ± 11.39
66 [58-73]

BMI, kg/m2 26.59 ± 3.39
26.11 [24.43-28.51]

Sex
Female 34 (68)
Male 16 (32)

Affected area
Medial compartment 48 (96)
Lateral compartment 2 (4)
Femur 15 (30)
Tibia 16 (32)
Kissing lesions 19 (38)

Treatment
SCP 21 (42)
SCP þ partial meniscectomy 25 (50)
SCP þ loose body removal 3 (6)
SCP þ microfracture 1 (2)

Kellgren-Lawrence OA grade
0 7 (14)
1 16 (32)
2 20 (40)
3 7 (14)

aContinuous variables are expressed as mean ± SD and median
[interquartile range]; binary variables are expressed as n (%). BMI,
body mass index; OA, osteoarthritis; SCP, subchondroplasty.
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the NRS was available for 45 patients 3 patients underwent
knee replacement within the 6-month follow-up; another 6
patients underwent KR between 6-month and 12-month
follow-up; another 2 patient underwent KR between 12-
month and 24-month follow-up. 11 patients of the sample
underwent KR during the study period (Figure 2).

At the 6-month follow-up, 27 patients experienced a
4-point reduction in the NRS pain score. The prevalence of
success was 56.3% (27/48 [95% CI, 41.2%-70.5%]). Consider-
ing that 3 patients had an NRS score of 0 at the 6-month
follow-up but had a baseline NRS value<4, the prevalence of
success was 62.5% (30/48 [95% CI, 47.3%-76%]). Also,
38 patients (38/48 [79.2%] [95% CI, 65%-89.5%]) achieved
a 2-point reduction in the NRS score at 6 months.

The mean preoperative NRS, WOMAC, and IKDC scores
were 6.34 ± 2.09, 44.78 ± 16.72, and 30.88 ± 13.74, respec-
tively. At the 6-month follow-up, the NRS and WOMAC
scores improved to 2.39 ± 2.34 and 16.64 ± 14.98, respec-
tively (P < .0001), whereas the IKDC score increased to
61.56 ± 20.63 (P < .0001). At the 12-month follow-up, the
scores significantly improved to 1.13 ± 1.15, 10.33 ± 9.24,
and 68.48 ± 15.53, respectively (P < .0001). These results
were also confirmed at the 24-month follow-up, with an
improvement in all the scores to 1.41 ± 1.61, 7.05 ± 8.09,
and 70.49 ± 14.13, respectively (P < .0001). Additionally,
the KSS (objective, satisfaction, and function sections)
score significantly improved at the end of the follow up.
Results showed that pain noticeably decreased and func-
tional outcomes significantly improved after the procedure
(Table 3 and Figure 3).

Postoperative knee radiographs were available for 20
patients. They showed bone substitute integration in 20
patients. According to the Kellgren-Lawrence classification,
knee OA did not progress in 16 patients, but it progressed in
4 patients and led to knee replacement—in 2 patients from
grade 1 to grade 4; in 1 patient from grade 2 to grade 3; and 1
patient from grade 3 to grade 4. Postoperative MRIs were
available for 20 patients. They showed a hypointense zone
surrounded by a hyperintense signal at the injection site in
T2 sequences. Leakage of injected material occurred extra-
articularly in 1 patient and intra-articularly in 5 patients,
which was immediately treated with arthroscopic debride-
ment and irrigation.

Seven patients required hyaluronic or steroid injections
during the follow-up. Total knee replacement was per-
formed in 6 patients, whereas unicompartmental knee
replacement was performed in 5 patients because of failure
of pain reduction and OA progression. Further analysis
of pain reduction at 6 months was performed in the sub-
group of patients whose treatment failed and underwent
knee replacement after >6 months. Among these 8
patients, only 3 (37.5%) achieved a 4-point reduction.

DISCUSSION

The main finding of this study was that SCP reduced pain,
as indicated by a minimum 4-point decrease in the NRS in
54% of patients at the 6-month follow-up. This result did
not satisfy the study hypothesis, in which the 4-point
NRS decrease was expected to be observed in 70% of the
patients. Nevertheless, data demonstrated a statistically
significant reduction in NRS pain values. In our series,
76% of patients achieved the MCID for the pain NRS of
2 points,10 showing that they benefitted from the proce-
dure. This is in accordance with available evidence report-
ing a mean improvement of pain on a visual analog scale
of 4.3 to 7.2 points.2,4,5,7,14-16,19 At 2 years after surgery,
26 patients (52%) showed target pain reduction, indicating
a continuity of the obtained results.

Data analysis showed an unexpected discrepancy
between the considerable reduction in the NRS score and
the relatively few patients who achieved a reduction of
�4 points on the NRS. A possible explanation is that at the
end of the follow-up period, some patients showed a marked
pain reduction (�4 points) and others had very poor results
(<4 points). This finding could indicate a potential selection
bias in patients’ selection, such as OA grade, age at the time
of surgery, and the effect of concomitant arthroscopic pro-
cedures. Moreover, among the 23 patients who did not
achieve a minimum 4-point pain reduction at the 6-month
follow-up, it was possible to find some clinical benefits in 11
patients (47.8%). Three patients reached 0 points in the
NRS at the 6-month follow-up, but they had a baseline NRS
value <4 points. In addition, 4 patients achieved the target
reduction of the NRS at the 12-month follow-up instead of
the 6-month follow-up. Five patients showed a functional
improvement in the KSS score despite an insufficient pain
reduction.

Figure 2. Flow diagram of the study. TKA, total knee arthro-
plasty; UKA, unicompartmental knee arthroplasty.
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Two patients (who reached 4 points NRS reduction)
underwent KR within the 6-month follow-up due to pro-
gression of OA and functional limitation. Another 4
patients underwent KR within the 6-month follow-up due
to the persistence of pain after the procedure, and func-
tional limitation affected the quality of life despite achiev-
ing the goal of pain reduction. These results highlight the
limit of the NRS score in describing the clinical symptoms
of this disease. Nonetheless, at the same time, further anal-
ysis of the group undergoing prosthetic replacement
revealed a higher mean NRS at the 6-month follow-up than
the group that completed the follow-up with no need for
subsequent surgeries (3.88 ± 2.53 vs 2.05 ± 2.20). Moreover,
comparing the difference between the mean NRS value at
the baseline and 6 months in the 2 groups, a lower improve-
ment was found in patients who required a knee replace-
ment (2.94 vs 4.33, respectively).

At the 6-month follow-up, the mean IKDC score showed
an increase of 30.68 points compared with the preoperative
value, confirming that patients could perform more intense
physical activity. This result is in contrast with results
reported by Cohen and Sharkey,5 who found an increase
of only 17.2 points during the same follow-up period, and

results reported by Farr and Cohen,7 who found an
improvement of 22.4 points at a 6-month follow-up. In the
present study, WOMAC scores were reduced from 44.78 ±
16.72 preoperatively to 10.33 ± 9.24 at 1 year after surgery,
which is similar to the findings of Chua et al4 (WOMAC
score reduction from 47.8 preoperatively to 14.3 at 1 year
postoperatively), demonstrating a lower perceived diffi-
culty by patients in carrying out daily activities. Further-
more, the results of these 2 scores also improved at the
12- and 24-month follow-ups. The postoperative improve-
ment in physical abilities as perceived by patients was
therefore rapid and long-lasting.

The mean objective KSS significantly improved postop-
eratively (P < .001), although it was already high preoper-
atively because of the strict inclusion criteria that reserved
the SCP procedure for the patients without joint instability
and severe varus/valgus deviations. The slightly positive
variation recorded by the subjective KSS, which investi-
gates knee pain during some activities such as walking and
climbing stairs, could suggest that a longer time is needed
to reach a full improvement after this procedure. The KSS
expectation, which is the most subjective part of the score,
revealed a slight statistically significant difference at the

TABLE 3
Clinical and Functional Outcomes According to the Follow-up Perioda

Follow-up

Preoperative
(n ¼ 50)

1 Mo
(n ¼ 44)

6 Mo
(n ¼ 45)

12 Mo
(n ¼ 39)

24 Mo
(n ¼ 37) Pb

NRS (0-10) 6.34 ± 2.09
7 [5-8]

3.61 ± 2.64
4 [1-5]

2.39 ± 2.34
2 [1-3]

1.13 ± 1.15
1 [0-2]

1.41 ± 1.61
1 [0-2.50]

1,6,12,24< .0001

WOMAC
Pain (0-20) 9.40 ± 3.68

9 [7-12]
5.43 ± 3.77

5 [3-6.75]
3.40 ± 3.55

2 [1-5.50]
1.77 ± 1.75

2 [0-3]
1.38 ± 2.05
0 [0-2.50]

1,6,12,24< .0001

Stiffness (0-8) 3.14 ± 2.37
4 [0.75-5]

2.41 ± 2.32
2 [0-4]

1.27 ± 1.68
0 [0-2]

0.56 ± 1.27
0 [0-0]

0.24 ± 0.64
0 [0-0]

1.1218,
6.0001,

12,24< .0001
Function (0-68) 32.24 ± 12.12;

33.50 [22.75-41.25]
20.64 ± 13.71;

19 [11-28]
11.98 ± 10.77;

10 [3-18]
8.03 ± 7.22;

6 [2-13]
5.60 ± 6.66;

4 [0-8.50]

1,6,12,24< .0001

Total (0-96) 44.78 ± 16.72;
45 [32.75-58]

28.30 ± 18.49;
26 [16-37.25]

16.64 ± 14.98;
13 [3.50-26]

10.33 ± 9.24;
8 [3-17]

7.05 ± 8.09;
5 [0-11.50]

1,6,12,24< .0001

KSS (0-255)
Objective (0-100) 74.73 ± 13.38;

76 [68-82]
83.50 ± 10.89;

85 [74.25-91.75]
88.16 ± 10.45;

90 [85-95]
91.85 ± 6.18;

93 [87-97]
92.19 ± 7.38

93 [86.50-99]

1,6,12,24< .0001

Satisfaction (0-40) 14.43 ± 7.38;
15 [9-19.50]

23.73 ± 9.45;
27 [17-32]

28.42 ± 8.95;
29 [23-35.50]

32.62 ± 7.42;
33 [28-40]

35.62 ± 5.06
38 [33.50-40]

1,6,12,24< .0001

Expectations (0-15) 11.61 ± 2.73;
12 [10-14]

7.98 ± 2.92;
8 [6-9]

9.91 ± 3.25;
9 [8-12]

10.77 ± 2.92;
11 [9-13]

13.89 ± 9.43;
13 [10.50-15]

1< .0001,
6.0249,

12.2753,
24.2357

Function (0-100) 40.76 ± 19.76;
39 [27-53]

57.11 ± 19.18;
58 [42.75-67.75]

71.56 ± 20.47;
78 [57-88]

78.69 ± 16.49;
79 [70-93]

81.58 ± 16.17;
84.50 [75.50-94]

1.0003,
6,12,24< .0001

IKDC subjective
(0-100)

30.88 ± 13.74;
31 [20.53-39.38]

45.31 ± 17.41;
46.55 [34.18-57.75]

61.56 ± 20.63;
63.20 [52.30-77]

69.48 ± 15.53;
67.80 [59.80-83.90]

70.49 ± 14.13;
71.30 [63.80–79.90]

1,6,12,24< .0001

aData are expressed as mean ± SD and median [interquartile range]. IKDC, International Knee Documentation Committee subjective
score; KSS, Knee Society Score; NRS, numeric rating scale; WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index.

bP values for comparison between the preoperative and follow-up scores using the paired t test or the Wilcoxon matched-pairs signed-rank
test. The numbers 1, 6, 12, and 24 in superscript are used to indicate follow-up intervals of 1, 6, 12, or 24 months. Bold values indicate
statistically significant differences compared with the preoperative value (P < .05).
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6-month follow-up compared with the baseline (P ¼ .0249),
12-month (P¼ .2753), and 24-month follow-ups (P¼ .2357),
but it is also influenced by other external factors. The KSS
functional score supported the positive influence of SCP on
knee functional outcomes.

No conclusions could be drawn from the few postopera-
tive images collected. Regarding the partial result, postop-
erative radiographs showed OA progression in only 4
patients, but the short-term follow-up of the present study
might not have allowed the detection of possible effects of
this procedure on the natural history of OA. Postoperative
MRI showed a hypointense zone surrounded by a hyperin-
tense signal at the injection site in T2 sequences and a
hypointense zone in T1 sequences, without any significant
impact on the patient outcome. These findings could sug-
gest an ongoing remodeling process in the treated areas.
Histology would be necessary to confirm the actual changes
in the bony tissue; however, it was not performed for ethical
reasons. 29 patients underwent concurrent arthroscopic
procedures, such as partial meniscectomy or free body

removal. However, separately analyzing the group of
patients who received a concomitant arthroscopic proce-
dure (e.g. meniscectomy) and the patients who underwent
only SCP followed by diagnostic arthroscopy, we found com-
parable results both in terms of pain (reduction to FU at 6
months of 3.25 points in the first group and 5 points in the
second, but a reduction of 5.05 in the first and 5.43 in the
second at 12-month FU which is confirmed at 24-month
FU) both in terms of failures (6 in the first group and 5 in
the second group).

Some complications have been reported after SCP, such
as intra-articular and extra-articular leakage during injec-
tion and conversion to knee replacement, which might be
due to inadequate indications such as diffuse OA.16 In our
study, intra-articular leakage occurred in 5 patients and
extra-articular leakage in 1 patient who was immediately
treated with debridement and irrigation during the proce-
dure, with no sequelae in the immediate postoperative
period or during the follow-up. Some patients reported pain
3 to 5 days after the procedure, which was controlled by

Figure 3. Clinical and functional outcomes at 1-, 6-, 12-, and 24-month follow ups. Error bars show the SEM. IKDC, International
Knee Documentation Committee subjective score; KSS, Knee Society Score; NRS, numeric rating scale; WOMAC, Western
Ontario and McMaster Universities Osteoarthritis Index. Statistically significant differences compared with the preoperative value
are presented as follows: *P < .05; *** P < .001; **** P < .0001.
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analgesic therapy. Seven patients required further conser-
vative treatment such as intra-articular injections with cor-
ticosteroids or hyaluronic acid due to the persistence of
symptoms. SCP failed in 11 patients who required knee
replacement within the follow-up period (6 patients, total
knee replacement; 5 patients, unicompartmental knee
replacement). The failure rate observed in this study was
22.9%, which is in agreement with other studies5,14-16 in the
literature whose failure rates ranged between 12.5% and
30%. Early failures during the first 6 months of the follow-
up (8 patients) occurred in patients with relatively high-
grade OA. Also, a 4-point NRS reduction was achieved in
only 37.5% of this population at the 6-month follow-up, con-
firming that the SCP procedure is not effective in patients
with advanced OA, as reported by Chatterjee et al,3 and
that when a failure occurs, it happens early.

It is also important to consider that SCP does not repre-
sent a contraindication to the implantation of a prosthesis,
and in our case series, no additional technical difficulties
were found in performing prosthetic replacement after
SCP, according to previous studies that reported that SCP
did not affect the execution of subsequent prosthetic
surgery.28

At the 2-year follow-up, 37 of 50 (74%) patients in this
sample avoided the implantation of an arthroplasty either
temporarily or permanently, suggesting that this treat-
ment can be an option to postpone knee replacement in
OA when conservative treatments fail.

Limitations

There are some limitations in this study. First, the lack of
minimal pain score as an inclusion criterion prevented
some patients from reaching the primary goal of the study,
despite an excellent outcome. Second, the lack of a control
group did not allow the evaluation of the effectiveness of
SCP as a treatment for BMLs compared with placebo or
other therapeutic strategies already performed in clinical
practice (eg, bisphosphonates). Third, concomitant knee
arthroscopy may have influenced the final results, possibly
because of the placebo effect23 or the concomitant proce-
dure’s effect on pain, such as partial meniscectomy or loose
body removal. Finally, the lack of full radiological data and
the short-term follow-up gave only partial information
about BML evolution after the procedure. Since a histolog-
ical analysis of biopsy samples was not available in this
study, it was impossible to correlate the new signals on MRI
and the real bone remodeling process.

CONCLUSION

After the SCP procedure, about half of the patients in the
study sample reached 4 points of NRS reduction at the
6-month follow-up, a percentage lower than that predicted
by the hypothesis and insufficient to draw conclusions on
the efficacy of this procedure. However, about 80% of patients
achieved the MCID at the 6-month follow-up and less than1/4
of the sample underwent prosthetic replacement.
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Demange MK. Subchondroplasty for treating bone marrow lesions

in the knee: initial experience. Rev Bras Ortop (English Ed). 2017;

52(3):325-330. doi:10.1016/j.rboe.2017.04.003

3. Chatterjee D, McGee A, Strauss E, Youm T, Jazrawi L. Subchondral

calcium phosphate is ineffective for bone marrow edema lesions in

adults with advanced osteoarthritis. Clin Orthop Relat Res. 2015;

473(7):2334-2342. doi:10.1007/s11999-015-4311-0

4. Chua K, Kang JYB, Ng FDJ, et al. Subchondroplasty for bone marrow

lesions in the arthritic knee results in pain relief and improvement in

function. J Knee Surg. 2021;34(6):665-671. doi:10.1055/s-0039-

1700568

5. Cohen SB, Sharkey PF. Subchondroplasty for treating bone marrow

lesions. J Knee Surg. 2016;29(7):555-563. doi:10.1055/s-0035-

1568988

6. Culliton SE, Bryant DM, MacDonald SJ, Hibbert KM, Chesworth BM.

Validity and internal consistency of the new knee society knee scoring

system. Clin Orthop Relat Res. 2018;476(1):77-84. doi:10.1007/

s11999.0000000000000014

7. Farr J, Cohen SB. Expanding applications of the subchondroplasty

procedure for the treatment of BM observed on magnetic resonance

imaging. Oper Tech Sports Med. 2013;21(2):138-143.

8. Ghasemi RA, Sadeghi S, Rahimee N, Tahmasebi M. Technologies in

the treatment of bone marrow edema syndrome. Orthop Clin North

Am. 2019;50(1):131-138. doi:10.1016/j.ocl.2018.08.008

9. Hartrick CT, Kovan JP, Shapiro S. The numeric rating scale for clinical

pain measurement: a ratio measure? Pain Pract. 2003;3(4):310-316.

doi:10.1111/j.1530-7085.2003.03034.x

10. Hawker GA, Mian S, Kendzerska T, French M.Measures of adult pain:

Visual Analog Scale for Pain (VAS pain), Numeric Rating Scale for pain

(NRS pain), McGill Pain Questionnaire (MPQ), Short-form McGill Pain

Questionnaire (SF-MPQ), Chronic Pain Grade Scale (CPGS), Short

Form-36 Bodily Pain Scale (SF-36 BPS), and Measure of Intermittent

and Constant Osteoarthritis Pain (ICOAP). Arthritis Care Res. 2011;

63(suppl 11):240-252. doi:10.1002/acr.20543

11. Kazakia GJ, Kuo D, Schooler J, et al. Bone and cartilage demonstrate

changes localized to bone marrow edema-like lesions within

osteoarthritic knees. Osteoarthritis Cartilage. 2013;21(1):94-101.

doi:10.1016/j.joca.2012.09.008

12. Kellgren JH, Lawrence JS. Radiological assessment of osteo-arthro-

sis. Ann Rheum Dis. 1957;16(4):494-502. doi:10.2307/3578513

13. Kraus VB, Feng S, Wang SC, et al. Subchondral bone trabecular

integrity predicts and changes concurrently with radiographic and

MRI determined knee osteoarthritis progression. Arthritis Rheum.

2008;15(10):1203-1214. doi:10.1002/art.37970.Subchondral

14. Krebs NM, Kehoe JL, Van Wagner MJ, Rios-Bedoya C. The efficacy

of subchondroplasty for the treatment of knee pain associated with

bone marrow lesions. Spartan Med Res J. 2020;4(2):11767.

15. Levy AS, Cousins K. The rational for and efficacy of subchondroplasty

in the injured worker. J Orthop. 2020;22:48-52. doi:10.1016/j.jor.

2020.03.047

16. Nairn LN, Subramaniam M, Ekhtiari S, Axelrod DE, Grant JA, Khan M.

Safety and early results of Subchondroplasty for the treatment of

bone marrow lesions in osteoarthritis: a systematic review. Knee Surg

Sport Traumatol Arthrosc. 2021;29(11):3599-3607. doi:10.1007/

s00167-020-06294-w

17. Orr JD, Sabesan V, Major N, Nunley J. Painful bone marrow edema

syndrome of the foot and ankle. Foot Ankle Int. 2010;31(11):949-953.

doi:10.3113/FAI.2010.0949

18. Padua R, Bondi R, Ceccarelli E, et al. Italian version of the Interna-

tional Knee Documentation Committee Subjective Knee Form: cross-

cultural adaptation and validation. Arthroscopy. 2004;20(8):819-823.

doi:10.1016/j.arthro.2004.06.011

8 Randelli et al The Orthopaedic Journal of Sports Medicine



19. Pasqualotto S, Sgroi AV, Causero A, Di Benedetto P, Zorzi C. Sub-

chondroplasty in the treatment of bone marrow lesions of the knee:

preliminary experience on first 15 patients. Joints. 2019;7(4):174-181.

doi:10.1055/s-0041-1730984

20. Salaffi F, Leardini G, Canesi B, et al; GOnorthrosis and Quality Of Life

Assessment (GOQOLA). Reliability and validity of the Western Ontario

and McMaster Universities (WOMAC) Osteoarthritis Index in Italian

patients with osteoarthritis of the knee. Osteoarthritis Cartilage.

2003;11(8):551-560. doi:10.1016/S1063-4584(03)00089-X

21. Sharkey PF, Cohen SB, Leinberry CF, Parvizi J. Subchondral bone

marrow lesions associated with knee osteoarthritis. Am J Orthop.

2012;41(9):413-417.

22. Shubin Stein BE, Ahmad CS, Pfaff CH, Bigliani LU, Levine WN. A

comparison of magnetic resonance imaging findings of the acromio-

clavicular joint in symptomatic versus asymptomatic patients.

J Shoulder Elbow Surg. 2006;15(1):56-59. doi:10.1016/j.jse.2005.

05.013

23. Sihvonen R, Paavola M, Malmivaara A, et al. Arthroscopic partial

meniscectomy versus sham surgery for a degenerative meniscal tear.

N Engl J Med. 2013;369(26):2515-2524. doi:10.1056/nejmoa1305189

24. Tanamas SK, Wluka AE, Pelletier JP, et al. Bone marrow lesions in

people with knee osteoarthritis predict progression of disease and

joint replacement: a longitudinal study. Rheumatology. 2010;49(12):

2413-2419. doi:10.1093/rheumatology/keq286

25. Tofighi A, Rosenberg A, Sutaria M, Balata S, Chang J.New generation

of synthetic, bioresorbable and injectable calcium phosphate bone

substitute materials: Alpha-bsm, Beta-bsm and Gamma-bsm. J Bio-

mim Biomater Tissue Eng. 2009;2:39-55. doi:10.4028/www.scientific.

net/jbbte.2.39

26. Ververidis AN, Paraskevopoulos K, Tilkeridis K, Riziotis G, Tottas S,

Drosos GI. Surgical modalities for the management of bone marrow

edema of the knee joint. J Orthop. 2020;17:30-37. doi:10.1016/j.jor.

2019.08.025

27. Wilson AJ, Murphy WA, Hardy DC, Totty WG. Transient osteoporosis:

transient bone marrow edema? Radiology. 1988;167(3):757-760. doi:

10.1148/radiology.167.3.3363136

28. Yoo JY, O’Malley MJ, Matsen Ko LJ, Cohen SB, Sharkey PF. Knee

arthroplasty after subchondroplasty: early results, complications,

and technical challenges. J Arthroplasty. 2016;31(10):2188-2192.

doi:10.1016/j.arth.2015.12.051

The Orthopaedic Journal of Sports Medicine Subchondroplasty for the Knee 9


	Efficacy of Subchondroplasty in the Treatment of Pain Associated With Bone Marrow Lesions in the Osteoarthritic Knee
	METHODS
	Preoperative Evaluation
	Surgical Technique
	Postoperative Rehabilitation
	Postoperative Evaluation
	Statistical Analysis

	RESULTS
	DISCUSSION
	Limitations

	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


