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Abstract
Purpose Cartilage lesions are usually accompanied by subchondral bone alterations or bone marrow lesions (BMLs).
BML associated with joint degeneration and cartilage lesions are considered to be predictors of rapidly progressing
OA. Currently no existing treatment can fully halt OA progression. One of the approaches is an autologous,
biological treatment based on the use of platelet rich plasma (PRP) injections. The purpose of this study is to
assess the short-term effectiveness of intraosseous PRP injections, within the BML of individuals affected by OA,
in ameliorating pain and improving knee functionality.
Materials and methods The study involved 17 patients with an average age of 41.7 ± 14.3 years old. OA stage was
determined using the Kellgren-Lawrence grading system by performing radiographic scanning of the knee joint
before surgical intervention. Patients with K–L grade 3 knee joint OA prevailed. Patient OA history varied between
one and nine years (average 5.2 ± 4.5 years). Clinical and functional state of the knee were assessed by pain visual
analogue scale (VAS) score, the Western Ontario and McMaster Universities Score (WOMAC), and the Knee Injury
and Osteoarthritis Outcome Score (KOOS) which were filled out by patients previous to the surgical procedure at
one, three, six and 12 months post-operatively. Before surgery, in addition to standard blood tests, serum cartilage
oligomeric matrix protein (COMP) levels were tested for all patients.
Results Evaluation of preliminary results revealed a statistically significant reduction of pain based on the VAS score.
A significant improvement was also observed in the patients’ WOMAC score and in the overall KOOS score. Serum
marker levels were initially elevated in our experimental patient group compared to the same marker in healthy
control respondents, and continued to rise one month and three months following surgery, at six and 12 month the
level was similar as at three months.
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Conclusions In our opinion, first COMP increasing can be caused by injection of platelet rich plasma. It is not adequate to
interpret this growth in COMP levels as increased osteochondral degeneration. One year follow-up period showed good quality
of life improvement, significant pain reduction, and essential MRI changes. The long-term observation of these cohort of patients
combined with an analysis of MRI images is still ongoing.
Keywords Osteoarthritis . Bone marrow lesions . Joint degeneration . Cartilage lesions . Platelet reach plasma . Biological
treatment . Subchondral bone . Intraosseous injections

Introduction
Currently, osteoarthritis (OA) is commonly regarded as a
chronic disease which is associated to damage and loss of
articular cartilage, with simultaneous involvement and progressive destruction of intra-articular structures, leading to a
loss of joint function and a reduced quality of life (QoL) [1].
Cartilage lesions are usually accompanied by subchondral
bone alterations or bone marrow lesions (BMLs), conditions
which are diagnosed using magnetic resonance imaging (MRI)
with high signal on fluid-sensitive sequences [T2/proton density
with fat suppression and short tau inversion recovery (STIR)] with
or without low T1WI signal, and are considered as a classic
feature of OA. This signal can be observed throughout different
stages of OA [2–4]. Histologically, these MRI findings manifest
themselves as an increased thickness and mineral density of the
subarticular trabeculae, which are responsible for inducing early
OA. Other typically observed processes include microcracks,
micro-oedema, microbleeding, and bone cyst formation within
the subchondral region [2, 4]. BMLs are typically found in the
sclerosis zone of the subchondral bone and are usually accompanied by a growing volume of bone tissue and a thickening trabecular layer [5]. It has also been shown that cartilage lesions are
often present in immediate proximity to the BMLs and that the
degree of cartilage tissue degradation positively correlates with
MRI signal intensity, pain intensity, and loss of function [6, 7].
Indeed, using MRI, Sowers M. F. et al. detected a significantly
higher frequency of BMLs larger than 1 cm2 in OA patients who
reported severe pain in the affected joint, compared to those in
which joint pain was not as pronounced [8]. Nevertheless, although BML presence has been strongly associated to OA pathogenesis and to pain in knee OA, the correlation between BMLs
and pain is still under discussion [4, 9, 10, 11–13].
BML associated with joint degeneration and cartilage lesions
are predictors of rapidly progressing OA [14]. This was confirmed in a study by Felson et al. who analyzed MRI scans
performed on 223 patients with knee OA over a period of
2.5 years [9]. BMLs can, therefore, be considered a predictor
of the onset of cartilage degradation and the emergence of pain
even before the manifestation of the typical clinical signs of OA,
such as pain, stiffness, and locomotor restriction [15]. At the
same time, BMLs can be associated not only with OA but also
with avascular necrosis (AVN) (traumatic, non-traumatic, or secondary to a systemic disease), firstly described by Ahlback et al.

[4, 16–18]. Other authors suppose that at the origin of BML there
are so-called subchondral insufficiency fractures (SIFK) which
can progress to osteonecrosis (SONK).
Despite the fact that a lot of attention has been recently
invested to the study of BMLs and their influence on the OA
progression, a unanimously accepted opinion on the role of
BMLs has not yet been achieved. Specifically, many unanswered
questions remain regarding the potential influence of BMLs on
subsequent pathological subchondral changes [19, 20].
Currently no existing treatment can fully halt OA progression. Since the underlying cause of OA pathogenesis is not yet
known, research efforts are being devoted to the development
of new OA treatments, whose approaches are focused on altering the disease’s evolution [1, 21]. One of these approaches
is an autologous, biological treatment based on the use of
platelet rich plasma (PRP) injections. For patients with advanced OA of the knee, PRP is a substantial source of active
therapeutic biomole cules w hich, thanks to their
chondroprotective, anabolic, anti-inflammatory, and immunomodulatory effects, can positively influence joint homeostasis, while also substantially ameliorating pain and improving
joint function [1, 6–8, 14, 16, 22–25].
Following this rationale, the attempts to create OA treatment methods based on PRP injections into BMLs appear to
be quite promising. Indeed, since intra-articular infiltrations of
PRP cannot penetrate into the subchondral bone, intraosseous
injections can provide a more comprehensive treatment effect
[21]. Such a procedure, in combination with early diagnosis,
timely treatment, and proper monitoring of therapy effectiveness, will allow doctors to delay invasive surgery such as
arthroplasty, while significantly improving the patients’ quality of life. This would be particularly beneficial for athletes
and other OA patients with an active lifestyle.
Until now, the gold standard for diagnosing degenerative OA
changes has been a combination of radiographs and MRI.
However, due to the importance of early diagnosis (which not only
allows quick assessment of therapy effectiveness but also the introduction of necessary adjustments in a timely manner), new
diagnostic procedures can be crucial in improving OA treatment.
One method of early diagnosis involves the observation of
cartilage and bone metabolism markers in patient plasma. One
of the most frequently employed markers used for this purpose is
cartilage oligomeric matrix protein (СОМР). COMP, also known
as thrombospondin 5 (TSP 5), is a non-collagen glycoprotein
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belonging to the extracellular protein family of thrombospondins.
It has been suggested that COMP molecules play an important
role in maintaining the properties and integrity of the collagen
network. For joint disease diagnostics, the serum level of this
protein provides important information about the metabolic
changes occurring in the cartilage matrix and is considered an
early and promising marker for the remodeling of articular cartilage [26]. It is also reported that protein level significantly increases at severe stages of OA [6, 23].
The purpose of this study is to assess the short-term effectiveness of intraosseous PRP injections, within the BML of
individuals affected by OA, in ameliorating pain and improving knee functionality.

Patient inclusion criteria
1. Male and female individuals aged 30–70 years old
2. Kellgren–Lawrence grade 2–4 of knee OA
3. Ineffective previous conservative treatment, lasting at
least 3 months (NSAIDs, physical therapy intra-articular
injections of hyaluronic acid or PRP injections,
glucocorticoids)
4. Patients able and willing to actively participate to the necessary rehabilitation protocol and clinical and radiological
procedures
5. Signed an ethics committee reviewed and approved informed consent form

Patient exclusion criteria

Materials and methods
The study involved 17 patients with an average age of 41.7 ±
14.3 years old. OA stage was determined using the Kellgren–
Lawrence grading system [27] by performing radiographic
scanning of the knee joint before surgical intervention.
Patients with K–L grade 3 knee joint OA prevailed. Patient
OA history varied between one and nine years (average 5.2 ±
4.5 years). The OA diagnosis was established on the basis of
complaints, anamneses, and clinical examinations (Table 1).
As for BMLs, they were minimally present in two patients,
moderate in seven patients, and severe in eight patients. BMLs
were assessed by MRI and analyzed by Whole-Organ
Magnetic Resonance Imaging Score (WORMS) following
this point-based scale:
0 points – no BML
1 point – minimally expressed BML (Ø < 5 mm)
2 points – moderate BML (5 mm ≤ Ø ≤ 20 mm)
3 points – severe BML (Ø > 20 mm) [25]

1.
2.
3.
4.
5.
6.

Patients unwilling to participate to the study
Patients suffering from malignant neoplasms
Patients suffering from rheumatic diseases
Patients suffering from metabolic disorders
Known drug or alcohol dependence within the last year
Patients with deformation of the axis of the lower extremity exceeding 10°
7. Body mass index < 18 or > 35;
8. Patients who previously underwent knee joint surgery
within six months of the study’s surgical procedure
9. Knee joint instability
In order to assess the clinical and functional state of the
knee, the pain visual analogue scale (VAS) score, the
Western Ontario and McMaster Universities Score
(WOMAC), and the Knee Injury and Osteoarthritis Outcome
Score (KOOS) were filled out by patients previous to the
surgical procedure and one and three months postoperatively [28].

Table 1 Characteristics of the
patients who participated in the
study
Sex (number of patients)
Average age (y.o.)
Duration of knee joint impairment (years)
Kellgren-Lawrence grade of knee OA

Whole-Organ Magnetic Resonance Imaging Score

Female
Male

I
II
III
IV
0
1
2
3

Observation group

Control group

10 (58.8%)
7 (41.2%)
41.7 ± 14.3
5.2 ± 4.5
0
5 (29.4%)
10 (58.8%)
2 (11.8%)
0
2 (11,7%)
7 (41,2%)
8 (47,1%)

10 (58.8%)
7 (41.2%)
40,3 ± 12,1
–
12 (70,6%)
5 (29.4%)
–
–
–
–
–
–
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Before surgery, in addition to standard blood tests, serum
cartilage oligomeric matrix protein (COMP) levels were tested
for all patients. Blood withdrawals were also repeated at one,
three, six and 12 months following surgery. All blood serum
samples collected were frozen at − 70°С. The level of COMP
in blood serum was measured by means of polarization
fluoroimmunoassay with the use of a standard set of reagents
(Human Cartilage Oligomeric Matrix Protein ELISA,
BioVendor, Germany) according to the vendor’s guidelines.
The results were compared with data obtained from a control
group of 17 healthy respondents with an average age of 40.3
± 12.1 years old, ten (58.8%) female, and seven (41.2%) male.
Patients with K–L grade I knee joint OA prevailed, without
any clinical signs of OA or BMLs (volunteers, Table 1).

PRP preparation and method description
To obtain the necessary PRP product, the Regenlab
(REGENACR) method was used. 30 ml of each patient’s venous blood was divided into three tubes: two
blue REGEN BCT tubes (20 ml) and one red
REGENATS tube (10 ml). All tubes were then centrifuged for five minutes at a speed of 3100 rotations/minutes. The resulting PRP product was subsequently
drawn up from the blue tubes using syringes under sterile conditions, and the autologous platelet serum was
drawn from the red tubes.
Intraosseous injection of the PRP product, within the BML
area, was performed under fluoroscope control by placing a
trocar (13 mm (BOHR)) 1 cm close to the subchondral bone.
Manipulations were conducted in the standard position of the
patient lying on his/her back on the operating table under
spinal or intravenous anaesthesia. Introduction of the trocar
was controlled with the use of an image intensifier. Upon
reaching the area affected by the relevant pathological changes with the needle, 5 ml of the previously obtained PRP products were slowly introduced into the tissue without prior
mixing (Fig. 1).

Statistical data processing
For the statistical analysis of results, Statistica 10.0 for
Windows (StatSoft Inс., USA) was used. Quantitative variables were described using standard variation statistical
methods, for which the arithmetic mean (М), standard deviation (δ), 25th and 75th percentiles, and median patient number
were calculated. The average values were presented as М + δ.
The qualitative variables were described as absolute and relative frequency ratios (percentages). Differences were considered significant at р < 0.05. To evaluate results, the statistical
analysis methods used was included: Student’s t-test and nonparametric tests for variable samplings were inconsistent with
the normal distribution law (Mann–Whitney test, the

Fig. 1 Introducing the medication into the femoral condyle

Wilcoxon test, the Chi-square test). Different activity scores
were compared with the use of contingency table analysis.

Results
Evaluation of preliminary results revealed a statistically significant reduction of pain based on the VAS score. Before the
treatment, patients assessed their pain level as “severe” (51.4
± 6.9 mm). One month following surgery, it decreased by
36.4 mm, now falling into the “insignificant pain” range
(15.0 ± 8.3 points, p < 0.05); at three months after the surgery,
the score was at 18.3 ± 11.6 points, at six and 12; at three
months after the surgery, the score was at 15.8 ± 10.6 and
points 11.1 ± 9.3 respectively, p < 0.05 (Fig. 2).
A significant improvement was also observed in the patients’ WOMAC score. The average total score before surgery
was 65.1 ± 6.42, while one month following surgery, it decreased significantly to 56.45 ± 5.91, p < 0.05. Three, six and
12 months following the surgery, no ulterior significant improvement was observed, yet the positive result was maintained at 55.33 ± 8.41, 54.23 ± 7.38, and 55.38 ± 12.85 points,
respectively, p > 0.05.
Similarly, a significant improvement was observed in the
overall KOOS score. At admission the average patient score
was of 52.78 ± 13.38. One month following surgery, the score
rose to 72.00 ± 7.35, p < 0.05; three, six and 12 months after
injection, the value remained at 72.13 ± 8.50, 75.12 ± 7.50,
and 77.03 ± 7.48, respectively, p > 0.05.
Since the KOOS scale consists of five sections evaluating
individual aspects of the condition of the knee joint condition,
evaluating each subscale separately was also of interest (Fig. 3).
In the symptoms subscale, the average score at admission
was of 62.85 ± 10.28; one month after the intraosseous injection, it was of 74.28 ± 10.53, p < 0.05; three, six and 12 months
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Fig. 2 Scores dynamics at TimePoints

following surgery, a slight, statistically insignificant decrease
was observed, with the scores remaining at 71.43 ± 6.18,
69.43 ± 7.18, 66.48 ± 7.02 points, respectively, p > 0.05.
Regarding the Pain subscale, the mean score on admission
was of 53.70 ± 7.18. One month after the injection, it was
74.40 ± 11.87 (an improvement of 20.70 points), p < 0.05;
three, six and 12 months after that it decreased to 70.36 ±
12.52, 71.48 ± 9.52, 69,1 ± 13.4 points, p < 0.05.
Regarding the function in daily living subscale, on admission the average score was of 53.36 ± 15.41. One month after
the injection, it rose to 73.04 ± 10.21, p < 0.05; three, six and
12 months after the injection, it rose again from 74.51 ± 4.24
points (which is 21.15 points higher than before treatment) to
76.51 ± 5.2 and 78.41 ± 4.23, respectively, p < 0.05.
In the function in sport and recreation subscale, the mean
score before treatment was of 25.83 ± 21.31, p < 0.05. One
month after treatment, it was 58.33 ± 19.66 (32.5 points improvement), p < 0.05; three, six and 12 months after the

Fig. 3 Index improvements of
KOOS subsections throughout
the study period (absolute values
in points)

injection, it decreased to 53.33 ± 28.86, 54.32 ± 27.16, and
53.73 ± 27.6 points, respectively, p < 0.05.
Positive results were also reported in the KOOS QoL section,
where the average score before surgery was 24.08 ± 18.39 points.
One month after surgery, it rose to 40.62 ± 23.30 points, p < 0.05;
three months after surgery, it significantly rose again to 54.18 ±
21.48 points (that is 30.10 points better than before treatment
started), p < 0.05. At six and 12 months, there were no significant
changes: 54.48 ± 20.12 and 55.1 ± 22.1, p > 0.05.
It should be noted that the most pronounced improvements
were registered in the sport and recreation and QoL sections,
which appeared to be attributed, to some extent at least, to the
emotional response of the patients who experienced and appreciated the positive effects of the treatment.
It is important to note that in the majority of the KOOS
sections, as well as in those of WOMAC and VAS, the best
scores were observed one and three months after the treatment. Indeed, statistically significant improvements at three
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months compared to one month following surgery were registered in the QoL subscale. Conversely, in the pain and sports
and recreation subscales, the daily living and symptoms, a
statistically significant decrease in average scores was observed at three, six and 12 months compared to one month
following surgery.

COMP dynamics evaluation
When evaluating the changes in serum COMP levels, a consistent statistically significant increase was observed over
time: from 1108 ± 439 before surgery to 1402 ± 596 points
one month after surgery, p < 0.05, and further to 1632 ± 684
three months after surgery, p < 0.05; it is also noteworthy that
(prior to surgery) the marker’s serum levels were significantly
higher in the study population than in the control group: 1108
± 439 and 490.0 ± 77.6, respectively (p < 0.05) (Table 2). At
six and 12 months after surgery, statistically significant changes, compared with previous data (1173 ± 410 and 1158 ± 414,
respectively (p > 0.05)), were not found.

MRI dynamics evaluation
In all cases, within 12 months after the surgery, according to
MRI, were found, and the signs of improvement assessed by
WORMS classification at point 1 (Fig. 4).

Discussion
The purpose of our study was to assess effectiveness of
intraosseous PRP injections, within the BML of individuals affected by OA, in ameliorating pain and improving knee functionality.
In addition to using multiple standardized OA scoring scales,
we analyzed serum levels of the cartilage metabolism marker
COMP, which, according to numerous studies, is an informative
marker reflecting metabolic intra-articular changes [6, 23, 26].
The role of the subchondral bone, in terms of OA etiology,
development, and treatment is still broadly discussed. At present, it has been demonstrated that the subchondral bone remodeling is an important process in OA pathogenesis, and
changes to this tissue layer can occur due to various circumstances, both as a cause and as a result of joint degeneration. It
is also recognized that the presence of these changes is of
clinical significance, causing pain and inflammation that can
contribute to the development of arthropathy [16, 17].
Table 2

Various ways of treating BMLs have been developed and
have been shown elicit beneficial structural changes in
subchondral bone. Non-operative treatment, usually employed
in the treatment of small BMLs (< 3.5 cm2) without clear signs
of osteonecrosis, consists of non-steroidal anti-inflammatory
drugs (NSAIDs), analgesics, prostacyclin, bisphosphonates
(acting on different bone targets), protected weight bearing for
three to eight months, physiotherapy, and close patient symptom and radiological monitoring [4, 29]. While the search for
the most tropic and effective method continues, the use of PRP
is gaining increased recognition and validation in clinical practice. This autologous product is harvested from the patient’s
blood and consists of growth factors (profuse in the plasma),
which when administered into damaged tissue increase the concentration of M2 phenotype macrophages, which stimulate the
reparative process [30]. Additionally, PRP influences oxidative
stress mechanisms which play a substantial role in catabolic
processes within subchondral bone [31]. Specifically, PRP activates the antioxidant response element (ARE) present in osteoblasts, which protects cells from reactive oxygen species
(ROS) and oxidative stress [32], while also stimulating beneficial subchondral bone remodeling. These promising results on
the use of PRP lead us to theorize that administering the product
directly to the BML area could have a significant and rapid
impact on the cells of the subchondral bone and the (structurally
closely related) overlying articular cartilage.
Various intraosseous injections methods have been
described in literature. One such method is
subchondroplasty, a method designed to treat joint
osteochondral pathology of osteoarthritic joints by
i n j e c t i n g c a l c i u m p h o s p h a t e i n t o t h e a ff e c t e d
subchondral bone, under arthroscopic control, with good
results in pain reduction and a small risk of complications [33, 34]. It is important to note that in cases in
which insufficiency fractures lead to bone structural collapse, subchondral support techniques are inadequate,
and thus, the treatment of choice should be bone
grafting of the injured and deficient bone, followed by
osteochondral restoration [35].
The data obtained in our study also attests to the positive
effect of intraosseous injections in treating OA. This can be
clearly seen by the significant decrease in pain intensity and
increase in joint function (based on WOMAC and KOOS) as
observed throughout the study. Particularly remarkable is the
fact that the positive results were maintained for several
months following the surgical procedure. It is also important

COMP Dynamics
Prior to surgery 1 month after surgery 3 months after surgery 6 months after surgery 12 months after surgery Healthy controls

COMP, ng/ml 1108 ± 439

1402 ± 596*

*Statistically significant difference, р < 0.05

1632 ± 684*

1173 ± 410*

1158 ± 414*

490.0 ± 77.6*
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Fig. 4 MRI dynamics (A.1; A.2before surgery; B.1; B.2–
12 months after)

A.1)

B.1)

A.2)

to note that such positive results were obtained despite the
prevalence of patients with K–L grade 3 OA, a stage at which
joint replacement (i.e., arthroplasty) is routinely recommended. Therefore, these positive results suggest that the technique
described in this study can also be used in treating later stage
OA, including cases in which there are contraindications to
major surgical procedures associated to a high risk of postoperative complications.
Regarding COMP analysis, the interpretation of this
marker’s serum levels remains controversial [36]. Data referenced in relevant studies reveal a positive correlation between
COMP and the stage of OA. Standardized values of the index,
however, are still not established and can vary depending on
the gender. Indeed, other studies found no correlation between
serum COMP and OA presence at all [36, 37]. In our study,
serum marker levels were initially elevated in our experimental patient group compared to the same marker in healthy

B.2)

control respondents, and continued to rise one month and
three months following surgery. By the sixth and 12th month
after the injection, any dynamics was not found.
Although one year of observation prevents the establishment of strong conclusions, given the significant improvement in the patients’ clinical and functional state, it is not
adequate to interpret the first three months of growth in
COMP levels as increased osteochondral degeneration. We
instead assume that increases in serum COMP levels cannot
only reflect the progression of joint destruction but also the
occurrence of positive cartilage turnover.

Conclusions
The role of subchondral bone in the aetiology and progression
of OA is still widely discussed. Intraosseous injections within
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the area of BMLs can provide an additional approach for the
comprehensive treatment of knee OA. In this study, injection
of autologous PRP within patient BMLs substantially improved their conditions as seen by a significant reduction in
pain, and a significant increase in joint function up to
three months following the surgical procedure. The observed
increase in COMP serum concentrations following the operation cannot be definitively interpreted, and further monitoring
and research on this blood marker must be performed.
Nonetheless, this study has important limitations, including
a small experimental sample size. Nevertheless, the pronounced positive improvements observed allows us to make
assumptions about the effectiveness of this technique. The
long-term observation of these cohort of patients combined
with an analysis of MRI images is still ongoing.

10.

11.

12.

13.

14.

Compliance with ethical standards

15.

Conflict of interest The authors declare that they have no competing
interests.

16.

Ethical approval All procedures performed in studies involving human
participants were in accordance with the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki
Declaration ant its later amendments or comparable ethical standards.

17.

References

18.

1.

Delgado D, Garate A, Hunter V, Bilbao A, Patel R, Fiz AS,
Sampson S, Sanchez M (2019) Current concepts in intraosseous
platelet-rich plasma injections for knee osteoarthritis. J Clin
Orthopaedics Trauma 10:36–41
2. Madry H, van Dijk CN, Mueller-Gerbl M (2010) The basic science
of the subchondral bone. Knee Surg Sports Traumatol Arthrosc 18:
419–433
3. Li et al (2013) Subchondral bone in osteoarthritis: insight into risk
factors and microstructural changes. Arthritis Res Ther 15:223.
https://doi.org/10.1186/ar4405
4. Kon E, Ronga M, Filardo G, Farr G, Madry H, Milano G, Andriolo
L, Shabshin N (2016) Bone marrow lesions and subchondral bone
pathology of the knee. Knee Surg Sports Traumatol Arthrosc 24(6):
1797–1814. https://doi.org/10.1007/s00167-016-4113-2
5. Appel H, Kuhne M, Spiekermann S, Kohler D, Zacher J, Stein H
et al (2006) Immunohistochemical analysis of hip arthritis in ankylosing spondylitis: evaluation of the bone-cartilage interface and
subchondral bone marrow. Arthritis Rheum 54:1805–1813
6. Pelletier JP (2007) Risk factors associated with the loss of cartilage
volume on weight-bearing areas in knee osteoarthritis patients
assessed by quantitative magnetic resonance imaging: a longitudinal study. Arthritis Res Ther 9(4):R74
7. Zhao J, Li X, Bolbos RI, Link TM, Majumdar S (2010)
Longitudinal assessment of bone marrow edema-like lesions and
cartilage degeneration in osteoarthritis using 3 T MR T1rho quantification. Skelet Radiol 39:523–531
8. Wilson AJ, Murphy WA, Hardy DC, Totty WG (1988) Transient
osteoporosis: transient bone marrow edema? Radiology 167:757–
760
9. Felson DT, McLaughlin S, Goggins J, LaValley MP, Gale ME,
Totterman S, Li W, Hill C, Gale D (2003) Bone marrow edema

19.

20.

21.

22.

23.

24.

25.

26.

and its relation to progression of knee osteoarthritis. Ann Intern
Med 139:330–336
Perry T, O'Neill T, Parkes M, Felson DT, Hodgson R, Arden NK
(2018) Bone marrow lesion type and pain in knee osteoarthritis.
Ann Rheum Dis 77:1145
Link TM, Steinbach LS, Ghosh S, Ries M, Lu Y, Lane N et al
(2003) Osteoarthritis: MR imaging findings in different stages of
disease and correlation with clinical findings. Radiology 226:373–
381
Roemer FW, Frobell R, Hunter DJ, Crema MD, Fischer W,
Bohndorf K et al (2009) MRI-detected subchondral bone marrow
signal alterations of the knee joint: terminology, imaging appearance, relevance and radiological differential diagnosis. Osteoarthr
Cartil 17:1115–1131
Roemer FW et al (2010) Subchondral bone marrow lesions are
highly associated with, and predict subchondral bone attrition longitudinally: the MOST study. Osteoarthr Cartil 18(1):47–53
Peterfy CG et al (2004) Whole-organ magnetic resonance imaging
score (WORMS) of the knee in osteoarthritis. Osteoarthr Cartil
12(3):177–190
Abhishek A, Doherty M (2013) Diagnosis and clinical presentation
of osteoarthritis. Rheum Dis Clin N Am 39(1):45–66. https://doi.
org/10.1016/j.rdc.2012.10.007
Mayerhoefer ME, Breitenseher MJ, Kramer J, Aigner N, Norden C,
Hofmann S (2005) STIR vs. T1- weighted fat-suppressed gadolinium-enhanced MRI of bone marrow edema of the knee: computerassisted quantitative comparison and influence of injected contrast
media volume and acquisition parameters. J Magn Reson Imaging
22:788–793
McAlindon TE, Watt I, McCrae F, Goddard P, Dieppe PA (1991)
Magnetic resonance imaging in osteoarthritis of the knee: correlation with radiographic and scintigraphic findings. Ann Rheum Dis
50:14–19
Ahlback S, Bauer GC, Bohne WH (1968) Spontaneous
osteonecrosis of the knee. Arthritis Rheum 11(6):705–733
Wluka AE, Hanna F, Davies-Tuck M, Wang Y, Bell RJ, Davis SR,
Adams J, Cicuttini FM (2009) Bone marrow lesions predict increase in knee cartilage defects and loss of cartilage volume in
middle-aged women without knee pain over 2 years. Ann Rheum
Dis 68:850–855
Odding E et al (1998) Associations of radiological osteoarthritis of
the hip and knee with locomotor disability in the Rotterdam study.
Ann Rheum Dis 57(4):203–208
Sowers MF et al (2003) Magnetic resonance-detected subchondral
bone marrow and cartilage defect characteristics associated with
pain and X-ray-defined knee osteoarthritis. Osteoarthr Cartil
11(6):387–393
Hunter DJ, Gerstenfeld L, Bishop G, Davis AD, Mason ZD,
Einhorn TA, Maciewicz RA, Newham P, Foster M, Jackson S,
Morgan EF (2009) Bone marrow lesions from osteoarthritis knees
are characterized by sclerotic bone that is less well mineralized.
Arthritis Res Ther 11:R11
Manicourt DH, Brasseur JP, Boutsen Y, Depreseux G, Devogelaer
JP (2004) Role of alendronate in therapy for posttraumatic complex
regional pain syndrome type I of the lower extremity. Arthritis
Rheum 50:3690–3697
Lecouvet FE, van de Berg BC, Maldague BE, Lebon CJ, Jamart J,
Saleh M, Noel H, Malghem J (1988) Early irreversible
osteonecrosis versus transient lesions of the femoral condyles: prognostic value of subchondral bone and marrow changes on MR
imaging. AJR Am J Roentgenol 170:71–77
Carrino JA, Blum J, Parellada JA, Schweitzer ME, Morrison WB
(2006) MRI of bone marrow edema-like signal in the pathogenesis
of subchondral cysts. Osteoarthr Cartil 14:1081–1085
Radke S, Rader C, Kenn W, Kirschner S, Walther M, Eulert J
(2003) Transient marrow edema syndrome of the hip: results after

Author's personal copy
International Orthopaedics (SICOT)
core decompression. A prospective MRI-controlled study in 22
patients. Arch Orthop Trauma 123:223–227
27. Kohn MD, Sassoon AA, Fernando ND (2016) Classifications in
brief: Kellgren-Lawrence classification of osteoarthritis. Clin
Orthop Relat Res 474(8):1886–1893. https://doi.org/10.1007/
S11999-016-4732-4
28. Marot V, Murgier J, Carrozzo A, Reina N, Monaco E, Chiron P,
Berard E, Cavaignac E (2019) Determination of normal KOOS and
WOMAC values in a healthy population. Knee Surg Sports
Traumatol Arthrosc 27(2):541–548. https://doi.org/10.1007/
s00167-018-5153-6
29. Bellido M, Lugo L, Roman-Blas JA et al (2011) Improving
subchondral bone integrity reduces progression of cartilage damage
in experimental osteoarthritis preceded by osteoporosis. Osteoarthr
Cartil 19(10):1228–1236
30. Vasina EM, Cauwenberghs S, Feijge MA, Heemskerk JW, Weber
C, Koenen RR (2011) Microparticles from apoptotic platelets promote resident macrophage differentiation. Cell Death Dis 2:211
31. Liu-Bryan R, Terkeltaub R (2015) Emerging regulators of the inflammatory process in osteoarthritis. Nat Rev Rheumatol 11(1):35–
44
32. Tohidnezhad M, Wruck CJ, Slowik A et al (2014) Role of plateletreleased growth factors in detoxification of reactive oxygen species
in osteoblasts. Bone 65:9–17

33.

Cohen SB, Sharkey PF (2016) Subchondroplasty for treating bone
marrow lesions. J Knee Surg 29(7):555–563
34. Bonadio MB, Giglio PN, Helito CP, Pécora JR, Camanho GL,
Demange MK (2017) Subchondroplasty for treating bone marrow
lesions in the knee - initial experience. Rev Bras Ortop 52(3):325–
330. https://doi.org/10.1016/j.rboe.2017.04.003
35. Marcacci M, Filardo G, Kon E (2013) Treatment of cartilage lesions: what works and why? Injury 44(Suppl. 1):S11–S15
36. Bi X (2018) Correlation of serum cartilage oligomeric matrix protein with knee osteoarthritis diagnosis: a meta-analysis. J Orthop
Surg Res 13(1):262. https://doi.org/10.1186/s13018-018-0959-y
37. Hao HQ, Zhang JF, He QQ, Wang Z (2019) Cartilage oligomeric
matrix protein, C-terminal cross-linking telopeptide of type II collagen, and matrix metalloproteinase-3 as biomarkers for knee and
hip osteoarthritis (OA) diagnosis: a systematic review and metaanalysis. Osteoarthr Cartil 27(5):726–736. https://doi.org/10.1016/
j.joca.2018.10.009
Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

