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Abstract
Osteoarthritis is a common disease that affects the elderly peoples, with a detrimental effect on quality of
life as a result of pain, and total joint replacement is usually the last option for end-stage osteoarthritis. However,
for those whom have complex diseases, total joint replacement was limited. Thus, looking for an alternative way
to relieve pain is necessary. Recently, bone marrow edema is has been demonstrated to associate with knee
pain and osteoarthritis. Thus, targeting bone marrow edema may provide a promising approach for relieving knee
pain and delayed osteoarthritis development and progression. The present study highlights the importance of
bone marrow edema to recurrent knee pain, and demonstrates an alternative way for treating patients who have
osteoarthritic knee pain caused by bone marrow edema, and are not suitable for total knee replacement as a result
of contraindications such as multiple internal diseases and high risk of operation.
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Introduction
Osteoarthritis (OA), a common disease that affects the elderly, is
characterized by the degeneration of whole “organ” (e.g. synovium,
cartilage, subchondral bone, ligaments and tendons) [1]. As the average
life expectancy extend, the incidence of knee osteoarthritis increases
gradually in recent years [1,2]. The most detrimental effect of OA on
the patient is low life quality as a result of pain caused intra- or extraknee joint. End-stage OA in knee joint is also a debilitating disease that
is often treated with total joint replacement (TKR), which is generally
considered as the final option [3]. However, for those whom have a
variety of complicated diseases, they miss the chance to undergo
TKR. Instead, nonsteroidal anti-inflammatory drugs such as Celebrex
and Etoricoxib have been widely used in this population in order to
relieve pain and inflammatory response, although they may cause sideeffects to the elderly [4,5]. Therefore, it will be significantly to seek an
alternative approach to combat the clinical symptom.
Several factors including synovitis, cartilage defect, micro-facture
of subchondral bone, osteophyte, malalignment of the knee joint, and
bone marrow edema (BME) have been shown to associate with knee
pain [5,6]. With the popularization and continuous renewal of MRI,
the recent research highlighted the important role of BME in causing
pain and promoting the development and progression of OA [7-9].
Recently, it has been shown that BME of the knee occurs secondary to a
myriad of causes such as such as meniscal tears, cartilage deterioration,
subchondral cyst formation and mechanical malalignment [9,10].
Therefore, targeting BML has been considered as a promising approach
for relieving knee pain and OA.
At present, there are a variety of therapeutic schemes for knee OA
with BME, including conservative treatment such as prostacyclin and
bisphosphonate therapy, and operative treatment by correcting knee
alignment, core decompression and subchondroplasty. However, the
most appropriate therapeutic scheme has not yet been standardized
[10,11]. The present study aims to highlight the importance of
BME to recurrent knee pain, and demonstrate an alternative way of
percutaneous injection of polymethyl methacrylate for the treatment
of osteoarthritic knee pain caused by BME.
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Material and Methods
Information of the patient: female, 73 years old, Body Mass Index
(BMI): 28.2kg/m2; having arthralgia on her left knee (weight-bearing
walking pain); VAS score: 9, lym score: 45, KOOS score: 52. There was
no obvious improvement after conservative treatments; as a result, she
was hospitalized for further treatment. Physical examination showed
that there was obvious pressing pain on her left knee joint, especially
on the inner side. The range of motion of the knee joint was 5-120°.
The X-ray showed that there is an introversion of 18°and malalignment
(Figure 1A). It passed the bending test (+). Patella had friction fremitus
(+). 3.0T MRI (GE Medical systems, Waukesha, WI, USA) was used
to evaluate BME in the knee joint. The hallmark of a BME is an area of
decreased signal intensity on T1 weighted MRI with a corresponding
area of increased signal intensity on a T2 weighted MRI. The analysis
indicated that there was obvious BME in the left proximal tibia from
lateral, anterior and posterior view (Figure 1B and 1C).
Detailed case discussion was taken after the patient was hospitalized.
The patient was suffering from a variety of internal diseases, such as
hypertension, diabetes, residuals of cerebral infarction, and chronic
obstructive pulmonary disease. EP of color doppler ultrasound of
heart was 52%. After sufficient but ineffective conservative treatment,
an operation must be carried out as intervention treatment. However,
there was high risk for this patient to have an operation like TKR,
because the patient was suffering from a variety of internal diseases and
the EP is 52%.
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Figure 1: (A) X-ray shows the deformity of the bilateral knee of a 73 year-old
female, though life knee is more severe. B and C: The lateral view (B) and
anterior and posterior view (C) of MRI shows bone marrow edema in the tibia
side (laterial) as indicated by read arrowhead.

Figure 2: (A and B) Puncture is operated on the spot 1cm below the tibial
plateau under the perspective of C-arm fluoroscopy, and stop inserted the
needle after the tip of the guide needle gets to the center of the edema. (CE) The injection is carried out under the perspective of C-arm fluoroscopy,
polymethyl methacrylate is gradually injected and diffused into the center of
BME, but have to prevent bone cement from getting into the articular cavity.

Since MRI indicated there was relatively obvious BME on the inner
side of proximal tibia, and that the pain was probably caused by BME,
the percutaneous injection of polymethyl methacrylate was considered.
After elaborate explanation to the patient and her family about the state
of illness, operation method, and risk of operation, they agreed to have
this kind of treatment.
After femoral nerve block anesthesia, the operation was carried
out in the operating room. Tourniquet was applied to the left thigh.
Conventional disinfection was taken, and operation towel was spread.
According to the location of BME indicated by MRI, puncture
was operated on the spot 1cm below the tibial plateau. Under the
perspective of C-arm fluoroscopy, stop inserting the needle after the
tip of the guide needle gets to the center of the edema. Change the tube,
pull out the guide needle, and inject polymethyl methacrylate (Figure
2A and 2B). The injection should be carried out under the perspective
of C-arm fluoroscopy to prevent bone cement from getting into the
articular cavity. Pull out the tube after the bone cement diffuses in
the center of BME gradually (Figure 2C-2E). After the operation, the
patient got back to the ward safely.

Results
On the first postoperative day, the patient felt the pain was
apparently relieved. The range of motion of the knee joint was 5-120°.
The VAS score was 5, the LYM score was 65, and the KOOS score was
72. With the aid of double crutches, the affected limb can walk with
no weight. On the third postoperative day, X-ray showed cement was
localized in the central of the BME site, and MRI showed the BME was
obviously alleviated. Semi-quantitative score of WORS was 10, which
was dramatically declined compared with that before the operation
(Figure 3A-3D). In the follow-up visit to the patient (a month later),
the VAS score was 2, the LYM score was 80, and the KOOS score was
78. Semi-quantitative score of WORS was 4. MRI showed there was
no any BME around the injection site (Figure 3E and 3F). The patient
could walk with weight and take care of herself. She was very satisfied
with the treatment.
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Figure 3: (A and B) X-ray (The lateral view, anterior and posterior view) shows
the polymethyl methacrylate is localized in the center of BME. C and D: The
lateral view (C) and anterior and posterior view (D) of MRI shows bone marrow
edema is disappeared, and the polymethyl methacrylate (read arrowhead) is
shown in deep dark as demonstrated by T1 weighted MRI. (E and F) The
lateral view (E) and anterior and posterior view (F) of MRI shows no any sign of
bone marrow edema. The polymethyl methacrylate (read arrowhead) is existed
in deep dark, and some new bone Ingrowth in light dark as demonstrated by
T1 weighted MRI.

Discussion
There are a variety of reasons for knee joint pain, including
articular cartilage degeneration, malalignment, and BME etc. [9]. But
the root cause of the pain has not been found yet. Recent research
shows BME of the knee joint is the main reason of knee OA, and that
alleviate BME lead to reduction of knee joint pain [10]. In addition
to this, BME also contribute to cartilage degeneration of knee joint
and is involved in the development and progression of OA [12]. At
present, the pathogenesis of BME remains unknown. Recent study has
suggested that the increase of stress causes minor fracture of cartilage
metaphysis and then developed into genu varum [13]. Stimulation of
repeated stress also can destroy the structure of bone trabecula, and
decerase the interstitial fluid, accompanied by the increase of bleeding
[14]. Evidence has demonstrated that increased internal bleeding of
bone marrow results in the increase of intraosseous pressure which may
further cause decrease of bone tissue perfusion and bone cell hypoxia
[15]; Bone cell hypoxia may induce destruction of nerve vessel bundles,
acidosis of regional tissue, release of inflammatory medium, such
as prostaglandin etc, and cause pain [14]. Thus, the definite relation
between BME of knee joint and knee joint pain has been proved [16].
Since cartilage degeneration marks progression of osteoarthritis, and
that cartilage lack of nerve fiber thereby cannot sense pain, we then
considered BME, which rich in nerve fiber, as a main reason for causing
pain in our case.
In general, patients whom suffered from seriously BME with endstage OA, the TKR is the first option for them in order to improve the
quality of life. However, TKR is prohibited for those whom have several
high-risk complications, which are highlighted as contraindications for
TKR. Thus, only targeting BME rather than undergo TKR may provide
an alternative way for treating end-stage OA with BME. Recently, server
clinical studies have undertaken to prove this concept. Randomized
controlled trial shows zoledronic acid can alleviate the pain caused
by knee osteoarthritis accompanied with BME to a great degree [17].
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According to a case report, BME disappears 8 weeks after using Xgeva
in treating osteoarthritis accompanied by BME [18]. But this case
report is a rare phenomenon which is suitable for young patients, so
there is no promotion experience. In contrast, MET analysis indicates
that there is no clear evidence showing the effect of bisphosphonate in
treating osteoarthritis accompanied by BME [19].
The unfavorable effect of conservative treatment encourages people
to try other intervening measures for osteoarthritis accompanied by
BME. For example, hyperbaric oxygen therapy has better effect on
bone marrow edema of the hip [20], but it has not been applied to the
treatment of BME of knee joint. Moreover, noninvasive treatment like
extracorporeal shock wave therapy was once applied to treat BME of
knee joint, and the pain was alleviated [21]. But it is hardly used as
clinical application, so its clinical effect requires further exploration.
On the other hand, in treatment for painful BME by open wedge tibial
osteotomy, it is believed the pain of patients suffering from symptomatic
BME on knee joint was caused by BME resulting from oversized load.
Though wedge tibial osteotomy has achieved good clinical effect, it
has higher surgical risk and more serious trauma for aged patients.
Currently, central decompression is taken as the golden standard for
alleviating the pain caused by BME as soon as possible [22]. Invasive
treatment includes injection of anhydrous calcium phosphate for
treating BME has been reported [23]. In this paper, we have applied
invasive treatment in terms of percutaneous injection of polymethyl
methacrylate for the treatment of osteoarthritic knee pain caused by
BME, and have achieved good results (fewer complications., no affect
on range of motion, and decease pain). Since polymethyl methacrylate
is frequently applied in percutaneous vertebroplasty and has achieved
favorable clinical effect, its safety has been proved.
There are several possible mechanisms of using percutaneous
injection of polymethyl methacrylate to treat osteoarthritic knee pain
caused by BME. As aging, tiny fracture will happen on proximal tibia
with BME which in turns give rise to the decrease of bearable stress.
And after percutaneous injection of polymethyl methacrylate to the
proximal tibia, it can provide firm immobilization to recover the
altitude of the articular surface so that it can bear more stress. On the
other hand, the heat released during solidification will inactivate nerves
around the edema to prevent them conducting pain.

Conclusion
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As people’s average life expectancy extends, the incidence of
knee osteoarthritis increases gradually in recent years. How to
choose applicable therapeutic methods has been a great issue faced
by surgeons. The present study aims to highlight the importance of
BME to recurrent knee pain, and demonstrate an alternative way for
treating patients who have osteoarthritic knee pain caused by BME,
and are not suitable for TKR as a result of contraindications such as
multiple internal diseases and high risk of operation. Though it gets
favorable clinical effect, it still has many limitations: there are relatively
less cases to study; the observation time is not long enough; it is difficult
to have TKR after percutaneous injection of polymethyl methacrylate
operation. According to the above limitations, it is not suitable for
relatively young patients who may choose TKR.
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