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Abstract

Objective. The purpose of this study was to evaluate the postoperative status of spontaneous osteonecrosis of the knee
(SONK) after high tibial osteotomy (HTO) with concomitant bone marrow stimulation (BMS) using synovial fluid (SF)
biomarkers. Design. Twenty patients with SONK who underwent opening wedge HTO were enrolled. Paired SF samples
from the affected knee were collected at the time of HTO surgery and at the time of plate removal. SF concentrations of
interleukin (IL)-6, IL-8, and matrix metalloproteinase (MMP)-13 were measured by enzyme-linked immunosorbent assays.
The Knee Society Score (KSS) and hip-knee-ankle (HKA) angle were assessed before and 2 years after HTO. Results. The
KSS knee and function scores were significantly improved after HTO (mean changes of 33.8 and 29.4, respectively). The
mean HKA angle was changed from mechanical varus (-8.6°) to valgus (5.2°). Concentrations of IL-6, IL-8, and MMP-
I3 were significantly decreased after HTO (mean changes of —73.7%, —32.4%, and —47.9% from preoperative baseline,
respectively). Significant correlations were found between lesion size and concentrations of biomarkers, except for
preoperative MMP-13. Conclusions. SF levels of biomarkers of inflammation and cartilage degradation were reduced after
HTO with a concomitant BMS procedure, suggesting a biological improvement in SONK.
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Introduction clinical outcomes for SONK.*!? A recent study following
cases with SONK for 2 years demonstrated that relatively
good cartilage repair was observed in small lesions with a
defect size under 4 cm? after HTO with a concomitant bone
marrow stimulation (BMS) procedure.® However, the
. . . A mechanisms underlying the association between this surgi-
Since it progresses rapidly to end-stage osteoarthritis,” sur- cal procedure and the clinical outcomes, and the biological

glce\l]l tr.eatrnent 1.S olften required. . for th effect of the procedure on the pathological condition of
arious surgical treatment options for the management SONK need to be elucidated.

of SONK are available, including joint-preserving proce-
dures and joint arthroplasty.> It would make sense to select
the optimal one on the basis of the pathological condition.
Cases with SONK usually show a limited lesion of the
superficial subchondral tissue in the medial femoral con-
dyle® and varus knee deformity in the advanced stage.” In
addition, articular cartilage of the lateral tibiofemoral and
patellofemoral compartments, the anterior cruciate liga-
ment, and the lateral meniscus are preserved in most cases.
Thus, repair of damaged cartilage with a concomitant pro-
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Spontaneous osteonecrosis of the knee (SONK) is most
commonly seen in elderly patients with no risk of secondary
osteonecrosis. The lesion is described as a focal subchon-
dral lesion, distinguished from secondary osteonecrosis.!

Imaging modalities, such as radiograph or MRI, are con-
ventionally uses to diagnose and assess joint disease sever-
ity, but it is difficult to assess biological effects after
treatment. On the other hand, synovial fluid (SF) biomark-
ers allow assessment of the pathological condition of joint
tissue.!!1? Biological effects of HTO for knee osteoarthritis
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Figure |. Flow diagram of study subjects. SF = synovial fluid; HTO = high tibial osteotomy.

have recently been demonstrated by investigation of SF
biomarkers.'® In this study, the biological effects of HTO
with a concomitant BMS procedure for SONK were inves-
tigated using SF biomarkers.

The purpose of this study was to evaluate the postopera-
tive status of SONK after HTO with a concomitant BMS
procedure using SF biomarkers. It was hypothesized that
(1) SF levels of inflammatory and cartilage degradation
biomarkers are changed after HTO with a BMS procedure,
and (2) they are associated with lesion size and cartilage
repair status.

Materials and Methods
Study Subjects

Patients were included if they satisfied the surgical indica-
tions: painful SONK with lesion size <4 cm? (calculated by
measuring the greatest width and length on MRI) localized to

the medial femoral condyle; presence of full-thickness articu-
lar cartilage in the lateral and patellofemoral joint compart-
ments confirmed by radiographs of valgus-stress and skyline
views and MRI; and no functional instability of the anterior
cruciate ligament confirmed by manual tests and MRI.
Patients with severe varus deformity with mechanical varus
alignment of over 12°, mechanical valgus alignment, flexion
contracture greater than 15°, or a history of inflammatory
arthritis, joint infection, immunosuppressive therapy, or cor-
ticosteroid intake were excluded. A total of 37 knees of 37
consecutive patients with SONK underwent opening wedge
HTO and the concomitant BMS procedure between 2015 and
2019, and written, informed consent was obtained from 34
patients for inclusion in this study. All participants agreed
with 2-stage aspiration of SF under general anesthesia as the
planned research procedures and use of usual clinical care
data including radiographs, arthroscopic images, and medical
records. Finally, SF biomarkers, cartilage status, and clinical
outcomes were investigated in 20 subjects (Fig. 1). The study
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protocol and publication were approved by the Institutional =~ Table I. Patients’ Demographic Data.
Review Board of Yokohama City University (No: Number of patients 20
B191100008). Gender, female, n (%) I5 (75)
Age, years® 69.1 =93
Surgical Procedure and Postoperative Body mass index, kg/m? 24557
Lesion size, cm* (range) 2.8 £ 0.8 (1.4-3.9)
Management
g Radiographic classification’: stage 1/2/3/4, n 0/0/3/17
An initial arthroscopic examination and BMS were per- Postoperative time until second SF aspiration 152 = 5.1

formed prior to HTO on the same day. For BMS, damaged
cartilage was removed, and multiple holes approximately
3-4 mm apart with a penetrating subchondral bone plate
were created by anterograde drilling with a 2-mm-diameter
K-wire in the debrided cartilage defect. HTO was per-
formed using the biplanar opening wedge technique with
rigid plate fixation.'® The amount of angular correction was
planned preoperatively, aiming to achieve tibiofemoral
mechanical valgus of 5° in a 1-leg standing radiograph
postoperatively.

Patients started a postoperative rehabilitation program
including isometric quadriceps exercise and range-of-
motion exercise the day after surgery. A non-weightbearing
regimen was prescribed for 1 week, followed by full weight-
bearing exercise. Patients were encouraged to walk with or
without a walking aid. Finally, patients achieved step-over-
step stair climbing.

Assessment of Clinical and Radiographic
Outcomes

All subjects were followed up for 2 years after HTO to
assess clinical and radiographic outcomes. Clinical evalua-
tion was carried out using the Knee Society Score (KSS).!4
For radiographic assessment, an anteroposterior, weight-
bearing, full-length radiograph of the lower limb was taken,
and limb alignment was expressed as the hip-knee-ankle
(HKA) angle, which was defined as the angle between the
mechanical axes of the femur and tibia, with negative val-
ues for varus and positive values for valgus.

Assessment of Articular Cartilage

Second-look arthroscopy was performed in all patients at
the time of plate removal, and cartilage repair was evalu-
ated according to the International Cartilage Repair Society
(ICRS) repair grade.'>!

Biomarker Assays

SF concentrations of interleukin (IL)-6, IL-8, and matrix
metalloproteinase (MMP)-13 were measured according to
the previously described method.!? Briefly, paired SF sam-
ples were obtained from the affected knee of the same
patient just before the arthroscopy at the time of HTO sur-
gery (first aspiration) and at the time of plate removal

and second-look arthroscopy, mo®

SF = synovial fluid.
*The values are given as mean = standard deviation.

(second aspiration). The intra-articular fluid was aspirated
by a sterile puncture without lavage just prior to the surgery.
The samples were immediately centrifuged for 15 minutes
at 3,000g and 4 °C, and the supernatant was aliquoted and
stored at —80 °C until the time of analysis. The SF samples
were analyzed with enzyme-linked immunosorbent assays
using commercially available test kits (Quantikine, R&D
Systems, Minneapolis, MN) according to the manufactur-
er’s instructions.

Statistical Analysis

Statistical analysis was carried out using BellCurve for
Excel version 3.21 (Social Survey Research Information
Co., Ltd., Tokyo, Japan). Since histograms of the data indi-
cated that the variables had non-normal distributions, non-
parametric statistical methods were used to analyze the
data. The Wilcoxon signed-rank test was used to test for
significant differences in within-subject changes of clinical
outcomes and biomarker concentrations. Spearman’s rank
correlation coefficient was used to identify relationships
between SF biomarkers and patients’ characteristics or clin-
ical parameters. An adjusted P-value <0.05 was considered
significant. The intra-class correlation coefficients for the
intra- and inter-rater reliabilities of the measurements were
0.97 and 0.90 for lesion size, 0.87 and 0.85 for HKA angle,
and 0.84 and 0.79 for ICRS total score, respectively, sug-
gesting good reliability.

Results

Patients’ Characteristics and Descriptive Data

The patients’ characteristics are summarized in Table 1.
The study subjects were 5 male and 15 female patients
with a mean age of 69 years. The lesion size was 2.8 (1.4-
3.9) cm?. Second-look arthroscopy was performed 15.2
#* 5.1 months after HTO. Clinical outcomes are summa-
rized in Table 2. Knee alignment changed from mechani-
cal varus to valgus in all subjects. The KSS knee and
function scores were significantly improved after sur-
gery (P < 0.05).
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Table 2. Clinical Outcomes.

Variable Preoperative Postoperative P Value? Mean Change (95% Cl)
HKA angle (°) -62 * 26 45= 19 <0.001 10.7 (9.2, 12.4)
Knee score 583 = 6.7 922 = 54 <0.001 33.8 (31.5,36.2)
Function score 64.5 =72 939 = 8.1 <0.001 29.4 (25.8, 33.1)

The values are given as mean = standard deviation.
Cl = confidence interval; HKA = hip-knee-ankle.
*Wilcoxon signed-rank test.

Table 3. Concentrations of Synovial Fluid Biomarkers.

Biomarker First Aspiration Second Aspiration P Value? Mean Change (95% ClI) Percent Change
IL-6, pg/ml 155.5 £ 107.9 29.1 =232 <0.001 -126.4 (-173.6,-79.2) =737
IL-8, pg/ml 66.3 = 50.3 29.7 = 21.6 <0.001 -33.2(-57.7,-87) -324
MMP-13, ng/ml 166.4 = 128.9 58.6 = 37.2 <0.001 -107.8 (-164.2, -51.3) -47.9

First aspiration: at the time of HTO, second aspiration: at the time of plate removal. The values are given as mean * standard deviation.
Cl = confidence interval; IL = interleukin; MMP = matrix metalloproteinase; HTO = high tibial osteotomy.

*Wilcoxon signed-rank test.

Table 4. Correlation Analysis between Concentrations of Biomarkers in Synovial Fluid of the First Aspiration and Patients’

Characteristics or Clinical Parameters.

IL-6

(First Aspiration)?®

IL-8 MMP-1|

(First Aspiration)?® (First Aspiration)?

Variable r P value r P-value r P value
Gender 0.170 0.473 0.175 0.474 -0.130 0.584
Age -0.085 0.721 0016 0.948 0.149 0.528
Body mass index -0.049 0.842 0.269 0.279 -0.126 0.606
HKA angle® -0.017 0.945 -0.119 0.638 0.281 0.244
Knee score® 0.012 0.492 -0.092 0.678 0.096 0.724
Function score® 0.026 0917 -0.149 0.554 -0.166 0.497

IL = interleukin; MMP = matrix metalloproteinase; HKA = hip-knee-ankle; r = Spearman’s rank correlation coefficient.

At the time of high tibial osteotomy.
®Data were obtained before high tibial osteotomy.

SF Biomarkers

Concentrations of SF biomarkers are summarized in Table
3. Concentrations of IL-6, IL-8, and MMP-13 were sig-
nificantly decreased after HTO. Correlation analyses
between concentrations of SF biomarkers and patients’
characteristics or clinical parameters are summarized in
Tables 4 and 5.

Relationships between SF Biomarkers and
Lesion Size

Concentrations of SF biomarkers were plotted against
lesion size (Fig. 2). Significant correlations were found
between lesion size and concentrations of biomarkers,
except for MMP-13 at the time of HTO (first aspiration).

Relationships between SF Biomarkers and
Cartilage Repair

Postoperative cartilage status at second-look arthroscopy
was grade 2 (nearly normal) in 15 cases and grade 3 (abnor-
mal) in 5 cases according to the ICRS overall repair classi-
fication. Concentrations of SF biomarkers were plotted
against the ICRS total score (Fig. 3). There were no signifi-
cant correlations between the ICRS total score and concen-
trations of SF biomarkers.

Discussion

The major advance in this study was the investigation of the
biological effects of HTO on SONK. The most important
finding of this study was that SF levels of inflammatory and
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Table 5. Correlation Analysis between Concentrations of Biomarkers in Synovial Fluid of the Second Aspiration and Patients’
Characteristics or Clinical Parameters.

IL-6

IL-8

MMP-13

(Second Aspiration)?

(Second Aspiration)®

(Second Aspiration)?

Variable r P Value r P Value r P Value
Gender 0.330 0.155 0.091 0.705 0.361 0.118
Age -0.285 0.222 -0.149 0.530 -0.080 0.737
Body mass index 0.281 0.244 0.025 0.921 0.128 0.601
Time to second aspiration 0.006 0.980 -0.039 0.872 0.024 0.923
HKA angle® -0.268 0.267 0.063 0.799 -0.081 0.743
Knee score® -0.243 0.317 -0.009 0.970 -0.019 0.939
Function score® -0.085 0.728 -0.098 0.690 -0.110 0.653

IL = interleukin; MMP = matrix metalloproteinase; HKA = hip-knee-ankle; r = Spearman’s rank correlation coefficient.
At the time of plate removal.

®Data were obtained at 2 years after high tibial osteotomy.
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Figure 2. Dot plot graphs for relationships between initial lesion size and synovial fluid biomarkers at the time of high tibial
osteotomy (first aspiration, A-C) and at the time of plate removal (second aspiration, D-F). Correlations determined using
Spearman’s rank correlation coefficient. (A) IL-6, r = 0.487, P = 0.029. (B) IL-8, r = 0.554, P = 0.012. (C) MMP-13, r = 0.437,
P = 0.054. (D) IL-6, r = 0.558, P = 0.01 1. (E) IL-8, r = 0.526, P = 0.017. (F) MMP-13, r = 0.673, P = 0.001. MMP = matrix
metalloproteinase; IL = interleukin.



6 CARTILAGE
A B C
r=-0.064, P=0.789 r=-0.132, P=0.579 r=-0.136, P=0.569
400 200 600
" " ° = % °
< 300 o Z 150 * & 1=
= < ° g . _El 400
£ Ve °
- R I : . E y °
-— ° T ° e °
? 100 ° . cj 50 3 0% 2 e LR
= ° ® = ‘ % i $2
0 ® ° °3 ° e
o ° 0 ° E 0 o 0 3
0 2 4 6 8 10 12 0 2 4 6 8 10 12 0 2 4 6 8 10 12
ICRS total score ICRS total score ICRS total score
D E F
r=-0.397, P=0.083 r=-0.226, P=0.337 r=-0.412, P=0.071
100 100 ” T 150 2
© ° = ~
< ° ~ ~ ® o
= o~ Ty °
g, -3 £ 100
3 ¢ S =) 3
E so ° 5 50 . 0 c
2 ‘ g . Y .
= - Y] ° g
© ° % o e . P L I
= . A : = o = % ® *%
°© o %0 S ®eo = °
0 0 0
0 22 4 6 8 10:12 0 2 4 6 8 10 12 0O 2 4 6 8 10 12
ICRS total score ICRS total score ICRS total score

Figure 3. Dot plot graphs for relationships between the ICRS total score and synovial fluid biomarkers at the time of high tibial
osteotomy (first aspiration, A-C) and at the time of plate removal (second aspiration, D-F). (A) IL-6, r = —0.064, P = 0.789. (B) IL-8,
r =-0.132, P = 0.579. (C) MMP-13, r = -0.136, P = 0.569. (D) IL-6, r = —0.397, P = 0.083. (E) IL-8, r = —0.226, P = 0.337. (F)
MMP-13, r = -0.412, P = 0.071. ICRS = International Cartilage Repair Society; MMP = matrix metalloproteinase; IL = interleukin.

cartilage degradation biomarkers in SONK were reduced
after HTO with a concomitant BMS procedure. The present
study also demonstrated that concentrations of those bio-
markers in SF were associated with lesion size, but not with
cartilage repair status.

Several molecules related to joint metabolism and
inflammation are present in the body fluids and can be used
for biological monitoring of pathological conditions in joint
diseases. Numerous efforts have been undertaken to use the
biomarkers for osteoarthritis. The disease state of osteone-
crosis includes cartilage damage and synovial inflamma-
tion, and the biomarkers reflecting these pathological
conditions are likely similar to those for osteoarthritis.'’-2
The present study focused on the changes of SF biomarkers
in response to biological improvement of the intra-articular
condition. Use of biomarkers as a tool for evaluation of
treatment effects on the disease state of SONK is a current
challenge.

HTO with a concomitant BMS procedure is a joint-pre-
serving treatment option for SONK with a small lesion.®
Marrow-stimulating procedures such as drilling and micro-
fracture enable bone marrow containing mesenchymal stem
cells to enter the cartilage defect and promote fibrocartilage
healing.?""*? Clinical outcomes were significantly improved
after arthroscopic microfracture treatment in patients with
SONK.?* However, patients with a lesion larger than 4 cm?
had worse clinical outcomes and cartilage repair than did
those with a smaller defect.®** Therefore, the surgical indi-
cation for BMS was limited to lesion size <4 cm?. In addi-
tion, good clinical outcomes are also associated with
improvement of the mechanical environment after HTO.
The presence of varus deformity inhibits the healing poten-
tial of necrotic lesions”?* and is a potential failure risk with
an isolated procedure of cartilage repair.2%?’

Effects of surgical treatment are usually evaluated by
improvement of symptoms and function without examination
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of biological status. This study demonstrated the effects of
HTO with concomitant BMS on SONK as reflected by
changes of SF biomarkers, as well as clinical outcomes and
cartilage repair. Reduced levels of SF biomarkers including
IL-6, IL-8, and MMP-13 were also seen after HTO in patients
with knee osteoarthritis.'> The results suggested similar bio-
logical effects of HTO on disease status in both knee osteoar-
thritis and SONK. Most cases with SONK who undergo
surgical treatment tend to be categorized as advanced stage,
and a similar pattern of biological markers may be suggested
in both knee osteoarthritis and SONK.

Markers related to cartilage degradation and synovial
inflammation may be accurate indicators of the progres-
sion and severity of SONK. A previous study analyzing
SF demonstrated that levels of biomarkers, including of
cartilage metabolism, were associated with progression
of the radiographic stage and size of the necrotic lesion in
SONK,? and levels of inflammatory cytokines were
higher in advanced osteonecrosis of the femoral head.!”
The present study demonstrated that levels of SF bio-
markers were correlated with lesion size, although there
were no relationships between SF biomarkers and carti-
lage repair status. These results suggested that the extent
of lesion size affects the pathological condition and the
improvement of the disease state.

This study has several limitations. First, the investigation
analyzing SF was limited to only 3 biomarkers. Second, the
study subjects were limited by the ability to collect paired SF
samples at the time of HTO and at the time of plate removal.
Third, postoperative investigation was performed only once.
The findings were limited by the follow-up duration, which
was only until the time of plate removal, and mid- to long-
term results are unknown. Fourth, the sample size was too
small for multivariate analysis. Thus, findings related to fac-
tors affecting SF biomarkers are restricted.

Conclusions

SF levels of biomarkers for inflammation and cartilage deg-
radation were decreased after HTO with a concomitant
BMS procedure in patients with SONK. These results pro-
vide insight into the biological effects of HTO on SONK.
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