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Is there an Advantage of Subchondral Drilling and
Bone Marrow to Hyaluronic Acid Injection at Rabbit's
Knee Osteoarthritis? An Experimental Study
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ABSTRACT

Objective: The objective of this study is to compare the individual histopathological changes caused by subchondral drilling (SCD) and bone marrow injection
accompanied by hyaluronic acid (HA) in rabbits with knee osteoarthritis (OA) that is stimulated by the anterior cruciate ligament transection.

Method: An OA design was created in 20 New Zealand rabbits, which were then randomly divided into two groups of ten rabbits each. The first group was
named as the SCD group, in which 0.3 mL bone marrow aspirate was taken from the proximal medial tibial region and injected into the same knee joint;
thereafter, retrograde SCD was applied to the proximal tibial region. The second group (HA) received intra-articular injections of 0.3 mL HA oil once weekly
for three weeks. The knee joints were removed nine weeks post-surgery after the animals were killed. The knee joint articular cartilage areas were examined
macroscopically, and the medial femoral condyle sections were examined histopathologically.

Results: Significantly better macroscopic grading results were observed in the SCD group than in the HA group (p = 0.0001). There was no significant difference
in the OA cartilage histopathology (OACH) grade between the groups (p = 0.752), but the SCD group showed a significantly better OACH stage result than the
HA group (p = 0.039). The total OACH score inclined to be lower in the SCD group than in the HA group (p = 0.192).

Conclusion: This study demonstrated that SCD with intra-articular bone marrow injection slowed the progression of OA and protected the cartilage surface
during the early stages of OA better than HA.
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0z
Amac: Bu deneysel calismanin amaci, 6n capraz bagin kesilerek indiiklenen diz osteoartritli (OA) tavsanlarda subkondral drilleme (SKD) ve kemik iligi
enjeksiyonu ile eklem ici hyaltironik asit (HA) enjeksiyonunun kikirdaktaki histopatolojik dedisikliklerinin karsilastirmaktr.

Yontem: Yirmi adet Yeni Zelanda tavsaninin 6n capraz baglari kesilerek osteoartrit modeli olusturuldu, tavsanlar her grupta 10 adet olacak sekilde rastgele
2 gruba ayrild. iLk grup bu tavsanlarin medial tibial bélgelerine retrograd subkondral drilleme uygulandiktan sonra proksimal medial tibial bolgeden 0,3 mL
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kemik iligi aspiratinin alinarak ayni diz eklemine enjekte edildigi SKD grubuydu. ikinci gruba (HA), 3 hafta siireyle haftada bir kez 0,3 mL HA intraartikiiler
enjeksiyonu uygulandi. islemden 9 hafta sonra diz eklemleri cerrahi olarak cikarildi. Diz eklemi yiizeyleri makroskopik, medial femoral kondil kesitleri ise

mikroskopik olarak incelendi.

Bulgular: SKD grubunda HA grubuna gore anlamli derecede daha iyi makroskopik derecelendirme sonuclari gézlendi (p = 0,0001). OA kikirdak histopatolojisi
(OACH) evrelerinin gruplar arasinda farki anlamli degildi (p = 0,752), ancak SKD grubu HA grubundan daha iyi bir OACH evresine sahipti (p = 0,039). Toplam

OACH skoru SKD grubunda HA grubundan daha dustik bulundu (p = 0,192).

Sonuc: Medial tibia metafiz kemigin subkondral drillemesi ile birlikte eklem ici kemik iligi enjeksiyonu osteoartritin erken evrelerinde eklem kikirdagini

koruyucu etkisi vardir.
Anahtar kelimeler: Osteoartrit, kemik iLigi, tavsan, hyalironik asit

INTRODUCTION

Knee osteoarthritis (OA) is @ common joint problem that
involves the degeneration of cartilage and poses a significant
burden to the society ™. It includes the inflammation and
degradation of the synovial tissue and articular cartilage,
respectively. The progression of this disease is accompanied
by osteophyte formation at the joint margins and the
remodeling of the subchondral bone @. Different treatment
methods for knee OA are available. With the increasing
incidence of OA, the demand for joint replacement surgery is
predicted to grow rapidly ®°. The combined treatment such
as periarticular lidocaine-corticosteroid injection with intra-
articular hyaluronic acid (HA) may provide more effective
pain control as compared with the intra-articular injection
of HA alone in patients with knee OA and can be used as
a successful adjunctive treatment modality. This combined
injection may improve daily activities of a patient ©. The
objective of this study is to compare a combined treatment
of subchondral drilling (SCD) with bone marrow injection
and HA, and show a possible effectiveness of the combined
treatment.

Many patients with early knee OA are being treated with a
variety of nonsurgical modalities, such as physical therapy,
bracing, non-steroidal anti-inflammatory drugs, intra-
articular HA or corticosteroid injections . These treatment
modalities aim to decrease morbidity associated with pain
and provide a better range of motion and function. Intra-
articular HA injection is a commonly used nonsurgical
approach for treating knee OA. The HA injection into the
knee joint offer many benefits with the combination of its
viscoelastic properties with anti-inflammatory, anabolic,
analgesic, and chondroprotective properties .

Although the subchondral bone is increasingly blamed to
play a major role in the disease process, there is an ongoing
debate about its role in the pathogenesis of OA. The area
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underlying the calcified cartilage, which comprises the
subchondral bone plate and subchondral trabecular bone,
is involved in the pathogenesis of OA. Kilic et al.  presented
a new treatment approach for patients with moderate to
advanced gonarthrosis. In their study, patients underwent a
minimally invasive treatment protocol comprising retrograde
SCD of the proximal tibia, release of the percutaneous
medial collateral ligament, and the injection of whole bone
marrow containing mesenchymal stem cells and supportive
chondrogenic components into the knee, all under local
anesthesia. Pan et al. "9 reported on the penetration of small
molecules into the calcified cartilage from the subchondral
bone, where the subchondral bone plate provides a
direct link between this bone and the articular cartilage.
Chondrogenic bone marrow-derived mesenchymal stem
cells are usually prepared as a buffy coat fraction of the bone
marrow. However, whole bone marrow retains the supportive
chondrogenic components in the marrow plasma, including
marrow adipocytes, which have important functions during
chondrogenesis .

Inthisexperimental study, we compared the histopathological
changes caused by intra-articularly administered
hyaluronate and SCD with bone marrow injection in rabbits
with knee OA.

METHODS

Animals

The Laboratory Animal Ethics Committee of Abant zzet
Baysal University, Bolu/Turkey (decision no: 2017/20)
approved this study. In total, 20 mature New Zealand white
rabbits (males, 5-7 months old, 2.5-3.0 kg) were provided by
the Laboratory Animal Center of Abant izzet Baysal University
(Bolu, Turkey). The animals were placed in separate metal
cages and allowed free mobility to a solid diet and distilled
water under a natural light-dark cycle.
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Surgery

In total, 20 mg/kg of cefazolin sodium was administered
intramuscularly as antibiotic prophylaxis 30 min
preoperatively, and an additional dose was given 8 h
postoperatively to terminate the antibiotic prophylaxis
procedure. All animals were anesthetized with 50 mg/kg of
ketamine hydrochloride (Ketalar; Pfizer Warner Lambert,
Waltham, MA, USA) and an intramuscular injection of 10
mg/kg of xylazine (Rompun; Bayer, Istanbul, Turkey). The
right knee joint skin surface of each rabbit was shaved and
then disinfected with polyvinyl iodine (Betadine; Eczacibasl,
Istanbul, Turkey), followed by skin incision starting from the
superior pole of the patella extending to the tibial tuberosity.
After entering the joint with medial parapatellar arthrotomy,
the anterior cruciate ligament was seen and cut with a
surgical blade (Figure 1). A positive anterior drawer test was
conducted to verify the complete resection of the ligament 12,
Then, the joint space was washed with physiological saline
solution followed by the suturing of the medial retinacular

Figure 1. The anterior cruciate ligament was visualized
and transected

tissues and the closure of subcutaneous tissues with 4/0
Vicryl sutures and the skin with 4/0 Prolene, respectively.
Finally, a wound dressing with sterile gauze was applied
to the wounds, and the animals were left to recover. The
animals were allowed free mobility postoperatively. An OA
design was created in 20 New Zealand rabbits by cutting the
anterior cruciate ligament ™. The principles of laboratory
animal care were followed strictly during the study, and all
operative procedures were conducted in accordance with the
National Institutes of Health Guide for the Care and Use of
Laboratory Animals with the approval from the local animal
care committee.

Intra-articular Injections

After the anterior cruciate ligament resection, the rabbits
were randomly allocated to two groups comprising ten
rabbits each: the SCD and HA groups. Six weeks after the
first operation, rabbits in the SCD group were anesthetized
with an intramuscular injection of 10 mg/kg of xylazine and
50 mg/kg of ketamine hydrochloride. The right knee joint
skin surface of each rabbit was shaved and disinfected with
polyvinyl iodine. Approximately 1 ¢cm long cutaneous and
subcutaneous incision was made with a surgical blade on the
medial side of tibial tuberosity. Then, 0.3 mL of bone marrow
aspirate was taken from the proximal medial tibial region
with a syringe, and the aspirate was injected into the same
knee joint. Thereafter, the retrograde SCD of the proximal
tibial region was applied through this entry point with a
Kirchner wire (to increase blood supply to the sclerosing
subchondral bone). Subcutaneous tissues were then closed
with 4/0 Vicryl sutures and the skin with 4/0 Prolene. Sterile
gauze was applied to the wounds and the animals were
left to recover. The same investigator performed all the
interventions (Figures 2-4).

Six weeks after the anterior cruciate ligament resection, the
HA group received intra-articular injections of 0.3 mL HA
oil (25 mg/2.5 mL, Adant; Meiji Seika Kaisha, Japan) once
weekly for three weeks. The same investigator administered
all the injections. All rabbits were killed using high-
dose intravenous thiopentone sodium (Pentothal; Abbott
Laboratories, Abbott Park, IL, USA) after the intramuscular
administration of anesthesia with xylazine and ketamine
nine weeks after the anterior cruciate ligament resection.

Morphological Evaluation

The distal femurs and proximal tibiae of the rabbits were
removed after the animals were killed. Each animal's
articular cartilages were stained with India ink. Gross
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morphological assessment (GMA) of the knee joints was
performed using the scoring system described in 1972 by
Meachim based on the articular cartilage evaluation as:
grade 1, intact surface (joint surface does not retain India
ink); grade 2, minimal fibrillation (joint surface retains India
ink as light gray patches); grade 3, overt fibrillation (areas of
the joint surface are velvety in appearance and retain India
ink as intense black patches); and grade 4, erosion (loss of
cartilage exposing the underlying bone) 4.

Histopathological Evaluation

The distal femurs of the knee joints were placed in 10%
buffered formalin solution and then decalcified in a buffered

Figure 2. Approximately 0.3 mL of bone marrow aspirate
was taken from the proximal medial tibial region by a
syringe

Figure 3. The aspirated bone marrow was injected to the
same knee joint

88

formic acid solution. In total, sections measuring 5 um were
obtained from the distal femur articular surfaces, which were
embedded in paraffin after processing. The histopathological
slides were stained with hematoxylin and eosin and safranin
0; then, they were examined with a light microscope. To avoid
any bias, a single musculoskeletal histopathologist blinded
to the study evaluated all variables. Histopathological
characteristics were assessed as described by Pritzker et al.,
and OA Cartilage Histopathology (OACH) grades, stages, and
scores were calculated. Briefly, OACH grades are: 0, normal;
1, surface intact; 2, surface discontinuity; 3, vertical fissures;
4, erosion; 5, denudation; and 6, deformation. The percentage
of joint involvement (OACH stage) was classified using four
categories: 0, no OA activity observed; 1, <10%; 2, 10-25%;
3, 25-50%; and 4, >50%. A total OACH score for each case
was determined by multiplying the histopathological grade
by the percentage of joint involvement 19,

Statistical Analysis

IBM SPSS Statistics 22.0 program was used for statistical
analysis while evaluating this study's findings. The Mann-
Whitney U test was used for comparing the parameters at
the level of ranking measurement between the two groups.
Significance was evaluated at p < 0.05 level.

RESULTS

During the experimental period, no rabbit died, and no
superficial or deep infectious condition was detected in any
of the knees. The total GMA scores in the SCD group were
between 1 and 2, with a mean of 1.40 + 0.52 and a median

Figure 4. Through this entry point in Figure 2, the
retrograde subchondral drilling of the proximal tibial
region by a Kirchner wire was applied
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of 1. The total GMA scores in the HA group were between
2 and 4, with a mean of 2.90 + 0.88 and a median of 2. The
macroscopic grading results differed significantly between
the groups (p = 0.0001; Table 1).

The OACH grade (median-IR) in the SCD group was between
2.0 and 1.0 (p = 0.752). The OACH grade (median-IR) in the
HA group was between 2.5 and 3.25 (p = 0.752), (Figures 5
and 6). The OACH stage (median-IR) in the SCD group was
between 1.0 and 0.25 (p = 0.039). The OACH stage (median-
IR) in the HA group was between 2.0 and 2.25 (p = 0.039). The
total OACH score (median-IR) in the SCD group was between
2.0 and 1.75. The total OACH score (median-IR) in the HA
group was between 6.5 and 8.25. The mean OACH scores
were lower in the SCD group as compared with the HA group,
but this difference was not significant (p = 0.192; Table 1).

There is no statistically significant difference between the
OACH grade measurements according to the groups (p >
0.05). The OACH stage measurement of the control group
is statistically significantly higher than the SCD group (p <
0.05). There is no statistically significant difference between
the OACH score measurements according to the groups (p
> 0.05).

DISCUSSION

The most important result of this study is that SCD with
bone marrow injection yielded favorable histopathological
outcomes as compared to the HA injection. Rabbits receiving
intra-articularly administered bone marrow with SCD
presented fewer signs of OA than those receiving intra-
articularly administered HA.

The OACH grade and stages tended to be better in the
SCD group than in the HA group. Intra-articular injections
of different HAs are used for chondroprotection in the
treatment of OA 18 Accordingly, histological profiles
of the knee cartilage were better in animals who received
SCD with bone marrow injection, with a lower OACH grade

Table 1. Distribution of the groups according to the gross

morphological assessment and osteoarthritis cartilage
histopathology scores

HA group | SCD b

(n=10) (n=10) P
OACH grade (median-2IR) 2.5-3.25 2.0-1.0 |0.752
OACH stage (median-IR) 2.0-2.25 1.0-0.25 | 0.039*
OACH score (median-IR) 6.5-8.25 2.0-1.75 | 0.192

“p < 0.05, 2R = Interquartile range, "Mann-Whitney U test
HA: Hyaluronic acid, SCD: Subchondral drilling, OACH: Osteoarthritis cartilage

histopathology

Figure 5. A, OACH grade 1; cartilage surface intact but
local superficial fibrillation is present. B, OACH grade 2;
discontinuity of surface. C, OACH grade 3; vertical fissure
formation (safranin O, 100x)
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Figure 6. A, OACH grade 4; superficial erosion and loss
of matrix in fissured domains (Safranin O, 100x). B, OACH
grade 5; denudation and loss of cartilage (Safranin O,
100x). C, OACH grade 6; deformation; changing of the
contour of the articular surface because of repair and bone
remodeling (safranin O, 40x)

and stage as compared with the HA group. The GMA and
OACH scores were significantly better in the SCD group than
in the HA group. We suggest that these results are related
to vascular changes in the subchondral bone and changes
in the cartilaginous matrix through the reduction of intra-
osseous perfusion and consequent hypoxia, as reported by
Aaron et al. "9, Bone marrow can slow down the progression
of OA, as demonstrated in early studies ?%?V. This effect may
be related to the paracrine effects of pluripotent stem cells
on illicit regeneration, as mentioned be other researchers
2223 Furthermore, the cell viability was preserved in those
animals, with lower GMA and OACH scores after SCD and HA
injection. Although the results were better in the SCD group,
the lower histopathological scores reflect beneficial effects
of both treatment methods in terms of OA prevention and
articular cartilage preservation.

HA is a type of glycosaminoglycan and one of the major
ingredients of synovial fluid. It reduces the secretion of
arachidonic acid from synovial fibroblasts and stimulates
the tissue inhibitor of metalloproteinase-1 in articular
chondrocytes ?. Takahashi et al. ® demonstrated that
the production of nitric oxide in the meniscal and synovial
tissues was significantly reduced in a hyaluronate group
relative to a control group, and they suggested that the
inhibition of nitric oxide production was a mechanism
underlying the therapeutic effect of HA. The macroscopic
and microscopic findings obtained in our study highlight the
chondroprotective activity of intra-articularly administered
hyaluronate.

Study Limitations

This study had some Llimitations. First, the number of
rabbits in each group was small. Second, a more objective
and measurable outcome and evaluation system, such as
immunohistochemical analysis of the cartilage could have
been adopted. However, our findings in this study may
bring new insights in the treatment of OA using combined
treatment of SCD and bone marrow injection. Importantly,
future studies are needed.

CONCLUSION

In conclusion, this study showed that SCD with intra-
articular bone marrow injection slowed the progression of
OA and better protected the cartilage surface during the
early stages of OA than HA. Nevertheless, a prospective
randomized control study with immunohistochemical
parameters and radiological should be designed to improve
the clinical relevance.
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