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Introduction Glucocorticosteroid injections have been widely used in clinical practice. Betamethasone is one of the agents of this group 
of drugs. Its efficacy and therapeutic effect with intra-articular administration are undeniable. There are special instructions on the dosage 
and frequency of use of the drug but unfortunately there are cases of its wrong administration. There is also an evidence of an adverse 
effect on cartilage both of the drug itself and its combination with local anesthetics. Aim Evaluation of the results of different weekly intra-
articular protocols of betamethasone administration on histological preparations of rabbit knee joints. Methods Histological preparations 
of the right knee joints of three groups of rabbits were studied: after one, three, and six administrations of betamethason per week and the 
control intact left knee joints. Results Histological preparations of the control group and the group with a single weekly administration of 
the drug did not have any changes in the structure of diarthrosis. Dystrophic and necrotic changes affecting all morphological components 
were observed in the joints of animals that received intra-articular injections of betamethason three times a week (compared to a single 
injection, the area of dystrophy and necrosis of the cartilage was greater by 10.05 ± 0.75 % (p < 0.05), of subchondral bone by 8.11 ± 0.5 % 
(p < 0.001), and of synovium by 6.25 ± 0.32 % (p < 0.05). The group with six injections of the drug per week had the most pronounced 
changes. The area of necrotic changes of the cartilage was greater by 6.39 ± 0.75 % than in the group with three injections per week 
(p < 0.001), of subchondral bone by 11.18 ± 0.5 % (p < 0.001), of synovium by 6.12 ± 0.32 % (p < 0.001). Discussion Inflammatory cell 
infiltration of joint structures was absent in all cases. It indicates an aseptic nature of tissue necrosis. Evidence has been obtained between 
the increase in the frequency of intra-articular injections of betamethasone and the severity of dystrophic and necrotic changes in all 
morphological components of the joint.
Keywords: glucocorticosteroids, betamethasone, intra-articular injection

Intra-articular injections of medical drugs play an 
important role in the complex treatment of patients with 
joint pathology. The use of this method helps to stabilize 
the grade of osteoarthritis (OA) and has a positive effect 
on the state of the articular components. Injections of 
intra-articular glucocorticosteroids (GCS) reduce pain 
and secondary inflammation in OA patients, rheumatoid 
arthritis, and other arthropathies. The method has 
been widely used in traumatology and orthopedics, 
rheumatology, and neurology. Betamethasone, a two-
component synthetic glucocorticosteroid, is one of the 
drugs for intra-articular therapy. This agent has anti-
inflammatory, anti-rheumatic, immunosuppressive and 
anti-allergic properties. The drug is a combination of 
two salts of betamethasone, betamethasone sodium 
phosphate (BNP) dissolved in water that provides 
a fast therapeutic effect (within 2–4 hours after 
administration), and betamethasone dipropionate 
(BDP) which is of a prolonged action (4 or more 
weeks). Betamethasone has certain tribological 
properties, providing a lubricating effect on the 
articular surfaces after mixing with the synovial fluid. It 
should be noted that betamethasone has a high index of 
anti-inflammatory activity (equal to 30) and has a fine-
crystalline structure (5.3 μm in size), which provides its 
optimal safety profile. Betamethasone is recommended 
for such diseases of the musculoskeletal system as OA, 
rheumatoid arthritis, bursitis, epicondylitis, fasciitis, 

foot diseases, and some others.
However, the cytotoxic effect of GCSs on the 

cartilage tissue has been reported in combination with 
local anesthetics [1]. J.L. Dragoo et al [2] revealed a 
significant decrease in the viability of chondrocytes 
on days 9 and 14 after a single injection of 1 mg BNP 
betamethasone acetate (BA), despite the cultivation 
of chondrocytes using a constant infusion pump to 
create the effect of intra-articular fluid metabolism.

In their recent study, M.A. Kabalyk et al [3] 
conducted a comparative assessment of the effect of 
betamethasone solution at the dose of 0.1 mg/kg in 
an experimentally simulated cartilage damage and 
described negative changes in joint structures such 
as thinning of the articular cartilage, disruption of the 
cellular hierarchy and phenotype of chondrocytes, 
thinning of the subchondral bone lamina propria. 
However, thereby, betamethasone had some inhibitive 
effect on the degradation of the articular cartilage in 
comparison with the control group, apparently due 
to a more rapid change in the synthetic activity of 
chondrocytes. There was a decrease in pathological 
angiogenesis due to inhibition of vascular endothelial 
growth factor.

D. Davis et al [4] studied chondrocytes after 
30 minutes of exposure to 0.2, 0.6, 1, 3, and 6 mg/ml 
solutions of BNP and BA without benzalkonium 
chloride (a preservative agent used in clinical 
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combined preparations of betamethasone) and did 
not reveal significant cell death in all groups, even on 
the 7th day of the observation. Thereby, the authors 
found a pronounced cell death of chondrocytes when 
exposed to the minimum dosage of benzalkonium 
chloride (0.01 mg/ml), which may explain scattered 
results of in vivo studies.

Special recommendations for the use of 
betamethasone and its possible side effects motivated 
us to conduct an experiment to study its effect on the 
articular elements by its frequent use.

Purpose Evaluation of the effect of several weekly 
intra-articular protocols of betamethasone administration 
on histological preparations of rabbit’s knee joints.

MATERIAL AND METHODS

Fifteen adult rabbits of the Gray Giant breed, males 
and females, weighing 2,950–3,300 g (average 3,200 
g) were divided into three main groups of 5 animals 
each. The first group received a single injection of 
betamethasone into the right knee joint. The animals 
of the second group received three intra-articular 
injection of the drug and the third one six times per 
week. The left knee joints of the animals were intact 
and were used for comparison group.

The animals were kept in cages adequate for 
this species and received organic food. The study 
complies with international and national regulations 
for the handling of laboratory animals.

Disposable gloves, needles, and 1-ml syringes with 
0.1 ml grading were used in the experiment. After 
preliminary shaving, the skin of the rabbit's right knee 
joint was treated with 70 % alcoholic chlorhexidine 
solution. Then an intra-articular injection was 
performed. The dosage of the drug for administration to 
rabbits was proportional (1/20) used for intra-articular 
injection in the knee joints of a human with an average 
weight of 65 kg. Each vial of the drug containing 1 ml 
of a solution consisting of betamethasone dipropionate 
and betamethasone disodium phosphate was diluted 
in 9 ml of 0.9 % saline solution. From the resulting 
solution, 0.5 ml (0.25 mg of dipropionate and 0.1 mg 
of phosphate) were used for administration, which 
corresponds to 1/20 of the dose used for intra-articular 
injections into the human knee joints. Injections 
were administered weekly according to the schedule 
assigned to each study group.

All rabbits were euthanized 7 days after the last 
corresponding administration of the drug in the group. 
The animals were first anesthetized with 100 mg/kg of 
ketamine and 8 mg / kg of xylazine intramuscularly, 
and then intra-cardiac injection of 10 ml of a 19.1 % 
potassium chloride solution was performed.

The histological material was prepared according 
to the technique developed for bone tissue [5, 6]. 
The material was first fixed in 10 % neutral formalin, 
followed by rinsing in running tap water for 24 hours and 

decalcification in a mixture of 100 ml of 90 % formic acid, 
80 ml of 40 % hydrochloric acid and 820 ml of tap water. 
The fluid was changed every 48 hours. Decalcification 
lasted 10–15 days on average. After rinsing for 24 hours 
in tap water, the material was dehydrated in alcohols of 
increasing concentrations, 70 % (3 portions), 96 % (two 
portions), 100 % (one portion), where they were kept for 
one day in each portion.

Dehydrated samples were sequentially immerged 
in a solution of alcohol and chloroform 1:1 
(3–5 hours), two portions of chloroform (1 hour each) 
and placed in a thermostat at 37 ° C in a mixture of 
chloroform and paraffin 1: 1 (2–3 hours). Then, in a 
thermostat at 56 °C, the material was soaked in two 
portions of paraffin (1 hour in the first and 24 hours 
in the second).

At the end of the processing, they were embedded 
in paraffin, cooled, and sections with a thickness 
of 7–10 µm were made using a Leica SM 2000R 
microtome. Histological sections were stained with 
hematoxylin and eosin, as well as picrofuchsin 
according to van Gieson.

Histological preparations were examined 
microscopically by an experienced histologist using an 
Axioscop-Zeiss AG microscope. To determine the areas 
of the structural components of the joint, a morphometric 
mesh of a random step by S.B. Stefanov was used [7]. 
The mesh was applied directly to the micropreparation 
and under low magnification (eyepiece × 7, objective – 
× 10), the number of its intersections was counted 
for each of the studied structures: subchondral bone, 
cartilage, synovial membrane, and articular cavity. 
The position of the mesh on the histological section 
was randomly changed several times, each time the 
counting was repeated. The total number of calculated 
mesh crossings obtained for the entire section was 
taken as 100 %. Then, the number of mesh crossings 
for each of the studied structures was converted into 
percentages, respectively. The data obtained were 
processed statistically with the calculation of the 
Student's criterion and the p value [7].

RESULTS

Microscopic examination of histological 
preparations of intact left knee joints of animals 

(comparison group) showed no changes in the 
morphological components of the joint, which 
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indicates a normal histological structure. Normally, 
the articular cartilage is classified as hyaline cartilage 
and consists of three layers: superficial (tangential 
zone), intermediate (intermediate zone), and deep 
(radial zone). There are no blood and lymph vessels in 
the cartilaginous lining of the joint. The surface of the 
articular cartilage is flat, smooth, without any bulges 
or irregularities. The tangential zone is represented 
by a cell-free plate and flattened chondrocytes. In the 
intermediate zone there are rounded chondrocytes 
and isogenic groups of chondrocytes. The radial 
zone is composed of chondrocyte bands, a layer of 
hypertrophied (dystrophically altered) chondrocytes 
and a boundary line (area of mineralization). Below, 
directly above the bone, is the calcified hyaline 
cartilage (Fig. 1a).

The subchondral bone is predominantly compact 
with areas of cancellous structure (Fig. 1b).

The articular capsule (bag) consists of two layers, 
the outer one (fibrous) connected with the periosteum 
(Fig. 1c), and the inner one (synovium). The latter 
consists of the synovial intima (synoviocytes, flat 
synovial cells) and the subintimal fibrovascular 
layer with a large number of blood vessels and 
inclusions of adipose tissue (Fig. 1d). The surface 
of the synovial membrane is smooth with the villi 
(Fig. 1e). At the junction with the cartilaginous 
lining (transition zone), synovial cells are gradually 
replaced by chondrocytes. The proportion of the area 
of the studied structures from the total area of the 
histological section is presented in Table 1.

In the group of rabbits with a single injection of 
betamethasone, no significant changes in the knee 
joint were observed either. The normal structure of 
the articular capsule remained unchanged with the 

outer fibrous layer and the inner one, represented 
by the synovial membrane. The surface of the 
synovial membrane was smooth, with the presence 
of villi, and lined with flat synoviocytes (Fig. 1f). 
Three morphological types were identified in the 
corresponding areas of the articular capsule: fibrous, 
areolar, and fatty (Fig. 1 g, h, i). The phenomena of 
dystrophy and necrosis were observed at 1.56 ± 0.32 % 
of the total area of the histological section (p < 0.05). 
The subchondral bone was practically intact in all 
cases (1.14 ± 0.75 %, p < 0.001).

In the group of animals with three doses of the drug, 
there were changes that captured all the structural 
components of the joint. Normal histological structure 
was detected only in some areas (Fig. 2a). In most 
cases, the articular surface of the cartilage had an 
uneven lining with defects formed due to foci of 
necrosis and destruction, which sometimes alternated 
with areas of cartilage tissue proliferation. The area 
of dystrophy and necrosis was 10.05 ± 0.75 % greater 
(p < 0.05) compared with the group of a single 
injection. In the presence of a significant lesion of 
the cartilage, the subchondral bone was frequently 
involved in the process (Fig. 2b). In addition, there 
were foci of necrosis, destruction and lysis of bone 
trabeculae in the underlying bone (Fig. 2 c, d). The 
area of dystrophy and necrosis in the subchondral 
bone was 8.11 ± 0.5 % greater (p < 0.001) compared 
with the previous group,

The synovium was thickened and swollen. There 
was marked plethora of her vessels and perivascular 
edema (Fig. 2e). In some cases, foci of destruction of 
the synovial membrane were seen (Fig. 2f) with an 
area greater by 6.25 ± 0.32 % than in the group with a 
single injection (p < 0.05).

Table 1
Areas of structural components in the intact knee joints and joints with injections of betametazone (diprospan) 

(% from the total area of the histological section, M ± m (95 % CI))

Unchanged 
subchondral 

bone 

Subchondral 
bone with 

dystrophy and 
necrosis 

Unchanged 
articular 
cartilage

Articular 
cartilage with 
dystrophy and 

necrosis 

Unchanged 
synovial 

membrane

Synovial 
membrame with 
dystrophy and 

necrosis 

Joint Cavity

Control intact 
joints 39.86 ± 0.09 0 29.96 ± 0.13 0 20.14 ± 0.21 0 10.05 ± 0.02

After a single 
injection of 
dipropan 

39.34 ± 0.25** 
(95 % CI -0.78; 

-0.24)
0

29.33 ± 0.08*** 
(95 % CI -0.78; 

-0.47)

1.14 ± 0.19*** 
(95 % CI 0.94; 

1.33)

19.12 ± 0.25*** 
(95 % CI -1.36; 

-0.68)

1.56 ± 0.24** 
(95 % CI 1.31; 

1.81)

9.50 ± 0.26** 
(95 % CI -0.81; 

-0.28)
After 3 
injections of 
diprospan 

27.98 ± 3.70*** 
(95 % CI -15.19; 

-7.55)

8.11 ± 0.47 *** 
(95 % CI 7.63; 

8.59)

21.78 ± 0.75** 
(95 % CI -8.33; 

-6.77)

10.05 ± 1.71** 
(95 % CI 7.15; 

10.69)

14.62 ± 1.39** 
(95 % CI -5.96; 

-3.04)

7.81 ± 0.61** 
(95 % CI 5.57; 

6.93)

9.65 ± 1.24 
(95 % CI -1.16; 

1.46)
After 6 
injections of 
diprospan 

21.27 ± 1.38** 
(95 % CI -10.78; 

-2.64)

19.29 ± 1.50*** 
(95 % CI 9.56; 

12.80)

8.17 ± 0.58*** 
(95 % CI -14.59; 

-12.63)

16.44 ± 1.61*** 
(95 % CI 3.97; 

8.81)

7.87 ± 0.40*** 
(95 % CI -8.24; 

-5.25)

13.93 ± 0.75*** 
(95 % CI 5.12; 

7.12)

13.02 ± 3.1 
(95 % CI -0.09; 

6.82)
Notes 95 % CI – 95 % confidence interval for difference; p and 95 % confidence interval shown for comparison with the указаны для 
сравнения с предыдущей группой (с меньшим количеством инъекций); * – p < 0,05, ** – p < 0,01, *** – p < 0,001
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Fig. 1 The histological structure of the joint after a single injection of betamethasone: a normal histological structure of the 
articular cartilage; b subchondral compact bone of the joint with areas of spongy structure; c outer fibrous layer of the articular 
capsule; d unchanged synovial membrane; e villi of the synovial membrane; f normal histological structure of the synovium and 
its villi; g synovial membrane of the fibrous type; h areolar type synovium; i fatty type synovium; a, c, e, f, g, h, i staining 
with hematoxylin and eosin × 200; b staining according to van Gieson, × 200; d staining with hematoxylin and eosin × 400

Fig. 2 Changes in the structural components of the joint after triple administration of betamethasone: a preservation of the 
normal histological structure in a separate site of the joint; b destruction of articular cartilage with the involvement of the 
subchondral bone; c necrosis, destruction and lysis of bone trabeculae in the subchondral bone; d necrosis, destruction and 
lysis of bone trabeculae in the subchondral bone; e vascular congestion and perivascular edema of the synovium; f focus of 
destruction of the synovium. Hematoxylin and eosin staining, × 200
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It is important to note that in the second group, 
no inflammatory cellular infiltration of the joint 
structures was detected in any cases, which indicates 
the aseptic nature of necrotic changes.

Morphological changes in the third group with six 
injections of betamethasone were more pronounced. 
Structural changes were observed in each of the 
layers. Only isolated structures of the knee joints 
remained unchanged (Fig. 3a).

The articular cartilage was subject to necrosis in all 
the cases, and its layers were not identified (Fig. 3b). 
The area of necrotic changes was by 6.39 ± 0.75 % 
greater than in the group with three doses (p < 0.001). 

There were areas of destruction of varying severity 
(Fig. 3c), frequently with deep penetration into the 
underlying bone. In the latter, extensive necrotic 
areas with destruction and lysis of bone tissue were 
also found (Fig. 3d), greater by 11.18 ± 0.5 % than in 
the previous group (p < 0.001).

The synovium contained not only separate areas of 
destruction but was also prone to necrosis involving 
whole villi (Fig. 3e) , by 6.12 ± 0.32 % larger area 
than after triple injection (p < 0.001).

Similar to the second group, there was no 
inflammatory cell infiltration into the structural 
components of the joint.

Fig. 3 Morphological changes in the joint after six injections of betamethasone: a unchanged separate fragment of the joint. 
Structural changes in each of the layers with the preservation of the histological structure only in isolated areas; b total 
necrosis of the articular cartilage; c destruction of the surface of the necrotic articular cartilage; d extensive necrotic area in 
the subchondral bone with destruction and lysis of bone trabeculae; e necrosis of the villus of the synovium. Hematoxylin and 
eosin staining, × 200

DISCUSSION

Our study found a direct correlation between the 
number of weekly intra-articular injections of the 
drug and the severity of destruction in the articular 
structures. There is reason to believe that multiple 
intra-articular injections of betamethasone with a 
short interval between them lead to degenerative and 
necrotic changes in all morphological components 
of the joint with their subsequent destruction. At 
the same time, the absence of inflammatory cell 
infiltration confirms that tissue necrosis is aseptic in 
nature.

Previous in vivo studies demonstrated a dose-
dependent effect of GCS on the articular cartilage. So, 
A.M. Lutfi et al. [8] in 1978 observed a progressive 
damage to the articular cartilage at 10 and 20 weeks 

after 10 intra-articular injections of the combined 
betamethasone drug (3 mg BNP and 3 mg BA with 
0.2 mg benzalkonium) for 20 weeks. M.B. Albano 
et al. [9] showed a dose-dependent decrease in the 
concentration of proteoglycans of the articular 
cartilage resulting from multiple injections of 
betamethasone (6 and 8 injections with a total dose of 
> 2.1 mg). Most publications report that low dosages 
(< 2.1 mg) of betamethasone did not cause significant 
cartilage damage or cell death while chondrotoxicity, 
loss of cartilage proteins, and progressive damage 
were observed at higher dosages (> 2.1 mg). However, 
there is also evidence of a negative effect on the 
viability of chondrocytes, even with a single injection 
of 1 mg of betamethasone [2].
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inflammatory cell infiltration is absent in all cases.

The use of betamethasone is effective and safe if 
the therapeutic dose is accurately calculated and the 
frequency and duration of treatment is observed: the 

treatment period should be as short as possible with 
a moderate frequency of administration. The question 
of how much of the drug and how often to inject it 
into joints of various sizes remains relevant. There are 
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joint size and the amount of the drug administered, 
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trials.

Based on the results of our study, intra-articular 
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than 2–3 weeks) interval between injections cannot 
be recommended.
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