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Background: Intra-articular corticosteroid injections are frequently utilized in the conservative
management of knee osteoarthritis, yet they carry a documented risk of iatrogenic septic arthritis. Despite
clinical awareness of this complication, there is a significant paucity of comparative histological data
regarding the specific morphological impact of steroid preparations on infected synovial and osseous

tissues.

Objective: This retrospective study aims to characterize the influence of steroid preparations on tissue
morphology in septic arthritis of the knee and to correlate these histological findings with microbiological

culture profiles.

Key Points: A retrospective analysis was conducted on 54 patients with septic arthritis of the knee,
stratified by etiology (steroid-induced versus non-steroid) and the presence of bone involvement.
Microbiological results demonstrated positive cultures in 90.3% of non-steroid cases, whereas steroid-
induced cases yielded positive results in only 33.3%. *Staphylococcus aureus™ was the most prevalent
pathogen identified (29.1%). Histological examination of surgical specimens from 12 patients revealed
universal inflammatory markers, including lymphoplasmacytic infiltration, neutrophil activity, and
vascular edema across all groups. However, steroid-induced infections exhibited more aggressive structural
degradation. These cases were characterized by significantly reduced articular cartilage thickness and
deeper destructive foci that frequently extended into the subchondral bone. The high rate of negative
cultures (66.7%) in acute steroid-induced cases suggests that these preparations may initially induce aseptic
cell necrosis and oxidative stress, which exacerbates subsequent infectious damage and structural failure of

the joint components.

Conclusion: Steroid-induced septic arthritis is associated with accelerated cartilage and bone destruction
compared to non-steroid etiologies. The observed correlation between severe morphological damage and
low culture positivity suggests a complex pathophysiology involving both infectious and aseptic necrotic

mechanisms.
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According to international recommendations, therapeutic joint injections are considered an effective method of
conservative treatment for osteoarthritis [1],[2],[3],[4]. Hydrocortisone was introduced for intra-articular injection
in 1951. Since then, vast experience has confirmed the value of this agent and of other corticosteroid suspensions
for combating pain and inflammation when injected into the joint in patients with rheumatoid arthritis and other
inflammatory arthropathies [5]. Despite the lack of serious long-term clinical evidence in the literature, intra-
articular injections of steroid preparations are a common practice in conservative treatment of osteoarthritis [1],
[2],13],[4],[6],[7],[8]- Risk factors include pre-existing joint diseases like rheumatoid arthritis, alcoholism, diabetes,
skin ulcers, intravenous drug abuse, and immunosuppression. There are also iatrogenic factors associated with
improper intra-articular injection techniques, breach of asepsis and antisepsis, where the most common
etiological agent is Staphylococcus aureus (S. aureus) [9],[10],[11]. Marco Mattia Largi et al. (2022) in their
retrospective study of post-injection septic arthritis found more frequent involvement of Staphylococcus aureus,
and sometimes coagulase-negative staphylococci and anaerobes as bacterial culprits [12]. Similar data were also
reported by other authors [13],[14],[15]. In their work, Mohamed M. et al. (2019) showed that out of 11 septic
arthritis cases post intra-articular injections, the microorganism identified in cultures was Streptococcus mitis
(three patients) and all other organisms represented oral flora. In five patients, the microorganism was not
identified in cultures [16]. The risk of iatrogenic septic arthritis has been estimated at 0.005% and 0.0002% for

joint injections [17].

Although potentially any joint after injection is prone to infection, the most commonly affected joint, in
approximately 50% of cases, is the knee joint, followed less frequently by the hip, shoulder, and elbow joints [9],
[10],[11],]17],[18],[19]. Delayed diagnosis or suboptimal treatment is associated with irreversible joint damage and

permanent disability, with about a 10% mortality rate and significant morbidity [22].

One of the most important conditions for treating osteoarthritis after hydrocortisone injection into the knee joint
is joint immobilization. As recommended by David H. Neustadt (2006), after a corticosteroid injection in the knee,
the patient should remain in bed or at rest and walk as little as possible for three days, preferably only for needs
such as bathroom and meals. After this period, crutches should be used in a three-point gait to protect the injected
knee during walking for the next 2 to 4 weeks. A cane can be used if crutches are inappropriate or uncomfortable.
This regimen prevents overworking the joint and delays steroid absorption systemically, thus optimizing

therapeutic benefits [23].

Enhanced lipid peroxidation in joint tissues can contribute to the development of necrosis with subsequent septic
joint inflammation. During movement, hydrostatic pressure increases significantly in inflamed human knee
joints, causing intra-articular hypoxia. After movement, lipid and immunoglobulin oxidation occurs in the joint.
Peroxidation of lipids in synovial fluid is not detected in resting knees. Synovial membrane reperfusion occurs

after cessation of physical activities [24].

There are reports in the literature about studies such as arthrocentesis biopsies in arthritis cases [25]. In other

works, histological studies of joint tissues in septic arthritis were carried out in an experiment [26].

In their systematic review, C.J. Mathews et al. (2007) identified 3291 studies devoted to septic arthritis [27].
However, none of these studies included histological examinations of knee joint tissues, let alone comparative
histological examinations between steroid-induced and non-steroid-induced arthritis cases. It is well known that

histological analysis is the gold standard for confirming a diagnosis.
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In our previous study, we found certain differences in the results of microbiological studies in septic arthritis of
the knee joint with steroid-induced etiology and septic arthritis cases of non-steroid-induced etiology. Therefore,
our goal was to determine how steroid preparations affect tissue morphology in septic arthritis of the knee joint

and compare the obtained data with the results of microbiological analyses in the patients under study.

MATERIALS AND METHODS

A retrospective study was conducted involving 54 patients with septic arthritis of the knee joint (39 males, 15
females; average age: 43.8t4.9; range 5 to 77 years) who were treated at our clinic from 2010 to 2019. Seven

patients (13%) were treated conservatively, while 47 (87%) underwent surgical treatment.

Samples for morphological studies were taken from 12 patients who underwent surgical treatment (25.5%), of
which 10 were male (83.3%) and 2 were female (16.7%). The average age of the patients was 41.8+3.7 years (min. 5,

max. 77). The average disease duration was 55 days (min. 5 days, max. 150 days).

The patients were divided into two groups based on septic and steroid etiology (following steroid administration
into the joint), and each group was further divided into two subgroups: arthritis (without bone tissue involvement)
and osteoarthritis (with bone tissue involvement according to radiological examinations). The results of both
groups were compared. All patients were treated at a clinic in Baku, Azerbaijan. According to etiological factors,

the patients were distributed as follows (see Table 1).

All septic arthritis

Etiology of the infection (%)
After injury 19 (35.2)
Hematogenous 7 (12.9)
Steroid

(infections associated with intra-articular injection of the steroid 14 (25.9)
drags)

Postoperative 5(9-3)
Other or unknown etiology 9 (16.7)

Table 1. Etiology of septic arthritis of the knee joint (n=54).

Diagnoses were confirmed by clinical, radiological, and other methods of examination and classified according to

criteria described by J. H. Newman (1976) [28], with some modifications, as follows:

1. Septic arthritis without bone tissue involvement

« positive cultures isolated from synovial fluid or material obtained during surgery (Group A);

« negative cultures, but purulent drainage from the knee joint (Group B);

« negative cultures, but pronounced clinical signs of local inflammatory process correlated with laboratory
data (Group C);
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2. Septic osteoarthritis with bone tissue involvement based on radiological
examinations

« positive cultures from synovial fluid or material obtained during surgery (Group D);

« negative cultures, but pronounced clinical signs of local inflammatory process correlated with laboratory

data (Group E) (Table 2).

Arthritis e i SSA SSOA SA SOA

n=54 n=40 n=14 n=9(16,7%) n=5(9,2%) n=31(57,4%) n=9(16,7%)

group A 31 (77.5%) 3 (33:3%) 28 (90.3%)
group B 4 (10%) 2 (22.2%) 2 (6.5%)
group C 5(12.5%) 4 (44.5%) 1(3.2%)
group D 12 (85.7%) 3 (60%) 9 (100%)
group E 2 (14.3%) 2 (40%) -

Table 2. Newman criteria for diagnosing septic arthritis. SA - septic arthritis; SSA - steroid-induced septic

arthritis; SOA - septic osteoarthritis; SSOA - steroid-induced septic arthritis.

Microbiological samples were obtained by joint puncture for synovial fluid collection and wound swab during
surgery. Materials for histological analyses were obtained only during the surgery. Resected ends of the femur and
tibia bones were placed in formalin solution and sent to the laboratory of pathology for analysis. The samples
were analyzed using standard histological methods. Sections of each case were stained with hematoxylin and
eosin. The samples were examined using an Axio microscope (Carl Zeiss, Germany) at 400x magnification, and

photos were taken with a Scope 1 microscope (Zeiss, Germany).

Statistical data processing was carried out using the computer program Statistica 12.5. The results are presented
in the form of M+SD, where M represents the mean, SD represents the standard deviation, and were calculated

using an online calculator.

Existing clinical and radiological data were taken into account for lesion categorization. The study was conducted
in accordance with the Helsinki Declaration, and the protocol was approved by the Ethics Committee. Given the
retrospective nature and anonymity of the study, patient consent for using their data in the analysis was not

required.

RESULTS OBTAINED

The causes of septic arthritis are shown in Table 1. It is worth noting that 25.9% of infections were a result of
intra-articular steroid injections, and 9.3% followed surgeries. According to Newman’s criteria, 40 (74%) patients
did not show radiographic signs of bone lesions; specifically, 31 (57.4%) were classified as infections in Group A, 4
(7.4%) as infections in Group B, and 5 (9.2%) as infections in Group C. Among the remaining patients, 12 (22.2%)

were identified as infections in Group D and 2 (3.7%) as infections in Group E.

Mixed flora, consisting of two microorganisms, was found in 17 cases (54.8%), and infections with three

microorganisms were found in 14 cases (45.2%).

In patients with septic arthritis (SA), positive cultures were identified in 90.3% of patients. 100% of patients with

septic osteoarthritis (SOA) had positive cultures, exclusively in the form of mixed flora. In patients with steroid-
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induced septic arthritis (SSA), cultures were positive in 33.3% of patients. Positive cultures were found in 60% of
patients with steroid-induced septic osteoarthritis (SSOA) (Table 3).

Results of microbiological examinations
Patients treated by conservative method Patients who underwent surgical treatment
(ner (n=47)
Clinical Number of . N o T
roups atient olymicrobia egative olymicrobia egative
it B el culture culture R culture culture
Quantity Quantity Quantity Quantity Quantity Quantity
(%) (%) (%) (%) (%) (%)
SSA 9 - - - 2 (22.2) 1(11.1) 6 (66.7)
SSOA 5 - - - - 3 (60) 2 (40)
SA 31 5 (71.4) 2 (28.6) - 5 (20.8) 16 (66.7) 3 (12.5)
SOA 9 - - - - 9 (100) -
Representativeness error (M+SD) 3.542.1 7.316.8 3.7+2.1

Table 3. Results of microbiological studies (n=54). SA - septic arthritis; SSA - steroid-induced septic arthritis;
SOA - septic osteoarthritis; SSOA - steroid-induced septic arthritis.

The analysis of histological sections yielded the following results: Paralytic dilated sinusoidal capillaries,
intravascular stasis, and vascular edema were observed in all histological samples. In arthritis of steroid etiology,
a large amount of lymphoplasmacytic and neutrophil infiltrate around sinusoidal-type vessels is observed (Figure.
2 B), eosinophilic leukocytes (Figure 4 A), necrotic granulomatous foci of inflammation, areas of hemorrhage, and
giant multinucleated macrophages (Figure 1 B). During an acute inflammatory reaction, a large number of
neutrophils, leukocytes, individual lymphocytes, and plasma cells were observed (Figure 2 A). In SA, multiple
lymphoplasmacytic infiltrations, fibrosclerotic changes, multinucleated giant cells - Langhans-type cells, and

granulomatous foci of inflammation accompanied by areas of hemorrhage were observed (Figure 1 A).

Figure 1. A (SA) 1 - multiple lymphoplasmacytic infiltration, 2 - areas of hemorrhage, 3 - multinucleated giant
cell (Pirogov-Langhans cells), 4 - foci of granulomatous inflammation, 5 - fibrosclerotic changes;B (SSA) 1 - foci
of granulomatous inflammation (non-necrotic), 2 - areas of hemorrhage, 3 - multinucleated giant cells

macrophages. (400x magnification, hematoxylin-eosin staining).
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Figure 2. (SSA)A. (acute inflammatory process) 1 - massive number of neutrophils and leukocytes, 2 - single
lymph and plasmocytes; B (synovium) 1 - border of the synovial membrane, 2 - sinus type vessels, 3 -
numerous lymphoplasmacytic and neutrophil infiltration (around sinus-type vessels). (400x magnification,

hematoxylin-eosin staining).

Figure 3. (SA)A 1 - infiltration lymphoplasmacytic around the vessel, 2 - areas of hemorrhage (erythrocytes
entered the stroma), B (artery - during a slow-moving inflammatory process) 1 - destruction of the arterial
vessel, 2 - mild lymphoplasmacytic inflammation, 3 - breakdown of collagen fibers, 4 - mild inflammation of

the stroma around the vein. (400x magnification, hematoxylin-eosin staining).

Figure 4. (SSA)A 1 - massive lymphoplasmacytic infiltration, 2 - sinus type vessels, 3 - eosinophilic leukocytes;
B (SOA) 1 - destruction of the vascular wall, lymphoplasmacytic infiltration, 2 - vascular fibrosclerotic changes
(a small number of inflammatory infiltrations), 3 - numerous capillaries (a sign of hyperemia), 4 - synovium, 5

- fibrous adipose tissue. (400x magnification, hematoxylin-eosin staining).
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Destructive changes are more noticeable in osteoarthrosis. In the case of SOA, cartilage tissue samples show
proliferation with foci of destruction (Figure 6 A). The same foci of destruction are evident against the background
of normal cartilage tissue (Figure 7 B). In bone tissue samples, sequestra surrounded by a large number of

neutrophils and leukocytes are noted, along with lymphoplasmacytic infiltration (Figure 5 A).

In SOA, we observe vessel wall destruction, lymphoplasmacytic infiltration, vascular fibrosclerotic changes, signs
of hyperemia (numerous capillaries), fibrosis of adipose tissue, formation of bone sequestra, and multiple

neutrophils and leukocytes (Figures 4 B, 5 A).

In the case of SSOA, destructive foci are observed in the cartilage tissue samples, primarily with plasma cells that,
in some areas, penetrate into the normal cartilage tissue (Figure 6 B). SSOA is accompanied by the formation of
bone sequestra surrounded by a large number of neutrophils and leukocytes. Lymphoplasmacytic infiltration is

present, and dilated sinus-like vessels filled with blood are visible (Figire 7 A).

Figure 5. Bone tissue:A (SOA) 1 - bone sequestrum, 2 - area of inflammatory infiltration in bone tissue; B
(SSOA) 1 - bone sequestrum, 2 - large-scale neutrophils, leukocytes, lymphoplasmacytic infiltration (covers
sequestrum). (400x magnification, hematoxylin-eosin staining).A (SOA) 1 - bone sequestrum, 2 - area of

inflammatory infiltration in bone tissue;

Figure 6.A (SOA) 1 - cartilage tissue, 2 - foci of destruction, 3 - bone tissue, 4 - proliferating chondrocytes; B
(SSOA) 1 - cartilage tissue, 2 - destruction area that affects cartilage tissue (consists mainly of plasmatic cells),

3 - normal chondrocytes. (400x magnification, hematoxylin-eosin staining).
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Figure 7.A (SOA) 1 - normal cartilage tissue, 2 - destruction area that affects cartilage tissue, 3- chondrocytes; B
(SSOA, bone tissue) 1 - bone sequestrum, 2 - paralytic dilated sinus-type capillaries (intravascular stasis is
present, vascular fullness is observed), 3 - mild lymphoplasmacytic inflammation. (400x magnification,

hematoxylin-eosin staining).

DISCUSSION

Positive results of microbiological analysis were obtained in 90.3% of patients. Approximately similar figures for

SA are reported as follows: Camilo, P.H. et al. (2014) - 91.8%, Chao-Ming, C. et al. (2013) - 85.9%, and others [29],
[30].

According to our data, Staphylococcus aureus was detected in 29.1% of patients either as a monomicrobial
infection or in associations. Other authors have also reported high rates of Staphylococcus aureus isolation in

microbiological analyses [29],[30],[31]-

In 66.7% of patients with SSA, the microbiological study results were negative, despite the fact that the
inflammatory process was in an acute phase, as confirmed by clinical and laboratory indicators. It can be
assumed that in this group of patients, the inflammatory process is aseptic. Positive results of microbiological
analysis were obtained in 60% of patients with steroid-induced septic osteoarthritis (SSOA). In Figure 8. The

results of microbiological cultures in various groups of SA are given.
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Figure 8. Results of bacteriological studies by groups.

When analyzing the data of microbiological analyses in patients with SOA and SSOA, it can be noticed that
associations of microorganisms are observed in them. This indicator was 100% in patients with SOA and 60% in
patients with SSOA. It can be assumed that the chronization of the septic process contributes to this. As for the
large number of negative results in microbiological analyses in patients with SSA and SSOA, it is definitely
challenging to answer these interesting data. Here, data from A J Geirsson et al. (2008) can be cited, which noted
that 39% of children with a clinical picture of septic arthritis had negative results in synovial fluid and blood
cultures. Clinical and laboratory characteristics were similar in children with positive and negative cultures [17].
The authors note that the results are identical to numerous other reports, and to date, no reasonable explanation

has been proposed [32]9[33]’[34]a[35]7[36]

According to our data, 66.7% of patients with SSA had negative results in microbiological studies. It can only be
assumed that an inflammatory process is proceeding in an aseptic scenario in them. Steroid preparations may be
responsible for such joint destructions. A study by Chao-Ming, C. et al. (2013) showed that the results of treating
SSA did not differ from the results of treating SA with non-steroidal etiology [30]. On the other hand, data
obtained by Choudhry, M.N. et al. (2016) in their systematic review showed that the introduction of steroid
preparations into the joint within a few hours leads to a very high level of sugar in patients with diabetes [37].

Thus, steroid preparations may somehow influence the tissues of the knee joint.

The histological analysis data we obtained somewhat confirm this. Cellular infiltration was detected in all groups.
However, in patients with SSA and SSOA, it was relatively moderate. Similar results have been published in the
literature on experimental arthritis [38]. Neutrophils, leukocytes, lymphocytes, lymphoplasmacytic infiltration,
paralytic dilated sinus-like capillaries, intravascular stasis, vascular fullness, and fibrosclerotic changes were
found in all patients, but no significant differences between groups were found. The morphology of SA, regardless
of etiology, is usually similar and is usually accompanied by significant destruction of all joint components. In the
background of steroid administration, this process becomes more acute, especially noticeable when examining
cartilage tissue. For example, in the case of SOA, cartilage specimens show proliferation with foci of destruction.

In the case of SSOA, destructive foci, mainly with plasma cells, penetrated normal cartilage tissue in some areas

Mentors in Orthopedics | No. 030: July-August 2024 10/15



(Figure 6B). SSOA is characterized by the formation of bone sequester, surrounded by a large number of

neutrophils and leukocytes.

Figure 6.A (SOA) 1 - cartilage tissue, 2 - foci of destruction, 3 - bone tissue, 4 - proliferating chondrocytes; B
(SSOA) 1 - cartilage tissue, 2 - destruction area that affects cartilage tissue (consists mainly of plasmatic cells),

3 - normal chondrocytes. (400x magnification, hematoxylin-eosin staining).

Thus, in steroid arthritis, the thickness of cartilage tissue was less compared to the other group, and the depth of
the destruction site was greater. Getmanets, A.V. (2012) observed similar results in creating experimental arthritis
in animals [26]. Comparing the data of morphological and microbiological studies, it can be suggested that the
introduction of steroid preparations into the joint possibly initially causes changes in joint tissues that lead to cell
necrosis of soft tissues with the development of an aseptic inflammatory process. This may occur as a result of
disrupting POL processes, which intensify with the introduction of steroid preparations [39]. With repeated intra-
articular steroid injections, the percentage of such necrosis can significantly increase [40]. M Suntiparpluachac et
al. (2016) suggest that corticosteroids increase oxidative stress and alter the expression of genes such as cyclin-
dependent kinase inhibitor 1A, growth differentiation factor 15, and c-Fos, which are involved in cell death and
chondrotoxicity [41]. Pattaranatcha Charnwichai et al. (2023) also show that TA induces chondrotoxicity by
enhancing oxidative stress and altering gene expression involved in cell death. The authors studied and compared
histological analyses of materials obtained from patients undergoing knee joint arthroplasty. They showed that in
patients who received intra-articular corticosteroid injections six months before the operation, a decrease in the
thickness of articular cartilage was noted. The same decrease in articular cartilage thickness was noted in our
study [42]. Indirectly, the high number of negative microbiological analyses in patients in the acute phase of SSA -

66.7%, speaks to the primacy of aseptic cell necrosis.

In conclusion, it can be said that all morphological changes characteristic of purulent-inflammatory processes
were found in both groups and that they were comparable in histological characteristics. Further, more in-depth
clinical-experimental studies are needed to accurately establish the morphological changes specifically related to

steroid arthritis.

CONCLUSION

1. Positive results in patients with SA were 90.3%, in SSA - 33.3%, in SOA - 100%, and in SSOA - 60%.
2. Staphylococcus aureus (29.1%) was the most commonly encountered microorganism overall.

3. Histological studies of joint tissues in SA showed that all components of the joint were affected.

Mentors in Orthopedics | No. 030: July-August 2024 11/15



4. In both SOA and SSOA, all morphological changes characteristic of purulent-inflammatory processes were
observed. Against the background of steroid preparations, this process becomes more acute, especially
evident when examining cartilage tissue. Its thickness was less compared to the other group, and the depth

of the destruction site was greater, affecting even the subchondral tissue.
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