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Introduction: The causes of femoral head necrosis mainly include trauma, corticosteroid, and alcohol, among which Brucella is
highly unusual.

Patients and Methods: This paper reported three rare cases of femoral head necrosis due to Brucella, summarizing and analyzing
the epidemiological history, clinical manifestations, laboratory examinations, imaging findings, individualized therapy, and biopsy
results of patients with this disease. A literature review related to brucellosis and femoral head necrosis was conducted.

Results: All three patients had an epidemic history of brucellosis. They suffered from hip pain and limitation of movement for
months, and femoral head necrosis was confirmed by magnetic resonance imaging (MRI). Pathological Giemsa staining or real-time
polymerase chain reaction (real-time PCR) confirmed Brucella melitensis (B. melitensis) as the cause of osteonecrosis. Each patient
received individualized therapy according to the degree of osteonecrosis, which was based on anti-brucellosis medications and hip
puncture and irrigation decompression. They were followed up for more than two years and rehabilitated well.

Conclusion: Brucella infection should always be considered the cause of femoral head necrosis for patients with hip pain, especially
for those with an epidemic history; early diagnosis and individual stepwise therapy can prevent the progression of osteonecrosis.
Keywords: Brucella, femoral head necrosis, core decompression, total hip arthroplasty, case series

Introduction

Trauma, corticosteroid, alcohol, hip dysplasia, decompression sickness, homeopathy, Gaucher’s disease, and human immuno-
deficiency virus (HIV) are some pathogens responsible for femoral head necrosis, among which trauma, corticosteroid, and
alcohol are the most common.' ™ Brucella primarily infects humans’ bone and joint system, resulting in spondylitis, sacroiliitis,
and so on; pyogenic hip arthritis is relatively rare, and osteonecrosis of the femoral head is even more unusual.® There have been
only three cases of osteonecrosis of the femoral head caused by Brucella, mainly speculated due to the absence of a conclusive
basis of bacterial culture or pathological diagnosis.” ® This paper describes three unusual cases of femoral head necrosis due to
Brucella; we also discuss possible pathogenesis, the novelty of our cases, individualized stepwise therapy, and prognosis.

Patients and Methods

This study collected data on the epidemiological history, clinical manifestations, laboratory examinations, imaging
findings, therapy, and pathological biopsy results of three patients with femoral head necrosis due to Brucella infection.
These three patients were followed up for more than two years. We discussed the possible etiology, previous case reports,
diagnosis methods, and treatment options of this type of bacterial osteonecrosis of the femoral head.

Case Presentation

Case |

The patient is a 37-year-old Chinese male. In April 2014, he was diagnosed with brucellosis due to fever and fatigue, and his
symptoms disappeared after anti-brucellosis medications for three months. In October 2014, the patient developed left hip pain,
worsened by weight-bearing, and was admitted to the orthopedics department of our hospital in December 2014 due to the
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deterioration of symptoms. He is a sheep herdsman without any history of trauma, alcoholism, or hormone use. Physical
examination revealed that the active and passive motion of the left hip was somewhat restricted due to pain. X-ray demonstrated
that the left femoral head exhibited a strip-like low-density area but no evidence of stenosis (Figure 1 A and B). CT scan revealed
cavity necrosis in the left femoral head (Figure 1C). MRI revealed necrosis of the left femoral head, and effusion in the left joint
cavity (Figure 1D and E). Blood test showed WBC 6.85 x 10%/L with neutrophils accounted for 61.8%, CRP 3.5 mg/L, ESR
2.00 mm/h. SAT was positive at a titer of 1:320, and all tests for tuberculosis and rheumatoid arthritis were negative. Having been
diagnosed with brucellar hip arthritis complicated by osteonecrosis of the left femoral head, the patient underwent puncture and
irrigation of the left hip joint and core decompression and bone grafting. B. melitensis was detected in hip joint effusion and
osteonecrosis of femoral head by real-time PCR. HE staining of a core biopsy of the left femoral head revealed amorphous
necrotic material (Figure 2A); Giemsa staining can demonstrate scattered positive Brucella (Figure 2B). Triple anti-infective
therapy was administered after the operation: rifampicin (0.6g po qd; Guangdong Hengjian Pharmaceuticals), doxycycline (0.1g
po bid; Jiangsu Lianhuan Pharmaceuticals), and levofloxacin (0.2g ivgtt bid; Yangtze River Pharmaceuticals). Upon discharge
from the hospital two weeks after the operation, his left hip pain was substantially relieved, and the antibiotic regimen was adjusted
to rifampicin (0.6g po qd; Guangdong Hengjian Pharmaceuticals) and doxycycline (0.1g po bid; Jiangsu Lianhuan
Pharmaceuticals) for six months. In follow-up, the symptoms of left hip pain and movement limitation disappeared almost half
a year later, and there was no obvious abnormality in the blood test or hip X-ray (Figure 1F). In the telephone follow-up in
April 2022, the patient’s recovery proceeded well.

Case 2

The patient is a 33-year-old Chinese male. He was diagnosed with brucellosis in a local hospital in October 2017 due to
right hip pain and wavy fever. Following the administration of anti-brucellosis drugs, the fever subsided, but the pain in

Figure | (A and B) X-ray demonstrated that the left femoral head exhibited a strip-like low-density area (yellow arrow) but no evidence of stenosis. (C) CT revealed the
left femoral head remains regular, the continuity of the upper bone cortex is poor, patchy low-density areas (red arrow) can be seen under the articular surface, edge
hardening, and slightly high-density foci can be seen considering the formation of dead bone. (D and E) MRI revealed necrosis of the left femoral head, and effusion in the left
joint cavity (blue arrow). (F) No obvious abnormality in Hip X-ray half a year after discharge.
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Figure 2 (A) Core biopsy of the right femoral head revealed necrotic material stained with HE. (B) Giemsa staining demonstrated scattered positive Brucella (red circle).

the right hip did not. In January 2018, the patient visited the orthopedic department of our hospital due to aggravation of
right hip pain and decreased hip joint mobility. History indicates that the patient’s family raised sheep for a long time,
and there was no history of trauma, alcohol consumption, or hormone use. The physical examination revealed severe
tenderness in the right hip region, longitudinal percussion pain in the right lower limb, and limited passive and active
movement of the right hip. There was no abnormality in the chest X-ray or CT. X-ray of the hip joint showed low signal
on the right femoral head, joint narrowing and even invagination of the joint space (Figure 3A). CT showed cavity
necrosis and low-density patches of shadows in the right femoral head (Figure 3B). MRI of the hip joint indicates
effusion of the right hip joint complicated by necrosis of the right femoral head, and the inflammatory fluid diffused with

B

Figure 3 (A) X-ray of the Hip joint showed low signal on the right femoral head (yellow arrow), joint narrowing and even invagination of the joint space. (B) CT showed
cavities necrosis and low-density patches of shadows (red arrow) in the right femoral head. (C) MRI showed effusion of the right Hip joint and necrosis of the right femoral
head (blue arrow), and the inflammatory fluid diffused with extra-articular. (D=F) X-ray, CT and MRI of the osteonecrosis area four years later are better.
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extra-articular (Figure 3C). Blood tests indicated WBC 4.60x10°/L with neutrophils accounting for 61.1%, CRP59.3mg/
L, ESR29.0mm/hr, and procalcitonin (PCT) 0.05ng/mL. T-SPOT.TB assay (T-SPOT), as well as serum anti-tuberculosis
antibody tests, were negative. RBPT was positive, and SAT was positive at a titer of 1:640. The above examination
eliminated tuberculosis, and a preliminary diagnosis of brucellar hip arthritis and osteonecrosis of the femoral head was
made. Despite taking anti-brucellosis medications for two weeks, which included rifampicin (0.6g po qd; Guangdong
Hengjian Pharmaceuticals), doxycycline (0.1g po bid; Jiangsu Lianhuan Pharmaceuticals), and levofloxacin (0.2g ivgtt
bid; Yangtze River Pharmaceuticals), the right hip’s symptoms did not improve. This patient underwent puncture and
irrigation of the right hip joint and core decompression with bone grafting of the femoral head. Using real-time PCR,
B. melitensis was detected in joint effusions and osteonecrosis of the femoral head. HE staining in osteonecrosis of the
femoral head revealed partial dead bone and inflammatory cellulose exudate (Figure 4A); Giemsa staining showed
scattered positive Brucella (Figure 4B). When discharged from the hospital three weeks after surgery, the patient’s right
hip pain was significantly reduced; blood tests showed a CRP level of 24.7mg/L and an ESR level of 18.00mm/hr. The
antibiotic regimen was adjusted to rifampicin (0.6g po qd; Guangdong Hengjian Pharmaceuticals) and doxycycline (0.1g
po bid; Jiangsu Lianhuan Pharmaceuticals) after discharge, with a total therapy duration of six months. Following
a follow-up four years later, the pain in the right hip had completely disappeared, and the hip joint was no longer limited
in movement; neither the blood tests nor the imaging examinations (Figure 3D-F) revealed any abnormalities.

Case 3

The patient is a 50-year-old Chinese male. He was admitted to the local hospital in November 2019 due to progressive right hip
pain with left hip pain for five months. X-ray revealed that the right femoral head collapsed significantly, the joint space became
narrow, and there were multiple areas of low density in the right femoral head; the left femoral head shape was regular, joint space
was normal, and low-density area was visible in the left femoral head (Figure 5A and B). CT showed severe bilateral hip
dysplasia, uneven bone density in the left femoral head, and a huge cavity in the right femoral head (Figure 5C). MRI of the hip
joint showed bilateral effusion and bilateral osteonecrosis of the femoral head, particularly on the right side (Figure 5D). Blood
tests revealed a WBC level of 4.70x10°/L with neutrophils comprising 58.30%, CRP36.0mg/L, ESR52.00mm/hr. SAT was
positive at a titer of 1:800. The patient was diagnosed with bilateral brucellar hip arthritis and bilateral osteonecrosis of the
femoral head in the local hospital. Despite receiving anti-brucellosis medications for one month, his symptoms did not improve,
and he was admitted to our orthopedics department for surgical treatment in December 2019. The patient had previously worked
in a dairy factory for more than five years, and many of his colleagues suffered from brucellosis; he had no history of trauma,
drinking, or hormone use. Physical examination revealed that both hips were tender, axial percussion was positive, active and
passive hip movement was limited, especially on the right side, and a shortening deformity of the right lower limb is evident. In
addition to hip joint puncture and irrigation, triple anti-infective therapy was administered after admission: rifampicin (0.6g po
qd; Guangdong Hengjian Pharmaceuticals), doxycycline (0.1g po bid; Jiangsu Lianhuan Pharmaceuticals), and levofloxacin
(0.2g ivgtt bid; Yangtze River Pharmaceuticals). Real-time PCR analysis of an effusion in the right hip joint revealed the presence

Figure 4 (A) HE staining showed partial dead bone and inflammatory cellulose exudate in osteonecrosis of the femoral head. (B) Giemsa staining revealed scattered
positive Brucella (red circle).
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Figure 5 (A and B) Right femoral head collapsed significantly (yellow arrow), joint space narrowed, and multiple areas of low density were seen (yellow arrow) on X-ray; in
the left femoral head, the shape and joint space were normal, and low-density areas (yellow arrow) were visible. (C) CT showed hyperplasia and sclerosis of the bilateral
acetabular margins, uneven bone density in the left femoral head (red arrow), and a huge cavity in the right femoral head (red arrow). (D) MRI showed extra-articular
inflammatory fluid, bilateral Hip joint effusion and bilateral osteonecrosis of the femoral head (blue arrow), especially on the right side. (E) Right total hip arthroplasty was
performed when the inflammatory indexes normalized. (F and G) X-ray showed the left femoral head collapsed and joint space narrowed (yellow arrow). (H) No
abnormalities in Hip X-ray at the follow-up in January 2022.

of B. melitensis. We can confirm that Brucella is responsible for the necrosis of the right femoral head. Following three weeks of
anti-brucellosis medications, inflammatory indexes returned to normal, and right total hip arthroplasty was performed
(Figure 5E); the left femoral head was not treated since it has a regular shape. After being discharged from the hospital four
weeks after the surgery, both hips were significantly less painful. The antibiotic regimen was adjusted to rifampicin (0.6g po qd;
Guangdong Hengjian Pharmaceuticals) and doxycycline (0.1g po bid; Jiangsu Lianhuan Pharmaceuticals) after discharge; the
total duration of the anti-brucellosis treatment is six months. This patient was hospitalized again in September 2020 due to
progressive pain in the left hip, and all right hip symptoms had disappeared. Both the infection index and the SAT of the patients
were standard; an X-ray of the hip joint indicated that the left femoral head collapsed and the joint space narrowed (Figure SF and
G). A left total hip arthroplasty was performed on the patient successfully. The patient’s symptoms disappeared entirely at the
follow-up in January 2022; there were also no abnormalities in blood tests and X-ray of the hip (Figure 5H). The clinical
characteristics of three patients are summarized in Table 1.

Table | The Clinical Characteristics of Three Patients

Patient | Age/ | Necrosis | Ficat Stages Therapeutic Scheme Follow- | Prognosis
Sex Side Up
Case | 37M Left 1Ib Puncture and irrigation of the left hip joint, core decompression with | 7 years Well

bone grafting of the left femoral head, anti-brucellosis therapy

Case 2 33/M Right 1Ib Anti-brucellosis medications, puncture and irrigation of the right hip | 4 years Well
joint, core decompression with bone grafting of the right femoral
head

Case 3 50/F Bilateral IV and I Anti-brucellosis medications, right total hip arthroplasty, left total hip | 2 years Well

arthroplasty
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Discussion

The unique anatomical structure of the femoral head makes it more prone to ischemic necrosis than other bone tissues.'
Aseptic and bacterial necroses are the two forms of osteonecrosis of the femoral head. Bacterial osteonecrosis of the femoral
head is rare, requiring bacterial invasion and vascular obstruction."'" Staphylococcus aureus, Streptococcus, and
Pseudomonas aeruginosa are the primary organisms responsible for orthopedic infection; bacteria like Brucella are relatively
uncommon.'>"'*, Suppurative osteomyelitis occurs when the bone becomes infected, and pus enters the Haversian canal and
the bone’s perforating canal, obstructing the bone’s small nutritive arteries and disrupting the blood supply to the femoral
head.">"' There have only been three reports of osteonecrosis of the femoral head due to Brucella infection to date (Table 2):
In the first two cases of osteonecrosis of the femoral head, Brucella was presumed as the likely cause due to a lack of
diagnostic bases such as pathology and bacterial culture;’® in the third case, the diagnosis and treatment methods were
outdated and the follow-up period was too short.” Our study confirmed that Brucella could cause osteonecrosis of the femoral
head: Brucella was detected by Giemsa staining, and B. melitensis was identified by real-time PCR testing. This article
contains more comprehensive information; the basis of bacterial osteonecrosis is more precise; we adopted individualized
stepwise therapy according to the Ficat stages, the follow-up period is more extended, and the prognosis is well.

The diagnosis of femoral head necrosis was precise in these three patients based on the past epidemiological history,
current medical history, physical examination, auxiliary imaging examination, and pathological results, but they were
also complicated by bacterial hip arthritis. As the severity of brucellar hip arthritis in case 1 is less than that in cases 2
and 3, the joint space in case 1 is average, while the joint space in cases 2 and 3 is significantly reduced. We infer that the
pathogenesis of this rare bacterial femoral head necrosis may include bacterial invasion, vascular blockage and destruc-
tion of synovial tissue (Figure 6), the decrease of synovial fluid secretion and the destruction of inflammatory factors
make articular cartilage lose nutrition, further soften, necrosis and exfoliate.

Brucellosis is a zoonotic disease worldwide; it is most prevalent in herders, slaughterhouse workers, and dairy
farmers.'’~'” Internationally, there are six species of Brucella, with B. melitensis being the most common strain in China,
followed by Brucella abortus (B. abortus) and Brucella suis (B. suis); B. melitensis is virulent, and the clinical symptoms
of the patients are severe; the virulence of B. abortus is relatively weaker, and the clinical symptoms of the patients are
mild.*® Spondylitis and sacroiliitis are the most common manifestations of brucellosis when it invades the bone and joint,
of which spondylitis is the most common manifestation.®

There are three main types of laboratory detection of brucellosis: bacterial culture, serological detection, and
molecular biological detection. Bacterial cultures are the gold standard for diagnosing brucellosis; however, the false-
negative rate is high; bone marrow cultures are more sensitive than blood cultures.”' Several serological tests are widely
used, including RBPT, SAT, and enzyme-linked immunosorbent assay (ELISA). RBPT is mainly used for primary
screening.”? It is recommended by the World Health Organization (WHO) that the diagnostic criteria for SAT titer be set
at 1:160, but the threshold should be set at 1:320 or higher in endemic regions; the titer of SAT is not physically related to
infection, and it can remain high after the disease was cured.>*** ELISA provides high sensitivity and specificity; it can
monitor infection and curative effects.”> Molecular biological detection entails using real-time PCR to identify strains.?®
It is recommended to use various detection methods to reduce the rate of missed diagnoses in patients with an
epidemiological history.

Table 2 Literature Review of Femoral Head Necrosis Due to Brucella Infection

Author Agel/ Necrosis Ficat Therapeutic Scheme Follow-Up | Prognosis
Sex Side Stages
Wang et al (2020)” 49/M Bilateral v Anti-brucellosis medications and bilateral total hip None Unknown

arthroplasty

Salarvand et al (2012)% | 50/M Right v Anti-brucellosis medications and right total hip None Unknown
arthroplasty

Gedalia et al (1992)° 7/F Right 1l Anti-brucellosis medications 18 months Well
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Figure 6 Rare bacterial avascular necrosis of the femoral head caused by Brucella infection, its pathogenesis may include bacterial invasion, vascular blockage and destruction
of synovial tissue.

For uncomplicated brucellosis, the antimicrobial regimen consisted of rifampicin and doxycycline for six weeks;
treatment for brucellosis affecting the bone and joint system generally involves a triple regimen at least three months:
rifampicin, doxycycline, and levofloxacin/ceftriaxone.”’*® These three patients were treated with antibiotics for half
a year; they were followed for an extended period without recurrences or adverse effects.

Osteonecrosis of the femoral head may cause secondary osteoarthritis in the late stages due to the collapse of the
femoral head and narrowing of the joint space, which inevitably leads to joint pain and loss of function.* Conservative
treatment is appropriate for patients in Ficat stages I or Ila; the effect of core decompression is evident in patients with
femoral head cysts and dead bone in Ficat stage IIb.>*>' Patients with Ficat stages III and IV are contraindicated for
conservative treatment and require total hip arthroplasty in the majority of cases.>* Following conservative treatment and
core decompression, patients with osteonecrosis of the femoral head should undergo routine X-ray and computed
tomography examinations; if the condition worsens, a total hip replacement may be necessary. In this paper, case 1
had Ficat stage IIb of the left femoral head; case 2 had Ficat stage IIb of the right femoral head; case 3 had Ficat stage IV
of the right femoral head at the first admission and Ficat stage III of the left femoral head at the second admission.
Brucellar hip arthritis with osteonecrosis of the femoral head is rare and does not have a standard treatment.
Osteonecrosis may be exacerbated by tension within the hip joint caused by infection;” ® based on anti-infection
combined with hip puncture and irrigation decompression, we provided individualized stepwise therapy for osteonecrosis
of the femoral head according to the Ficat stage, and the prognosis of all three patients was well. Clinicians should be
aware of the possibility of bacterial osteonecrosis of the femoral head in patients with an epidemiological history of
brucellosis; osteonecrosis can result in severe complications if it is not diagnosed and treated at an early stage.
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Conclusion

Brucella infection is a rare cause of femoral head necrosis. MRI and other tests should be performed in time to exclude
femoral head necrosis when hip pain occurs in patients with an epidemic history of brucellosis. A timely diagnosis and
individual stepwise treatment based on the Ficat stage can prevent osteonecrosis from progressing.
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