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Abstract

Background: Joint arthroplasty failure is primarily caused by Periprosthetic Joint Infection (PJI). PJI treatment
may result in serious complications, such as Vertebral Osteomyelitis (VO). Risk factors for the development of
metachronous VO after PJI, and the outcomes of these patients, are unknown. We aimed to 1) Identify the risk
factors for developing meta-chronous VO following PJI and 2) Investigate the clinical outcomes of meta-chronous
VO following PJI.

Methods: We included patients with PJI who underwent surgical intervention at our institute between January
2006 and December 2020. Patients with synchronous VO following PJI were excluded from the study. Patients with
meta-chronous VO after PJI were identified and monitored during a minimum follow-up period of 5 years and we
analyzed their comorbidities, procedures, causative pathogens, and clinical outcomes.

Results: We identified 567 patients with PJI, of whom seven developed VO (1.2%). We identified the following
risk factors for metachronous VO after PJI: Systemic Inflammatory Response Syndrome (SIRS), drug abuse,
polymicrobial infection, and 3-stage resection arthroplasty or more (Odds Ratios (ORs): 1.43, 52.98, 55.83, and
29.78, respectively). All patients who developed VO had poor clinical outcomes: two out of seven patients suffered
from recurrent VO and six out of seven patients suffered from recurrent PJIs.

Conclusion: Patients with PJI who have risk factors that we identified may be predisposed to metachronous VO
and likely to experience poor outcomes. We suspect that bacteremia may play a role in the pathogenesis of VO
following PJI, but further research is required.

Keywords: Periprosthetic joint infection; Meta-chronous vertebral osteomyelitis; Systemic inflammatory response
syndrome; Staged resection arthroplasty

Introduction

Background
Recent advances in orthopedic implants have led to more surgical 

options and better patient outcomes. The demand for joint replacement 
surgery is increasing in geriatric patients, with a decline in the average 
age of patients [1]. Moreover, the number of patients who undergo 
multiple joint replacement surgeries is increasing [2]. With increasing 
numbers of orthopedic surgeries, complications following arthroplasty 
have gained attention. The major perioperative complication is 
Periprosthetic Joint Infection (PJI, which may burden medical 
resources and is associated with significant medical expenses and poor 
clinical outcomes [3]. Patients with PJI often suffer from 
complications during treatment [4].

Some studies have reported an incidence of meta-chronous or 
synchronous PJI of approximately 20% [5-9]. In addition, patients may 
also suffer from meta-chronous Vertebral Osteomyelitis (VO) 
following PJI treatment. VO accounts for 2%–7% of all 
musculoskeletal infections, and its incidence has increased in the last 
few decades [10]. Spinal surgery is often necessary for patients who 
are unresponsive to antibiotic treatment.

Rationale
To the best of our knowledge, the incidence of meta-chronous VO 

following PJI is unknown. In addition, the risk factors for developing 
meta-chronous VO following PJI is also unknown, although 
hematogenous spread has been suggested to play a role in the 
pathogenesis of this condition. Therefore, the aim of this study was to
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identify potential risk factors-including comorbid conditions, methods
of PJI management, and causative pathogens-and clinical outcomes in
patients who develop VO following PJI.

Materials and Methods

Study design, setting, and participant selection
This was a retrospective cohort study of all patients with PJI of the

hip or knee who were managed at our hospital, a referral medical
center, between January 2006 and December 2020. With the approval
of the Institutional Review Board, the electronic hospital database was
searched retrospectively for patients with an ICD-9 (International
Classification of Diseases, Ninth Revision, and Clinical Modification)
code of 996.66. The extracted data were reviewed by two independent
researchers. Patients who underwent arthroplasty with documented
episodes of PJI and a minimum 5 years follow-up period were
included in the study and followed up until the endpoint of the
development of metachronous VO. The exclusion criteria included
infection after open reduction and internal fixation or primary septic
arthritis or the presence of synchronous VO and PJI or previous VO
before PJI.

Definitions
In our study, we defined PJI as the presence of any one of the

following three criteria:

• A sinus tract communicating with the prosthesis.
• The isolation of a pathogen from two or more samples obtained

from the infected prosthetic joint.
• The existence of at least four of the following six criteria: a)

Elevated serum Erythrocyte Sedimentation Rate (ESR) and serum C-
Reactive Protein (CRP) concentrations. b) Elevated synovial
leukocyte count. c) Elevated synovial neutrophil percentage (PMN
%); e) Pus in the affected joint. d) A positive periprosthetic tissue or
fluid culture. f) Histologic analysis of periprosthetic tissue at × 400
magnification demonstrating >5 neutrophils per high-power field in
five high-power fields [11].

Outcome measures
We documented patient demographics, comorbidities, the site and

date of arthroplasty, methods used to manage PJI, the time between
PJI diagnosis and VO onset, duration of antibiotic treatment, and
causative pathogens identified in cases of PJI and VO. To identify the
risk factors contributing to the development of VO following PJI, we
compared PJI patients with and without VO. These risk factors were
analyzed, and the outcomes of these patients were recorded.

Treatment
 Patients with PJI were treated according to the guidelines provided

by Tsukayama [12]. Debridement and Irrigation (DAIR) was
performed for acute hematogenous infections, in addition to modular
component exchange. For chronic infections (infections persisting
beyond 4 weeks after symptom onset), the gold standard treatment is
second stage resection arthroplasty with interim Antibiotic Loaded
Bone Cement (ALBC) mobile spacer implantation, which offers a
high success rate. The second stages resection arthroplasty protocol
used at our institute is as follows: before the first stage surgery, if the
patient develops Systemic Inflammatory Response Syndrome (SIRS),

two sets of blood cultures are obtained. The first stage surgery consists
of radical debridement with intra-operative synovial fluid sampling,
the collection of three sets of deep tissue specimens, prosthesis
removal, and antibiotic loaded bone cement implantation. This is
followed by the administration of 4 weeks of systemic Intra Venous
(IV) antimicrobial therapy, guided by cultures yielded during the first
stage surgery. In cases with negative cultures, broad spectrum dual-
antibiotic regimens are prescribed by an infectious disease specialist
and bridged by additional 2 weeks oral antibiotic therapy. To create
the ALBC used in second stage resection arthroplasty, we hand-mix 4
g vancomycin and 4 g ceftazidime per 40 g cement. At our hospital,
we generally use 3 months interim periods between each stage of
resection arthroplasty, including 6 weeks drug holidays. During the
interim period, ESR and CRP levels are checked monthly. Joint
aspiration for microscopy and culture is routinely performed prior to
the second stage of resection arthroplasty to ensure infection
eradication. Moreover, second stage surgeries with prosthesis
reimplantation is only performed once CRP levels have returned to
normal or are on a downward trend, without symptoms and signs of
infection such as localized erythema or swelling in the soft tissues.

However, in the case of treatment failure (positive joint aspirate
culture prior to reimplantation, continued CRP elevation, erythema,
soft tissue swelling, or any symptoms and signs suggestive of
infection) after the first stage surgery, repeat resection arthroplasty
with culture guided ALBC mobile spacer implantation is indicated.
The second-stage surgery protocol with an ALBC mobile spacer is the
same as previously mentioned, except that we utilize a culture guided
ALBC mobile spacer. Following the second stage surgery, another 4
weeks of systemic IV antibiotic and 2 weeks of oral antibiotic
treatment is prescribed. We define repeat resection arthroplasty by the
number of surgeries performed before reimplantation (3rd stage or 4th

stage resection arthroplasty).

In addition, if recurrent PJI is diagnosed after reimplantation
following resection arthroplasty, we followed the previously
mentioned principles. Another second stage resection arthroplasty
might be indicated, and we define these procedures as “repeat second
stage resection arthroplasties”.

Complications following recurrent PJI may include scar formation
and contraction of the soft tissue, with development of resistant
bacterial infections. In addition, some patients become severely ill and
may develop septic shock, making them unsuitable candidates for
complicated debridement surgery. In these situations, amputation or
permanent resection arthroplasty can be performed through life saving
salvage procedures [13].

Polymicrobial PJI is defined as the isolation of more than one
microorganism from at least one (or more) cultures of periprosthetic
tissue or synovial fluid. In the present study, we analyzed the
microbiological profile of all episodes of infection.

In the present study, we diagnosed VO based on the clinical
presentation of back pain, combined with elevated ESR and CRP
levels. MRI imaging was the gold standard for the final diagnosis of
VO, which was confirmed by spine surgeons in our institution.
Depending on the clinical conditions of each case, CT guided biopsy
or debridement surgery was performed to obtain additional tissue
samples.

The treatment protocol for VO at our hospital is as follows: after
the diagnosis of VO, the first line treatment is nonoperative
management with long-term antibiotics. However, surgical
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intervention is indicated in patients with poor response to antibiotics, 
those with neurological compromise, mechanical instability, 
intractable back pain, or epidural abscess.

Statistical analysis
We evaluated the association between qualitative variables using 

the Chi-Square or Fisher’s exact test. Continuous variables with a 
normal distribution were compared using Analysis of Variance 
(ANOVA). We evaluated risk factors using univariate and multivariate 
logistic regression models. For all tests, statistical significance was set 
at p<0.05 (5%). Processing and data analysis were performed using 
SPSS (version 20.0; IBM Corp., Armonk, NY, USA). 

Results

Risk factors for the development of meta-chronous VO
following PJI

Of the 567 patients with PJI who had undergone a minimum
clinical follow-up period of five years, seven patients (7/56,1.2%)
developed VO. Among these, 57.1% were male (n=4) and 42.9% were
female (n=3), with an average age of 70.3 years (standard deviation:
11.0; range: 55-83).

Demographic data were compared between patients with and
without metachronous VO (Table 1).

 Variables PJI with metachronous VO (n=7) PJI (n=567)  p

Male/Female 4 (57.1%)/3 (42.9%) 331 (58.4%)/236 (41.6%) 0.941

Age (Medium) Medium=70.50568 Medium=72.015

0.961
(range)(IQR)  Range=10.20304 Range=34.373

(mean)(SD) 70.286 (11.011) 70.816 (10.203)

Body mass index (Medium) Medium=26.7 MediuM=26.23

0.549
(range)(IQR) Range=9.2 Range=21.92

(mean)(SD) 26.029 (3.291) 26.871 (4.239)

Albumin level (SD)* 3.0314 (0.676) 3.836 (0.578) 0.061

eGFR(SD) 72.633 (33.182) 80.72 (35.451) 0.597

CRP(SD) 71.03 (67.018) 91.823 (87.653) 0.469

Hospital course

Admission from ER 5 (71.43) 73 (12.87) <0.001*

SIRS 6 (85.71) 81 (14.29) <0.001*

Blood culture positive 5 (71.43) 24 (4.23) <0.001*

Underlying disease

Charlson comorbidity index 3.571 (2.070) 2.414 (2.302) 0.163

Cancer (%) 2 (28.57) 57 (10.05) 0.132

Solid tumor (%) 1 (14.29) 29 (5.11) 0.123

Hypertension (%) 5 (71.43) 364 (64.20) 0.705

Diabetes (%) 3 (42.86) 97 (17.11) 0.101

Liver disease (%) 3 (42.86) 153 (26.98) 0.123

HCV carrier (%) 3 (42.86) 36 (6.35) 0.012*

HBV carrier (%) 2 (28.57) 49 (8.64) 0.516

Alcoholism (%) 1 (14.29) 25 (4.40) 0.123

Drug user (%) 2 (28.57) 15 (2.64) <0.001*

COPD (%) 1 (14.29) 53 (9.43) 0.141

Renal insufficiency (%) 1 (14.29) 32 (5.64) 0.38
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CV disease (%) 3 (42.86) 97 (17.10) 0.123

Af (%) 3 (42.86) 16 (2.82) <0.001*

CAD (%) 1 (14.29) 24 (4.23) 0.256

Surgery related variables

Operation time(min)(SD) 155 (39.233) 125.08 (48.037) 0.129

Joint presentation

Hip (%) 1 (14.29) 164 (28.92) 0.123

Knee (%) 6 (85.71) 403 (71.08) 0.113

Procedures

2nd stage resection arthroplasty 

(mobile spacer)

1 (14.29) 469 (82.72) 0.092

2nd stage resection arthroplasty 

(static spacer)

2 (28.57) 40 (7.05) 0.012*

3rd stage resection arthroplasty or 
more (%)

3 (42.86) 16 (2.82) 0.003*

DAIR 1 (14.29) 57 (10.05) 0.136

Amputation (%) 1 (14.29) 18 (3.17) 0.576

resectionRepeat 2nd stage 
arthroplasty (%)

4 (57.14) 31 (5.47) 0.023*

Bacteria of PJI

Culture-negative (%) 3 (42.86) 129 (22.75) 0.242

Gram positive (%) 4 (57.14) 397 (70.02) 0.089

Gram negative (%) 0 (0) 40 (7.05) 0.465

Fungus (%) 2 (28.57) 16 (2.82) 0.003*

Tuberculosis (%) 0 (0) 8 (1.41) 0.75

Poly-microbial (%) 2 (28.57) 24 (4.23) <0.001*

MRSA (%) 2 (28.57) 48 (8.47) 0.098

Timetable (mean)(SD)

Operation from admission date (day) 11.52 (12.75) 1.84 (2.02) 0.09

Duration of overall antibiotics (day) 60.71 (4.39) 40 (8.33) 0.112

VO: Vertebral Osteomyelitis; PJI: Periprosthetic Joint Infection; eGFR: estimated Glomerular Filtration Rate; CRP: C-Reactive Protein; IQR: Inter-Quartile Range; SD:
Standard Deviation; ER: Emergency Room; SIRS: Systemic Inflammatory Response Syndrome; HCV: Hepatitis C Virus; HBV: Hepatitis B Virus; COPD: Chronic
Obstructive Pulmonary Diseases; CV: Cardiovascular; AF: Atrial Fibrillation; CAD: Coronary Artery Disease; DAIR: Debridement and Irrigation; MRSA: Methicillin-
Resistant Staphylococcus Aureus.*p value<0.05.

Risk factors were evaluated using a logistic regression model to 
address multifactorial issues, including host comorbidities, treatment 
methods used for PJI, intraoperative parameters, and causative

pathogens identified. The risk factors that we identified for the
development of metachronous VO following PJI include SIRS,
substance abuse, polymicrobial PJI, and 3rd stage resection
arthroplasty or more (Odds Ratios (ORs):1.43, 52.98, 55.83 and 29.78,
respectively) (Table 2).
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Variables Adjusted Odds ratio (95% CI) p

Admission from ER 0.38 (0.721-1.343) 0.321

Blood culture positive 0.92 (0.788-1.063) 0.248

HCV carrier 3.32 (0.451-66.409) 0.324

Atrial fibrillation 2.25 (0.7034-28.8325) 0.234

2nd Stage resection arthroplasty (static spacer) 7.33 (0.4007-99.899) 0.221

Repeated 2nd stage resection arthroplasty 8.21 (0.734-87.234) 0.323

Fungus 13.6 (0.769-117.945) 0.218

SIRS 1.43 (1.246-1.644) <0.001*

Drug abusers 52.98 (6.221-608.213) 0.003*

Poly-microbial PJI 55.83 (7.506-415.328) <0.001*

3rd Stage resection arthroplasty or more 29.78 (4.490-197.453) <0.001*

VO: Vertebral Osteomyelitis; ER: Emergency Room; HCV: Hepatitis C Virus; SIRS: Systemic Inflammatory Response Syndrome; OR: Odds Ratio; CI: Confidence
Interval; *p-value<0.05.

Clinical outcomes of metachronous VO following PJI
Of the seven patients with metachronous VO following PJI, the 
following significant clinical outcomes were observed (Table 3). Six 
patients (85.7%) developed SIRS, five patients (71.4%) yielded 
positive  blood  cultures,  and  four patients (57.1%) had negative tissue

cultures. Six patients (85.7%) had recurrent infections and underwent 
multiple complicated debridement surgeries, and three patients 
(42.9%) developed metachronous VO within one month of PJI 
diagnosis with negative tissue cultures.

Case Positive
blood
culture

SIRS Procedures Region Date of
infection

Period
between PJI
and
vertebral
osteomyeliti
s (days)

Recurrent
infection

Organism Same
species

Final
outcomes

1 + + 3rd stage
resection
arthroplasty

Right hip 11/20/2012 281 Yes (2) Candida
Metapsilosis
Staphylococ
cus
epidermidis

- Amputation

L4-S1 8/28/2013 0 Moraxella
Osloensis
Strepcoccus.
Agalactiae

TLIDF

2 + + 3rd stage
resection
arthroplasty

Right knee 11/10/2006 28 0 Staphylococ
cus aureus

- Revision
arthroplasty

L3-L4 12/8/2006 0 No growth Prolonged
antibiotics
usage

3 - + 2nd stage
with mobile
spacer

Right knee 4/7/2013 736 Yes (4) No growth - Revision
arthroplasty
with
recurrent PJI

L3-L4 4/13/2015 Yes (2) Klebsiella
pneumoniae

TLIDF with
recurrent VO

4 - - 3rd stage
resection
arthroplasty

Left knee 11/6/2012 887 Yes (2) No growth - Revision
arthroplasty

T10-12 4/12/2015 0 No growth TTIDF
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5 + + 2nd stage
with mobile
spacer

Left knee 7/1/2014 28 Yes (2) Strepcoccus.
agalactiae

- Permanent
spacer

L2-L4 7/29/2014 Yes (2) No growth TLIDF with
recurrent VO

6 + + 2nd stage
with mobile
spacer

Left knee 5/8/2013 29 Yes (4) No growth - Permanent
Spacer with
recurrent PJI

L3-L4 6/6/2013 0 No growth TLIDF

7 + + 3rd stage
resection
arthroplasty

Left knee 9/28/2011 358 Yes (3) Candida
Metapsilosis
Staphylococ
cus
epidermidis
Strepcoccus.
Agalactiae

+ Permanent
Spacer

L4-L5 9/20/2012 0 Strepcoccus.
agalactiae

TLIDF

TLIDF: Transforaminal Lumbar Interbody Debridement and Fusion; PJI: Periprosthetic Joint Infection; VO: Vertebral Osteomyelitis; TTIDF: Transforaminal Thoracic
Interbody Debridment and Fusion.

Discussion

Background and rationale
In this retrospective study, we investigated the potential risk factors 

that may link two seemingly unrelated diseases, and these included a 
history of SIRS, drug abuse, polymicrobial PJI and ≥ 3rd stage 
resection arthroplasty. Various risk factors associated with the 
development of PJI or VO has been identified. These include host 
conditions, such as advanced age, American Society of 
Anesthesiologists score, obesity, diabetes mellitus, rheumatoid 
arthritis, substance abuse, acute or chronic infection (especially HIV), 
long-term systemic steroid use, poor nutritional status, immunologic 
incompetence, and previous surgery [13]. Second, microorganisms 
such as Staphylococcus aureus, Coagulase Negative Staphylococci 
(CoNS), streptococci, enterococci, aerobic gram negative bacilli, and 
fungi have all been identified as causative pathogens in PJI or VO [14]. 
Although overlaps may exist between the two diseases, to our 
knowledge, no study has explored this possibility. In this study, we 
considered the development of synchronous PJI as a separate clinical 
entity and thus excluded such cases from analysis.

The possible pathogenesis of the development of metachronous VO 
following PJI may be bacteremia and it may be warranted for 
clinicians to evaluate patients for this condition specifically, and tailor 
treatment plans accordingly [15]. Approximately 25%–59% of cases 
of bacteremia can be detected by obtaining two sets of aerobic and 
anaerobic blood cultures [16]. The detection rate may increase to 70%
if patients have not been treated with antibiotics [17]. Many clinical 
procedures can lead to infection and even bacteremia when infection is 
not contained locally, allowing bacteria to enter the bloodstream. Oral 
hygiene and dental procedures, such as chewing, brushing, teeth 
cleanings, tooth extractions, or root canal treatments may be 
associated with an increased risk of bacteremia, necrotizing fasciitis, 
and bacterial endocarditis [18]. The likelihood of developing 
bacteremia depends on the clinical setting, and bacteremia is a 
clinically significant entity that likely plays a role in the pathogenesis 
of metachronous VO following PJI. Nevertheless, few studies have

evaluated bacteremia in patients with PJI, and the rates of bacteremia
are likely underestimated for numerous reasons. First, the consensus
PJI diagnostic criteria do not include blood cultures [19]. A high false-
positive rate can lead to an unnecessary financial burden on healthcare
systems. Studies have shown that the percentage of positive blood
cultures in patients with PJI is in the range of 4.3%–7.3% [20]. It was
earlier proposed that a positive blood culture in patients with PJI can
contribute to treatment failure by lowering the treatment success rate
to 65.1% [21]. In our study, although 71.4% of patients yielded
positive blood cultures, it is difficult to prove that this is a significant
risk factor for the development of metachronous VO after PJI. One
reason might be the possibility of high false-positive blood culture
rates in patients with PJI. Moreover, it is challenging to establish
whether metachronous VO is caused by the same organism that caused
PJI. To address this challenge, we have analyzed pathogen genotypes
using multilocus sequence typing and pulsed-field gel electrophoresis
at our institute since 2018. However, much of this genotyping
information was not available in the present study given that we
mostly used a database predating the availability of such data at our
facility.

The patient’s clinical condition may contribute to increased
susceptibility for developing metachronous VO after PJI and is often
neglected during preoperative assessment. We identified SIRS and
drug abuse as two significant patient factors in the treatment of the
index PJI. SIRS might be a sequela of bacteremia and is potentially a
more reliable measure than blood cultures given their high false
positive rate, as mentioned earlier. In our study, six patients (85.7%)
exhibited SIRS during PJI, and we identified SIRS as an independent
risk factor for the development of metachronous VO after PJI. A
history of drug abuse during PJI treatment was identified as the
strongest risk factor for the development of metachronous VO in our
study. The international consensus group on periprosthetic joint
infection recommends postponing arthroplasty until after at least one
year of substance use cessation to minimize the chances of infection
[22]. Additionally, illicit drug use also puts patients at a higher risk of
contracting HIV, HCV, and candida infections. In patients with PJI
who abuse substances, the gold standard of care is to perform 2nd stage
resection arthroplas. However, due to their immunocompromised
status, such patients may have bacteremia [23].
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Compared to monomicrobial PJIs, polymicrobial PJIs are rare,
accounting for 4%–27% of all PJI cases. The rates of polymicrobial
PJIs in patients with THA and TKA range from 10.5% to 19% and 9%
to 12.3%, respectively [24]. With more arthroplasties being performed
every year, a 37% increase in polymicrobial PJI cases has been
documented [25]. Polymicrobial PJIs occur more frequently in the
early postoperative period, and this is associated with the presence of
highly virulent pathogens, such as Staphylococcus aureus,
streptococci, and enterococci [26]. Staphylococcus epidermidis and
other CoNS are particularly common in polymicrobial PJIs, and the
most common co-pathogen with Staphylococcus epidermidis is
Enterococcus faecalis [27]. Therefore, empiric broad spectrum
antibiotics should be administered. Additionally, polymicrobial PJIs
occur frequently in patients with soft tissue defects or wound
dehiscence (OR:5.9), sinus discharge (OR:5.0), and age ≥ 65 years
(OR:2.8) [28]. Studies have also shown that using DAIR as a mainstay
treatment is inadequate to treat polymicrobial PJIs, as higher hospital
readmission rates and deep surgical site infections have been reported.
Approximately 23% of patients with polymicrobial PJIs require
implant removal within 12 months of follow-up [29]. We found that
patients with polymicrobial PJIs who undergo 2nd stage resection
arthroplasty with implant removal, as per the treatment protocol
described earlier, had poor clinical outcomes, which could contribute
to higher susceptibilities for bacteremia and possibly, the development
of metachronous VO.

The overall PJI rate has been reported as slightly higher in patients
who undergo TKA than in those who undergo THA (1.41% vs.
0.92%), and the correlation is significant in PJIs that develop late, with
reported incidence rates of 0.080% vs. 0.05% (CI:0.45–0.69)
per prosthesis year (p=0.006) [30]. Moreover, the eradication rate of
2nd stage resection arthroplasty is distinctly different for the hip
versus the knee. The success rate for knee PJI has been reported as
72%–95%, compared to hip PJI with an eradication rate of 87%–100%
[15]. A possible explanation is the anatomical differences between the
knee and hip joints. In a 12 years study of 320 patients, significantly
more patients suffered from symptoms of infection in affected TKA
joints than in THA joints. Knee joint inflammation may be more
symptomatic and apparent earlier during infection because of the thin
layer of soft tissue surrounding the knee, but more research is required
to investigate this hypothesis [31].

Risk factors for the development of metachronous VO
following PJI

In our cohort, 85.7% (6/7) of the patients with subsequent
metachronous VO had PJIs of the knee. A higher failure rate in the
treatment of knee PJIs may be more likely to induce bacteremia and to
the development of metachronous VO in high risk patients. However,
the actual mechanism still needs to be elucidated through genetic
analysis of the bacteria cultured from PJI, blood, and VO samples.

Clinical outcomes of metachronous VO following PJI
We divided patients with metachronous VO in our study into two

categories: short and long interval metachronous VO. For those who
developed metachronous VO one month after PJI diagnosis (short
interval), bacteremia could be a possible etiology. However, most
spinal tissue samples had negative cultures, which limit our ability to
make inferences about possible etiologies. Negative tissue cultures
might have occurred due to prolonged antibiotic therapy utilized in our
PJI treatment protocols. In contrast, the clinical course of cases with

long intervals could be more readily analyzed and evaluated. We
noticed that these cases had recurrent PJIs during the treatment period,
with fluctuating CRP levels (Figure 1). For this reason, even if
pathogenic bacteria were present in such cases, it is difficult to culture
these organisms given the long-term antibiotic therapy. Indeed, it was
difficult to obtain conclusive tissues cultures in both short-and long-
interval metachronous VO cases. Furthermore, we were unable to
identify whether the causative bacteria in PJI, blood, and spine
samples were identical because of the unavailability of genetic
analysis during most of the period in review; we were only able to
identify identical bacterial species in the PJI and spinal samples in
case 7.

Figure 1: There were four cases (Case 1, 3, 4, and 7) with long-
interval metachronous vertebral osteomyelitis (VO). Their fluctuated 
C-reactive protein (CRP)(mg/dL) after first episode of PJI was
recorded by days.

Limitations
This study had several limitations. First, it was a retrospective case-

control study, which likely includes selection bias and missing data. 
We attempted to minimize bias using the same treatment protocols and 
rehabilitation programs. Second, clinical outcomes need to be 
established with longer follow-up periods.

Conclusion
The incidence of VO following PJI was 1.2% in the present study. 

The risk factors associated with developing VO were the presence of 
SIRS during PJI, drug abuse, polymicrobial PJI, and ≥ 3rd stage 
resection arthroplasty. Further prospective research with genetic 
analysis of causative pathogens is needed to determine the 
pathophysiology and clinical outcomes of this clinical entity.
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