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Background: Occult infections in spinal pseudarthrosis revisions have been reported in the literature, but the 

relevance of such an infection on patient outcomes is unknown. We aimed to elucidate clinical outcomes and re- 

revision risks between patients with and without occult infections in spinal revision surgery for pseudarthrosis. 

Methods: In this matched case-control study, we identified 128 patients who underwent thoracolumbar revision 

surgery from 2014–2019 for pseudarthrosis of the spine. Among them, 13 (10.2%) revealed an occult infection 

(defined by at least two positive intraoperative tissue samples with the same pathogen), and nine of these 13 

were available for follow-up. We selected 18 of the 115 controls using a 2:1 fuzzy matching based on fusion 

length and length of follow-up. The patients were followed up to assess subsequent re-revision surgeries and the 

following postoperative patient-reported outcome measures (PROMs): overall satisfaction, Oswestry Disability 

Index, 5-level EQ-5D, and Short Form 36. 

Results: Patient characteristics, surgical data, and length of follow-up were equal between both study groups. 

The rate of re-revision free survival after the initial pseudarthrosis revision surgery was higher in the occult 

infection group (77.8%) than the non-infectious controls (44.4%), although not significantly (0.22). The total 

number of re-revision surgeries, including re-re-revisions, was thirteen (in ten patients) in the control and two 

(in two patients) in the occult infection group (p = 0.08) after a median follow-up of 24 months (range 13-75). 

Four cases in the control group underwent re-revision for pseudarthrosis compared to none in the infected group. 

Satisfactory scores were recorded in all PROMs, with similar scores between the two groups. 

Conclusions: The presence of an occult infection accompanying spinal pseudarthrosis revision was not inferior to 

non-infected pseudarthrosis revisions in a matched, small sample size cohort study. This may be explained due 

to the possibility of targeted treatment of the identified cause of pseudarthrosis. 
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Pseudarthrosis, or failure of adequate bony fusion, is one of the most

mportant and challenging reasons for revision surgery after attempted

pinal fusion [1–3] ( Figure 1 ). Besides insufficient primary implant con-

truct stability; spinal imbalance, osteoporosis, tobacco and steroid use,

nfection has been identified as a major risk factor for pseudarthrosis

4–7] . 

Clinicians frequently detect the presence of an occult low-grade in-

ection during spinal revision surgery, with incidences varying between

-56%, depending on the indication for revision and the method of tis-

ue sampling [7–14] . Pseudarthrosis is the leading indication for revi-
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ion surgery associated with low-virulence bacteria [ 9 , 11 ]. In a previous

tudy, we detected the presence of occult infections (defined as at least

wo positive samples of the same pathogen) in 10.2% of the pseudarthro-

is cases not suspected to be infected [14] . Occult infection was associ-

ted with higher body mass index, fusions including the thoracolumbar

unction, and slightly elevated C-reactive protein levels on admission

14] . In the literature, other patient- and surgery-related characteristics

ave been identified as risk factors for occult infection in spine surgery:

ale gender, older age, diabetes, higher American Society of Anesthe-

iologists’ (ASA)-score, multiple comorbidities, higher number of prior

urgeries [ 11 , 15–18 ]. 

In general, long-term antibiotic treatment is recommended if an oc-

ult infection is detected, with the treatment-regimen being defined by
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Fig. 1. Example of a pseudarthrosis case . Lateral 

and coronar views of the computed tomography scan 

showing pseudarthroses at the level L4/5 beside large 

posterolateral fusion masses. 
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nterdisciplinary infectiology boards [14] . However, both clinicians and

atients are often surprised by the detection of the occult infection, and

he prognosis for these patients regarding risk for further re-revision

urgery and patient satisfaction is unknown. 

The aim of this study was to compare overall clinical outcomes and

e-revision risks of patients undergoing pseudarthrosis revision surgery

ith and without occult infections. 

ethods 

This study was approved by the state authorities (BASEC 2019-

2077). Symptomatic spinal pseudarthrosis was defined as mechanical

ack pain related to failure of bony fusion or screw loosening on conven-

ional radiographs and computed tomography (CT) at least > 6 months

fter the index surgery. 

tudy population 

We identified 152 adult patients who underwent pseudarthrosis re-

ision surgery via a posterior-only approach since the introduction of

outine sampling n pseudarthrosis cases in our institution in September

014 until end of 2019 ( Figure 1 ). After excluding 24 patients with an

ncomplete intraoperative microbiological sampling, we included 128

84.2%) patients into the study. In none of the cases was an infection

uspected and none of the patients had any antibiotic therapy prior to

urgery, except of the preoperative prophylaxis. The initial surgery be-

ore the pseudarthrosis revision included a posterior pedicle screw in-

trumentation of an average of 3.4 ± 2.7 levels of attempted fusion for

egenerative conditions in all patients. None of the patients had any

ntibiotic therapy prior to surgery except of the routine preoperative

ntibiotic prophylaxis and none of the patients had any prior surgical

ite infection diagnosed before the revision surgery. Beside pseudarthro-

is and screw loosening on the radiologic examinations, there were no
2 
igns of inflammation preoperatively or intraoperatively such as wound

ealing disorders, redness, swelling, fluid formations, necrosis or im-

lant corrosions. 

Whereas almost half of the initial surgeries were performed outside,

ll revision surgeries were performed at our tertiary university spine de-

artment. We detected an occult infection in 13 (10.2%) patients, whilst

15 (89.8%) revealed negative samples. Four of these 13 infections were

urther excluded for the following reasons: two deaths (unrelated to

urgery or infection) and two refusals to participate; leaving overall nine

nfected patients for follow-up assessments. None of the four excluded

atients in the occult infection group underwent any further re-revision

urgery after pseudarthrosis revision during their time of follow-up in

ur outpatient clinic (median 19 months, range 3-35 months). 

As length of follow-up correlates with the risk of undergoing a revi-

ion operation and the length of fusion construct further impacts patient-

eported outcome measures (PROMs), we matched the cohort using a

:1 fuzzy matching based on these two factors. The fuzzy matching

echnique enabled the study population to forego any further sample

ize decrease in the group of nine occultly infected cases and roughly

alance them (i.e. length of follow up + /- 6 months, length of fusion

onstruct + /- 1 level) to the much larger pool of the non-infected con-

rols (n = 115). Thereby, we selected 18 out of the 115 uninfected pa-

ients as controls ( figure 2 ). Besides the length of fusion and the length

f follow-up, we recorded the following variables for the comparison

f both study groups: age, sex, educational status, BMI, diabetes, ASA-

core, prior number of lumbar surgeries and prior instrumentations in-

olving the lumbosacral junction. 

nfections 

We defined an occult infection as the presence of ≥ 2 intraoperative

issue samples that were incubated for 14 days for aerobic and anaero-

ic cultures. In general, two samples were gathered from the posterolat-



M.D. Burkhard, A. Hassanzadeh, O. Andronic et al. North American Spine Society Journal (NASSJ) 12 (2022) 100172 

Fig. 2. Study population flowchart. 
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consultations at that time. C. acnes infections were treated with oral 
ral pseudarthrosis and one from the lamina or pedicle, but additional

amples were obtained from adjacent levels in some cases. Additionally,

onication of the removed hardware was routinely performed [ 19 , 20 ]. A

seudarthrosis was considered infected if 1) at least two tissue samples

evealed the same pathogen and/or 2) at least 50 colonies of a bacterial

pecies grew in the sonication fluid [21] . Perioperative antibiotic pro-

hylaxis, mostly a second-generation cephalosporine (cefuroxime), was

dministered as part of the institutional standard protocol for spinal pro-

edures 

linical outcomes 

After a follow-up time ranging 13-75 months after revision surgery

or pseudarthrosis of the spine, patients were asked about their general

atisfaction regarding the clinical outcome (1 = poor, 2 = unsatisfac-

ory, 3 = satisfactory, 4 = good, 5 = excellent). Details on any subse-

uent re-revision surgeries performed outside the index institution were

ecorded. The following PROMs were assessed: the Oswestry Disability

ndex (ODI), the 5-level version of the EuroQol five-dimensional self-

dministered questionnaire (EQ-5D-5L) and the Short Form 36 (SF-36).

he summary index (SI) of the EQ-5D-5L was calculated based on the

alue set of the German population. Further, the EQ-5D visual analogue

cale (VAS) was recorded, which measures health status on a vertical

cale between 0 and 100 (worst-to-best imaginable health state) on the

ay of assessment. The eight scales of the SF-36 were also calculated

ased on the German population norm. Preoperative PROMs were not

vailable for most patients and could not be included for analysis. All

nfected patients cured after recommended long-lasting antibiotic ther-

py. 

tatistical analyses 

A fuzzy matching algorithm was performed using MATLAB ( Mat-

ab 2019a, MathWorks, Massachusetts, USA) to decrease the influence

f confounding factors for patient outcomes. Fuzzy matching was per-

ormed on length of follow-up ( + /- 6 months) and length of fusion ( + /- 1

evel). The 18 control patients were thereby matched to the nine occult
3 
nfection cases. Intergroup analyses were performed using SPSS (ver-

ion 25; IBM, Armonk, NY). As calculated per the Shapiro-Wilk test,

ata were non-normally distributed and data were reported using me-

ians and ranges and ordinal variables were represented by frequencies

%). We used Mann-Whitney U-tests for continuous variables and the

isher’s exact tests for categorical variables. Due to the low number of

nfections, we renounced on multivariate analyses. The level of statisti-

al significance was set at p < 0.05 for two-tailed analyses. 

esults 

atients characteristics and infections 

The demographics of the two study groups were similar ( Table 1 ),

ther than age that tended to be higher in the controls (median 71 years)

han their infected counterparts (median 58 years; p = 0.06). In contrast,

he number of prior lumbar surgeries was significantly lower in the con-

rols (median 2 versus 3 interventions; p = 0.027). None of the study pa-

ients smoked. The median follow-up time was 25 months (range, 13–74

ts) in the controls and 23 months (range, 15–75 mts) in the infection

roup, p = 0.791. 

The diagnosis of symptomatic pseudarthrosis and screw loosening

as made based on the CT findings in conjunction with excruciating

ain and point tenderness over the pseudarthrosis segment in all 27

atients (9 infected and 18 controls). None of the subjects had an infec-

ious etiology suspected by the clinician or radiologist pre-or intraoper-

tively. All patients were initially instrumented and revised from pos-

erior only with pedicle-screw instrumentation, with or without trans-

oraminal/posterior interbody fusion. Cutibacterium acnes was cultivated

n five patients, Staphylococcus epidermidis in three patients, and Entero-

occus faecium in one patient. There were no polymicrobial infections.

o pathogens were isolated from any single probe in the control group,

lthough at least 5 samples were taken per definition in any included

seudarthrosis revision. 

Immediate targeted antibiotic treatment was initiated for three

onths for all infected patients according to the Infectious Diseases
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Table 1. 

Patient characteristics. 

Variable Aseptic pseudarthrosis Occult infection P value 

No. of patients 18 9 

Age (years) 71.5 (68; 75) 58 (55; 66) 0.057 

Female sex (%) 38.9 33.3 1.000 ∗ 

Education level (I-III) I (11), II (61), III (28) II (67), III (33) 1.000 ∗ 

Body mass index (kg/m 

2 ) 29.7 (26.0; 31.7) 31.5 (27.8; 36.0) 0.304 

Diabetes type II (%) 5.6 11.1 1.000 ∗ 

Osteoporosis 11.1 11.1 1.000 ∗ 

ASA 3 (2; 3) 3 (3; 3) 0.834 ∗ 

Charlson Comorbidity Index 4 (3; 6) 2 (1; 3) 0.107 

No. of prior lumbar surgeries 2 (1-4) 3 (1-7) 0.027 

Follow-up (months) 25 (16; 61) 23 (19; 62) 0.719 

No. of levels fused 4 (2; 6) 3 (2; 7) 0.856 

Instrumentation involving L5/S1 (%) 77.8 77.8 1.000 ∗ 

Data are given as median and 25 th and 75 th percentiles in parentheses. Categorical data are given in percentage. 

P values are calculated with Mann-Whitney U test or Fisher’s exact test (marked with asterisk) as applicable. 

Bold text indicates statistical significance. 

Table 2. 

Revision rates and indications for revisions. 

Variable Aseptic pseudarthrosis Occult infection P value 

No. of patients 18 9 

Re-revision free survival % (n) 44.4 (8) 77.8 (7) 0.217 ∗ 

No. of revisions 1 (0; 1) 0 (0; 0) 0.083 

Indication for revision % (n) 

Pseudarthrosis 22.2 (4) 0 0.268 ∗ 

Screw loosening 11.1 (2) 11.1 (1) 1.000 ∗ 

Adjacent segment disease 11.1 (2) 11.1 (1) 1.000 ∗ 

Nerve root compression 11.1 (2) 0 0.536 ∗ 

Data are given as median and 25 th and 75 th percentiles in parentheses. Categorical data are given in percentage. 

P values are calculated with Mann-Whitney U test or Fisher’s exact test (marked with asterisk) as applicable. 
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lindamycin. The antibiotic treatment of the staphylococci and of the

. faecium depended on the microbiologic profile, susceptibility testing,

nd patient’s tolerance. None of the patients with an occult infection had

ny major complications related to the surgery or antibiotic treatment. 

utcomes 

During the time of follow-up, the rate of re-revision free survival

fter the initial pseudarthrosis revision surgery was higher in the oc-

ult infection group (77.8%) than the non-infectious controls (44.4%),

lthough not significantly (0.22). The odds ratio for undergoing a re-

evision surgery after pseudarthrosis revision was 0.4 (95% confidence

nterval 0.1 - 2.2) in the occult infection group versus the controls. The

otal number of re-revision surgeries, including possible re-re-revisions

fter the index pseudarthrosis revision, was thirteen (in ten patients)

n the control and two (in two patients) in the occult infection group

p = 0.08) after a median follow-up of 24 months (range 13-75). Three

atients in the control group each underwent two re-operations after the

ndex pseudarthrosis revision during the time of follow-up. Four cases

22.2%) in the control group underwent re-revision surgery because of

dditional re-pseudarthrosis, whereas no pseudarthrosis re-revision was

bserved in the occult infection group. 

The microbiological samples of the pseudarthrosis re-revisions (all

ithout concomitant antibiotic influence) remained negative despite

4 days of incubation. Furthermore, three patients (16.7%) in the con-

rol group underwent more than one re-revision surgery following the

nitial pseudarthrosis revision. As for the infected group, only two pa-

ients underwent a further re-revision (one for screw-loosening and one

or adjacent segment disease) and none of the two was further re-re-

evised ( Table 2 ). 

Overall, we recorded satisfactory-to-poor scores in all PROMs, simi-

arly distributed between the two study groups. Median patient satisfac-

ion was 3 (satisfactory) in both groups (p = 0.501). The ODI Score was 62
4 
oints (controls) versus 64 points (infected) (p = 0.699). The EQ-5D-5L

ndex was 0.31 in both groups (p = 0.797), EQ-5D VAS was 58 (controls)

ersus 50 (infected) (p = 0.365), and SF-36 scores were all similar in all

he eight physical and mental scales. Further details are illustrated in

able 3 . 

iscussion 

According to our single-center case-control study among adults who

re surgically revised for spinal pseudarthrosis, the detection of an oc-

ult infection (even if relatively frequent) did not impair the patient’s

nal outcome, provided that such infected pseudarthroses were surgi-

ally and antibiotically treated. 

Because several patient and surgical history-related factors have

een associated with less favorable outcomes after spinal fusion, we

imed to create two comparable groups and minimize confounding fac-

ors. However, despite the 2:1 fuzzy matching procedure, the two study

roups still revealed some differences, most prominently the number

f prior lumbar surgical procedures, which was significantly higher in

he occult infection group. Also, a trend toward older age and a higher

umber of comorbidities was observed in the control group. Indeed, an

ncreasing age and number of comorbidities are known to negatively im-

act clinical and/or radiographic outcomes after spinal fusion [ 22 , 23 ],

ut to be associated with slightly better outcomes in ODI scores com-

ared to younger patients [24] . Likewise, Zehnder et al. [25] attributed

orsening PROMs to the increasing the number of prior surgeries in

egenerative lumbar spine surgery. Overall, the remaining differences

etween our two study cohorts were not in favor but rather at the ex-

ense of the occult infection group regarding expected outcome scores.

herefore, this methodological limitation would, if removed, even in-

rease the evidence of the here reported non-inferiority. 

All the investigated postoperative PROMs were at best satisfactory in

oth groups of this study. Although excruciating pain and point tender-
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Table 3. 

Patient reported outcome measures. 

Variable Aseptic pseudarthrosis Occult infection P value 

No. of patients 18 9 

Patient satisfaction (1 – 5) 3 (2; 3) 3 (2; 3) 0.501 

ODI 

Total 62 (56; 78) 64 (56; 76) 0.699 

Pain 3 (2; 3) 3; 3 (1-4) 0.591 

EQ-5D-5L 

Summary Index (-0.21 – 1) 0.31 (0.23; 0.51) 0.31 (0.24; 0.53) 0.797 

EQ-5D VAS (0 – 100) 58 (50-74) 50 (30; 65) 0.365 

SF-36 

Physical functioning 43 (25; 58) 30 (25; 50) 0.897 

Bodily pain 62 (52; 74) 52 (52; 84) 0.675 

Role limitations - physical health 0 (0; 50) 0 (0; 25) 0.929 

Role limitations - personal/emotional 33 (0; 67) 100 (33; 100) 0.178 

General mental health 76 (60; 80) 60 (44; 80) 0.326 

Social functioning 38 (13; 63) 13 (0; 63) 0.896 

Energy/fatigue or vitality 40 (30; 59) 35 (15; 55) 0.366 

General health perceptions 57 (52; 69) 45 (37; 62) 0.155 

ODI = Oswestry Disability Index. EQ-5D-5L = 5-level version of the EQ-5D tool. SF-36 = short form 36. Data are given 

as median and 25 th and 75 th percentiles in parentheses. P values are calculated with Mann-Whitney U test. 
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ess over the non-fused segment was reported preoperatively, it remains

n unspecific and unreliable finding that only complements the clini-

al picture of a symptomatic pseudarthrosis and was not investigated

ostoperatively [26] . Some authors published significant subjective im-

rovements after pseudarthrosis revision [ 5 , 27 ], whereas multiple oth-

rs reported only modest to no improvements after revision surgery

28–32] . For example, Dede et al. reported that patients did not sub-

ectively improve after pseudarthrosis revision [29] . Suh et al. found

ven worse outcomes after pseudarthrosis revision surgery than for ad-

acent segment disease [30] . On the other hand, many studies reported

 correlation between bony fusion and satisfaction after spinal revision

urgery, including for pseudarthrosis [ 33 , 34 ]. Kim et al. [34] reported

 fusion rate of only 16 of 29 patients after pseudarthrosis revision, but

1% of the patients with successful fusion after pseudarthrosis revision

ad a satisfactory subjective outcome, compared to a satisfactory rate

f only 23% in the unsuccessful fusions. 

Our re-revision risks tended to be lower (22% versus 56%) in fa-

or of the occult infection group, even though the difference was not

tatistically significant. In general, surgical site infections not only re-

uire enduring long-term antibiotic treatment, but are also associated

ith poorer clinical outcome scores and higher risk for revision surgery

 35 , 36 ]. Therefore, we expected that the occultly infected patients

ould have lower PROMs together with higher re-revision risk when

ompared to their noninfected study group. The here reported counter-

ntuitive observation may be explained by the fact that one main con-

ributor to pseudarthrosis, namely an occult infection, was found in the

ase group and could be treated specifically both surgically and phar-

aceutically. In contrast, the reasons for non-infectious pseudarthrosis

evelopment are generally multifactorial, and therapy of these patients

ay be less targeted. However, further large-scale studies are needed to

larify this observation. 

In our occultly infected group, patients were infected with C. acnes ,

oagulase-negative staphylococci and E. faecalis . This reflects the most

ommon spectrum of pathogens detected after spinal hardware removal

or low-grade infection [14] . C. acnes , a slow-growing, microaerophilic

ram-positive rod, is usually considered as a contaminant by many au-

hors [37–41] , unless it is found in several intraoperative tissue sam-

les. In such cases, and in the absence of concomitant, more virulent

athogens, C. acnes counts as the only and true pathogen causative of

any spinal surgical site infections, spondylodiscitis, and vertebral os-

eomyelitis cases [ 3 , 42 , 43 ]. In our institution, routine tissue sampling

nd complete microbiological workup are performed in all spinal pseu-

arthrosis revisions. However, many surgeons still only obtain intraop-

rative samples when infection is visually suspected, which may lead to
5 
n underestimation of the true prevalence of infection-associated pseu-

arthrosis. 

Some surgeons may argue that routine sampling in unsuspicious

seudarthrosis revisions will lead to too many false positives and un-

ecessary antibiotic treatments or that occult infections may be self-

imiting after implant removal or replacement, and antibiotic treatment

s redundant. From our personal standpoint, the risk of missing an infec-

ious etiology, which is by evidence around 10% [14] , and inadequate

reatment by revisions surgery alone could outweigh the risk of antibi-

tic overtreatment of possible contaminations. Therefore, it is important

hat only the detection of the same bacteria in multiple samples qualifies

or the diagnosis of an occult infection. In case of a delayed growth in

nly one enrichment broth, we consider the finding as a contamination

nd restrain from antibiotic treatment. 

Besides the low sample size given by the rarity of the pathology and

he obvious retrospective, observational design, our study has further

imitations. Little is known about the performance of antibiotic treat-

ent in low-grade infections. To our knowledge, no study has compared

he outcomes of infected pseudarthrosis with revision surgery alone ver-

us revision and antibiotic treatment. Finally, it is impossible to defini-

ively distinguish between colonization and low-grade infection based

n microbiological findings alone, even with the standardized workup

rotocol used in our institution. Two positive samples do not entirely

ule out contamination of a pseudarthrosis which has been concomi-

antly caused by other reasons, but we define them as a true infection in

oncordance to previous studies [ 9 , 19 ]. Whereas many factors (i.e. age,

ender, race, smoking status, bone quality and many more) are known

o influence patient outcomes, the small sample size only allowed two

actors (i.e. length of instrumentation and duration of follow-up) to be

ncluded in the 2:1 matching algorithm. Also, it is unclear if patients

rofited from the pseudarthrosis revision surgery, because preoperative

ROMs were not available for analysis. Although excruciating pain and

oint tenderness was reported preoperatively, no postoperative data be-

ide the PROMs questionnaires were included for analysis. With larger

ase numbers and statistical power, some of the observed effects may be

ubstantiated. For example, the difference in rate of re-revision (22% in

nfected versus 56% in controls), which did not reach statistical signif-

cance, may be a type II error and may actually be a true difference in

n adequately powered study analysis. 

Based on our data, an a-priori sample size estimation using g ∗ power

version 3.1.9.7) showed that a sample size of 39 in the occult infection

roup and 78 in the control group would be necessary to reach statisti-

al significance ( 𝛼 < 0.05; power > 0.95) in a 2:1 matched study design.

n an unmatched study assuming an occult infection rate of 10%, 30 in-



M.D. Burkhard, A. Hassanzadeh, O. Andronic et al. North American Spine Society Journal (NASSJ) 12 (2022) 100172 

f  

b  

t  

c  

i  

e  

s  

i  

a

C

 

d  

n  

c  

t

D

 

i  

t

F

 

t  

l  

t

A

 

m

R

 

 

 

 

 

 

 

 

 

 

 

[  

[  

[  

 

[  

[  

[  

 

[  

 

[  

 

[  

 

[  

 

[  

 

[  

[  

[  

 

[  

 

[  

 

[  

 

[  

[  

[  

[  

 

 

[  

[  

 

[  

[  

[  

 

[  

 

 

[  

 

[  

[  

[  

 

 

[  

[  

[  

 

ected spinal pseudarthrosis cases and 300 non-infected controls would

e necessary to investigate whether re-revision rates truly differ in pa-

ients with occult infections. However, the rarity of the here investigated

ohort, namely occult infected pseudarthrosis patients justifies report-

ng of this findings even if statistical underpowering might limit their

vidence. Further, by plausibility, increase of sample size would tend to

upport the here reported non-inferiority of occult infection not impair-

ng patient’s final outcome, provided that such infected pseudarthroses

re surgically and antibiotically treated. 

onclusion 

The presence of an occult infection accompanying spinal pseu-

arthrosis revision seem not to lead to inferior outcomes if compared to

on-infected pseudarthrosis revisions in a matched, small sample size

ohort study. This may be explained due to the possibility of targeted

reatment of the identified cause of pseudarthrosis. 
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