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ABSTRACT

Background: Surgical intervention for pyogenic spondylitis is indicated when conservative treatment fails and
biomechanical instability persists. Whether to insert pedicle screws into all vertebrae, including the most erosive

vertebrae, or whether to skip 1 vertebra in pedicle screw insertion remains controversial.
Methods: A single-institution retrospective cohort study was conducted in consecutive patients with pyogenic

spondylitis in the lower thoracic and lumbar spine (T9–S1) between January 2008 and December 2016. The patients

were treated with interbody fusion plus posterior stabilization using pedicle screws and were divided into 2 groups as
follows: (1) patients in whom 1 vertebra, usually the most erosive, was skipped in pedicle screw insertion (Group
Skipping) and (2) pedicle screw insertion into all vertebrae (Group All). Patients’ operation data were evaluated, and

clinical outcomes were compared between the 2 groups. There were no significant differences between the 2 groups in
terms of age, sex, past histories, blood loss, operation time, the presence of abscesses, or operative approach.

Results: The length of fixation was greater by 1 vertebral level in the Group Skipping than in the Group All, and
the rate of revision surgery for pseudarthrosis was higher in the Group Skipping than in the Group All (P¼ .02). There

was no statistically significant difference between the 2 groups in terms of the mean segmental lordotic angle or Barthel
Index.

Conclusions: Skipping pedicle screw insertion for pyogenic spondylitis in posterior fixation led to an increased

number of fixed vertebrae and may be a risk factor for revision surgery for pseudarthrosis.
Level of Evidence: 4.
Clinical Relevance: The insertion of short pedicle screws at the infected vertebra can prevent early treatment

failure and increase the biomechanical stability of construct.

Complications

Keywords: pseudarthrosis, posterior fixation, mechanical instability

INTRODUCTION

Surgical intervention for pyogenic spondylitis in

the lower thoracic and lumbar spine is indicated

when conservative treatment fails, progressive ver-

tebral body destruction or neurologic deficit devel-

ops, or epidural or psoas abscesses are present.1–3

The radical debridement of infected tissue followed

by interbody fusion may be the best method to

control infection at the surgical site and promote

definitive healing,4 although there is no scientific

consensus on the role of posterior instrumentation

in vertebral osteomyelitis.5,6 Therefore, it is contro-

versial as to whether insertion of pedicle screws into

infected vertebrae should be undertaken when

vertebral body erosion is severe.

Inserting pedicle screws into an infected vertebral

body is associated with a significant risk of bacterial

spread and biofilm formation,7–9 which in turn are

associated with the need for debridement reopera-

tions. In contrast, skipping pedicle screw insertion

leads to longer fixation levels and decreased

mechanical stability.10,11 Additionally, in the treat-

ment of thoracolumbar burst fractures, which are

similar to pyogenic spondylitis in terms of biome-

chanical instability, the insertion of pedicle screws at

the fracture site prevents early treatment failure and

increases the biomechanical stability of con-

struct.10,12 To the best of our knowledge, there have

been no reports comparing the insertion of pedicle

screws into all vertebrae and the skipping of 1

vertebra in pedicle screws insertion in patients with
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pyogenic spondylitis in the lower thoracic and
lumbar spine. The purpose of this study was to
compare the reoperation rate due to debridement or
revision between the skipping pedicle screw inser-
tion and the insertion of pedicle screws in all
vertebrae in patients with pyogenic spondylitis.

MATERIALS AND METHODS

After institutional review board approval, we
retrospectively reviewed medical records of consec-
utive patients with pyogenic spondylitis in the lower
thoracic and lumbar spine (T9�S1) at Hitachi
General Hospital between January 2008 and De-
cember 2016. They were surgically treated with
interbody fusion plus posterior stabilization using
pedicle screws (Expedium, DePuy Synthes, West
Chester, PA, or SOLERA5.5/6.0, Medtronic, Min-
neapolis, MN). Conservative treatment had failed in
all patients. All patients were Griffith classification13

stage 2 and exhibited moderate or severe destruction
of endplate (Grade 2 or 3), which was detected on
computed tomography scans and plain radio-
graphs.14 Patients suffering from surgical site
infection (past history of spine surgery) were not
included in this study.

A single-institution retrospective cohort study
was performed after dividing the patient population
into 2 groups as follows: (1) patients who underwent
skipping pedicle screw insertion into the most
infected vertebra (Group Skipping) and (2) patients
who underwent pedicle screw insertion into all
vertebrae (Group All). Operative methods included
interbody fusion via the posterior or lateral retro-
peritoneal (anterior) surgical approach.4 After disc
space debridement, either iliac bone autograft or
titanium mesh cages (Pyramesh, Medtronic, Min-
neapolis, MN) was used for anterior column
reconstruction. Single- or 2-stage surgery was
performed depending upon the patient’s general
condition. Pedicle screw fixation for segment
instrumentation was basically 1 level above and 1
level below the most destroyed vertebra and was
determined according to the bone quality and
findings of the intraoperative efficiency of the
screws.

Age, gender, past histories calculated by Charl-
son Comorbidity Index (CCI),15 level of infection
involvement, and the expansion of abscess were
evaluated. The presence of epidural or psoas
abscesses was evaluated using magnetic resonance
imaging. Moreover, operative methods, blood loss,

operation time, and the number of vertebrae into
which pedicle screws were inserted were evaluated.

The loss of segmental lordotic angle was mea-
sured as the angle of a perpendicular line from the
upper and lower endplates of the involved vertebrae
comparing the preoperative and the latest follow-up
radiographs.16 In revision cases, this angle was
measured as the angle just before the revision
surgery as the latest follow up.

The minimum follow up was 11 months except
for fatal cases. Intravenous antibiotics were admin-
istered for at least 6 weeks after operation or until
C-reactive protein levels returned to normal, fol-
lowed by oral antibiotics for 6 weeks. Reoperation
patterns were classified into early debridement,
characterized by fever or elevated C-reactive protein
levels, and late pseudarthrosis, diagnosed by radio-
logical instability and nonunion without bone
erosion. Both preoperative and postoperative neu-
rological statuses were recorded by board-certified
spine surgeons. Patients’ basic activities of daily
living were evaluated by Barthel Index.17

Statistical significance of associations between
categorical variables was assessed using the Fisher
exact test (with continuity correction for 2 3 2
tables). Continuous variables were compared using
unpaired t tests, and the level of statistical signifi-
cance was set at P , .05. Data were managed using
the SAS version 9.4 (Cary, NC).

RESULTS

In total, 36 patients were included in the study; 13
patients were assigned to the Group Skipping, and
23 patients were assigned to the Group All. Mean
follow-up length was 24 (11–48) months. In the
Group Skipping, there were 8 males and 5 females,
with age at admission ranging from 40–83 years
(mean¼ 70). In the Group All, there were 16 males
and 7 females, with age at admission ranging from
40–83 years (mean ¼ 73). Mean CCI was 2.7 in the
Group Skipping and 2.5 in the Group All, without
statistically significant differences. There was no
trend in the presence of psoas abscesses, epidural
abscess, neurological deterioration, or endplate
destruction between the 2 groups (Table 1).
Staphylococcus aureus was the most common
infectious agent (Group Skipping, n ¼ 4; Group
All, n¼ 9).

In total, 5 patients in the Group Skipping and 7
patients in the Group All underwent 2-stage surgery
(Table 2). The reasons for treating these patients
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with 2-stage anterior debridement and posterior
fusion were as follows: (1) their general condition
was rather poor to undergo surgery lasting for more
than 2 hours in the first operation (n ¼ 9), and (2)
the psoas abscesses were large and continuous and
required drainage for at least 1 week (n ¼ 3).
Interbody fusion surgeries were performed via a
retroperitoneal approach in all patients. There were
no statistically significant differences between
groups in terms of the mean number of posteriorly
fixed vertebrae (4.8 in Group Skipping versus 3.8 in
Group All; P¼ .02). A titanium mesh cage was used
for 9 patients in the Group Skipping and for 13
patients in the Group All. There was no significant
difference in terms of mean estimated blood loss
(1696 mL versus 1469 mL, P ¼ .71) and operation
time of posterior part (199 minutes versus 195
minutes, P ¼ .51) between the 2 groups.

Table 3 shows the information of the 13 patients
in the Group Skip with the level of the most infected
vertebra and outcome. The rate of revision surgery
required due to pseudarthrosis was higher in the
Group Skipping than in the Group All (n¼ 5 versus
n ¼ 1, respectively; P ¼ .02; Table 4). These cases
required surgical intervention, including reconstruc-
tion and fusion with longer instrumentation at more
than 6 months after the first surgery. Representative
cases were shown in Figure 1 and Figure 2.
However, there was no difference in the rate of
debridement caused by the recurrence of infection
between the 2 groups (n ¼ 2 in Group Skipping
versus n ¼ 4 in Group All; P ¼ 1.0). There was no
statistical difference between the 2 groups in terms
of the change of segmental lordotic angle from the
angle on admission of the most infected site (5.78 in
Group Skipping versus 5.48 in Group All; P¼ .85).
In total, 6 patients in the Group Skipping and 16
patients in the Group All regained ambulatory
ability, without statistically significant differences

between the 2 groups (P¼ .29). In-hospital mortality
was observed in 1 patient in the Group Skipping
and 1 patient in the Group All. There was no
statistical difference between the 2 groups in terms
of the change of Barthel Index (Table 5).

DISCUSSION

This study investigated the association between
pedicle screws insertion pattern and the risk for
revision surgery caused by pseudarthrosis. Our data
demonstrated that the fixation length became longer
and the rate of revision surgery performed for
pseudarthrosis increased when pedicle screw inser-
tion into the most infected vertebrae was skipped.
The loss of segmental lordotic angle was approxi-
mately 58 from the mean angle during 24 months of
follow up. Finally, 22 (61%) of the 36 patients
regained ambulatory ability, and the mortality rate
was 5.6% in our series. In cases of skipping pedicle
screw insertion, the pseudarthrosis may be associ-
ated with longer lever arm, poor compression
power, but not with the recurrence of infection at
the site of surgery.

Previous reports have revealed that pseudarthro-
sis was observed in approximately 10% of patients
after posterior fixation via interbody fusion for
pyogenic spondylitis.18,19 Long posterior fixation
with short fusion in the treatment of pyogenic
spondylitis of the thoracic and lumbar spine has
been reported to result in a 3.08 correction loss and
8% screw backout.20 Pseudarthrosis was observed
in 12% of patients after posterior instrumentation
and anterior column reconstruction in thoracic and
lumbar spine via single posterior approach.21

D’Aliberti et al4 have argued that an anterior
standalone approach is feasible and have reported
pseudarthrosis in 2.5% of cases; however, this
report included cervical cases during the acute phase
of pyogenic spondylitis. Patients with multiple
medical comorbidities often developed complica-

Table 1. Characteristics of 36 patients with pyogenic spondylitis.

Group Skipping

(n ¼ 13)

Group All

(n ¼ 23)

P
Value

Age, mean, y 70 73 .28*
Male/female 8/5 16/7 .72
CCI 2.7 2.5 .82*
Multilevel discitis 1 3 1.0
Psoas abscess 4 6 1.0
Epidural abscess 2 7 .55
Neurological problem 2 2 .95
Endplate destruction (grade 2/3) 5/8 6/17 .48

Abbreviation: CCI, Charlson Comorbidity Index.
*Analyzed by t test, and others were assessed using the Fisher exact test.

Table 2. Surgical data.

Group Skipping

(n ¼ 13)

Group All

(n ¼ 23)

P
Value

2-stage surgery 5 7 .72
Length of fixation, no. of vertebra 4.8 3.8 .02*
Mesh cage/strut 9/4 13/10 .50
Retroperitoneal 5 10 1.0
Operation time, min 199 195 .77
Estimated blood loss, mL 1469 1697 .71

*Analyzed using the Fisher exact test, and others were assessed by t test.
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tions, including the relapse of infection and pseud-
arthrosis,20 and the risk of pseudarthrosis may be
higher than the reported figures during the late
phase of pyogenic spondylitis.

The cause of pseudarthrosis and the requirement
of revision surgery for bone erosion in pyogenic
spondylitis were similar to those for other pathol-
ogies. Some reports pertaining to adult spinal
deformity have indicated several risk factors for
postoperative pseudarthrosis, including medical
comorbidities23 and severe preoperative sagittal
imbalance.22,23 In this study, there was no difference
in terms of medical comorbidities, as measured by
CCI, between the 2 groups. Although severe
preoperative sagittal imbalance has been reported
in a revision case series, correcting such an
imbalance may by extremely difficult in elderly
people because of the frailty of their bones.24 Our
data revealed that longer fusion time caused by
skipping pedicle screw insertion was a risk factor for
pseudarthrosis in patients with pyogenic spondylitis.
We presumed that the stress concentrated at the
fused level or adjacent segment would be greater
after fusion surgery in patients undergoing skipping
pedicle screw insertion than in patients undergoing
the insertion of screws all vertebrae; this can be

attributed to longer lever arm in cases of skipping
pedicle screw insertion, as posited by the theory of
diffuse idiopathic skeletal hyperostosis (DISH)25;
however, there were no DISH patients included in
our case series.

Various methods have been proposed to reduce
the risk of pseudarthrosis associated with posterior
fixation. The use of a titanium mesh cage has been
reported to offer potential to reduce pseudarthro-
sis.26 Interbody fusion at more than 2 levels in lower
lumbar spine27 or long segment posterior fusion28

may reduce the risk of revision surgery. In cases
presenting with a vertebral body defect, such as
osteotomy, the 4-rod technique offers the potential
for reducing pseudarthrosis.29 However, the risk of
surgical site infection may increase due to the
increased number of implants and prolonged
operation time. Because vertebral inflammation
predominantly erodes endplates of the vertebral
bodies and rarely the pedicle,7,14 30-mm pedicle
screws were inserted into our patients regardless of
severe vertebral body destruction.

Several limitations of this study should be
acknowledged. First, the sample size was small to
conduct a multivariable analysis because of the
rarity and severity of pyogenic spondylitis requiring
posterior fixation. Second, although all our proce-
dures included debridement and interbody fusion,

Table 3. The 13 patients in the Group Skipping showing the level of the most infected sites and outcome.

Age Sex

Most Infected

Level Surgical Method Outcome

76 F L4–5 L3–S1 anterior and posterior fixation
80 F L1–2–3 T12–L4 2-staged anterior and posterior fixation
57 M L4–5 L3–iliac 2-staged debridement and posterior fixation
61 M L1–2 T12–L3 posterior fixation
74 M T12–L1 T10–L2 posterior fixation
83 M L5–S L3–iliac posterior fixation
66 M L4–5 L3–S1 anterior and posterior fixation Reoperation by pseudoarthrosis
75 M L3–4 L2–4 2-staged anterior and posterior fixation Reoperation by pseudoarthrosis
63 F T11–12 T9–L3 2-staged anterior and posterior fixation T4–iliac fixation by pseudoarthrosis
76 F T10–11 T8–L1 posterior fixation Reoperation by pseudoarthrosis
61 M L2–3 L1–4 posterior fixation Reoperation by debridement
71 F L4–5 L2–iliac 2-staged bilateral debridement and anterior/

posterior fixation
Died 50 d after the first surgery

61 M L1–2 T12–L3 posterior fixation Reoperation by debridement and by
pseudoarthrosis

Table 4. Summary of clinical outcomes.

Group Skipping

(n ¼ 13)

Group All

(n ¼ 23)

P
Value

Reoperation by pseudoarthrosis 5 1 .02
Reoperation by debridement 2 4 1.0
Loss of segmental kyphosis, 8 5.7 5.4 .85*
Ambulatory ability 6 16 .29
Mortality 1 1 1.0

*Analyzed by t test, and others were assessed using the Fisher exact test.

Table 5. Barthel Index change in the 2 groups.

Group Skipping

(n ¼ 13)

Group All

(n ¼ 23) P Value

Preoperation 23 23 .69
Postoperation 77 61 .89
Final follow-up 63 61 .76

Skipping Pedicle Screw Insertion
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single- or 2-stage surgery for posterior instrumen-
tation or approach for interbody fusion (retroper-
itoneal or posterior) was approved in the same way.
Third, pelivac incisence minus lumbar lordosis
mismatch or sagittal vertical axis was not discussed
in this study because 12 of the 36 patients lost
ambulatory ability, and they could not be evaluated
in standing position. Fourth, the possibility of the
relapse of pyogenic spondylitis could not be
excluded during the diagnosis of pseudarthrosis,
although all 6 patients who required revision

surgery did not show abnormal laboratory findings

before the revision surgery or abscess formation

during the surgery.

CONCLUSIONS

In summary, a retrospective cohort study was

performed in patients with lower thoracic and

lumbar pyogenic spondylitis, who had lost their

ambulatory ability due to failure in conservative

treatment. Our findings indicate that skipping

Figure 2. Images of a representative case of Group All. T2-weited magnetic resonance imaging, computed tomography, postoperative x ray, and follow-up x ray. An

80-year-old male patient with L2–3 pyogenic spondylitis with abscess undergoing 2-staged L1–S fixation with interbody fusion.

Figure 1. Images of a representative case of Group Skipping. T1-weited magnetic resonance imaging, computed tomography, postoperative x ray, and follow-up x

ray. A 75-year-old male patient with L3–4 pyogenic spondylitis undergoing finally L2–iliac fixation 6 months after 2-staged L2–L5 fixation with skipping L3.
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pedicle screw insertion requires longer fixation and
may be associated with the risk of revision surgery
for pseudarthrosis.
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