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.......late developing infections in the surgical treatment of 
AIS is relatively uncommon but it is a reality..... 



.......the clinical course of even low virulence infections in 
routine AIS patients may be as prolonged and complicated 
as neuromuscular scoliosis patients....... 

Ho C,Skaggs D, Weiss J. Management of spinal infections in pediatric scoliosis.

American Academy of Orthopaedic Surgeons. Chicago 2006



Late infection in scoliosis

Review of Literature
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#2.What is late infection following posterior spinal fusion for AIS?

#3.Incidence

#4.Risk factors



#1. Timing from index procedure

No standardized definition of “delayed infection” in the 
literature…….

DeWald states that “Deep wound infections are 
considered to be delayed when the individual is 20 
weeks or longer from the initial procedure.”

DeWald R. Spinal Deformities: The Comprehensive Text. Chicago: Thieme;2003.



#1. Timing from index procedure

….Late infections are those that occurred more than 6  
months after the index procedures, after an 
asymptomatic period……

Ho C, Sucato DJ, and Richards BS .  Spine 2007;32(20): 2272-2277
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more than 12 months



#2.What is late infection following    
posterior spinal fusion for AIS?

• Metal Reaction/Fretting corrosion?

Micromotion between components of CD system, producing 
particulate debris and granulomatous reaction. 

Dubousset J, Shufflebarger HL, Wenger D. Late “infection” with CD instrumentation. Orthop Trans
[Abstract] 1994;18:121.

Mody DR, Esses SI, Heggeness MH . A histological study of soft-tissue reactions to spinal implants. 
Spine 1994; 19: 1153-6.

Wimmer C, Gluch H, Jenenko R . Aseptic loosening following C-D instrumentation in treatment of 
scoliosis. J Bone Joint Surg 1997; 79B (suppl 3): 324. 



#2.What is late infection following   
posterior spinal fusion for AIS?

• Importance of Glycocalyx

Several factors in sepsis in orthopaedic joint replacement.

Glycocalyx, a polysaccharide membrane surrounding bacteria 
adjacent to infected surgical implants. 

Glycocalyx has adhesive properties that permit bacteria to 
adhere to surfaces and it’s responsible for poor antibiotic 
penetration of the bacteria, macrophage resistance and 
difficulties in obtaining cultures by routine methods

Gristina AG, Kolkin J . Current concept review: Total joint replacement and sepsis. 
J Bone Joint Surg 1985;67:264-70.



#2.What is late infection following   
posterior spinal fusion for AIS?
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• Low-grade infection?



...Delayed infection may occur by two additional metho ds.  

•Another mechanism is hematogenous seeding of the 
spinal fusion....
Heggeness MH,Esses SI. Spine 1993

•The first method is seeding of the surgical field, followed 
by a dormant period and then activation at some remote 
time.
Dietz FR, Koontz FP, Found EM. J         Bone Joint Surg 1991
Schofferman HL,Zucherman J.               Spine 1991

#2.What is late infection following   
posterior spinal fusion for AIS?



Clark CE, Shufflebarger HL . Late-developing infection in instrumented idiopathic 
scoliosis.Spine 1999;18:1909-12.

•....the mechanism of development of late infection.... 
....appears to be late activation of bacteria implanted 
at the time of the initial surgery. It is doubtful that 
hematogeneous seeding was a factor,because there 
were no obvious sources. Skin bacteria are cultured 
during surgical procedure. 

#2.What is late infection following   
posterior spinal fusion for AIS?



#3. Incidence

22/1247

1.7%

23/489
4,7%

7/101
6,9%

Frederik Hahn, Reinhard Zbinden,Kan Min

Eur Spine J (2005) 14: 783–788
DOI 10.1007/s00586-004-0854-6



#4. Risk factors

“..The risks for a delayed infection are multifactorial . ..

…1) Risk factors associated with a delayed infection:

- fusion and instrumentation in the lumbar spine when compared 
with stopping in the thoracic spine (33%vs 16%), 
- use of blood transfusions , 
- not using a postoperative drain , and
- having a significant past medical history ”…….



“… 2) Risk factors not associated with a delayed infection :

-demographic data (gender, ethnicity, height, weight), 

-preoperative factors (total lymphocyte count, hemoglobin and 
hematocrit, history of urinary tract infection, tobacco use, body piercings, 
tattoos),

-intraoperative factors (anesthesia time, intraoperative blood loss, return 
of hemodilution, number of levels fused, total number of anchor points, 
use of allograft, use of iliac crest, thoracoplasty, proximal vertebral level, 
timing of preoperative antibiotic, length of duration of postoperative 
antibiotic), and 

postoperative factors (hemoglobin and hematocrit).

#4. Risk factors



Purpose of the Study
To determine timing, nature of bacteriology, and 

treatment of patients developing a late postoperative 
infection following scoliosis surgery

Istituto Ortopedico Rizzoli
Spine Surgery Department



Retrospective Review
540 patients

treated at Our department 
from 1990 through 2004  for AIS

Late Infection
15 patients (2,77%)

6 males and 9 females

Materials and Methods



Demografic data

15-19570Months  after index procedure

19-3529.1Age at revision procedure (years)

14-2722.8Age at initial surgery (years)

Range Mean

Materials and Methods



Preoperative comorbidities

1Cardiomyopathy 

2Recurrent faryngitis 

4Increased BMI

2Alcool abuse 

3Smoking 

Materials and Methods



2-43.1Autologous donated blood transfused (units)

8-1310,6Hospital stay (days)

2.5-5.54.1Mean operating time (hours)

6-1310.6Posterior levels fused

Range Mean

Materials and Methods



7/15Autologous ribs from thoracoplasty in 7/15

15/15Omologous bank-bone graft

15/15Hybrid Posterior Construct

Materials and Methods



Instrumentation disengagement or breakage .
5/15 patients

Materials and Methods



Clinical evaluation

11Spontaneous sinus drainage

3Fluctuance mass

13Mild back pain

0Fever

Materials and Methods



Materials and Methods

Haematological evaluation

19-8947Erythrocyte 
sedimentation rate

4.300-12.4007.880WBC count

Range Mean



Treatment

Assessment of infection/Germ identification

Preoperative Microbiologic examination of wound swabs
in 13 patients: positive in 9 (S.Epidermidis in 4, S.Aureus 
in 2, Propionibacterium Acnes in 2, Serratia Marcescens 
in 1). 

Empirical preoperative antibiotics : cephazoline 
associated with tobramicine (13/15), teicoplanine (2/15)



Intra-operative cultures in all 15 patients: positive in 13.

Microbiologic specimens cultured aerobically and 
anaerobically for at least 10 days.

Media examined for growth of both high-grade pathogens 
(e.g., Staphylococcus aureus) and low virulence organisms 
(e.g., Propionibacterium sp., Corynebacterium sp., 
coagulase-negative staphylococci).

Treatment

Assessment of infection/Germ identification



Culture of intraoperative tissue specimens

13Tot.

1Coagulase-negative Staphylococci 

1S.Aureus+S.Epidermidis 

1Propionibacterium Acnes+ S.Epidermidis

1Serratia Marcescens 

1Propionibacterium Acnes 

3S.Aureus 

5S.Epidermidis 

Treatment

Assessment of infection/Germ identification



Postoperative antibiotic treatment tailored to the 
intraoperative speciments’ microbiologic analysis: 

48 h parenteral drug coverage and 4 weeks oral therapy.

Treatment
Post-



Salvage/Replacement         6/15

Instrumentation

Complete removal                9/15

Treatment



Treatment

Instrumentation

Complete removal    9/15
3  hook disengagement (no pseudo intra-op)

Primary wounds closure   9/15

F.U (min 3 yrs): no curve progression, no infection

Debridement with pulse irrigation and
Continuous irrigation/suction drain for 1 week



Treatment

Instrumentation

�6�D�O�Y�D�J�H�6�D�O�Y�D�J�H�6�D�O�Y�D�J�H�6�D�O�Y�D�J�H���������5�H�S�O�D�F�H�P�H�Q�W�������������5�H�S�O�D�F�H�P�H�Q�W�������������5�H�S�O�D�F�H�P�H�Q�W�������������5�H�S�O�D�F�H�P�H�Q�W��������������������������������������������
�������� �K�R�R�N���G�L�V�H�Q�J�D�J�H�P�H�Q�W�������������� �U�R�G���E�U�H�D�N�D�J�H ���Q�R �S�V�H�X�G�R���L�Q�W�U�D���R�S��

Debridement with pulse irrigation and   
Continuous irrigation/suction drain for 1 week

Complete removal 11,6 months later (3-24) for persi stence or 
recurrence of active infection.   Wounds closure    6/6

F.U (min 3 yrs):   no curve progression, no infection



Late infection in scoliosis

DISCUSSION



Incidence

•Low incidence: 2,77%  (literature: range,1.7 to 6.9%)



•Timing:  more than 12 months

Timing from index procedure



Assessment of infection/Germ identification

•Late activation of bacteria implanted at time of initial surgery

•An extended period of incubation of microbiologic specimens is 
required

•Final culture results should not be reported out at 72 hours... Its 
identification may require up to 10 days….

Clark CE, Shufflebarger HL. Late-developing infection in instrumented idiopathic scoliosis.Spine

1999;18:1909-12.

Richards BR, Emara KM. Delayed infections after posterior TSRH spinal instrumentation for 

idiopathic scoliosis: revisited. Spine 2001;26:1990–6. 



…Once drainage or fluctuance has developed, the revision
surgery is mandatory ….

Gristina AG, Costerton JW. Bacterial adherence to biomaterials and tissue: the 

significance of its role in clinical sepsis. J Bone Joint Surg Am 1985;67: 264–73.

Clark CE, Shufflebarger HL. Late-developing infection in instrumented idiopathic 

scoliosis. Spine 1999;24:1909–12.

Richards BR, Emara KM. Delayed infections after posterior TSRH spinal instrumentation 

for idiopathic scoliosis: revisited. Spine 2001;26:1990–6. 

Revision surgery indication



Grist ina AG, Costerton JW. Bacterial adherence to biomaterials and tissue: the significance of its role 

in clinical sepsis. J Bone Joint Surg Am 1985;67: 264–73.

Clark CE, Shufflebarger HL. Late-developing infection in instrumented idiopathic scoliosis. Spine 

1999;24:1909–12.

Richards BR, Emara KM. Delayed infections after posterior TSRH spinal instrumentation for idiopathic 

scoliosis: revisited. Spine 2001;26:1990–6. 

Soultanis K, Mantelos G, Pagiatakis A, et al. Late infection in patients with scoliosis treated with spinal 

instrumentation. Clin Orthop 2003;411:116–23.

Keep/remove hardware?
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�L�V���D�G�K�H�U�H�Q�W���W�R �W�K�H���U�R�G�V�¹



Loss of correction ? ?

Retrospectively reviewed 45 patients with late infections and either 
underwent implant removal alone (n=35), or additionally underwent 
reinstrumentation and fusion (n=10)...

...wound healing is usually uneventful after instrumentation removal for 
late infection, also when patients undergo instrumented refusion in a 
one-stage procedure. 

Reinstrumentation appears to achieve permanent correction of scoliosis.

Muschik M, Luck W, Schlenzka D. Implant removal for late-developing infection after 

instrumented posterior spinal fusion for scoliosis: reinstrumentation reduces loss of 

correction. A retrospective analysis of 45 cases. Eur Spine J. 2004 Nov;13(7):645-51. 

Epub 2004 Jun 26.



56 patients with PSF for idiopathic scoliosis subsequently had complete 
removal of instrumentation. None of these patients had a pseudarthrosis
at the time of implant removal. 
... Twenty-two patients had implants removed because of infection..
...Progression of deformity after implant removal if their Cobb angle 
measurements increased by more than 10 degrees..
...Sagittal curve progression was identified more frequently...

Implant removal after PSF for idiopathic scoliosis may be complicated by 
progression of deformity. Patients requiring implant removal should be 
appropriately counseled and monitored.

Loss of correction ? ?

Rathjen K, Wood M, McClung A, Vest Z.Clinical and radiographic results after implant 

removal in idiopathic scoliosis. Spine 2007 Sep 15;32(20):2184-8. 



At a minimum 3 years follow up (max. 6.1 yrs), there was no 
main curve progression or any symptoms of infection.

36+934+10.822.4+2.5156+8.9Main curve

Post op Pre-op Rev. F.UPre-op indexCobb (°)

Loss of correction ? ?



12/10/95 15/05/96 10/09/2001 18/02/2005

T.V 15 years

60° 25° 30° 30°



What to do in case of associated non-union 
or sagittal imbalance?

A new surgery after complete removal 12 months later, with no 
sign of  infection recurrence



....Perhaps the most significant problem is the nature, bulk, and modularity 
of modern implant systems....bursal formation can develop...over prominent 
areas of the rod system, particularly the crosslinks....

....the number of levels fused, the total number of anchor points, use of 
allograft, use of iliac crest .....and proximal crosslinks were found to be 
unlikely to be associated with delayed infection

Role of instrumentation



Role of instrumentation

Soultanis K , Pyrovolou N, Karamitros N, Konstantinou V, Liveris J, Soucacos PN.

Instrumentation loosening and material of implants as predisposal factors for late 

postoperative infections in operated idiopathic scoliosis. Stud Health Technol Inform

2006;123:559-64. 

...50 AIS posterior stainless steel multihook instrumentation…

...40 AIS posterior titanium multihook-multiscrew instrumentation 

...a delayed infection was observed in 5/50 AIS stainless steel
vs 0/40 AIS titanium constructs....

... newer multihook-multiscrew titanium spinal instrumentation 
systems have smaller incidence of late postoperative 
infections......



1,33% of 299 4Titanium

2,77% of 54015Tot 

4,56% of 241 11Stainless-steel

% of totLate infection

Instrumentation alloy

Role of instrumentation



Titanium alloy instrumentations seemed less subject to late 
post-operative infection, when compared to stainless-steel one 
(no statistical analysis) .

Role of instrumentation



Thank You !


