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Abstract

Objectives: Silver coated implants have been used in human
due to its known antimicrobial properties and biocompatibility.
With scarcity of similar studies in the spine, the purpose of this
study is to evaluate the early clinical and radiological outcomes
of nano-silver coated titanium pedicle screw system in single
stage exchange of infected posterior spinal fixation.

Methods: This is a retrospective study of sixteen consecutive
cases who had an established posterior spinal infected fixation
and were managed with surgical debridement and single stage
revision fixation using Silver coated titanium screws and rods
system. Patients were 9 males and 7 females with a mean age
of 45 years (range 23 years-74 years)

Results: After a mean follow up of 19 months (range 14
months-25 months), 14 cases (87.5%) had successful revisions
with resolution of infection and stable spinal fixation. One case
had transient neurological deficit and two other cases had
persistent wound infection that necessitated two stage revision
surgery. The mean VAS score for pain has improved from 7.18
+ 1.83 preoperatively to 2.62 + 2.8 at final follow up.

Conclusion: Single stage revision of infected spinal fixation
using silver coated screws system along with debridement may
be a viable option. Comparative studies, with larger patient
number and longer follow up are required to properly assess
the longer-term efficacy and cost benefit.
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Introduction

Despite the recent surgical techniques and modern implants,
postoperative spine implant infection remains one of the most
common complications [1]. This high incidence is associated with the
increased use of implants in spine surgery, and it is reported to reach

6%-18% when implants were used despite the use of antibiotics.
Staphylococcus aureus remains the most common causative organism

[2].

Some attempts have been tried to diminish the infection risk by
improving the implant technology and biomechanical models. Of
these advances, owing to the antimicrobial characteristics of silver that
have been experimentally proven, and after successful applications in
dentistry and cardiac implants silver coated implants have extensively
been used in orthopedics with reported safety and efficacy to diminish
the incidence or manage postoperative implant related infections [3].
In the spine field, only one study reported the use of silver
components in primary cases of spinal fixation with good outcomes as
regard to absence of infection in 50 patients. The aim of this
retrospective study is to report the results of single stage revision for
infected posterior lumbar spine fixation using nano-particle silver
coated spinal fixation system, all performed by the same surgeons at a
single institution. We have postulated that the use of silver coated
pedicle screws may be also a viable option in revision cases for
infected spinal fixation cases, which has not been reported before in
any previous study [4].

Materials and Methods

Institutional review board approval was obtained before
commencing this study to review the available databases for included
patients. All the patients have signed informed consents before the
surgery. After reviewing existing databases, the data of sixteen
patients, been 9 males and 7 females has been extracted and included
in this study. Patients’ mean age was 45 years (range 23 years-74
years) at time of presentation. The mean time since fixation surgery
was 4.8 months (range 2.7 months-12.5 months) at presentation.
Primary posterior lumbar fixation surgery performed for trauma in 11
cases, and for degenerative spine conditions in 5 cases.

Six patients gave a history of persistent wound discharge after the
first surgery that healed and reappeared as a sinus at the time of
presentation while the remaining 10 patients had reported no wound
complications after the primary surgery. Seven patients had already
performed at least one unsuccessful surgical debridement before the
reference surgery and all of them were on antibiotics with no
improvement. Causative organisms have been isolated from seven
cases before the reference surgery (gram negative Bacillus were
isolated from 3 cases, MRSA from 2 patients, Acinetobacter in 1 case
and 1 patient had combined organisms). Cases presented with either
persistent wound discharge, wound inflammation or dehiscence, sinus
tract or exposed implants along with pain and limitation of
ambulation. All the cases have elevated preoperative ESR and CRP at
presentation, with mean values of 85 and 50 respectively. Two cases
had Frankel grade D neurological deficits at presentation. Clinical
outcomes were evaluated using the Visual Analog Scale (VAS) score
for pain.

Decision of implants revision was due to chronicity of infection,
obvious radiological implant loosening and/ or failure of eradication
of infection despite previous debridement. Pre-operative radiographs
and MRI were routinely performed in all cases and CT was done in all
trauma cases to assess radiological union. Before surgery, antibiotics
have stopped for at least 72 hours. All the cases have been (re)revised
using the Norm Silver® nano-silver coated titanium spinal system
(Norm Tubitak, Ankara, Turkey). After incision, excision of the
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previous scar tissue and removal of the old implants, thorough
debridement with at least 2 liters of saline is performed. Pedicle walls
were curetted and irrigated carefully. Any persistent bone graft was
removed and replaced with newly harvested graft if needed (one case).
Multiple fluid and soft tissue biopsies were obtained and sent for
microbial culture and sensitivity. The retrieved implants sizes were
detected after removal and a new sterile surgical set were used,
including surgical gloves and gowns, before inserting the new Silver
coated implants with larger diameters by 1 mm-1.5 mm and 5 mm-10
mm lengths under C-arm control to verify the screws position.
Extension of fixation was required in thirteen cases due to loosening
of fixation in the upper or lower segment. Surgical drains were
inserted in all cases.

No intraoperative complications have occurred, and patients were
discharged after 7 days-18 days postoperative. Follow up, clinically
and with ESR and CRP was done every 2 weeks for 3 months then
every 3 months. Serial kidney and liver functions were obtained every
three months postoperative, and serum Ag level was performed only
in 9 cases at 6 months postoperative due to unfeasibility of the test,
and all values were less than 1 ng/ml. As reported by the implant
manufacturer, the maximal total amount of silver coating in the norm
implants is 2 mg-5 mg, which much lower than the allowed limits.
Tissue cultures taken intra-operative were positive in 12 patients (4
MRSA, 3 Klebsiella, 1 A cinetobacter, 2 E. coli and 2 mixed
organisms). Post operative antibiotics were administered for 8
weeks-18 weeks, depending on the serial ESR and CRP values.

Results

After a mean follow up of 19 months (range 14 months-27 months),
Fourteen patients (87.5%) had stable implants with resolution of
surgical wound infections. ESR and CRP returned to normal values at
an average duration of 34.5 days (range 23-52) after surgery. Two
patients had preoperative neurological deficits and all of them had
recovered to Frankel, et al. at three months clinical follow up. One
another case had postoperative right leg pain that persisted for 10
weeks postoperatively before complete resolution. The fourteen
successful cases had resolution of pain and wound swelling after three
months and all of them had stable implants at the final follow up with
no signs of implant loosening or failure (Figures 1 and 2). Two
patients (12.5%) had persistent wound discharge and elevation of ESR
and CRP and both underwent an unsuccessful debridement before
implants were taken out for two stage revision Figure 3. The mean
VAS score for pain for all patients, including the complicated two
cases has improved from 7.18 + 1.83 preoperatively to 2.62 + 2.8 at
final follow up.

Figure 1: A, B) Preoperative PXR in a case of infected L3-L5 PS
fusion after multilevel discectomy in a 56 year old woman. C-E)

Preoperative CT scans show screws loosening, F-H) MRI LSS
showing fluid collection and extension of a sinus tract. I, J) Immediate
postoperative radiographs after debridement and revision. K-P) Follow
up radiographs showing stable implants.

Figure 2: A,B) Preoperative PXR in a case 36 years old male
of infected L2-L4 PSF in a case of L3 burst fracture. C-E) MRI
LSS showing spondylodiscitis and extension of infection into the
spinal canal. F,G) Immediate postoperative radiographs after
debridement and revision. The level of fixation had to be extended
upwards by 2 levels due to loosening of implants at L2. H,I) Follow up
radiographs 29 weeks postoperative showing stable implants.

Figure 3: A,B) Preoperative PXR in a 48 years old male
with infected T11-L1 PSF in a case of L1 burst fracture. C-E) MRI
LSS showing spondylodiscitis and extension of infection into
subcutaneous tissue. F,G) Postoperative radiographs after debridement
and revision. The level of fixation had to be extended upwards by
1 level and downwards by 2 levels due to loosening of implants. This

patient had persistent infection and underwent implants
removal after unsuccessful second debridement.
Discussion

This retrospective study reports the results of silver coated implants
in revision posterior lumbar fixation for infection. After a mean follow
up of 19 months, fourteen cases (87.5%) showed successful
eradication of infection with stable implants while two cases
necessitated two stage revision.

Implant related infections occurring after instrumental spinal
surgery are among the most difficult problems for which there remains
no proven solution. Antibiotic treatment alone is not sufficient in
nearly 50% of the patients, and a revision surgical procedure is
inevitable. The formation of bacterial biofilm is the keystone of
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microbial resistance to antibiotics, and it is responsible of attachment
of microorganisms to implant surfaces. Biofilm matrix, composed of
polysaccharides and proteins protects the bacteria from various
defence systems against immunity and antibiotics and allows for
bacterial proliferation and colonization [5]. Due to the high ability of
microorganisms to adhere to the implants passive surface, biofilm
formation flourishes in presence of implants and, when formed, the
minimal antibiotic concentration needed to inhibit bacteria has to be
increased by about 50 times-500 times to inhibit bacterial proliferation
in presence of biofilm [6].

Silver coated implants, by eluding silver ions have been known to
have bacteriostatic and antifungal properties by various mechanisms
through inactivation of sulfthydryl enzymes [7]. Ag ions affect the
permeability of cell membrane, stop mitosis in prokaryotes, decrease
the ability of proteolytic bacteria to replicate by directly binding
bacterial DNA and RNA. Due to these characteristics, there has been
increasing interest to use silver coated implants in surgery and
highlight their results particularly as regard to decreasing formation of
biofilm and reducing the incidence of postoperative infections.

In vitro laboratory or animal based studies have mostly shown
successful outcomes in decreasing biofilm formation. Several
laboratory studies showed also that silver coating, whether combined
with Hydroxyapatite coating or not, has significant antibacterial
properties against many organisms as Pseudomonas aeruginosa,
Escherichia coli, Staphylococcus aureus, and Methicillin Resistant
Staphylococcus aureus (MRSA), with increased efficacy when
combined with vancomycin in vitro [8]. It may worth mentioning, too
that other in vitro study has not shown significant advantage of silver
coated implants in reduction of bacterial colonization.

As regard results in human in vivo studies, several clinical or
commercial reports were published about the use of silver or silver
HA coated implants. In orthopedics, particularly in upper and lower
limbs tumor mega prostheses or hip protheses, many non-comparative
studies or case series claimed its success in the management of
infected cases or in reduction of infection risk in primary cases [9].
Despite that, the results in non-orthopedic clinical applications such as
urinary catheters or cardiac implant or topical uses have been highly
diverse and controversial while being of higher evidence than that
reported orthopedic implants. Many studies reported the efficacy of
silver treated implants to manage or decrease infections [10], while
other studies did not find significant difference, or even reported
increased the incidence of bacterial proliferation [11]. This should
raise the interest to run a randomised controlled study testing the
outcomes of silver coated implants in orthopedic field.

In spine surgery, on the other hand, the only available published
clinical reports were of Secinti, et al., Morimoto, et al., and Secinti, et
al. studied the use of silver coated implants in 50 spine patients
regarding their efficacy in inhibiting infections and safety on human
tissues. After 1 year follow up, none of their patients developed
postoperative surgical implant infection and the detected serum silver
ion concentration was normal and there were no effects on liver and/
or kidney functions. Morimoto, et al. reported an undergoing clinical
trial that studies a recently developed and commercialized silver-HA
coated interbody fusion cage yet there were no available clinical data
yet. To our knowledge, our study is the first to use silver coated
implants in revision of infected spinal fixation cases and to report the
concept of single stage revision fixation in spinal fixation infection in
general [12].

As regard to the safety of using silver coated implants in humans,
several studies were published and set a maximum limit of the totally
used silver or the serum silver levels. Based on several previous
studies, Secinti, et al., reported a maximum serum Ag level to be 5
mg/L. Several studies reported the use of total silver amounts ranging
from 0.1 mg to 2.89 gm # without any risk of Argyria, elevation of
serum Ag or occurrence of kidney or liver problems. The mount of
silver that is being used in teeth filling amalgam may reach 2.6 gm for
example. In our study, the maximal silver load in our used system is
2-5, as reported by the manufacturer. Even if all this amount was
absorbed by the tissues, it would be safe on organ functions. This was
partially confirmed by absence of affection of liver or kidney
functions in our patients and the low serum Ag in tested patients. As
for orthopedic biocompatibility, silver has been shown to be
biocompatible with fibroblasts and osteoblasts, which rationalize its
successful use in orthopedic implants. Considering the results shown,
the use of silver coated implants may be a viable option to decrease
the incidence of infection in primary cases and decrease the need for
two staged revisions in infected cases [13-18].

This study has several limitations. First, being nonrandomized nor
controlled. Second, the few cases and the short follow up. Ideally a
randomised controlled study is needed to properly assess the outcomes
and the long-term results regarding anti-infective properties and the
biomechanical integrity. Third, we did not measure the postoperative
levels of serum silver in all patients due to test unfeasibility,
depending on the reported safety studies. Moreover, many
confounding factors exist and could contribute to the outcomes,
including causative organisms’ virulence and patients’ comorbidities.
In light with these several limitations, the results of this study should
be considered with caution, when running necessary further research
[19,20].

Conclusion

Single stage revision of infected spinal instrumentation using silver
coated implants may be considered as a viable option to decrease the
need for two stage revision and hence improve morbidity and
mortality. Further research is required to prove the clinical efficacy
and the cost benefit.
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