Sinir Sistemi Cerrahisi Derg 2016;6(1-2):10-21
doi:10.5222/ss¢d.2016.96268

Retrospektif Calisma

Clinical Trial Using A Silver-Coated
Screw-Rod System and One-Year
Follow-Up of The First S0 Patients

Kutsal Devrim SECINTI'®, Ayhan ATTAR?®, Emel SECINTI*@

!Siitcii imgm Universitesi Tip Fakiiltesi, Beyin Omurilik ve Sinir Cerrahisi Anabilim Dali, Kahramanmaras
2Ankarg Universitesi Tip Fakiiltesi, Beyin Omurilik ve Sinir Cerrahisi Anabilim Dali Ankara
30zel Istatistik¢i, Kahramanmaras

Aim: The occurrence of implant-related infection in all surgical branches is one of the challenges for which a
definitive solution has yet to be found. One way to reduce the incidence of implant-related infection is to use
implants which are coated with antibacterial materials such as silver. The aim of this study is to investigate if the
nanoparticle silver coated spinal implants reduce the implant related infection rates and safe for human use.
Method: In this clinical trial performed with 50 patients, we investigated whether or not silver-coated titanium
implants alter renal and/or hepatic functions and increase serum silver levels at one year postoperatively. The
required stabilization procedure was performed using the “nanoparticle silver coated transpedicular stabilisa-
tion system”. Blood and urine samples were taken from each patient at six different time points for detection
of any alteration in silver concentration. Silver levels of all samples were investigated spectrophotometrically.
Additional serum samples were taken for monitoring liver and kidney functions.

Results: All values measured were regarded as safe since they were lower than 5 pg/L. There was no alteration
in renal and/or hepatic function, and the amount of silver in urine and serum was at undetectable levels using
atomic absorption spectrophotometer. Neither complication was related to silver nor any implant infection was
detected in one year follow- up period.

Conclusions: This study showed that, nanoparticular silver coated spinal implants are capable to reduce im-
plant- related infection rates and these type of implants are safe for human use.
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Giimiis Kaph Vida-Rod Sistemi Kullamlan ilk Elli Hastanmn Bir Yillik
Takip Sonuclari

Amag: Implant iligkili infeksiyonlarm olugmasi tiim cerrahi branslar i¢in hala kesin olarak ¢oziilememis
bir sorundur. Bu sorunu ¢6zmenin yollarindan birisi de implantlar1 giimiis gibi anti bakteriyel 6zellikte bir
madde ile kaplamaktir. Bu ¢alismanin amaci, nano partikiiler giimiis ile kaplanmis implantlarin implant iligkili
infeksiyonlar1 azaltip azaltmadiginin ve insanlardaki kullaniminin giivenli olup olmadiginin arastirilmasidir.
Yontem: Elli goniillii hasta ile yapilan bu klinik calismada, giimiis kapli implantlarin, bir yillik takip siireci
boyunca, deneklerin karaciger ve bobrek fonksiyonlarmni etkileyip etkilemedigi ve serum giimiis seviyelerinde
artig olup olmadig1 arastirildi. Hastalara uygun goriilen transpedikiiler vida rod sistemi ile stabilizasyon iglemi,
nano partikiiler glimiis ile kaplanmig implantlar kullanilarak yapildi. Hastalardan alt1 ayr1 zaman noktasinda,
kan ve idrarlarindaki giimiis miktarint belirleyebilmek adina kan ve idrar 6rnekleri alindi. Ornekler spektro-
fotometrik olarak incelendi. Hastalarin karaciger ve bobrek foksiyonlarini degerlendirilmesi i¢in ayni zaman
noktalarinda ayrica serum ornekleri alindi.

Bulgular: Giimiis seviyesi adina yapilan tiim ol¢lim degerleri, 5 mikrog/L’den diisiik ¢iktig1 icin giivenli
aralikta olduguna karar verildi. Hicbir hastanin karaciger ve bobrek fonksiyonlarinda bozulma saptanmadi.
Serum ve idrardaki giimiis seviyelerinin, atomik absorbsiyon spektrofotometresinin 6l¢tim limitlerinin altinda
kaldig1 belirlendi. Bir yillik takip siiresi boyunca hicbir hastada giimiise bagli bir komplikasyon veya implant
iligkili infeksiyon saptanmadi.

Sonug: Bu calisma, nano partikiiler glimiig kapl1 spinal implantlarin implant iligkili infeksiyon oranini diisiirme
kapasitesine sahip oldugunu ve bu tiir implantlarin insanlarda kullanilmasinin giivenli oldugunu gostermistir.
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Clinical TrialUsing A Silver-Coated Screw-Rod System and One-Year Follow-Up of The First 50 Patients

INTRODUCTION

The onset of implant-related infections in ver-
tebral and orthopedic implant surgery is one of
the challenges for which a definitive solution has
not yet to be found. Infection rates in routine ver-
tebral surgery applications such as discectomy
and laminectomy, in which no implant is used, is
around one percent !?. However, this rate rises
to 2.1-8.5% in cases of implant use . The rate
of primary infection for joint replacement is bet-
ween .86% and 2.52% according to the National
Nosocomial Infections Surveillance System ©
which demonstrates increase in the incidence of
implant surgery. Antibiotic treatment alone is in-
sufficient in nearly half of the patients, and ine-
vitably the implant must be surgically removed,
and in some cases, a new implant system must be
inserted. This situation necessitates conduction
of studies aimed at the development of an imp-
lant that will “decrease the risk of infection”.

One way to reduce the rate of implant-related
infection is to use implants which have antimic-
robial properties. Various antibacterial coatings,
such as vancomycin ©, gentamicin ”, carbonated
hydroxyapatite (HA) ®, nitric oxide-releasing
xerogel @, iodine %!V and silver ?» have been
developed for use on implant surfaces.

We aimed to investigate whether or not a silver-
coated transpedicular screw-rod system alters
renal and hepatic functions, reduces the implant-
related infection rate during postoperative peri-
od and to determine the resultant silver levels in
body fluids.

Our previous in vitro studies have shown that
silver-coated titanium implants have antibac-
terial characteristics as effective as pure silver
metal 2. In another study, we have also made
the following assertions: silver does not accu-
mulate in vital organs, it has not any toxic ef-
fect on these tissues; serum silver values did not

increase when silver —coated implants are used.
All of these findings indicate that nanoparticu-
lar silver is not excreted at an undetectable level
(unpublished data). We also demonstrated that
silver coated screws inhibit biofilm formation
in rabbits . Results derived from these studies
encouraged us to perform a clinical trial on 50
patients participating on a voluntary basis, based
upon an approval letter obtained from the Human
Ethics Committee of ......... University, Faculty
of Medicine (Approval number: 146-4612).

MATERIAL and METHOD
a) Silver-coated implants

The standard transpedicular screw-rod system
routinely used in the clinic was coated with na-
noparticle silver using the dip coating technique,
in a quantity sufficient for approximately 50
patients (29 female [58%] and 21 [42%] male,
respectively). All elements of the system were
autoclaved and taken into the operating room on
the morning of the operation.

b) Patient selection

The trial included a total of 50 ASA class I-1I pa-
tients (median age, 56.8; range: 28-80 years of)
with indications for posterior lumbar stabilizati-
on who stated in writing that they were participa-
ting in the trial on a voluntary basis. It was pre-
ferred that the patients included in the trial were
particularly high-risk in terms of implant-related
infection. For this purpose, patients who under-
went previous surgery in our clinic or another
center, and whose implants had been removed
due to infection, in addition patients with sus-
pect infection detected by preoperative magnetic
resonance imaging (MRI) or clinical evidence of
infection, diabetes, history of CSF leakage were
especially included in the trial. Patients who did
not belong to any of the above-mentioned risk
groups were also included in the trial. Patient
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Table 1. Statistics about age and number of screws used.

Age Screws
Mean 56.8200 5.56
Median 59.5000 4.00
Std. Deviation 11.53290 2.022
Minimum 20.00 4
Maximum 80.00 12

Table 2. Summary of risk factors and frequency and percent-
age in trial.

Risk factor Frequency Percent

None 14
Diabetes 13
Relapse

Infection

Infection suspection

Infection and Relapse
Perioperative CSF leakage
Tumor/Infection and suspection
Discitis

Discitis and Relaps

Preop CSF leakage and Relapse
Relapse and Diabetes

Trauma and Relaps

Relaps and Periop. CSF leakage

MRNORNNREARDRE
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demographics and statistics are given in Table 1
and 2.

¢) Approaches and methods applied

On the morning of the trial, 5 cc blood and 5
cc urine were obtained from the patients admit-
ted to the trial who provided signed informed
consents. Samples were stored in biochemistry
tubes in order to detect the basal silver level in
the blood. Blood, and urine samples were taken
from all patients and sent to the laboratory to
detect erythrocyte sedimentation rate (ESR) and
C-reactive protein (CRP) for the follow-up and
detection of any infection that might develop
during the postoperative period. Leukocytes and
platelet counts investigated for any hematopoi-
etic harmful effect of silver on kidney and liver
functions, and any alteration in the functions of
these organs due to silver accumulation was eva-
luated.
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The required stabilization procedure was perfor-
med using the “transpedicular screw-rod system”
made of titanium alloy and coated with nanopar-
ticle silver ion using dip coating technique. All
patients were discharged from the hospital wit-
hin an average of 5 days. Oral ceftriaxone (2 x
750 mg) was recommended to all patients in the
postoperative period. This application was not
different from the routine protocol that was used
for several years in our clinic.

Blood and urine (5 cc from each) samples were
taken from each patient on the postoperative
10th day, 1st, 3rd, 6th, and 12th months for the
detection of silver concentration in blood and
urine to be sent to Ankara University, Faculty of
Medicine, Physiopathology Department Labora-
tory, where the silver quantity in these fluids was
detected on atomic absorption spectrophotome-
ter. Samples were also taken for complete blood
count, blood biochemistry, ESR, and CRP on the
same dates as stated above for detecting silver
levels.

d) Detection of silver in blood and urine samp-
les

For this purpose, 0.250 ml serum and 0.250 ml
urine samples of the patients was taken and di-
luted with 5 ml of 2% nitric acid in the proporti-
on of 1/5. The samples prepared were compared
with the standards of 2.5,5.0, 7.5, and 10 pg /L
on Perkin-Elmer Analyst 800 Atomic Absorpti-
on Spectrophotometer to determine their silver
concentrations.

e) Statistical analysis

TThe erythrocyte sedimentation rate (ESR),
C-reactive protein (CRP), blood urea nitrogen
(BUN), creatinine (Crea), leukocyte (Leu), pla-
telet (PIt), alanine transaminase (ALT), aspartate
transaminase (AST), gamma-glutamyl transami-
nase (GGT) and silver (in blood and urine) va-
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Table 3. Mean values of laboratory results in urine and blood of patients included in the trial at base level and during the follow-up
period. (mo.: Month, ESR: Erythrocyte sedimentation rate, CRP: C-reactive protein, BUN: Blood urea nitrogen, Cr: Creatinine, Leu:

Leukocyte, Plt: Platelet, ALT: Alanine transaminase, AST: Aspartate transaminase, GGT: Gamma-glutamyl transaminase)

Time ESR CRP BUN Cr Leu PIt ALT AST GGT Silver (urine)  Silver (blood) n
0 day 139 375 102 09 14900 380000 173 142 167 <0.125 <0.125 50
10thday 458 2365 118 11 17870 893000 170 215 193 <0.125 <0.125 50
Ist mo. 242 1416 120 08 13220 568000 168 189 189 <0.125 <0.125 47
3rd mo. 190 908 119 10 11300 370000 172 132 228 <0.125 <0.125 49
6th mo. 213 380 93 12 11450 390000 195 176 193 <0.125 <0.125 45
12thmo. 109 257 89 09 9700 345000 214 146 202 <0.125 <0.125 41
lues which were measured at six different time sedimentation-time

points compared with the use of Repeated Me- 507

45

asures ANOVA test, and Greenhouse-Geisser
correction was made if sphericity could not be
assumed. Bonferroni test was used as post- hoc
test. Statistical analysis was made using compu-
terized SPSS 11.5 programme.

RESULTS

IIn all samples worked on, silver quantity was
determined as <0.125 pg/L at 0.005 absorbance.
No difference was detected between the preope-
rative samples and the samples taken 12 months
after the operation. All other values measured
were regarded as being safe since they were <5
micrograms/L (Table 3).

Complete blood counts, renal and liver functi-
ons, ESR, and CRP values of the patients inc-
luded in the trial were periodically followed up
for one year (Graphic 1-9). Any elevation in the
white blood cell count which is an indicator of
infection during postoperative period, was not
determined in any patient. Reactive platelet ele-
vation, which lasted for the first three months
of the postoperative period and is known to be
secondary to the operation, was detected in all
patients, and a mild elevation in the white blood
cell count that had normalized at the end of the
first month was detected in some patients. All
these values normalized during the 12-month
follow-up period. No deterioration in renal and
liver functions when compared to the preopera-
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Graphic 1. A repeated measures ANOVA with a Greenhouse-
Geisser correction determined that mean sedimentation values
differed statistically significantly between time points (F (2.737,
104)=440.6, p<0.001). According to the Bonferroni test, results
at 10th day, 1th month, 3th month, and 6th month were sta-
tistically higher set of values when compared to baseline (for
all comparisons p <0.001) but were not different from baseline
values at 12th months (p= 0.666)
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Graphic 2. A repeated measures ANOVA with a Greenhouse-
Geisser correction determined that mean CRP values dif-
fered statistically significantly between time points (F (2.812,
106.862)=1527.741, p<0.001). According to the Bonferroni test,
results at 10th day, 1th month, 3th month were statistically
higher set of values when compared to baseline (for all com-
parisons p<0.001) At 6th month, results were not statistically
significant compared to baseline (p>0.999). This situation was
interpreted as a return to normal. Values at 12th months were
statistically significant, compared to baseline, but were lower
than it (p= 0.002).
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Graphic 3. A repeated measures ANOVA with a Greenhouse-
Geisser correction determined that mean BUN values differed
statistically significantly between baseline 10th day and 3th
month to 12th month (F (1.875,71.241)= 187.179, p<0.001). Ac-
cording to the Bonferroni test, results at 10th day, 1th month,
3th month were statistically higher set of values when compared
to baseline (for all comparisons p<0.001), but not significant in-
ternally (p>0.999). At 6th month, results were not statistically
significant compared to baseline (p=0.023). This situation was
interpreted as a return to normal. Values at 12th months were
statistically significant, compared to baseline, but were lower
than it (p<0.001).
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Graphic 4. A repeated measures ANOVA with a Greenhouse-
Geisser correction determined that mean creatinine values
did not differ statistically significantly between time points
(F (1.308, 49.700)=0.617, p=0.477). Results were higher graphi-
cally but according to the Bonferroni test, results at 1th month,
3th month, 6th month and 12th month were not statistically sig-
nificant when compared to baseline (except 10th day, p<0.001)
(for all other comparisons p>0.999). Creatinine levels were still
within the normal range after 1 year fallow-up.

tive period was determined in any of the patients
in the trial. There was an increase in ESR and
CRP values in the postoperative period as expec-
ted; however, these values had normalized in all
patients within the first month. The summary of
all these data is given in Table 3. Cerebrospinal
fluid leakage occurred during the operation in
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Graphic 5. A repeated measures ANOVA with a Greenhouse-
Geisser correction determined that mean leukocytes values dif-
fered statistically significantly between time points (F (1.959,
74.425)=57.385, p<0.001). According to the Bonferroni test,
results at 10th day were statistically higher set of values as
expected because of early post operation period, but at 1th
month, 3th month, 6th month and 12th month were statisti-
cally lower set of values when compared to baseline (for all
comparisons p <0.001).
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Graphic 6. A repeated measures ANOVA with a Greenhouse-
Geisser correction determined that mean platelet values dif-
fered statistically significantly between time points (F (3.222,
122.429)=489.413, p<0.001). According to the Bonferroni test,
results at 10th day and 1th month were statistically higher
set of values (p<0.001) as expected because of early post op-
eration period, but at 3th month, 6th month and 12th month
were not statistically different when compared to baseline
(p>0.999).

only 3 patients, and the dural defects in these pa-
tients were primarily sutured and repaired using
tissue adhesives. Lumbar external drainage was
used for one of these 3 patients and these pati-
ents were followed up for 10 days. No surgical
wound site problem was detected in the postope-
rative period in any other patient included in the
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Graphic 7. A repeated measures ANOVA with a Greenhouse-
Geisser correction determined that mean ALT values dif-
fered statistically significantly between time points (F (3.519,
133.729)=10.562, p<0.001). But according to the Bonferroni
test, results were not statistically significant at 10th day, 1th
month, 3th month, 6th month when compared to baseline
(p>0.999, p>0.999, p>0.999, p=0.78 respectively) but were sig-
nificant at 12th month (p=0.002). Even the 12th month results
were statistically elevated, results were still within the normal
ranges after 1 year fallow-up period.
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Graphic 8. A repeated measures ANOVA with a Greenhouse-
Geisser correction determined that mean AST values dif-
fered statistically significantly between time points (F (3.131,
118.968)=54.186.741, p<0.001). According to the Bonferroni
test, results at 10th day and 1th month were statistically higher
set of values when compared to baseline (for all comparisons
p<0.001) At 3th month, results were not statistically significant
compared to baseline (p=0.713). This situation was interpreted
as a return to normal. Values at 6th months were statistical-
ly significant (p<0.001), but not statistically different at 12th
month compared to baseline (p>0.999). Values at all time points
were within the normal ranges even significant elevations were
occurred at 10th day and 1th month.

trial. Body temperature above 38°C was detected
in only 2 patients on the postoperative 2nd day,
and in 1 patient on the postoperative 3rd day, de-
tected only in one measurement. No application
other than cold compress was applied in these
patients.
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Graphic 9. A repeated measures ANOVA with a Greenhouse-
Geisser correction determined that mean GGT values differed
statistically significantly between time points (F (803.542,
693.027)=44.060, p<0.001). According to the Bonferroni test,
results at 10th day, 1th month, 3th month, 6th month and 12th
month were statistically higher set of values when compared to
baseline (for all comparisons p<0.001). Values at all time points
were within the normal ranges even significant elevations were
occurred.

No clinical or laboratory infection was detected
in any of these 50 patients included in the trial
after one year, while it was 3% for our clinic,
before we used silver coated system.

It has been stated in the literature that gray-blue
skin discoloration at the site of the implant can
occur after silver intoxication #1519 We thus
inspected the incision area for any such develop-
ment when patients presented for their follow-up
examination. No skin discoloration was obser-
ved in any patient. It was also reported in the li-
terature that especially in strabismus operations
to shorten the ocular muscles, silver metal was
used for reattaching the muscles to the bone, and
gray-blue discoloration in the sclera was detec-
tion in association with exposure to silver me-
tal ', Each patient that presented for follow-up
was reinspected in this regard, even though dis-
coloration develops due to the local rather than
systemic impact of the implant. During further
follow-up (at 3rd, 6th and 12th months), each
patient was contacted by telephone or e-mail and
queried regarding any discoloration on the skin
or sclera. Patients were kept under follow-up for
12 months, during which period there was no
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dermal or scleral color change that would sug-
gest silver accumulation.

Some patients required a second lumbosacral
MRI during their follow-up examinations. MRIs
showed that the artifact level was no different
from that of the classical titanium screws. It was
detected that the silver coating was also useful in
this respect and did not create any problems in
postoperative follow-up imaging.

DISCUSSION

CClinical trials have shown that the presence of
biomaterial in the surgical site renders the host
tissue sensitive to infection in both the early and
late periods ®. The bacterial biofilm layer for-
med on the surface of the implanted material is
the most important factor in development of re-
sistance ®!19. This layer forms a serious barrier
against the effect of antibiotics on the bacteria.
Thus, infections occurring in biomaterial res-
ponds hardly to antibiotics, and the infection ge-
nerally cannot be controlled until removal of the
implant 1?202D_ Infections that occur following
implantation may require long-term treatment,
including replacement of the infected implant,
resection arthroplasty, or amputation, depending
on the severity of symptoms ??. Implant-related
infections occurring after instrumental spinal
surgery among the most difficult problems for
which there remains no proven solution. Anti-
biotic treatment alone is not sufficient in nearly
50% of the patients, and a surgical procedure is
inevitable. This is undesirable both in terms of
patient comfort and financial burden. Increased
usage of metal implants in vertebral surgery, es-
pecially within the last decade, has brought about
an increase in postoperative infection rates. The
infection rate reported after surgical operations
in which routine antibiotic prophylaxis is perfor-
med is 1% in cases where a metal implant is not
used, and increasing up to 2.1-8.5% in patients
who underwent metal implantation 2324, This

16

K. D. Secinti, A. Attar, E. Secinti

demonstrates the presence of a strong correlation
between instrument use and infection develop-
ment.

Silver has been used for centuries due to its an-
tibacterial properties and no evidence has been
found thus far showing that it has any impor-
tant function in animal or plant metabolism .
Only small amounts of silver will be resorbed
by the intestine and transported as a complex
with plasma proteins. Most silver is then excre-
ted by the liver. The rest of the silver is stored
and accumulated intracellularly in organs and
tissues without any use “?. However, silver
binds not only to proteins but also to bacterial
DNA and RNA. In a study conducted using ra-
dioactive silver, it was detected that silver for-
med covalent bonds with Pseudomonas aerugi-
nosa DNA, but did not change the structure of
the DNA 9. The same experiment showed that
silver binds to the RNA and other components
of bacteria at a much lower rate. Silver that pe-
netrates the cell inhibits the energy metabolism
of bacteria. It deactivates sulfhydryl enzymes
and forms compounds with amino, imidazole,
carboxyl, and phosphate groups @7, It disrupts
DNA replication and prevents mitosis in pro-
karyotes and disrupts the selective permeability
of the cell membrane, ultimately causing the
cell to swell and die @®. It reacts with tissue
proteins, which disrupt the medium required for
the reproduction of proteolytic bacteria @7, It
stops replication of P. aeruginosa by binding to
its DNA in the logarithmic reproduction phase.
It prevents the oxidation of glucose, glycerol,
fumarate, succinate, D-lactate, and L-lactate
in Escherichia coli and affects the oxidative
phosphorylation of the cell, and therefore, ATP
synthesis @®. It inhibits B-galactosidase enzyme
thereby stopping the respiratory chain and cau-
sing cell death @7, Glucose, glycerol, fumarate,
succinate, D-lactate, and L-lactate are oxidized,
whereas the oxidation of free sulfhydryl groups
and NADPH is inhibited #7%%.
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The toxic activity of silver is often local. Its
systemic effect tends to remain local since sil-
ver is absorbed very slowly. Silver ions bind to
proteins and form sediments of silver chloride
at the application site. A trace amount of silver
is absorbed through mucous membranes or thro-
ugh the skin in burn patients in the form of silver
nitrate. Absorbed silver finds itself a wide area of
distribution in the body. It particularly accumu-
lates in the subepithelial area of the skin. It ca-
uses blue-gray discoloration, also known as arg-
yria, as a result of its subepithelial accumulation
at greater amounts !5, This pigment consists
of silver sulfide and metallic silver which causes
only permanent cosmetic problem

Argyria is most commonly observed in humans
exposed to silver ??. This pathological finding
was seen more commonly in the 19th century
in association with occupational exposure in
silversmiths, miners, and photographers (>1622,
Argyria can also appear from the use of colloidal
silver products and/or silver containing medical
agents ??, A research on silver accumulation in
the tissue and blood tends to show that the level
of this metal in a normal population not affected
by industrial exposure should be only at a level
of nanograms per gram of tissue ®”. After the
spectrophotometric examination they performed
on a patient prediagnosed with lead poisoning
because of his gray-blue skin color. A study de-
tected that the blood silver quantity of the patient
was 0.5 ug/ml; however, they stated the normal
silver content in the blood should be at maximum
5 ng/ml (or 5 ug/L) @2, As the history of the
patient was further investigated, it was learned
that the patient had taken silver nitrate capsules
of 16 mg x 3 times a day for his gastrointestinal
Ssymptoms.

In another resource, normal values of silver are
given as follows ©:

Serum: 2.1+1.5 ug/L (19.5+13.9 nmol/L)
Plasma: 0.68+0.33 pg/L (6.3£5.8 nmol/L)

Pure platelet: 29+18 ng/gram (wet weight)
(269+167 nmol/gram wet weight)

24-hour urine: <1 pg /day (<9.3 nmol/day)

Hair strand: 0.02-1.00 pg/gram (dry weight)
(0.2-9.3 nmol/gram) (dry weight)

According to Wan et al. blood silver levels lower
than 200 ppb must be considered as normal. Be-
cause regular human diets includes small amo-
unts of silver and consumers take silver via their
diets @Y. Oral silver intake from a typical diet has
been estimated to range between 27, and 88 ug/
day but some other researchers estimated lesser
intake of 10-20 ug/day ®-239_ A concentration
of silver in the blood of more than 300 ppb has
been reported to cause argyria, and liver and
kidney damage ©¥. Drake and Hazelwood found
that acute symptoms of overexposure to silver
nitrate include a decrease in blood pressure, di-
arrhea, irritation of the stomach, and decreased
respiration ®*. Chronic symptoms resulting from
intake of a low dose of silver salts are fatty dege-
neration in the liver and kidneys “¥. Long-term
inhalation or ingestion of soluble silver salts or
colloidal silver may cause argyria.

Usage of nanoparticle silver because of its anti-
bacterial and antifungal properties is increasing
in frequency with the result of development in
nanoscience. Food, drug and cosmetic industry
have begun to use nano silver in their products.
Thus water, food, cosmetics, drugs, and drug de-
livery devices can be a route for ingesting silver
nanoparticles ©®. It has been also demonstrated
that silver ions can liberate from ingested pro-
ducts into the blood. Thus they can be respon-
sable for accumulating in visceral organs leading
to liver and kidney toxicity “”. However, acute
oral or transdermal intake of nanoparticle silver
(2,000 mg/kg-body weight) has not caused any
significant clinical signs, mortality, acute irri-
tation, or corrosive reactions affecting the eyes
and skin neither in rats nor in guinea pigs or in
rabbits 839, Kawata et al. reported that nano-
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particle silver may cause cytotoxicity in human
hepatoma cells but only at high doses (>1 mg/L)
@9 Other investigators “'4» reported that silver
is nonmutagenic.

Despite all these studies and increase in usage of
nano silver, most of these studies are still rest-
ricted to in vitro experiments and conduction of
a clinical trial is still needed. Our study is the
unique study which focused on clinical usage of
nanoparticle silver coated vertebral implants in
human beings.

When we discuss and focus on our results; ele-
vated levels in ESR-CRP and platelet-leukocytes
levels during the first month after exposure were
expected because acute phase reactants and re-
active species respond to nano silver implant
placement. All these values were normalized af-
ter 3th month of study. Sedimentation, CRP and
leukocytes values were under baseline at the end
of the 12th month. Decrease in the levels of the-
se parameters suggested recovery of some preo-
peratively infected patients. Increased levels of
BUN and creatinine at early period of trial (up
to 1th month) may be misleading. All patients
received intravenous saline therapy all night
long preoperatively as a clinical routine and all
blood samples were taken at the end of night,
just before the operation. This condition decre-
ased the baseline parameters of renal function.
A mild elevation of these parameters may be
due to anesthesia and/or analgesic and antibiotic
therapy after operation or dehydration because
of blood loss during surgery as expected. Only
hepatic functions, especially ALT measurements
were deteriorated. AST suddenly elevated at 3th
month and returned to baseline at the end of 12th
month. While GGT decreased at 3th month, a
mild elevation was occurred at 6th month but it
was close to baseline at the end. Despite all the-
se fluctuations and alterations in hepatic functi-
ons, all parameters were still in normal ranges.
Continuous elevation in ALT at all time points of
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trial may be the sign of long-term harmful hepa-
tic effects of nano silver, even the measurements
were still within the normal ranges. Although
isolated ALT elevation has not any clinical va-
lue, ongoing elevation of ALT may be thought to
be associated with exposure to nano silver, and
it may cause hepatic dysfunction in the long run
if serum or urine silver levels were elevated. But
our spectrophotometric analysis clearly demons-
trated that serum or urine silver levels did not
elevate, thus all these results could not be associ-
ated with serum and urine levels of silver.

Gaul and Staud estimated that a 50-year old man
can store an average of 0.23-0,48 g of silver in
his body14. Literature has also revealed that to-
tal accumulated intravenous dose of 8 g silver
arsphenamin (1.84 g silver) is enough to cause
argyria % Tt has been also reported that inges-
ting 30 mg/day silver for 1 year, elevates serum
silver levels to 0.5 mg/L and may cause argyria
@9 Olcott reported that 89 mg/kg/day colloi-
dal silver consumption resulted in ventricular
hypertrophy in rats after 218 day , and upon au-
topsy, advanced pigmentation was seen in vis-
ceral organs, but the ventricular hypertropy was
not attributed to silver deposition “¥. Furchner et
al. studied absorption and retention of silver (as
silver nitrate) in mice, rats, monkeys and dogs.
In all species cumulative amount of silver nitrate
excretion ranged from 90 to 99%, and only 1 to
10% of it was retained “®. Nanoparticle silver
may have a higher retention rate because of its
nano scale, but even so, approximately 90% of
silver will be excreted after it is released from
implant surface.

Another topic about silver toxicity or biosafety
may focus on amalgam fillings. As is known,
conventional amalgam is a powder of silver-tin
alloy mixed with mercury. Silver proportion of
an amalgam filling is 65% (approximately 2,6
g of silver). Despite most of the articles about
amalgam fillings focused on its mercury content,
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a few studies about its silver content and tissue
dispersion can be found.

Drasch et al. studied 173 cadavers that had more
than 9 amalgam fillings (23 g silver, as calcula-
ted by us). They found that silver concentration
was 541 ug/kg in cerebral cortex, 4.25 ug/kg
in white matter, 5.02 ug/kg in cerebellum, 8.15
ug/kg in liver and 0.44 ug/kg in renal cortex “7.
The data about cadavers’ mental and health sta-
tus could not be predicted while they were alive,
and the authors did not note any skin coloration
which could reveal argyria. Maybe one can cla-
im that toxic metal accumulation in brain may
cause mental disorders, but all other clinical tri-
als have been claiming that amalgam fillings are
safe enough and do not cause mental or neurolo-
gical disorders “#% When the said study and
the listed dental literature interpreted together,
we can claim that even 23 g of silver implanta-
tion will not cause argyria or mental or neurolo-
gical disorders.

Tsukamato et al. declared that 2% silver hydrox-
yapatite coating of a femoral replacement prost-
hesis contains 1,14 mg of coating material
(0,0228 mg silver, calculated by us). And they
said that surface area of such a prosthesis is 76
cm2. On the other hand, they claimed that this
amount of silver would not cause argyria @,

Our pedicle screws used in this study had 26
cm?2 surface area for a 6.5x45 mm sized imp-
lant (data provided from manufacturer, Mikron
Makine, Ankara, Turkey). The sol-gel chemical
which was used for dip coating of implants con-
tained 100 ppm nano silver (100 mg/L). Esti-
mated thickness of coating was 300 nanometer,
calculated volume of chemical and amount of
silver which coated on one screw were 0.00078
ml and 0.000078 mg, respectively. It means, that
if 10 screws are used for one patient, total expo-
sure to silver will be 0.78 ug for a whole body
distribution. According to the literature listed

above, a normal person intakes 10-20 ug/day sil-
ver with its diary diet ®*2*¥, Even this literature
alone proves that the silver-coated implants are
sufficiently safe. On the other hand, according to
Furchner et al “®, minimum 90% percentage of
0.78 ug silver must be excreted. This means that
0.078 ug of silver will be retained in the whole
body of a patient for each screw. According to
Kawata et al “© 0.78 ug silver will not cause any
cytotoxic effect.

Even a simple calculation indicates that our each
screw has approximately 23 million- fold lower
silver amount than toxic dose “4#». With such
implant it is impossible to cause argyria (43134,
mental or neurologycal disorders “*4°°% hepatic
and renal disfunction 313239 _cytotoxicity “* or
mutagenity “'#?. Our findings have shown that
titanium implants coated with nanoparticle sil-
ver can be used safely for preventing implant-
related infections.

REFERENCES

1. Gepstein R, Eismont FJ. Postoperative spine infections
In: Garfin SR (1th ed): Complication of Spine Surgery.
Baltimore: Williams&Wilkins 1989; pp 302-322.

2. Horwitz NH, Curtin JA. Prophylactic antibiotics and
wound infections following laminectomy for lumbar
disc herniation. A retrospective study. J Neurosurgery
1975;43(6):727-31.
https://doi.org/10.3171/jns.1975.43.6.0727

3. Abbey DM, Turner DM, Warson JS. Treatment of posto-
perative wound infections following spinal fusion with
instrumentation. J Spinal Disord. 1995 Aug;8(4):278-
83.
https://doi.org/10.1097/00002517-199508040-00003

4. Lonstein JE. Management of post-operative spine in-
fections In: Gustillo RB (1 th ed): Current Concepts in
the Management of Musculoskeletal Infections. Phila-
delphia: WB Saunders 1989;pp 243-249.

5. National Nosocomial Infections Surveillance System:
National Nosocomial Infections Surveillance (NNIS)
system report, data summary from January 1992 thro-
ugh June 2004, issued October 2004. Am J Infect Cont-
rol. 2004;32(8):470-85.
https://doi.org/10.1016/j.ajic.2004.10.001

6. Antoci V, King SB, Jose B, Parvizi J, Zeiger AR,
Wickstrom E, et al. Vancomycin covalently bonded to
titanium alloy prevents bacterial colonization. J Orthop
Res. 2007;25(7):858-66.
https://doi.org/10.1002/jor.20348

7. Neut D, Dijkstra RJ, Thompson JI, van der Mei HC,

19



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

20

Busscher HJ. A gentamicin-releasing coating for ce-
mentless hip prostheses-Longitudinal evaluation of
efficacy using in vitro bio-optical imaging and its wide-
spectrum antibacterial efficacy. J] Biomed Mater Res A
2012;100(12):3220-6.
https://doi.org/10.1002/jbm.a.34258

Stigter M, Bezemer J, de Groot K, Layrolle P. Incorpo-
ration of different antibiotics into carbonated hydroxya-
patite coatings on titanium implants, release and antibi-
otic efficacy. J Control Release 2004;99(1):127-37.
https://doi.org/10.1016/j. jconrel.2004.06.011

Nablo BJ, Prichard HL, Butler RD, Klitzman B, Scho-
enfisch MH. Inhibition of implant-associated infections
via nitric oxide release. Biomaterials 2005;26(34):6984-
90.

https://doi.org/10.1016/j.biomaterials.2005.05.017
Shirai T, Shimizu T, Ohtani K, Zen Y, Takaya M, Tsuc-
hiya H. Antibacterial iodine-supported titanium imp-
lants. Acta Biomater 2011;7(4):1928-33.
https://doi.org/10.1016/j.actbio.2010.11.036

Tsuchiya H, Shirai T, Nishida H, Murakami H, Kaba-
ta T, Yamamoto N, et al. Innovative antimicrobial co-
ating of titanium implants with iodine. J Orthop Sci.
2012;17(5):595-604.
https://doi.org/10.1007/s00776-012-0247-3

Secinti KD, Ayten M, Kahilogullari G, Kaygusuz G,
Ugur HC, Attar A. Antibacterial effects of electrically
activated spinal implants with weak direct current. J
Clin Neurosci. 2008;15:434-9.
https://doi.org/10.1016/j.jocn.2007.03.010

Secinti KD, Ozalp H, Atar, A, Sargon MF. Nanoparticle
silver ion coatings inhibit biofilm formation on titanium
implants. J Clin Neurosci. 2011;18(3):391-5.
https://doi.org/10.1016/j.jocn.2010.06.022

Gaul L, Staud A. Clinical spectroscopy. Seventy cases
of generalized argyrosis following organic and colloi-
dal silver medication. JAMA 1935;104(16):1387-90.
https://doi.org/10.1001/jama.1935.02760160011004
White JML, Powell AM, Brady K, Russell-Jones
R. Severe generalized argyria secondary to inges-
tion of colloidal silver protein. Clin Exp Dermatol.
2003;28(3):254-6.
https://doi.org/10.1046/j.1365-2230.2003.01214 x
Hollinger MA. Toxicological aspects of topical silver
pharmaceuticals. Crit Rev Toxicol. 1996;26(3):255-60.
https://doi.org/10.3109/10408449609012524

FreiJ, Schroder B, Messerli J, Probst A, Meyer P. Loca-
lized argyrosis 58 years after strabismus operation--an
ophthalmological rarity. Klin Monbl Augenheilkd 2001
Jan;218(1):61-3.

Sonntag VKH. History of spinal disorders. In: Menezes
AH. Sonntag VKH, eds. Principles of Spinal Surgery.
New York: McGraw-Hill, 1996: 3-23.

Levi ADO, Dickman CA, Sonntag VKH. Management
of postoperative infections after spinal instrumentation.
J Neurosurg. 1997;86(6):975-80.
https://doi.org/10.3171/jns.1997.86.6.0975

Griffith HJ. Orthopedic complications. Radiol Clin
North Am. 1995 Mar;33(2):401-10.

. Schwab FJ, Nazarian DG, Mahmud F, Michelsen CB.

Effects of spinal instrumentation on fusion of the lum-
bosacral spine. Spine 1995 Sep 15;20(18):2023-8.
https://doi.org/10.1097/00007632-199509150-00014
Tsukamoto M, Miyamoto H, Ando Y, Noda I, Eto S,

23.

24.

25.

26.

217.

28.

29.

30.

32.

33.

34.

35.

36.

37.

38.

K. D. Secinti, A. Attar, E. Secinti

Akiyama T, et al. Acute and Subacute Toxicity In
Vivo of Thermal-Sprayed Silver Containing Hydrox-
yapatite Coating in Rat Tibia. Biomed Res Int.
2014;2014:902343.

Epub 2014 Mar 20.
https://doi.org/10.1155/2014/902343

Bible JE, O’Neill KR, Crosby CG, Schoeecker JG,
McGrit MJ, Devin CJ. Implant contamination during
spine surgery. Spine J. 2013;13(6):637-40.
https://doi.org/10.1016/j.spinee.2012.11.053

Gristina AG, Hobgood CD, Barth E. In: Pulverer G,
Quie PG, Peters G (1th eds): Pathogenesis and Clini-
cal Significance of Coagulase-Negative Staphylococci.
Stuttgart: Fischer Verlag, 1987; pp. 143-157.

Berman E. Topics in Science In: Thomas LC, eds. Toxic
Metals and their Analysis. London, Heyden Internatio-
nal: 1980: 121-45.

Modak SM, Fox CL. Binding of silver sulfadiazine to
the cellular components of Pseudomonas aeruginosa.
Biochem Pharm 1990;22(19):2391-04.

Chowlishaw J, Spadaro JA, Becker RO. Inhibition of
enzyme induction in E.coli. Electromagn Biol Med.
1982;3(1):295-304.

Bragg PD, Rainnie DJ. The effect of silver ions on the
respiratory chain of Escherichia coli. Can Microbiol.
1974;20(6):883-9.

https://doi.org/10.1139/m74-135

Hamilton EI, Minski MJ. Abundance of the chemical
elements in man’s diet and possible relations with envi-
ronmental factors. Sci. Total Environ. 1972/1973;1:375-
94.

https://doi.org/10.1016/0048-9697(73)90025-9

Tietz NW (ed). Clinical Guide to Laboratory Tests. 3rd
edition. Pennsylvania: W.B. Saunders Company 1995;
pp- 560.

. Wan AT, Conyers RAJ, Coombs CJ, Masterton JP. Deter-

mination of silver in blood, urine, and tissues of volunte-
ers and burn patients. Clin Chem. 1991;37(10):1683-7.
Kehoe RA, Cholar J, Story RV. A spectrochemical study
of the normal ranges of concentration of certain trace
metals in biological materials. J. Nutr. 1940;19:579-
92.

https://doi.org/10.1093/jn/19.6.579

Tipton IH, Stewart PL, Martin PG. Trace elements in
diets and excretia. Health Phys. 1966;12:1683-9.
https://doi.org/10.1097/00004032-196612000-00005
Chambers C, Proctor C, Kabler P. Bactericidal effect of
low concentrations of silver. J] Am Water Works Assoc.
1962;54(2):208-16.
https://doi.org/10.1002/j.1551-8833.1962.tb00834 x
Drake PL, Hazelwood KJ. Exposure-related health ef-
fects of silver and silver compounds: a review. Ann Oc-
cup Hyg. 2005;49(7):575-85.

Sardari RRR, Zarchi SR, Talebi A, Nasri S, Imani S,
Khoradmehr A, et al. Toxicological effects of silver na-
noparticles in rats. Afr J Microbiol Res. 2012;6:5587—
93.

Park E, Bae E. Repeated-dose toxicity and inflamma-
tory responses in mice by oral administration of silver
nanoparticles. Environ Toxicol Pharm. 2010;30:162-8.
https://doi.org/10.1016/j.etap.2010.05.004

Kim JS, Song KS, Sung JH, Ryu HR, Choi BG, Cho
HS, et al. Genotoxicity, acute oral and dermal eye and
dermal irritation and corrosion and skin sensitizati-



Clinical TrialUsing A Silver-Coated Screw-Rod System and One-Year Follow-Up of The First 50 Patients

39.

40.

41.

42.

43.

44.

45.

on evaluation of silver nanoparticles. Nantoxicology.
2013;7:953-60.
https://doi.org/10.3109/17435390.2012.676099

Sarhan OMM, Hussein R. Effects of intraperitoneally
injected silver nanoparticles on histological structures
and blood parameters in the albino rat. Int ] Nanomedi-
cine. 2014;9:1505-17.

Kawata K, Osawa M, Okabe S. In vitro toxicity of sil-
ver nanoparticles at noncytotoxic doses to HepG2 hu-
man hepatoma cells. Environ Sci Technol. 2009 Aug
1;43(15):6046-51.

https://doi.org/10.1021/es900754q

Demerec M, Bertani G, Flint F. A survey of che-
micals for mutagenic action on E. coli. Am. Nat.
1951;85(821):119-36.

https://doi.org/10.1086/281660

Nishioka H. Mutagenic activities of metal compounds
in bacteria. Mutat. Res. 1975;31:185-9.
https://doi.org/10.1016/0165-1161(75)90088-6

Hill WR, Pillsbury DM. Argyria-The Pharmacology of
Silver. Baltimore: Md. Williams & Wilkins Co, 1939:
6-99.

Blumberg H, Carey TN. Argyremia: Detection of un-
suspected and obscure argyria by the spectrographic
demonstration of high blood silver. ] Am Med. Assoc.
1934;103(20):1521-24.
https://doi.org/10.1001/jama.1934.02750460025007
Olcott CT. Experimental argyrosis. V. Hypertrophy of

46.

47.

48.

49.

50.

the left ventricule of the heart in rats ingesting silver
salts. Arch Pathol. 1950;49:138-49.

Furchner JE, Richmond CR, Drake GA. Comparative
metabolism of radionuclides in mammals - IV. Retenti-
on of silver - 110m in the mouse, rat, monkey, and dog.
Health Phys. 1968;15:505-14.
https://doi.org/10.1097/00004032-196812000-00005
Drasch G, Gath HJ, Heissler E, Schupp I, Roider G. Sil-
ver concentrations in human tissues. their dependence
on dental amalgam and other factors. J Trace Elem Med
Biol. 1995 Jul;9(2):82-7.
https://doi.org/10.1016/S0946-672X(11)80015-5
DeRouen TA, Martin MD, Leroux BG, Townes BD,
Woods JS, Leitao J, et al. Neurobehavioral effects of
dental amalgam in children: a randomized clinical trial.
JAMA 2006 Apr; 19:295(15):1784-92.

Bellinger DC, Daniel D, Trachtenberg F, Tavares M,
McKinlay S. Environ health perspect. Dental amalgam
restorations and children’s neuropsychological functi-
on: The New England Children’s Amalgam Trial. 2007
Mar;115(3):440-6.

Bellinger DC, Trachtenberg F, Daniel D, Zhang A,
Tavares MA, McKinlay S. A dose-effect analysis of
children’s exposure to dental amalgam and neuropsy-
chological function: the New England Children’s Amal-
gam Trial. ] Am Dent Assoc. 2007 Sep;138(9):1210-6.
https://doi.org/10.14219/jada.archive.2007.0345

21



