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Review Article

IntroductIon

The development of bone plates and other maxillofacial 
implants were initially an empirical process. From 
initial application of ivory pegs, soft iron wire, and lag 
screws in the fracture treatment to modern high strength 
alloys like stainless steel, titanium miniplates, and most 
recently the bioresorbable plates have scientifically 
evolved from concept to practice under the guidance of 
treating surgeons.

Since the advent of bone plates and screws in the 
beginning of the 20th century, failure of implants are 
being encountered.

Most of the studies with failed implants concentrated 
either on biological aspect of failure or an engineering 
aspect with little emphasis on comparative data from 
successful implants.

An additional reason to become more thorough in studying 
removed implants for the surgeon is due to increasing 

importance of the knowledge in medicolegal cases seeking 
redressal under the Consumer Protection Act.

Though we know that most of the surgeons now use 
titanium miniplates because of its biocompatibility and 
corrosion resistant properties, studies have shown that 
these titanium particles are released in the surrounding 
tissues causing tissue necrosis, and if these implants 
are placed for a long period the adverse effect of these 
implants are more severe.

Aims and objective
1.  To evaluate histomorphologically the soft tissues 

adjacent to titanium miniplates for the presence of 
titanium particles.

2.  To study soft tissue response around the titanium 
miniplates.

3.  To observe for any unusual findings at the fixation site.

MaterIals and Methods

Twenty patients reporting to the department of Oral and 
Maxillofacial Surgery, with history of open reduction 
and internal fixation with titanium miniplates for 
maxillofacial fractures were selected for the study.

Methods

Implant retrieval
Titanium bone plate and screws were removed either 
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through intraoral/extraoral approach under local/
general anesthesia and peri-implant tissue changes were 
observed. A small piece of soft tissue covering the plates 
and screws was excised and sent for scanning electron 
microscopic examination.

Photographic records
Photographic records of bone plates and screws in place 
prior to removal was made and also immediately after 
removal, photographic records of scanning electron 
microscope showing titanium particles in the soft tissue 
was recorded.

soft tIssue retrIeval and MIcroscopIc 
exaMInatIon

Soft tissues around the miniplates were retrieved after 
the bone plates and screws are removed.

The specimen was kept in the biopsy bottle in a dry 
environment. Plastic embedded 7 mm sections were 
used. Before examining the sections under the scanning 
electron microscope, the specimens were coated with 
a thin (about 2 nm) gold layer by a sputtering process 
(EMITECH, K550), for achieving a better topographic 
contrast. The composition of the particles was analyzed 
by using the integrated energy dispersive X-ray analysis 
(Noran Instruments, Voyager). The characteristic X-rays 
of an element, generated of the back scattering electrons, 
were analyzed.

All the soft tissue was microscopically examined with 
aid of scanning electron microscope (SEM-JSM 840) in 
the Department of Metallurgy, Indian Institute of Science 
Bangalore.

results

Thirty-six plates and 141 screws were retrieved from 20 
patients. The duration between implant placement and 
retrieval ranged from 2 months to 2 years.

Bone plates and screws were retrieved for various reasons. 
In two patients (10%) plates were removed because of 
early infection within 6 months and in 4 patients (20%) 
plates were removed after 6 months due to late infection 
and these patients had extraoral draining sinus.

During the surgical procedures, in five cases loose screws 
and in one case fractured plates were observed.

The study conducted shows that six patient are not 
having titanium particles into the tissues and 14 patients 
are having titanium particles in the tissue.

dIscussIon

Once the bone plates serve the purpose of rigid fixation 
(complete bone healing), whether the implants have to 
be removed or not is still a debatable matter amongst 
oral and maxillofacial surgeons and orthopedicians. An 
implant is considered to be failed when it is removed 
from the body due to mechanical and biological failure 
and there have been many researches which have 
supported this. In our study, we have evaluated the tissue 
response to titanium implants using scanning electron 
microscope; thus the fate of titanium bone plates.

The titanium implants in our study were retrieved 
for various reasons like pain, infection, and routine 
removal [Table 1]. Ferguson et al.,[1] and Miller et al.,[2] 
recommended routine removal of titanium plates and 
screws, while Hirai et al.,[3] and others recommended 
the retention of plates unless their removal is clinically 
indicated.

Among the group of patients studied in our unit, nine 
(45%) had postoperative complications, which correlated 
with a higher amount of peri-implant titanium particles. 
This could have been due to excessive molding of 
miniplates when they are used to fix in areas which 
requires contouring-like angle and parasymphysis of 
mandible and zygomatic buttress, fronto zygomatic, 
and infraorbital region. In the rest 11 patients, plates 
were retrieved as a routine procedure [Table 2]. The peri-
implant tissues were studied under scanning electron 
microscope, which revealed comparatively lesser 
titanium particles. The complications observed in our 
study were higher than that reported by Katou et al.,[4] 
who encountered five patients with complications in his 
group of 27. Similarly, Katou et al.,[4] studied 15 patients 
out of which three had complications.

In six patients sinus formation was observed due to 
infection, majority of them presented with a late infection 
[Table 2, Figures 1-5]. Similarly, Katou et al.,[4] reported 
complications because of infection. Further reports on 
sinus formation, due to infection arising in the peri-
implant tissue was supported by Hughes,[5] Brown,[6] and 
Black.[7] This higher rate of occurrence of infection was 
attributed to immunological response to the deposited 
metal particles released from the implants.

Three patients in our study complained of pain in the 
vicinity of implants without any other clinical findings 
correlating with the pain hence we could associate 
the pain with the metallosis. Merritt[8] and Brown,[6] 
in their reported series on 10 symptomatic patients 
suggested that pain due to metal sensitivity should 
be considered when other causes of pain are ruled out 
[Table 2]. Tissues adjacent to implants were evaluated 
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Figure 4: Tissue taken around the plates

Figure 5: Scanning electron microscope picture showing titanium in the tissue

Figure 2: PNS view showing plates

Figure 3: Exposure of the fractured site

Figure 6: Post‑operative picture after implant placement

Figure 1: Infection at the fractured site

histologically in their series, which gave a picture of 
increased inflammatory cellular response in areas with 
metal deposits. In all patients, a complete resolution of 
symptoms was observed after removal of implants.

Abnormal findings like loose screws and fractured 
plate were observed in six of our patients on routine 
removal, but were asymptomatic [Table 3, Figures 6-10]. 
These abnormal findings as reported by Miller et al.,[2] 
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Table 1: Results of the study
Patient 
no.

Age/ 
sex

Ip/op no. Site of implant 
removal

Duration of 
implantation (months)

Surgical 
approach

1. 27/m S-2621 Rt.body 8 I.O
2. 48/m T-3140 Rt.parasymph 4 I.O
3. 35/m U-1950 Rt.parasymph 8 I.O
4. 23/m Y-1832 B/l maxilla 6 I.O
5. 42/m Y-3800 Lt.parasymph 7 I.O
6. 24/m N-4645 Rt.fz & 

infraorbital
13 E.O

7. 27/m Y-4388 Rt.zmc 18 E.O
8. 30/m X-2587 Rt. Angle 12 E.O
9. 30/m 13453 B/l maxilla 9 E.O
10. 35/m W-2341 Lt.parasymph 8 I.O
11. 41/m 14165 Rt.zmc 6 E.O
12. 45/m 148132 B/l maxilla 4 E.O
13. 28/m Y-4967 Rt.parasymph 16 I.O
14. 25/m S-17532 Rt.zmc 13 E.O
15. 22/m 166392 Lt.zmc 5 E.O
16. 35/m Y-2126 Rt.ramus 19 E.O
17. 22/m Y-1832 Rt.angle & 

parasymph
6 E.O

I.O
18. 35/m Y-2479 Rt.parasymph 

& zmc
4 I.O

19. 24/m Y-4471 Lt.parasymph 3 I.O
20. 41/m V-1065 Lt.zmc 5 E.O

Table 2: Reasons for implant removal
Reasons for removal No. of patients

Early infection (<6 months) 2 (10%)
Late infection (>6 months) with extra oral draining 
sinus

4 (20%)

Routine removal 11 (55%) 
Pain in the vicinity of implant 3 (15%)

Table 3: Intraoperative findings
Intraoperative finding No. of patients

Loose screws 5 (25%)
Fractured plate 1 (5%)
Granulation tissue 2 (10%)
Fibrotic tissue 2 (10%)
Necrotic tissue 5 (25%)
Infection with Loose screws 2 (10%)

Table 4: Prescence of titanium in tissue around the plates
Patient no. Percentage of titanium 

present
Duration of implantation 

(months)

1. 6.64% 8
2. NIL 4
3. 4.23% 8
4. 2.42% 6
5. 3.68% 7
6. 67.50% 13
7. 99.84% 18
8. 8.28% 12
9. 4.57% 9
10. 4.23% 8
11. NIL 6
12. NIL 4
13. 6.59% 16
14. 4.28% 13
15. NIL 5
16. 8.11% 19
17. NIL 6
18. NIL 4
19. 0.50% 3
20. 3.28% 5

may be due to metallosis of tissue leading to fibrosis. 
Mathew et al.,[9] showed similar findings and put forth 
the causes of screw loosening like inappropriate size of 
screw hole, unwanted movement of fractured fragments, 
and excessive molding of plates leading to distortion of 
hole; being some of the important causes. Though it is 
difficult to pinpoint on a particular cause, but removal of 
implant may suffice as an ultimate goal; thus precluding 
the possibility of unwanted effects of loose or fractured 
hardware.

We studied the presence of titanium in the soft tissues 
by using scanning electron microscope as done by 
Rosenberg et al.,[10] Langford and Frame,[11] and Hirai 
et al.[3] The amount of metal observed in each case was 
highly variable.

According to Tables 1 and 4, the amount of metal 
present in tissues did not correlate with the period of 
implantation. 

Different reasons for presence of titanium in adjacent 
tissues could be attributed to implant handling by the 
operator or manufacturer dependent:
1.  Excessive bending of the hardware causing 

microfractures, thus shedding the metal particles.
2.  Inappropriate use of drills, thus abrading the plates.
3.  Abrasion cause between the screwdriver and screw 

head.
4.  Manufacturing variations among different companies.

Irrespective of the reason of metal shedding from 
implants in adjoining soft tissue, there are adverse 
effects associated with the presence of titanium, thus 
favoring retrieval of bone plates after the purpose of rigid 
fixation (complete healing of the fracture) is served as 
also recommended by Rosenberg et al.,[10] Langford and 
Frame,[11] and Hirai et al.[3]

Our results showed presence of titanium particles in soft 
tissue resulting in fibrosis, necrosis, and inflammation. 
Hence, we recommended their removal after the 
purposes of rigid fixation have been fulfilled. But surely, 
long-term studies with more number of patients are 
required to affirmatively confirm the effect of titanium 
on living tissues.

suMMary and conclusIon

The present study was carried out to analyze the presence 
and effects of titanium particles in peri-implant tissues 
in 20 patients operated previously in the Department of 
Oral and Maxillofacial Surgery.

Infection was found to be the prime reason for implant 
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retrieval followed by pain in the vicinity of implant. 
Abnormal findings like loose screws, fractured plate 
were also noted.

Scanning electron microscopic study showed varied 
amount of titanium particles in the tissues surrounding 
the plate correlating with the patient’s symptoms and 
clinical findings.

Following conclusions were made:
1.  Infection and pain were predominant factors for the 

retrieval of bone plates.
2.  The manufacturing composition of titanium plates 

and screws are not well-standardized.
3.  Titanium released is higher in patients where 

excessive molding of plates, excessive movement at 
fracture sites is done during fixation.

“Implant failure is painful for both surgeons and 
patients”. Implant failure is multifactorial which mainly 
depends upon the quality control by the manufacturer 
and use of the proper technique by the surgeon.

With this small study we recommend the retrieval of 
titanium bone plates and screws after their purpose of 

rigid fixation is served. However, long-term studies need 
to be carried out for further supporting the results.
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Figure 7: OPG showing titanium miniplates

Figure 8: Implant exposure

Figure 9: Fractured implants

Figure 10: Scanning electron microscope picture showing titanium in the tissue
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