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Purpose: Compression necrosis refers to bone tissue damage that can occur when excessive pressure or force is applied to
surrounding bone during implant placement. This pressure can compromise blood supply to the bone, leading to necrosis.
Compression necrosis is a concern, because it can affect the stability and long-term success of dental implant.

Patients and Methods: This case report highlights a case of early bone loss and implant failure possibly due to compression
necrosis. Clinical data, photographs, radiographs, blood examination report and histology were presented to document the early failure
of an implant placed in the mandibular left posterior region of a 33-year-old female patient.

Results: Radiograph taken six weeks after implant placement showed severe angular defect. Therefore, the implant was surgically
removed. Histological examination of the area showed bony trabeculae with an absence of osteoblastic riming, suggestive of necrotic bone.
Conclusion: Using excessive torque values when placing implants in dense bones can increase the risk of implant failure due to bone
over compression. Dental professionals must follow the manufacturer’s instructions and employ quality surgical techniques during
implant placement into dense cortical bone to minimise risks.
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Introduction

Newer developments in implant systems and surgical techniques ever since the landmark research on successful osseointe-
gration by Branemark in 1969 have markedly improved the reliability of dental implants. This has led to increased interest in
the replacement of missing tooth or teeth for functional and aesthetic reasons. Newer implant protocols, such as the use of
short-length implants, immediate loading implants, and implant placement in poor-quality bone, have placed clinicians with
many biomechanical challenges.'™ These protocols expose the implant to prospective mechanical stresses before the
completion of biological integration and hence pose a risk of micromovements during the healing process.” Excessive
micromovement is detrimental to osseointegration and is among the most common causes of implant failure. The best way
to control micromovements is to place implants with a high primary stability. Primary stability stems from the mechanical
interaction between the implant and bony walls during implant insertion.® Various factors affect implant stability including the
surgical protocol, implant macro design, quality of bone and insertion torque.’

A study by Gaya et al concluded that surgical technique influences the primary stability when implants are placed in poor
quality bone.® Site preparation in any surgical technique is critical for implant survival.” Osteotomy procedure (drilling) is
a highly delicate process involving many fundamental related factors that can affect crestal bone stability and implant
osseointegration.'® Implants can be inserted using conventional or undersized drilling techniques. Underpreparation technique
may cause excessive compression of cortical bone leading to microfractures.!' However, a study by Huang et al in an animal
model evaluated the effects of different surgical drilling protocols on implant stability and osseointegration and concluded that
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undersized drilling protocol is biologically and mechanically superior in low-density bone.'? Careful selection of drilling
sequence is recommended based on bone density to obtain adequate primary stability and to preserve the crestal bone
morphology.'* Wrong choice of surgical technique can result in early or late implant failure.'*

The second factor that can affect primary stability is the quality of bone. Lekholm and Zarb classified bone according
to the amount of trabecular and cortical bone on a scale ranging from I to IV."> Type IV bone has thin cortical plate
around a main layer of trabecular bone. Primary stability is lowest in type IV bone and implants placed in type III or IV
bones experienced higher failure rates (4.27-8.06%) compared to type I or II bones. '

Yet another factor affecting primary stability is the implant macro design. Several researchers have reported how
the design and properties of implant threads impact implant stability especially in low-density bone.'”'® Abrahamsson
et al studied early stages of osseointegration using implants with different geometry and different osteotomy protocols
and found that implant placement in undersized osteotomy sites resulted in increased remodeling of the cortical bone
during the early healing process.'® An in vitro study by Antonelli et al comparing the primary stability of two different
implant macro designs concluded that magneto dynamic geometry showed better performance in low-density bone.?
Dayan et al in an ex-vivo study to find out the differences in primary stability between straight and tapered implants in
type I and type III bones showed that implant shape with a thread cutting and forming design did not affect the
primary stability.?' Falco et al suggested that for cases with poor bone quality, large thread implant designs are highly
desirable.”? A randomized controlled trial by Gehrke et al to evaluate the influence of dental implant macro geometry
on early stability found that modifications of implant macro geometry produced significant reduction in the insertion
torque compared to conventional implant design.>® Haseeb et al compared the implant stability and insertion torque of
two different macro geometry in different bone densities and concluded that lower insertion torques of new implant
types help in reducing failure.”* Gandhi et al evaluated how two different implant designs responded to conventional
osteotomy drilling and found that tapered pro implant design offered a better primary stability when osseodensification
was used.”

Insertion torque is defined as the amount of torque required to place the implant into the prepared osteotomy site.® Literature
suggests that high insertion torque is an indicator of three-dimensional primary stability even though there is no consensus
regarding minimal torque needed for implant success. A torque value in the range of 20-40Ncm is used by most clinicians.
Animal experiments showed the highest rate of osseointegration when an insertion torque of 30-35 Ncm was applied.”’ Souza
et al studied the relation between insertion torque and implant stability and concluded that there is a positive correlation between
insertion torque and implant stability quotient.”® A clinical study showed that increasing the peak insertion torque significantly
improved the survival rates of immediate loaded implants.> Trisi et al in a study concluded that implants placed with a torque
above 100Ncm were always below the threshold risk for micromovements and hence have less chance of failure.*® Similarly,
other authors have shown that an insertion torque of up to 150Ncm did not produce any deleterious effects.>' Khayat et al in
a study using tapered implants concluded that a high insertion torque up to 176Ncm did not affect osseointegration.*” The above-
mentioned results have prompted clinicians using the newer mechanically challenging protocols to use high insertion torques for
implant placement.

However, some researchers are concerned that a high insertion torque may be responsible for a phenomenon called
“osseous pressure necrosis”. > Although frequently used, this concept has not been clearly explained in the literature.
However, previously published consensus reports suggest that compression necrosis is a possible risk factor for peri-implant
disease.*~° This phenomenon is defined as excessive compression (pressure) of the bone created during implant insertion.
Compression of bone beyond physiological limits may cause ischaemia, leading to bone necrosis. Excessive torque is also
thought to produce high levels of strain in the adjacent bone. However, it is generally accepted that compression necrosis is
limited to the cortical bone.?” Pressure necrosis during implant placement can create non-vital bone around the implant and
even lead to temporary neurosensory impairment if the implant is placed near the mandibular canal. Some authors believe that
when the strain on the bone exceeds a certain tolerable limit, it will cause irreversible damage in the form of plastic
deformation and microcracks, ultimately leading to early bone loss and implant failure."’

This report highlights a case of early bone loss and implant failure possibly due to compression necrosis.

44 https: Clinical, Cosmetic and Investigational Dentistry 2024:16
Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove

Ramesh et al

Figure | Radiograph of implant placed in relation to #30.

Materials and Methods

Clinical Presentation
A 33-year-old female patient reported to the Department of Periodontology on 10™ of April 2023 for the replacement of

a missing tooth with an implant in relation to the mandibular left posterior region. The patient had already undergone

implant surgery in the mandibular right posterior area 1 year back (Figure 1). The patient was a non-smoker and non-

diabetic (Table 1) and had no other relevant medical history. A written informed consent was obtained from the patient

for implant placement.

A two-stage implant placement was planned in relation to tooth #19. Cone beam computed tomography (CBCT) scan

showed adequate height and width of mandible in relation to tooth #19 with an available mesiodistal width of 11.03 mm,

a buccolingual width of 4.2 mm and an apicocoronal length of 12.81 mm (Figure 2).

Table | Blood Examination Report Obtained 4 Weeks After Implant

Placement
Test Result Reference Range
Haemoglobin 13.8gm/dl Male 13-15 gm/dl
Female 12—-14 gm/dI
Total leucocyte count 10,000/ cumm 4000-11,000/cumm

Differential leucocyte count

Neutrophils 69% 60-70%
Eosinophils 3% 0-6%

Basophils 0% 0-1%

Monocytes 2% 2-4%
Lymphocytes 28% 20-40%

ESR Smm/| hr Male: 0-5 mm/| hr

Female: 0—7 mm/| hr

(Continued)
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Table | (Continued).

Test Result Reference Range

RBC count 4.8 million/ mcL Male: 4.5 to 6.1 million/mcL
Female: 4.1 to 5.4 million/mcL

Platelet count 296,000/ mcL 150000—-350,000/ mcL
Bleeding time I min 30 sec 1-3 min

Clotting time 3 min 36 sec 2-8 min

RBS 113 mg % 80-120 mg %

Viral Markers

Retroviral rapid test Negative
HBsAg Rapid test Negative
HCV rapid test Negative

Case Management

Thorough professional mechanical plaque removal, followed by subgingival instrumentation, was performed. In two
weeks recall visit, an implant of 3.5D x 11.5 L was planned in relation to tooth #19. As the bone quality of the site was
presumed to be D2-D3, an undersized drilling technique was decided upon. Sequential drilling was done using
8001200 rpm speed and 35-50Ncm torque starting with a pilot drill (2mm). Osteotomy site was enlarged up to
a drill size of 3.2mm following which an implant of 3.5D x 11.5 L was placed manually with a torque of 35-50Ncm
using torque wrench with ratchet until primary stability was achieved. The surgical site was closed passively and
completely using a 3—0 nonabsorbable silk suture (Figure 3).

Figure 2 Pre-operative CBCT #19 region.
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Figure 3 Implant Surgery (A) pre-operative view (B) Incision placed and flap reflected (C) After osteotomy (D) Parallel pin placed (E) Implant placed (F) Sutures given.

Results
The sutures were removed one week after implant surgery. Healing in the first week was uneventful and the patient

reported no discomfort during the study period. The patient was recalled three weeks later, during which she complained
of intermittent dull pain at the implant site. Clinical healing was complete with no signs of inflammation or infection. The
patient was advised to rinse with warm saline and report if the symptoms worsened.

Six weeks after the implant placement, the patient reported pain. Intraoral periapical radiography (IOPAR) was taken
which revealed severe bone loss extending to half of the implant length (Figure 4). Antibiotics (Amoxicillin 500 mg
thrice daily and Metronidazole 250 mg thrice daily for five days) were prescribed, and the patient was asked to review
after five days. On the fifth day, the surgical site was reopened after getting patient consent (Figure 5). A biopsy of the

Figure 4 Radiographs (A) immediate post operative (B) 6 weeks post operative radiograph showing angular defect around implant.
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Figure 5 Implant site reopened (A) Incision placed (B) flap reflected and implant exposed. Note the granulation tissue around implant. (C) Implant removed (D) flap closed
and sutures placed.

surgical site was performed, and a small sequestrum of bone was retrieved, there was 50% bone loss relative to the
implant, and the implant was mobile. The implant was removed using a fixture removal kit (Figure 6). Biopsy specimen
was preserved in 10% formalin and sent for histopathological examination.

Histopathological Examination

The bone biopsy specimen was composed of a single hard tissue of size 0.3 x 0.15 x 0.05 cm non-viable bony
sequestrum. Serial sections of haematoxylin and eosin-stained decalcified hard tissue showed bony trabeculae with an
absence of osteoblastic riming, suggestive of necrotic bone (Figure 7). There were no signs of viable bone throughout the
specimen and the lacunae were devoid of osteocytes.

Discussion
Implants can fail for various reasons, but when the reason is unknown, we can only speculate on the cause of failure. In
this report, we present a case of an implant inserted in mandibular left posterior region which failed for no obvious
reason. A study by Staedt et al showed that early dental implant failure occurs more often in posteriorly placed implants
than in anterior region.*®

Bone overheating during osteotomy is a common cause of early implant loss.>**® However, in this case, the
osteotomy site was prepared using copious amounts of saline irrigation. In addition, the hard tissue specimen obtained
during surgical re-entry was necrotic. Hence, we can assume that the possible reason for this failure was non-

inflammatory. The second possible reason for early implant failure is the over compression of the bone during implant
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Figure 6 Fixture removal kit.
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Figure 7 Histology of biopsy specimen showing non-viable bone (A and B). Note the bony trabeculae with absence of osteoblastic riming and the lacunae devoid of
osteocytes (arrow heads). (Haematoxylin and eosin, original magnification X 40).

placement which results in localised pressure necrosis. This usually occurs when a cortical component of the bone is
present in the crestal region (D1 or D2 bone). When excessive stresses and strains occur in bone beyond physiologic
limits, it can have deleterious effects on local microcirculation and bone cellular responses leading to bone compression
necrosis.®’ Studies report an extensive area of apoptotic osteocytes, tissue damage and finally peri-implant bone loss. 142
A study by Toia has shown that the high stress generated on implant insertion can be avoided if a crestal bone drill is
used.*® The bone in the present case was of quality D2, pretapping was not done preceding implant placement, which

might have led to excessive pressure transmitted to adjacent bone and a non-inflammatory necrosis of the bone.**
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Another possible reason for the failure in this case was the activation of a latent infection by surgical trauma, even if
no pathology was observed during implant placement. However, in this case, it was highly unlikely to be the primary
reason for the failure, as no apparent infection was noted in the area. Undiagnosed systemic illnesses can also affect local
healing. In this case, the patient’s blood investigation results were normal; hence, systemic influence could not have been
the reason for implant failure (Table 1). Contamination of the implants before placement can cause infection and implant
failure. In this case, the patient had no signs of infection; therefore, there was a low possibility of implant contamination.

Although it was impossible to ascertain the true cause of the implant failure in this case, the most probable reason could be
compression necrosis. A significant finding in this case was that there were no obvious signs of infection from the implant
placement to implant failure. A study on early implant failure concluded that aseptic necrosis is the main cause of non-infectious
trauma to the bone which can occur from either over compression or overheating.** Yet another possible reason for the occurrence
of compression necrosis in this case may be the undersized drilling technique employed for implant insertion.'' Implant insertion
into the underprepared osteotomy site might have led to excessive compression of cortical bone leading to failure.

In the present case, histopathology revealed aseptic necrosis of the bone close to the implant, suggesting that compression
of the surrounding bone may be the reason for implant failure. There were no signs of viable bone throughout the specimen and
the lacunae were devoid of osteocytes (Figure 7). Over compression of the bone, ultimately resulting in bone necrosis, usually
occurs during the early healing phase (within one month after implant placement). In this case, the implant failed within two
months of insertion. Bone over compression can also occur if implants are placed in dense bone, such as type I or type 11
bone™ or D1 or D2 bone.'' The extreme density and reduced vascularity of the crestal cortical bone make it an ideal candidate
for necrosis when compressed during implant placement. Implants placed with high torque can lead to over compression of the
surrounding bone. A torque value of up to 35Ncm is considered safe for dense bones. Another contributing factor to early
implant failure is the overheating of the bone which can initiate necrosis around the implant. Bone necrosis can occur when
temperature reaches 47°C for > one minute.*® However, a study conducted by Chacon et al showed that twist drills did not
generate heat above 47°C for a depth of even 15 mm and after twenty-five uses, if the drill was designed to include a relief
angle.*” Another cause for early implant failure is necrosis of bone graft placed around implant due to lack of adequate blood
supply to the area.*®
Various methods have been suggested to prevent implant failures due to over compression.>’

These include:

Precise surgical techniques.

Adequate irrigation.

Avoiding insertion of implants at torque values beyond manufacturer’s recommendation.

Reversal of implant by a one-quarter turn after implant insertion minimizing the stress on the adjacent bone.

nok W=

Pre-tapping into dense bone prior to implant placement precludes the use of high torque values.

Conclusion

The advent of new implant systems has significantly increased the success rate of dental implants. However, failures can
occur, which demand immediate implant removal. Many a times the reasons for this failure are unknown. This case
report demonstrates an unusual early implant failure that might have occurred because of over compression of the
surrounding bone. Using excessive torque values when placing implants into dense bones can increase the risk of implant
failure owing to bone over compression. The thickness and quality of the crestal bone must be assessed in advance to
preparation of implant osteotomy site for successful implantation. Adequate steps must be taken to follow the manu-
facturer’s instructions and to employ high-quality surgical techniques during implant placement into the dense cortical
bone to minimise the risk of early implant failure.

Abbreviations
CBCT, Cone beam computed tomography; IOPAR, Intra oral periapical radiograph.
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