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Abstract: Extensive research has been conducted since the discovery of the field of biomaterials. A mul-
titude of materials have been proposed by many researchers; however, none has ever come closer to
exhibiting their properties equivalent to the natural biological counterparts. Tremendous in vitro tests
are conducted using these newly developed materials before putting them inside the human body. Alt-
hough, the true test of the material is during the in vivo scenarios. The human body reacts to different
materials differently and the magnitude and type of reaction depend on the chemical and physical build.
This erratic behavior of materials makes it impossible on part of the researcher as well as on the part of
the surgeon to be entirely sure of the success rate of implantation. Thus, it becomes particularly im-
portant to study the various types of failures and their corresponding sources. Different type of im-
plants permits the use of a different type of materials as the geometry along with the loads, a joint bear
is respectively different. Hence, only one type of failure or reason doesn’t influence the failure rates of
the implants. In this paper, failure reasons behind the orthopedic implants containing knee, hip, and
shoulder implants along with dental implants have been studied.
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1 Introduction licited time gap, forcing a patient undergoing a
joint replacement surgery at a young age, to un-
dergo this traumatic procedure multiple times
throughout his lifetime. The revision surgery
despite the modernizations in sciences and
technology is still exceedingly expensive and
both physically and emotionally very scarring on
the part of the patient. Witnessing the early de-
velopments in the field of biomaterials, the or-
thopedic community 53 years ago predicted that
a healthy artificial hip prosthesis will be able to
withstand an active and athletic lifestyle while
being able to retain its functionality for up to 30
years [2]. However, the orthopedic community
itself has failed to achieve its set goal. The cur-
rent average lifespan of hip implants is around
12 years only, presenting a major challenge for
surgeons and engineers. Thus, rigorous studies
and researches are still to be carried out to meet
the goals and expectations of the biomaterial
and orthopedic community. Nevertheless, keep-
ing a track of all the improvements along with
Along with the aforementioned problem, im- the properties of materials and the sources of

plant survivability has also failed to keep up failure becomes of utmost importance.
with the ever-increasing trend in our average

life expectancy. In turn, this has created an unso-

With daily improvement and discoveries in med-
ical sciences and biomechanical engineering, the
use of prostheses has rampantly increased. As
the human body grows old wear and tear occurs
especially in the joints where two bones are
linked. In the elderly loss of mobility due to os-
teoarthritis is very common along with constant
pain in the respective joint [1]. In scenarios like
this where modern medicine and therapy fail to
address the ailment, implantation becomes the
only viable option. Without the use of implants,
the patient fails to do even the plebian tasks like
walking necessary for his modus operandi. Years
of robust research conducted by numerous re-
searchers have presented a substantial amount
of materials, both synthetic and natural which
can be used for implants. However, none of the
materials have come even closer to exhibiting
their properties as that of their respective natu-
ral analogs.
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2 Failure of Implants

Implants are the perfect example depicting the
fusion of biology with engineering. They have
provided a solution to many problems which
can't be tackled by modern medicine or therapy.
With the advancement in science and technolo-
gy, their failure rates have significantly de-
creased. Despite this, some early cases of failure
or severe problems may occur to the patient,
which makes the continuation of the study of
implant failures important. In this paper, im-
plants are classified into two categories ortho-
pedic (consisting of hip, knee, and shoulder im-
plants) and dental.

2.1 Failure of Orthopedic Implants

Hip Implants Various ailments relating to hips
including arthritis are a common sight among
the elderly. Using the hip implant remains the
optimal option that can relieve the patient from
his daily discomfort. Over the years extensive
research has provided people numerous options
in terms of materials to choose from. These ma-
terials are still being currently engineered to be
more effective, biocompatible and continuously
being modified to reduce their negative reper-
cussions. Fully biocompatible material with no
negative repercussion is yet to be discovered.
Thus, along with a tab on advancements study of
failure sources is highly significant. In this sec-
tion, a cumulative of the failure sources in hip
implants have been presented.

Corrosion: Corrosion occurs in mostly metallic
parts of the implant. It reduces the strength of
the implant and often becomes the cause of im-
plant failure. It occurs when the body fluids e.g.,
synovial fluid comes in contact with the compo-
nents. Degradation of metal arises due to chemi-
cal and electrochemical reactions[3]. From fig-
ure 1 it is evident that fracture and corrosion
attack are the main two reasons behind the fail-
ure of implants using steel.

Tribocorrosion: It is the combined result of wear
and corrosion at the junction of different mate-
rials or joints. It is caused due to the mechanical
and chemical actions which occur on the joint. It
can be further classified according to the regions
in the hip implants (shown in figure 2). In the
head cup region sliding corrosion, fretting cor-
rosion in the head-neck region, and stem bone

[3].

Tribocorrosion

_l Wear + Corrosion

Head Cup Head Neck Stem Bone
Sliding Corrosion Modular Junction: Modular Junction:
J | Fretting Corrosion Fretting Corrosion

Figure 2: Types of tribocorrosion and their
niche

Medication: Medication also performs a domi-
nant role in the success rate of implants. They
can proliferate the risk of infection near the im-
plant or hamper the natural regeneration of tis-
sue around the implant. Medicines such as diu-
retics and bisphosphonates can decrease the
bone density which can lead to more fractures
near implants [3].

Smoking: Smoking decreases the lifespan of the
implant as slower healing takes place near the
implant region. This can lead to post-operative
infection and sometimes conclusively towards
implant failure. Smoking can also affect the
bonding between the implant and the bone|[3].

Hypersensitivity: Post-operation as the patient is
returning to his modus operandi wear of implant
occurs. Sometimes, this releases metal particles
that can get accumulated near the implant re-
gion and form pseudotumor. Some patients may
also be allergic to certain metals or alloys which
can further complicate the case[3].

Implant Particle Release: Implant particle release
is one of the most uncommon reasons for im-
plant failure. At times the particles are released
from the implant and enter the bloodstream or
nearby tissue. In 1985, research was conducted
regarding this issue. Four hip implants were col-
lected and their nearby tissue was examined, it
was established that the nearby tissues con-
tained a high concentration of metal particles in
each of them due to the corrosion that occurred
in the femoral stem[5]. The implants contained a
plastic cup and a metal stem. These removed
prostheses showed wear and scratches were
found in the femoral stem. The tissued obtained
near the implant showed cell necrosis and the
macrophages (cells protecting the tissue from
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foreign material) were found in poor conditions.
This led to macrophage-related bone resorption
which led to prosthesis loosening and eventually
implants failure.

Implant particle release can also cause pseudo-
tumors around the area along with osteolysis.
This also leads to implant failure.

Obesity and its Effect on Implant Failure: Contra-
ry to common belief, obesity doesn’t affect im-
plants. In 2005 a study conducted by Ibrahim et
al addressing this factor. The study focused on
the patient's BMI>30 and early outcomes of hip
replacement. In the study, a group of 151 obese
patients was taken and 162 patients with nor-
mal BMI index. One year later after hip replace-
ment surgery, both the groups were given ques-
tionnaires to fill. Both groups depicted over 90%
patient satisfaction and each group had five re-
vision surgeries. This shows there is no signifi-
cant effect on the implant due to obesity[6].

The success rate of hip implantation is depend-
ent on multiple etiology, from corrosion to bio-
logical reactions to the type of material used.
Accompanying the success rate, possible sources
of failure simultaneously have an impact on the
lifespan of the implant.

Knee Implants Similar to the hip, the knee
joint among the elderly is susceptible to various
ailments most commonly arthritis. For the
treatment of severe arthritis, knee implants
serve as an economical and highly successful
treatment. With diverse materials both in type
and numbers, the study of the various failure
reasons becomes crucial. In this section, a sum-
mary of the failure reasons in knee implants has
been presented.

Aseptic Loosening: Aseptic loosening is one of the
most common reasons for the late failure and
revision of knee implants after total knee re-
placement (TKR). A lot of factors come into play
for aseptic loosening. It occurs mostly in young
patients with elevating physical activities and
body weight. The factors leading to aseptic loos-
ening are mentioned here as follows:

Osteolysis: Osteolysis or bone degeneration can
occur in TKR due to several factors. Type of im-
plant (cementless vs cemented), polyethylene
type, patient age, gender, BMI as well as activity
level. It is associated with the generation of wear
particles and debris and their interaction to the

implant-bone interface and immunologic inter-
action to the debris and particles[4][7].

Mechanical Loosening: Mechanical component
also contributes towards aseptic loosening. It
mostly occurs in restrained implants and is
time-related. Mechanical Loosening occurs due
to numerous mechanisms however the main
mechanism is related to micromotions between
the implant and the bone. This is more common-
ly observed in cementless components[4][7].

Component Malposition and Malalignment: Mal-
position and extreme malalignment of the com-
ponents can change the mechanics of the knee
joint This can increase the point loads on the PE
and tibial component which can cause additional
wear further ascending towards aseptic loosen-
ing[4][7].

Instability: Different instabilities like ligamen-
tous instability, hyperextension instability, etc.
can lead to loosening of components due to un-
balanced forces on the components which in-
duce PE to wear and potential damage to the
implant. Instability can be correlated to malposi-
tion and malalignment of the extremities. It be-
comes more common in cases of post-traumatic
arthritis, rheumatoid arthritis, and neuropathic
arthroplasty[4][7].

Fracture: Fracture in the patellar region of the
knee is very uncommon but they are one of the
most common reasons for implant failure. Often
these fractures occur due to trauma or because
of osteonecrosis. Osteonecrosis involves a
weight-bearing surface near a joint such as the
knee, becoming weakened and eventually col-
lapsing or breaking under normal load or in-
creased stress[7][9].

Arthrofibrosis: Excessive growth of the scar tis-
sue post-operation in TKR signifies arthrofibro-
sis. It occurs when the knee post-operation does
not achieve normal hyperextension after sur-
gery. Knees that have developed arthrofibrosis
lose their range of motion[10]. Long periods of
immobility can also factor in arthrofibro-
sis[7][11].

PE Wear: PE wear in the knee can lead to osteol-
ysis. Particle debris produced due to their wear
can induce osteolysis and is still one of the main
reasons for late knee revisions and late knee
replacement failures. Etiology for PE wear has
been associated with its properties, however,
other factors such as implant design, surgical
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techniques, and patient factors have also been
linked[12].

Periprosthetic Osteolysis: Osteolysis is a condi-
tion where degeneration of bone tissue takes
place. The bones lose their minerals, soften and
become weak. When wear of the materials in the
prosthesis takes place the wear debris accumu-
lates in the surrounding tissue. This can cause
inflammation of the tissue resulting in bone de-
generation[7].

Knee and hip implants are the most commonly
used implants in the orthopedic category. The
study of their failure etiology is significantly im-
portant as their mere use is directed towards
helping the patient achieve functionality and
ease towards completing plebeian tasks. Like the
hip implants, knee prostheses show a similar
etiology of failure. However, the mechanical fac-
tors corresponding to the design and functional-
ity of the implant along with bone-related fac-
tors seem to outweigh biological factors.

Shoulder Implants Studying failed shoulder
arthroplasty is a complex procedure and re-
quires a vast knowledge of failure mechanisms
and work-up of the prosthesis. Based on the pa-
tient's complaints and testimony it is logically
possible to sort out the causes for failure. Pain
originating in the shoulder after shoulder ar-
throplasty (SA) can imply failure of the implant.
Failure of shoulder implants occurs due to multi-
factorial etiology[13].

Patients often state their complaints regarding
SA and based on the customary nature the fail-
ures and their causes are written below.

Pain: Pain among shoulder arthroplasty patients
is very common. The presence of symptom-free
interval (SFI) is important for determining the
reasons for failure (as shown in figure 2). When
SFI is nonpresent in SA it signifies that technical
errors in the course of operation, early peripros-
thetic infection, neurological injury, or complex
regional pain syndrome may be the reasons be-
hind the failure.

The presence of SFI after SA signifies late or
chronic periprosthetic infection, wear of compo-
nent or loosening, glenoid erosion, rotator cuff
degeneration, or fracture can be the underlying
causes[13].

sTechnical Errors amid Operation.
sEarly Periprosthetic Infection
*NeurologicInjury

*Complex Regional Pain Syndrome.

Non- SFI

+Chronic or Late Periprosthetic Infection
sWear and Loosening of Component

SFI *Glenoidal Erosion

«Degeneration of Rotator Cuff
*Fracture

Figure 2: Relation of SFI with SA failures

Technical Errors: Technical errors on the part of
the surgeon are a very common cause behind
pain after SA when the case is lacking SFI. E.g,,
while performing a humeral head replacement
(HHR, hemiarthroplasty or humeral head resur-
facing) in the positioning of advanced glenoid
arthrosis, iatrogenic periprosthetic fracture, a
mispositioned or a crudely assessed implant can
lead to over-straining of soft tissue or mechani-
cal contravention or implantation of a prosthesis
which under any circumstance cannot achieve
the required fixation[13].

Prosthetic Joint Infection (PJI): P]I is one of the
main reasons for pain post-SA. Its incidence has
been reported to be between 0.4% to
2.9%[14][15][16][17] in the anatomic shoulder
arthroplasty and between 1% to 10% in reverse
total shoulder arthroplasty (RTSA)[18][19][20].

Complex Regional Pain Syndrome (CPRS): Anoth-
er considerable option in the case of persistent
painful SA is CPRS. It is usually caused after a
noxious event and constant pain is present in a
specific region. CPRSs' clinical representation
often includes mimicking of infection along with
inflammation, warmth, and trophic changes of
the overlying skin. For the diagnosis of the cause
of CPRS is fairly complex many researchers have
however shown that inflammation [21][22][23],
central nervous system dysfunction[24][25][26],
and genetic predisposition[27]has been associ-
ated with it.

Neurologic Injury: Persistent pain inside the
shoulder can be due to neurological factors such
as unrecognized neurologic injury. Neurologic
injuries can occur during the surgical procedure
if proper care and treatment haven't been tak-
en[13].

Component Loosening: Glenoid component loos-
ening is a common source of pain caused due to
activity-related reasons. It usually presents itself
after an SFI. It also has commonly been seen that
radiographical loosening of the glenoid most
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presumably predates symptomatic loosening by
several years[13].

Rotator Cuff Degeneration: Rotator cuff degener-
ation may be present in a painful total shoulder
arthroplasty (TSA) after an SFI. Often partial-
thickness tears occur or small full-thickness
tears may be endured for a certain interval in
the rotator cuff. If tear succession continues, the
shoulder might become exponentially unrelia-
ble, this can result in loss of implant functionali-
ty and implant loosening[13].

Fracture: Periprosthetic fracture is another po-
tential stimulus for pain after an SA after the
presence of an SFI. A 1% incidence of peripros-
thetic fracture post-operation has been reported
in a 4019 series SA along with medical comor-
bidity, assessed by the Deyo-Charlson index,
portraying it as one of the significant risks[28]. A
patient with a history of nonunion or infected
nonunion is also a possible diagnosis[13].

Poor Range of Motion: Poor range of motion is
the second most common cause of pain among
dissatisfied SA patients[29]. It can be a result of
stiffness, deterioration of muscle, or a mechani-
cal block in the shoulder. The fundamental rea-
sons for this are implant-related factors, inade-
quate post-operative rehabilitation, and hetero-
trophic ossification (HO)[13].

Instability: Instability is the third most common
complaint and causes behind failed SA. Its rate is
said to be 4%[30][31]and might be anterior,
superior, or posterior in direction. The most
common causes for instability post-operation
are rotator cuff dysfunction and surgical-related
problems.

Implant Related Factors: Surgical technique er-
rors can be caused due to instability. Under-
sizing of components of anatomic SA or implan-
tation of the humeral component lower than
regulation can be some factors ascending to-
wards instability. In TSA, malalignment of the
glenoid component can produce incorrect gle-
noid retroversion and might result in posterior
instability.

As mentioned earlier, the determination of fail-
ure causality is a fairly complex and technical
process. Multiple biomechanical factors includ-
ing PJI, rotator cuff degeneration, instability, etc.
along with procedural factors can be the source
behind a failed SA. Nevertheless, the presence or

non-presence of an SFI helps a great deal in the
determination of failure origins.

2.2 Failure of Dental Implants

With the increase in success rate and advance-
ments in the field of dentistry, the quality and
the use of implants have improved notably. A lot
of bio-materials have been suggested for the use
of dental implants. In this scenario, it becomes
important to study the factors behind their fail-
ures. Tracking them will help improve the cur-
rent quality standards along with it help in low-
ering down the risk factors.

Failures in dental implants concerning time have
been categorized into two parts, early implant
failures (EIF) and late implant failure (LIF). EIF
occurs within the six months of implantation in
the patient while LIF takes place sometime after
six months. A number study has been conducted
regarding dental implant failure (DIF) taking
many factors into consideration including the
patient's age and gender.

In 2009, Manor et al found that age and sex don't
have a direct correlation with DIF however there
were a greater number of implant failures in
men as compared to women[32]. In 2015 Doll et
al found that there were patients undergoing
radio-chemotherapy, had a 1.9 times risk of im-
plant failure as compared to ablative surgery
patients[33].

Early Implant Failures

Poor Bone Quality and Quantity: The success of
the implant, as well as the safeguarding of alveo-
lar bone, has been majorly predicted on good
bone quality[34]. The local bone density in the
respective area plays a major role in the success
of the implant[35]. A study in 2001, has found
that implanting into bone types 1, 2, and 3 pro-
duces good outcomes while type 4 has derived
lower success rates[36].

Bone Healing and General Health Condition: Bone
healing is also an important factor when it
comes to the rate of implant success. Healing of
the bone is a complex process and demands a lot
of resources and energy from the body and is
biologically laborious. Osseointegration has of-
ten been compared to fracture healing, however,
osseointegration is the binding of the bone tis-
sue to the implant without any external fac-
tors[37]. The patient's medical condition and
stability affect the healing process of bone also
factoring in the osseointegration[38][39][54].

532

elSSN 1303-5150

@

www.neuroguantology.com


http://www.neuroquantology.com/

Neuro Quantology | Jul 2022 | Volume 20 | Issue 7 | Page 528-537 | doi: 10.14704/nq.2022.20.7.NQ33069

Pranit Kumar Singh/Failure of Implants- A modern perspective review

Smoking: Smoking of tobacco leads to slower
healing rates and hindering the success of bone
grafting and dental implants. A higher risk of
complication or implant failure rate has been
concluded in smokers with or without the pres-
ence of bone grafting[40].

Infection: Infection is the most common reason
for a complication that might occur during the
initial healing stages. If it is left untreated it
causes DIF. Complications arise in the form of
swelling, suppuration, etc., and can imply im-
plant failure[37].

Post Insertion Pain: Pain is not associated with
dental implants once the process of primary
healing has been completed. Non-presence of
pain under the action of horizontal and vertical
forces is still a success criterion among dental
implants. The presence of any kind of pain or
negative sensation often points out an acting
pressure on soft tissue from some unfitted im-
plant component. It has been seen that pain
doesn't occur until inflamed tissue surrounds
the implant or it is mobile[41][42]. The associa-
tion of pain with DIF during function has a di-
vided view and is subjective[37].

Lack of Primary Stability: Ample care and atten-
tion have to be given to primary stability after
implantation as it helps in attaining osseointe-
gration. The local bone density also affects the
stability and has a humongous association with
the success of the implant[43]. The local density
of bone can be used for the determination and
classification and characterization of bone[44].

Insufficient Prosthesis and Surgical Technique:
The type of surgical technique and prosthesis is
decided based on the type and the quantity of
bone available[45]. These factors play a major
role in the success of dental implantation. While
mediocre implant design[46] and laboratory
work are accountable for other risk factors for
complications and DIF[102].

Early DIF is very common amongst patients. A
multitude of factors contributes towards such
high numbers. The primary reason behind such
high rates can be related to the osseointegration
of bone with the implant. With improper osse-
ointegration, the prosthesis lacks stability add-
ing to the chances of failures. Infection due to
improper care and medication can also cause
complications and add to the higher chances of
failure.[54]

Late Implant Failures

Excessive Loading: Late DIF has been associated
with excessive loading of the implant where the
bone as well the implant is unable to withstand
the load[37][54].

Peri-Implantitis: An inflammatory process that
affects the hard and soft tissue around a func-
tioning implant. It can result in bone loss leading
towards loss of osseointegration and eventual
DIF[48][54][54].

Improper Prosthesis Construction: Improper con-
struction may lead to fracture and loose screws.
This could occur due to uneven distribution of
load and force between the prosthesis compo-
nents[47][54].

Implant Length and Diameter: Studies conducted
have not found any direct relation between the
implant length and late DIF[49][50]. In a study
in 2011, Strietzel et al found that immediately
loaded short implants had a significant risk of
late failure[51][54].

Most studies have found that implant diameter
is not a related factor for late DIF. However, Al-
saadi et al have found noteworthy high rates of
late DIF with a wide-platformed prosthesis
(5mm) when compared to regular (4mm) and
small diameter (<3.75mm) prosthesis[52].

Factors contributing towards late DIF are far
less in number when compared to early DIF, a
possible reason regarding this could be the
achievement of osseointegration. It occurs at
different rates in different patients but is com-
pleted in a standard period ranging from six
weeks to six months[53]. Once the process of
osseointegration is complete the probability of
failure becomes exceedingly low. However, late
DIF is still encountered by patients making its
study significant and rudimentary.

3. Conclusion

Major advancements have been made in the field
of biomaterials for the development of prosthe-
ses that can closely mimic the properties of their
natural counterparts, resulting in a copious
number of implants for the respective joints
consisting of various materials being accessible
in the market. Having a profound knowledge of
the incorporated properties and failures corre-
sponding to the respective materials is extreme-
ly important. With the new materials and meth-
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ods being synthesized every day a persistent
study of their sources of failure is a salient re-
quirement and must be persistently pursued.

In this paper, a cumulative summary of all the
factors which contribute towards the failure of
implants has been presented. A detailed study
entailing the sources of failure among orthope-
dic implants (hip, knee, and shoulder implants)
and the dental implant has been encompassed
by the authors. In the case of orthopedic im-
plants, it was observed that wear along with its
extension wear debris is the key factor of failure
amidst modern prostheses. To further compli-
cate the process of implantation and bio-
acceptability of implant, wear debris and metal-
lic particles enter the nearby tissue and blood-
stream causing inflammation and sometimes
pseudo-tumors. The use of a metallic component
along with a UHMWPE component is the best
combination incorporating the desirable factors
along with ample implant life. However, the use
of a metallic component poses the risk of corro-
sion, resulting in an infection leading to implant
failure. Enormous amounts of resources have
been invested in years of research to discover or
artificially produce a suitable material overcom-
ing the aforementioned problems. Despite the
efforts, such material/materials are yet to be
found. Thus, the above-stated factors cannot be
neglected completely. In the case of the dental
implant, failure regarding the time of their oc-
currence has been classified as EIF and DIF.
From the literature, it is discovered that lack of
primary stability, osteointegration, and improp-
er care leading towards infection are the prima-
ry reasons for EIF. In LIF, however, it was noted
that lack of proper osseointegration, peri-
implantitis, and improper construction of im-
plants results in implant failure.

To overcome the above-stated factors of failure,
researchers are focusing their research towards
the development of such materials which are
more biocompatible and can overcome the prob-
lem of wear, corrosion, and triggering of infec-
tion and allergic reactions due to wear debris
and particles. Currently, hybrid materials of Ti-
tanium and Zirconia are undergoing clinical trial
and have depicted short-term promising results
but long-term research is yet to be conducted.

References

1.

10.

11.

12.

13.

HCA Homepage,
https://www.homecareassistancerichardso
n.com/reasons-for-elderly-mobility-loss/.

KULKARN]I, A. C., Experimental Wear Char-
acterization of Metal-Polyethylene Hip Im-
plant Materials using Designed and Devel-
oped Screening Devices, BITS Pilani (2015).

534

. Sipek KT, Lyvers ME and Mathew MT. Fail-

ure Causes in Total Hip Replacements: A
Review. Austin ] Orthopade&Rheumatol.
5(1) 1064 (2018).

Hirschmann T. M., Becker R.:The Unhappy
Total Knee Replacement 1stedn. Springer,
Switzerland (2015).

Pazzaglial, U.E., Ceciliani, L., Wilkinson, M.].
et al. Involvement of metal particles in loos-
ening of metal-plastic total hip prostheses.
Arch. Orth. Traum. Surg. 104, 164-174
(1985).

Ibrahim, T., Hobson, S., Beiri, A., &Esler, C. N.
No influence of body mass index on early
outcome following total hip arthroplasty.
International Orthopaedics, 29(6), 359-361
(2005).

The epidemiology of failure in total knee ar-
throplasty Khan M., Osman K., Green G., and
Haddad F. S., The epidemiology of failure in
total knee arthroplasty, The Bone & Joint
Journal, 98, 105-112 (2016).

Tande, A. ]., & Patel, R. Prosthetic Joint Infec-
tion. Clinical Microbiology Reviews, 27(2),
302-345 (2014).

Ortiguera, Cedric ]J. MD; Berry, Daniel ]. MD
Patellar Fracture After Total Knee Arthro-
plasty, The Journal of Bone & Joint Surgery,
84(4), 532-540 (2002).

SKC Homepage,
https://fixknee.com/arthrofibrosis-of-the-
knee.

Healthline Homepage,
https://www.healthline.com /health/total-
knee-replacement-surgery/arthrofibrosis.

Chakrabarty, G., Vashishtha, M., & Leeder, D.
Polyethylene in knee arthroplasty: A review.
Journal of Clinical Orthopaedics and Trau-
ma, 6(2), 108-112 (2015).

Brett P. Wiater, James E. Moravek, J. Michael
Wiater, The evaluation of the failed shoul-

elSSN 1303-5150

@

www.neuroguantology.com


http://www.neuroquantology.com/

Neuro Quantology | Jul 2022 | Volume 20 | Issue 7 | Page 528-537 | doi: 10.14704/nq.2022.20.7.NQ33069

Pranit Kumar Singh/Failure of Implants- A modern perspective review

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

der arthroplasty, Journal of Shoulder and
Elbow Surgery, 23(5), 745-758 (2014).

Cofield, R. H. Total shoulder arthroplasty
with the Neer prosthesis. The Journal of
Bone & Joint Surgery, 66(6), 899-906
(1984).

Fox TJ, Cil A, Sperling JW, Sanchez-Sotelo ],
Schleck CD, Cofield RH. Survival of the gle-
noid component in shoulder arthroplasty. ]
Shoulder Elbow Surg, 18(6), 859-63
(2009).

Gonzalez JF, Alami GB, Baque F, Walch G,
Boileau P. Complications of unconstrained
shoulder prostheses. ] Shoulder Elbow
Surg., 20(4), 666-682 (2011)

Singh JA, Sperling JW, Schleck C, Harmsen
W, Cofield RH. Periprosthetic infections af-
ter shoulder hemiarthroplasty. J Shoulder
Elbow Surg., 21(10), 1304-1309 (2012).

Cheung, E. V., Sperling, ]. W., & Cofield, R. H.
Infection Associated With Hematoma For-
mation After Shoulder Arthroplasty. Clinical
Orthopaedics & Related Research, 466(6),
1363-1367 (2008).

Cuff D, Pupello D, Virani N, Levy |, Frankle
M. Reverse shoulder arthroplasty for the
treatment of rotator cuff deficiency. ] Bone
Joint Surg Am., 90(6), 1244-1251 (2008).

Wall, B.,, Nové-Josserand, L., 0’Connor, D. P,,
Edwards, T. B., &Walch, G. Reverse Total
Shoulder Arthroplasty. The Journal of Bone
& Joint Surgery, 89(7), 1476-1485 (2007).

Alexander GM, van Rijn MA, van Hilten JJ,
Perreault MJ], Schwartzman R]. Changes in
cerebrospinal  fluid levels of pro-

inflammatory cytokines in CRPS. Pain,
116(3), 213-219 (2005).

Munnikes, R. J. M., Muis, C., Boersma, M,
Heijmans-Antonissen, C. Zijlstra, F. ],
&Huygen, F. J. P. M. Intermediate Stage
Complex Regional Pain Syndrome Type 1 Is
Unrelated to Proinflammatory Cytokines.
Mediators of Inflammation, 2005(6), 366-
372 (2005).

Schinkel, C., Gaertner, A., Zaspel, ], Zedler, S,,
Faist, E.,, &Schuermann, M. Inflammatory
Mediators are Altered in the Acute Phase of
Posttraumatic Complex Regional Pain Syn-
drome. The Clinical Journal of Pain, 22(3),
235-239 (2006).

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

Baron, R,, Schattschneider, ]., Binder, A, Sie-
brecht, D., &Wasner, G. Relation between
sympathetic vasoconstrictor activity and
pain and hyperalgesia in complex regional
pain syndromes: a case-control study. The
Lancet, 359(9318), 1655-1660 (2002).

Maihofner, C., Handwerker, H. O. Neun-
dorfer, B., &Birklein, F. Cortical reorganiza-
tion during recovery from complex regional
pain syndrome. Neurology, 63(4), 693-701
(2004).

Pleger, B., Tegenthoff, M., Ragert, P., Forster,
A.-F., Dinse, H. R,, Schwenkreis, P., ... Maier,
C. Sensorimotor returning in complex re-
gional pain syndrome parallels pain reduc-
tion. Annals of Neurology, 57(3), 425-429
(2005).

Mailis, Angela M.D., M.Sc., F.R.C.P.C. (Phys.
Med)*; Wade, Judith B.Sc.t; Profile of Cauca-
sian Women with Possible Genetic Predis-
position to Reflex Sympathetic Dystrophy,
The Clinical Journal of Pain:- 10(3) 210-217
(1994).

Singh, J. A., Sperling, J., Schleck, C., Harmsen,
W.,, & Cofield, R. Periprosthetic Fractures
Associated with Primary Total Shoulder Ar-
throplasty and Primary Humeral Head Re-
placement. Journal of Bone and Joint Sur-
gery, 94(19), 1777-1785 (2012).

Franta, A. K,, Lenters, T. R.,, Mounce, D., Ne-
radilek, B., &Matsen, F. A. The complex
characteristics of 282 unsatisfactory shoul-
der arthroplasties. Journal of Shoulder and
Elbow Surgery, 16(5), 555-562 (2007).

Gonzalez JF, Alami GB, Baque F, Walch G,
Boileau P. Complications of unconstrained
shoulder prostheses. ] Shoulder Elbow Surg.
20(4), 666-82 (2011).

Moeckel, B. H., Altchek, D. W., Warren, R. F.,,
Wickiewicz, T. L., & Dines, D. M. Instability
of the shoulder after arthroplasty. The Jour-
nal of Bone & Joint Surgery, 75(4), 492-497
(1993).

Manor Y, Oubaid S, Mardinger O, Chaushu G,
Nissan ]. Characteristics of early versus late
implant failure: a retrospective study. ] Oral
Maxillofac Surg., 67(12), 2649-2652 (2009).

Doll, C., Nack, C., Raguse, ].-D., Stricker, A,
Duttenhoefer, F., Nelson, K., &Nahles, S.
Survival analysis of dental implants and im-

535

elSSN 1303-5150

@

www.neuroguantology.com


http://www.neuroquantology.com/

Neuro Quantology | Jul 2022 | Volume 20 | Issue 7 | Page 528-537 | doi: 10.14704/nq.2022.20.7.NQ33069
Pranit Kumar Singh/Failure of Implants- A modern perspective review

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

plant-retained prostheses in oral cancer pa-
tients up to 20 years. Clinical Oral Investiga-
tions, 19(6), 1347-1352 (2014).

Sakka, S., &Coulthard, P. Bone Quality: A Re-
ality for the Process of Osseointegration.
Implant Dentistry, 18(6), 480-485 (2009).

Turkyilmaz, I., &McGlumphy, E. A. Influence
of bone density on implant stability parame-
ters and implant success: a retrospective
clinical study. BMC Oral Health, 8(1) (2008).

Martinez, H., Davarpanah, M., Missika, P.,
Celletti, R, & Lazzara, R. Optimal implant
stabilization in low density bone. Clinical
Oral Implants Research, 12(5), 423-432
(2001).

Sakka, S., Baroudi, K., &Nassani, M. Z. Fac-
tors associated with early and late failure of
dental implants. Journal of Investigative and
Clinical Dentistry, 3(4), 258-261 (2012).

El Askary, A. S., Meffert, R. M., & Griffin, T.
Why Do Dental Implants Fail? Part II. Im-
plant Dentistry, 8(3), 265-278 (1999).

Ruggiero, S. L., Mehrotra, B, Rosenberg, T. ],
&Engroff, S. L. Osteonecrosis of the jaws as-
sociated with the use of bisphosphonates: a
review of 63 cases. Journal of Oral and Max-
illofacial Surgery, 62(5), 527-534 (2004).

Levin, L., & Schwartz-Arad, D. The Effect of
Cigarette Smoking on Dental Implants and

Related Surgery. Implant Dentistry, 14(4),
357-363 (2005).

Al-Ouf, K., &Salti, L. Postinsertion Pain in
Region of Mandibular Dental Implants: A
Case Report. Implant Dentistry, 20(1), 27-
31 (2011).

Misch, C. E., Perel, M. L., Wang, H.-L., Sam-
martino, G., Galindo-Moreno, P., Trisi, P., ...
Valavanis, D. K. Implant Success, Survival,
and Failure: The International Congress of
Oral Implantologists (ICOI) Pisa Consensus
Conference. Implant Dentistry, 17(1), 5-15
(2008).

Turkyilmaz, 1., &McGlumphy, E. A. Influence
of bone density on implant stability parame-
ters and implant success: a retrospective
clinical study. BMC Oral Health, 8(1),
(2008).

Misch CE. Density of bone: effect on treat-
ment plans, surgical approach, healing, and

45,

46.

47.

48.

49,

50.

51.

52.

progressive boen loading. Int ] Oral Implan-
tol. 6(2), 23-31 (1990).

Ekfeldt, A., Johansson, L.-A., Christiansson,
U., Eriksson, T., Lindén, U., Lundqvist, S., ...
Billstréom, C. A retrospective analysis of fac-
tors associated with multiple implant fail-
ures in maxillae. Clinical Oral Implants Re-
search, 12(5), 462-467 (2001).

Steigenga, J. T., Al-Shammari, K. F., Nociti, F.
H., Misch, C. E.,, & Wang, H.-L. Dental Im-
plant Design and Its Relationship to Long-
Term Implant Success. Implant Dentistry,
12(4), 306-317 (2003).

Kourtis, S. G., Sotiriadou, S., Voliotis, S,
&Challas, A. Private Practice Results of Den-
tal Implants. Part [: Survival and Evaluation
of Risk Factors—Part II: Surgical and Pros-
thetic Complications. Implant Dentistry,
13(4), 373-385 (2004).

Klinge B, Hultin M, Berglundh T. Peri-
implantitis. Dent Clin North Am., 49(3), 661-
676 (2005).

Noda K, Arakawa H, Kimura-Ono A, Yama-
zaki S, Hara ES, Sonoyama W, Maekawa K,
Okura K, Shintani A, Matsuka Y, Kuboki T. A
longitudinal retrospective study of the anal-
ysis of the risk factors of implant failure by
the application of generalized estimating
equations. ] Prosthodont Res. 59(3), 178-
184 (2015).

Vercruyssen, M., Marcelis, K., Coucke, W.,
Naert, I, &Quirynen, M. Long-term, retro-
spective evaluation (implant and patient-
centred outcome) of the two-implants-
supported overdenture in the mandible.
Part 1: survival rate. Clinical Oral Implants
Research, 21(4), 357-365 (2010).

Strietzel FP, Karmon B, Lorean A, Fischer
PP. Implant-prosthetic rehabilitation of the
edentulous maxilla and mandible with im-
mediately loaded implants: preliminary da-
ta from a retrospective study, considering
time of implantation. Int J Oral Maxillofac
Implants., 26(1), 139-147 (2011).

Alsaadi G, Quirynen M, Komarek A, van
Steenberghe D. Impact of local and systemic
factors on the incidence of late oral implant
loss. Clin Oral Implants Res., 19(7), 670-676
(2008).

536

elSSN 1303-5150

@

www.neuroguantology.com


http://www.neuroquantology.com/

Neuro Quantology | Jul 2022 | Volume 20 | Issue 7 | Page 528-537 | doi: 10.14704/nq.2022.20.7.NQ33069
Pranit Kumar Singh/Failure of Implants- A modern perspective review

53. Click4teeth Homepage,
https://www.click4teeth.com /feature-
articles/what-is-dental-implant-
osseointegration/

54. Do, T. A, Le, H. S, Shen, Y.-W., Huang, H.-L,,
& Fuh, L.-]. Risk Factors related to Late Fail-
ure of Dental Implant—A Systematic Re-
view of Recent Studies. International Jour-
nal of Environmental Research and Public
Health, 17(11), 3931 (2020).

55. Guglielmotti, M. B,, Olmedo, D. G., & Cabrini,
R. L. Research on implants and osseointe-
gration. Periodontology 2000, 79(1), 178-
189 (2019).

537

elSSN 1303-5150 @

www.neuroguantology.com


http://www.neuroquantology.com/

