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Abstract: Proximal contact loss (PCL) between implant restorations and neighboring natural teeth can lead to interproximal caries
and other dental problems. This review assessed the frequency of interproximal caries on teeth adjacent to implants and implant
infraocclusion across different age groups. Factors influencing PCL, including implant placement and adjustments for patient age and
gender, were evaluated. The review also examined the impact of implants on surrounding bone and oral microbiota. Understanding
these effects helps guide implant planning and follow-up care, aiming to reduce complications, preserve the integrity of neighboring
teeth, and maintain overall oral health. Implants can trigger local inflammation and microbial imbalance, leading to bone loss around
adjacent natural teeth and potentially increasing caries risk. Interproximal contact loss (PCL) between implants and neighboring teeth
is common and heightens susceptibility to interproximal caries, affecting oral health. Factors such as implant placement, follow-up
duration, and microbial changes influence PCL development and its consequences. Timely implant placement and consideration of
patient age and gender are essential to manage growth-related changes. Proper treatment strategies combined with regular monitoring
help minimize risks, maintain interproximal integrity, and protect oral health, ensuring implant restorations function effectively
without compromising adjacent natural teeth.
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Introduction
Implants are currently leading the way in clinical practice and are the standard care approach in prosthodontics.'> A dental
implant is a prosthetic tool inserted into the jaw to replace one or more missing teeth, offering support for removable or
fixed prostheses. Additionally, it connects to the jawbone through a procedure known as osteointegration.> ® Implants have
been shown to enhance quality of life, chewing ability, and happiness.”'® Restorative dentists restore implants using metals,
ceramics, or polymers.® In addition to the materials used for restoration, there is a variety of designs for implants including
endosteal, subperiosteal, or transosteal implants. Although the implant design is important, caution should be exercised in
selecting the patient and placing the implant. When placing implants, it is important to take into account the neighboring
vital structures. Different patients have varying eligibility when it comes to dental implants. People with uncontrolled
metabolic diseases, acute illnesses, bone infections, and anomalies are typically not good candidates for dental implants
when compared to healthy individuals. Conditions such as diabetes, osteoporosis, HIV, and individuals undergoing radio-
therapy in the head and neck area are considered relative contraindications for dental implant surgery.’

Implants are known to have a high success rate of 95%.,> however, there is always a chance of complication,
including biological, technical, and mechanical issues.'' '’ Firstly, a variety of mechanical issues, including cement

failure, screw/implant fracture, and loosening of the screws, might impact implants.'' Overloading the implant, which
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occurs when the bite force exceeds its capacity, can lead to screw loosening, screw/implant fracture, and cement failure.
Peri-implant vertical bone loss raises the possibility of an implant fracture if it is severe enough to coincide with the
screw’s apical limit. Secondly, fractures are caused by technical issues including strain and increased rigidity in the
connection between the implants and fixed framework."'"'®!'* Moreover, the weak strength of the material may cause the
porcelain veneer to shatter, which would cause the framework to chip.'' Lastly, there are biological consequences, which
include infection brought on by microbial plaque accumulation, per-implantitis, and infra-occlusion of implants.'!-'*2°

Interproximal Contact Loss (PCL) is a frequently seen complication, with reported prevalence rates ranging widely
from 18% to over 65% in various studies, underscoring its commonality. PCL is caused by various factors leading to
clinical consequences such as food impaction, discomfort, pain, patient dissatisfaction, and the start of cavities.”' >® The
open embrasure facilitates plaque accumulation, with one study finding a direct association between food impaction and
inflammatory peri-implant soft tissue conditions in over half of the cases examined.>' However, the soft and hard tissues
around implants are more prone to disease compared to natural teeth.>>*”~*° This is particularly critical as PCL has been
significantly linked to both peri-implant bone loss and soft tissue inflammation, highlighting its role as a biological risk
factor.*®

Implant-supported restorations may experience occlusal plane disparity due to the non-eruption potentiality of
implants. The infraocclusion/infraposition is the term used to describe this disparity.*'** This is not a rare occurrence;
long-term studies have documented infraposition in a substantial portion of patients, with mean vertical discrepancies of
1-2 mm observed over follow-up periods exceeding 15 years.”>*' One of the main factors for dental implant failure and
complication has been identified as growth alterations.'*** ¢ According to current research, adults may experience the
same complications as young, developing children.'?***> This is evidenced by continuous, albeit slow, vertical eruption
of natural teeth measured at approximately 0.1 to 0.2 mm per year in adults which can lead to significant clinical
infraposition of the static implant.'**> The primary objective of this review is to elucidate the frequency of interproximal
caries on the natural teeth next to implants and the infra occlusion of implants in patients of all ages.

Infra-Position

Age and Growth

Several studies have well-documented the impact of growth on implants in growing patients. However, alterations from
implants in adults are not fully apparent, and in the past, many researchers held these beliefs. Recent research has shown
that adults experience growth changes that can affect implants. Behrents, Bishara, and Forsberg’s studies indicated that
contrary to popular belief, adults do continue to grow slowly throughout their lives, debunking the myth that adults do
not grow. Conversely, these modifications are observed to a greater extent in children who undergo more accelerated
development.*’>° Research suggests that there may be notable variations in growth for both sexes between the ages of
25 and 45. As a result, these modifications would impact the stability and placement of dental implants, which may
eventually result in problems such misalignment or infraocclusion.”® The consequences of skeletal growth on the
placement of dental implants in growing individuals are clearly defined and well-researched. However, the subtle
structural changes that occur in adult implant sites have just come to light. Adults still undergo minor growth, according
to research, which can have an impact on dental implants. According to Andersson, patients with single-implant
restorations in their upper front teeth would have infraposition after 15 to 20 years. Luis Huanca, Grethe Jonasson,
and Stavros Kiliaridis discovered that in females, the anterior maxillary teeth exhibit greater eruption than the posterior
maxillary teeth.* In contrast, Thilander demonstrated continued growing eruption in three adult patients who had
a single implant during adolescence.’’>* There is a significant risk of implant infraposition in younger individuals

whose maximum growth has not yet occurred. Andersson et al*®

conducted research on the age-infraposition association
and noted that older individuals may still experience implant submersion after the age of 17 to 19 years. According to
Bernard et al’ both young patients with residual growth potential and mature adults may experience similar alterations in
the location of their natural teeth next to implant-supported crowns. Moreover, Haunca et al*> demonstrated that female
patients had ongoing tooth eruption, particularly in the upper incisor region. According to Jemt et al'? a 25-year-old

woman had implant infusion after nine years, and she displayed obvious symptoms of the condition. According to
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Schwartz-Arad et al’® implant infraposition remains constant throughout life but changes with age. It is particularly
noticeable in the second and third decades as opposed to the fourth and fifth.

Gender

The majority of authors advise waiting until bone growth is finished, which is usually about 15 or 18 years old for
women and males, respectively, before using implant-borne restorations in the anterior region.”**®>? Infraocclusion still
develops in adults. Neighboring teeth keep erupting vertically and shift the occlusal plane, and this process continues
through adult years.*>*’-** Males continue to grow their faces until they are about 25 years old, which can have an impact
on when dental implants are placed.**>® Therefore, as the jawbone and face continue to expand, the stability and location
of dental implants may be impacted, which may result in implant misalignment or other issues. In contrast, female
growth is finished by the time they are 17 years old; although, modest modifications in growth may occur. However,
these alterations are quite slight less than 1 mm and often do not pose a serious risk to the implantation of dental
implants.?*> Bernard et al concluded that male and female patients do not differ in the degree of vertical eruption or the
location of the implants.*' However, among the 40% of patients who exhibited indications of submersion,?*? frequently
found that females had a higher incidence. It was noted by Schwartz-Arad et al’® and Jemt et al>” that there were greater
but not statistically significant rates of submersion and tooth movement in females next to implants. A study found that
most females exhibit greater infraposition, albeit to minor degrees roughly 1 mm or less.”” Both adult and pediatric
patients may experience similar significance from the neighboring teeth’s ongoing eruption process. This finding does not
suggest that younger patients have a high eruption potential. It should be emphasized that growing individuals in the pre-
pubertal and pubertal growth stages were not included in the current sample since in these circumstances the alveolar

vertical alterations were anticipated to be quite high.*’

Growth in the Jaw Bones

The predicted lifetime of implant prostheses means that aging-related modifications to these devices should be
considered.***%° The maxilla and mandible’s skeletal alterations have a significant effect on single-tooth implants
because the teeth erupt and move in the new space formed when the arches separate. Consequently, unlike ankylosed
implants, which are unable to adjust to changes in alveolar and maxillomandibular growth, these changes in maxillo-
mandibular growth led to adaptive alterations in the teeth over time.®' ® Teeth adjust to changes in growth in all
directions vertically, transversely, sagittally, and aligned. As a result, surrounding natural teeth may become misaligned
with the implant, or the implant may cease to be vertically occluded.*” Maxillo-mandibular growth corresponds with the
skeletal chronology. The transversal plane stops growing first, then the sagittal plane, and finally the vertical plane.
Unlike natural teeth, implants do not undergo the same regular bone remodeling.®*

Maxillary Growth (in Growing Patients)
Most maxillary changes develop from remodeling that continues after age seven.®® The front maxillary quadrant often

shows tooth loss from trauma and cases of congenital absence, so this area needs close evaluation.®®

Transverse Growth

Transverse maxillary development at the midpalatal suture is another growth mechanism that causes rotational growth,
which anteriorizes the location of the maxillary molars. It is advisable to wait until a person is fifteen years old for girls
and seventeen years old for males before placing osseointegrated dental implants in the maxillary posterior quadrant.®®
First, the sutura palatina mediana grows more rapidly than the anterior section of the maxilla, which completes its growth
before the growth spurt.®*>%7 The midpalatal suture typically closes after puberty, which occurs between the ages of
fifteen and twenty-seven.®” The lengthening of the jaw is positively correlated with the growth of the posterior part of
the maxilla. Little alterations take place at the intercanine distance (mean increase, 0.9 mm) beyond the age of 10.°’
However, the sutural widening in this region which is three times greater in the posterior than the anterior suggests
a modification of the dental arch, whereas the increase in intermolar distance is less pronounced.®* Arch dimensions
continue to shift until full eruption. Posterior segments show gradual changes during young adulthood.®* Intercanine
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width settles first, then intermolar width. Implants placed during this period can lead to spacing issues and occlusal
56,57,59

mismatches.
Implications of Transverse Growth

In a young child, the placement of an implant next to a natural tooth in the central incisor region may cause diastema,
which would move the midline to the implant side.®**>7 It also happens when the transverse growth is not fully
completed and both central incisors are replaced. There are no appreciable transversal difficulties in comparison to
vertical concerns, according to case studies where implants were implanted in young individuals (as young as nine years
01d).**%>¢7 The implantation of orthodontic appliances that use a midpalatal implant as anchorage is another factor to

take into account; this is best planned at or after the age of fifteen.**%>¢

Sagittal Growth

Sutural growth and bone apposition at the maxillary tuberosity cause the maxilla to grow longer while maintaining
stability in the anterior region. However, when the maxilla follows the mandibular growth, up to 25% of this sutural
growth is lost at the anterior site. Sagittal growth stops earlier even though it relates to overall body height changes.®>’
Teeth drift mesially during this period, and the lateral maxillary segment from the canine to the first molar shifts forward.
This segment moves about 5 mm between ages ten and twenty-one, while the maxillary incisor moves only 2.5 mm
buccally. The difference in movement produces crowding.®*%>-¢’

Implications of Sagittal Growth

The gradual loss of bone on the labial side of an implant could result from resorption in the anterior part of the maxilla as
reported in the case report in which labial fenestrations were seen in a thirteen years old boy after eleven months of
implant placement and in eleven years and half old girl as early as eleven months after implant placement as well.
Moreover, the labial fenestration problem worsens with time as the patient grows-up. Teeth normally migrate mesially
while implant is ankylosed and it does not play a role in “spontaneous tooth migration” theory. Therefore, an implant
placed in the lateral region may hasten the mesial drift of the other teeth leading to an asymmetrical arch and the implant

itself will move more palatal with time.**%>¢7

Vertical Growth
Sutural growth (displacement), remodelling, and ongoing tooth eruption are limited to the maxilla’s vertical expansion as
a result of expanding the orbit and nasal cavities, the maxilla’s downward movement away from the cranium, and the
maxillary sinus’ remodelling. For girls, the vertical growth typically lasts until the age of seventeen or eighteen, while it
lasts longer for boys. However, depending on the type of facial growth and the teeth’s ongoing eruption, alterations may
still happen, albeit considerably more slowly than during the active development phase. Significant modifications
throughout decades have an impact on the utilization of osseointegrated implants.**®” Long-term data shows that
infraposition exceeding 1 mm can be observed in a significant portion of patients after 15-20 years, highlighting the
cumulative effect of these subtle changes.?®>> Implant placement in the anterior maxillary quadrant should be attempted
before the age of fifteen in female patients and seventeen in male patients for the purpose of achieving a unique treatment
planning and with bring attention on the only determination of skeletal age and proper informed consent on the needs of
implant change in future.®®

The maxillary incisors will shift around 2.5 mm buccally and 6 mm downward between the ages of 9 and 25.° Even

at the age of eighteen,'®®*

the average eruption velocities reach 1.2 to 1.5 mm/year during the active growth phase and
0.1 to 0.2 mm/year after adulthood.** According to Ranly’s calculations, an implant placed in the maxilla’s front region at
the age of seven will be situated nine years later, 10 mm more apically than the teeth next to it.***” Clinical follow-ups
showed the same pattern. Children who received single implants around age twelve showed a relative infraocclusion of
about five to seven millimeters after four years, and some cases also showed a small labial fenestration. Similar changes
appeared in the molar region as well.** Bernard et al later reported that implant placement in the front maxilla did not

change how much the neighboring teeth continued to erupt vertically.>
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Implications of Vertical Growth

It is recommended that implants be placed beyond the age of eighteen to avoid vertical problems, particularly those
resulting from remodelling. The duration of the vertical growth is longer than that of the transversal and sagittal aspects,
which concluded earlier.®*%” Implants placed before full skeletal maturity often create an unsteady implant to
prosthesis ratio. This situation can force repeated lengthening of the transmucosal component, which raises functional
load on the implant.®® Maxillary bone keeps reshaping at a marked rate after the age of seven. About two-thirds of the
total change stems from remodeling, and this process can shift the implant from its intended position over time.** Vertical
growth of the maxilla also drives slow forward and downward drift, and this movement contributes to displacement
around single implants and small implant-supported bridges. The vertical expansion by drift is particularly significant for
single implants and/or partial bridges on implants.®* The implant apex may theoretically even pierce the nose’s floor and
occupy a portion of the piriformis aperture.**®” The general growth parameters that are mentioned for the maxillary
anteroposterior area also apply to the maxillary posterior quadrant.®® Figure 1 shows how a fixed implant fails to keep
pace with erupting adjacent teeth. Continued vertical eruption leaves the implant crown in relative infraocclusion and
breaks the proximal contact. The open space traps food and fosters bacterial buildup. This process encourages caries and
local bone loss on the neighboring tooth, showing that a stable implant can still create harm for the surrounding dentition.

Implants in Syndromic Patients
Ectodermal Dysplasia and Anodontia
Ectodermal dysplasia is frequently linked to congenital anodontia, a rare and heritable disorder. Implants may be
a therapeutic option for ED sufferers. Unless there are extremely rare instances of total aplasia, as in ED, implants
should be inserted when growth is nearly complete.®® In order to support the child’s function and attractiveness, the
National Foundation for ED in the USA recommends a complete denture in cases of total aplasia as early as age three.
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Figure | Longitudinal Cross-Sectional Comparison of Implant Infraocclusion and Proximal Contact Loss Over Time [Panel A (age 16) shows ideal occlusion with tight
proximal contacts and healthy periodontal tissues immediately after implant placement. Panel B (age 21) illustrates how physiological eruption of adjacent natural teeth,
combined with the ankylosed implant’s lack of vertical movement, leads to infraocclusion, proximal contact loss (PCL), food impaction, microbial biofilm accumulation,
interproximal caries, gingival inflammation, and alveolar bone loss on the adjacent natural tooth].
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When the mandible’s median suture has already closed, around age six, implants in the lower anterior jaw are advised to
support an overdenture. The 1988 National Institute of Health Consensus Development Conference on Dental Implants in
Bethesda declared that dental implants might be helpful for young patients with ED.®® Implants are a viable therapy
option for people with ED, and compared to patients who are normally growing, it is recommended to insert the implant
earlier, according to numerous studies. Several investigations revealed that implantation of the implants in a developing
patient can have some modest issues. Implant submergence, prosthesis remodelling, implant or prosthesis adjustment
(implant inclination, vertical height of implant and prosthesis), and implant failure were reported. Maxillary implants
were found to have a higher failure rate than mandibular implants. The use of implants in growing patients remains
dubious because only clinical reports have been published on the subject, and more clinical studies are required. Parents
should be informed about the risks and benefits of having implants placed in their children at a young age, and careful
treatment planning that carefully considers benefits and drawbacks is required before beginning any course of
treatment.*®

Acromegaly

Following careful treatment planning and the completion of a patient informed consent form, a fifty-nine-year-old patient
with acromegaly received implants in accordance with standard fixed prosthodontic principles. At the time of the final
follow-up in the fourth year following implant implantation, the soft tissues were healthy, the bone level surrounding the
implant had stabilized since loading, and there were no clinical symptoms of infection. The patient’s medical condition,
drugs consumed, surgery performed, recall schedule compliance, and at-home and professional maintenance schedule
will all affect the prognosis in the future.®®

Interproximal Contact Loss

Early Presentation of PCL

Some studies indicated that the first PCL can occur within a few months of service, specifically after 3 months,**** 4
months,?® and 6 months.?’ The approximate prevalence rate of PCL ranged from 3% to 33.5% per year, with a general
tendency for the rate to be close to 10% per year.%” The short-term studies revealed a noticeable prevalence of early PCL.
After evaluating proximal contact tightness for 18 participants, Ren et al®® noticed a statistically significant reduction in
tightness after 3 months of service. Within 1 year of service, the prevalence of PCL was found to be 11% in a large-scale
study of 4,325 implants,>® 12.5% in a 7-year prospective analysis,”> and 24.3% in a l-year preliminary investigation.”®
According to prospective research, the incidence of PCL increased to 25.7% after two years from 16.5% after one.”’
A comparable prospective study found that the incidence of PCL was 3.3% after one year and surged to 21.3% after two,
demonstrating a more than six-fold increase within the second year of function.”” According to another study, the
incidence of PCL decreased to 15% in individuals who used retainers, from 30% in one year to 15%, highlighting a 50%

reduction in prevalence with the use of a stabilization appliance.”

Patient-Related and Prosthesis-Related Factors

Gender, age increment, vitality of adjacent teeth, the type of opposing dentition, the location of implant prostheses, the
strength of occlusal force, and splinting of the adjacent teeth are proposed as potential factors to be considered in regard
to PCL, but the correlation remained unclear.”>**’* A systematic review by Bento et al’> stated a prevalence of PCL in
41% in women and 36% in men across a wide age range (19-91 years), suggesting PCL is not exclusively associated
with a specific gender or age group. The hierarchy of evidence for these risk factors is summarized in Table 1, which
distinguishes between well-supported and inconclusive associations. Findings from long and short follow-up cohorts
point to the same pattern. Findings from long and short follow-up cohorts point to the same pattern. Gender shows no
measurable effect on proximal contact loss, even when assessed across different age groups and prosthesis
locations.***>**3%7¢ Age shows a steady rise in both frequency and size of contact loss. This rise appears early in
adulthood and becomes more pronounced with advancing age. Mesial contacts show the strongest age-related shift, with
several analyses reporting wider and more frequent gaps in older individuals.>>~***>% Saber et al*° reported no
measurable age effect on proximal contact loss. Bompolaki et al** found slightly more intact contacts in men, though
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Table | Evidence Summary of Proposed Risk Factors for Proximal Contact Loss (PCL) Between Implant-Supported Restorations and
Adjacent Natural Teeth [“Level of Evidence & Consensus” is Based on the Consistency of Findings Across the Longitudinal and Cross-
Sectional Studies Cited in This Review]

Risk Factor Level of Evidence & Key Findings
Consensus
Time in Function Strong/High Consensus Proximal contact loss (PCL) prevalence and gap size increase with time.

Incidence rises from 3.3% at | year to over 21% by 2 years. Up to 50% of

contacts may be lost within 5-9 years 2283872

Surface (Mesial vs. Distal) Strong/High Consensus Mesial surfaces are at higher risk. Studies report mesial PCL rates 2.1-5.4 times

greater than distal rates, primarily due to physiological mesial drift.2¢™22

Arch Location (Anterior vs. Moderate/Inconclusive Some studies report higher risk in posterior teeth, while others report higher
Posterior) prevalence in anterior teeth, showing inconsistent findings.>*”®
Jaw (Maxilla vs. Mandible) Weal/Inconclusive Conflicting evidence exists. High-quality studies report higher PCL in both jaws

without a definitive pattern,2*28707>

Patient Age Weald/Inconclusive Older age is sometimes associated with higher PCL incidence or gap size, but

other studies show no significant effect,?2>26-303?

Patient Gender Weak/No Consensus Gender does not significantly affect PCL, though occasional non-significant

trends are observed.?>273076

the difference lacked statistical strength, and contact tightness stayed stable across age groups. Yen et al’® observed
a mild male trend toward contact loss that also failed to reach significance and confirmed no age influence. Age, sex,
craniofacial growth pattern, and the presence of an implant have been proposed as factors that shape contact behavior
over time. Mechanical loading and daily function formed the main drivers across reports. Men with heavy wear, younger
patients with active drift, and teeth with limited bone support around single-rooted teeth showed a higher rate of mesial
contact loss than distal areas. Removable antagonist prostheses produced a lower rate of contact changes, pointing toward
reduced force transmission as the likely reason for slower mesial drift.”> >’

Location-Specific Differences (Mandible vs Maxilla, Anterior vs Posterior, Mesial vs Distal)

The dental literature of Spyridon Varthis shows high percentages of interproximal loss (PCL) between implant restora-
tions and neighboring teeth, with the mesial side more damaged than distal contacts. The percentages vary from 18% to
66% in the mandible and 37% to 54% in the jaw.>’ In his comprehensive review, Victor Augusto Alves Bento of the
studies that were chosen, half had an PCL rate greater than 50%, and the other half had an PCL rate less than 50%. The
majority of research that examined the variations between the mesial and distal sides indicated that the mesial side
showed greater loss. A higher loss was seen in the maxilla in 50% of the investigations, and a higher loss was seen in the
mandible in the other 50%. For the posterior vs anterior regions most of the studies concluded that the posterior region
has higher loss.”

Pang et al*® showed a clear pattern of stronger proximal contact loss on the mesial side than the distal side, driven
mainly by continuous mesial drift of the adjacent tooth. Their work also showed a higher mesial loss in the maxilla than
the mandible. Bompolaki et al** tracked contact changes over time and found progressive reduction in mesial tightness
during follow-up, while distal contacts remained stable Their analysis showed higher loss at molar sites, with 42.6% at
molars, 22.2% at second premolars, and 10% at first premolars. French et al*® described a different pattern with more

openings in the mandible, although this trend was not consistent across studies. Byun et al*’

found more mesial openings
next to implants than distal openings and recorded a statistically significant increase in mesial loss, with a 2.1-fold rise
compared with distal loss (P = 0.048). Proximal contact loss can appear quickly, with noticeable gaps forming within
three months of placing the prosthesis. Natural teeth continue to drift mesially and erupt to compensate for wear and

alveolar changes, while an osseointegrated implant remains fixed. This difference causes the natural tooth to move away
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from the implant restoration, creating an open contact. The gap allows food to accumulate and plaque to build up, which
can trigger inflammation in the surrounding soft tissues.”® *° Varthis et al*® reported that mesial surfaces have a higher
rate of contact loss, with 57.9% of cases involving the maxilla due to growth-related factors affecting the mandible and
maxilla, contributing to PCL. PCL was observed in 47.8% of anterior and 53.6% of posterior implant restorations. Saber

1*° found mesial interproximal contact loss in 42.1% of cases, compared to 14.5% for distal contacts, with no

et a
significant difference between the maxilla and mandible. In contrast, the anterior region showed a higher PCL prevalence
than the posterior region. Shi et al’® reported higher PCL rates in the mandibular arch (37.2%) than in the maxilla (9.1%;
P>0.01), while arch location overall did not significantly influence PCL. Koori et al*® observed interproximal contact loss
in 43% of patients, with 51.8% of mesial contacts affected versus 15.6% of distal contacts, and greater loss in the
mandible than the maxilla. Ren et al® demonstrated that distal contacts maintained significantly higher tightness than
mesial contacts at one year (P<0.001). Chao-Hua et al*® found 27% of mesial contacts and 5% of distal contacts were

13° confirmed that

open, showing a 5.4-fold higher PCL rate on the mesial side, consistent with mesial drift. Jui-Ying et a
distal contacts have lower PCL risk than mesial contacts (P<0.05), with no significant difference between mandibular and
maxillary arches. Mehanna et al’® reported no statistically significant differences in PCL between maxilla and mandible
or between mesial and distal surfaces. These findings constantly show that mesial contacts are more susceptible to PCL
than distal contacts, and mandibular and maxillary arches can both be affected, though the extent varies by study.
Figure 2 describes a 3D schematic of the dental arches illustrates the common sites for PCL between implant-supported
restorations (gray) and natural teeth. The image highlights the significantly higher prevalence of PCL on the mesial

surface (52%) compared to the distal surface (16%). The mandible is noted as a higher-risk site. The detailed view (right)

Koori et al. (2010)**

Maxilla
S e PCL- Proximal contact loss Implant
= o Higher PCL risk- Posterior mandible  contact site BCL %
= e Risk of PCL- Mandible>Maxilla ) N
e Red- Mesial PCL (common) Mesial 52%
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¢ Gray tooth- Implant Distal 16%
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M O Microbial
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D

PCL develops where implants and natural teeth meet due to
differential eruption and migration.
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M O
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S gingiva
Alveolar bone loss
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Figure 2 Etiology, Prevalence, and Consequences of Proximal Contact Loss (PCL).28
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depicts the pathological sequelaec of PCL: the mesial drift and continued eruption of the natural tooth away from the
ankylosed implant create an open contact. This space leads to food impaction, microbial biofilm accumulation, gingival
inflammation, alveolar bone loss, and ultimately, interproximal caries on the adjacent natural tooth.

Time in Function (Timing of Placement)

Proximal contact loss (PCL) increases with time following implant-supported restoration placement. Studies have
observed measurable contact loss as early as three months after prosthesis delivery, and this loss continues progressively
over the years,2¥30-38:69.70.76.77.81 The Kaplan-Meier method indicates that 50% of proximal contacts may be lost within
three to nine years depending on the cohort and study design.?”**7” Short-term prospective studies can precisely track
the timing of PCL, while retrospective and cross-sectional analyses report cumulative losses without exact
timepoints.*>**~%77> The number of open contacts and the distance between the implant restoration and adjacent
teeth increase over time.”®’” Early PCL can appear within months after crown insertion, with some sites showing contact
loosening within the first year, which may worsen progressively during follow-up periods extending up to twelve
years, 28 30-38:69.70.76.77.81 Nagjal contacts show a higher prevalence and earlier loss than distal contacts, reflecting the
ongoing physiological mesial drift of natural teeth.”***’” Long-term observations report that PCL rates continue to rise
steadily, with approximately half of the interproximal contacts affected by five to nine years.?**® During follow-up
periods, the PCL rate can increase by 9% annually, while tight contacts gradually loosen, and open contacts accumulate
over time.?®?®77 The loss occurs in both anterior and posterior regions, and both maxillary and mandibular arches are
affected, though the extent varies by site and arch.”®2*7%"7 Functional loading contributes to the progression of PCL,
and contact tightness diminishes gradually during the first few months after restoration delivery.®®’® Cumulative data
indicate that mesial contact loss predominates, with a higher proportion of open contacts observed in molar sites
compared to premolars.”®**77 Distal contacts remain comparatively more stable, and early contact loss at distal surfaces
is less frequent even over extended follow-up.??® The timing of PCL differs across studies due to variations in study
design, follow-up duration, and measurement methods. Prospective longitudinal studies provide precise timing of contact
loss, while cross-sectional or retrospective analyses report prevalence at discrete timepoints, which may underestimate
early events.>>?%3%7%77 The progressive nature of PCL emphasizes the need for continuous monitoring of implant
restorations, as interproximal contact deterioration can occur shortly after prosthesis delivery and continue throughout the
functional life of the restoration. Early identification and management of open contacts may prevent food impaction,
plaque accumulation, and peri-implant tissue inflammation.

Prevention of PCL (Retainer Usage)

Numerous studies have reported various strategies to avoid or prevent PCL, including tightening the proximal contact
during restoration installation, scheduling routine follow-ups, and employing a removable retainer to lessen the move-
ment of the natural teeth.”®’®*2 The proximal contact tightness between an implant-supported prosthesis for a single
tooth and the neighboring natural teeth, both with and without the use of an Essix retainer, was assessed in a study by

173

Kandathilparambil et al’” According to this study, using an Essix retainer, primarily on the mesial side, reduced the

incidence of PCL by 15%. The use of Essix retainers has been suggested by many studies to minimize movement of teeth

post-restoration delivery, thus maintaining the arch integrity,2:4%:70:73.74.83.84

PCL as a Risk Factor for Interproximal Caries

The clinical significance of proximal contact loss extends beyond mechanical issues and patient discomfort to pose
a direct biological threat to the adjacent natural dentition. The open embrasure created by PCL serves as a site for food
impaction and plaque retention, fundamentally altering the local ecological niche.”” This stagnation promotes a shift in
the oral microbiota, facilitating the formation of a cariogenic biofilm that is notoriously difficult for patients to remove
through routine oral hygiene measures.’>** The association between food impaction from PCL and adverse peri-implant
soft tissue conditions has been directly documented, with one study finding inflammatory changes in over 50% of
cases where food was impacted.>' This localized inflammatory environment compromises the periodontal health of the
adjacent tooth and, combined with prolonged plaque accumulation, creates ideal conditions for caries initiation.*® The
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inability to clean the open contact effectively allows for sustained acid production by cariogenic bacteria, leading directly
to demineralization of the vulnerable proximal surface of the adjacent natural tooth.?"”” PCL should be regarded not
merely as a prosthetic complication but as a significant and direct risk factor for the development of interproximal dental
caries.

Clinical Implications

PCL between implant-supported restorations and neighboring natural teeth can cause food impaction, discomfort, caries,
and patient dissatisfaction. PCL is more common in the mandibular arch due to mesial drift of adjacent teeth, arch growth
patterns, and occlusal plane changes. Preventive measures include ensuring firm proximal contacts when placing
restorations, scheduling regular follow-ups, and using removable retainers like Essix retainers. Controlling occlusal
plane discrepancies can prevent implant infraocclusion, and monitoring long-term changes is critical in younger patients.
Regular radiographs help track peri-implant health and identify complications early. These practices reduce PCL risk and
help maintain implant function and patient satisfaction.

Conclusion

PCL, or the space created between neighboring natural teeth and implant restorations, is a common problem that raises
the risk of interproximal caries, which can have a serious negative effect on oral health. Important roles are played by
variables such implant placement, follow-up length, and microbial dysbiosis in the development of PCL and its
aftereffects. Timely placement of dental implants and age and gender modification in growth should be taken in
consideration during implantation. It takes suitable treatment techniques and routine monitoring to reduce these risks
and preserve oral health.
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