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Abstract: Jobs that require physical labor for extended hours over a long period of time,
such as working in the construction industry, put workers at higher risk of experiencing
occupational hazards. In addition to the intensity of the physical labor, these jobs may
also expose workers to chemicals or harsh work environment such as working outdoors,
exposure to weather and dust particles and high altitudes or underground. The effect on
physical well-being has been studied and protective safety equipment such as helmets are
mandated and enforced to protect against physical injury. However not many studies have
investigated the effect on dentition. There is not much attention given to implementing
protection against dental and oral trauma. Through clinical observation and review of
literature review, construction workers are showing signs of chronic dental trauma
resulting in advanced dental treatment needs. Work related traumatic dental injuries
have resulted in specific pattern of fractured teeth, loss of tooth structure, dental
infections, malocclusion, Temporomandibular joint dysfunction and edentulism. (1)
Dental treatment of these conditions requires multiple dental visits, often needing a full
mouth rehabilitation to restore lost dental structure and altered facial dimensions.
Treatment of these condition is usually costly, requiring multiple specialties. The purpose
of this article is reviewing available literature to explore the different work conditions
that can result in traumatic dental and oral injuries, to highlight their detrimental effects
on dentition and oral health and finally to propose implementing and a mandating
protective appliance for workers.

INTRODUCTION

Jobs that require physical labor for long hours per day and extended periods of time will
eventually take their toll on the human body. Working in the construction industry presents
difficult working conditions, exposing workers to one of the most demanding environments
in the workplace, making them at a higher risk of experiencing health issues and,
consequently, a lower quality of life. (1) Construction workers are at a heightened risk of
occupational hazards due to the nature of their work. Workers may experience dental
disorders caused by physical demands of the job or exposure to chemical substances, and
even mental distress due to working long hours in such an environment.

The operation of heavy machinery, exposure to high-frequency industrial noise,
accumulation of dust, and presence of acid fumes from chemical processes, outdoor or
underground work sites, all pose significant health risks to workers. Dust particles of varying
sizes at construction sites can be inhaled, leading to respiratory and cardiopulmonary
diseases. Inhaling dust and acid fumes through the mouth can result not only in systemic
issues but also significantly impact the dental apparatus. (2,3,4) Exposure to those
conditions can lead to various orofacial disorders, including traumatic dental injuries. The
consequences of these injuries are loss of tooth structure, pain, functional disorders such
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as difficulties in chewing, and concerns about aesthetics, all of which may affect workers'
mental health.

This article intends to provide a review of the occupational hazards that contribute
to chronic tooth trauma and thus jeopardize the oral and dental health of workers.

CHEMICAL EXPOSURE

Dental Erosion and Tooth Discoloration

Similar to many oral diseases, such as dental caries, dental erosion is a disorder with a
multifactorial etiology. The primary causal factor is the chemical breakdown of enamel and
dentine by acids from external or internal origin. During an erosive attack, protons of the
acidic agent attack the components of hydroxyapatite, carbonate, phosphate, and hydroxyl
ions. As a result of this attack, hydroxyapatite crystals are breaking down, which in turn
causes the release of calcium ions. Key factors for the development of dental erosions are
the pH, titratable acidity, phosphate, and calcium concentration, as well as the fluoride
content of the acid, all of which determine the extent and intensity of the dissolution. (5).
Erosion generally appears as bilateral concave defects without the chalky or rough texture
commonly associated with bacterial acid decalcification. In the initial stages, erosion
impacts the enamel, resulting in a shallow, smooth, glazed surface that often has no
developmental ridges or stain lines and is usually free from plaque build-up unless sensitivity
affects oral hygiene. (6)

Numerous studies have demonstrated that occupational exposure to acids can lead
to dental erosion. (7-18,) Acidic solutions can exist in the air in a few different forms: mist,
vapor, and gas. Some of the industries that are exposed to acidic solutions include
manufacturing (like phosphate fertilizers, isopropyl alcohol, ethanol, sulfuric acid, nitric
acid, and lead acid batteries), construction, petroleum and coal products, oil, and gas
extraction, as well as printing and publishing, paper making and leather manufacturing. On
top of that, workers in industrial sectors related to metal materials or metal-related
compounds, including those involved in smelting copper, electroplating, and pickling, are
at higher risk of being exposed to metal-containing acid mist. (19)

In a 2016 study conducted in Lahore, Pakistan, it was concluded that 79.7% of the
236 mineral, chemical, and metal workers who participated in the study had dental erosion.
These workers did not gargle during or after work. (7) A similar study was conducted among
workers at a glass manufacturing facility in India, involving an examination of 936 subjects.
The findings revealed that 77% of these individuals’ exhibited signs of dental erosion. (8)

A clinical examination of workers in the automotive battery and phosphate fertilizer
industries has revealed that 79% of production line workers experience tooth erosion,
primarily affecting the labial surfaces of the maxillary anterior teeth. Additionally, there is
notable occlusal attrition of the posterior teeth. This damage occurs from operating in an
environment where sulfuric acid is used to process phosphate rock, to make phosphoric acid,
which is the main component in most chemical fertilizers. (11) Furthermore, it is noticed
that workers who worked for longer years in the production unit exhibited significant and
persistent blue-green staining of their teeth. This staining is caused by acidic sulfur-lead
mist that deposits on eroded and decayed tooth surfaces. The discoloration is primarily
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found on the labial surfaces of the maxillary anterior teeth, which is often related to mouth
breathing due to nasal breathing difficulties. (11)

In addition to the erosion, occupational and environmental factors significantly
impact dental coloration. Extended exposure to metals like iron and manganese can cause
black stains on teeth, while mercury and lead dust may result in blue-green tints. In addition
to that, exposure to copper and nickel can produce green stains, and inhaling chromic acid
fumes can lead to deep orange discoloration. These factors illustrate how the environment
can change the appearance of teeth. (20)

Personal protective equipment, like wearing masks, is recommended to reduce
dental erosion caused by occupational exposure to acid. A research study conducted among
industrial workers in Korea found that workers wearing respiratory masks had 0.63 times
lower odds of overall occupational dental erosion compared to those without masks.
However, it also noted that masks were not effective in preventing severe dental erosion.
(18). Please note that the dietary habits of these workers were not taken into consideration,
which could also be an indirect factor in the erosion process.

PHYSICAL EXPOSURE

Mechanical Exposure Causing Dental Abrasion

Abrasion is the physical wear of the tooth surface through an abnormal mechanical process
independent of occlusion. It involves a foreign object or substance repeatedly contacting
the tooth. (6)

Occupational exposure to abrasive dust can lead to tooth abrasion. A study among
workers in the Danish granite industry revealed that exposure to abrasive quartz dust over
a period of time can result in dental abrasion. The prevalence of tooth abrasion was 100%
and mostly on the front teeth. (21)

Unhealthy working habits have also been associated with tooth abrasion in workers
in construction and industrial settings. Holding foreign objects like nails between the teeth
can lead to wear on those particular teeth in people working on construction sites.

A study amongst clothing industry workers has shown that incisal tooth abrasion was
present in 90% of workers who had a habit of cutting the thread with their teeth instead of
using scissors. As a result of that action, the teeth sustained defects in the form of solitary,
oval, or multiple cuts on their incisal surface. (22)

Auditory Exposure to Noises Causing Dental Abrasion and Pulpal Changes

There is emerging evidence that industrial noise can also lead to tooth wear. A study
conducted on 39 Wistar rats, who were exposed to industrial noise for one, four, and seven
months, found that the average area of the molar cusps was significantly different between
exposed and non-exposed animals. Furthermore, it states that the most notable differences
appeared between the first and fourth months. The overall crown loss from month one to
month seven was 17.3% in the control group and 46.5% in the exposed group, and the
differences between these variations were significant (p<0.001). (23) One more study on
Wistar rats revealed that chronic exposure to Industrial Noise (IN), rich in Low Frequency
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Noise (LFN), causes systemic fibrotic transformation and sustained stress. The results from
the study demonstrated the presence of a band-like structure between the pulp and dentin
in the roof chamber of the teeth of Industrial Noise-exposed animals. It is concluded that
these changes may be related to either direct impact of sound pressure or to an adaptive
response from the pulp-dentin complex linked to teeth grinding. (24)

Another study amongst textile workers in Montenegro also confirmed the statement
that exposure to high-level industrial noise might be significantly related to tooth abrasion.
They state that there is a difference in the mechanism of noise on tooth abrasion when
compared to other occupational factors. They argue that whilst dust, acid, and bad chewing
habits act directly on teeth, the effect of noise is indirect; the high-level industrial noise
increases higher muscle activity, especially the masseter muscle, and consequently induces
tooth clenching and grinding. (25)

Based on the presented research, it can be indicated that construction workers
operating heavy machinery in high-noise environments who do not utilize personal
protective equipment, such as earplugs, may be at risk of experiencing tooth abrasion due
to high noise exposure. However, further studies are needed to investigate this finding.

Mechanical Exposure Causing Dental Attrition

Attrition is the physiologic wearing away of tooth surfaces as a result of tooth-to-tooth
contact, such as in mastication, with possible intervention by abrasive substances. It usually
occurs on the occlusal and incisal contacting surfaces and, uncommonly, on axial surfaces
when an unusual malocclusion exists. Attrition is related to the aging process but may be
accelerated by extrinsic factors such as coarse diet, chewing tobacco, abrasive dust,
parafunctional habits of clenching and bruxism, traumatic occlusion in the partially
edentulous dentition, anterior open bite, and anterior teeth in edge-to-edge relationship or
crossbite, as well as due to iatrogenic dentistry and use of ceramic material in dental
prosthesis. (6)(26)

In a review on occupational dental hazards from 2015, it is mentioned that attrition
is the most common dental problem noticed in miners. It continues by stating that workers
with significant exposure to airborne olivine dust might experience considerable tooth wear.
The extent of tooth wear, represented by the subsets’ rank summaries, was clearly related
to increased cumulative exposure to airborne dust. (27)

Severe tooth wear can result in loss of the vertical dimension of occlusion (VDO) and
function of the surrounding musculoskeletal structures. It has been shown that patients who
experience advanced tooth wear have some changes in their facial morphology due to a
reduction in the vertical dimension of the face. These implications are exacerbated by
increased mandibular pseudo-prognathism, which can be a compensatory functional
mechanism. Progressive tooth wear can lead to significant loss of tooth structure, which
often requires an advanced and expensive prosthetic rehabilitation to reconstruct the
occlusion. (28) On its effect on soft tissue, narrowed vermillion borders and depressed lip
commissures are not only esthetic concerns but can predispose to opportunistic microbial
infection in susceptible individuals. Studies on the correlation between tooth wear and
facial morphology vary in their conclusions due to the dynamic nature of the orofacial
complex and compensatory mechanism (29)
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Severe attrition can lead to a variety of dental issues. A study involving 500
participants—260 females and 240 males—found significant correlations between tooth
sensitivity and the ridging of buccal mucosa and the presence of attrition. Moreover, an
increase in attrition scores was notably linked to several symptoms of temporomandibular
joint dysfunction, such as muscle tenderness, pain during mouth opening, and deviation of
the mandible while opening. Generally, some degree of attrition was observed in patients
with temporomandibular joint disorders. However, a definitive relationship between the
severity of attrition and the symptoms of temporomandibular joint disorders cannot always
be established. (30)

In the sixties, Glickman and Smulow described the various effects of occlusal trauma
on the dento-alveolar complex and introduced the idea of buttressing bone as the
development of thickened or exostotic alveolar bone in response to heavy occlusal forces.
However, upon examining a sample of 416 selected teeth and investigating the bone in 52
modern skeletal specimens at the National Museum of Natural History, the findings indicated
lack of anatomical evidence supporting the theory of buttressing bone formation. This
suggests that other factors may play a more significant role in the etiology of buccal bone
enlargements. Additionally, no correlation was found between widened periodontal
ligament spaces or severe occlusal attrition and the presence of cervical loss of tooth
structure. (31) Following this report, numerous studies indicated that exostoses develop due
to an uneven distribution of mechanical forces. Singh (2010) argues that the stress and strain
on the osteogenic periosteum would result in bone deposits at the sites of the mandibular
and palatine tori; thus, the orientation and positioning of tori are a response to changes in
mechanical loads. (32) Supporting the theory that oral exostoses developed as external
buttressing of the trabecular bone when undergoing abnormal dental stress. (33) Presence
of exostosis, depending on their size and location, can impede oral hygiene, speech, and
diet choices. They can pose additional challenges to prosthetic replacement of missing
teeth, requiring complicated dental treatment.

Chronic occlusal trauma can result in other complications such as tooth fractures,
failure of restorations, dental implants and prosthesis, tooth mobility, pulp necrosis,
traumatic ulcers, linea alba, as cited in a 2018 article on a guide of clinical management of
attrition. (33) A study on 24 patients who had horizontal root fractures concluded that
periodontal condition, occlusal wear, and patients’ age at diagnosis were possible related
factors for the fracture. (34) In an article about bruxism and its effect on natural teeth, it
is mentioned that tooth mobility can lead to issues such as open contacts, food impaction,
or the buildup of local irritants in the spaces between teeth and gingival crevices, which
are secondary etiological factors for periodontitis. The accuracy of fixed restorations
created from master casts taken from impressions of mobile abutments presents a
significant challenge in prosthodontics. Achieving and maintaining ideal occlusion is
challenging in dental arrangements that have mobile teeth. (35)

The Effect of Using Vibrating Machinery

Man may be exposed to two types of vibration: 1. Whole body, resulting from lying, sitting
or standing on a vibrating surface; 2. Segmental, nearly always transmitted to the hands
from a vibrating tool or material held against a machine, though very rarely to the foot, as
stated in an article about the biological effects of segmental vibration. (36) Based on this
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statement, construction workers who operate heavy machinery are going to experience
whole-body or segmental vibrations. The article continues by explaining that the most
commonly used vibrating tools are jack hammers, used for breaking up pavement, and
quarries and mines; jack leg drill used in mines, sand rammer used in foundries in
preparation of molds; chipping hammer or pneumatic chisel, used for dressing metal
castings in foundries, rotary grinder, also used in foundries for finishing castings; sander and
discs used in automobile body manufacture; power or chain saw used for felling, trimming
and cutting timber; small, finger held high speed rotary grinder; scaling hammer and riveting
hammer. The consequence of this vibration is pain in the fingers, hands, and arms.
Numbness and tingling are quite common in the hands. Furthermore, the use of the jack-
leg drill promotes a much more severe response, resulting in severe burning pain in the
arms, interfering with sleep and persisting for several months after ceasing jack-leg drilling.
(36)

A study from 2012 on rats exposed to either hind, limb, or tail vibration concurs with
the findings. They concluded that research conducted on both animals and computational
models aligns with findings from human studies, illustrating that exposure to vibrational
frequencies ranging from 100 to 300 Hz results in an increase in the biodynamic response of
the fingers. This demonstrates that there is a connection between increased tissue stress
and strain and the development of vascular and sensoneural dysfunction. (37)

In a critical review of the health effects associated with occupational exposure to
hand-arm or whole-body vibration, the review presented and cited several studies that
suggest that exposure to segmental vibration may also produce systemic effects. For
example, repeated exposure to hand-transmitted vibration has been associated with
hyperactivity of the sympathetic nervous system, hearing loss (independent of noise), and
an elevated risk of cardiovascular disease. It also presented evidence from studies that
segmental vibration is associated with changes of the transcription of genes that can lead
to cancer. Ultimately, it is stated that these data provide a basis for examining the risk
associated with exposure to segmental vibration and the development of chronic diseases.
(38)

Attrition has always been diagnosed clinically by a pattern of loss of vertical height
of the tooth, creating an even line across all affected teeth. Not much reported about the
pattern of attrition created by long term use of vibrating machines. Patterns of tooth loss
recognized in those workers have a distinct feature, being irregular with varied levels of
tooth loss and vertical crack lines, indicating that the damage is happening over multiple
periods of time and different intensities of the causative factors. Figure 1 shows a pattern
observed in a 60-year-old machine operator at a chocolate factory for a period of 15 years.
Clinical exam reveals severe generalized teeth fractures and trauma with an extreme
decrease in his vertical dimension of occlusion. Picture provided as a courtesy from the
University of Illinois, dental clinics.

Figure 1
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These studies conclude that long term exposure to excessive occlusal trauma can
result in pulpal pathology, impaired function, occlusal disharmony, and esthetic
disfigurement. A thorough, multispecialty approach is essential for effectively treating
patients with severe tooth wear.

It is hard to categorize the traumatic factors based on physical and chemical, in
majority of the time it is a combination of many factors affecting the overall work
environment and resulting in damaging effects on the dental apparatus and oral health. A
limitation of this review is that it did not include the work environment being outdoor versus
indoor, weather and temperature, altitude, and air pressure, as these can all be
contributing and exacerbating factors.

CONCLUSION

Based on the gathered information, certain jobs, if performed without appropriate safety
measures, can pose an occupational hazard. This could be through physical or chemical
repetitive exposure. Teeth trauma and trauma to the orofacial structure can be a result of
this long-term exposure. Working in construction, where a combination of many potential
hazards can put workers in a position to lose their healthy dentition and orofacial structures
if protective equipment is not used. While the effects of acids, dust, and noise on dental
health are well-documented, the influence of whole-body or hand-transmitted vibration on
teeth remains insufficiently investigated. Although the systemic consequences of vibration
on the body are acknowledged, further research needs to be done to understand its
involvement in dental health.

Occupational Safety and Health Administration (OSHA) long-standing position is that
fractured teeth are a significant injury and illness under Section 1904.7(b)(7), but these
seem to relate to accidents and acute trauma, and not constant trauma over a period of
time that causes tooth and surrounding structures loss over time. OSHA has implemented
safety requirements pertaining to protecting the nose, eyes, mouth, and head from noise,
fumes, and debris; protecting teeth from chronic work-related tooth trauma is not being
implemented. (39, 40). Based on this review, a mouth guard to protect teeth against long-
term exposure to trauma should be required.
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