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IABSTRACT

[The Mechanostat is generally a term describing the way in which the mechanical loading influences the bone structure by changing
the mass (amount of bone) and the architecture (its arrangement) to provide a structure that resists the habitual loads with an
economical amount of material. As changes in the skeleton are accomplished by the processes of formation (bone growth) and
resorption (bone loss), the mechanostat models affect the influences on the skeleton by those processes, through their effector
cells, osteocytes, osteoblasts, and osteoclasts. The term was invented by Harold Frost: an orthopedic surgeon. The still-evolving
mechanostat hypothesis for bones inserts tissue-level realities into the former knowledge gap between bone's organ-level and cell-
level realities. The mechanostat proposal is a seminal idea which fits diverse evidence but it requires critique and experimental
study. This current review describes in detail about the mechanostat theory and bone changes during the different phases.
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Introduction

Bone is an organ that is able to change in relation to a
number of factors, including hormones, vitamins, and
mechanical influences. However, biomechanical parameters,
such as duration of edentulous state, are predominant.i=4
Awareness of this adaptability has been reported for more
than a century. In 1887 Meier qualitatively described the
architecture of trabecular bone in the femur. In 1888
Kulmann noticed the similarity between the pattern of
trabecular bone in the femur and tension trajectories in

construction beams.

History

Wolff, in 1892, further elaborated on these concepts and
published, “Every change in the form and function of bone
or of its function alone is followed by certain definite
changes in the internal architecture, and equally definite
alteration in its external conformation, in accordance with
mathematical laws.” The modified function of bone and the
definite changes in the internal and external formation of the
vertebral skeleton as influenced by mechanical load were
reported by Murry.[®! Therefore the external architecture of
bone changes in relation to function, and the internal bony
structure is also modified.

MacMillan and Parfitt® have reported on the structural
characteristics and variation of trabeculae in the alveolar
regions of the jaws. For example, the maxilla and mandible
have different biomechanical functions. The mandible, as an
independent structure, is designed as a force absorption unit.
Therefore, when teeth are present, the outer cortical bone is
denser and thicker, and the trabecular bone is coarser and

denser. In contrast, the maxilla is a force distribution unit.
Any strain to the maxilla is transferred by the zygomatic
arch and palate away from the brain and orbit. As a
consequence, the maxilla has a thin cortical plate and fine
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trabecular bone supporting the teeth. They also noted that
the bone is densest around the teeth (cribriform plate) and
denser around the teeth at the crest compared with the
regions around the apices. Alveolar bone resorption
associated with orthodontic therapy also illustrates the
biomechanical sensitivity of the alveolar processes.[’]
Generalized trabecular bone loss in the jaws occurs in
regions around a tooth from a decrease in mechanical
strain.®l0Orban®® demonstrated a decrease in the trabecular
bone pattern around a maxillary molar with no opposing
occlusion compared with a tooth with occlusal contacts on
the contralateral side. Bone density in the jaws also
decreases after tooth loss. This loss is primarily related to
the length of time the region has been edentulous and not
loaded appropriately, the initial density of the bone, flexure
and torsion in the mandible, and parafunction before and
after tooth loss. In general, the density change after tooth
loss is greatest in the posterior maxilla and least in the
anterior mandible.

Cortical and trabecular bone throughout the body is
constantly  modified by  either  modelling  or
remodelling.2%IModelling has independent sites of formation
and resorption, and results in the change of the shape or size
of bone. Remodelling is a process of resorption and
formation at the same site that replaces previously existing
bone and primarily affects the internal turnover of bone,
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including that region where teeth are lost or the bone next to
an endosteal implant.'**2 These adaptive phenomena have
been associated with the alteration of the mechanical stress
and strain environment within the host bone.!**4 Stress is
determined by the magnitude of force divided by the
functional area over which it is applied. Strain is defined as
the change in length of a material divided by the original
length. The greater the magnitude of stress applied to the
bone, the greater the strain observed in the bone.[**'Bone
modelling and remodelling are primarily controlled, in part
or whole, by the mechanical environment of strain. Overall,
the density of alveolar bone evolves as a result of
mechanical deformation from microstrain.

Frost’s Theory

Frost “®lproposed a model of four histologic patterns for
compact bone as it relates to mechanical adaptation to strain.
The pathologic overload zone, mild overload zone, adapted
window, and acute disuse window were described for bone
in relation to the amount of the microstrain experienced.
These four categories also may be used to describe the
trabecular bone response in the jaws.

The bone in the acute disuse window loses mineral density,
and disuse atrophy occurs because modelling for new bone
is inhibited and remodelling is stimulated, with a gradual net
loss of bone. The microstrain of bone for trivial loading is
reported to be 0 to 50 microstrain. This phenomenon may
occur throughout the skeletal system, as evidenced by a 15%
decrease in the cortical plate and extensive trabecular bone
loss consequent to immobilized limbs for 3 months.21 A
cortical bone density decrease of 40% and a trabecular bone
density decrease of 12% also have been reported with disuse
of bone.!819 |Interestingly, bone loss similar to disuse
atrophy has been associated with microgravity environments
in outer space, because the microstrain in bone resulting
from the Earth’s gravity is not present in the “weightless”
environment of space.l2d In fact, an astronaut aboard the
Russian Mir space station for 111 days lost nearly 12% of
his bone minerals.!2

The adapted window (50-1500 microstrain) represents an
equilibrium of modelling and remodelling, and bone
conditions are maintained at this level. Bone in this strain
environment remains in a steady state, and this may be
considered the homeostatic window of health. The
histologic description of this bone is primarily lamellar or
load-bearing bone. Approximately 18% of trabecular bone
and 2% to 5% of cortical bone are remodelled each year[?2
in the physiologic loading zone, which corresponds to the
adapted window. This is the range of strain ideally desired
around an endosteal implant, once a stress equilibrium has
been established Bone turnover is required in the adapted
window, as Mori and Burr 2 provide evidence of
remodelling in regions of bone microfracture from fatigue
damage within the physiologic range.

The mild overload zone (1500-3000 microstrain) causes a
greater rate of fatigue microfracture and increase in the
cellular turnover rate of bone. As a result, the bone strength
and density may eventually decrease. The histologic
description of bone in this range is usually woven or
repaired bone. This may be the state for bone when an

endosteal implant is overloaded and the bone interface
attempts to change the strain environment.X2 During the
repair process the woven bone is weaker than the more
mature, mineralized lamellar bone. Therefore, while bone is
loaded in the mild overload zone, care must be taken
because the “safety range” for bone strength is reduced
during the repair.12

Pathologic overload zones are reached when microstrains
are greater than 3000 units. Cortical bone fractures occur at
10,000 to 18,000 microstrain (1%—-2% deformation).
Therefore, pathologic overload may begin at microstrain
levels of only 18% to 40% of the ultimate strength or
physical fracture of cortical bone. The bone may resorb and
form fibrous tissue, or when present, repair woven bone in
this zone, because a sustained turnover rate is necessary.
The marginal bone loss evidenced during implant
overloading may be a result of the bone in the pathologic
overload zone. Implant failure from overload may also be a
result of bone in the pathologic overload zone.

Conclusion

Declining bone density increases the risk of fractures of
bones in older adults. A person’s physical performance is
known to be closely related to bone density, and a
relationship between the physical performance and the oral
function is also known to exist. However, there currently is
a lack of evidence regarding the relationship between bone
density and the oral function.
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