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INTRODUCTION
The manipulation of the bone is the primary defining 

skill of the craniofacial surgeon. Although most of plastic 
surgery concerns itself with the fine handling of the soft 
tissue, craniofacial surgery necessitates that the surgeon 
takes his/her education deeper and understands the prin-
ciples guiding bone reconstruction, specifically the inter-
action between the skeleton and the soft tissue envelope. 
Producing a durable, aesthetically pleasing result demands 
that the craniofacial surgeon understands not just graft 
physiology but also the biomechanical effects of the soft 
tissue and anticipating growth-related changes. Skilled 
bone work in the craniofacial skeleton thus requires the 
development of a theory of craniofacial growth that is 
both biologically accurate and clinically relevant.

Our knowledge of the genetic underpinnings of bone 
formation has expanded greatly over the last decades.1–5 
Although undoubtedly important, genes are only part of 
the broader set of factors determining morphology. The 
genomic paradigm assumes a relative immutability of cra-
niofacial skeletal growth and form. However, the origin, 
growth, and maintenance of all skeletal tissue is always 
a secondary, compensatory, and obligatory response to 
temporally and operationally antecedent processes that 
occur in related non-skeletal tissues, organs, or function-
ing spaces. In other words, the enveloping soft tissues 
(brain, eyes, muscles) play a deterministic role in craniofa-
cial development. An overarching theoretical framework 
for craniofacial growth is needed: one that integrates an 
understanding of soft tissue, not just as a source of cover-
age and perfusion, but as a biomechanical force shaping 
the bone to a form optimized to its functional demands. 
Such a framework would guide the choice and inset 
of bone grafts, the design and execution of advancing 
osteotomies, and the clinical indications for distraction 
osteogenesis.

To understand the functional interplay between the 
soft tissue and the bone is to anticipate and even har-
ness its effects and, therefore, execute more intelligent 
and efficacious interventions in a craniofacial surgery. 
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Background: To effectively manipulate the bone, particularly in the growing 
patient, the craniofacial surgeon must understand the principles related to bone-
based reconstruction. A theory of craniofacial growth that is both biologically accu-
rate and clinically relevant is thus needed.
Methods: A historical review of major findings across various disciplines (including 
orthopedic surgery, anatomy, embryology, orthodontics, and cell biology) will be 
covered, as it pertains to the concept of the functional matrix of the craniofacial 
skeleton.
Results: The functional matrix dictates the interplay between the soft tissue enve-
lope and bone grafts, thus guiding donor site choice and inset methods. The soft 
tissue may also warrant the use of bony hypercorrection especially in cranial vault 
remodeling. Control of both bone and boundaries of the soft tissue functional 
matrix can be achieved via distraction osteogenesis.
Conclusion: The soft tissue functional matrix must be accounted for during cra-
niofacial bone grafting, mobilizing osteotomies, and distraction osteogenesis if 
optimal aesthetic results are to be obtained using the least amount of procedures. 
(Plast Reconstr Surg Glob Open 2021;9:e3604; doi: 10.1097/GOX.0000000000003604; 
Published online 24 June 2021.)
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The dynamic relationship between the soft tissue and the 
underlying bone is best encapsulated in the concept of the 
functional matrix. This article therefore aims to provide a 
description of the functional matrix, and the major scien-
tific advancements leading to it, to better inform opera-
tive design and execution in the treatment of craniofacial 
maladies.

WOLFF’S LAW OF BONE REMODELING AND 
FUNCTIONAL ORTHOPEDICS

The functional matrix of the craniofacial skeleton 
is best understood in the broader historical context of 
bone research. Our current understanding of craniofacial 
development is built upon the pioneering work of many, 
including German researchers in the 1800s. The com-
bined efforts of an anatomist, a structural engineer and 
mathematician, and a surgeon culminated in what is now 
known as Wolff’s Law of Bone Remodeling.

Georg Hermann von Meyer (1815–1892) was one of 19th  
Century Germany’s renowned anatomists. In his key 

1867 publication The Architecture of Cancellous Trabeculae, 
he recognized that the substantia spongiosa had a “well 
motivated architecture” with a high degree of mechani-
cal stability.6 The references to architectural engineering 
were the result of a fateful exchange with German struc-
tural engineer and mathematician Karl Culmann (1821–
1881) at the 1866 Society for Natural Science in Zurich. 
As noted in his 1867 text, upon von Meyer demonstrat-
ing the arched trabecular patterns in sagittal sections of 
human metatarsals and calcanea, Culmann suggested 
that these appeared to be aligned along directions of 
principal stress as would be produced by functional load-
ing.6–9 Culmann had already drawn the analogy between 
the trabecular patterns in the bone and the stress tra-
jectories sustained in a short, solid, cantilevered beam 
in his own seminal text Graphical Statics.10 At the 1866 
meeting, von Meyer and Culmann compared the tra-
becular architecture in a coronal section of a human 
proximal femur with the mathematically constructed 
stress trajectories of a curved, solid crane-like beam 
resembling a human femur.7 The similarities between 
these calculated stress trajectories and the arched pat-
terns in bony trabeculae would profoundly influence the 
work of another contemporary German researcher, sur-
geon Julius Wolff (1836–1902) (Fig. 1).11 Although von 
Meyer did not mathematically analyze the cancellous tra-
beculae patterns, Wolff believed there has to be a math-
ematical relationship between the bone form and the 
loads borne. Convinced that these similarities between 
structural engineering and bone architecture could not 
be coincidental, Wolff would put forth his trajectory  
theory,11–16 summarized as: “the trabeculae of cancel-
lous bone follow the lines of trajectories in the homog-
enous body of the same form as the bone and stressed 
in the same way (Fig. 2).”17 This theory in turn informed 
Wolff’s most enduring contribution: Wolff’s Law of Bone 
Remodeling.

Building upon the trajectory theory, Wolff would later 
conclude that not only the internal architecture but the 
external morphology were both the result of trophic 
stimulation of function, or functional adaptation, with 
continuous change taking place in the bone reflecting 
the mechanical demands placed on it (Fig. 2).15,16 Thus, 
the bone could no longer be considered a static entity 
but one in a state of dynamic equilibrium in response 
to its environment. Wolff took his concept further and 
explained that if the functional adaptation of the bone 
could explain normative morphology, then it could also 
explain aberrant pathology as a result of changes in its 
functional demands.15,16 Thus, the defective form itself would 
not be pathological, but rather the defective stressing that 
resulted in the adapted form, was pathological. Linking 
external forces to explain both the normal and the aber-
rant, Wolff put forth the clinical implications of functional 
adaptation: that the surgeon could apply external force 
and utilize the natural force of remodeling to treat bony 
deformity.

Fig. 1. Surgeon Julius Wolff. Published with permission from https://
commons.wikimedia.org/wiki/File:Julius_Wolff_CIPB0720.jpg#file.

https://commons.wikimedia.org/wiki/File:Julius_Wolff_CIPB0720.jpg#file
https://commons.wikimedia.org/wiki/File:Julius_Wolff_CIPB0720.jpg#file
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FUNCTIONAL ORTHODONTICS AND THE 
FUNCTIONAL MATRIX

While Julius Wolff was establishing the scientific founda-
tion behind applying forces to treat extremity deformities, 
developments were afoot across the Atlantic that would set 
the stage for applying the same basic concept to the cranio-
facial skeleton. Edward H. Angle (1855–1930), known for 
his classification of malocclusion,18 taught in Pennsylvania 
and Minnesota. His increasing interest in malocclusion 
and its correction led directly to his development of the 
field of orthodontics as a distinct dental specialty. He 
devised a variety of devices, including the edgewise bracket 
and rectangular arch wire, to apply mechanical force to 
position teeth into optimal occlusion (Fig.  3). Decades 
later, basic science investigations revealed that by applying 
external force to teeth, alveolar bone would remodel in 

response to accommodate the manipulated dentition.19–21 
Angle’s concepts tended to be “tooth-centric” and did not 
wholly integrate in soft tissue considerations. He did con-
cede that the lips and cheeks played a role in shaping the 
dental arches in malocclusions.18

Another American dentist would then proceed to put 
forth evidence of the key role of facial soft tissue in deter-
mining shape in the craniofacial skeleton. Melvin Moss 
was a Columbia-University–trained dentist who returned 
to Columbia to pursue a PhD in anatomy and physical 
anthropology (Fig. 4). He had the good fortune to return 
to one of the great international centers in experimental 
embryology of that time.22 Moss’s doctoral thesis examined 
the role of sutures in the growth of the skull. Extirpation 
of the calvarial sutures produced no dimensional decrease 
in the growing rat skull, thus leading to the conclusion 
that sutures (bony tissue) were not the primary growth 
centers acting to force bones apart.23 Moss later deduced 
that it was actually the soft tissue contained within (ie, 
brain) that drove neurocranial growth and that sutures 
formed as compensatory responses to that growth.24 These 
findings were key to the development of Moss’s most sig-
nificant intellectual contribution: the functional matrix 
hypothesis.

One of Moss’s critical earlier insights was to move 
away from the static named entities of traditional osteol-
ogy (eg, maxilla, mandible) and instead consider bone 
more dynamically as segments responding in growth 
to functional demands. Moss published his functional 
matrix hypothesis in 196225 and finally clinicians had a 
theory of bone growth specific to the craniofacial skel-
eton that was both biologically accurate and clinically 
relevant. In his theory, Moss posited that growth in the 
craniofacial skeleton was in contradistinction to that at 
the epiphyseal plates in long bones. Rather than bone 
or cartilage as the primary determinant for growth, it 
appeared that growth in the craniofacial skeleton was 
reactive to, and thus controlled by, the surrounding 
soft tissues. Cartilages of the nasal septum, mandibu-
lar condyle, nor skull base were the primary drivers of 
craniofacial growth but instead the cranium and face 
grew in response to functional needs and neurotrophic 
influences mediated by soft tissue. Moss was also able to 
establish that there were 2 distinct types of functional 
matrix and 2 distinct types of growth: periosteal and 
capsular matrices; and transformative and translative 
growth.26 Periosteal matrices occurred where muscle 
pulled on bone and resulted in direct transformative 
growth. Capsular matrices occurred where the func-
tion of a space stimulated bone. Concurrently, another 
American scientist, Donald Enlow, developed his cor-
roborating theory of resorptive and depository fields. 
Enlow posited that transformative and translational 
growth occurred in some areas by bony deposition 
and in others by resorption but always in response to 
soft tissue displacement and not the cause of it.27 At its 
core, Moss’s functional matrix theory was the applica-
tion of Wolff’s Law of bone remodeling to the cranio-
facial skeleton with an explicit emphasis on soft tissue. 

Fig. 2. Images from Wolff’s 1892 monograph demonstrating his 
development of the “trajectory theory” of cancellous bone. A, 
Illustrations on the mathematical discussion regarding the stress 
trajectories in structures. B, Wolff’s own interpretation of the tra-
becular structure of the proximal femur and mathematical analy-
sis.16 Published with permission from Wolff J. The Law of Bone 
Remodeling. In: The Law of Bone Remodeling. Berlin, Germany: 
Springer;1986:126.
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Just as Wolff’s work laid the rationale for applying force 
to therapeutically shape the extremities, so too was it 
for Moss’s work that applying force could be used to 
treat craniofacial deformities.

MECHANOTRANSDUCTION
Neither Wolff nor Moss explained how functional 

demands were transmitted to the underlying bone. 
The question of how tissues “sense” mechanical signals 
and then transduce them into biological responses still 
remains, as a whole, incompletely answered. Moss did rec-
ognize this deficit and his later work explored the mecha-
nosensory role of osteocytes.28 He sought to integrate 
these and other cell biology concepts with those of the 
functional matrix to provide a basis in cellular biology for 
the response of skeletal tissues to the functional demands 
of the soft tissue.29–32

However, it would be those formally trained in cell biol-
ogy that would ultimately bring the brightest illumination 
to answer how tissues sensed and responded to mechani-
cal stimuli. The concept of mechanotransduction, where 
mechanical forces can induce intracellular signals and 
thereby convert biophysical force into cellular response, 
was pioneered in the early 1990s. Evidence was steadily 
accumulating that mechanical force was a regulator of cell 

function in a variety of tissues. Initiation and elongation of 
neural axons were regulated by tension.33,34 Vascular endo-
thelial cells produced a complex set of responses to shear 
stress.35 Cultured differentiating myoblasts were found to 
organize into parallel arrays of fibers and tendons, thereby 
forming muscle.36

It would be Donald Ingber’s laboratory, however, that 
would establish the architectural basis of cellular mecha-
notransduction. His laboratory confirmed a mechanical 
connection amongst extracellular matrix components, 
cell surface integrin proteins, and the intraceullar cyto-
skeleton, that are responsible for changes in cellular 
form and function.37 These findings led further support 
to Ingber’s broader concept of cellular tensegrity (ten-
sional integrity) in which a continuous network of mol-
ecules, including integrins, under tension is supported 
by discrete compressive struts (cytoskeletal actin fibers, 
microtubules, etc) (Fig. 5).38 This architectural concept 
of complementary force interactions among structural 
elements is in fact the same described by Buckminster 
Fuller in his geodesic domes. Toward the end of the 20th  
Century, other researchers would indeed confirm 
within the bone itself that mechanical stresses yielded 
changes in signaling cascades by way of integrins and the 
cytoskeleton.39–41

Fig. 3. One of Edward H. Angle’s designs for orthodontic appliances from Angle’s 
textbook. Reprinted from Angle EH. Treatment of malocclusion of the teeth and frac-
tures of the maxillae. In: Angle’s System. 6th ed. Philadelphia, Pa.: SS White Dental Mfg 
Co;1900 (public domain).
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CLINICAL UTILITY OF THE FUNCTIONAL 
MATRIX THEORY IN CRANIOFACIAL 

SURGERY
Research spanning the fields of anatomy, structural 

engineering, mathematics, orthopedic surgery, orthodon-
tics, physical anthropology, experimental embryology, and 
cell biology have culminated in our understanding of the 
functional matrix, as it pertains to craniofacial growth and 
form. These broader concepts in bone biology, however, 
have immediate clinical utility in the specific context of 
craniofacial surgery. Understanding the functional matrix 
can inform the use of bone grafts, distraction osteogen-
esis, and cranial vault remodeling.

Bone Grafting Dynamics
Bone grafting is one of the primary techniques of cra-

niofacial surgery. Grafts can be used to fill defects, pro-
vide structural support, and augment/effect projection in 
deficient dimensions of the craniofacial skeleton. Some 
of the main challenges in using this technique are graft 
survival and resorption. Collective clinical experience 
has demonstrated that bone grafts using calvarial donor 
sites have superior volumetric maintenance versus those 

taken from the ribs, tibia, or ilium. Earlier work ascribed 
this to factors intrinsic to the bone graft, particularly its 
embryologic origin.42,43 Later efforts revealed that the rela-
tive composition of cortical versus cancellous bone is the 
primary intrinsic factor of bone grafts determining their 
survival (Fig. 6).44,45

More comprehensive clinical insight has been pro-
vided by research evaluating graft inset and recipient site 
factors, particularly the interplay between recipient envi-
ronment and bone graft. Bone graft inset can be divided 
into inlay and onlay techniques. Inlay grafting is primarily 
for bone gaps (eg, alveolar grafting) where mechanical 
force is primarily sustained through the graft via being 
embedded in recipient bone away from soft tissue. Onlay 
grafting, in contrast, is used to effect bone projection and 
thus is subject to mechanical force from soft tissue com-
pression onto the graft. Whitaker introduced the concept 
of biological boundaries, which stated that the soft tissue 
envelope has a genetically predetermined shape that is 
inclined to remain constant.46 This is admittedly an exten-
sion of Moss’s functional matrix theory. Applying Moss’s 
theory specifically to bone grafting, Whitaker hypoth-
esized that onlay grafts violate natural soft tissue bound-
aries and, in turn, a homeostatic response is initiated to 
maintain that boundary, resulting in graft resorption.

LaTrenta et al corroborated this hypothesis, report-
ing that inlay bone grafts maintained greater volume and 
mass than onlay grafts, and attributed this to the favorable 
remodeling forces with the inlay position.47 Buchman 
examined the influence of both bone graft architecture 
(cancellous versus cortical) and recipient mechanical 
environment (inlay versus onlay).48,49 With the inlay posi-
tion, both types of bone graft experience growth but can-
cellous does so more than cortical (Fig. 7). With the onlay 
position, both types of bone graft undergo resorption but 
cortical is more resistant than cancellous (Fig. 8).

Together, these works reveal an essential clinical con-
sideration in bone grafting: the interplay between the 
mechanical environment and the bone graft architecture 
is a critical determinant of graft survival. Onlay grafts pro-
jecting into a tight soft tissue envelope (ie under muscle) 
must endure a significant compressive force for which cor-
tical bone grafts can better resist (Fig. 9). Inlay bone grafts 
are shielded from soft tissue recoil and receive identical 
physical stresses as the recipient site bone for which can-
cellous bone more quickly vascularizes.

Modifying the soft tissue to “shield” the bone graft 
from recoil forces has been hypothesized as another 
potential strategy to improve bone graft take.50 Goldstein 
et al observed that only bone grafts placed under soft tis-
sue envelopes that had been previously tissue expanded 
displayed superior survival versus without tissue expan-
sion.51 Although the authors attributed this to increased 
local vascularity, mitigated soft tissue mechanical force 
may also have contributed (Fig. 10).

Alveolar Bone Grafting
While alveolar bone grafting is done to give continu-

ity to the maxillary arcade, the craniofacial surgeon must 

Fig. 4. Dentist and anatomist Melvin Moss, DDS, PhD. Published 
with permission from https://en.wikipedia.org/wiki/File:MLMoss 
1968.jpg.

https://en.wikipedia.org/wiki/File:MLMoss1968.jpg
https://en.wikipedia.org/wiki/File:MLMoss1968.jpg
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Fig. 5. Diagrammatic representation of Ingber’s landmark article. Magnetic beads attached to integrins 
are restrained by the cytoskeleton in their twisting response to a magnetic field. The constrained extent 
of twisting suggests tensegrity structure of the cytoskeleton. Published with permission from Science 
260:1080–1081.

Fig. 6. Influence of bone microstructure on graft take. A, Cancellous bone graft revascularization occurs rapidly and completely due to open, 
porous architecture. B, Cortical bone graft revascularization occurs slowly and incompletely due to dense, lamellar architecture. Vessels must 
invade along Haversian & Volkmann’s canals. Published with permission from Craniomaxillofac Trauma Reconstr. 2008;1:49–61.
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not lose this opportunity in the growing cleft lip patient 
to improve facial aesthetics. The characteristic posteriorly 
displaced ipsilateral nasal alae can be advanced with an 
overcorrection of inlay cancellous iliac bone in the bony 
cleft. The soft tissue recoil of the face onto the graft can 
then be buttressed against using onlay cortical bone span-
ning the defect edges.

Cranial Vault Remodeling
Pediatric craniofacial surgery demands that the sur-

geon “operate in the 4th dimension” (ie, time) to attain 
a superior result using the least amount of procedures. 
Anticipating the growth and constraints of all tissues, 
particularly the soft tissue functional matrix, is thus par-
amount. The treatment of craniosynostosis, where one 
must anticipate growth of the skull, scalp, and brain, is 
demonstrative of this. The classic features of metopic cra-
niosynostosis (trigonocephaly, supraorbital rim recession, 
and bitemporal constriction) have proved difficult to treat 
and are prone to relapse.52,53 Temporal hollowing and lat-
eral orbital retrusion occur in up to half of all patients54 
with re-operative rates approaching 28%.55 Scalp closure 
tension, and recoil of the soft tissue after significant 

cranial vault expansion, exerts compressive forces on even 
a rigidly fixated supraorbital bar, thus resulting in trigono-
cephaly relapse.

Fig. 7. With the inlay position, bone graft is not subject to compres-
sive soft tissue force but does share the same mechanical force as 
the surrounding recipient site bone (arrows). Cancellous bone more 
easily integrates owing to its porous microstructure. Published with 
permission from Craniomaxillofac Trauma Reconstr. 2008;1:49–61.

Fig. 8. Onlay bone grafting. With the onlay position, bone graft is now subject to the compressive forces (arrows) of the overlying soft tis-
sue functional matrix (A) and will undergo resorption (B). Cortical bone better resists this remodeling and projection/volume loss due to 
its dense microstructure. Published with permission from Craniomaxillofac Trauma Reconstr. 2008;1:49–61.

Fig. 9. Differences in soft tissue envelope will result in differ-
ing degrees of resorption as a function of the degree of overlying 
mechanical force. Bone graft under the scalp will resorb to a lesser 
degree than bone graft under the more mechanically compressive 
temporalis muscle. Published with permission from Craniomaxillofac 
Trauma Reconstr. 2008;1(1):49–61.



PRS Global Open • 2021

8

To overcome the mechanical and biological boundar-
ies of the soft tissue envelope, Buchman proposed to not 
merely overcorrect but to “hypercorrect.” tlthough a dra-
matic bandeau advancement of 3.5 cm sagittally and trans-
versely is possible, the caveat is that scalp perfusion must 
not be compromised and that families must be closely 
counseled that a normal appearance will return by the age 
of 18–36 months (well before school age) (Figs. 11, 12).  
This same method of hypercorrection could be used in 
the cases of only unilateral supraorbital recession and 
temporal constriction as encountered in unicoronal cra-
niosynostosis. Hypercorrection thus addresses both the 
soft tissue matrices of the recoiling galea and the growing 
brain.

Distraction Osteogenesis
Distraction osteogenesis is arguably the most robust 

clinical application of the functional matrix theory and 
mechanotransduction. Soft tissue is not merely a limita-
tion to be considered but is itself directly manipulated 

and effectively grown in concert with the underlying dis-
tracted bone. In other words, the boundaries of the func-
tional matrix are surgically expanded and controlled. 
Whereas bone grafting is subject to forces supplied by 
the patient’s soft tissue, in distraction mechanical force is 
applied directly by the surgeon in an effort to engineer 
the bone in situ. Mirroring the discoveries underlying 
the molecular cell biology of mechanotransduction, the 
molecular underpinnings of distraction have also begun 
to be elucidated.56,57

Distraction thus can be used where both bone and soft 
tissue deficits occur and where substantial skeletal dimen-
sional changes are needed. It can be used to generate man-
dibular bone and even assist with forming a joint in the 
most severe cases of hemi-facial microsomia but obviating 
donor site morbidity and bone graft resorption (Fig. 13).58 
It has also minimized infectious complications and skeletal 
relapse in monobloc and LeFort III advancement patients.

Distraction can also be deployed tactically when func-
tional matrix constraints make for unstable maneuvers in 

Fig. 10. Tissue expansion “shielding effect.” A–C, A shielding effect is demonstrated when tissue expan-
sion proceeds bone grafting. This is hypothesized to reduce the compression forces on the graft, 
which in turn lead to resorption. Published with permission from Craniomaxillofac Trauma Reconstr. 
2008;1:49–61.
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orthognathic surgery. Widening a transversely deficient 
maxilla with a 2-piece LeFort alone is inherently unstable 
and prone to relapse. Placement of a palatal expander 
postoperatively after splint removal can be used to com-
bat relapse by imposing a continual expansile force on 
the transversely widened maxilla to maintain the desired 
width, while completion of the orthodontics is finished 
up. Finally, external distraction can be used on the LeFort 
segment for negative overjets >10 mm where a scarred 

functional matrix would otherwise preclude substantial 
bony advancements.59,60

CONCLUSIONS
In our understanding of clinically applicable bone 

biology, we are beholden to surgeons and scientists span-
ning geography, time, and a multitude of academic disci-
plines. Although all bone responds to mechanical force 

Fig. 12.  Overcorrection in trigonocephaly longitudinal result: A, Severe preoperative trigonocephaly in a female patient. B, Preoperative 
bird’s eye view. C, Severe hypercorrection 1 mo postoperatively. D, Resolution of hypercorrection 15 mo postoperatively. E, Bird’s eye view 
at 15 mo postoperatively. Significant remodeling is seen from images C to E. Minimal remaining remodeling continues to improve over 
time. Published with permission from J Craniofac Surg. 2018;29:56-61.

Fig. 11. Overcorrection technique in trigonocephaly: Advancement of the supraorbital bar from anterior. A, Resorbable plates are applied 
laterally as a bridge of support and reinforced with interpositional bone graft. B, Advancement of the supraorbital bar of up to 2.5–3.5 cm 
can be achieved. C, Resultant on-table hypercorrection of a supraorbital bitemporal recession. Parents must be counseled that a norma-
tive and lasting head shape will result. Published with permission from J Craniofac Surg. 2018;29:56–61.
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and though the techniques of bone grafting, advancing 
osteotomies, and distraction are not restricted to the skull, 
bone biology of craniofacial skeleton is best understood 
by the concept of the functional matrix. The enveloping 
soft tissue is not merely a source of blood supply and cov-
erage but determines, through mechanical interactions, 
the morphology of surgically manipulated bone.

Anticipating influence of the soft tissue functional 
matrix guides bone graft donor site selection (cortical ver-
sus cancellous) depending on the degree of anticipated 
soft tissue recoil (onlay versus inlay). The functional matrix 
may be best dealt with in certain circumstances, like cra-
niosynostosis, with hypercorrection. In other scenarios, the 
functional matrix and bone alike can both be expanded 
and controlled using distraction osteogenesis.

Nicholas T.K. Do, MD 
Division of Plastic Surgery 

Los Angeles County Harbor-UCLA 
Medical Center, 1000 W Carson St 

Bldg D9, Box 40, Torrance, CA 90502 
E-mail: ndo@dhs.lacounty.gov
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