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Chapter

Sino-Nasal Changes Associated
with Midfacial Expansion:
An Overview

G. Dave Singh

Abstract

The concept of palatal expansion can be viewed as an anachronism since the
delivery and scope of this clinical technique has changed dramatically over the past
few decades. Indeed, since the palatal complex does not exist in isolation, clinicians
ought to be cognizant of how palatal expansion affects contiguous midfacial struc-
tures. Because of this structural arrangement, surgical and non-surgical palatal
expansion can have clinical consequences on the dentoalveolar structures, which
are dependent on bony remodeling of the maxillo-palatine complex. In addition, it
can also be suggested that morphologic alterations of the maxillary air sinus might
lead to functional and clinical improvements of inflammatory changes associated
with rhinosinusitis. Furthermore, enhancements in the nasal airway could affect
a host of other conditions, including nasal breathing and obstructive sleep apnea,
etc. Therefore, the aim of this chapter is to review the effects of midfacial expansion
techniques on contiguous structures, including the paranasal sinuses.

Keywords: Maxillary sinus, nasal airway, sinusitis, palatal expansion,
midfacial development

1. Introduction

The human air sinuses are enigmatic in that numerous functional attributes
have been associated with them, including humidification, warming, and cleaning
of inhaled air; biosynthesis, storage, and concentration of nitric oxide (NO); an
anterior ‘crumple zone’ to withstand frontal trauma, and lightening of the skull,
presumably for flight in extinct dinosaurs and extant birds. Recent evidence even
goes on to suggest that the paranasal sinuses might be vestigial organs of breath-
ing [1]. In any case, originally, clinical palatal expansion was pioneered as an
orthodontic technique to widen the upper dental arch in attempt to improve jaw
relations and/or tooth alignment. However, the maxillary air sinuses also lie above
and lateral to the hard palate, while the dentoalveolar structures, such as the roots
of the maxillary molars, can project into the sinus floor. Medjially, the nasal airway
communicates with the maxillary sinuses, including the ostio-meatal complex.
Because of this diverse structural arrangement, non-surgical and surgical palatal
expansion techniques might have clinical consequences on the maxillary air sinuses,
which are dependent on bony remodeling and subsequent pneumatization of the
maxillo-palatine complex. Therefore, an overview of various midfacial expansion
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procedures that might induce anatomic alterations of the maxillary air sinus, that
may in turn lead to functional and clinical changes, is warranted.

2. Sinus changes associated with non-surgical midfacial expansion

Numerous studies have deployed 3D cone-beam computed tomography (CBCT)
scans to quantify morphologic changes associated with rapid maxillary expansion
(RME). For example, Lanteri et al. [2] evaluated midfacial changes after slow
maxillary expansion and RME in 8 yr-old children. They found that the volumes
of the nasal cavity and maxillary sinuses increased after treatment in both proto-
cols. Conversely, Garrett et al. [3] had earlier reported that RME in 14 yr-olds was
associated with an increase in nasal width but a decrease in maxillary sinus width,
implying that the increase in nasal functional space was gained by displacing the
maxillary air sinus volume, although clinical consequences of these changes were
not noted. However, in a similar study on 13 yr-olds treated with banded and
bonded maxillary expanders, Pangrazio-Kulbersh et al. [4] found that both appli-
ances induced anterior and posterior skeletal widening of the hard palate via the
midpalatal suture, and their study demonstrated increases in both nasal cavity vol-
ume and maxillary sinus volume. On the other hand, Almuzian et al. [5] provided
further details of the RME approach in 13 yr-olds. Over a period of 2-3 weeks, an
average palatal width-increase of 3.7 mm was noted in males and 2.8 mm in females.
These linear changes were found to be correlated with maxillary sinus volume
changes. Therefore, it can be surmised that anatomical differences in the outcome
of RME might simply be explained by differences in the design, materials and
protocols of the devices used.

A non-surgical variant of RME, maxillary protraction, deploys the use of
facemasks (FM), particularly in cases of Class III malocclusion that exhibit a
maxillary deficiency. Pamporakis et al. [6] assessed midfacial alterations, includ-
ing the volume of the maxillary air sinuses in 10-yr-old children, associated with
an RME-FM protocol for 10 days. Using this technique, they reported an overall
increase in maxillary sinus volume post-treatment. However, the authors also noted
that the RME-FM protocol did not affect all the maxillary sinuses, indicating that
there may be a range of responses, presumably related to individual craniofacial
morphology. In another variation of RME, alternate RME and constriction is
sometimes deployed followed by FM. Onem-Ozbilen et al. [7] used this protocol on
10-yr-old children with a skeletal Class III phenotype, exhibiting maxillary retrog-
nathia, over 10~12 months. It was found that the maxillary sinus volumes increased.
Therefore, the authors concluded that different expansion devices and protocols can
effect disparate changes in maxillary sinus volume. This deduction was borne out
by the study of Erdur et al. [8] who used symmetric and asymmetric rapid maxil-
lary expansion (ARME) treatments in patients aged 12-15 yrs. While maxillary
sinus volume changes were greater in the RME group post-treatment, in the ARME
group, no changes in sinus volume were found. Since bilateral symmetry is a feature
of human development, these results are not perhaps surprising as the craniofacial
system may regress to homeostasis once the devices are removed.

The age at which these various palatal expansion protocols are applied may
also be pertinent. Most of these types of studies have been undertaken in pediatric
populations but the efficacy of palatal expansion in older individuals is also worth
considering. In fact, Machado-Junior and Crespo [9] opine that maxillary expansion
in adults requires further due diligence. In this regard, Kavand et al. [10] studied
maxillary expansion with bone- and tooth-borne appliances in adolescents. They
reported that both groups showed an increase in nasal cavity volume, but not
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maxillary sinus volume, even though the maxillary bone width increased. This is
an interesting finding because by age 15 yrs. the second maxillary molars are often
fully erupted and root formation is typically completed, giving little or no room for
continued pneumatization until the maxillary third molars evacuate the body of the
maxilla, which is rare, since unerupted, impacted wisdom teeth is a common find-
ing on radiographs. Thus, in adolescents, RME is unlikely to result in an increase in
maxillary sinus volume. In contrast, Singh and Kim [11] found that a biomimetic
approach to palatal expansion increased maxillary sinus volume by some 6.5% in
adults (mean age approx. 25 yrs.) accompanied by a mean palatal width increase

of approx. 3 mm, which is similar to that achieved in teenagers as noted above.
Therefore, while morphologic differences in the outcome of non-surgical RME
might be explained by disparate designs, materials and protocols of the devices
used, if the laws of biologic control, such as sutural homeostasis and pneumatiza-
tion, are not violated, enhancement of maxillary sinus morphology might be
possible even in adults, perhaps leading to improved clinical outcomes.

3. Functional sinus changes associated with non-surgical midfacial
expansion

One of the roles of the paranasal sinuses is the biosynthesis of nitric oxide (NO).
It is known that NO plays important roles in a diverse range of physiologic and
patho-physiologic processes, including antimicrobial activity, pulmonary vascular
resistance, alveolar oxygen transfer, neurotransmission, respiration, as well as its
anti-inflammatory activities [12, 13]. Lundberg et al. [14] were some of the first
to report that NO originates from the paranasal sinuses and that NO synthase is
expressed in healthy sinus pneumocytes. In addition, Andersson et al. [15] found
extremely high concentrations of NO in the paranasal sinuses, suggesting that the
antra may act as NO reservoirs. Furthermore, Runer et al. [16] noted that NO is
likely to be a regulator of mucociliary activity in the nasal airway. In contrast to
these healthy states, Deja et al. [17] found significantly reduced NO production in
maxillary sinuses of patients with sinusitis diagnosed using radiologic methods.
Similarly, Naraghi et al. [18] reported that NO metabolites are higher in patients
with chronic sinusitis and concluded that NO metabolites may play an important
role in the pathogenesis of rhinosinusitis. In view of these findings, Degano et al.
[19] investigated changes in NO concentration during the treatment of maxillary
sinusitis. Using a protocol that included drainage, daily lavage, etc., a significant
increase in the levels of maxillary and nasal NO was noted. Therefore, morphologic
and functional optimization of the paranasal sinuses using non-surgical palatal
expansion might be beneficial in the management of some sinus diseases.

In pediatric rhinitis, Wen et al. [20] consider that NO is a useful biomarker for
both nasal inflammation and sinus ostial patency. In their study, they determined
that obstruction of NO sino-nasal flow is likely associated with rhinosinusitis since
NO concentrations returned to normal levels following antibiotic therapy. On the
other hand, in a case series, Hwang et al. [21] reported their findings on pediatric
rhinosinusitis during biomimetic oral appliance therapy (BOAT). Figures 1a-3b
summarize their findings. In 3 consecutive pediatric patients (mean age 9 yrs.), Hwang
etal. [21] used 3D cone-beam CT scans to show inflammatory maxillary sinus disease
with circumferential mucosal thickening, obstructed ostio-meatuses, and enlarged
inferior turbinates (Figures 1a, 2a and 3a) prior to treatment. All 3 cases were treated
using BOAT for approx. 10 months. Post-treatment, the sinuses were aerated without
mucosal thickening; the sinus walls were intact, and the ostiomeatal units were patent
(Figures 1b, 2b and 3b). Although enhancement of maxillary air sinus structure
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Figure 1.

a: Case 1: Pre-treatment nasal floor width is 17.7 mm; b: Post-treatment nasal floor width increased to
19.5 mm.

Figure 2.

a: Case 2: Pre-treatment nasal floor width is 17.6 mm; b: Post-treatment nasal floor width increased to
19.3 mm.

Figure 3.
a: Case 3: Pre-treatment nasal floor nasal floor width is 15.3 mm; b: Post-treatment width increased to 18.7 m.

and function through non-surgical remodeling is presumed, there is no clear mecha-
nism of how the sinuses improved during BOAT in these cases. It is possible that the
sinusitis resolved through the natural immune response, seasonal changes, through



Sino-Nasal Changes Associated with Midfacial Expansion: An Overview
DOI: http://dx.doi.org/10.5772/intechopen.99052

normal craniofacial growth or the placebo effect. However, enlargement of the ostium
(>20 mm?) is thought to decrease sinus NO concentration, as the size of the ostium
shows correlation to NO levels [22]. Since the width of the nasal floor increased in
these 3 cases (Figures 1b, 2b and 3b), the notion that BOAT involved remodeling of
the ostia to within normal limits is yet to be determined.

4. Surgical midfacial expansion

Aside from non-surgical palatal expansion, a plethora of surgical maxillary
expansion procedures has become available. One study [23] compared the effects
of non-surgical RME with surgically assisted rapid maxillary expansion (SARME).
Surprisingly perhaps, there were no differences between the two protocols since
nasal cavity width and volume, as well as maxillary width, increased with a con-
comitant decrease in nasal airway resistance. If non-surgical and surgical tech-
niques yield similar results, one of the questions that currently remains unanswered
is, how to minimize or avoid (orthognathic) surgery? To address this subject, Lee
et al. [24] described the use of orthodontic screws for mini-screw-assisted rapid
maxillary expansion (MARME), since some mistakenly believe that non-surgical
palatal expansion relies on unwanted dental tipping rather than actual skeletal
expansion. Bearing this in mind, Carlson et al. [25] treated a 19-year-old using
MARME. Post-treatment, they reported enlargement in the zygomatic regions and
nasal bone regions in association with widening of the circum-maxillary sutures.
Indeed, MARME utilizes forces to split the midpalatal suture, which precipitates a
midline diastema, an unwanted dental effect. However, insufficient force applica-
tion may render MARME unsuccessful. Therefore, Suzuki et al. [26] deployed
cortical punctures along the midpalatal suture followed by mini-screw insertion to
fracture the midpalatal suture by 3-4 mm in an adult patient.

Despite the above variations, the impact of MARME on the upper airway and
breathing is not clear. Recently, Abu-Arqub et al. [27] reviewed the effects of
MARME on the upper airway in pediatric patients aged 10-17 yrs. They concluded
that while short-term improvements were identifiable, no correlation was observed
between upper airway morphology and functional parameters, such as nasal
airflow and nasal resistance. Similarly, in older patients (mean age 20 yrs.), Yi et
al. [28] found that although MARME produced both skeletal and dento-alveolar
expansion, there were no changes in the oropharyngeal, palatopharyngeal, and
glossopharyngeal regions and the total airway volume remained unaltered on 3D
CBCT scans. In another study [29], it was reported that MARME produced an
increase in nasal cavity and nasopharyngeal volumes, associated with bony expan-
sion of the nasal floor and maxillary width in young adults (mean age 22.5 yrs.).
Thus, when assessing changes on 3D CBCT scans after MARME, the association
between skeletal changes and the upper airway remain unclear. Despite these asser-
tions, Singh et al. [30] tested the hypothesis that the upper airway can be improved
non-surgically in adults using BOAT. The mean treatment time was 16.5mos. and
CBCT scan measurements were taken with no device in the patient’s mouth. Their
multivariate tests confirmed a significant treatment effect on the upper airway
parameters (p = 0.012), suggesting that both craniofacial architecture and upper
airway morphology can be non-surgically enhanced even in adults. However, this
novel approach remains overlooked although further evidence is emerging.

To enhance orthopedics effect induced by MARME, 4 mini-implants with
palatal and nasal cortical engagement are sometimes positioned in the palate, when
using the maxillary skeletal expander (MSE) technique. Cantarella et al. [31] inves-
tigated the effects of this particular protocol on the midpalatal and pterygopalatine
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sutures in young adults (mean age 17 yrs.). Using CBCT scans, it was found that

the midpalatal suture was split slightly asymmetrically, being wider anteriorly than
posteriorly. Moreover, pterygopalatine disjunction was revealed in over half of the
cases studied, as the pyramidal process of the palatine bone was dislocated from

the pterygoid processes. In a similar later study, Cantarella et al. [32] assessed facial
changes associated with MSE, again using CBCT scans. Here, it was reported that
the zygomatico-maxillary complex showed centrifugal changes with a “center of
rotation” located at the fronto-zygomatic suture. Consequently, the inter-zygomatic
distances and the fronto-zygomatic angles increased using MSE, but no data on any
associated nasopharyngeal airway changes were reported in these particular stud-
ies. However, to further locate the center of rotation for the zygomatico-maxillary
complex associated with MSE, Cantarella et al. [33] reported that the center of rota-
tion for the zygomatico-maxillary complex could be found more inferiorly, posteri-
orly and laterally (near the zygomatic process of the temporal bone) compared with
their other study [32]. In contrast, Paredes et al. [34] concluded that the center of
rotation for the zygomatico-maxillary complex is located at the most infero-lateral
point of the zygomatic process of the frontal bone. This variation in the center of
rotational displacement could be due to bone deformations that are thought to occur
during MSE, which might also explain the occurrence of pterygopalatine disloca-
tion. In fact, Colak et al. [35] evaluated pterygopalatine disarticulation patterns
after MSE. The vast majority of cases (> 80%) exhibited pterygopalatine disjunc-
tion without direct surgical intervention at this site. The clinical consequences of
this iatrogenic fracture, if any, remain undetermined, at least as yet.

Recently, in order to avoid the potential risk of damaging anatomical structures,
Cantarella et al. [36] suggested that the deployment of 3D virtual surgical planning
using digital data might be advantageous prior to undertaking MSE. Elkenawy et al.
[37] were also interested in the biomechanics of MSE. In their study, they noted that
over half of approx. 30 adult patients exhibited an asymmetric response following
splitting of the midpalatal suture. This result is perhaps not surprising since the
midline vomero-maxillary suture would presumably provide an impediment to a
symmetric split based a priori on fluctuating asymmetry [38]. Indeed, Schwarz et
al. [39] examined adult patients for the incidence of nasal septal deviation follow-
ing SARME. Although no post-operative changes in nasal septal positioning were
found, maxillary rotation was associated with an inferior ‘rotation’ of the palatal
vault with a concomitant increase in nasal airway space, although these authors
attributed the increases to a decreased thickening of the pre-operative inflamed
nasal mucosa. Nonetheless, Abedini et al. [40] were also interested in the soft tissue
facial changes induced by MSE. Using 3D stereophotogrammetry, they computed
mean 3D soft tissue geometries using techniques similar to those first described by
Singh et al. [41, 42] for craniofacial data (Figure 4), and were able to demonstrate
changes in the paranasal, upper lip, and zygomatic regions of the face associated
with MSE. Therefore, clinicians and patients ought to be cognizant of the facial
effects associated with MSE prior to embarking upon a treatment plan that puta-
tively targets upper airway inadequacy.

Distraction osteogenesis maxillary expansion (DOME) is another technique that
aims to improve the nasal airway changes through widening of the maxilla. Using
this approach, Kunkel et al. [43] were able to enlarge the nasal airway volume by
23% on average without pterygomaxillary disjunction being a part of the surgical
procedure, which occurs in any case. Despite this drawback, DOME is currently
viewed as a reliable procedure to widen the nasal floor in adults with OSA. Using
this protocol, the mean apnea-hypopnea index (AHI) was improved, nasal airflow
velocity decreased and the mean negative pressures in the nasal, retropalatal,
oropharyngeal, and hypopharyngeal airway were reduced, which correlated with a
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Figure 4.
Using CBCT data, the maxillary complex has been rendered in 3D virtual space and dense correspondence of
(colored) landmarks has been computed using the ten homologous landmarks (1-10).

reduction in the AHI, according to Iwasaki et al. [44]. These findings are, however,
similar to the well-known results of non-surgical RME using fixed appliance in
children. For example, in pediatric cases, Cozza et al. [45] reported that there was
areduction in nasal resistance with increased nasal airflow after RME. Indeed,
RME is thought by some to be a comparatively non-invasive, economic treatment
option to improve nasal respiration in patients up to at least 30 years of age. Gray
[46] considers the medical indications for RME are a deficient nasal airway, septal
deformity, recurrent ear infection, and allergic rhinitis, inter alia. In a series of over
300 consecutive selected cases, 80% changed their mode of oral breathing to nasal
breathing. Thus, the advantages of MSE over RME in terms of nasal airway resis-
tance and anatomical changes in the nasal cavity require further clarification.

5. Nasal airway space, resistance and breathing

In an early study, Warren et al. [47] assessed the effects of non-surgical RME
and surgical expansion on nasal airway size. While both procedures improved the
nasal airway, approx. 30% of subjects in both groups were unable to eliminate the
need for mouth breathing, suggesting that neither RME nor surgical maxillary
expansion is justified for nasal breathing purposes alone, likely due to individual
variation in response. Bicakci et al. [48] were one of the first to assess the effect of
RME on nasal cross-sectional area using acoustic rhinometry, confirming that the
overall increase in the cross-sectional area was greater in the RME-treated groups
when compared to controls. Around the same time, Ceroni-Compadretti et al.

[49] also reported that RME increased both the width of the maxilla and the nasal
volume, as measured with acoustic rhinometry. Furthermore, Compadretti et al.
[50] deployed rhinomanometry and acoustic rhinometry to assess the function and
size of the nasal cavities associated with RME in children. Compared to a control
group, the RME treatment group showed an increase in nasal cross-sectional area
and volume, as well as a decrease in nasal airway resistance, but the study was
unable to confirm the clinical mode of breathing. Likewise, Palaisa et al. [51],
using CT scanning, explored the relationship between morphologic changes in
nasal area and volume following RME in young patients (8-15 yrs). They reported
symmetric increases in both nasal cavity area and volume although the variance in
response was again large. Similarly, Oliveira de Felippe et al. [52] concluded that
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post-expansion, while nasal cross-sectional area increased when measured using
acoustic rhinometry, and nasal cavity volume increased using 3D imaging, only
60% of subjects reported subjective improvement in nasal respiration. Therefore,
Enoki et al. [53] correctly concluded that RME may lessen nasal resistance but sub-
tle differences in nasal geometry, such as shape changes as opposed to size-changes,
may influence success in switching from mouth breathing to nasal respiration.

Currently there is a lack of consensus on the reliability of RME-related proce-
dures in improving nasal functional behaviors, such as changing mouth breathing
to nasal breathing predominantly. Hershey et al. [54] noted that patients’ subjective
opinions on changes in the ability to breathe nasally are not correlated to reductions
in treatment-induced nasal resistance, even though RME is effective in reducing
nasal resistance to levels consistent with nasal respiration. For example, Doruk
etal. [55] found that nearly 60% of 13-yr-olds considered their nasal breathing had
improved following RME using subjective evaluation. Earlier, using rhinomanome-
try, Timms [56] measured nasal airway resistance prior to and after RME in patients
aged 10 to 19.5 yrs. On average, a 36% reduction in nasal resistance was reported but
this did not correlate with the transpalatal or trans-alar width increases post-expan-
sion. Similarly, Hartgerink et al. [57] surmise that individual variation in nasal
resistance values is considerable and that average response variability renders RME
unpredictable in terms of decreasing nasal resistance despite evidence of expansion
at the anterior nares. In this regard, White et al. [58] reported a mean reduction in
nasal airway resistance of approx. 50% after about one-year post-RME. Moreover,
they noted that the reduction in nasal airway resistance was correlated to the initial
nasal resistance level prior to RME, and that individuals with greater resistance pre-
expansion tended to have greater reductions post-treatment. This notion had earlier
been investigated using a multidisciplinary approach [59]. Utilizing a combination
of RME and oral myofunctional assessment using rhinomanometric measurements,
two phenotypes were identified: first, predominantly mouth breathers, showing an
average nasal airway resistance decrease of 34%; and second, predominantly nasal
breathers with an average nasal airway resistance decrease of <5%. Notably, 75% of
predominantly mouth breathers were converted to nasal breathing. Thus, it appears
that maxillary deficiency allied with functional deficits needs a tailored approach to
be adopted to address the mode of respiration.

It is thought that nasal surgery alone can fail to restore nasal breathing in various
cases with maxillary restriction, which is associated with closure of the internal and
external nasal valves. In addition, although some now generally agree that RME
in both children and adults increases upper airway volume, it remains uncertain
whether maxillary expansion improves nasal function. Thus, recently, Iwasaki
etal. [60] investigated the efficacy of three RME appliances on nasal ventilation
in 10-16 yr. old patients. They reported that RME reduced nasal pressure and
nasal airflow velocity, which was accompanied by resolution of nasal obstruction.
Nevertheless, Calvo-Henriquez et al. [61] undertook a systematic review on this
subject, concluding that there is insufficient evidence to recommend maxillary
expansion as a first-line therapy to improve nasal breathing. Despite this assertion,
one aspect that remains under-investigated at this juncture is the role of nasal exer-
cises. In the interpretation of numerous studies, it has simply been assumed that an
increase or enhancement of anatomical form will result in the desired functional
response. But, in their review, Levrini et al. [62] suggest that if RME is combined
with functional rehabilitation, the chances of changing a mouth-breathing pattern
to nasal respiration are increased. Therefore, the role of respiratory therapists and/
or oral myofunctional therapists may need to be extended to include nasal breathing
exercises perhaps allied with the use of capnography for biofeedback. In any case,
Kili¢ and Oktay [63] are of the opinion that while RME increases nasopharyngeal
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airway dimensions and nasal respiration in pediatric patients exhibiting maxillary
constriction and mouth breathing, RME could also be effective on naso-respiratory
and sleep-disordered breathing problems in children.

Pirelli et al. [64] evaluated the effect of RME on nasal airway patency and
pediatric OSA. On postero-anterior and occlusal radiographic assessment, widening
of the midpalatal suture and nasal fossae were confirmed, and restoration of nasal
airflow was associated with elimination of obstructive sleep disordered breath-
ing. Therefore, changing the anatomic structure using RME produced significant
functional improvement in pediatric patients diagnosed with OSA. On the other
hand, Garcez et al. [65] demonstrated the effects of MSE on respiratory function
and athletic performance. Using CBCT scans they reported a 6 mm widening of the
midpalatal suture and nasomaxillary structures, while the nasal and pharyngeal air-
ways also increased in volume by 30%. In addition, all respiratory indices improved
after MSE. Thus, MSE can potentially have a positive influence on both respiratory
functions and athletic performance. Recently, Singh et al. [30] also reported a 14%
increase in nasal cavity volume achieved non-surgically in adults using a biomimetic
oral appliance. Therefore, one of the research question that needs to be addressed
now is: Which procedure best suits a particular patient’s requirements both safely
and effectively? Taking a cohort of cases that have had the same intervention, it
should be possible to compute the mean, underlying transformation for a sample
of cases. If this transformation can then be applied to a naive subject, a predictive
model can be achieved, assuming the new subject behaves in the same way that the
sample did on average. Therefore, the use of mathematical modeling on 3D digital
data provides a promising avenue of future research in terms of virtual treatment
planning, perhaps incorporating the use of artificial intelligence to inform clinical
decision-making.

6. Conclusion

Non-surgical and surgical midfacial expansion techniques are associated with
functional sinus changes in the paranasal sinuses as well as changes in nasal airway
space, nasal resistance and the mode of breathing. To address the question of which
procedure best suits a particular patient’s requirements both safely and effectively,
the use of mathematical modeling provides a promising approach.
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