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Abstract
Considerable amounts of research have been done on various aspects of orthognathic surgery during
its short history. Nevertheless, there are no comprehensive publications on the cost-risk-benefit
analysis of the entire process of orthognathic surgery. The purpose of the present study was to
evaluate the psychosocial and biophysiological outcomes of orthognathic surgery with special
reference to complications and financial costs.
The study series consisted of patients referred for consultations and treatment of dentofacial
deformities and involved a total of 953 patients and 20 controls. Both prospective clinical follow-up
examinations with measurements of various clinical parameters and retrospective assessments of
radiographs and patient records were included.
Functional and pain-related reasons were found to motivate patients to seek orthognathic surgery,
and this impression was confirmed by the clinical findings. The great majority of the subjects
examined had signs and symptoms of temporomandibular disorders (TMD). The significance of
facial appearance for the motivation to seek treatments seemed to play a lesser role compared to most
earlier studies. Most of the patients felt that their expectations had been fulfilled by the treatment, and
despite the potential risks involved, the overall complication rate in orthognathic surgery was very
low. The most usual problem was neurosensory deficit of the inferior alveolar nerve.
TMD patients with skeletal Class II non-open bite dentofacial deformity seem to have the greatest
probability to benefit from orthognathic surgery, especially if their TMD is mostly of muscular origin.
Pain in the face and headache improved significantly. The outcomes were more variable when the
TMD mainly originated from internal derangements. In these cases, the individual outcome of
treatment is more difficult to predict, and conservative treatment methods should probably be tried
first. The orthognathic surgery of patients with non-open bite skeletal Class II dentofacial deformity
is also cost-effective due to the low complication rate and the low cost, since sagittal ramus osteotomy
is often sufficient treatment. However, there must be weighty grounds for orthognathic surgery of
skeletal open-bite deformities due to their greater risk for relapse and condylar resorption. The high
expenses of their treatment also result in a poor cost-effectiveness ratio.
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1 Introduction
Orthognathic surgery is a process in which dentofacial deformities and malocclusions are
corrected with orthodontics and surgical operations of the facial skeleton, sometimes
combined with various soft tissue procedures. The term orthognathic originates from the
Greek words orthos, ‘straight’, and gnathos ‘jaw’. It is possible to correct, or
“straighten”, deformities separately in either the maxilla or the mandible with many types
of surgical techniques or to do procedures concurrently on both jaws (bimaxillary
operations). The treatment does not change only the bony relations of the facial
structures, but soft tissues as well, and by doing so, may alter the patient’s appearance.
Contemporary orthognathic techniques can be applied in many fields of surgery: apart
from correcting congenital and posttraumatic malocclusions, they can be used in the
treatment of the obstrucive sleep apnea syndrome (Riley et al. 1993), to improve
phonetics (Vallino 1990) or even in tumour resections (Grime et al. 1991, Sailer et al.
1999).
In childhood and adolescence, some skeletal malocclusions can be treated merely
orthodontically and with various functional therapies utilizing natural growth, but once
growth has ceased, this is no longer possible and additional surgery is needed. Some
skeletal malocclusions can, to a certain extent, be treated with only orthodontics even in
adulthood. This type of treatment is called camouflage, because it most often fails to
correct the whole discrepancy underlying the malocclusion, and a certain degree of
compromise must be accepted. Treatment of this kind cannot usually produce equally
stable results as treatment combined with surgery, and life-time orthodontic retention is
therefore often needed. Orthognathic surgery gives an opportunity to obtain better
occlusal, skeletal and cosmetic results. Many psychosocial studies have shown that
cosmetic motives for seeking treatment seem to be quite common, but there may be
socio-cultural differences in this respect.
The modern history of orthognathic surgery is rather short. It was actually only in the
1970`s that orthognathic surgery gradually became a routine choice of treatment. Various
benefits of orthognathic surgery have been reported, including better masticatory function
(Karabouta & Martis 1985, White & Dolwick 1992, Zarrinkelk et al.1996), reduced facial
pain (Magnusson T et al. 1986, 1990, Rodrigues-Garcia et al. 1998), more stable results
in severe discrepancies (Proffit et al. 1992) and improved facial esthetics (Tucker 1995),
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but due to the relatively short history of orthognathic surgery, much of the literature is
scattered and mostly deals with various technical improvements, short-term outcomes,
descriptions of complications and the stability of the treatment results. It has been
postulated that orthognathic surgery may also carry a risk of temporomandibular
disorders (TMD) or may have no benefit for TMD (Sostman et al. 1991, Smith et al.
1992, Onizava et al. 1995).
Analyses of the risks and benefits of orthognathic surgery are few, as are also
longitudinal, controlled long-term follow-up studies concerning TMD and masticatory
function. Although orthognathic surgery is a long, resource-demanding process, cost
analyses are very few.
Because the health-related and functional benefits of the correction of skeletal
malocclusion seem to be controversial and the economic consequences remain largely
unknown, the purpose of this study was to obtain an overall impression of the indications
and benefits of contemporary orthognathic surgery with special reference to the related
risks, adverse outcomes and costs. The study focused on the common treatment of
congenital skeletal malocclusions; the specific features of orthognathic surgery in
conjunction with obstructive sleep apnea treatment, posttrauma or tumour surgery were
excluded. The influence of orthognathic surgery on phonetics was also beyond the scope
of this study.

2 Review of the literature
2.1 Prevalence of dentofacial deformities
There are no exact epidemiologic data of dentofacial deformities in adult populations, but
Proffit and White (1991) estimated, on the basis of United States Public Health Service
studies from the 1960’s, that the prevalence of skeletal Class II malocclusions in the USA
population was roughly 10%, about 3% of which were severe enough and at the right age
to warrant surgery, mostly (70%) mandibular surgery. The corresponding figures for
skeletal Class III malocclusions were 0.6% and 21%, and for severe open bite 0.6% and
16%. Recently, Proffit et al. (1998) gathered malocclusion data from the National Health
and Nutrition Examination Survey (NHANES III) in the USA and found approximately
20% of the US population to have deviations from the ideal bite, and 2% of these were
severe enough to be disfiguring and at the limit for orthodontic correction capacity. In
this study, the prevalence of severe Class II malocclusions (defined as > 6 mm overjet)
was found to be 4.3% in the age groups of 18–50 years, while that of Class III
malocclusions (defined as ≥ −3 mm overjet) was 0.3%. In Scandinavia such information
is mainly available for children: malocclusion frequencies of approximately 40% to 75%,
or even higher, have been reported (Heikinheimo 1989, Permert et al. 1998), and 10% of
young people would be in definite need for (orthodontic) treatment. In the Netherlands, a
nationwide survey showed that Angle Class II dental relation was present in 28% and
maxillary overjet of more than 5 mm in 23% of the population. An objective need for
orthodontic treatment was recognized in 39% of the population (Burgersdijk L et al.
1991). If the data from the USA (Proffit & White 1991) are adjusted to Finland, although
recalling that populations differ from each other in many aspects, there would be 510 000
people with skeletal Class II, approximately 15 000 of whom would need surgery, and 30
600 and 6400 subjects with Class III, correspondingly. According to the more recent
approximation of Proffit et al. (1998), a million Finns (20%) would have deviations from
ideal bite, and 20 000 (2%) of them would be in need of surgery. Since approximately
400 orthognathic operations are performed in Finland annually, it would take 50 years to
operate these patients, assuming that no new malocclusions would appear in the
meantime. Therefore, these scores seem quite high as far as the treatment resources and
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costs are concerned and are based solely on morphologic deviations. There also exists a
controversy as to the definition of malocclusion and the indicators for treatment
(Heikinheimo 1989). However, other relevant factors apart from purely anatomical ones,
such as psychosocial and biophysiological, also affect the need and demand for treatment.

2.2 Historical development of orthognathic surgery
2.2.1 Mandibular osteotomies
The historical development of orthognathic surgery has not been uniform and continuous
but has rather followed a stepwise, intermittent course. The early-phase surgery was
mainly limited to the mandible, while maxillary procedures were to come later.
Orthognathic surgery was originally developed in the United States of America
(Steinhäuser 1996). The first mandibular osteotomy is considered to be Hullihen´s
procedure in 1849 to correct a protrusive malposition of a mandibular alveolar segment
caused by a burn (Hullihen 1849). Osteotomy of the mandibular body for the correction
of prognathism was first carried out in 1897 as so called ´St Louis operation´. The
osteotomy was performed by Vilray Blair, who later described several methods to correct
maxillofacial deformities and was the first to present a classification of jaw deformities:
mandibular prognathism, mandibular retrognathism, alveolar mandibular and maxillary
protrusion and open bite. He was also the first to underline the importance of
orthodontics in treatment. (Steinhäuser 1996). The first phase of development in the USA
came to an end at World War I (WW I), when surgeons had to concentrate on trauma
surgery.
Not much progress was made in Europe during the first phase of orthognathic history.
Berger (1897) described a condylar osteotomy for the correction of prognathism. This
technique was elaborated by others, but the results were not satisfactory due to problems
of relapse and open bite. Only slight development took place between the two World
Wars (second phase), and during WW II, surgeons were again committed to the treatment
of facial injuries. The concentration on trauma surgery was not, however, only a
disadvantage to the development of orthognathic surgery, but also helped in many ways
to apply these experiences to the principles of orthognathic surgery.
The third phase, which began in the early 1950´s, was a period of rapid development
in the whole field of orthognathic surgery. In 1954, Caldwell and Letterman developed a
vertical ramus osteotomy technique, which had the advantage of minimizing trauma to
the inferior alveolar neurovascular bundle. This method could be used instead of body
ostectomy to correct mandibular excess.
Europe now became the center of progress. Pupils of the ´Vienna School´of
maxillofacial surgery, Trauner and Obwegeser (1957), introduced intraoral bilateral
sagittal split ramus osteotomy (BSSO), although the first description was published as
early as 1942 (Schuchardt). The technique was further modified by Dal Pont (1961),
Hunsuck (1968) and Epker (1977) among others. It was a versatile procedure that
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allowed corrections in all three planes of space without a need for a bone graft. There
were, however, still many problems and much hesitation before this procedure made a
breakthrough in the late 1970´s and now sagittal split osteotomy has become the most
commonly performed mandibular procedure (Wyatt 1997). The risk of damage to the
inferior alveolar nerve still remains. The introduction of an internal rigid fixation method
— bone screws and plates — instead of 5- to 6- week intermaxillary fixation radically
improved patient convenience (Steinhäuser 1996). This new method was motivated by
innovations within trauma surgery, from where it was gradually applied to orthognathic
surgery. Biodegradable osteosynthesis material (Suuronen R et al. 1999) and application
of the principles of distraction osteogenesis represent the latest innovations in
orthognathic surgery.
There seems to exist only one report on early Finnish orthognathic surgery, closed
condylotomy for the correction of prognathism in 31 patients (Tasanen et al. 1981),
although osteotomies for correction of dentofacial deformities have been performed ever
from the 1960’s.

2.2.2 Maxillary osteotomies
Although Cheever was the first to do downfracture of the maxilla as early as 1864 to
resect a nasopharyngeal mass in two patients, it took decades until further maxillary
procedures were attempted (Moloney & Worthington 1981). Between the World Wars in
1921, 72 years after Hullihen´s first mandibular osteotomy, Wassmund reported his initial
attempt to perform maxillary osteotomy. Wassmund did not mobilize the maxilla, but
employed orthopedic traction postoperatively to position the maxilla. (Turvey & White
1991). Again, it was not until the third phase of the development of orthognathic surgery
in 1960 that Obwegeser started to perform maxillary surgery and described a large series
of LeFort I osteotomies in 1969. That marked the beginning of a new era in the correction
of maxillofacial deformities: before the mid-1960´s, dentofacial deformities were treated
by performing mandibular surgery, although the patient would also have benefited from
complementary or exclusive maxillary surgery. This technique was just as revolutionary
in the maxilla as sagittal split osteotomy had been in the mandible: the maxilla could now
be moved in all three planes of space. The major concerns had been intraoperative
bleeding, revascularization and healing of the maxilla. After studies of vascular perfusion
and the anatomy and relevance of the maxillary artery, it was found that the most
important thing would be to preserve a wide, intact palatal and maxillary soft tissue
pedicle attached to the ostetomized segments. This allows good healing and minimizes
the risk of tissue necrosis. (Bell et al. 1975, Turvey & Fonseca 1980).
The improvement of surgical techniques, and the progress in anesthesia, enabled
surgery on two jaws, called bimaxillary surgery, and the introduction of rigid internal
fixation made it more predictable and decreased morbidity. Köle had, as early as 1959,
performed simultaneous segmental osteotomies on both jaws (Köle 1959), but the first
total two-jaw operation was done by Obwegeser in 1970. This technique facilitates the
correction of extensive dentofacial deformities in a single operation.
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2.2.3 The role of orthodontics in orthognathic surgery
Orthodontics is an essential part of modern orthognathic surgery. This was stressed by the
surgeon Converse and the orthodontist Horowitz in 1969. It is important that the dental
arches are properly aligned before the operation. This makes accurate correction of the
skeletal discrepancy possible, not only in the antero-posterior and transverse direction,
but also vertically.
Before 1960's the surgical correction of dentofacial deformities was done either
without patient ever having orthodontic treatment, after orthodontic appliances had been
removed, or, occasionally before any orthodontics was begun. Coordinating the two types
of treatment more carefully was not highly appreciated.
At that time, rigid arch bar constructions, familiar from trauma surgery, were used
perioperatively when needed. Technical development of orthodontic brackets and steel
rectangular wires, edgewise technique, could give excellent and sufficiently rigid control
of occlusion to be utilized also in surgery. The more precise tooth movements allowed
finishing of the occlusion postoperatively.
The introduction of occlusal wafer splint was an important step in allowing surgery to
occur before orthodontic detailing of the occlusion was completed. Consequently, the
total treatment time reduced significantly, when some type of tooth movements could be
more efficiently accomplished postoperatively. (Proffit & White 1991).

2.3 Psychological considerations in orthognathic surgery
2.3.1 Psychosocial profiles of patients and their expectations regarding
orthognathic surgery
Orthognathic surgery is a complex process leading to changes in the appearance and
functions of the dentofacial structures, including respiration, swallowing, speech and
mastication. These alterations take place in a single moment during the operation in
contrast to the traditional orthodontics in children, which produces small, gradual
changes during growth. Thus, orthognathic surgery may seriously challenge the patient`s
capacity to adapt. This adaptation may be easier if the psychosocial indications and
implications are thoroughly evaluated prior to any treatment and also during the
presurgical phase.
Appearance is a major concern for many people seeking orthognathic surgery. Current
society seems to highly value cosmetic characteristics in many branches of life. The face
is the area of one´s body that maximally determines physical attractiveness. It is a
primary means of identification and a rich source of nonverbal communication
(Cunningham et al. 1995). Severe craniofacial deformities, such as cleft lip and palate,
Down’s syndrome, Crouzon and Pierre-Robin syndromes and hemifacial microsomia,
may cause significant psychosocial problems (Pertchuk & Whitaker 1982, 1985, 1987).
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Craniofacial reconstruction of such defects has resulted in improved psychosocial wellbeing, including improved self-esteem and self-assessment of facial appearance (Arndt et
al. 1986). Orthognathic surgery differs from the correction of congenital craniofacial
anomalies in that the changes in appearance are less dramatic, but even in these less
extreme conditions, effects on personality may be recognizable (Kiyak & Bell 1991).
The motivations of orthognathic surgery candidates to seek treatment have been
studied quite extensively during the short history of surgical orthodontic treatment, but
many of the early reports were retrospective, case reports and not longitudinal, and they
were seldom based on structured questionnaires (Kiyak & Bell 1991). Motives include
esthetic improvement, better functioning of the masticatory organs, pain relief and
recommendations from others, such as a dentist or family members. Desire for esthetic
improvement, however, has been expressed as the major reason for seeking orthognathic
surgery in several studies (Wictorin et al. 1969, Laufer et al. 1976, Pepersack & Chausse
1978, Kiyak et al. 1981, Heldt et al. 1982, Jacobson 1984, Flanary et al. 1985, Kiyak &
Bell 1991, Finlay et al. 1995) or has obviously been a more important motive than
functional (De Boever et al. 1996, Rodrigues-Garcia et al. 1998). Functional
improvement is also considered an important factor by a number of authors (Wictorin et
al. 1969, Laufer et al. 1976, Pepersack & Chausse 1978, Jacobson 1984, Flanary et al.
1985, Athanasiou et al. 1989a, Finlay et al. 1995). Patients may also believe that they are
more easily accepted for orthognathic treatment if they have a functional problem rather
than an esthetic one (Wictorin et al. 1969). Most often, however, the patients have both
functional and esthetic concerns (Kiyak & Bell 1991), and only the proportional
importance of these factors varies.
Edgerton and Knorr (1971) described two types of motivation, external and internal.
External motivations include the need to please others, “paranoid” ideas and beliefs that
one’s career or social ambitions are being thwarted by physical appearance. These
motivations require a change in the patient´s personal environment rather than surgery to
solve the problem (Cunningham et al. 1995).
Internal motivation is usually a more valid form of motivation and includes longstanding inner feelings about deficiencies in one’s appearance. These persons are better
candidates for surgery. Many patients naturally exhibit a combination of both
characteristics.
Studies report diverse results on the gender differences in personality characteristics
before orthognathic surgery. Kiyak and Bell (1991) found that although women scored
higher on scales of neuroticism (emotional lability and overreactiveness), both men and
women scored within the normal range, notably better than the cosmetic surgery
population. Sex differences were not significant in either postsurgical satisfaction or selfreports of pain. Males and females in the orthognathic group did not differ on
extroversion, self-esteem or overall body image scores in the presurgical assessment.
The associations of the type of malocclusion with the psychological features of the
person have been studied in some investigations. Helm et al. (1985) found that
unfavourable self-perceptions of facial appearance were expressed most often by young
adults with extreme overjet, deep bite and crowding. In a study by Gerzanik et al. (2002),
the psychologic profiles of 100 Class II and Class III patients were significantly different
preoperatively and showed different dynamics postoperatively. Patients with Class III
deformity felt less attractive than Class II patients preoperatively, and their grading of

20
attractiveness/self-confidence improved significantly more postoperatively than that of
Class II patients. The vast majority of Class III patients undergoing orthognathic surgery
suffered from psychologic and functional problems related to their appearance prior to
treatment, and esthetic improvement was the driving force behind their decision to seek
treatment (Zhou et al. 2001).
In summary, the patients referred for surgery are nearly always within the
psychologically normal range in view of self-esteem, body image, neuroticism and mood
states (Kiyak & Bell 1991). Most of the patients´ expectations are satisfactorily met at all
ages (Ostler & Kiyak 1991, Pogrel & Scott 1994). These findings are different from those
of the cosmetic surgery population. Recently, Meningaud et al. (2001) evaluated
prospectively in a multicentre study patients scheduled for cosmetic surgery
(blepharoplasty, face lifting, cervical liposuction, baldness surgery, otoplasty and chin
surgery) and found that these patients had different psychological profiles compared to
the controls. Their social anxiety and depression rating indexes were higher, and the
examiners concluded that the cosmetic surgery population presented a significant state of
psychological vulnerability.
There are only two reports from Finland dealing with the motivations to seek
orthognathic surgery or the satisfaction with the results (Le Bell et al. 1993, Nurminen et
al. 1999), and the patient series in both cases were rather small. The first study reported
esthetics to be the main reason for seeking treatment for 78% of the patients. The second
study found the most common reasons for seeking professional help to be problems in
biting and chewing (68 %), the second most important motive being dissatisfaction with
facial appearance (36%). TMJ problems were present in 32% and head symptoms, mainly
headache, in 32%. Nearly 100% of the patients were satisfied with the outcome of the
treatment. In studies from Sweden, esthetic motives for seeking treatment were
approximately as important as functional ones (Wictorin et al. 1969, Garvill et al. 1992,
Ek et al. 1997), but in a Danish study, functional reasons were cited more often than
esthetic reasons (Athanasiou et al. 1989a).

2.3.2 Psychological risks and adverse outcomes
Patients having orthognathic surgery seem to have fewer postoperative problems than
patients having cosmetic surgery, such as rhinoplasty or mammoplasty (Heldt et al.
1982). Cunningham et al. (1995) present some possible reasons for this difference: (1)
orthognathic surgery patients receive more support from their friends and family than do
cosmetic surgery patients because the operation is considered necessary for both esthetic
and functional reasons, and treatment for functional reasons is socially better accepted.
This attitude may be changing now that cosmetic surgery seems to be becoming socially
more acceptable; (2) orthognathic surgery patients are often referred for treatment instead
of initiating the visit themselves; (3) orthognathic surgery patients have never had an
image of “normality”; (4) orthognathic surgery patients are often young and may thus
have a better adaptation capacity.
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The rate of dissatisfaction with rhinoplasty seems to vary from 5% to 40%, whereas
dissatisfaction with orthognathic surgery is seen in less than 5% of cases, and as
mentioned in the preceding chapter, most of the expectations of orthognathic surgery
patients are fulfilled. There may, however, be some postoperative problems. A patient´s
dissatisfaction with surgery will not always manifest itself in a straightforward manner,
but can be expressed as a request for further surgery or litigation (Cunningham et al.
1995).
Macgregor (1981) has presented three major categories for the reasons for
dissatisfaction:
1. patient-dependent factors: multiple or serious psychological problems, unrealistic
expectations, external reasons for surgery,
2. surgeon-dependent factors: lack of empathy for postoperative problems, too much
hurry with evaluations or too little preoperative preparation,
3. surgeon-patient interaction: poor communication or personality conflict.
In the short term, postsurgical discomfort and functional problems may cause
dissatisfaction.
Neuroticism may also have a negative effect on the early postsurgical phase but not on
the long-term outcome (Kiyak & Bell 1991). Prolonged postoperative orthodontic
treatment may be a reason for dissatisfaction (Kiyak & Bell 1991, Pogrel & Scott 1994),
as may also postoperative neurosensory disturbances (Kiyak & Bell 1991, Finlay et al.
1995).
Depression is a relatively common finding following any surgical procedure, and it
has also been reported after orthognathic surgery. It is most evident immediately after
surgery and usually gradually declines after that. During this time, additional support is
needed from the family and the medical personnel. (Cunningham et al. 1995). Infection,
use of sedatives, low-calorie diet associated with an increased corticotropin release factor
concentration and insufficient preoperative information about the immediate
consequences of the operation have been presented as predisposing factors (Stewart &
Sexton 1987).
Dysmorphophobia means that a person believes him/herself to be unattractive
although his or her appearance is within normal limits. Patients may become completely
preoccupied with this thought. Although they might benefit from surgery, the appropriate
initial treatment should be psychiatric rather than surgical. (Cunningham et al. 1995).
Pogrel and Scott (1994) conclude that most orthognathic surgery patients are
psyhologically normal, routine preoperative psychological evaluation is not indicated,
and even a psychiatric diagnosis does not preclude surgery. A cornerstone for successful
outcome is a thorough evaluation of the patient`s expectations and careful preoperative
information of the surgical process. Functional improvement from the treatment should
be emphasized in consultations rather than the need to make esthetic improvements as the
only reason for treatment. A good functional outcome may help the patient to accept
possible adverse consequences. If the patient mostly focuses on esthetics, the chances of
dissatisfaction are greater. (Kiyak & Bell 1991).
Spouses and significant others could be interviewed to ascertain their attitude (Pogrel
& Scott 1994). The current use of rigid internal fixation decreases the distress caused by
intermaxillary fixation (Stewart & Sexton 1987). A delay in starting treatment may be a
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benefit, because it will show how keen the patient really is to have surgery. Timeconsuming preoperative orthodontics partly serves this purpose.

2.4 Effects of occlusal factors on temporomandibular disorders and
masticatory function
2.4.1 Temporomandibular disorders (TMD): general view
Temporomandibular disorders (TMD) refer to a variety of medical and dental conditions
affecting the temporomandibular joint (TMJ) and/or the masticatory muscles as well as
contiguous tissue components. Although specific etiologies, such as degenerative arthritis
and trauma, underlie some TMD, these conditions as a group have no common etiology
or biologic explanation and comprise a heterogeneous group of health problems whose
signs and symptoms overlap but are not necessarily identical. The term ‘TMD’ has
commonly been used to characterize a wide range of conditions diversely presented as
pain in the face or the jaw joint area, headaches, earaches, dizziness, masticatory muscle
hypertrophy, limited mouth opening, closed or open lock of the TMJ, abnormal occlusal
wear, clicking or popping sounds in the jaw joints and other complaints. (National
Institutes of Health Technology Assessment 1997). The prevalence of at least one sign of
TMD in non-patient adult populations has varied between 40% and 85% (Kuttila 1998),
but the prevalence of severe dysfunction, according to Helkimo’s clinical dysfunction
index (1974), is lower than 1% (Salonen 1990). Rauhala et al. (2000) found, in an
epidemiologic study of the Northern Finland 1966 Birth Cohort, that 12% of men and
18% of women had suffered from facial pain during the past year, while clicking of the
TMJ was present in 21% of men and 28% of women, and the prevalence of more severe
symptoms was 13% or less. Distal occlusion was one of the factors related to TMD.
Fluctuation of signs and symptoms of TMD is usual, but awareness of these problems
seems to increase with age (Kuttila 1998). Magnusson et al. (2000) examined, in a
longitudinal study, the status of the masticatory organ during a 20-year period and noticed
substantial fluctuation of both reported and clinical signs and symptoms of TMD, but
progression to severe pain or dysfunction was rare.
Sipilä et al. (2002) also subjected a subpopulation of the Northern Finland 1966 Birth
Cohort to double-blinded case-control, anamnestic and clinical examinations. Facial pain
associated significantly with TMD, and most of the cases belonged to the myogenous
subgroup of TMD. Anamnestically, stress was the most often reported provoking factor
for facial pain.
The reasons for headache may be numerous, and some of them have been associated
with occlusal factors and masticatory dysfunction. Significant associations have been
reported with clenching or grinding of teeth, malocclusion, tenderness to palpation of the
masticatory muscles or impaired mobility and the frequency and intensity of headache
(Lous & Olesen 1982, Wanman 1987, Sonnesen et al. 1998). Abnormal tonic
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hyperactivity in the masticatory muscles and the neck may be an important source of pain
in these patients.
Placebo-controlled studies with occlusal adjustment with or without splint therapy in
patients with muscle contraction headache (MCH), common migraine (CM) and
combination headache (MCH+CM) have shown a decrease in headache frequency and a
correlation with the decrease of the mandibular dysfunction index (Forssell et al. 1985,
1986, 1987). Patients with MCH and CM benefited most from the therapies.
At present, TMD is generally considered to have a multifactorial etiology. The current
diagnostic classifications of TMD are based on signs and symptoms rather than etiology,
in line with conditions of the lumbo-sacral spine, such as low back pain (National
Institutes of Health Technology Assessment 1997). Greene (2001) has provocatively
suggested that not only are the old mechanistic etiologic concepts incorrect, but two of
the most popular current concepts (biopsychosocial and multifactorial) are also seriously
flawed. Nevertheless, he continues to add that even in the absence of full understanding
of etiology, good conservative care can be provided, but aggressive and irreversible
treatments should be avoided.
As for etiology and diagnosis, a number of treatment modalities have been presented:
supportive patient education; pain control with medication; physical therapy; various
intraoral appliances; occlusal therapy; and surgical approach (National Institutes of
Health Technology Assessment 1997). Forssell et al. (1999) found in their systematic
review of the literature several weaknesses in many of the studies dealing with occlusal
adjustments and splint therapies: small sample sizes (lack of power); short follow-up
periods; lack of blinding of examiners; numerous and varying outcome measures. The
results suggested that controlled clinical trials give some evidence of the use of splints,
but sufficient evidence for occlusal treatment is lacking. Vallon & Nilner (1997) studied
in a controlled 2-year follow-up survey the effects of occlusal adjustments on TMD and
concluded that only single patients improved from counseling alone, a few more
improved if one other kind of treatment, e.g. occlusal adjustment, was added to
counseling, but the majority required a comprehensive treatment program.

2.4.2 TMD and malocclusion
The cause-and-effect relationship between malocclusions and TMD is controversial. One
of the first practitioners to assume a relationship between TMJ and occlusion was Costen
(1934), an otolaryngologist who noticed that many of his patients with pain in the TMJ
region benefited from alteration of their occlusion, especially in the vertical dimension.
Associations between certain features of occlusion and TMD have been mentioned in
many reports. Relationships have been found between open bite and TMD in some
studies (Riolo et al. 1987, Henrikson et al. 1997, Sonnesen et al. 1998) and between deep
bite and TMD (Kerstens et al. 1989). A significant association of TMD with unilateral
crossbite and midline displacement has also been reported (Sonnesen et al. 1998).
Abnormal overbite and overjet may be associated with more extensive deviation in the
temporal and condylar form, particularly when combined with age, which has been
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interpreted as evidence to support the idea that longer exposure to malocclusion may be
associated with more extensive TMJ changes (Solberg et al. 1986). O´Ryan & Epker
(1984) have also presented that dentofacial deformities and malocclusions may lead to
adaptive changes within the TMJ. Schellas (1989) hypothesized, interestingly, based on
his MR image study that TMJ pathology may be the cause of malocclusion rather than
vice versa. He concluded that it is critically important to diagnose significant TMJ
pathology before attempting permanent occlusal adjustment, including orthognathic
surgery.
Several studies have reported more TMD in skeletal Class II (or excessive overjet)
than in other dentofacial deformities, e.g. skeletal Class III (Upton et al. 1984, Riolo et
al. 1987, Magnusson et al. 1990, White & Dolwick 1992, Le Bell et al. 1993, Fernandez
Sanroman et al. 1997, Sonnesen et al. 1998). A tendency towards more TMD in patients
with normal or low mandibular plane angles compared to patients with high mandibular
plane angles has been observed (Kerstens et al. 1989, White & Dolwick 1992).
There are also a number of studies reporting no significant association between
occlusal relationships and TMD. There are studies that have failed to confirm significant
relationships between TMJ or muscle tenderness and Angle´s classification or any
occlusal contact relationships, or between functional occlusal relationships and TMD
(Sadowski & Beyole 1980, Bush 1985, Egermark-Eriksson et al. 1987). In their review
articles, Reynders (1990) and Seligman & Pullinger (1991) concluded that there existed
no scientific evidence for a causal relationship between occlusion and TMD. Wadhwa et
al. (1993) studied three patient groups, one with normal occlusions, one with untreated
malocclusions and one with orthodontically treated malocclusions. They concluded that
the role of orthodontic treatment in either the precipitation or the prevention of TMD
remains questionable. Although considerably high rates of prevalence of uni- or bilateral
disc displacements, clicking of the joints and pain in the TMJ or masticatory muscles
have been found in pre-orthognathic surgery patients examined clinically and with
arthrography, no association could be seen between signs or symptoms and the type of
dentofacial deformities (Roberts et al. 1987, Dahlberg et al. 1995). Although Kirveskari
and Alanen (1993) believe that there is insufficient evidence to warrant the rejection of
the hypothesis that occlusal factors are part of the causal complex of TMD, it seems that,
with the present weak and varied epidemiologic data, there is little predictive value in the
attempts to relate a specific dentofacial malocclusion to an individual´s risk for
developing TMD.
The available evidence seems insufficient to warrant prophylactic modalities of
therapy. The statement of National Institutes of Health Technology Assessment (1997)
suggests that surgical interventions (TMJ) should be considered in the small percentage
of patients with persistent and significant pain and dysfunction who show evidence of
pathology or suggest that an internal derangement of the TMJ is the source of their pain
and dysfunction, and for whom more conservative treatment has failed.
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2.4.3 TMD and orthognathic surgery
The prevalence of various signs and symptoms of TMD prior to orthognathic surgery has
varied between studies from 14% up to 97% of subjects (Laskin et al. 1986, Kerstens et
al. 1989, DeClercq et al. 1995, Karabouta & Martis 1985, Scheerlinck et al. 1994, White
& Dolwick 1992, Fernandez Sanroman et al. 1997, Schneider & Witt 1991, Link &
Nickerson 1992). This great variation may be due to differences in referral patterns or
motivations to seek treatment (Laskin et al. 1986) or selection of study subjects as in the
study of Link & Nickerson (1992).
An important goal of orthognathic surgery is to improve the masticatory function and
to minimize TMD. Most of the earlier studies seem to suggest that this goal can be
achieved, but some controversy also exists. Most of the studies that have reported
positive effects on TMD after orthognathic surgery report this association with skeletal
Class II deformity (or mandibular retrognathia/hypoplasia or Angle Class II). Decrease of
signs and symptoms by more than 50% compared to the preoperative state was reported
to occur by Karabouta and Martis (1985), Kerstens et al. (1989), Magnusson et al.
(1990), De Clercq et al. (1995) and White and Dolwick (1992), while subjects with
skeletal Class III (or mandibular prognathia/hyperplasia) or patients with a high
mandibular plane angle (> 32°) seem to benefit considerably less (Kerstens et al. 1989,
White & Dolwick 1992, De Clercq et al. 1995). However, improvement of TMD even in
Class III patients may be attained with orthognathic surgery, as shown by the studies of
Ingervall et al. (1979), Magnusson et al. (1986, 1990), Le Bell et al. (1993).
Disc positions and internal derangements in orthognathic surgery patients have been
assessed with TMJ imaging techniques (arthrography, MR) in some studies, and slight
improvements in disc position, pain and joint sounds after treatments have been seen
(Eriksson et al. 1990, Gaggl et al. 1999).
Egermark et al. (2000) studied 52 patients with malocclusions, who had undergone
orthognathic surgery involving LeFort I and/or sagittal split osteotomy. Approximately 5
years after surgery, the patients were examined for TMD. Some of them had reported
recurrent or daily headaches before treatment, but at the 5-year examination, only two
patients reported having a headache once or twice a week, while the others suffered from
headaches less often or had no headache at all. The authors concluded that orthognathic
surgery results in improvement of TMD, including headaches. A few other studies have
also found improvement in headache after orthognathic surgery, but they have similar
shortcomings, as will be mentioned at the end of this chapter (Magnusson et al. 1986,
1990, LeBell et al. 1993, Nurminen et al. 1999, Westermark et al. 2001). It seems,
however, that occlusal adjustment may have a favourable influence on headache,
especially on muscular contraction type headache.
Orthognathic surgery may not have only beneficial effects on TMJ function, but also
adverse consequences. The prevalence of TMD after orthognathic surgery among
preoperatively asymptomatic patients has varied from 3.7% to 11.9% (Karabouta &
Martis 1985, White & Dolwick 1992, Scheerlinck et al. 1994, Kerstens et al. 1989, De
Clercq et al. 1995). As fluctuation of TMD is common (Kuttila 1998, Magnusson et al.
2000), this may also be part of normal variation. Thus, an investigation with a nontreatment control group would be indicated, as planned in the present study.
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Table 1. shows some demographic data of the reports on the influences of orthognathic
surgery on TMD.
There are also studies that report only minimal or no specific change in TMD after
orthognathic surgery. Sostmann et al. (1991) evaluated 86 orthognathic surgery patients
with Helkimo´s anamnestic and dysfunction indexes and found no relationship between
TMD and the type of malocclusion, the surgical approach and molar support before and
after surgery, but concluded that the possible beneficial effect was achieved in certain
symptoms, such as TMJ pain and sounds. A modification of Helkimo´s index was also
used in a prospective study of 22 patients operated with BSSO (Smith et al. 1992).
Subjectively, muscular pain, headache, joint noise and parafunctional habits decreased,
but clinical dysfunction remained unchanged and partly even deteriorated. The
prospective multicenter study of Rodrigues-Garcia et al. (1998) explored the relationship
between severe Class II malocclusion and TMD before and 2 years after BSSO. The
patients were evaluated with the Craniomandibular Index (CMI), the Peer Assessment
Rating (PAR) Index and symptom questionnaires. The results showed significant
improvement in occlusion, CMI and muscle pain, reduction in subjective pain and
discomfort and decrease in clicking upon opening. On the other hand, crepitus in the TMJ
increased and the magnitude in the change of muscular pain was not related to the
severity of the pretreatment malocclusion, and the authors concluded that the results do
not support the theory that TMD is related to Class II malocclusion. However, the
subjects of this study were mostly not seeking treatment for TMD: only 28% of patients
reported TMD as the reason for seeking treatment. The Craniomandibular Indexes (CMI)
and Dysfunction Indexes (DI) used in the examinations of the patients showed
preoperative mean scores of only 0.14 and 0.13 on a scale from 0 to 1.0. Onizava et al.
(1995) investigated alterations in TMD after orthognathic surgery in a series of 30
patients and 30 healthy volunteers followed up for 6 months. They found no significant
difference in TMD between the two groups and concluded that alterations of TMJ
symptoms do not always result from the correction of malocclusion.
There appears to be a high range of variation in the prevalence of signs and symptoms
of TMD in the orthognathic surgery population prior to treatment, but in several studies, a
significant number of patients with dentofacial deformity and TMD have experienced
improvement of their symptoms after orthognathic surgery, while, on the other hand,
some preoperatively asymptomatic subjects may have developed TMD postoperatively.
There are, however, many weaknesses in most of these studies: there are no nontreatment control groups or the patient samples are small, follow-up is short or the studies
are retrospective, and IMF has often been used instead of contemporary internal rigid
fixation.
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Table 1. Reported signs and symptoms of TMD in orthognathic surgery populations in
various studies.There is a lot of variation in the ways how TMD is reported.
Study

Type of No. of FollowType of
Preop. Post- Improved New TMD TMD (%) by
diagnosis:
study subjects up
malocclusion TMD (%) op. TMD (%)
in preTMD
opera- preop/postop.
%
(%)
tively
asympt.
subjects

Westermark
et al. 2001

Retro

Gaggl.
Prosp
et al. 1999
RodriguesProsp
Garcia et al.1998
Athanasiou
Prosp
et al. 1996
De Clercq
Retro
et al.1995
Selected
Scheerlink
et al. 1994
Smith
et al. 1992
White
& Dolwick 1992
Schneider
& Witt 1991
Magnusson
et al. 1990
Kerstens
et al. 1989
Karabouta
& Martis 1985

1516 2 yrs

25

3 mnth

124 2 yrs
43

Various, defined
by mandibular
diagnosis
Angle Class II
Class II

6 mnth

Skel.vertic.
excess
143 ≥ 6 mnth Mandibular
hypoplasia

39

21

76 (disc
56
displac.)
26.6 (click) 10.5
4 (crep)
12.9
–
–

(headache↓ )

–

(pain,joint
noises↓)
(muscle
pain↓ )
–

–

Prognathia: 41/24
Retrogn : 45/34
Open bite: 42/27
Laterogn: 62/32
–

–

–

–

Prosp
Selected
Prosp

103 24–60
mnth
22 ?

Mandibular
hypoplasia
Mand. hypopl.

45.6

–

68

10

Open bite:62/77*
VME: 88/71*
Normal/low angle:
30/15
High angle:17/26
–

–

–

–

–

Retro

75

2 yrs

Various

49.3

–

(muscle
pain↓)
89.1

7.9

Prosp

25

Mand. progn

–

–

20

–

–

480 ≥ 1 yr

(Ai,Di↓)
(headache↓)
66

–

Prosp

Mandibular
progn/retrogn
Various

80
(crep+click)
–

64

Prosp

0.5–1.8
yrs
1 yr

Class II: 61/28
Class III:14/13
–

11.5

Prosp

280 9–36
mnth

Mandibular
deformities

–

3.7

26.5

17.8

–

11.9

16.2
40.8

11.1

Norm/low angle
improved most
Prognathia: 34/7
Retrogn: 58/1
Open bite: 57/2
Laterogn: 33/2
–

Magnusson
Prosp
20 1–2.5 yrs Mostly
–
–
(Ai,Di↓)
et al. 1985
mand. progn.
(headache↓)
Ingervall
Prosp
18 10 mnth Mand. progn.
17
0
–
–
–
et al. 1979
Abbreviations: crep = crepitus, click = clicking, retro = retrospective, pros = prospective, VME = vertical maxillary excess,
norm/low/high angle = mandibular plane angle definitions, skel = skeletal, vert = vertical, mand = mandibular ,
progn = prognathia . *measured by Helkimo´s DiII and DiIII

28

2.4.4 Masticatory performance and malocclusion
Many of the orthognathic surgery patients may, before their treatment, exhibit
masticatory performance and occlusal characteristics that differ from those seen in a
normal population, including a decreased number and intensity of occlusal contacts and
malocclusions with frequent interferences (Athanasiou et al. 1989b). Masticatory
efficiency has been investigated in relation to occlusion, and a significant correlation has
been reported. Patients with malocclusions have been shown to have reduced masticatory
efficiency. (Luke & Lukas 1985, Kikuta et al. 1994). Masticatory efficiency may be
related to many different factors, including the number of teeth present, the number of
occluding tooth pairs, the occlusal contact area, the actions of soft tissues and the
preferred chewing side (Magnusson T et al. 1990). Luke & Lukas (1985) found that even
relatively minor variations from normal or ideal intercuspation in the buccal segments
may reduce chewing efficiency. Electromyographic (EMG) studies of subjects with
various dentofacial morphologies have provided support for the assumed association
between muscle structure and function and skeletal malocclusion (Ingervall & Thilander
1974, Proffit et al. 1983, Dean et al. 1992). Individuals with vertical maxillary excess
(long face) tended to have decreased EMG activity, whereas persons with a vertically
short maxilla showed increased EMG activity compared to subjects with normal facial
morphology. On the other hand, several factors may influence the generation of maximal
occlusal force, including the size of the muscles, the distribution of different types of
muscle fibers, the activity level of the muscles, the sensitivity of the teeth and the
muscles and TMJ and the patient`s willingness to exert maximal force. (Ingervall &
Thilander 1974, Proffit et al. 1989).
Alteration of the facial skeleton by means of orthognathic surgery may produce
significant changes in the mechanical advantage of the masticatory muscles and also
physiologically by altering the sensory and proprioceptive inputs (Proffit et al. 1989,
Harper et al. 1997). A noticeable tendency towards normalization in the masticatory
patterns has been recorded after orthognathic correction of severe Class II and Class III
malocclusion (Ehmer & Broll 1992). Myofascial facial pain patients with more severe
pain intensity are likely to reduce their intake of dietary fiber (Raphael et al. 2002). This
is possiby due to an effort to decrease masticatory activity to avoid exacerbating facial
pain and may increase the risk of constipation.
As a summary, research has provided evidence that masticatory forces and functional
patterns in patients with dentofacial malocclusions are different from those in the normal
population, but only a few studies have reported presurgical and long-term postsurgical
follow-up data on functional alterations.
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2.5 Complications and adverse effects of orthognathic surgery
2.5.1 Nerve injuries
Nerve injuries in orthognathic surgery can be caused by indirect trauma, such as
compression by surgical edema, or direct trauma, such as compression, tear or cut with
surgical instruments or stretching during manipulation of the osteotomized bone
segments (Ylikontiola 2002). Seddon (1943) classified neurosensory and motor deficits
into three categories to characterize the morphophysiologic types of mechanical nerve
injuries: neuropraxia, axonotmesis and neurotmesis.
Neuropraxia is the mildest form of injury, and it is described as slight localized myelin
sheath damage without continuity defect. The majority of inferior alveolar nerve (IAN)
injuries following bilateral sagittal split osteotomy of the mandible (BSSO) are
neuropraxias and may be due to nerve manipulation, traction or compression. Normal
sensation or function is usually recovered within two months.
Axonotmesis is characterized by disruption and damage to axons and the myelin
sheath without disruption of the perineurium or epineurium. This is due to greater or
more prolonged injurious forces, and a longer and more profound neurosensory deficit
follows than in neuropraxia.
Neurotmesis is a severe disruption of the nerve trunk, which may cause a profound
and possibly permanent neurosensory deficit.
The incidence of neurosensory deficits in IAN after BSSO has been reported to vary
from 0% to 85%. This wide range of incidence may reflect the variation in the number of
subjects in the study groups, the follow-up times and the sensibility testing methods.
(Westermark 1999). Several factors have been proposed to predispose neurosensory
injury to IAN: the patient´s age; the surgeon´s skills; the magnitude of mandibular
movement; additional genioplasty; and the degree of manipulation of the IAN
(Westermark 1999, Ylikontiola 2002, Van Sickels et al. 2002). Even after perfectly
performed sagittal splitting, there may sometimes occur sensibility disturbances, which
have been proposed to be caused by manipulation of the IAN during the soft tissue
dissection in the initial phase of BSSO (Jones & Wolford 1990, Jääskeläinen et al. 1995,
Westermark 1999). Due to the common use of BSSO, further studies to develop the
dissection techniques are indicated.
Reports on lingual nerve (LN) sensory deficits are fewer than reports on IAN sensory
disturbances. The initial postoperative incidence has varied from 1% to 19% (Schendel &
Epker 1980, Jacks et al. 1998), but according to most reports, the sensory deficit of LN
tends to resolve over time. The proposed mechanism of injury to the LN appears to be
associated with the fixation methods, either bone screws or wires, or with medial side
tissue retraction.
Facial nerve injuries in orthognathic surgery are rare, but the consequences of such
injuries may be devastating to the patient. Damage to the marginal mandibular branch of
the facial nerve is a well-known complication of extraoral approaches to the mandibular
ramus or angulus, but these approaches in current orthognathic surgery are rare. The
facial nerve has been reported to be damaged in intraoral vertical subcondylar osteotomy
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and in BSSO setback procedures with an incidence of less than 1%. The presumed trauma
mechanisms have been compression caused by retractors behind the posterior ramus,
fracture of the styloid process and direct pressure as a result of distal segment setback.
Prognosis is good in incomplete loss of function, but poor if the loss of function is
immediate and complete. (Jones & Van Sickels 1991).
Neurosensory impairment in the greater palatine and infraorbital nerves may be
encountered after maxillary osteotomies. The incidence of prolonged sensitivity
disturbances has been reported to be less than 4%, and they do not seem to bother the
patients (De Jongh et al. 1986, Karas et al. 1990, De Mol van Otterloo et al. 1991).

2.5.2 Complications in TMJ
TMJ fibrous ankylosis or hypomobility following orthognathic surgery has been
proposed to be caused by several factors: immobilization of the TMJ by intermaxillary
fixation (IMF) (Ellis & Hinton 1991), iatrogenic displacement of the condyle posteriorly
and intra-articular hematoma (Nitzan & Dolwick 1989) or excessive stripping of the
periosteum and muscle attachments in the ascending ramus, resulting in scar contraction
and myofibrotic tissue formation (Storum & Bell 1984). Fibrillation and erosion of
condylar cartilage may be consequences of these factors, resulting in hypomobility or
even condylar resorption.
Idiopathic progressive condylar resorption is a rare condition that has been considered
to be caused by factors that diminish the normal functional remodeling capacity (age,
systemic illnesses, hormones) or increase the biomechanical stress on the TMJ (occlusal
therapy, internal derangement, parafunction, macrotrauma, unstable occlusion). As a
consequence of these, a decreased condylar head volume, ramus height, growth rate
(juvenile), progressive mandibular retrusion or apertognathia and a limited mandibular
range of motion may occur. (Arnett et al. 1996a). The incidence of idiopathic condylar
resorption is unknown. Arnett and Tamborello (1990) found 10 cases (1.2%) of condylar
resorption in a population of approximately 800 dentofacial deformities examined over a
10-year period.
Condylar resorption has been associated with orthognathic surgery. Several risk
factors have been proposed. Preoperative morphological or functional factors include
radiological signs of osteoarthrosis, TMJ dysfunction, condyles with a posterior
inclination, a high mandibular plane angle and a low posterior-to-anterior facial height
ratio (Kerstens et al. 1990, Moore et al. 1991, Merkx & van Damme 1994, Bouwman et
al. 1994, Arnett et al. 1996a,b, Hoppenreijs et al. 1998, Hwang et al. 2000). Contributing
surgical factors include major mandibular advancement, counterclockwise rotation of the
mandibular proximal fragment, IMF, rigid internal fixation, bimaxillary osteotomies and
avascular necrosis of the condyle (Schellas et al. 1989, Kerstens et al. 1990, Moore et al.
1991, Merkx & van Damme 1994, Bouwman et al. 1994, Cutbirth et al. 1998,
Hoppenreijs et al. 1998). Young females (15–30) have a higher risk for condylar
resorption than males and older females (Kerstens et al. 1990, Moore et al. 1991, Merkx
& van Damme 1994, Arnett et al. 1996a,b, Hoppenreijs et al. 1998). The incidence of
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postoperative condylar resorption has been reported to vary from 1% to 31%. This is
probably partly due to the great variation in the study populations (Kerstens et al. 1990,
Moore et al. 1991, Bouwman et al. 1994, De Clercq et al. 1994).

2.5.3 Vascular complications
Uncontrolled hemorrhage in the jaws may result from either a mechanical disruption of
blood vessels or congenital or acquired coagulopathy (Christiansen & Soudah 1993). The
most common cause of hemorrhage in association with orthognathic surgery is a lack of
surgical hemostasis (Lanigan et al. 1990a, 1991a). Variations in the bony or vascular
anatomy or inadvertant handling of tissues with normal anatomy, hypotensive anesthesia
or infection may be causes of immediate or secondary hemorrhages. If major hemorrhage
can be avoided, recovery is quicker (Neuwirth et al. 1992).
Maxillary osteotomies, especially LeFort I and II osteotomies, have the potential for
the most serious bleeding sequelae in orthognathic surgery. These complications may
present as immediate intraoperative bleeding or as postoperative swelling or epistaxis.
The most common sources of hemorrhage are the terminal branches of the internal
maxillary artery, especially the descending palatine or sphenopalatine arteries. Bleeding
from these may be caused by a curved osteotome, drilling, an oscillating saw or
downfracture of the maxilla. The downfracture may even damage the internal carotid
artery, if a basal skull fracture ensues that involves areas such as the foramen lacerum and
the carotid canal. Even arterio-venous fistulas are possible. (Lanigan 1988, Lanigan et al.
1990a, 1991b, Mehra et al. 1999).
Most bleeding associated with mandibular osteotomies tends to be intraoperative and
occurs rarely compared to maxillary osteotomies (Lanigan et al. 1991a). If the soft tissues
are retracted properly to allow the operation to be done completely in a periosteal
envelope, the risk for significant hemorrhage is small.
Severe, prolonged disturbances in blood circulation may lead to avascular tissue
necrosis, which may cause tooth devitalization, periodontal defects or even loss of major
bone segments. Due to the dense network of anastomoses in the face, this is a rare event,
but may manifest both in the maxilla and in the mandible, especially in association with
segmental osteotomies. The anterior part of the maxilla is a special risk zone. (Epker
1984, Lanigan et al. 1990b, Lanigan & West 1990, Lanigan 1995). Although, in animal
studies, preservation of the descending palatine artery was not found to be critical for
maintaining blood flow to the downfractured maxilla (Bell et al. 1975, 1995), Lanigan et
al. (1990b) recommended that the artery should be preserved whenever possible and the
segmentalization of the maxilla should be minimized. A wide, intact soft tissue pedicle is
important for the circulation of the downfractured maxilla. In the mandible, avascular
necrosis can be largely avoided by minimal stripping of the mucoperiosteum and muscle
attachments (Bell & Schendel 1977).
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2.5.4 Relapse
Relapse is an unpredictable risk of orthognathic surgery. Many of the studies reporting
relapse have limitations of sample size or the duration of follow-up, involve different
surgical techniques being applied in the same sample or suffer from limitations in the
application of cephalometric measurements. Relapse may be dental or skeletal or both.
In general, mandibular advancement appears to be stable, if rigid internal fixation is
used (Van Sickels & Richardson 1996, Dolce et al. 2000, 2002) and if anterior facial
height is maintained or increased (Proffit et al. 1996). Several factors may affect relapse
in mandibular advancements: the surgeon´s skills; proximal segment control, including
condylar positioning and prevention of proximal segment rotation; prevention of
counterclockwise rotation of the distal segment in cases with a high mandibular plane
angle; the degree of mandibular advancement; and stretching of the perimandibular
tissues, including skin, connective tissues, muscles and periosteum. (Will et al. 1984,
Smith et al. 1985, Phillips et al. 1989, Moenning et al. 1990).
Mandibular setback is not always stable, and the inclination of the ramus at surgery
appears to have an important inluence on stability (Proffit et al. 1996)
The stability of maxillary osteotomies is affected by the magnitude of the anterior
movement and the magnitude of the inferior repositioning of the maxilla, the adequacy of
mobilization of the downfractured maxilla at surgery, the extent of bone contact in the
newly established position of the maxilla and the type of fixation (Proffit et al. 1991a,b,
1996, Baker et al. 1992). Louis et al. (1993), on the other hand, did not find any
correlation between relapse and the magnitude of maxillary advancement. The most
stable maxillary procedure is superior repositioning, and forward movement is also
reasonably stable. Inferior repositioning is less stable, especially if it causes downward
rotation of the mandible and stretching of the elevator muscles of the jaw. The least stable
orthognathic procedure is transverse expansion of the maxilla. (Proffit et al. 1996).

2.5.5 Infection
Infection after orthognathic surgery may be acute or chronic, local or general. Most
postoperative infections are caused by endogenous bacteria, most likely aerobic
streptococci (Peterson 1990). Infection is initiated if the equilibrium between the host’s
defence system and bacterial virulence is lost. Factors contributing to this in orthognathic
surgery populations may be the usage of steroids, the duration of the surgical procedure,
the patient’s age, interference with the blood supply to the bony segments, dehydration of
the wounds, presence of foreign bodies or sequestrum, hospitalization in large wards,
nutrition, hematomas and smoking. The surgeon’s experience, a good aseptic technique
and gentle tissue handling are also relevant factors. (Peterson 1990).
In the classical wound cleanness classification, normal orthognathic surgery wounds
fall into the Class II category (Clean Contaminated Wound). An infection rate of 10% to
15% can be expected without use of antibiotics, in comparison to Class III with an
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expected infection rate of 20% to 30%. In a Clean Wound (Class I), the probability of
infection is approximately 2%. (Peterson 1990).
Studies dealing with infection after mandibular osteotomies report infection rates
ranging from 0% to 18% (White et al. 1969, Guernsey & DeChamplain 1971, Willmar et
al. 1979, Martis & Karabouta 1984, Buckley et al. 1989). In maxillary osteotomies,
infection rates lower than 6% are mostly reported (Kufner 1971, Perko 1972, Kahnberg &
Enström 1987), but in the study of Zijderveld et al. (1999), a 52.6 % infection rate was
found in a placebo medication group with bimaxillary surgery.
There is some controversy concerning the need for prophylactic antibiotics (Peterson
1990, Martis & Karabouta 1984, Zijderveld et al. 1999), and many different practices
exist. The operator must assess dosage, timing, duration of therapy and side-effects when
considering antibiotic prophylaxis. Peterson (1990) has outlined the following principles
for rational use of antibiotic prophylaxis in orthognathic surgery: (1) the surgical
procedure should involve a significant risk for infection. Wound Cleanness Class II
includes an increased risk for infection (10–15%), as do bone grafts; (2) correct
antibiotics should be selected; (3) the antibiotic level should be high; (4) the antibiotic
must be administered in a correct time sequence; (5) the shortest effective antibiotic
exposure should be used.

2.5.6 Other complications
Fractures of the osteotomized segments in BSSO, i.e. bad splits, have been reported to
occur in 3% to 23% of cases (Van Merkesteyn et al. 1987, Ylikontiola 2002). Ophthalmic
complications are rare sequels of maxillary osteotomies. They include decreased visual
acuity, extraocular muscle dysfunction, neuroparalytic keratitis and nasolacrimal
problems (Lanigan et al. 1993). These injuries appear to be caused by indirect trauma to
the neurovascular structures during the pterygo-maxillary dysjunction or fractures
extending to the base of the skull.
Other anecdotal problems, such as endotracheal tube damage (Thyne et al. 1992),
tympanometric changes (Baddour et al. 1981) and prolonged dysphagia (Nagler et al.
1996), have been reported. Even life-threatening events may occur (Edwards et al. 1986).
Periodontal problems and tooth damage may be encountered, especially in segmental
osteotomies. Problems are probably mostly caused by errors in the surgical technique.
The design of the soft tissue incisions is critical: vertical incisions in the area of
osteotomy will predictably create periodontal problems. Trauma to the palatal
mucoperiosteum is a risk. Excessive heat generation with oscillating or rotating
instruments, soft tissue injury or excessive interdental bone removal may result in
compromised vascular supply to the area, as does also marked repositioning of the
segment. Poor oral hygiene plays some role in periodontal problems. Many of the
surgical problems can be minimized if an interdental space is created preoperatively by
orthodontic means. (Wolford 1998).
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2.6 Costs of orthognathic surgery
Little has been written about the costs of orthognathic surgery, although continuously
growing expenditure poses serious challenges to the current health economy and
medicine in all fields. Dolan et al. (1987) analyzed the hospital charges for orthognathic
surgery, focusing on the surgical phase. Later, Lombardo et al. (1994) and Dolan & White
(1996) made comparisons of different costs using the results of the previous study by
Dolan et al. (1987) as reference. They found, for example, that the time spent in hospital
had decreased significantly during a few years. They concluded this to be due to the
introduction and use of the internal rigid fixation method, which, on the other hand,
increased the expenses of orthognathic surgery. Permert et al. (1998) presented cost data
from orthodontic treatment in the Public Dental Service in Sweden. Orthodontics with
removable appliances performed in general dental practices included an average of 8
visits and cost approximately 1000 US dollars. If the treatment turned out to be
complicated, the patient was referred to a specialist clinic. There does not, however, seem
to be any comprehensive report of the costs and cost factors of the whole process of
orthognathic surgery.

3 Aims of the study
This study aimed at a comprehensive assessment of the psychosocial and biophysiologic
indications for orthognathic surgery as well as an evaluation of the psychosocial and
functional outcomes of the treatment. The more specific aim was to define the kinds of
patients with dentofacial deformities who benefit most from orthognathic surgery and the
costs and risks at which possible benefits are attained.
The specific aims of the study were to
1. determine in a standardized way patients` motives for seeking orthognathic surgery,
to identify presurgical symptoms and problems and to investigate patients` reactions
to surgery.
2. examine the influence of orthognathic surgery on the functional status of the
masticatory organ. Do some types of dentofacial deformities benefit from treatment
more than others?
3. assess the incidence of various problems and complications in orthognathic surgery
and to test the influence of a special instrumentation technique to protect the inferior
alveolar nerve bundle in the initial soft tissue dissection phase of sagittal split
osteotomy.
4. analyze the cost-effectiveness of orthognathic surgery in relation to specific
dentofacial deformities and to explore the cost factors possibly influencing the
expenses.

4 Material and Methods
4.1 Patients
The present study series consisted of patients referred for evaluation and treatment of
their dentofacial deformities to the Clinics of Oral and Maxillofacial Surgery of Vaasa,
Seinäjoki or Turku, Finland. For the prospective Papers I, II and IV, patients were
collected consecutively. Basically, all patients referred during a given period were
included, with the exceptions shown in demographic data in Table 2. Most of these study
patients (159 /199) were operated on in Vaasa Central Hospital. All of these patients had
preoperative orthodontics.
In the retrospective Papers III and V, the patient files and radiographs of orthognathic
patients operated on in Vaasa constituted the material, as also shown in Table 2. Some of
the patients covered in Paper III did not need active orthodontic treatment. Paper III
showed 88.6 % of the 655 patients to be healthy, while 2.6% had cardiovascular disease,
2.3% had a respiratory disorder, 1.2% had a gastrointestinal disease and 5.3% had some
other disorder, such as a connective tissue disease or a musculoskeletal or endocrinologic
disorder. Notes on complications and problems were gathered from the patient files and
radiographs. Adequate pre- and postoperative radiographs (panoramic radiographs or
lateral cephalograms) were available for 559 patients, whereas 20 preoperative and 54
postoperative radiographs were missing, and neither pre- nor postoperative radiographs
were available for 22 patients.
The clinical diagnoses covered in the present study are shown in summary in Table 3.
The majority of patients had mandibular hypoplasia, and the most common surgical
operation was BSSO with advancement (Table 4). Genioplasty was hardly ever done as a
separate procedure
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Table 2. Number, age and gender of patients, criteria for patient selection.
No. and type of No. of
Mean age
original paper patients (range,years)
I
Prospective

100

31 (17–55)

Gender
(F/M)

Inclusion criteria

71/29

Consecutive between
May 1994 and May
1995
Consecutive between
1993 and 1995
No treatment at all
(c)

Excluded/ drop-outs

1 lost to follow-up, 1 reoperated, 2 filled questionnaire
improperly
II Prospective,
60 (st)
33.2 (16–56)
49/11
2 had orthodontics only, 1
could not be reached, 1 had
controlled
20 (c)
31.5 (15–44)
16/4
neurolomuscular and one had
psychiatric disorder (st). Pts
with occlusal grinding or splint
therapy (c)
III
655
30.3 (15–60)
475/180 Operated on in VCH –
Retrosp.
between 1983 and
1996
IV Prospective,
39
38 (18–60)
28/11 Consecutive BSSOs Pts with GP or other
controlled by
with/without
concomitant mandibular surgery
contralateral
maxillary surgery
or pts with only maxillary
surgical site
surgery
V
99
38.3 (18–64)
61/38 Operations and
Orthodontics elsewhere, pts
Retrosp.
orthodontics in VCH, with poor quality radiographs
good quality
pts with re-operation, major
radiographs available bone grafts or complications
Abbreviations: st = study group, c = control group, pts = patients, BSSO = bilateral sagittal split osteotomy,
GP = genioplasty, VCH = Vaasa Central Hospital, retrosp. = retrospective

Table 3. Clinical diagnoses of patients in various Papers of the present study. Paper II:
scores of control group in parentheses.
Diagnosis
I

II

Paper
III
IV*

Mandibular hypoplasia
75 40 (16)
364
29
Mandibular hyperplasia
4
5
38
1
Maxillary hypoplasia
2
1
55
Mandibular and maxillary hypoplasia
2
12
1
Anterior open bite
7
22
1
9
9 (4)
18
5
Anterior open bite with mandibular
hypoplasia or hyperplasia
Anterior open bite with maxillary
3
hyperplasia (VME) or hypoplasia
Asymmetry, mandibular
3
22
1
Maxillary hyperplasia
2
Other deficit in both jaws
61
Dentoalveolar malposition
5
Other (various combinations of the
51
1
above)
Missing
5
TOTAL
100 60 (20)
655
39
Abbreviation: VME = vertical maxillary excess *Selected patient material

Total

% of all
diagnoses

568
52
68
19
33
49

60%
5%
7%
2%
3%
5%

3

< 1%

5

28
2
64
5
57

3%
< 1%
7%
< 1%
6%

99

5
953

< 1%
100

V*
60
4
10
4
3
8

2
3
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Table 4. Surgical operations performed on the patients in various Papers of the present
study. Several patients have had more than one procedure.
Type of operation
I

II

Paper
III

IV

V

BSSO advancement

76

40

445

38

65

657

BSSO set back
Genioplasty
LeFort I osteotomy
Bimaxillary
Mandibular segment
osteotomies
Maxillary segment
osteotomies
SARME
Other

4
15
6
14

2
5
3
15

70
97
146
81*
56

1

3
7
12
13
7

79
124
173
131
63

19

Total

6
8*

2

28
4

21
28
4

Abbreviations: BSSO: Bilateral sagittal split osteotomy SARME: Surgically assisted rapid maxillary expansion
*Osteotomies of each jaw are also included in single-jaw osteotomy scores

4.2 Methods
4.2.1 Psychological considerations in orthognathic surgery
The study intended to determine patients` motives in seeking orthognathic surgery, to
identify presurgical symptoms and problems and to ascertain their reactions to surgery
and their satisfaction with life before and after surgery (paper I). Information about the
patients’ perception of symptoms and problems before and after surgery, about their
motives for seeking orthognathic surgery, and the influence of treatment on these factors
was collected by means of structured questions with ranked responses or set alternatives.
In the postsurgical assessment, visual analogue scales (VAS) were used to measure the
patients’ satisfaction with the results. The patients were also inquired about any possible
complications following surgery. The questionnaire used was largely based on that used
in previous studies (Kiyak & Bell 1991, Ostler & Kiyak 1991). The questionnaire was
also chosen in order to enable more reliable statistical handling: the interview, whether
structured or free, is known to be influenced by the interviewer. The patient’s
psychosocial well-being was measured using a life satisfaction questionnaire, in which
various aspects were assessed on a 7-point scale (1 = extremely dissatisfied,
7 = extremely satisfied).

39

4.2.2 Effects of orthognathic surgery on TMD and masticatory function
The present study aimed to clarify the controversial association between the effects of
orthognathic surgery and TMD using a case-controlled, prospective clinical follow-up
design (paper II). Signs and symptoms of TMD and occlusal parameters (overjet,
overbite, maximal mouth opening, deviation at mouth opening, lateral and protrusive
movements, horizontal and lateral glide in retruded contact position and intercuspal
position, mediotrusive and laterotrusive interferences, number of occluding pairs of teeth,
pain when moving the jaw, palpation and auscultation of the TMJs and palpation of the
masticatory muscles) were assessed three times in the study group of 60 patients: (1)
before orthodontic treatment, (2) approximately 12 months postoperatively (range 9–16
months), when active orthodontic treatment had been discontinued, (3) approximately 29
months postoperatively (range 20–44 months). The control group of 20 patients consisted
of subjecs who were seeking treatment for similar dentofacial deformities, but who did
not wish to have treatment after the examinations and the information given at the first
visit. They were examined twice during the investigation: (1) at the first visit and (2)
approximately 52 months later (range 33–70 months).
Each control visit included a written anamnestic questionnaire and a clinical and
radiological examination, but because some subjects in the control group refused
radiography at the final visit, no radiological comparison could be made in the control
group. The basic data from the questionnaire and the clinical examination were calculated
and classified according to Helkimo`s Anamnestic Index (Ai) (graded on a scale of
Ai0 = no subjective symptoms, AiI = mild subjective symptoms and AiII = severe
subjective symptoms) and Dysfunction Index (Di) (Di0 = no symptoms, DiI = slight
symptoms, DiII = moderate symptoms, DiIII = severe symptoms) (Helkimo 1974). The
radiological examination included visual assessment of condylar morphology from
panoramic tomographies and mandibular plane angle (Sella-Nasion-Menton-Gonion, SNMeGo) from lateral cephalograms. The possible association of this angle with TMD was
analysed. The frequency of headaches was recorded on the following scale: (1) once or
twice a month, (2) once or twice a week, (3) more than once or twice a week, (4)
“migraine type”: symptoms suggestive of genuine migraine, but definitive diagnosis not
yet made by a neurologist. Some patients did not report headache at all or had headache
less often than once a month.

4.2.3 Complications and adverse effects of orthognathic surgery
The purpose of the study was also to determine the incidence of a variety of
complications and problems reported in several earlier studies, many of which are case
reports. The incidence of pre-, intra- and postoperative complications were evaluated
retrospectively based on the criteria proposed by Dimitroulis (1998) (paper III).
Complaints about the treatment addressed to the Patient Insurance Center (PIC) of
Finland between 1990 and 1999 were also gathered from the statistics of PIC. PIC is a
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national authority to which a patient can appeal if s/he is dissatisfied with the treatment
without a need for a law suit.
Complications and problems occurring at three phases of treatment were recorded.
Notes related to information, orthodontics, TMJs and attitudes towards the treatment were
regarded as preoperative complications. Intraoperative complications consisted of such
problems as hemorrhage, visible nerve injuries, unfavourable osteotomies, jaw
malpositioning, technical or instrument failures, drug reactions and other adverse
consequences that occurred during the patient`s stay in hospital. Complications that
appeared later were classified as postoperative. These included remarks on neurosensory
disturbances in the anatomical regions innervated by the inferior alveolar nerve and the
lingual, infraorbital and facial nerves, secondary gross swelling or late bleeding,
reoperations, malpositions of the proximal fragment in BSSO, infections, unsatisfactory
occlusal outcome, TMJ problems or other problems. Relapse of the treatment results was
not specifically analyzed, because this issue has been quite thoroughly reported in the
earlier literature. This would also have necessitated more standardized cephalograms, as
the current quality and magnification varied far too much. General remarks about the
stability of the treatment results or the relapse were, however, picked up from the files.
Relapses were roughly classified as “mild” or “severe”, with “severe” referring to cases
in which, according to the files, the overall results were considered no better than before
the treatment and there remained a need for a new treatment or a reoperation. The rest
were classified as “mild”. The Finnish Patient Insurance Centre (PIC) was contacted for
information on official claims concerning orthognathic surgery addressed to the PIC.
The panoramic radiographs were examined for signs of condylar resorption,
unfavourable positions of the osteotomized segments and resorption or iatrogenic damage
of the roots of the teeth. From the lateral cephalograms, the SN-MeGo angle was
measured and compared to 32°, to find out the possible association between this angle
and condylar resorption.
The patients´ motivations to seek treatment were also assessed in this study. These
motivations were classified as functional (stiffness in the jaws, difficulties to open the
mouth wide, damage to the teeth/gingiva, improvement of mastication, occlusion, TMJ
function), pain-related (other than headache: pain in the jaw, neck, TMJ), esthetic (face,
teeth) or recommendation by others.
A surgical approach was tested aiming at improving the instrumentation in attempts to
prevent injury to the IAN in the soft tissue dissection phase of BSSO (paper IV). Thirtynine patients were operated on with the BSSO technique introduced by Trauner and
Obwegeser (1957) and modified by DalPont (1961) and Hunsuck (1968). The hypothesis
was that extremely gentle and minimal soft tissue dissection medial to the ascending
ramus would cause less trauma to the IAN around the foramen mandibularis and thus less
neurosensory deficits. This soft tissue dissection in the ramus and protection of the IAN
was carried out with two surgical instruments differing in size and shape. On a randomly
selected test side, a delicate, only slightly curved Howarth elevator was inserted with
extreme caution above the mandibular foramen of each patient to protect the IAN. On the
contralateral control side, a broader channel retractor with about 90° curve at the tip was
placed above the foramen to the posterior side of ramus. Drilling was used to perform the
horizontal osteotomy on the test side and sawing with a reciprocating saw on the control
side. It was thought that these instrumentations differed from each other in the degree of
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tissue retraction and the risk of nerve damage (less retraction and damage on the test
side). Other intraoperative factors were kept macroscopically similar on both sides, and if
nerve damage or some other complication was assumed to have occurred during the
osteotomy, the patient was excluded from the study.
The neurosensory testing was carried out on both the test and the control sides using 2point discrimination (2-PD) and the Vitality Scanner Test (VST) preoperatively and four
times postoperatively up to approximately one year. In addition to these tests, the
patients´ subjective sensation on both sides was inquired.

4.2.4 Costs
As there do not exist publications assessing the costs of the entire process of surgicalorthodontic treatment, the purpose of the present study was to evaluate the expenses in
the different phases of treatment in a community hospital (paper V). In particular, the aim
was to find out the most costly phase of the treatment and the most expensive and
cheapest types of malocclusion and mode of surgery as well as to identify the specific
clinical or cephalometric factors influencing costs.
Firstly, cost data were gathered from four phases of the orthognathic surgery process:
(1) pre- and postoperative orthodontics in the Clinic of Orthodontics, (2) pre- and
postoperative outpatient expenses in the Clinic of Oral and Maxillofacial Surgery
(OMFS), (3) surgical operation, (4) inpatient period. The proportion of total costs
allocated specifically to surgical-orthodontic treatment was calculated on the basis of the
annual number of visits for surgical-orthodontic treatment in both clinics. These visits
were classified into 4 (orthodontics) and 6 (OMFS) cost categories. With the help of the
patient files, the number of individual visits was multiplied by the price of each visit,
which yielded the individual outpatient costs in each clinic. The costs for each surgical
operation were obtained by utilizing the general activity-based cost (ABC) analysis that
had been done for Central Operating and Recovery Units. The inpatient period costs were
calculated using the day-based invoices sent to municipalities.
Secondly, the total costs and expenses in each phase were tested and analyzed in view
of the patient`s age, various occlusal and clinical factors as well as the clinical and
skeletal diagnosis. Computerized skeletal analysis was performed by digitalizing and
assessing the pretreatment and early retention phase cephalograms with the RMO-Joe
software (Rocky Mountain Company) in order to identify the skeletal features possibly
influencing the difficulty and costs of treatment.

4.3 Statistics
Wilcoxon signed-rank test was used as follows: to assess the significance of changes in
reported symptoms and problems and satisfaction with life before and after surgery in
paper I; to assess the difference between various preoperative and postoperative
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anamnestic and clinical measures included in Helkimo´s Anamnestic and Dysfunction
indexes and occlusal parameters in paper II; in paper III, to assess the differences
between the numbers of patients in the different categories of motivations to seek
treatment and between the ages of patients with and without neurosensory disturbances;
in paper IV, to assess the differences between the test and control sides in 2-PD and VST
test scores at every control visit .
Spearman’s correlation coefficient was used in paper I to assess the relationship of
various factors with overall satisfaction and in paper II to study the association between
Ai or Di and the specific type or magnitude of dentofacial deformity, between Ai or Di
and the patient’s age and between the occlusal parameters or Ai or Di and the specific
type of malocclusion. In paper III, Spearman’s correlation coefficient was used to assess
the relationship between the patient’s age and the inpatient period or condylar resorption
or TMD; in paper IV, to test the association between the subjective sensation and such
variables as age, gender, 2-PD and VST; and in paper V, to test the differences between
costs in various phases and the tested clinical and cephalometric values.
Wilcoxon’s two-sample test was used in paper I to assess significance in relation to the
categorical variables. In paper V, analysis of covariance (ANCOVA) was used to test the
costs of orthodontics, surgery and inpatient care and total costs in relation to the different
clinical and cephalometric values and measurements. The outpatient surgery clinic cost
was tested first by using ANCOVA and then by applying a regression-type model,
because none of the categorical variables were significant. The cost differences between
the various diagnostic and operative groups were tested with analysis of variance and
paired t-tests, and due to the multiple comparisons, a Bonferroni procedure to correct the
p-values was added in paper V.
For paper IV, calibration of the two investigators for 2-PD was done, i.e. the interexaminer difference was tested with non-operated volunteers by t-test and was found to
be negligible.

5 Results
5.1 Psychosocial profiles of patients
The most common motive for seeking treatment was to improve occlusion (92%),
followed by prevention or improvement of TMJ problems (70%), improvement of
chewing ability (68%) and appearance of teeth (67%), as demonstrated in Table 5. These
were also the aspects in which patients most often (91%–72%) reported improvements as
a result of surgery. General health, self-esteem and improvement of facial appearance
were less often mentioned as motives for seeking treatment (27%–46%) (Paper I). The
results of the Papers II and III are in accordance with these findings: functional and/or
pain-related problems constituted 61% and 52% of the motives, while cosmetic and
functional/cosmetic motives together represented 28% and 20% of the motives. It was
also shown that the patients with functional and pain-related reasons for seeking
treatment were older (median 34 and 33 years, respectively) than the patients with
cosmetic (median 27 years) and other reasons (Paper III).

44
Table 5. Motives for seeking treatment and effects of treatment (n = 100)
Motive for seeking treatment

Classification of
motive*

Percentage of
patients

Percentage of patients
considering
improvement
achieved**

Improvement in chewing ability
O
68
82
Improvement in appearance of teeth
A
67
72
Improvement in occlusion
O
92
91
Prevention of tooth and periodontal
D
36
36
disease
Improvement in facial appearance
A
39
46
Prevention or improvement of TMJ
O
70
74
problems
Improvement in speaking ability
S
19
19
Improvement in work performance
S
14
9
Improvement in general health
S
31
27
Improvement in breathing
S
17
13
Improvement in self-esteem
S
20
29
*Classification according to Ostler and Kiyak (1991): O = oral function; A = appearance; S = social health;
D = disease prevention. **Patients could also indicate if a particular motive had played no role in their decision
to undergo surgery.

Problems relating to occlusion and mastication were rated as the most significant
problems before surgery, and the next highest scores were allotted to temporomandibular
joint problems and headache. Perceptions of the appearance of teeth and, to a lesser
degree, facial appearance were also rated high. General appearance, speech and general
health, self-esteem and social interactions were not considered particularly problematic
by the patients. Significant improvements were noted after surgery in relation to all
aspects except work performance and general health.
The scores for satisfaction with life were uniformly high before surgery, but even
higher one year after surgery. Most differences between pre- and postoperative scores
were significant (work, livelihood, personal relationships, leisure, mental health, health,
concept of life). Overall satisfaction correlated with low numbers of postoperative
problems (p < 0.0001), especially TMJ problems (p < 0.0001), facial appearance
problems (p < 0.0001), biting problems (p < 0.001), problems with general health
(p < 0.001), occlusal problems (p < 0.01) and problems with teeth and general appearance
(p < 0.01). Willingness to undergo surgery again was high, 8.6 (on a VAS scale from 0 to
10), and willingness to recommend surgery to others with similar problems was 9.0.
The duration of postoperative orthodontics had no effect on treatment satisfaction, but
those reporting postoperative numbness of the lower lip and chin were less satisfied than
those not reporting numbness (p < 0.01). Thirty-one patients (33% of patients with
mandibular surgery) reported numbness.
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5.2 Effects of orthognathic surgery on TMD and masticatory function
Signs and symptoms of TMD were frequently seen throughout the follow-up of the
orthognathic surgery population as shown in Table 6. At least one sign of TMD was
present in 73% of the patients preoperatively, and at the last postoperative control visit,
60% of patients presented some sign of TMD (p = 0.01), and the overall prevalence of
various signs of TMD was reduced, as can be seen in Table 6. High preoperative
prevalence (46%) and reduction of TMD (to 29%) were also seen in Paper III, but these
data were gathered retrospectively. Six patients (10%) had reduced mouth opening (< 40
mm) in the last control, but this had no clinical relevance to the patients.
Table 6. Numbers of patients with signs and symptoms of TMD in various examinations
(n = 60). In parentheses:control group, n = 20.

Before treatment
One year after
treatment
The latest
examination

Joint
clicking

Joint
crepitation

Joint pain on
palpation

Muscle
palpation
tenderness*

Headache Max. opening
< 40 mm

25 (8)
25 (–)

13 (4)
12 (–)

27 (6)
7 (–)

30 (7)
12 (–)

38 (10)
11 (–)

0 (0)
8 (–)

29 (8)

6 (4)

11 (11)

11 (5)

12 (10)

6 (0)

P = 0.09**
P = 0.0003** P = 0.0005** P < 0.001** P = 0.313**
* > 6 muscles of 12 tender to palpation ** Wilcoxon ranked signed test, study group (between first and latest
examination). No statistically significant changes seen in control group.

Tenderness of the masticatory muscles to palpation (p < 0.001), joint pain on palpation
(p < 0.001) and the number of patients with headache (p < 0.001) were reduced
significantly from the preoperative level. At the initial examination, 38 patients (63%)
reported suffering from recurrent headache, whereas only 15 patients (25%) did so at the
final examination. The frequency of remaining headache was also reduced. There was no
improvement in headache in the control group. In the initial assessement, 89% of the
patients with recurrent headache fell into the clinical dysfunction classes DiII or DiIII,
and the difference compared to the patients with no headache was almost significant,
p = 0.058. Patients without headache had an average of 5.4 muscles (out of 12) tender to
palpation, whereas patients with headache had an average of 7.0 muscles tender to
palpation at the initial examination. At the latest examination, there were only 11 patients
with more than 6 muscles tender to palpation. No association with diagnosis, Ai, Di,
overlap or overjet was found, however.
Reduction was also noticed in crepitation, but this did not reach statistical
significance. This change was greatest in the patients with skeletal Class I and Class III
malocclusions. Clicking of the TMJ, on the other hand, showed even a slight increase, as
did the number of patients with reduced maximal mouth opening. The control group was
initially almost identical, with 75% having signs and symptoms of TMD, but in contrast
to the study group, the frequency of TMD increased to 85% of the patients during followup.
A weak positive correlation (rs = 0.27, p = 0.04) was found between the patient’s age
and Ai before treatment. Significant improvement was found in Ai (p < 0.0005) between
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the first and the latest examinations. The older group of patients (> 30years) benefited
most from the treatment.
Di improved significantly (p < 0.001) between the preoperative and final
examinations, and even more markedly among females. In the control group, no changes
in Ai or Di were observed.
No association could be found between Ai or Di and the specific type or magnitude of
skeletal deformity either in sagittal or vertical assessments.
Four patients (6.7%) with no TMD before surgery developed signs of TMD during the
postoperative follow-up. One patient in the study group and one in the control group
underwent arthroscopy before the final examination. Resorption or condylar remodelling
was present in six preoperative panoramic tomographies (10%), but no progressive
changes during follow-up were observed.
All the parameters of occlusion showed significant improvement in the study group
and seemed to remain stable during the observation period. In the control group, minor
occlusal changes were seen in some individuals. No occlusal adjustments had been
performed in these control subjects. The occlusal parameters were tested for relationships
with Ai, Di and the specific type of malocclusion, but no significant correlation was
found.
The significant reduction in recurrent headache was mostly already seen at one year
postoperatively, and even those who continued to have headache reported a reduced
frequency. Similar beneficial effects on recurrent headache after orthognathic surgery
have also been reported by others (Magnusson et al. 1986, 1990, Wanman 1987, Smith et
al. 1992, Le Bell et al. 1993). Most of the headache in the present study was considered
to be of the muscle contraction type, and only 4 of the 38 patients had a common
migraine type headache. The headache and non-headache groups differed almost
significantly in tenderness of the masticatory muscle on palpation: the patients without
headache had an average of 5.4 muscles (out of 12) tender to palpation, in comparison to
7.0 muscles in the headache group at the initial examination. The improvement in
occlusion and masticatory muscle status associated with reduced headache coincides with
the findings of Lous and Olesen (1982) and Forssell et al. (1985, 1986, 1987). There was
no reduction in headache in the control group.

5.3 Complications and problems
Preoperative phase. Condylar resorption was seen in the panoramic tomographs of 58
patients (11%) preoperatively (Fig. 1). Symptomless root resorption of one or more of the
teeth could be identified in 22 patients (3%). Two cases of condylar resorption were seen
after preoperative orthodontics. There were no recordings of poor communication,
incorrect diagnosis, poor dental laboratory work or defects in the patient’s medical
preparation and workup.
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Fig. 1. The incidence of most common complications and problems during orthognathic
surgery between 1983 and 1996.

Intraoperative phase. Excessive bleeding was the most common problem in the
intraoperative phase, as shown in Fig. 1. More than 1000 ml of bleeding was seen in
about 10% of patients, and more than 2000 ml in about 1% of patients; 12% of patients
needed blood transfusions, but less than 1% of those with BSSO (average bood loss 340
ml), whereas every third patient needed blood transfusion during and after a bimaxillary
operation (average blood loss 890 ml). The mean blood loss remained between 300 and
500 ml throughout the study period.
Postoperative phase. The incidence of most postoperative complications and problems
is about 5% or less, with the exception of root injuries in segment osteotomies (13%),
mild clinical relapse (8%) and neurosensory deficits of the IAN (32%), as shown in Fig.
1. The incidence of other problems was one or two cases of each. Progressive condylar
resorption was observed in 28 cases (5%), 7 of whom had already had this problem
preoperatively. Twenty one of these patients (75%) were operated with BSSO
advancement, with or without genioplasty. Five of the patients had had bimaxillary
surgery. In 63% of all condylar resorption cases, the SN-MeGo angle was greater than
32°, which would suggest a tendency towards skeletal open bite. No correlation was
found between the patient’s age and condylar resorption.
The most frequent complication was found to be neurosensory deficit of the IAN,
which was mild in 32% and severe in 3% of the patients with osteotomy in the mandible.
The patients with neurosensory deficit were older (mean, 33 years) than those with no
disturbances (mean, 28.4 years, p < 0.01). Only two patients reported disturbance of
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lingual nerve sensation, and 5 reported mild disturbance of infraorbital nerve sensation.
There were no notes of disturbances of facial nerve function.
Prevention of the neurosensory deficits of the IAN with a special surgical
instrumentation technique was tested (paper IV). At one week and one year, all the tests
showed the neurosensory deficit to be slightly worse on the control side (channel
retractor), although the difference was not statistically significant (Fig. 2, 3, 4). The
figures show mean values, although the data were skewed towards the left, but they
illustrate the trend. VST showed lower values on the test side (Howarth elevator) at all of
the 4 control visits, and the difference at 6 months was also statistically significant
(p = 0.028) (Fig. 4). There were no differences in subjective sensation between the sides,
but there was a correlation between subjective sensation and the 2-PD in the lower lip
(p = 0.004 at 6 months and 0.038 at one year).
Both 2-PD and VST showed the maximum deviation from the preoperative test level
(normal sensation) to occur at one week postoperatively, after which the sensation
gradually normalized. Most patients had restored most sensation by the 3-month control
visit, after which slower improvement towards the preoperative level continued.
Subjective sensation followed the same trend. Five sides in both groups, i.e. 10 patients,
and three patients with both sides continued to have slightly, but not disturbingly, altered
sensation at one year. They account for 33% of the total study population. The mean age
in this subpopulation was 43 years compared to the mean ages of 38 years in the whole
group and 35.5 years in the group of patients with normal sensation, p = 0.05. None
reported severe disturbance at this phase.
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Fig. 2. Deviation from presurgical measurements in two-point discrimination, lower lip (mm).
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Age or gender had no influence on the measured neurosensory deficits on either the test
or the control side. Subjective sensation had an almost significant correlation with gender
at 6 months, but no longer at the one-year control visit.
While studying complications, the patients` motivation to seek treatment was also
recorded, because it was thought to be potentially reflected in the overall satisfaction with
the treatment and the alleviation of possible complications and side effects. There were
63 official claims concerning orthognathic surgery addressed to the PIC between 1990
and 1999, and the distribution of the types of claims is shown in Table 7.
Table 7. The main reasons for claims concerning orthognathic surgery in Finland
addressed to the Patient Insurance Centre (PIC) between 1990 and 1999.
No. of claims

Complications
Compensation paid to the patient
Unsuccesful operative outcome and/or need for reoperation
Nerve problem
Cosmetic reasons
Septum dislocation
Various others (one of each)
Compensation not paid to the patient
Nerve injury
TMJ pain, other pain, or uncomfortable sensation in the face
Dissatisfaction with the outcome of the treatment
Various others
Total
Data adapted from PIC, Helsinki, Finland.

8
3
2
2
9
8
10
4
17
63

5.4 Costs
An average of five surgical-orthodontic outpatient visits were made by each patient to the
OMFS clinic (range 2–10). In the fiscal year 1999, the visits to the OMFS clinic for
surgical-orthodontic treatment represented 16.7 % of the total number of visits. The costs
of these visits made up 17.5 % of the total costs. The average number of visits per patient
at the Clinic of Orthodontics was 26 (range 11–55), but only 24 patients made more than
30 visits, while one of them made more than 40 and one more than 50 visits. The majority
of these 24 patients had skeletal discrepancies in the vertical dimension: eleven patients
had skeletal open bite and nine had skeletal deep bite. Half of these patients had normal
sagittal skeletal relations.
The average cost of routine surgical-orthodontic treatment was 6206 USD (Standard
Deviation (SD) ± 912 USD), and the cost distribution of the different phases of treatment
is shown in Fig. 5. Orthodontic treatment accounted for an average of 39% of the total,
i.e. 2425 USD (SD ± 600 USD), followed by the surgical phase, which amounted to 28%
of the total, i.e. 1708 USD (SD ± 627 USD). No correlation was seen between gender or
age and costs. Space closure after tooth extraction raised the orthodontic costs compared
to the non-extraction cases (p = 0.0015). There was a positive correlation between the
total outpatient costs and overbite (statistical significance, p = 0.04) and a negative
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correlation between the total outpatient costs and lower facial height (statistical
significance, p = 0.05).
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Fig. 5. Costs of surgical-orthodontic treatment according to clinical diagnosis. * and #:
statistical difference p < 0.05.

The mean total costs in the different diagnostic groups are shown in Fig. 5. A diagnosis of
malocclusion due to the mandible resulted in the cheapest treatment, while open-bite
deformity was the most expensive condition to treat. The cephalometric skeletal analysis
also showed that the patients with open bite fell into the most expensive category, as did
the Class III patients, although the differences were not statistically significant. The
inpatient period was cheapest (847 USD) for malocclusions due to the mandible and most
costly for malocclusions due to the maxilla (929 USD), p < 0.01. There were no other
relevant correlations between the different test factors and costs.
When the data were assessed from the point of view of the performed operation,
malocclusion treated with BSSO (advancement or setback with or without genioplasty)
turned out to be the cheapest procedure (5870 USD) and bimaxillary operations (LeFort I
osteotomy + BSSO with or without genioplasty) the most costly (7376 USD) (Fig. 6).
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BSSO or LeFort I or genioplasty.

Personnel costs, i.e. salaries, social security contributions and pensions, accounted for the
major part of the surgical operation costs: 71% in bilateral sagittal ramus osteotomy
(BSSO), 52% in LeFort I osteotomy and 65% in bimaxillary operation (LeFort I/BSSO).
The material charges for rigid fixation accounted for less than 10% of the costs (58 USD
in BSSO, 590 USD in LeFort I osteotomy, 648 USD in bimaxillary operation).
The average actual operation time was 83 min for BSSO, 97 min for LeFort I and 178
min for bimaxillary osteotomy. A remarkable proportion of the working time of the
operating theatre team was spent outside the actual operation: 75 min in BSSO and 80
min in LeFort I osteotomy. This time was not recorded for bimaxillary osteotomies.

6 Discussion
6.1 Methodological aspects
The present study series consisted of patients referred to the specialist Clinics of Oral and
Maxillofacial Surgery of Vaasa, Seinäjoki or Turku and together represent a population of
over a million people in Western Finland. It is not a random sample of basic population,
but could be regarded as representative of a subpopulation of patients with major
dentofacial deformities. It should be borne in mind, however, that some distortion of the
patient series may have been caused by the referral patterns of individual dentists or
physicians and the patients’ willingness to seek information and treatment. The strength
of this patient series, on the other hand, lies in its racial and ethnic homogeneity, which
means that cosmetic expectations, for example, are not influenced by this aspect.
This study shows that the majority (60%) of patients had a skeletal Class II deformity
(usually mandibular hypoplasia/retrognathia), and neither of the other deformities had a
prevalence of more than 10% (Papers I, II and III). This agrees quite well with the
calculations of Proffit and White (1991), who estimated Class II malocclusions to be the
most prevalent deformity in the US population. This prevalence of Class II deformities is
also shown in paper V, in which we tried to get a more even distribution of various
discrepancies, but this was hindered by either a lack of sufficiently high-quality pre- and
postoperative radiographs for evaluations or the fact that part of the orthodontics was
performed outside the hospital, which made cost comparisons difficult. Patients with
bone grafts and major complications had to be excluded as well, since only the routine
treatment process was being assessed.
In Paper II, the limitations of most previous studies dealing with the outcome of
orthognathic surgery (small patient sample and/or short follow-up and/or
retrospectiveness and/or high dropout rate and/or lack of accurate measurements and /or
lack of controls) were avoided as far as possible by using a prospective study design, by
calibrating the two examiners before the study, by having a study population of 60 with a
mean follow-up of 4 years, by using well-known Helkimo´s index as an essential part of
the measurement tool and, importantly, by having a non-patient control population with
basically similar malocclusions. The reason for only two examinations of the control
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patients was the fact that the patients were recruited from the hospital waiting lists for
treatment. Subjects who, at recall, refused to have orthognathic surgery, became control
candidates. If they allowed a second clinical examination (in addition to the initial
examination), they served as control subjects. This practice also caused variation in the
follow-up times. A third examination would have caused a longer follow-up, which was
not considered necessary.
Many of the previous studies on the psychosocial profiles of orthognathic surgery
patients have been retrospective and/or based on patients´ postsurgical recollections of
their preoperative expectations. The value of many such studies is also reduced by
substantial dropping out of patients during follow-up. (Auerbach et al. 1984, Flanary et
al. 1985, Nagamine et al. 1986, Athanasiou et al. 1989a, Frost & Peterson 1991, Finlay et
al. 1995, Cunningham et al. 1996a, b). Although, in some studies, patients have been
assessed both before and after surgery (Auerbach et al. 1984, Garvill et al. 1992),
standardized questionnaires have been used in few (Kiyak et al. 1982, 1986, Lovius et al.
1990, Ostler & Kiyak 1991, Finlay et al. 1995). In the present prospective Paper I, only
4% of the patients were lost to 1-year follow-up, and standardized questionnaires were
used, which facilitated comparisons.
The dropout rate was also small in Paper II (6.7%) and nil in Paper IV, while the
Papers III and V were retrospective.
In Paper IV, an effort was made to keep all the other clinical and intraoperative
variables except the soft tissue retraction technique similar on both the study and the
control sides by, for example, excluding every case with intraoperatively suspected
macroscopic nerve trauma. The other known risk factors (the amount of distal segment
advancement or the patient’s age, Ylikontiola 2002) were not present, either, due to the
fact that each patient acted as his/hers own control.

6.2 Expectations and perceptions regarding orthognathic surgery
The assessed issues of this study, adapted from Ostler and Kiyak (1991), have three
aspects: functional problems, social interaction problems, and self-concept problems. The
patients in this study were found to report preoperatively more functional problems
(mastication, occlusion and TMJ problems) than problems with self-concept (facial, tooth
or general appearance, feelings about self) or social interaction (performance at work,
appearance in public). In contrast, Ostler and Kiyak (1991) found self-concept problems
to be rated as equally serious as functional problems.
Paper III showed similar motive tendencies as Paper I: the vast majority of patients
had functional problems (stiffness in the jaws, difficulties in chewing, joint sounds,
damage to the teeth or gingiva/mucosa, difficulties in opening the mouth, preprosthetic
problems) and pain (headache, pain in the jaw or neck and shoulders, fibromyalgia, TMJ
pain) as either the main or an additional reason for seeking treatment. Among the specific
motives for seeking treatment, the greatest difference between our patients in Paper I and
the patients in many other studies was in the frequency of references to facial appearance.
A recent study from Finland (Nurminen et al. 1999) reported figures almost identical to
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ours. Up to 89% of patients have been reported by other authors to have esthetic motives
for seeking treatment (Olson & Laskin 1980, Heldt et al. 1982, Flanary et al. 1985, Ostler
& Kiyak 1991, LeBell et al. 1993). Phillips et al. (1997) found more patients to have
primarily appearance/self-image-related motives than functional motives for seeking
treatment. However, in the study of Frost and Peterson (1991), the number was as low as
4%. Even when only studies involving Scandinavian patients are considered, variation in
the reported motives for treatment is evident. In two Swedish studies, esthetic motives for
seeking treatment were found to be only slightly less important than or equally important
as functional motives (Wictorin et al. 1969, Garvill et al. 1992, Ek et al. 1997), but in a
Danish study (Athanasiou et al. 1989a), functional reasons were cited more often than
esthetic reasons. Maybe, therefore, not all differences in motives should be attributed to
merely sociocultural differences relating to the importance of facial appearance. Part of
these differences may be due to the differing information given by professionals and the
patients´ responses to it; the type of dentofacial deformity could also play an important
role: the majority of patients in this study (Paper I, II, III) had Class II deformity (or
mandibular hypoplasia), which mostly does not seem to be experienced as esthetically
equally unfavourable as Class III (or mandibular prognathia) or long-face deformities
(Proffit et al. 1990, Zhou et al. 2001, Gerzanik et al. 2002).
Functional and pain-related problems correlated positively with the patient’s age, and
the patients with cosmetic reasons were younger (Paper III). A positive correlation
between function and age was also seen in Paper II: Ai showed higher scores in the older
group of patients (> 30 years) before treatment, and this group also experienced greater
benefits after treatments. It thus seems that although no major deterioration in TMD
occurs along with higher age (Magnusson et al. 2000), the existing signs and symptoms
may become more disturbing with age.
Interestingly, more patients reported postoperative improvement of facial appearance
than reported such improvement as their motive for seeking treatment. Frost and Peterson
(1991) also reported satisfaction with the post-treatment esthetic changes of their patients,
although they listed functional problems as their motivation for seeking treatment. This
may be associated with the severity of the deformity or indicate that even the patients
with functional motives may have hidden esthetic motives for treatment. They may
believe themselves to be more acceptable for treatment if they report motives other than
esthetic to the professionals.
One year after surgery, a significant reduction in the problems and symptoms, except
with regard to general health and performance at work, was observed. Aspects related to
function had improved most, but even aspects not considered very problematic before
surgery had improved somewhat. Thus, it seems that the most important aims in seeking
treatment, such as reduction in TMJ problems, were most often perceived as having been
achieved.
On the whole, the patients in this study seemed to have had realistic expectations, and
a high degree of correlation was found between the aims and the outcome. This high
degree of correlation doubtless also resulted in the high degree of satisfaction with
treatment. The high degree of satisfaction, mostly between near 80% to 100% of patients,
which has also been reported in other studies (Nagamine et al. 1986, Cunningham et al.
1996a,b, Finlay et al. 1995, Garvill et al. 1992, Nurminen et al. 1999), has led to
suggestions that it could be partly explained by dissonance: after the long treatment
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process with major surgery, patients feel a need to justify what they have gone through by
expressing satisfaction with the result (Kiyak & Bell 1991). The duration of postoperative
orthodontics has been suggested to influence satisfaction (Kiyak et al. 1982), but no such
effect was seen in the present study. Instead, the occurrence of paresthesia in the jaw did
reduce satisfaction with the outcome.
The ‘satisfaction with life’ questionnaire showed our patients to be uniformly satisfied
with all aspects of their lives. This finding strengthens the impression that those who seek
orthognathic surgery are psychologically stable.
The benefits and effectiveness of treatments in various illnesses can also be described
as changes in the quality of life. Sickness Impact Profile (SIP) (Bergner et al. 1981) is a
widely used questionnaire-based instrument designed to measure the physical,
psychosocial and overall dimensions in a broad range of health-related functional
disabilities. It is a generic measure and might not be sensitive to change in specific
aspects of oral function or health, but enables us to compare diseases or conditions with
each other, as shown in Fig. 7. The figure has been adapted from a study by Hatch et al.
(1998), in which they also used another, disease-specific instrument designed for use with
orthognathic surgery patients: the Oral Health Status Questionnaire (OHSQ). They
studied a Class II malocclusion population with these two instruments before and after
BSSO, and as it can be seen in Fig. 7, the health-related disability associated with Class II
malocclusion was modest compared to many other medical conditions. Nonetheless,
these patients exhibited progressive and significant improvement in health-related quality
of life across a wide variety of functional domains. In this respect, this improvement can
be interpreted to reflect a high level of success and cost-effectiveness.
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Fig. 7. Means and standard errors (where available) of Sickness Impact Profile (SIP) for
patients undergoing orthognathic surgery and those suffering from other medical
conditions."BSSO T2" and "BSSO T7" refer to presurgical and 24-month postsurgical data,
respectively, from the study of Hatch et al. (1998). "Reference" refers to data from a
stratified, randomly selected sample of 145 individuals from Stockholm County, Sweden.
"COPD" refers to data collected from 68 patients with chronic obstructive pulmonary
disease."Oral cancer" refers to data from 15 oropharyngeal cancer patients before
surgery."Rheum arth" refers data from 79 patients with rheumatoid arthritis. (Hatch et al.
1998).

6.3 Effects of orthognathic surgery on TMD and masticatory function
It seems that the present patients seeking orthognathic surgery had significantly more
TMD than the non-patient population. This is probably at least partly due to the referral
pattern: most of the patients are referred to consultations by professionals, who
presumably emphasize functional matters in the treatment. Another explanation could be
the mean age of the patients, which was over 30 years in all Papers of the present study,
and as mentioned in the former chapter, functional and pain-related problems seem to
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concern especially older patients (Kuttila 1998). The criteria for included signs and
symptoms of TMD may also vary between studies.
The 73% prevalence of pretreatment signs and symptoms of TMD was among the
highest rates reported in the literature in orthognathic surgery populations, and a
considerably high prevalence of 46% was also reported in the retrospective Paper III.
TMD in earlier reports has mostly varied between 14% and 54% (Laskin et al. 1986,
Kerstens et al. 1989, Ingervall et al. 1979, Karabouta & Martis 1985, White & Dolwick
1992, Eriksson et al. 1990, Magnusson et al. 1990), but figures as high as 80% and 97%
have also been presented (Schneider & Witt 1991, Link & Nickerson 1992). Our figure,
73%, lies at the upper limit of variation of signs and symptoms of TMD (40–75%) in
non-patient adult populations presented in the literature (Kuttila 1998), although a recent
Finnish epidemiologic non-patient study reported as low figures as 12% (male) and 18%
(female) for facial pain and 21% and 28% for clicking of the TMJ (Rauhala et al. 2000).
However, the prevalence of severe dysfunction has been reported to be much lower. In a
study of Salonen et al. (1990), for example, the prevalence of severe TMD, measured as
Helkimo´s DiIII, was lower than 1%, whereas in our study, the prevalence of severe
dysfunction (DiIII) was 8% in the study group and 15% in the control group, while the
prevalences of moderate symptoms (DiII) were 73% and 65%, respectively (Paper II).
After orthognathic surgery, a significant reduction was observed in signs and
symptoms of TMD. This change was already evident at the one-year control visit, and
only slight improvement took place after that. The greatest change occurred in joint pain
and muscle pain on palpation, while joint crepitation and joint clicking actually increased,
as they also did in the study of Smith et al. (1992). The reduced joint pain, crepitus and
especially tenderness to muscle palpation contributed to the statistically significant
improvement in Helkimo´s Ai and Di compared to the baseline and the control group.
The common TMD sign, clicking, has been reported to improve in some other studies
(Sostman et al. 1991, Feinerman & Piecuch 1995 rigid fixation group), but they mostly
do not report the way in which clicking was diagnosed. In our study, clicking was
diagnosed both by palpation and by auscultation. One of the benefits of correction of
dentofacial deformity may also be that myofascial pain reduction and improved and
balanced occlusion may lead to favourable changes in dietary habits, encouraging a fibrerich diet (Raphael et al. 2002).
This study failed to show a statistical correlation with any specific type or severity of
dentofacial deformity and TMD, thus corroborating other studies (Sostman et al. 1991,
Smith et al. 1992, White & Dolwick 1992, Onizava et al. 1995, Rodrigues-Garcia et al.
1998). However, most of the patients in our Paper II had mandibular hypoplasia, as also
in the studies of White and Dolwick (1992) (61%), Smith et al. (1992) (100%) and
Rodrigues-Garcia et al. (1998) (100%), and the numbers of subjects in the other
dentofacial deformity groups were quite small. Therefore, statistical comparisons are less
feasible between the different types of deformity than between the rates of severity or
magnitudes of a single type of deformity. However, some common features can be found
in studies reporting effects of orthognathic surgery on TMD (Table 1): patients with
mandibular hypoplasia, especially those with a normal/low mandibular plane angle, seem
to have a higher prevalence of TMD than most other discrepancies; patients with
mandibular hypoplasia seem to improve with treatment more than others; this
improvement in TMD is most striking in muscular tenderness/pain and less striking, or
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even controversial, in signs of internal derangement, such as joint noises (clicking,
crepitus). In contrast to this, Westermark et al. (2001) found patients with mandibular
prognathia to do slightly better than those with retrognathia, but muscle tenderness was
not assessed in that study, where joint noises constituted the greatest portion of TMD. On
the other hand, the tendency of mandibular hypoplasia/class II patients to have more
TMD than controls with normal occlusion and the tendency of Class II patients to benefit
functionally from orthodontic treatment have been demonstrated by Henrikson et al.
(1997, 2000) and Henrikson & Nilner (2000). Especially the patients with muscular signs
of TMD seemed to benefit from orthodontics. A preoperative study by Fernandez
Sanroman et al. (1997) found internal derangements to be significantly more common in
Class II subjects (54%) compared to subjects with Class I and III (10%).
Although “association never proves causality”, an assumption can be made that, in
dentofacial deformities severe enough to warrant surgical correction, the biomechanical
changes occurring in the masticatory muscles contribute to less and/or physiologically
more favourable muscle activity patterns, which, in turn, may decrease the tenderness and
pain and even headache. This would, as shown in the earlier chapter, hold true at least in
most of the Class II patients, especially in those with a low or normal mandibular plane
angle. Kerstens et al. (1989) found patients with muscular symptoms of TMD to have a
better chance of improvement after orthognathic surgery than patients with TMJ disc
dysfunction. Throckmorton et al. (1984) have shown with EMG studies that orthognathic
surgery produces changes in the mechanical advantage of jaw muscles and also alters
muscle function. In their later isometric bite force and EMG study (Throckmorton et al.
1995), the authors concluded that mandibular advancement surgery produces some
significant functional benefits. Proffit et al. (1989) also found significant changes in the
mechanical advantages of the masticatory muscles and suggested even physiological
changes caused by altered sensory and proprioceptive inputs. Recently, Harper et al.
(1997) showed with EMG investigations muscle recruitment changes to occur after
mandibular advancement surgery in lateral pterygoid and temporalis muscles. They
suggested these changes to be closely related to the proprioceptive feedback mechanism
resulting from improved dental occlusion. Especially fine positioning movements of the
mandible were altered, which is of major significance with regard to nonmasticatory
activities of oral communication, such as speech, singing and playing musical
instruments.
The difficulty in establishing a causal relationship is probably related to the adaptive
relationship between form and function, and individuals with the same dentofacial
skeletal deformity may respond to these factors in unique ways (Proffit et al. 1989).
There are, on the other hand, also many studies reporting a correlation between TMD and
certain malocclusion types. TMD has been found to correlate with overjet (Solberg et al.
1986, Riolo et al. 1987, Henrikson et al. 1997, Sonnesen et al. 1998), overbite
(Lieberman et al. 1985, Solberg et al. 1986, Motegi et al. 1992) and open bite (Riolo et
al. 1987, Henrikson et al. 1997, Sonnesen et al. 1998). These are, however, reports of
orthodontic populations. Orthognathic surgery populations are more or less selected
samples, and in our study, for example, 81% of the patients belonged to the clinical
dysfunction classes DiII or DiIII (Helkimo 1974), while in the study of Rodrigues et al.
(1998), the average dysfunction scores were extremely low (only 11 patients out of 124
had CMI scores higher than 0.30 on a scale of 0–1.0). It seems logical that, with these
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small variations in TMD, it is difficult to establish a correlation with morphology. A more
reliable way would be an epidemiological study among an adult population.
The incidende of new TMD in previously asymptomatic patients was 6.7%, which
percentage is among the lowest reported (Table 1). Since three subjects (15%) in our
control group also developed TMD, this can be assumed to be within the limits of
spontaneous variation. No progressive condylar resorption was seen in Paper II.

6.4 Complications
Although the literature shows that orthognathic surgery may involve some potentially
dangerous risks, complications in orthognathic surgery are rare and severe complications
quite infrequent. The present study showed that the most common complication is
neurosensory deficit of IAN. Approximately one third of the patients with mandibular
sagittal ramus osteotomy, may experience mild disturbance of IAN function described as
numbness, usually in a very limited area of the lip or chin, “stiffness or different
sensation” or “thickness” of the lip or chin or a sensation of mild “electric current” or
cold (papers III and IV). More severe sensory disturbances were reported by about 3% of
the patients, and they included numbness in a larger area of the lip or chin disturbing
everyday life or a burning sensation. After the publication of Paper III, we also had three
cases of very severe IAN neuropathy, presenting as painful, mostly burning sensations
(unpublished data). One of these resolved gradually 3 to 5 months after BSSO, one
patient still has much of the burning sensation left, and the third is still suffering from
severe neuropathy and intends to file a retirement application. No nerve was visibly
injured in these operations. The common feature of all of these patients was the age at
operation: 49, 55 and 57 years (mean age 54 years). Advanced age has been shown to be
an important risk factor both in our studies (Papers III and IV) and in others (Westermark
1999, Ylikontiola 2002). Other risk factors are the degree of manipulation of IAN, the
magnitude of intraoperative mandibular movement (Ylikontiola 2002) and the surgeon´s
skills (Westermark 1999).
Clinical experience has often shown that, despite perfectly successful splitting of the
ramus and without any visible damage to the IAN, the immediate postoperative sensation
in the lower lip and chin may be severely disturbed (Westermark 1999). This study
showed that, with an appropriate and gentle instrumentation technique in BSSO soft
tissue dissection, some of neurosensory deficits may be avoided. A vitality scanner test
and two-point discrimination seem to be feasible bedside neurosensory testing methods in
clinical practice, perhaps supplemented with the pin pressure nociception test, as
recommended by Ylikontiola (2002). Recently, Teerijoki-Oksa et al. (2003) have found
touch detection test to be most sensitive and clinically useful method. Neurosensory
deficits may also contribute to dissatisfaction with the overall treatment outcome (Paper
I) and even claims (Paper III).
The percentages of reoperations and severe relapse were 3% each. The former can be
regarded as surgical failures due to difficulties to seat the condyles properly or mobilize
the osteotomized segments sufficiently, loosening of the rigid fixation material, etc. The
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latter may be caused by several factors, which have been described in details elsewhere.
Both of these complications increase patient discomfort and cause considerable extra
costs.
The mean blood loss did not increase despite the increasingly complicated surgical
operations towards the late 1980’s and until 1996. This is in line with the development of
the anesthetic and surgical techniques and the reduction of the mean operation time from
200 min in 1988 to approximately 120 min in 1995–1996 as well as the shortening of the
mean inpatient period (5.5 days in 1984 and 3.0 in 1996).
The risk for severe bleeding problems seemed to be very low and therefore does not
warrant wider routine screenings for blood coagulation. Patients with syndromes or
abnormal anatomy may be a risk group, as shown by our most severe intraoperative
bleeding episode in a patient with an abnormally short neck and low mandibular ramus.
Routine blood reservations are no longer done in our unit for orthognathic surgery.
Condylar resorption after orthognathic surgery is a controversial issue. The overall
incidence of this condition was 11%, but an incidence of 7% was already seen before any
treatments, while 5% became manifested during and after the treatments (Paper III). In
the prospective follow-up part of the present study, no condylar resorption was observed
at all (paper II). Most patients (75%) with progressing condylar resorption were operated
with BSSO advancement, in which, inadvertant, too anterior rotation of the proximal
fragment may cause compression to the condylar head resulting in remodelling or
resorption. On the other hand, in 63% of the condylar resorption patients, the mandibular
plane angle was greater than 32°, which suggests a tendency to skeletal open bite. This
has been earlier shown to be a risk factor for condylar resorption (Bouwman et al. 1994,
De Clercq et al. 1994, Hoppenreijs et al. 1998) and should be carefully evaluated when
planning orthognathic surgery for these patients, especially if the other contributing risk
factors mentioned earlier in chapter 2.5.2 also exist. It seems that esthetic or/and
functional indications must be heavy to outweigh the risks of condylar resorption and
relapse in many of the open-bite deformities. Due to the costly bimaxillary surgery often
needed in these cases, the chances for poor cost-effectiveness in treatment are high.
Root resorption was asymptomatic and did not influence the treatment, but was
detected in radiographic examinations. It was probably caused by orthodontics. Although
root resorption has been proposed to be present more often in orthodontic camouflage
(Tucker 1995), it also seems to be a risk in orthognathic surgery, and patients should be
warned of this.
In response to Cunningham et al. (1995), who suggested that litigation may be an
indirect expression of dissatisfaction with treatment, it can be concluded that, on the basis
of the PIC complaint statistics, it generally seems that the present patients had been
adequately informed of the various aspects of orthognathic surgery and their expectations
of treatment were fulfilled. Only 63 official complaints concerning orthognathic surgery
were filed in Finland during the 1990´s, while the total number of claims covering all
fields of medicine in the same period was 59,689. The real dissatisfaction rate is probably
higher, and most of the patients who experience complications apparently chose not to
file official complaints. Rittersma (1989) concludes that a written information manual
covering all fields of orthognathic surgery is important, but verbal communication
between the professionals and the patient remains the key to patient preparation. No
postoperative depression was seen in this study.
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The differences in operation times between the figures mentioned in paper III and V of
the present study can be explained with the attendance of inexperienced surgical resident
to the most of the operations until year 1996. Most of the patients in the later part of the
present study (paper V) were operated after 1996, mainly by one specialist surgeon.

6.5 Costs
Contemporary orthognathic surgery is not merely a surgical procedure, but also includes
orthodontics as an essential part of the process. This study aimed to evaluate the costs and
their distributions in the entire treatment process of orthognathic surgery (paper V). It
also tried to identify various, mainly patient-dependent cost factors, which would help to
predict the costs in advance while planning the treatment. Approximately 39% of the
costs are due to the orthodontics with an average of 26 visits, and 61% are due to surgery,
28% of which were caused by the surgical operation itself. The average total cost was
6206 USD, but if the malocclusion could be operated with the BSSO technique, the costs
were only 5839 USD, whereas the deformities that required a bimaxillary operation cost
7342 USD (p < 0.05). The data also showed that patients with open-bite deformities had
the highest expenses, which is obvious in view of the fact that these deformities usually
require bimaxillary operations. No other specific cost factors among the cephalometric or
clinical characteristics could be found to correlate with open bite, apart from the fact that,
in some cases, it had been difficult to orthodontically close the remaining open bite
postoperatively. This may reflect failures in preoperative orthodontics or surgical
repositioning of the osteotomized fragments. There was, on the other hand, a positive
correlation between deep bite and the outpatient costs. This malocclusion turned out to
cause problems in orthodontics due to loosening of parts of the fixed appliances.
Space closure after tooth extractions for orthodontic reasons enhanced expenses,
probably due to the more time and efforts needed to align the arches. This speaks for nonextraction treatment whenever possible, and the esthetic results may also be better when
nasolabial support can be preserved with all existing maxillary teeth.

6.6 General comments and clinical implications
Despite the abundant research on orthognathic surgery, there still seem to exist many
open questions. Etiology, epidemiology, TMJ function, indications for and outcome of
orthognathic surgery and economic aspects involve uncertainty and controversy or have
not been much studied. Cost-benefits and cost-effectiveness have hardly been discussed
at all. When we are dealing with elective surgery, the benefits shoud clearly outweigh the
possible adverse effects. The competition for economic resources obliges the health care
service producers to justify the treatment practices with more accurate results.
Human biophysiological phenomena are basically the same throughout the world, but
psychosocial backgrounds may differ considerably between cultures. Dentofacial
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deformities, when serious enough to warrant surgical-orthodontic therapy, involve both
psychosocial and biological considerations. Little is known about these from the Finnish
point of view, although orthognathic surgery services are available routinely in almost all
parts of Finland. The aim of this study was to introduce a comprehensive view to clarify
some of the open questions.
The majority of patients in this study reported pain-related or functional problems as
the reasons for seeking orthognathic surgery. This impression was confirmed by the
clinical findings of a high prevalence of TMD. Nevertheless, esthetic concerns cannot be
ignored, as facial disfigurement due to dentofacial deformities may represent a
psychological handicap (Belfer et al. 1982, Tobiasen et al. 1987). The high level of
patient satisfaction with the treatment without any evident psychological adverse effects
and with a low official complaint rate shows good cost-effectiveness in the psychosocial
respect.
The effects of orthognathic surgery on TMD turned out to be favourable in this study,
although some of the signs and symptoms failed to disappear. It seems, however, that the
positive treatment outcome mainly occurred in patients with skeletal Class II, non-openbite deformities (or mandibular hypoplasia/retrognathia), who have TMD of mainly
muscular pain origin or muscle contraction headache. To increase the degree of certainty
in the diagnostic phase of this category, temporary occlusal splint therapy can be
recommended (Tucker & Thomas 1986) as well as repeated measurements of TMD
before treatment due to the fluctuation of the symptoms. Those with TMD of internal
derangement type may or may not benefit from orthognathic surgery, similarly to other
dentofacial deformities. The patients with skeletal Class II, non-open bite deformity can
most often be treated with orthodontics and BSSO, which was found to be overall the
cheapest treatment compared to the others. The complication rate is also extremely low,
the only complication being neurosensory disturbance of IAN, which is pretty much
avoidable with careful patient selection and a good, gentle surgical technique. When
these prerequisites are taken into account, orthognathic surgery can be regarded as costeffective and probably also increases the quality of life as shown by Hatch et al. (1998),
Fig.7.
However, dentofacial deformities with skeletal open bite constitute a more
controversial category. Although some improvement in TMD would be gained with
orthognathic surgery, the risk for relapse is considerably high, varying within 3–35% of
cases, as reported in numerous studies (Haymond et al. 1991, Denison et al. 1989,
Fischer et al. 2000, Hoppenreijs et al. 1996, Lopez-Gavito et al. 1985). Recently,
Aghabeigi et al. (2001) examined TMD in an open-bite deformity group and found
preoperatively 32% to suffer from TMJ pain, 40% from dysfunction and 7% from limited
opening. The overall prevalence of TMD was not significantly different after
orthognathic surgery. Since the correction of these deformities often also requires
bimaxillary surgery, the expenses of their treatment may be high. Kerstens et al. (1989)
found asymptomatic patients with a high mandibular plane angle (skeletal open bite)
operated on by means of bimaxillary surgery to show a higher incidence of postoperative
TMD compared to the other dentofacial deformities. An explanation for this has
suggested to lie in the potential joint pathology due to a different morphology of the
TMJs in patients with mandibular hypoplasia with a high mandibular plane angle
(O´Ryan & Epker 1984). Open-bite deformities are also prone to condylar resorption,
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especially if the subject is a young female with posteriorly inclined condyles
(Hoppenreijs et al. 1998). Therefore, cost-effectiveness in these deformities may be low.
Although, at an individual level, it may be difficult to predict the treatment outcome
exactly, on the basis of the earlier literature and the present study, some clinical
recommendations for orthognathic surgery can be suggested:
− if mandibular surgery is needed, it is preferable to have orthognathic surgery
performed before the age of 30, in order to minimize risk for neurosensory IAN
disturbances. If the patient is over 50 years of age, only heavy indications for sagittal
ramus osteotomy outweigh the potential risk for IAN damage.
− patients with skeletal Class II non-open bite deformity, who have TMD of mainly
muscular origin with or without headache, seem to benefit most from orthognathic
surgery. Before definitive decisions, measurement tools, such as Helkimo´s
Dysfunction Index (1974) or TMD Treatment Need Classification (Kuttila et al. 1998)
for pretreatment assessments, are recommended due to the fluctuation of TMD.
Temporary occlusal splint therapy could be tried as a pretreatment test.
− patients with handicapping, unesthetic dentofacial discrepancy should evidently be
offered treatment even without any pre-existing functional or pain-related problems.
Measurement tools, such as the Index of Treatment Need (IOTN) (Brook & Shaw
1989), can be used in evaluations of these subjects.
− patients with skeletal open-bite deformity must be assessed with special care before
the decision to perform orthognathic surgery due to the lower cost-effectiveness of the
treatment. If treatment is highly indicated, consider LeFort I osteotomy instead of
bimaxillary procedures due to the lesser risk for condylar resorption (Hoppenreijs et
al. 1998) and the lower costs.
− because no direct association between the magnitude of malocclusion and TMD has
been proven, prophylactic treatment of asymptomatic dentofacial deformities does not
seem to be indicated.

7 Conclusions
1.

2.

3.

4.

The majority of patients in this study reported pain-related or functional problems
as the reasons for seeking orthognathic surgery. This impression was confirmed
by the clinical findings of a high prevalence of TMD. These issues were also best
resolved by orthognathic surgery. The finding that functional and pain-related
issues were of greater significance to patients than esthetic concerns differs from
the findings of most previous studies. The high level of patient satisfaction with
the treatment without any evident psychological adverse effects and with a low
official complaint rate shows good cost-effectiveness in the psychosocial respect.
Patients with skeletal Class II non-open-bite deformities, who have TMD of
mainly muscular origin with or without recurrent headache, seem to benefit most
from orthognathic surgery. Those with TMD of more internal derangement type
may or may not benefit from orthognathic surgery, similarly to other dentofacial
deformities. Prophylactic treatment of asymptomatic dentofacial deformities
cannot be recommended on the basis of the present study.
Complications in orthognathic surgery are rare, and severe complications are even
less frequent. The most common complication is neurosensory deficit of the
inferior alveolar nerve. Minimal soft tissue retraction of the ascending mandibular
ramus in the initial phase of sagittal ramus osteotomy apparently decreases the
risk of damage to this nerve. The occurrence of paresthesia in the jaw decreased
satisfaction with the treatment outcome.
The treatment of patients with skeletal Class II, non-open-bite malocclusion was
found to be the cheapest mode of treatment, if treatment included only BSSO in
addition to orthodontics. Treatment of these patients with TMD symptomalogy of
muscular origin can be regarded as cost-effective and probably also improves the
quality of life. Patients with skeletal open-bite deformities must be assessed with
special care before a decision to do orthognathic surgery due to the lower costeffectiveness of the treatment.
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