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Abstract

Aims & objectives To analyze the soft tissue response in
patients treated by combined anterior segmental bimaxil-
lary procedures.

Methods A Prospective, observational and analytical study
was carried out for a period of 2 years involving 37 patients
with predefined inclusion and exclusion criteria; lateral
cephalograms were taken by the same operator on the stan-
dardized unit immediately before and 6 months after surgery;
hard and soft tissue landmarks were measured in millimeters
to both horizontal and vertical reference lines; any differences
in distances were recorded as a surgical change; appropriate
statistical test was carried; level of significance was p < 0.05.
Results All patients underwent anterior maxillary osteotomy
with 34 anterior mandibular osteotomies, 2 advancement
genioplasties and 1 reduction genioplasty. Analysis showed
significant angular, horizontal and vertical change. The sig-
nificant differences in skeletal variables were observed in N—
Pg distance, overjet, overbite, UI-NF angle, L1-Mp angle
and soft tissue variables like labiomental angle, upper—lower
lip protrusion, upper—lower lip length and lower incisor to
labrale inferius distance. Nasolabial angle, interlabial gap and
upper incisor exposure were extremely significant.
Conclusion Soft tissue response to surgery is perhaps more
predictable after 6 months, so this may be a treatment
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modality of choice in adult bimaxillary/dentoalveolar
protrusion patients who need instant esthetic facial results.
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Introduction

The perception and judgments of facial esthetic are sub-
jective and undoubtedly depend upon cultural, social,
geographic, ethnic, racial and psychological backgrounds
of individuals [18]. Soft tissue profile for what constitutes
an ‘excellent face’ has been repeated many times by rep-
resentative of several disciplines including artists, physical
anthropologists, orthodontists, and plastic and maxillofa-
cial surgeons. However, all shows larger variation in
skeletal convexity, soft tissue, lip protrusion, position of
incisors and other vital landmarks [16, 18]. Even though
the major goal of orthognathic procedures is not just
establishing of balanced and stable dentoskeletofacial
complex, more important is achievement of esthetically
pleasing overlying soft tissue envelope. This mandates that
surgeons should be astutely aware of soft tissue response to
various orthognathic procedures.

With the advent of cephalometric and now computerized
3D analysis, the concept of producing a perfect postoper-
ative occlusion and assuming that soft tissue will adapt
itself naturally has been totally discredited; it is well doc-
umented that hard tissue characteristics alone did not
reliably determine soft tissue response [4].

The purpose of this study was to analyze the soft tissue
response using the pre- and postoperative lateral cephalo-
metric in patients treated by combined anterior segmental
bimaxillary osteotomy procedures, to determine how the
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changes occur in the position and orientation of the soft
tissue overlaying the bony skeleton, to calculate the ratio of
movement of fixed soft tissue to hard tissue landmark and
also try to find out whether these above changes help us to
use as a guide and whether some precautions can be taken
to get a desired soft tissue changes postoperatively.

Methods and Materials

After obtaining ethics and research committee approval, a
prospective, single-center, observational and analytical
study was carried out for a period of 2 years involving 37
patients. Patient of all age and sex who are willing to give
informed consent and only Non nonsyndromic patients
were included in the study; patients with previous soft
tissue surgery, cleft lip and palate any other congenital
craniofacial anomalies, previous trauma to dento-osseous
structures and medically compromised patients were
excluded from the study. Cephalograms were obtained
immediately before and 6 months after surgery under
standardized conditions. Patients were in centric occlusion,
and a relaxed (repose) lip position was obtained by
requesting the patients to gently stroke their lips and relax
[5]. This was repeated several times to ensure a relaxed
position without any muscular contraction. Lateral
cephalograms were traced manually by single examiner
repeated one month later (two different occasions) by same
investigator, and the average values of the two measure-
ments were calculated to eliminate errors in measurements
(paired t test); the cephalograms were analyzed using a
modified soft tissue analysis on acetate tracing paper [6, 7].
The horizontal reference (HOR) line was constructed by
raising a line 7° from SN plane, and a perpendicular to this
line at nasion was used as the vertical reference (VER).
These reference lines were transferred to postsurgical
cephalograms. The hard and soft tissue landmarks (Fig. 1)
were measured in millimeters to both HOR and VER ref-
erence lines in both pre- and postoperative cephalograms,
and any differences in distances were recorded as a surgical
change. Descriptive statistics included the mean and stan-
dard deviation (SD), and collected data were subjected to
statistical analysis using WINSTAT software and SPSS 15
statistical package. The paired-sample ¢ test was used to
assess soft and hard tissue changes. Pearson correlation
analysis and linear regression analysis were used to assess
the degree of correlation between soft and hard tissue
changes. Differences between groups were evaluated by
t-test. The level of significance was p < 0.05.
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Results

The 37 bimaxillary patients were composed of 36 females
and 1 male with age group of 18-32 years and mean age of
23.21 years. All underwent the anterior maxillary osteot-
omy with 34 anterior mandibular osteotomies, 2 advance-
ment genioplasties and 1 reduction genioplasty. Analysis of
treatment showed significant angular, horizontal and ver-
tical change in most of the parameters (Tables 1, 2, 3, 4).

The comparison of the mean values and standard error
of means of the hard and soft tissue variables are presented
in Table 1 and 2. The significant differences in skeletal
variables were observed in N—Pg distance, overjet, over-
bite, UI-NF angle and L1-Mp angle (p < 0.05). In soft
tissue changes, extremely significant changes are seen in
nasolabial angle, NL angle, interlabial gap, upper incisor
exposure and Ul-Exposure (**p < 0.01), and significant
changes are seen in labiomental angle, LM angle, upper lip
protrusion, UL protrusion, lower lip protrusion, LL pro-
trusion, upper lip length ULL, lower lip length LLL and
lower incisor to labrale inferius distance Li-L1(p < 0.05).

Correlations occurred between corresponding maxillary
and mandibular hard and soft tissue movements in the
sagittal and vertical directions, respectively (Table 3).
Sagittal changes like decrease in upper incisor exposure,
Ul-Exposer, were correlated with the decrease in upper
incisor nasal floor angle, U1-NF angle and L1-Mp angle.
Vertical changes, like increase in nasolabial angle, were
correlated with the increase in NA distance and decrease in
UI-NF angle. The significant decrease in labiomental
angle was correlated with the increase in NA distance. The
increase in lower lip length was correlated with the
increase in ANB angle and decrease in U1-NF angle.

The ratios of the changes between the skeletal and
corresponding soft tissue variables are presented in
Table 4, and these range from 0.35 to 0.69 for maxillary
and from 0.33 to 0.97 for mandibular variables, respec-
tively. The ratio of upper lip retraction to maxillary incisor
retraction was 0.66:1, and ratio of lower lip retraction to
mandibular lip retraction was 0.72:1. The ratio of pronasale
to anterior nasal spine was 0.52:1, but it is not significant.
There were no changes in the Pg to Pg.

Discussion

Distribution of patient’s gender and mean age revealed that
mostly females seek this treatment for more facial esthetics
and they are wusually at the period beyond active
orthodontics treatment; Kim et al. [16] also observed the
same.
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Fig. 1 Hard and soft tissue
reference points and
cephalometric landmarks used
in the study. HOR horizontal
reference line, VER vertical
reference line; hard tissue
landmarks: sella (S), Point A,
Point B, U1, L1, pogonion (Pg),
gnathion (Gn); soft tissue
reference points: soft tissue
glabella (GO), pronasale (Pn),
columella (Cm), subnasale (Sn),
labrale superius (Ls), labrale
inferius (Li), stomion superius
(Stms), stomion inferius (Stmi),
labiomental sulcus (Si), soft
tissue pogonion (Pg0)

Table 1 Surgical outcome

assessed by hard tissue Variables Before surgery After surgery Difference ‘t’ value p

measurements before and after Mean SD Mean SD Mean SD

surgery
SNA angle 84.5 29 84.2 43 3 3.9 0.35 ns
SNB angle 77.8 3.1 78.9 4.5 — 11 39 - 1.72 ns
ANB angle 6.5 2.7 6.4 2.7 1 35 0.16 ns
NAPg angle 15.1 73 12.3 7.4 2.8 53 1.74 ns
NA 2.4 2.1 25 1.8 -1 3.8 —0.14 ns
NB 10.6 6.1 8.8 6.0 1.8 35 2.18 ns
N-Pg 12.8 79 10.2 6.3 2.6 3.7 2.68 *
N-ANS 50.0 42 459 9.3 4.1 8.1 1.56 ns
ANS-Gn 69.8 9.0 70.3 8.1 -5 4.4 — 048 ns
Overjet 5.7 3.4 33 1.5 24 35 2.68 *
Overbite 4.8 3.1 2.5 1.5 2.3 38 225 *
U1-NF angle 123.4 13.8 115.1 5.0 8.3 10.7 2.34 *
L1-Mp angle 101.3 8.6 97.1 4.5 42 52 2.55 *

*p < 0.05; ns not significant

There are many reports in the literature about soft tissue ~ osteotomy either combined or single-jaw procedures. Only
response following various orthognathic procedures, but  few reports are noted about combined anterior mandibu-
most of them are for LeFort level and bilateral sagittal split ~ lomaxillary segmental osteotomies. This may be because

@ Springer



96

J. Maxillofac. Oral Surg. (Jan—-Mar 2019) 18(1):93-99

Table 2 Surgical outcome

assessed by soft tissue Variables Before surgery After surgery Difference ‘t’ value P
measurements before and after Mean SD Mean SD Mean SD
surgery
Facial convexity 25.8 8.6 21.1 5.0 4.7 5.6 2.62 ns
NL angle 90.9 10.5 106.4 6.1 — 155 8.1 - 5.77 o
LM angle 126.4 11.5 120.0 124 6.4 8.2 2.37 *
LM fold 12.9 2.4 12.7 1.6 2 34 0.35 ns
UL protrusion 20.4 54 17.8 4.7 2.6 3.7 2.59 *
LL protrusion 18.3 39 15.5 4.0 2.8 3.8 2.75 *
ULL 19.9 2.8 224 3.6 - 25 4.9 — 234 *
LLL 423 4.0 46.4 6.2 — 4.1 6.7 — 240 *
Sn—-A (mm) 13.2 1.8 14.7 35 - 15 4.2 — 1.89 ns
Pg—Pg (mm) 8.0 3.1 10.1 2.1 - 2.1 54 — 1.57 ns
Si-B (mm) 13.8 35 13.0 1.6 8 3.6 1.04 ns
Ls-Ul 114 4.7 12.7 33 - 13 4.5 - 1.30 ns
Li-L1 11.7 2.1 14.4 29 - 27 5.1 — 240 *
Interlabial gap 7.6 5.0 4.5 2.8 3.1 32 3.77 *E
Ul1-Exposer 6.8 3.0 33 14 3.5 32 4.20 *x
**p < 0.01; ns not significant
Table 3 Correlation between corresponding soft and hard tissue changes
Soft tissue  Hard tissue changes
changes - -
SNA SNB ANB NAPg NA NB N-Pg N- ANS-  Overjet Overbite UI-NF L1-Mp
angle  angle  angle angle ANS Gn angle angle
Facial 0.26 0.19 —0.18 0.13 0.42 0.04 0.41 0.00 0.51 0.21 021 —0.31 —0.11
convexity
NL angle 0.40 0.27 0.25 0.22 0.63* 0.09 0.30 0.44 0.43 0.41 039 —0.78%* 0.15
LM angle 044 - 0.07 0.45 0.42 0.72% — 044 0.11 0.57 0.39 0.51 0.00 —0.20 0.03
LM fold 021 —0.21 024 —0.08 0.43 0.38 0.26 037 —0.04 029 —-0.07 —0.07 0.42
UL 0.52 0.29 0.18 0.41 0.13 0.18 0.03 —0.21 0.58 —0.03 0.10 0.07 0.13
protrusion
LL 031 —0.02 —-003 —0.02 046 —0.19 —038 —0.07 0.14 —-029 —-043 —0.03 0.01
protrusion
ULL —0.29 020 —-0.12 —0.08 0.30 0.30 038 —032 —0.08 0.02 0.34 0.12 —0.05
LLL 028 —0.18 0.69%* 0.58 0.15 034 —-0.22 0.18 0.12 0.27 0.19  — 0.74%* 0.55
Sn—-A (mm) — 0.50 0.14 —-045 —-0.39 0.05 0.49 049 —-032 -037 —-0.14 0.19 —-0.10 —0.20
Pg—Pg —0.50 025 —-040 —0.39 004 —-023 0.18 —020 —-051 —-0.18 —031 —0.16 —0.58
(mm)
Si-B (mm) 0.08 — 0.09 0.14 - 0.08 0.19 0.38 034 —-0.11 —-022 —-024 —-0.27 0.06 0.06
Ls-Ul — 0.04 041 —-050 —0.06 0.09 —0.02 030 — 046 043 —0.06 032 —-0.24 —0.31
Li-L1 006 —030 —-0.17 -—0.11 0.54 0.17 —0.26 0.01 0.00 —0.10 —0.16 0.25 0.22
Interlabial 0.48 0.51 0.46 0.59 030 —001 —0.25 0.17 0.35 027 —0.02 0.06 0.06
gap
Ul- 0.01 0.20 0.26 0.40 0.48 0.52 0.61 — 0.06 0.10 0.03 059 —-071* —0.05
Exposer

*p < 0.05; **p < 0.01; the ‘’ values, which are not marked with ‘*’ are insignificant
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I’Ir‘lzglflr‘::mse?lftt_rt;_igzrd tssue Soft tissue variable Hard tissue variable R R? R? (Adj) S-H
Horizontal
Pn ANS 0.478 0.228 0.132 0.52
Sn A 0.765%%* 0.585 0.533 0.56
Ls Ul 0.711%* 0.505 0.443 0.66
Li L1 0.869%** 0.755 0.725 0.72
Si B 0.550 0.302 0.215 0.60
Vertical
Pn ANS 0.455 0.207 0.108 0.52
Sn A 0.599* 0.359 0.278 0.35
Ls Ul 0.527 0.277 0.187 0.69
Li L1 0.881%%* 0.777 0.749 0.77
Si B 0.908%** 0.824 0.802 0.97

*p < 0.05; **p < 0.01

*r, Pearson correlation coefficient; R? (Adj), adjusted coefficient of determination

anterior segmental osteotomy was rarely performed in
ordinary protrusion cases due to the availability of
advanced orthodontic techniques and hence surgeons are
not applying this procedure for suitable patients [23].

After 6 months, postoperative appreciable improve-
ments were seen, and no edema was recorded clinically in
any of the patients [10]. Mean facial convexity angle and
NA-Pg angle were reduced but not significantly; this may
be due to less sample size, variation in soft tissue thickness
or surgical technique (Tables 1, 2).

Significant decrease in incisor exposure and increase in
nasolabial angle were correlated with the decrease in Ul-
nasal floor angle, i.e., anterior maxillary dentoalveolar
anterior protrusion. Significant increase in lower lip length
was correlated with the increase in NAB angle and reduced
Ul-nasal floor angle.

Minimal attention has been focused on the influence of this
surgery on the nose and facial tissues [23]; there was
improvement in the nasolabial angle increase by 15.5 SD 8.1
degree and was significant while correlating with the decrease
in UI-NF angle r-78 and increase in NA r-68 (Tables 2, 3),
giving less prominent upper lip and more prominent nasal tip;
this change was because of posterior lip rotation around sub-
nasale. Similar improvement has been observed by Park and
Hwang [23] 14.1°, Nadkarni [20] 10.55°, Kim et al. [16] 11.2°.
In contrast, the nasolabial angle is relatively more increased
and improved in surgical cases than in cases treated only with
orthodontics [16, 18]. Race and ethnic origin may play a role
in shape, size, thickness and bulk of soft tissue and also in final
adaptation and settling in postoperative period. Decrease in
labiomental angle and improvement in facial profile were
contradictory to authors who observed no changes in them, but
they did not cite any reason [23].

Decrease in lip protrusion may be because of uncurling
and retraction of the upper and lower lip with associated

decrease in the depth of the labial sulcus [18], so it
improves the profile, lip length, interlabial gap and lip
tension [17]. More increases in lower lip length are almost
similar to authors [17] and increase in upper lip length in
single-jaw surgery may be the results of change in the
influence of lower incisor on upper lip [25].

Decrease in the interlabial gap and upper incisor expo-
sure may be due to normalizing the angulations of anterior
maxillomandibular component, uncurling and retraction of
the upper and lower lip with associated decrease in the
depth of the labial sulcus [18], increasing the length and
relieving the tension of preoperatively stretched soft tissue
lips due to protruded underlying skeleton Ul-exposure to
UI-NF angle (r-717).

There was dramatic increase in lip bulk and thickness
but was not significant; this may be due to variation in
surgical technique such as use of electrocautery for
vestibular incision which may have caused altered wound
healing, excessive wound contraction and scar formation;
otherwise, almost all the soft tissue procedures were fol-
lowed properly in maxilla like V-Y closure, septoplasty,
nasal cinching or combination of all.

Majority of the previous research is focused on either
the immediate inflammatory response or the longer-term
changes following surgery; typical timescales used were
0.3-3 years, because of swelling, tissue redistribution and
functional adaptation; long-term follow-up is needed to
assess soft tissue changes postoperatively. Most authors
suggest that soft tissues stabilize after 6 months [12, 21],
12 months [24]. Hack et al. [14] found continued soft tissue
settling several years after surgery. Few have attempted to
evaluate the soft tissue response after the initial peak of
inflammatory response [1]. One saw no changes even after
10 months [11]. Predictable success and in fact improve-
ment in facial profile like increase in nasolabial angle,

@ Springer



98

J. Maxillofac. Oral Surg. (Jan—-Mar 2019) 18(1):93-99

lengthening of both upper and lower lips, and decrease in
interlabial gap can be achieved in as early as 3-9 months
[17], 6 months [2, 8, 9], 7 months [22] as in our study
which suggests that significant changes may be achieved in
a minimal 6-month postoperative period.

Several ratios of soft tissue to bony movements have
been provided. Common belief that changes following
bimaxillary surgery are similar to changes following the
separate performance of the two procedures [1] is lacking
sufficient data to compare the combined procedures such as
anterior bimaxillary segmental osteotomy.

Upper lip-to-maxillary incisor retraction ratio was 0.5:1,
0.43:1 and 1:3, while lower lip-to-mandibular incisor
retraction ratio was 0.75:1, 0.71:1 and 2:3 [17, 19, 20]; this
shows that there were much smaller maxillary changes
compared to mandibular one which were almost same as in
our study; this could be because of difference in amount of
posterior movement of teeth, operative technique, lip
strength, amount of fatty tissue and musculature.

Our ratios totally concur with reports which have
showed upper lip-to-maxillary incisor retraction ratio as
0.67:1, lower lip-to-mandibular incisor retraction ratio as
0.89:1 [23] and upper lip-to-maxillary incisor retraction
ratio 0.68:1 [3].

Ratio in cases of LeFort I and BSSO is almost same as
our study [1]. So this band of changes suggests that there
may be similar pattern of soft tissue movement in seg-
mental osteotomies particularly for the upper lip to max-
illary incisor and lower lip to mandibular incisor retraction,
but more studies with more sample size are need.

Soft to hard tissue movements are minimal in the
maxillary procedures, and the ratio increases almost nearly
proportionally while approaching more inferiorly toward
mandibular pogonion; this reflected in our study also. This
weaker response may be related to the resection of the
anterior nasal spine area and the variability in surgical
closure of the soft tissue incision in maxillary surgery
[8, 10, 15]. Nose which is fixed and does not move much
with underlying hard tissue unless septal changes are done
during surgical procedure and other reasons like dead space
present under the lips may absorb the first proportion of a
bony movement before the soft tissue is affected and
becomes clinically apparent [13, 21]. It was concluded that
soft tissue changes in response to surgery are perhaps more
predictable after six months, so this surgery may be a
treatment modality of choice in adult bimaxillary/den-
toalveolar protrusion patients who need instant esthetic
facial results. But study with larger sample size and longer
follow-up may yield more predictable results.

Acknowledgements None.

Compliance with Ethical Standards

@ Springer

Conflict of interest None declared.

Ethical Approval Ethical approval was obtained from the ethical
and research committee mahatma Gandhi postgraduate institute of
dental sciences puducherry Pondicherry India.

References

1. Altug-Atac AT, Bolatoglu H, Memikoglu UT (2007) Facial soft
tissue profile following bimaxillary orthognathic surgery. Angle
Orthod 78(1):50-57

2. Ayoub AF, Mostafa YA, el-Mofty S (1991) Soft tissue response
to anterior maxillary osteotomy. Int J Adult Orthod Orthognath
Surg 6(3):183-190

3. Bell WH, Dann J III (1973) Correction of dentofacial deformities
by surgery in the anterior part of the jaws: a study of stability and
soft tissue changes. Am J Orthod 64:162-187

4. Burstone CJ, Park YC (1986) Soft tissue profile the fallacies of
hard tissue standards in treatment planning. Am J Orthod
90:52-62

5. Burstone CJ (1967) Lip posture and its significance in treatment
planning. Am J Orthod 53:262-284

6. Burstone CJ, James RB et al (1978) Cephalometric for orthog-
nathic surgery. J Oral Surgery 36:269-277

7. Burstone CJ, Legan HL (1980) Soft tissue cephalometric analysis
for orthognathic surgery. J Oral Surg 33:774-782

8. Chew MT (2005) Soft and hard tissue changes after bimaxillary
surgery in Chinese Class III patients. Angle Orthod
75(6):959-963

9. Chew MT, Sandham A, Wong HB (2008) Evaluation of the
linearity of soft- to hard-tissue movement after orthognathic
surgery. Am J Orthod Dentofac Orthop 134(5):665-670

10. Enacar A, Ugur Taner T, Toroglu S (1999) Analysis of soft tissue
profile changes associated with mandibular setback and double-
jaw surgeries. Int J Adult Orthod Orthognath Surg 14:27-35

11. Ewing M, Ross RB (1992) Soft tissue response to mandibular
advancement and genioplasty. Am J Orthod 101(6):550-555

12. Freihofer HJ (1977) Changes in nasal profile after maxillary
advancement in cleft and non-cleft patients. J Maxillofac Surg
5:20-27

13. Freihofer HJ (1976) The lip profile after correction of retro-
maxillism in cleft and noncleft patients. J Maxillofac Surg
4:136-141

14. Hack GA, de Molvan Otterloo J, Nanda R (1993) Long term
stability and prediction of soft tissue changes after LeFort I
surgery. Am J Orthod Dentofac Orthop 104:544-555

15. Jensen AC, Sinclair PM, Wolford LM (1992) Soft tissue changes
associated with double jaw surgery. Am J Orthod Dentofac
Orthop 101(3):266-275

16. Kim JR, Seong WS et al (2002) A retrospective analysis of 20
surgically corrected bimaxillary protrusion patients. Int J Adult
Orthod Orthognath Surg 17(1):23-27

17. Lew KK, Loh FC, Yeo JF et al (1989) Profile changes following
anterior subapical osteotomy in Chinese adults with bimaxillary
protrusion. Int J Adult Orthod Orthognath Surg 4(3):189-196

18. Lew KK (1989) Profile changes following orthodontic treatment
of bimaxillary protrusion in adults with Begg appliance. Eur J
Orthod 11:375-380

19. Lines PA, Steinhauser E (1974) Soft tissue changes in relation-
ship to movement of hard tissue structures in orthognathic sur-
gery: a preliminary report. J Oral Surg 32:891-896

20. Nadkarni PG (1986) Soft tissue profile changes associated with
orthognathic surgery for bimaxillary protrusion. J Oral Maxillo-
fac Surg 44(11):851-854



J. Maxillofac. Oral Surg. (Jan—-Mar 2019) 18(1):93-99

99

21.

22.

23.

O’Reilly M (1989) Integumental profile changes after surgical
orthodontic correction of bimaxillary dentoalveolar protrusion in
black patients. Am J Orthod Dentofac Orthop 96:242-248
Okudaira M, Kawamoto T, Ono T (2008) Soft-tissue changes in
association with anterior maxillary osteotomy: a pilot study.
J Oral Maxillofac Surg 12(3):131-138

Park JU, Hwang YS (2008) Evaluation of the soft and hard tissue
changes after anterior segmental osteotomy on the maxilla and
mandible. J Oral Maxillofac Surg 66(1):98-103

24. Quast DC, Biggerstaff R, Haley JV (1983) The short term and

25.

long-term soft-tissue profile changes accompanying mandibular
advancement surgery. Am J Orthod 84:29-36

Speidel TM, Marine KM, Worms FW (1979) Soft tissue changes
associated with mandibular subapical osteotomy. Angle Orthod
49(1):56-64

@ Springer



	Soft Tissue Changes Following Combined Anterior Segmental Bimaxillary Orthognathic Procedures
	Abstract
	Aims & objectives
	Methods
	Results
	Conclusion

	Introduction
	Methods and Materials
	Results
	Discussion
	Acknowledgements
	References




