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Abstract:
Purpose: This was a prospective study comparingnady sagittal and transverse plane body postuanmeters
in women after radical mastectomy and women aftdical mastectomy with immediate breast reconstmct

(IBR) for stage | and Il breast cancer.

Methods: The three studied groups were one thagnweht Madden’s radical mastectomy (n=38), a seeatid
skin sparing mastectomy with IBR with expander-ghiesis Becker-25 (n=38), and the control (n=38) ti#d
women were examined to determine their body postutiee coronal, sagittal and transverse planagyusiree-

dimensional (3D) body surface analysis before gri?618 and 24 months after surgery.

Results: There is a significant difference bodytpsin the coronal, sagittal and transverse plaeéseen
groups of patients after mastectomy with IBR cormgawith patients after mastectomy alone. The womiiger
radical mastectomy demonstrated the greatest @bstuanges in particular parameters of body posture
postsurgical months 18 and 24. The IBR group deiyonstrated significant postural changes in onerpeter,

though as time after surgery increased, these esashecreased.

Conclusions: IBR after mastectomy has an impagiroper body posture. Photogrammetric examination
revealed important body posture disturbances aontfié radical mastectomy group. It gives usefudrimfation
on body posture parameters in the evaluation ofitgjuaf life in breast cancer survivors. It appetrat

immediate breast reconstruction helps to presemyeap body posture after mastectomy.
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Introduction:

Breast cancer remains the most frequent maligreoplasm in women. Surgical options include radical
mastectomy (RM), breast conservative treatment (B&id immediate breast reconstruction (IBR). Trresait
of breast malignancies is currently centered orinmétizing surgical intervention while still eradigag the
neoplasm. Despite an increasing proportion of mitie's for surgical intervention with breast corséion in
early breast cancer stages, as many as 10% oflsiage30% of stage |l patients do not qualify BET [1]. In
addition to difficulties in offering each patienbaveek course of radiotherapy, the number of umgilpatients
and difficulties in staging the disease before stygthere are many women who still undergo RMairlye
stages of the disease [2,3]. In these patientspd golution to minimalize scarring is IBR [4]. Tate, the value
of IBR has been mainly in the return or improvenmaiquality of life and maintenance of a naturgbearance,

both factors leading to better self-esteem andtiemal well-being in this group of women [5,6,7].

There have been almost no attempts to determineftibet of mastectomy and breast reconstructiothen
maintenance of proper body posture after surgegrge number of women after mastectomy complain of
increased back pain a few months to years aftetectasny [8,9]. The studies by Rostkowska et al ehstvown
a statistically significant disturbance of propedk posture in women after mastectomy [10]. These
disturbances have even been demonstrated in womemmderwent intensive rehabilitation. It has dsen
noted that these disturbances in body postureemedsed in women who used an external prosthesenty
during the day but also at night, while sleepingj][This leads to the assumption that IBR may reapesitive

effect in maintenance of proper body posture in worafter mastectomy.

The purpose of this study was to compare the chwimgeody posture of women after RM and women who

underwent IBR with expander-prosthesis Becker-25.

Patients and methods:

Prospective studies were performed in a group shamwith stage | and Il breast cancer,operate@92005

at the General Surgery Department of the StatedRafHospital in Leszno, Poland.

Group A (n=38) underwent RM using Madden’s methl®obup B (n=38) underwent skin sparing mastectomy

(SSM) with single-stage IBR using a subpectoralicpd expander-prosthesis Becker-25. The contmlmr
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group C (n=38), were healthy women who have notsumdery. Groups A and B were comparable in terins o
age, body mass, height, the degree of cancer aelwamt, and comorbidities (Table 1). The study cuetil

until all dimensional parameters had been obtafaedach group’s 38 women.

All the women were examined to determine their bpdgture using three-dimensional (3D) analysihef t
body surface with photogrammetry. This method imgslobjective anthropometric measurements based on
computer analysis of the 3D image constructed efttine of each examined woman. The theoreticéd bés
the measurements is Moire conturography, desciibegtics. A ray of while light hitting an uneveuarface
leads to this light reflecting at various degréd® reflected image was registered by a cameraligitdlly
configured and saved by a special computer progféus. system allowed for real-time registration and

comparison of the resultant changes in the bodiupa®f the examined women (Photograph 1).

This non-invasive and non-burdening manner of olbigi measurements allowed for multiple measuremniants
each woman post-operatively. Before taking a mesamsant, characteristic bony structures were marketth®
patient’'s back: the C7 to S1 spinous processesotter borders of the scapulae, and the superistepor iliac
spines. The static measurements were taken infepeeproducible conditions, accounting for thenga
parameters of the visual apparatus, at a consistande of 3.2 m between the camera and the patibiot was
standing in a relaxed position. This examinatidovetd for the measurement of 54 parameters indhenal,

sagittal, and transverse planes, which made itilplest® objectively evaluate the body posture ef patients.

For the purposes of this study, only a few pararsdteat best demonstrated differences in the cbreagittal

and transverse planes were used, and were seleftae the first examination:

e MDL - the maximal deviation of the line of the stipe posterior iliac spines from C7-S1,

e DHSh -the difference in the height of the showdder

* DHS — the difference in the height of the lowerder of the scapulae (angling of the body),
- API — the angle of pelvic inclination,

« APR —the angle of pelvic rotation in the sadiflane, and

RS — the difference in the depth of the lol@mer of the scapulae (rotation).



Five measurements were taken for each patientré#ie surgery (after final diagnosis and detenngjrihe best

method of treatment), and 6, 12, 18, and 24 mceities surgery.

Statistical analysis:

To compare the measurable parameters at eachahthat met the initial criteria for one-way ANOM&ere
analyzed with the post hoc Newman-Keuls test withassumption of Gaussian distribution and homeigen
of variance at the p < 0.05 level. When the paramsatid not meet the above criteria, the nonpandenet
Kruskal-Wallis test was used with Dunn's multiptargparisons test, also at p < 0.05. To compare grotip
examinated women univariate assessment for nomatalwas made using Fisher exact test or Chi-egeat.
Analysis was performed using STATISTICA (datalgsia software system), v 8.0

Results:

Between September 20 2000 and June 19 2005, tleeee2®5 women operated for breast cancer at ther@len
Surgery Department of the State Regional Hospithkiszno, and all of these women underwent breast
reconstruction with expander-prosthesis Beckercf3hese patients, 102 had IBR, while in 23 pati¢he use
of expander-prosthesis Becker-25 was delayed bgr@tm to 10 years after mastectomy. During the dame
period, 142 patients underwent RM without use oégpander-prosthesis.

Patients with stage | and Il breast cancer, evatlelinically prior to surgery, were qualified R assuming
no contraindications to this type of surgery. Akktwomen qualified for IBR agreed to radical mastey with
reconstruction and also declared their intentiopadicipate actively in postoperative breast miogeind
rehabilitation. Approximately 5-8 months after IBB0 of the 102 patients who had undergone IBR ladgb
corrective surgery of the healthy breast, to carsgmmetry, using the McKissock (n=25), Lejour (8%1or
Benelleg (n=6) procedure.

In this prospectively planned photometric studypofly posture, it was possible to obtain full datate
measurements in 38 women of each group. As resalysis included only those women whose measurement
were taken preoperatively and at the four postdivertimes designated, these measurements took two
postoperative years to be completed. Women whasplete measurements could not be obtained, for any
reason, for the five time periods, were excludednfthe study. In this manner, two groups of womksirilar
age, body mass, height, mass of breast tissuevezindegree of disease advancement, and type of

postoperative treatments were obtained.



The photogrammetric results obtained for these wodemonstrate a significant difference in body prst
between the patients who underwent IBR and tho#e Rl who never had reconstruction. The measuresnent
taken preoperatively, but after clinical diagnasisl qualification to surgical treatment, did ndfedi
significantly in the women who were treated wittRIBr RM, either between each other or in comparisahe
control group (Table 2).

Examination of the patients 6 months postoperatideimonstrated a considerable increase in bodymost
divergence in the patients who had RM without breasonstruction.

Twelve months postoperatively, this body postukejence is even more obvious in the group of pttie
without reconstruction after RM, and is signifidgrdifferent from the results obtained from the IBRRd control
groups.

In the eighteenth postoperative month, the diffeedmetween the RM and IBR groups reached its peittk the
RM group showing even more divergence in body pestiwo years after surgery, there is no furtheréase
in divergence demonstrated by the parameters of posture in the coronal plane in the patients \Rith. We
can therefore presume that adaptation of the btadbjliges approximately 18 months after surgery does not
progress further (Photograph 2).

There is no difference between IBR patients andtiingaontrols in MDL, regardless of when the measuents
are taken postoperatively. This indicates thattie@nges in MDL in women after mastectomy increass o
time, and therefore women who underwent RM withreagbnstruction demonstrate increasing divergence of
body posture from healthy controls and patients WBR (Figure 1a).

Analysis of DHSh also demonstrates significant ¢giegrjust 6 months after surgery. Thegreatest diffeers
between patient groups are seen 18 months aftgersufFigure 1b).

Similarly, analysis of DHS shows a significant di#nce in the RM and IBR groups just 6 months sitegery,
and this difference increases over time betweesetheoups (Figure 1c).

Analysis of API also shows a significant differeriseghe RM and IBR groups just 6 months after soygend
this difference increases over time between thesepg (Figure 1d).

The measurements of APR demonstrate an obviousaserin the angle of pelvic rotation in women 12ithe
after radical mastectomy. This trend continues ¢lver24 months that measurements were taken (Figyre
The values of RS are statistically significant frérmonths after surgery only in the IBR and RM gr&uT his
difference is also present between the RM and abgtoups over all postoperative months. Therais n

significant difference between the IBR and congnalups at any time (Figure 1f).



Changes in proper body posture occurring in patiafter RM involved raising of and moving anteroraiy

the shoulder on the operated side, with a simuttageotation of that scapula in the sagittal plane.

Discussion:

Breast size and body posture:

It is well known that back pain is common in wonweith large breasts. The weight of the breastsspaasible
for a change in the center of gravity of these wonaad also leads to a change in body posture 2).0This can
cause frequent neck pain, back pain, shoulder pdigling of neck stiffness, painful ras seri@stgrooving,
and persistent intertrigo in the inflammatory folds explained by Findikcioglu et al. [12], theme &tatistical
differences in the angle of thoracic kyphosis anmdldar lordosis between women of breast cup A apdxu
Patients of breast cup B and D were also comparetidemonstrated a significant difference in tigdeanf
lumbar lordosis [10,12]. No differences were ndtethe sacral inclination angle. This demonstrétes the
vertebral column changes dynamically, and disturtbarf one part of the spine are compensated mgelsan
another part of the spine. In the 38 IBR patietwtenty of the women that underwent conturograpdny h
corrective surgery of the healthy breast 5-8 moafter IBR. However, in the initial evaluationssticorrective
surgery did not appear to have an effect on cogtaphy results. It seems that, regardless of himiles
symmetrically the breasts were, maintaining theemirbody posture is more greatly affected by tlesg@nce of

a replacement breast. Further studies must bernpeztl to confirm this.

Use of Moire conturography

Moire conturography is used to evaluate body pestiivergence in scoliosis [13-15]. Detailed analydiMoire
conturography has demonstrated that it is an adedoel to diagnose the presence, degree, andidineuf
scoliotic changes, but cannot precisely evaluagesibe of the scoliosis [10,13]. Body position,tbck rotation,
body type, and fat rolls and folds are all involiedhe lack of precision in evaluating vertebrah@ture using
body surface tophography. However, this is a gootlin the evaluation of disturbances of body pstun
studies conducted under reproducible conditionarbgxperienced physiotherapist Moire conurograplay i
good tool for the evaluation of changes occurrimthe body posture, though radiologic studies ageiired to
evaluate changes in the vertebral column itselfio positive aspects of conturography are the n@sive

nature of the test and the possibility to perfoepeaated examinations over time.



Asymmetry of body posture after mastectony

In the coronal plane, the asymmetry of the buttackgomen after RM was studied by Rostowska eftlal,11].
The results of these studies indicated that thenasstry was related to the position of the shouldeis
scapulae. In the case of RM without breast recoostm, an external prosthesis worn as a specéahas a
significant factor in the degree of buttock asynmneétVomen who wore such a prosthesis regularlyh bloring
sleep and during the day, demonstrated a lessee@lefbody posture disturbances. It is also necgder the
patient to undergo rehabilitation to decrease tanges in body posture [10].

Our study demonstrated that body posture distudmaignificantly affect the vertebral column ofipats after
RM. The study by Bak et al. also showed a changmdy posture in women after mastectomy as compared
healthy women, but no correlation was found betwiberoperated side (left or right) and the diractd
asymmetry in body posture [11]. This publicatioscahoted a statistical significance in clinical etvaitions.
The scapula on the operated side was higher tleasctpula on the unoperated side. Women who wdee at
the time of surgery more frequently have a righation to their buttocks and their pelvis is lochieore
posterior on the right side. The spinous procesis thie greatest deviation from a vertical line pewticular to
the ground was expressed to a greater degree irewafter mastectomy. This deviation was most sicanit in
the lower thoracic spine (Th 7-12) of older womehijle in younger women it was at a higher parthef t
thoracic spine (Th 1-6). Another interesting claliobservation is the change in body posture depgrah how
much time had passed since surgery. In the eadtpperative time, there is a tendency to thrusbthteocks
forward, and as more time passes after surgerlgutiecks are thrust posteriorly. This is due toftt that
thrusting the buttocks forward in the early postagige period has an anesthetic and psychologftedte which
passes over time [10,11,13].

The MDL measurement in the women after RM depermedhether they wore their external prosthesisgiitn
or only during the day, with a lesser deviatiomimmen who wore the prosthesis also while sleeping.
Statistic and selection bias:

Certain criteria were used to determine which ef182 IBR patients would be chosen to participatheé 38-
women group. One of the criteria used to deterraaeh woman'’s participation in the study was henglance
in having all of the analysis performed at thepsest-operative times. Therefore, women who didpaoticipate
in all conturography analyses, patients who hagdteive postoperative radiotherapy (n=8), and wowiém

postoperative complications requiring repeat syr@er10) were excluded from the study.



It should be noted that breast reconstruction syrgas a significant effect on the patient’s postapive body
posture. Although the changes in body posture areampletely eliminated, breast reconstructionsaderably
decreases the amount of divergence from normal podture, as compared to patients who do not have
reconstruction after mastectomy. It is possibé those women who had breast reconstruction mawydve
body-conscious, be more involved in physical fimmgdace greater emphasis on their appearancepize m
attentive to their posture, and may be more likelgomply with postoperative rehabilitation.

Future studies should aim at determining the effe€perimammary procedures on body posture, ds suc

procedures can also impact the patient’s qualitifef

Conclusions

In prospective studies of women treated operatif@ipreast cancer, it was demonstrated that RMeau
significant changes in body posture. Divergenoenfproper body posture appeared just 6 months siftgery,
with a tendency to further diverge until the 18gktoperative month. Similar studies conductedvomen
who underwent RM with IBR using expander-prosth&ssker-25 did not show significant changes in prop
body posture over the 24-month observation andygtedod. The parameters used to measure bodyneaditls
not differ significantly between the group of wom&ho underwent IBR and the control group. We trenesf
suggest that simultaneous breast reconstructials leaa better postoperative outcome, not onlgims of
aesthetic results or patient self-esteem, but maimbugh preventing complex changes in body peduat can

result in permanent changes in the patient’s phaysiguilibrium and related symptoms.



References:
1. Morrow M, Scott SK, Menck HR, Mustoe TA, WinchesDP. (2001) Factors Influencing the
use of Breast Reconstruction Postmastectomy: AnatiCancer Database Study. J Am Coll

Surg 192:1-8.

2. Parker PA, Youssef A, Walker S, Basen-Engquist 8heéh L, Gritz ER, Wei QX, Robb GL.
(2007) Short-term and long-term psychosocial adjest and quality of life in women

undergoing different surgical procedures for breasicer. Ann Surg Oncol; 14:3078-89.

3. Janni W, Rjosk D, Dimpfl TH, Haertl K, Strobl B, Hp F, Hanke A, Bergauer F, Sommer H.
(2001) Quality of life influenced by primary surgidreatment for stage I-1ll breast cancer-

Long term follow up of a matched pair analysis. Aurg Oncol 8:542-548.

4. Cordeiro PG (2008) Breast reconstruction after eyrdpr breast cancer. N Eng J Med

359:1590-601.

5. Elder EE, Brandberg Y, Bjorklund T, Rylander R, eagyen J, Jurell G, Wickman M,
Sandelin K. (2005) Quality of life and patient s&ttion in breast cancer patients after

immediate breast reconstruction: a prospectiveystBeast 14:201-218.

6. Al-Ghazal SK, Fallowfield L, Blamey RW. (2000) Coanson of psychological aspects and
patient satisfaction following breast conservinggstly, simple mastectomy and breast
reconstruction. Eur J Cancer 36:1938-43.

7. Cordeiro PG, McCarthy CM. (2006) A single surgeat?syear experience with tissue
expander/implant breast reconstruction: Il. A pexgive analysis of long-term complications,
aesthetic outcomes and patients satisfaction. Riesbnstr Surg 118:832-9.

8. Rietman JS, Dijkstra PU, Hoekstra HJ, Eisma WHp823G, Groothoff JW, Geertzen JH.
(2003) Late morbidity after treatment of breastas in relation to daily activities and quality

of life: a systemic review. EJSO 29:229-238.

9. Kopaaski Z, Wojewoda T, Wojewoda A, Schlegel-Zawadzkawhznicka R,

10



10.

11.

12.

13.

14.

15.

Suder A, Kdciuk T (2003) Influence of some anthropometric pagters on the risk of
development of distal complications after mastegtaarried out because of breast carcinoma.
Am J Human Biol 15(3):433-9.

Rostkowska E, Bak M, Samborski W. (2006) Body pasto women after mastectomy and its

changes as a result of rehabilitation. Advanceédedical Sciences 51:287-297.

Bak M, Rostkowska E. (2000) The influence of udingast prosthesis during the night on the

changes of body posture among woman after mastgctéimjoterapia 8(4):11-15.

Findikcioglu K, Ozmen S, Guclu T. (2007) The impatbreast size on the vertebral column:

a radiologic study. Aesth Plast Surg 31:23-27.

Wong H-K, Balasubramaniam P, Rajan U, Chng S-Y9{)®irect spinal curvature
digitization in scoliosis screening — a comparastgy with Moire conturography. J Spinal

Disord 10(3):185-192.

Takasaki H. (1970) Moiré topography. Appl Opticd#67:1472.

Meadows DM, Johnson WO, Allen JB. (1970) Generatibsurface contours by Moiré

patterns. Appl Optics 9:942-947.

11



Table1: Characteristics of women in groups A, B, and C, who underwent photogrammetric examination

age (years)

height (cm)

weight (kg)

mass of resected
breast tissue (g)

Hormonal status:
Menstruating
Menopausal

Additional
treatment:

Chemotherapy
Hormone therapy

Radiotherapy

IBR n=38

48,5 +10,99 (29-65)
163 + 14,8 (146-176)
61,3+12,4 (48-79)

455 + 156

17

21

26

33

RM n=38
51,3+9,2 (36-68)

160,7 +9,8 (152
169)

64,1+11,7 (50-82) 62,4+10,2

512 +182

16 19

22 19

28

31

Control n=38

49,8 +11,1 (34-66)

158,9 £ 8,9 (145-168)

p-value
p=0,66 (ANOVA)

p=0,8 (ANOVA)

(51-77) p=0,57 (ANOVA)

p=0,09 (t-Student)

p=0,9 (Fisher-Freeman-
Halton)

p=0,8 (Fisher)

p=0,75 (Fisher)



Table 2: Results of body posture measurementsicdhonal, saggital and transverse planes in waafter

mastectomy with immediate breast reconstructioiRjlBvomen after radical mastectomy without

reconstruction (RM), and controls.

MDL
IBR

RM
CONTROL
DHSh
IBR

RM
CONTROL
DHS

IBR

RM
CONTROL
API

IBR

RM
CONTROL
APR

IBR

RM
CONTROL
RS

IBR

RM
CONTROL

216+1,2
2,58 £0,97
2,33+0,84

4,52 + 3,69
3,45+ 1,33
2,69+1,35

3,34 £3,22
3,81 +2,56
2,08+1,24

0,78 £0,85
1,13+0,91
1,1+£0,99

2,41 +0,51
2,11 +0,66
1,78 +0,88

2,99 +156
3,00+1,32
2,87+1,16

* p-value < 0,05

**  p-value < 0,001

| before OP

1 6 months after OP

Il 12 months after OP

IV 18 months after OP

V 24 months after OP

3,18 £2,92
342+1,12*

3,77 £ 3,10
569+431*

3,60+ 3,10
4,96 3,27 *

0,81+0,88
1,92+1,29*

2,72+11
3,41 +0,99*

4,26 £ 2,69
6,26 £ 3,68 *

3,25+2,89
518+2,45*

4,01 + 3,39
7,45+485*

3,58 £4,03
7,25+4,66*

0,97 £0,97
241+19*

2,83 £1,63
4,50 +1,55 *

4,18 £2,94
7,51+£527*

3,11+£2,6
6,21 52 **

4,47 £ 3,61
8,41 8B **

3,51+£3,79
7,64 2 **

0,99 £ 0,94
26242

2,71 £1,75
4,61 +1,66*

4,38 £ 3,24
8,31 AT **

316
5,99 + 2,49 **

4,46 + 3,35
7,97 £5,36 **

3,39+ 3,59
8,01 +5,80 **

0,99 +£0,88
2,62+1,81*

2,8861,
8.bl1,54*

4,28 £ 3,10
8,27 +£6,18 **



Figure 1

Dynamic changes in body posture parameters indh@nal, sagittal and transverse planes for womian af
radical mastectomy with IBR and women after RM withreconstruction in the 24 months after surgery:
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