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ANATOMIA



1. Retto addome 

2. Obliquo esterno 

3. Obliquo interno sdoppiato al 

margine laterale del retto 

4. Trasverso addome 

5. Piramidale addome

PARETE ADDOMINALE  

ANTERIORE



1. Direzione delle linee di trazione 

elastiche di Langer 

2. Plica addominale trasversa 

sovra-ombelicale (incisione di 

Sprengel I) 

3. Plica addominale trasversa 

sotto-ombelicale (incisione di 

Sprengel II) 

4. Plica sovra-pubica (incisione di 

Pfannenstiel, Chernley, 

Bardenheuer) 

5. Plica inguinale

ANATOMIA DI SUPERFICIE.   

Linea di Langer e pliche trasversali



1. Verso la corrente 

toracica interna 

2. Via inguino-ascellare  

3. Corrente laterale 

verso i linfatici 

lombari 

4. Verso linfatici 

ombelicali 

5. Linfatici del 

legamento rotondo 

6. Linfatici dell’uraco, 

verso la pelvi 

7. Linfonodi inguinali

VASCOLARIZZAZIONE DEI PIANI SUPERFICIALI 

Circ. ARTERIOSACirc. LINFATICA

A. Arteria perforante 

paramediana 

attraverso il foglietto 

anteriore della guaina 

del retto 

B. Arteria perforante 

laterale proveniente 

del plesso arterioso 

laterale  

C. Arteria sotto-cutanea 

addominale (arteria 

epigastrica 

superficiale) 

D. Arteria circonflessa 

iliaca superficiale 

E. Arterie pudende 

esterne 

F. Arteria femorale



MUSCOLO RETTO  
E DISPOSIZIONE DELL’INNERVAZIONE MUSCOLARE

1. Digitazione su K5 

2. Digitazione su K6 e 

sua cartilagine 

3. Digitazione su K7 e 

processo xifoide 

4. Inserzione tendinea 

5. Inserzione tendinea 

6. Inserzione tendinea 

7. Inserzione bassa 

incostante 

8. Muscolo piramidale 

dell’addome 

A. Foglietto posteriore 

della guaina del retto 

B. Disposizione dei nervi 

intercostali di T 7 e 

T12. Notare: il tragitto 

ricorrente degli 

intercostali superiori, la 

penetrazione dal versante  

posteriore della guaina 

del retto, l’esistenza di 

anastomosi all’interno 

della guaina del retto  

C. Nervo grande 

addomino-genitale (n. 

ileo- ipogastrico) 

D. Nervo piccolo 

addomino-genitale (n. 

ileo-inguinale)



MUSCOLO GRANDE OBLIQUO - VISTA ANTERIORE 
(m. obliquus externus)

1. Corpi carnosi 

2. Aponeurosi 

3. Fascio postero-

inferiore fissato sulla 

cresta iliaca  

4. “Arcata crurale - 

legamento inguinale”, 

ovvero bordo inferiore 

dell’aponeurosi 

dell’obliquo esterno 

5. Pilastro esterno (crus 

laterale) 

6. Pilastro di Colles (crus 

reflexum)

7. Annulus inguinalis 

superficialis  

8. Pilastro interna (crus 

mediale) 

9. Fibre intercrurali 

10. Linea alba sotto-

ombelicale  

11. Linea alba sovra-

ombelicale



MUSCOLO OBLIQUO INTERNO - VISTA LATERALE

1. Massa sacro-lombare 

(m. erectores spinae) 

2. Fascio posteriore 

carnoso  

3. Aponeurosi sdoppiata 

al bordo esterno e 

avvolgente il retto 

dell’addome 

4. Foglietto posteriore 

(lamina posteriore) 

5. Foglietto anteriore 

(lamina superficialis 

vaginae recti) 

6. Arcata di Douglas 

(linea arcuata) 

7. Tendine congiunto 



VISTA LATERALE DEL MUSCOLO  

TRASVERSO DELL’ADDOME

1. Aponeurosi posteriore 

2. Parte carnosa inserita all’interno del 

bordo toracico inferiore 

3. Parte carnosa d’origine lombare 

4. Aponeurosi anteriore passante dietro il 

retto 

5. Retto  

6. Porzione d’origine iliaca 

7. Arcata di Douglas 

8. Tendine congiunto  

9. Muscolo cremastere



FASCIA TRASVERSALE - PARTE INFERIORE

1. Fascia trasversale 

2. Retto 

3. Proiezione dell’arcata crurale 

4. Fascia spermatica interna  

5. Legamento di Hesselbach (l. 

interfoveolare) 

6. Legamento di Henle (Falx 

inguinalis) 

7. Prolungamento prevascolare 

della fascia trasversale (Anson 

et Mc Vay)



PARETE ADDOMINALE 
ANTERIORE AL DI SOTTO 
DELL’OMBELICO E AL DI 

SOTTO DELLA LINEA 
ARCUATA

1. Fascia superficiale e tessuto grasso 

cellulare sottocutaneo 

2. Muscolo obliquo esterno 

3. Muscolo obliquo interno  

4. Muscolo traverso  

5. Muscolo retto 

6. Fascia trasversale 

7. Fascia propria 

8. Peritoneo parietale anteriore 

9. Legamento tondo del fegato 

10. Muscolo piramidale dell’addome  

11.Arterie ombelicali 

12. Uraco 

13. Branca discendente dell’arteria epigastrica inferiore 

14. Aponeurosi ombelico-prevescicale



VERSATILITA’ della GUAINA 

del RETTO (vaginae recti)

1. Procedura di Welti per ricostruzione della linea 

mediana 

2. Incisione di scarico (intervento di Mc Vay) 

3. Lembo esterno (procedura di Berger-Orr)



VASCOLARIZZAZIONE ARTERIOSA

1. Arteria epigastrica superiore 

2. Plesso arterioso laterale 

3. Arteria epigastrica inferiore 

4. Arteria circonflessa iliaca profonda 

5. Arteria iliaca esterna 

6. Piano del muscolo traverso 

7. Rete arteriosa periombelicale 

8. Linea arcuata 

9. Ramo discendente dell’arteria 

epigastrica inferiore 

!
Sul lato destro del soggetto, anastomosi in 

rete entro le arterie epigastriche superiori e 

inferiori, 80% dei casi (Salmon et Dor). 

Sul lato sinistro del soggetto, anastomosi a 

canale pieno, 20 % dei casi (Goinard). 



LA TRIPLA CINGHIA DEI 
MUSCOLI LARGHI

La linea alba appare come il tendine 

centrale di un sistema digastrico in cui i 

muscoli obliqui esterni e interni sono in 

continuità. Questa doppia cinghia obliqua  

è raddoppiata in profondità dalla cinghia 

trasversale del muscolo trasverso. 

1. Muscolo obliquo esterno destro 

2. Linea alba 

3. Muscolo trasverso 

4. Muscolo obliquo interno destro  



IL TENDINE CONGIUNTO E LA REGIONE INGUINO-FEMORALE

1. Nervo grande addomino-

genitale (n. ileo-ipogastrico) 

2. Nervo piccolo addomino-

genitale (n. ileo-inguinale) 

3. Nervo femoro-cutaneo  

4. Ramo funiculare del nervo 

genito-crurale (n. genito-

femorale) 

5. Nervo crurale (n. femorale) 

6. Nervo otturatore

7. Tendine congiunto 

8. Fascia trasversale 

9. Cordone spermatico



SEZIONE SAGITTALE DELLA REGIONE OMBELICALE

1. Cuscinetto cutaneo 

!
!
!
!
2. Solco ombelicale 

3. Cicatrice ombelicale 

!
!
4. Anello ombelicale 

!
!
5. Linea alba

6. Legamento rotondo 

!
!
!
7. Fascia ombelicale  

!
!
!
!
!
!
8. Uraco 

!
!
9. Peritoneo   



Il tridente protettore costituito 

dalle arterie ombelicali (1.) e 

dall’uraco (2.).  

In alto la vena ombelicale (4.) 

ANELLO OMBELICALE



LA FASCIA OMBELICALE

A. La fascia non ricopre l’anello ombelicale; 

l’ernia si genera facilmente. 

!
!
!
B. La fascia ricopre l’anello; l’ernia si genera 

difficilmente 

!
!
!
C. La fascia ricopre in modo incompleto 

l’anello; caso intermedio. 



1. Limite muscolo-aponeurotico del muscolo 

obliquo esterno 

2. Limite del muscolo obliquo interno 

3. Limite del muscolo trasverso 

4. Punto debole  

5. Linea arcuata

LA LINEA DI SPIGEL  

(linea semi lunaris) 

I CONFINI  

MUSCOLO-APONEUROTICI DEI 

MUSCOLI LARGHI NON SI 

SOVRAPPONGONO



Siamo tutti Vitruviani?

• Qual è il nostro obiettivo nell’ispezione della 
parete addominale? 

• Come correla l’anatomia con il nostro obiettivo? 
• Le differenze di età, genere, razza, sani/

patologici?

C-H Chen et al. The study of anthropometric estimates in the visceral fat 
of healthy individuals. Nutrition Journal 2014, 13:46.



FISIOLOGIA



Pressione normale <10 mmHg (13,6 cmH20

Sufficiente aumento a 15 mmHg per contenere 5 lt  
necessari per uno pneumoperitoneo in VL

Minimo cambio di tensione parete per incremento di volume

Aumento rapido della pressione endoaddominale non permette 
correzioni immediate di volume  

(effetto su diaframma e vena cava, calici renali ed uretere)



FUNZIONE RESPIRATORIA

• ORTOSTATISMO: il contenuto addominale trasmette in maniera idraulica una pressione 

negativa al torace attraverso la gravità 

• OCLINOSTATISMO: effetto diminuisce e riduce del 15-20% la capacità vitale

RUOLO ACCESSORIO AGLI INTERCOSTALI, AL TORACE ED AL DIAFRAMMA  

(REGOLA LA PRESSIONE DIFFERENZIALE TORACE/ADDOME)

ESPIRAZIONE:  
✦ a riposo passiva basata su rilassamento intercostali e diaframma 
✦ in caso di aumentata richiesta TA, OE, OI incrementano la pressione addominale con 

trasmissione al torace attraverso il diaframma 

INSPIRAZIONE: 
✦ supporto anteriore cavità add, permettendo di mantenere pressione differenziale tor/

add



FUNZIONE MUSCOLARE
  

PROTEZIONE DEL CONTENUTO,  

REGOLAZIONE DELLA PRESSIONE INTRACAVITARIA 

AUMENTO PRESSIONE FACILITA FUNZIONI FISIOLOGICHE  

(espirazione, minzione, defecazione, parto)   

RA,OE, OI, TA  

azioni sinergiche per la stabilizzazione del movimento  

supporto anteriore cavità add, permettendo di mantenere pressione differenziale tor/add



of the oblique muscles (three different values of the helix angle
relative to the horizontal), the amount of abdominal wall bulge (10
(baseline), 0 or 15 mm), and area of the diaphragm and pelvic floor.
The helix angle, expressed as the angle of the muscle relative to the
horizontal as seen at the front of the abdomen, averaged 45.5° in the
‘baseline’ model, and this angle was changed to 37.5° and then 53° to
assess the sensitivity to this factor.

Muscle forces were calculated, consistent with a ‘cost function’
that minimized the squares of both muscle stress and muscle length
changes, while respecting static equilibrium consistent with forces
applied to the trunk model (Stokes and Gardner-Morse, 2001). All
calculations were performed by using the computing package Matlab
(c) and its Optimization Toolbox routines quadprog.m and fmincon.m
(Natick, MA, USA). This was achieved by minimizing a dimensionless
cost function that included the weighted sum of squared muscle
strains and the weighted sum of each muscle stress squared and
normalized by its maximum muscle stress:

Cost = w1 ∑
nm

1

δlm
lm

! "2
+ w2 ∑

nm

1

σm

σmax

! "2

Where:

δlm = muscle length increase;
lm = initial muscle length;
σm = muscle stress (force per unit area);
σmax = maximum muscle stress (=0.46 MPa);
w1, w2 = weighting factors

Constraintswere imposedon themuscle forces (0b forceb0.46*PCSA),
and on the maximum permitted intervertebral motions (two degrees of

angular rotation, two mm of shear displacement) (Stokes and Gardner-
Morse, 2001). Although muscle stretch was ‘penalized’ by the cost
function, the two-degrees and two millimetre constraints on interverte-
bral motion were imposed to prevent the model predicting probably
spurious solutionshaving large relativemovementof vertebrae andhence
large intervertebral and passive elastic muscle forces. The optimization
problemwas solved iteratively sincemuscle stiffnessdependedonmuscle
activation. The ratio ofw1 tow2 was initially set to 10 to ‘penalize’muscle
proportional length changes by ten times more than the muscle stresses.
This value was based on the value found by Stokes and Gardner-Morse
(2001) that gavegoodagreementwithmeasuredEMGactivity ofmuscles.
The sensitivity of the calculated forces to this weighting factor was also
determined empirically by setting the ratio to different values.

The muscle activations were determined for simulated abdominal
pressurization (‘Valsalva’) with IAP of 5 and 10 kPa (37.5 and
75 mm Hg), with a vertical force representing partial bodyweight
above T12 (340 N) imposed on T12 at a distance 67 mm anterior to
T12. Then, external moment producing efforts were simulated by
sequentially adding moments in increments of 20 Nm up to 60 Nm
about each principal axis direction (flexion, extension, lateral
bending and axial torque). The intra-abdominal pressure was
therefore 0.6 kPa per Nm when the pressure was 10 kPa and the
generated moment was 60 Nm, consistent with that observed in
human subjects in standing posture by Grew (1980) and by Mairiaux
and Malchaire (1988) who reported between 0.4 and 0.7 kPa per Nm
for different effort directions. The maximum moment of 60 Nm was
selected because it is the mean value for women making maximum
voluntary efforts in axial rotation (other effort directions can
generate higher moments (Stokes and Gardner-Morse, 1995)). At
each loading step, the muscular forces required to achieve static
equilibrium at each node of the abdominal wall and at each vertebra

Fig. 1. Three layers of abdominal musculature, dorsal muscles and lumbar spine as represented in the analytical model. Rectus abdominis is considered to be embedded within the
middle layer (internal oblique). Axis dimensions are in mm.
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Background: The roles of antagonistic activation of abdominal muscles and of intra-abdominal pressurization
remain enigmatic, but are thought to be associated with both spinal unloading and spinal stabilization in
activities such as lifting. Biomechanical analyses are needed to understand the function of intra-abdominal
pressurization because of the anatomical and physiological complexity, but prior analyses have been over-
simplified.
Methods: To test whether increased intra-abdominal pressure was associated with reduced spinal
compression forces for efforts that generated moments about each of the principal axis directions, a
previously published biomechanical model of the spine and its musculature was modified by the addition of
anatomically realistic three-layers of curved abdominal musculature connected by fascia to the spine.
Published values of muscle cross-sectional areas and the active and passive stiffness properties were
assigned. The muscle activations were calculated assuming minimized muscle stress and stretch for the
model loaded with flexion, extension, lateral bending and axial rotation moments of up to 60 Nm, along with
intra-abdominal pressurization of 5 or 10 kPa (37.5 or 75 mm Hg) and partial bodyweight (340 N).
Findings: The analysis predicted a reduction in spinal compressive force with increase in intra-abdominal
pressurization from 5 to 10 kPa. This reduction at 60 Nm external effort was 21% for extension effort, 18% for
flexion effort, 29% for lateral bending and 31% for axial rotation.
Interpretation: This analysis predicts that intra-abdominal pressure produces spinal unloading, and shows
likely muscle activation patterns that achieve this.

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

The roles of abdominal muscles and of intra-abdominal pressure
(IAP) remain enigmatic, especially the apparently antagonistic
activation of abdominal muscles during extension efforts. This
uncertainty has led to controversy about appropriate lifting techni-
ques and rehabilitation exercises for people with back pain, and
whether use of corsets has prophylactic value. Abdominal pressuri-
zation associated with abdominal muscle activation has been thought
to be beneficial by producing spinal unloading during extension
efforts (Morris et al., 1961; Arjmand and Shirazi-Adl, 2006; Daggfeldt
and Thorstensson, 1997; Hemborg et al, 1985; Hodges et al., 2001).
Furthermore, it has been proposed that the added muscular stiffness
associated with muscle co-activation provides increased stability of
the trunk (Cholewicki et al., 1999a; Essendrop et al., 2002; Gardner-
Morse and Stokes, 1989; Hodges et al., 2003; Tesh et al., 1987).
Training of these muscles is included in exercise regimens for people

with low back pain, based on these presumed beneficial effects. The
supposed spinal unloading effect of IAP in lifting (extension) efforts
results from the pressure acting on the diaphragm and pelvic floor
(producing an extension moment) but must be offset against the
flexion moment generated by the activation of abdominal muscula-
ture. However, it is thought that the resultant is a net extension
moment (Morris et al., 1961), although the biomechanical basis for
this has been questioned (McGill and Norman, 1987). The supposed
stabilizing effect of activation of the abdominal wall muscles is a
consequence of the stiffness of activated muscle (Bergmark, 1989).
Experimental studies have supported this idea (Cresswell and
Thorstensson, 1994; Cholewicki et al., 1999b; Stokes et al., 2000).
Simplified biomechanical analyses of spinal buckling have also
quantified the added stability (Cholewicki et al., 1999a; Gardner-
Morse and Stokes, 1989).

Experimentally, little or no decrease in dorsal muscle activation
(where reduced muscle activation implies spinal unloading) has been
reported in studies of live humans with voluntary augmentation or
inhibition of abdominal muscle activation (Krag et al., 1986;
Nachemson et al., 1986). However, these contrived experiments are
not necessarily a realistic representation of normal physiological
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The abdominal musculature exercise was per-
formed using 2 different protocols: Isokinetic and
isometric exercise of the trunk flexors. The differ-
ences between isokinetic and isometric testing
modalities were described and patients were famil-
iarized with both protocols as well as with the
device by performing a series of fifteen trunk
flexion/extensions with moderate efforts at the
speed of 458/s as a warm up. After 3 minutes of
rest, the subject performed the isokinetic and
isometric exercise tests. Throughout both
isokinetic and isometric testing, subjects were
verbally encouraged to give a maximal effort
during each test.

During isokinetic exercises, the dynamometer
imposes a fixed movement speed while varying the
resistance based on the subject’s effort. The device
matches the force generated by the participant
throughout the range of motion while keeping the
speed constant. Therefore, this test allows the
device to determine the maximal muscular force
changes of the subject throughout the entire range
of motion. Two separate series of 6 trunk flexion/
extension were performed at a speed of 458/s and
608/s. The subject rested in an upright fixed
position for one minute between the 2 series.

The patient then performed the isometric ex-
ercise protocol after 5 minutes of resting at the
end of the isokinetic exercise protocol. In this
protocol, the subject develops muscular force
against the device without body movement. There-
fore, peak torque (PT) is measured without any
movement around the hip joint when the trunk
flexors are contracting. This test was performed
using 3 static positions: Extended, neutral, and
flexed. In the neutral position, the subject is seated
on a Biodex chair with the spine straight forming a
908 angle at the hip joint, whereas in the extended
and flexed positions, the subject was leaning back
(!158) or forward (+158) beyond neutral (08)
positions, respectively (Figs 1–3). Subjects per-
formed 3 maximal isometric contractions of the
trunk flexors for each of the 3 different static posi-
tions. There was a 10-second rest period between
each repetition. At the end of each series of 3 rep-
etitions, subject was resting for 1 minute in neutral
position.

Outcome measures for all 5 settings were both
PT and PT per bodyweight (BW). For isokinetic
measurements, power was also calculated.

Quality-of-life. Quality-of-life was measured by
our previously validated HerQles questionnaire.9

The survey consists of twelve 0–6 Likert scale ques-
tions specifically designed to assess quality-of-life
related to abdominal wall function. Scores range

from 0 to 72, which are then converted to a stan-
dardized 0–100 scale with larger numbers corre-
lating with a better quality-of-life. All patients
were instructed to fill out a preoperative question-
naire at the time of the exercise test, and once
again at the postoperative exercise test. These
values were analyzed and interpreted to provide a
comparison of the quality-of-life for each included
patient before and after their operation.

RESULTS

A total of 13 patients met the inclusion criteria
for the study and completed the dynamometric
exercises successfully before and after their VHR.
There were 7 males and 6 females, with a mean age
of 54 ± 9 years (range, 36–69), and a mean
preoperative body mass index of 31 ± 7 kg/m2

(range, 20–46). Associated comorbidities included
diabetes in 1 patient and smoking history in

Fig 1. Neutral position (08).

Fig 2. Positioned at 158.
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Functional abdominal wall
reconstruction improves core
physiology and quality-of-life
Cory N. Criss, MD,a Clayton C. Petro, MD,a David M. Krpata, MD,a Christina M. Seafler, RN,a

Nicola Lai, PhD,b,c Justin Fiutem, MS,c Yuri W. Novitsky, MD,a and Michael J. Rosen, MD,a

Cleveland, OH

Introduction. One of the goals of modern ventral hernia repair (VHR) is restoring the linea alba by
returning the rectus muscles to the midline. Although this practice presumably restores native abdominal
wall function, improvement of abdominal wall function has never been measured in a scientific fashion.
We hypothesized that a dynamometer could be used to demonstrate an improvement in rectus muscle
function after open VHR with restoration of the midline, and that this improvement would be associated
with a better quality-of-life.
Methods. Thirteen patients agreed to dynamometric analysis before and 6 months after an open posterior
component separation (Rives-Stoppa technique complimented with a transversus abdominis muscle
release) and mesh sublay. Analysis done using a dynamometer (Biodex 3, Corp, Shirley, NY) included
measurement of peak torque (PT; N*m) and PT per bodyweight (BW; %) generated during abdominal
flexion in 5 settings: Isokinetic analysis at 458/s and 608/s as well as isometric analysis at 08, !158,
and +158. Power (W) was calculated during isokinetic settings. Quality-of-life was measured using our
validated HerQles survey at the time of each dynamometric analysis.
Results. Thirteen patients (mean age, 54 ± 9 years; mean body mass index, 31 ± 7 kg/m2) underwent
repair with restoration of the midline using the aforementioned technique. Mean hernia width was
12.5 cm (range, 5–19). Improvements in PT and PT/BW were significant in all 5 settings (P < .05).
Improvement in power during isokinetic analyses at 458/s and 608/s was also significant (P < .05). All
patients reported an improvement in quality-of-life, which was associated positively with each dynamo-
metric parameter.
Conclusion. Restoration of the linea alba during VHR is associated with improved abdominal wall
functionality. Analysis of rectus muscle function using a dynamometer showed statistical improvement
by isokinetic and isometric measurements, all of which were associated with an improvement in quality-
of-life. (Surgery 2014;156:176-82.)

From the University Hospitals Case Medical Center, Case Comprehensive Hernia Center,a Department of
Biomedical Engineering,b Case Western Reserve, and the Department of Pediatrics,c Rainbow Babies and
Children’s Hospital, Cleveland, OH

HERNIATION OF THE VENTRAL ABDOMINAL WALL causes
lateralization of the rectus muscles, as well as a
loss of the medial tendonous insertion point for
core abdominal musculature, resulting in atrophy.1

Understandably, a goal of modern ventral hernia
repair (VHR) is to reestablish native abdominal
wall anatomy by restoring the linea alba at the

midline. Although restoring native anatomy after
VHR presumably restores its native function, this
relationship has never been fully elucidated. One
way to assess abdominal muscle functionality is
the use of dynamometry, a measurement of muscle
power or force popularized in physical therapy
literature and practices.2-6 A Biodex dynamometer
(Biodex Medical Systems, Shirley, NY) specifically
allows an evaluation of trunk flexion/extension
by isokinetic and isometric contraction.7-11

Recently, some authors have demonstrated that us-
ing a dynamometer is a reliable and valid method
of measuring abdominal muscular impairment in
ventral hernia patients.5,12,13 Although dynamo-
metric measurements have been shown to assess
rectus muscle function adequately, its use
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ANATOMIA FUNZIONALE O 
CHIRURGIA FISIOLOGICA?

DINAMOMETRO PER LA VALUTAZIONE IN FLEX/EXT DEL TRONCO,  

PRE E POST COMPONENT SEPARATION


