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Abstract  

Background: Hernias are caused by a weakness in the  
abdominal wall along with increased intra-abdominal pressure  

and poor wound healing. Ventral (incisional) hernias usually  
result from a weakness in the abdominal wall after abdominal  
surgery, especially in the obese patient.  

Aim of Study:  To investigate the effect of pre-operative  
abdominal training on abdominal muscle strength outcomes  
after ventral hernia repair by using isokinetic dynamometer  
as a method of evaluation.  

Methods:  30 patients their age ranged between 20-45  
years with ventral hernia, they were directed to operative  
hernia repair. The patients were randomly divided into two  

groups: Group (A) (control group) and Group (B) (study  
group). Isokinetic dynamometer was used to evaluate abdom-
inal muscle strength at 3 occasions, first (initial assessment),  

second (pre-operative assessment), and third (6 months post-
operative assessment). For Group (A) (control group); they  
were instructed to presume their activities of daily living pre-
operatively. For Group (B) (study group); they received  
selective abdominal training program for 30min. 3 times per  
week for 6 weeks pre-operatively.  

Results:  The result showed that there was a significant  
increase in abdominal muscle strength post-operatively in  
study (abdominal training) group compared to control group.  

Conclusion:  It was concluded that pre operative abdominal  
muscle training was effective for strengthening abdominal  
muscles after ventral hernia repair.  

Key Words: Ventral hernia – Abdominal training – Isokinetic.  

Introduction  

HERNIATION  refers to protrusion of an organ  
or tissue through an opening that may be natural  
or caused by a tear in the abdominal wall. Ventral  
abdominal hernia is a commonly acquired condition  
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in small ruminants caused by the migration of  
viscera through a tear in the abdominal wall [1] .  

Although the repair of ventral abdominal wall  
hernias is one of the most commonly performed  
operations, many aspects of their treatment are  
still under debate or poorly studied [2] .  

The European Hernia Society (EHS) Board  
agreed on a new classification. EHS classification  
defines the location of hernia with L (lateral), M  
(medial), and F (femoral). The size of hernia is  
indicated with 1 (<=1finger), 2 (1-2fingers), and  
3 (=>3 fingers) [3] .  

Incisional hernia is the most frequent sur-
gical complication after laparotomy. Up to 30%  
of all patients undergoing laparotomy develop an  
incisional hernia. Although significant improve-
ments have been achieved in the field of incisional  
hernia operative technique and the use of prosthetic  

materials, recurrence rates remain high at 32% to  
63% [4] .  

The origin of traumatic suprapubic hernias is  
often through a ruptured rectus muscle at or near  
its insertion to the pubic bone. In contrast, incisional  
suprapublic hernias develop as result of apical  
public osteotomy or iatrogenic detachment of a  
suprapubic defect [5] .  

The laparoscopic approach for the repair of  
ventral/incisional hernias was first reported in the  
early 1990. Since that time the technique has evo-
lved into an accepted repair for the management  

of ventral/incisional hernias [6] .  

Laparoscopic Ventral Hernia Repair (LVHR)  
has gained acceptance as a safe and effective  
alternative to Open Ventral Hernia Repair (OVHR),  
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resulting in reduced patient complications and  
hospital stays [7] .  

Recurrence rates vary between 4 and 32% after  

OVHR and between 3 and 15% after LVHR. Data  
concerning the patient follow-up strategy are often  

incomplete and imprecise, regarding the criteria  

used (clinical, CT scan or questionnaire) to assess  

recurrence [8] .  

Surgery is a great stressor to patients and causes  

large physiological changes. Pre-operative physical  

functioning appears to be an important predictor  

of morbidity and mortality in patients that undergo  

various types of surgery. After Major Abdominal  
Surgery (MAS), 35% of the patients experience  
post-operative complications [9] .  

Postsurgical immobilization has long been  
suspected as the culprit for abdominal muscle  

atrophy, especially for muscles not damaged by  

the surgery [10] .  

Abdominal surgery causes a flaw in the abdom-
inal wall. This flaw can create an area of weakness  

in which hernia may develop. This occurs after 2  

to 10% of all abdominal surgeries [11] .  

Use of exercise prior to an acute stressor such  
as surgery has emerged as a viable perioperative  

risk-reduction strategy. This concept, known as  
prehabilitation, was first used in sports medicine  

to reduce the impact of an injury prior to its occur-
rence  [12] .  

The abdominal muscles have a role to play in  
all movement. This makes perfect sense considering  
the higher number of nerve innervations into these  

muscles. It indicates that these muscles can do  

more things and respond to a great variety of  

movement [13] .  

Core stability exercise is an important compo-
nent of rehabilitation, that consists of three sub-
systems: The passive subsystem (which includes  
bone, ligament and joint capsule), the active sub-
system (which includes muscle and tendons), and  

the neural subsystem (which consists of the cen-
tral nervous system and peripheral nervous sys-
tem) [14] .  

Crunches on a Swiss ball with added elastic  

resistance induces high rectus abdominis activity  

accompanied by low hip flexor activity [15] .  

The Biodex® dynamometer studies muscle  
strength during isokinetic movement, which is a  
movement with a constant angular velocity (given  

by the dynamometer) within a certain range against  

a changing resistance, given by the subject [16] .  

Isokinetic dynamometershasbeen established  
as the accepted standard for the quantification of  

muscle strength by measuring joint moments in  
both static (isometric) and dynamic conditions [17] .  

Subjects and Methods  

This study was carried out on thirty patients  
presented with ventral hernia, pre-operatively, from  
Kasr Al-Aini University Hospital during 2017. All  
of them were diagnosed with ventral hernia and  

consulted to surgical hernia repair, their ages were  

ranged from 20-45 years old. Patients participated  

in this study were 24 females and 6 males.In this  
study, the patients were randomly assigned into  

two equal groups. Group A (control group): Con-
sisted of 15 subjects (12 females and 3 males) and  
were presuming in normal activities of daily liv-
ingwithout abdominal training procedures. Group  
B (study group): Consisted of 15 patients (12  
females and 3 males) who received selective ab-
dominal training program for 30min. 3 times per  

week for 6 weeksbefore surgery.  

A- Evaluation procedures:  
Measurement of abdominal muscle torque', the  

torque of abdominal muscle measured by using  
biodex isokinetic system. The evaluation procedures  

were conducted at Faculty of Physical Therapy,  
Cairo University, laboratory of Isokinetic 3. Each  

patient was allowed to sit on the adjustable seat  
of the Biodex isokinetic dynamometer system. The  
subject lied supine on a movable bench in a bent  

knee position. The lever arm of the isokinetic  

dynamometer set at 180 degrees (horizontal with  

the ground) and the padded extension was placed  
just below the nipple line on the lower third of the  

sternum. Each subject given several practice trials  
to make sure the position of the lever arm will be  
comfortable on their chest. Subjects then performed  

five isometric contractions, with approximately 30  
seconds between each repetition. The average  

torque for the highest two repetitions used in the  

analysis.  

B- Treatment procedures:  
An abdominal exercise training program was  

designed and graduated as follow:  
1- Flexibility training exercises:  

All patients received the following manual  

therapy interventions administered by the same  
physical therapist: Soft tissue mobilization tech-
niques to the lumbar and hip regions, joint mobi-
lization/manipulation techniques to the pelvis, SIJ,  



Fig. (1): Rotational planks (from prone).  
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and/or hips, neuromuscular reeducation, and manual  

stretching. Each mobilization/manipulation was  
applied for 30 seconds, at a rate of approximately  

1 mobilization every 1 to 2 seconds, followed by  

a 30-second rest.  

2- Selective abdominal muscles strengthening  

exercises training:  
• Activation of rectus abdominis:  

The patients were instructed to curl up trunk  

and raise lower limbs in a low-intensity isometric  

contraction for 10 seconds, the resistance was  

provided by restraining belts attached to the pa-
tients.  

• Posterior pelvic tilt:  

The therapist asked the patient to start the  
motion by drawing the pubic symphysis towards  

the umbilicus with emphasis on anterior muscula-
ture contracting. The fingers should feel the trans-
verses abdominis contract equally on each side,  

the rib cage should depress and the lumbar spine  

should flatten with little effort applied.  

• Rotational planks:  
The initial starting position of the patient was  

prone while body held suspended on flexed elbow  
and feet. The therapist asked the patient to hold  

lumbar spine in neutral position while isometrically  
contract the transverse abdominis Fig. (1).  

• Abdominal crunch on Swiss ball with elastic  

resistance:  
The patient was asked to lie on the Swiss ball  

and then walk the feet away while simultaneously  

going down into a lying position, allowing the ball  
to stop at the lumbar spine area of the lower back.  

The feet were placed approximately 2 feet apart  

while the knees were bent at a 90 degree angle for  

increased base of support and adequate stability  
and balance. The hands were placed at shoulder  

level grasping the elastic resistance handles-the  

elastic tubing was stretched to double resting length  

at this point Fig. (2).  

Statistical analysis:  
Descriptive statistics and t-test was conducted  

for comparison of the mean age, between both  

groups. t-test was conducted for comparison of pre  

and post-operative mean values of abdominal mus-
cles peak torque between control and study groups.  

Paired t-test for comparison between pre and post-
treatment mean values of abdominal muscles peak  

torque in each group. ANOVA with repeated meas-
ures was conducted for comparison between pre-
operative, post-exercise and post-operative mean  

values of abdominal muscles peak torque.  

Fig. (2): Abdominal crunch on Swiss ball with elastic resist-
ance.  

Results  

I- Initial assessment, pre-operative and post-
operative mean values of abdominal muscles  
peak torque of control group:  

The mean ±  SD abdominal muscles peak torque  

of control group at initial assessment was 35.09  
±7.33Nm, while pre-operative was 33.97 ±6.78Nm,  
and post-operative was 30.05 ±8.94Nm. Comparison  
between initial assessment, pre-operative and post-
operative revealed a significant difference in ab-
dominal muscles peak torque between the three-
time intervals (p=0.002) (Table 1), Fig. (3).  

II- Initial assessment, pre-operative and post-
operative mean values of abdominal muscles  
peak torque of study group:  

The mean ±  SD abdominal muscles peak torque  

of study group at initial assessment was 34.39 ±  
5.92Nm, while pre-operative was 45.89 ±9.53Nm,  
and post-operative was 41.3 ± .89Nm. Comparison  
between initial assessment, pre-operative and post-
operative revealed a significant difference in ab-
dominal muscles peak torque between the three-
time intervals (p=0.0001) (Table 2), Fig. (4).  



III- Post-operative mean values of abdominal  
muscles peak torque of both groups (control  
and study):  
The mean ±  SD abdominal muscles peak torque  

pre-operative of the control group was 33.97±6.78  
Nm and that of the study group was 45.89±9.53  
Nm. The mean difference between both groups  
was –11.92Nm. There was a significant increase  
in the abdominal muscle peak torque in the study  
group compared with that of the control groups  
pre-operative (p=0.0001) (Table 3), Fig. (5).  

The mean ±  SD abdominal muscles peak torque  
post-operative of the control group was 30.05±8.94  
Nm and that of the study group was 41.3 ±8.89Nm.  
The mean difference between both groups was 
–11.25Nm. There was a significant increase in the  
abdominal muscle peak torque in the study group  
compared with that of the control groups post-
operative (p=0.002) (Table 3), Fig. (5).  
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Fig. (3): Initial assessment, pre-operative and post-operative  
mean values of abdominal muscles strength of control  
group.  
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Table (1): Comparison between initial assessment, pre-
operative and post-operative mean values of ab-
dominal muscles peak torque of control group.  

Abdominal muscles peak torque (Nm)  

Sig.  p - 
value  

F- 
value  

X ±  SD  

S  14.14  0.002  35.09±7.33  33.97±6.78  30.05±8.94  

Initial  
assessment  

Pre- 
operative  

Post- 
operative  

Multiple comparison  
(Bonferroni test)  

Initial assessment vs. pre-operative  
Initial assessment vs. post-operative  
Pre-operative vs. post-operative  

S  
S  
S  

3.19  
14.36  
11.53  

0.01  
0.001  
0.02  

1.12  
5.04  
3.92  

Sig.  MD  p - 
value  

% of  
change  

–
X  

SD  
MD  

p-value  
S  

: Probability value.  
: Significant.  

: Mean.  
: Standard Deviation.  
: Mean Difference.  

S  0.0001  –11.5  33.43  

S  –6.91  20.09  0.0001  

S  0.0001  4.59  10  

Abdominal muscles peak torque (Nm)  

Sig.  F- 
value  

p - 
value  

X ±  SD  

S  0.001  61.95  41.3±8.89  45.89±9.53  34.39±5.92  

Initial  
assessment  

Pre- 
operative  

Post- 
operative  

Multiple comparison  
(Bonferroni test)  

Initial assessment vs.  
pre-operative  

Initial assessment vs.  
post-operative  

Pre-operative vs.  
post-operative  
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Fig. (4): Initial assessment, pre-operative and post-operative  
mean values of abdominal muscles strength of study  
group.  

Fig. (5): Pre and post-operative mean values of abdominal  
muscles strength of control and study groups.  

Table (2): Comparison between initial assessment, pre-
operative and post-operative mean values of ab-
dominal muscles peak torque of study group.  



Sig.  MD  t-value  p-value  Study group  
X– ±  SD  

Control group  
X– ±  SD  

Abdominal muscles  
peak torque (Nm)  

–3.94  0.0001  S  
S  –3.45  0.002  

– 11.92  
– 11.25  

45.89±9.53  
41.3±8.89  

33.97±6.78  
30.05±8.94  

Pre-operative  
Post-operative  

: Mean.  
: Mean Difference.  

SD : Standard Deviation.  
t-value : Unpaired t-value.  

p-value : Probability value.  
S : Significant.  

X
– 

 

MD  
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Table (3): Comparison of pre and post-operative mean values of abdominal muscles peak  

torque between control and study groups.  

Discussion  

Ventral hernia repairs continue to have high  
recurrence rates. The surgical literature is lacking  
data assessing the time trend to hernia recurrence  
after ventral hernia repairs and whether over time  
the recurrence rates change with laparoscopic  
technique compared to open repairs. Thus treatment  
that aims to reducing hernia recurrence after ventral  
hernia repairs is important for humanitarian and  
ethical reasons, but may also have economic im-
plication as recurrence may contribute to prolonged  

need for surgical repair. However, little information  
is available about the effect of pre-operative ab-
dominal strengthening exercise training and its  
outcomes post-operatively [18] .  

The results of the present study were consistent  
with Singh et al., [19]  who aimed to determine the  
feasibility of a supervised presurgical exercise  
intervention in patients with rectal cancer prior to  
rectal resection. Twelve patients volunteered to  
undertake twice-weekly aerobic and resistance  
exercise for ~16 weeks prior to surgery. At baseline,  
presurgery, and ~8 weeks postsurgery, muscle  
strength and physical performance, body compo-
sition, quality of life, and fatigue were assessed.  
They concluded that: Presurgical exercise is feasi-
ble, leading to modest improvements in some  
outcomes despite chemoradiation treatment. The  

detrimental effects of surgery were evident, espe-
cially in relation to lean mass. As such, exercise  
may facilitate recovery by enhancing pre-surgery  
physical reserve capacity, thereby providing a  
buffer to declines following surgery.  

The results of the present study were agreed  
with Strigård et al., [20] who aimed to investigate  
the relationship between the area of the abdominal  
wall defect and abdominal wall muscle strength  
measured by the validated BioDex system together  
with a back/abdominal unit. Fifty-two patients with  
giant ventral hernia underwent CT scan, clinical  
measurement of hernia size and BioDex measure-
ment of muscle strength prior to surgery. The areas  
of the hernia derived from CT scan and from clin- 

ical measurement were compared with BioDex  
forces in the modalities extension, flexion and  
isometric contraction. The hernia area calculated  
from clinical measurements correlated to abdominal  

muscle strength measured with the Biodex for all  
modalities (p-values 0.015–0.036). This study of  
patients with a giant ventral hernia reveals an  
inverse proportional relationship between the hernia  

area and abdominal wall muscle strength.  

The results of the present study were consistent  
with Moran et al.,  [21]  who concluded that Preha-
bilitation consisting of inspiratory muscle training,  
aerobic exercise, and/or resistance training can  
decrease all types of postoperative complications  

after intra-abdominal operations, therefore preha-
bilitation appears to be beneficial in decreasing  
the incidence of postoperative complications; how-
ever, more high-quality studies are needed to val-
idate its use in the pre-operative setting.  

The results of the present study were consistent  
with Pouwels et al., [22]  who concluded that Pre-
operative Exercise Therapy (PET) exerts beneficial  
effects on physical fitness and postoperative out-
come measures. Therefore, there is increasing need  
for multicenter randomized trials with specifically  
designed PET programs and a carefully selected  

patient population to strengthen current evidence.  

The results of the present study were supported  
by Valkenet et al., [23]  who concluded that pre-
operative exercise therapy can be effective for  
reducing post-operative complication rates and  

length of hospital stay after cardiac or abdominal  
surgery. More research on the utility of pre-opera-
tive exercise therapy and its long-term effects is  
needed as well as insight in the benefits of using  
risk models.  

The results of the present study were consistent  
with Gunnarsson et al., [24]  who aimed to evaluate  
the reliability and external validity of abdominal  
wall strength measurement for patients with giant  
ventral hernia using the Biodex System with a back  
abdomen unit. Ten healthy volunteers and ten  
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patients with ventral hernias exceeding 10cm were  
recruited. Test-retest reliability, both with and  

without girdle, was evaluated by comparison of  
measurements at two test occasions 1 week apart.  
Reliability was calculated by the Interclass Corre-
lation Coefficients (ICC) method. It was concluded  

that Measurement of abdominal muscle function  

using the Biodex System is a reliable and valid  
method to assess this important patient-related  

endpoint.  

The results of the present study were also sup-
ported by Den Hartog et al.,  [16]  who aimed to  
compare the strength of the trunk flexors between  

patients who underwent repair for incisional hernia  

and a control group, and to compare trunk flexion  

after two kinds of operative techniques for inci-
sional hernias with and without approximation of  
the rectus abdominis muscles. The trunk flexion  

of 30 patients after different operative techniques  

for midline incisional hernias and of 12 healthy  
subjects was studied with the Biodex isokinetic  
dynamometer. The result of this study included  
that; the mean torque/weight (Nm/kg) for trunk  

flexion was significantly higher in the control  
group compared to the patient group after incisional  

hernia repair. He concluded that, the isokinetic  
strength of the trunk flexor muscles is reduced  
after an operation for incisional hernia.  

The results of the present study were disagreed  

with Futter et al., [25]  who aimed to investigate the  
effect of pre-operative abdominal exercises on  
inpatient pain levels, length of hospital stay, post-
operative abdominal muscle strength and function  
following a Deep Inferior Epigastric artery and  

vein Perforator DIEP flap. The exercise group  

performed pre-operative exercises using the Ab-
dotrim abdominal exerciser. Pre-operatively, out-
come measures included trunk muscle strength  
measured on an isokinetic dynamometer, SF-36,  

rectus muscle thickness measured using ultrasound,  
and submaximal fitness. Subjects were reassessed  

using the same outcome measures 1 year post-
operatively. At 1 year, the mean static strength and  

muscle thickness for the exercise group (which  

increased as a result of the exercises) tended to  

increase post-operatively compared to the initial  

assessment. This is in contrast with the control  

group, where there was a tendency towards a de-
crease in both mean static strength and muscle  
thickness. None of these results were statistically  

significant, but the indication is that the exercise  

group may have benefited from the increase in  

isometric strength achieved as a result of the exer-
cises.  

Conclusion:  
It can be concluded that pre-operative abdom-

inal training has significant effect on abdominal  

muscles strength after ventral hernia repair.  
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