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Abstract

Background The recurrence rate for incisional hernias

following reconstruction depends not only on the size of

the initial hernia or abdominal wall defect but also on the

number of the concomitant diseases. The surgical approach

chosen and the level of tension affecting the sutures both

represent essential indicators of long-term success in

abdominal wall reconstruction. Several techniques have

been advocated to reconstruct the abdominal wall, either

with or without use of alloplastic material. A number of

authors even recommended separating the lateral compo-

nents of the abdominal wall to preserve innervation and

blood supply of the advanced parts.

Methods This retrospective study is based on a patient

collective consisting of 23 patients. In addition to hernias

or abdominal wall defects, all of them suffered several

concomitant diseases and were treated at the German uni-

versity hospitals in Erlangen-Nürnberg and Freiburg. All

procedures were performed between the years 2000 and

2006. In all cases, reconstruction of the abdominal wall

was achieved by employing the separation of components

technique by Ramirez. Some of these procedures entailed

the use of alloplastic material. Use of this material was

based on intraoperative tensiometry results. Surgical

outcome was determined by evaluating postoperative

complications and the hernia recurrence rate.

Results We achieved complete anatomic reconstruction

of the abdominal wall in 61% of cases. Alloplastic mesh

was used in 39% of the cases. Results of a long-term fol-

low-up (56 months) revealed that only 18% of patients

experienced hernia recurrence.

Conclusions Intraoperative tensiometry provides an

additional important parameter for the surgical algorithm.

Depending on the results, the appropriate surgical method

for each case can be chosen. The decision on whether this

procedure entails the use of alloplastic mesh can also be

based on intraoperative tensiometry results.

Introduction

The reconstruction of massive abdominal wall defects,

especially recurring midline hernias, represents a surgical

challenge [1–4]. Obese patients with a body mass index

(BMI) of 30 kg/m2 or higher and patients suffering from

much co-morbidity represent an even greater surgical

challenge [5–7]. The introduction of the ‘‘components of

anatomic separation technique’’ by Ramirez et al. [8–10] is

considered a landmark development for autologous tissue

reconstruction of difficult to treat problem wounds [11, 12]

(Fig. 1). There are two main factors influencing the rate of

incisional hernia recurrence: the operative technique itself

and the tension applied to the suture lines. The ultimate

goal is to improve a patient’s well-being by reconstructing

the abdominal wall. Although complete anatomic recon-

struction (CAR) may be possible in even highly

challenging cases, aiming for CAR may well lead to

inferior functional results in comparison to a nonanatomic

A. Dragu (&) � F. Unglaub � E. Polykandriotis � U. Kneser �
R. E. Horch

Department of Plastic and Hand Surgery, University of

Erlangen-Nürnberg, Medical Center, Krankenhausstrasse 12,

91054 Erlangen, Germany

e-mail: adrian.dragu@uk-erlangen.de

P. Klein � W. Hohenberger

Department of Surgery, University of Erlangen-Nürnberg,

Medical Center, Krankenhausstrasse 12, 91054 Erlangen,

Germany

123

World J Surg (2009) 33:1174–1180

DOI 10.1007/s00268-009-9991-8



restoration. In certain cases, nonanatomical restoration may

prove to be functionally sound, whereas CAR may not.

Incisional hernias must be closed, and the abdominal

wall has to be reconstructed, if possible, in an anatomic

fashion [13]. However, sutures on the abdominal wall may

not be subjected to excessive tension. Application of

arbitrary tension results in a considerable rate of hernia

recurrences irrespective of the kind of reconstruction

technique used [11, 14–16]. In previous studies it was

shown that the operative technique, and the tension applied

to the sutured margins could be adjusted based on intra-

operative tensiometry results [17–19]. In addition, the

decision on whether to use alloplastic mesh can be made on

the basis of these results [17–19]. In selected cases, where

use of nonabsorbable alloplastic material is not deemed

appropriate, an anatomic approach featuring the component

separation technique can be the method of choice (Fig. 2).

In addition to having an abdominal wall defect, a number

of patients also suffer from wound healing problems,

Fig. 1 Components of anatomic separation technique by Ramirez. a
Frontal view modified after ‘‘Reoperative Aesthetic and Reconstruc-

tive Plastic Surgery’’ by James C. Grotting, Vol. II, 1995. b
Transversal view. E: external oblique muscle; I: internal oblique

muscle; T: transversus abdominis muscle; R: rectus abdominis

muscle; H: hernia; S: sutures; 1, 3: mobilization of the external

oblique muscle; 2: mobilization of the rectus abdominis muscle

through the anterior layer of the rectus sheath

Fig. 2 Patient with an instable scar following radiation therapy on

the abdomen. Signs of an infection of a nonabsorbable alloplastic

mesh are visible. a Preoperative view b Postoperative view after the

Ramirez technique
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unstable scars, and infections following radiation treat-

ment. As a consequence, this particular group of patients

requires a strategic surgical approach, if possible, without

the use of prosthetic materials, as they entail several risks.

To date, there have been no published reports on routine

measurement of applied tension during abdominal wall

reconstruction.

Materials and methods

The study included 23 patients (15 males, 8 females). In

addition to abdominal wall defects, they all suffered from

several concomitant diseases. The mean age of the patients

was 57 years. They were treated at the university hospitals in

Erlangen-Nürnberg and Freiburg between the years 2000

and 2006 (Table 1). These patients represent a special

patient collective. All patients experienced either wound

healing problems, unstable scars, or infections. Furthermore,

abdominal wall defects (e.g., incisional hernia) and/or pre-

operative cancer radiation treatment of the abdominal wall

added to the complexity of the cases. The average BMI was

30 kg/m2. Prior to the operation, all 23 patients were clini-

cally examined, and ultrasonography was performed. The

average preoperative hernia size was 107 cm2 (Table 1).

Intraoperatively, a method of tensiometry first described

by Klein et al. [17] was used (Fig. 3). One reason we

performed intraoperative tensiometry was to determine if

we could avoid the use of alloplastic material. The other

reason was to help us decide on the type of suture to be

used. Depending on the intraoperative clinical findings and

tensiometry results, either direct suture or component

separation of the lateral abdominal wall was performed. In

cases where tensiometry results were below 1.5 kp, direct

suture was performed. If the results exceeded 1.5 kp,

component separation of the lateral abdominal wall was

carried out. The specific value of 1.5 kp is the result of our

clinical findings and 12 years of experience working with

the intraoperative tensiometry technique [17–19].

Component separation of the lateral abdominal

wall, first described by Ramirez et al., involves bilateral,

innervated, bipedicled, rectus abdominis–transversus ab-

dominis–internal oblique muscle flap complexes, which are

transposed medially to reconstruct the central abdominal

wall. In cases where intraoperative tension exceeded 1.5

kp, we used absorbable alloplastic materials to close and

reconstruct the abdominal wall without any tension. In two

cases, polypropylene mesh was used, as these patients

showed no signs of infection during the preoperative

clinical examination or during surgery.

We conducted a follow-up evaluation that including all

23 patients. The follow-up took place an average of

6 months after surgery. In addition, we performed a long-

term follow-up study an average of 56 months after the

operation. This particular follow-up entailed a question-

naire and telephone call. The three patients who

experienced hernia recurrences were seen at the clinic for a

physical examination.

Results

In this patient collective, there were no intraoperative

indications to perform direct closure of the abdominal wall.

Intraoperative tensiometry results were never below 1.5 kp

in any of the cases. Following the Ramirez procedure,

however, intraoperative tensiometry results were \1.5 kp

in 14 patients (61%). As a consequence, we performed

reconstruction of the abdominal wall without the use of

alloplastic material. In 9 patients (39%), suture tension

exceeded 1.5 kp following the Ramirez procedure. In these

cases, we decided to use absorbable alloplastic material

such as Vicryl (n = 7) or nonabsorbable alloplastic mate-

rial such as polypropylene (n = 2) using the inlay/onlay

technique. We achieved a CAR of the abdominal wall in 14

of 23 cases (61%). We defined all cases as CAR when we

did not use alloplastic material.

None of the patients had suffered a recurring incisional

hernia when examined during the 6-month postoperative

follow-up. Overall, the postoperative complication rate was

low. Five patients (22%) were treated for seroma, and two

patients (9%) had secondary wound healing. However, one

of these two patients had been given high doses of cortisone

to treat severe asthma. At the long-term follow-up

(56 months), we were able to contact 17 of the original 23

patients. We found that two of the six missing patients had

died, and the other four could not be located. The long-term

follow-up revealed hernia recurrence in three patients

(18%) (patients 9, 17, and 21). However, when compared to

the preoperative hernias, these hernias were 50% smaller.

Discussion

There has been much debate regarding the optimal surgical

treatment of abdominal wall defects such as incisional

hernias [1, 2]. Especially, high-risk patients suffering from

concomitant diseases and individuals with a BMI exceed-

ing 30 kg/m2 pose a surgical challenge [5]. Prior to the

implementation and regular use of alloplastic meshes, a

full-thickness abdominal wall defect [6 cm in diameter

represented and, in some difficult cases still represents, a

major surgical problem.

In 1990, Ramirez et al. presented an operative technique

for closure of full-thickness abdominal wall defects [6 cm

in diameter without using prosthetic material [8–10].
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Abdominal wall component separation featuring bilateral,

innervated, bipedicled rectus abdominis–transverses abdo-

minis–internal oblique muscle flap complexes, which are

transposed medially to reconstruct the central abdominal

wall, allow the advancement of the medial rectus muscle

borders up to 6 cm in the upper part on each side. In the

middle part, as well as in the lower part, 5 cm can be

gained on each side.

Shestak et al. described specific limitations and com-

plications of the components repair method performed in

22 patients suffering from severe defects of the abdominal

wall [11, 12]. In these cases, the defect area ranged from 84

to 354 cm2. They reported closing defects of 10 cm on

each side. However, they did not measure the applied

tension. The abdominal walls of two of their patients were

examined using a quantitative dynamic measurement sys-

tem (e.g., Cybex TEF machine). The analysis of the truncal

flexion strength was undertaken preoperatively and

6 months following surgery. Their analysis of preoperative

and postoperative truncal force generation revealed a 40%

increase.

Voigt et al. also published results of nine cases using the

Ramirez method of abdominal wall compound separation

[20]. They reported that midline defects measuring up to

16 cm at the waistline had been successfully closed with-

out applying any tension; however, they did not measure

the tension of the sutures. Ennis et al. used a variation of

the original Ramirez technique [21]. For more than

50 years, the use of various local or regional musculocu-

taneous or musculofascial flaps has been recommended and

published [22, 23]. The use of an innervated free flap in this

context was discussed by Nincovic et al. [24]. This par-

ticular approach should be reserved for special problems,

however, because proper reinnervation of this type of flap

cannot be guaranteed.

All of these operative procedures involve considerable

donor-site morbidity. Additionally, most of these tech-

niques provide poor or even no structural support to the

abdominal wall of a patient suffering from many co-mor-

bidities. Denervation of all transferred or transpositioned

flaps is unavoidable. The subsequent muscular atrophy and

hence tissue laxity are two major problems that lead to the

loss of structural support and usually hernia relapse.

In this regard, constant progress and innovation in the

field of medical biomaterials also led to an increase in the

routine use of alloplastic meshes. There is no doubt that

most full-thickness defects of the abdominal wall can be

treated well with alloplastic meshes. In recent reviews, De

Vries Reilingh et al. [2], Chang et al. [3], and Guzman-

Valdivia et al. supported these findings [25]. However, the

complication rate accompanying the use of synthetic

meshes is significantly higher in obese and irradiated

patients [4, 26–32]. Additionally, patients who exhibit signs

of infection in the defect area or in general may not receive

a nonabsorbable alloplastic mesh, as infection represents a

contraindication for the use of such materials. Therefore,

having a tissue repair technique that is able reliably to

restore the structural integrity of the abdominal wall without

the use of synthetic material would be extremely valuable in

the treatment of massive abdominal wall defects.

Another important aspect is the fact that there is a rel-

atively high risk of the occurrence of an intraabdominal

compartment (IAC) syndrome when sutures are placed

with high levels of tension [33–40]. Intraoperatively per-

formed tensiometry may reduce the risk of postoperative

IAC syndrome. With suture tension being in the physio-

logical range (\3.5 kp), no undue pressure is transmitted to

the intraabdominal compartment [17–19, 37]. Klein et al.

showed that primary closure is safest when intraoperative

tensiometry pressure measures \1.5 kp [17–19]. To mea-

sure it accurately, the patient has to be in a state of

complete muscle relaxation.

In principle, midline defect reconstruction employing

the component separation technique has been shown to be

Fig. 3 Intraoperative tensiometry technique
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feasible and was described by several authors [10, 12, 20,

41]. Because this technique relies on preservation of

innervated abdominal wall musculature, it seems preferable

to other methods, such as lateral relaxing incisions [9, 12,

14, 17, 18, 20, 21, 42]. However, insights gained from

midline hernia repair using an alloplastic mesh reveal that

long-term success is dependent on suture tension. We

recommend using intraoperative tensiometry to decide

whether reconstruction with prosthetic materials can be

safely performed. Preoperative and intraoperative evalua-

tions of the size and nature of the abdominal defect (e.g.,

infection and/or the presence of an enterocutaneous fistula)

provide the basis for the procedure of choice.

We hypothesize that intraoperative tensiometry is a

technique that allows evaluation of an additional important

parameter: the tension of the abdominal defect. It can be

concluded that knowledge of three parameters—size, nat-

ure, and tension of the abdominal defect—can lead to a

comprehensive, successful decision on the operative tech-

nique to be used in each case. Each abdominal defect has

several characteristics that must be taken into account

when deciding on the type of procedure to use.

Even though this study included 23 patients whose

abdominal defects were difficult to treat, we were able to

perform a CAR of the abdominal wall in 14 (61%) of them.

This was achieved following the algorithm outlined above.

Finally, only 3 of 17 patients were found to have a hernia

recurrence. Compared with other previously published

studies, these data suggest that the described concept yields

good long-term results. Using intraoperative tensiometry as

a decision tool regarding use of the component separation

by Ramirez provides the surgeon with an additional,

important parameter when appling the individual algorithm

to autologous abdominal wall reconstruction.
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