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Abstract

Purpose: The goal of this study was to investigate whether locally available Nylon mosquito net

might be a useful alternative to expensive commercial mesh implants for hernia repair, a clinical

randomized double-blind study was performed.

Materials and Methods: Over a period of 3 months 35 patients with a total of 40 inguinal hernias

were randomized for hernia repair with either a commercial graft (Ultrapro�) or a piece of sterilized

100% Nylon mesh available as mosquito net in most African village markets. The surgeons’

comfort in handling the meshes, the incidence of complications, and the patients’ quality of life

before and 30 days after hernia repair were evaluated. In addition, the costs of the two materials

were compared.

Results: There was no significant difference in the clinical short-term outcome of the hernia

treatment or the surgeons’ comfort in handling the two different materials. The price of the locally

bought Nylon mesh was 0.0043 US$ as compared to 108 US$ for the commercial mesh.

Conclusions: In situations where superior results of hernia repair depend on the use of a mesh

prosthesis but where commercial material is not available or affordable, the use of Nylon mosquito

net may be an alternative. Further studies with a larger number of patients and longer follow-up

are justified and recommended.

The positive results of hernia repair with prosthetic

meshes and the surgeon’s comfort with this method

are reasons why this technique has gained importance in

developed countries. Among the open techniques of

inguinal hernia repair, the Lichtenstein repair is most

commonly used.1 Particularly for large hernias, the mesh

technique permits a tension-free repair with less pain,

faster recovery, and lower recurrence rates.2 Although

most hernias in African countries are voluminous and

therefore ideal for the tension-free mesh repair, meshes

are either not available or unaffordable for most patients

in resource-poor countries.

In 1949 Nylon (Polyamide 6-6) was introduced as the

first synthetic surgical thread and has been in use ever

since. It is used for all kinds of sutures. In poor countries

where commercial thread is not available, surgeons use

sterilized Nylon fishing line bought at the local market.3–6

Nevertheless, despite extensive clinical experience with

Nylon sutures, there are few publications about the use of

Nylon meshes in hernia repair. Nylon implants have
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� 2006 by the Société Internationale de Chirurgie World J Surg (2006) 30: 1784–1789

Published Online: 7 September 2006 DOI: 10.1007/s00268-006-0108-3



mostly been used for closure of laparostomies or

darn.7–10

Why not use Nylon as a material for mesh hernia

repair where the commercial propylene mesh is not

available? Nylon as a material for mesh hernia repair

could be considered an attractive alternative in regions

where commercial propylene meshes are not available.

To investigate the feasibility of the use of locally

available Nylon meshes, we compared a 100% Nylon

mosquito net with a commercial mesh in a clinical ran-

domized double-blind study performed at the University

Hospital of Ouagadougou in Burkina Faso.

MATERIALS AND METHODS

Patients

The study was approved by the Ethical Commission of

the University in Ouagadougou. A detailed written con-

sent form was signed by each patients or his/her guard-

ian. From August 2005 to October 2005, 35 patients with

40 inguinal hernias were recruited consecutively (five

patients with bilateral hernias). As soon as the surgeon

had decided (mostly intraoperatively) that the hernia re-

pair should be performed with a mesh, the patient was

randomized.

Surgical Technique

The standard Lichtenstein operation1 for hernia repair

was performed under spinal anesthesia. A prophylactic

single shot of intravenous 2 g ampicillin was given before

incision. The mesh was trimmed and tailored in the typical

way to the necessary size and shape and fixed with Nylon

sutures underneath the external fascia (inlay technique;

see Fig 1). All operations were performed by the same

team of two certified general surgeons.

Materials

Ultrapro Mesh
The 10 · 15 cm sized Ultrapro (Ethicon Products,

Norderstedt, Germany) is a composition of absorbable

polyglactin fibers and nonabsorbable polypropylene

fibers. Its weight is 28 g/m2, its thickness 0.5 mm, and the

maximal diameter of pores is 3.5 mm.

Nylon Mesh
The Nylon mesh was bought as knitted mosquito net

at the local market, trimmed to a standard size of 10 ·

15 cm, cleaned with alcohol and water, packed into cotton

gauze, and sterilized in the autoclave of the hospital. The

manufacturer of the mosquito net confirmed that it was

made of 100% Nylon (Polyamide 6/6). The mosquito net

was not impregnated with pyrethrum or other insecti-

cides. Its weight is 27 g/m2, its thickness 0.22 mm, and

the maximal diameter of pores is 2.5 mm.

Observations

The primary end point was the difference between the

preoperative and postoperative quality of life index

(operative outcome). Outcome of the operation for the

Ultrapro and for the Nylon group were compared. The

Standard Multidimensional Questionnaire (SF 36)11 was

modified and translated for African settings after hernia

repair (Table 1). This adapted quality of life index was

named ‘‘Ouagadougou Life Quality Index’’ (OLQUI). It

ranges from 0 (worst) to 100 (best) and is achieved by

adding the score points and multiplying them by the factor

2.5. This index describes not the general quality of life in

Africa but predominantly the specific comfort and dis-

comfort in the groin before and after hernia repair on the

operated side under African settings. Thus in cases of

bilateral hernia each side was randomized and consid-

ered a separate case and evaluated with its proper index.

All patients and the observer (a certified general surgeon)

were blinded. The same observer evaluated all the

patients before and 30 days after the operation.

Figure 1. Nylon mosquito mesh after implantation in the right
inguinal aerea of a 34 year old patient in Ouagadougou. (white
arrow = upper margine of the dissected external fascia, black
arrow = spermatic cord).
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Three secondary criteria were also evaluated:

� Both surgeons judged after each operation whether the

handling of the mesh was ‘‘very practical,’’ ‘‘practical,’’

or ‘‘not practical.’’

� The local prices of the two meshes were compared.

� Because of the great concern about infections, the rate

of infections was evaluated as a separate criterion in

both groups. It was registered whether there was local

inflammatory reaction without fever (grade I), infection

with general signs (grade II), or severe infection that

required reoperation (grade III).

The baseline characteristics included age, general

condition of the patients, and some characteristics of the

hernia (Table 2). Concerning the primary end point, a

difference of less than 15 score points on average between

the two groups was regarded as not clinically relevant.

Table 1.
Ouagadougou Life Quality Index; medians (pain score) and frequencies (other scores) before and 30 days after hernia repair

Mosquito Nylon mesh
(n = 18) Ultrapro� (n = 18)

Criteria Evaluation preop. postop. preop. postop.

Pain Visual score
Maximal pain = 0 9.0 10.0 10.0 10.0
Minimal pain = 10 (0–10) (5–10) (3–10) (7–10)

Ability to work Good = 2 6 13 7 14
Restricted = 1 7 3 5 2
Unable = 0 5 2 6 2

Ability to walk Good = 2 12 16 12 18
Restricted = 1 5 2 5 0
Unable = 0 1 0 1 0

Local comfort Normal = 6 4 16 3 13
Some discomfort = 3 11 1 7 5
Severe discomfort = 0 3 1 8 0

Miction Good = 1 15 17 18 18
Restricted = 0 3 1 0 0

Sexual function Good = 2 9 12 7 15
Restricted = 1 4 3 7 3
Unable = 0 5 3 4 0

Appetite Good = 1 14 18 15 18
Restricted = 0 4 0 3 0

Esthetic satisfaction Good = 2 8 15 8 14
Medium = 1 6 2 5 4
Bad = 0 4 1 5 0

General happiness Very good = 3 6 12 6 11
Good = 1 8 4 10 3
Medium = 2 1 2 1 4
Bad = 0 3 0 1 0

Bicycle riding Good = 2 7 12 7 14
Restricted = 1 5 2 9 4
Unable = 0 6 4 2 0

Time lost caused by health care None = 2 14 15 14 14
< 10 / min day = 1 1 2 1 4
> 10 / min day = 0 3 1 3 0

Sensitivity loss of skin No = 2 18 14 18 11
Little = 1 0 3 0 6
Severe = 0 0 1 0 1

Foreign body sensation No = 3 18 13 18 13
Yes = 0 0 5 0 5

Social activity Normal = 2 14 15 11 14
Restricted = 1 3 3 7 4
Unable = 0 1 0 0 0
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Statistical Analysis

The v2-test was used to compare observed proportions

of categorial data in the two groups. If the conditions of

the v2-test were not fulfilled, Fisher’s exact test was used

alternatively. The operative outcome (i.e., the difference

between the preoperative and postoperative life quality

index) in each group was assessed by the paired t-test.

The patient’s age and the preoperative and postoperative

Ouagadougou Life Quality Indexes in the two groups

were compared with the two-sample t-test. Normal dis-

tribution was checked by the Kolmogorov-Smirnov

goodness-of-fit test. All statistical calculations were done

with SAS software, release 8.02. The sample size (40

cases; 20 in each group) was calculated on the basis of a

two-sample t-test for the operative outcomes assuming a

mean difference of 15, with a power of 0.90 and allowing

a type I error of 0.05. A result was considered statistically

significant for P < 0.05.

RESULTS

As shown in Table 1, the baseline characteristics were

comparable. Furthermore, the Ouagadougou Life Quality

Indexes before operation were similar in the two groups

(Table 3). There were two dropouts in each group be-

cause patients did not appear for control examination

(n = 3) or violation of protocol (n = 1). No severe com-

plications were observed. There was not even a single

grade I infection, and no reoperations were needed in

either group.

The postoperative OLQUI improved from 72.6 to 86.8

on average in the Nylon group and from 72.5 to 88.5 in

the Ultrapro group (Table 3). This represents an

improvement after operation of about 20% in the Nylon

group versus 22% in the Ultrapro group. These two dif-

ferences within each group are statistically significant

(P = 0.0091 and P = 0.0001, respectively; paired t-test;

Table 2.
Baseline characteristics (mean – standard deviation for age, frequencies for other characteristics)

Characteristics Mosquito Nylon mesh (n = 20) Ultrapro (n = 20) Test P Values

Age 35.3 – 14.3 33.3 – 11.2 t-test 0.6162
ASA

1 16 14 v2-test 0.4652
2 4 6

Side hernia
Left 4 9 v2-test 0.0914
Right 16 11

Bilateral
No 14 16 v2-test 0.4652
Yes 6 4

Hernia
Inguinal 13 16 v2-test 0.2881
Scrotal 7 4
Recurrent 0 0

Incarceration
Yes 5 3 Fisher’s exact test 0.6948
No 15 17

Table 3.
Ouagadougou Life Quality Index; mean values, standard deviations and ranges of indexes before and 30 days after hernia repair

and of operative outcome

Criteria Nylon (n = 18) Ultrapro� (n = 18) P Values**

Preoperative index 72.6 – 19.8 (32.5–97.5) 72.5 – 15.2 (42.5–92.5) 0.9813
Postoperative index 86.8 – 11.6 (55.0–100) 88.5 – 9.3 (72.5–100) 0.6381
Operative outcome 14.2 – 20.4 ()10–65) 16.0 – 13.6 ()5–42.5) 0.7566

P = 0.0091* P = 0.0001*

*P Values resulting from paired t-tests to compare preoperative and postoperative indexes within one group.
**P Values resulting from two-sample t-tests to compare differences between the two mesh groups.
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Table 3) indicating a real improvement after operation.

However, the differences between the mean outcomes of

the two groups are neither statistically significant

(P = 0.7566; two-sample t-test; 95%-CI: [–13.55; 9.94];

Table 3) nor clinically relevant.

The surgeons judged the ease of use as ‘‘very prac-

tical’’ in both groups. No difficulties in handling were

observed.

The price of a 10 · 15-cm Ultrapro mesh purchased in

Europe and shipped to Burkina Faso is 108 US$. Meshes

for hernia repair are only available in Burkina Faso

through special orders for about 200% of the price paid in

the USA. A Nylon mosquito net measuring 15 m2 (not

impregnated with insecticides) costs 4.30 US$ at the

local market in Ouagadougou. The price of a piece of 10 ·
15 cm2 mosquito mesh would amount to 0.0043 US$,

which is a negligible amount even in Burkina Faso. The

effort of cutting and stocking the homemade mesh does

not exceed the effort of buying the commercial graft. Even

the sterilization can be performed together with the other

surgical instruments used for the operation, so that no

extra costs accrue.

For a hernia repair without mesh at the Yalgado Uni-

versity Hospital of Ouagadougou, a patient pays 40 US$,

which equals two average monthly salaries.

DISCUSSION

This study suggests that the hernia repair with locally

available Nylon mesh is feasible with the same good

short-term results obtained with commercial mesh.

In Burkina Faso the use of a commercial mesh in-

creases the price for hernia repair by approx. 250% from

40 US$ to 140 US$. Most patients can not afford the

operation if a commercial graft is used.

Much like the locally available Nylon thread (fishing

line) used as surgical suture material by surgeons in

Africa for many years, the mosquito mesh could be a cost

effective alternative in countries where commercial

meshes are not available or affordable.

The evidence that Nylon is an acceptable material for

intracorporeal implant has been shown by many studies,

also with long-term results. It is widely used as suture

material for hernia repair.7–9 As a mesh, it was used for

closure of laparostomies.10 The reason it has not been

used for mesh hernia repair could be that at the origin of

the mesh technique polypropylene was the favorite

material for nonabsorbable suture material. Polypropyl-

ene is still the preferred material for meshes for hernia

repair because it induces less chronic inflammatory

response than Nylon. However, in contrast to Nylon,

polypropylene causes extensive fibrosis. The resulting

stiffness of the abdominal wall and the foreign body

sensation have recently been under debate.12 Therefore,

meshes that induce less fibrosis are now more frequently

used.

Although we have good long-term results with Nylon

as a material for intracorporeal implant, results are not

yet available for its use as a mesh for hernia repair.

However, the same applies to other commercial me-

shes.12 Beside the material, one difference remaining is

that commercial suppliers guarantee a certain quality of

their brand. The surgeon might feel more comfortable

using this material. But is this really necessary? Quality

assurance (QA) is important, as it offers valid and sus-

tainable confirmation of manufacturing purity for a given

product. International QA standards for health devices

are high, but they are unlikely to justify or account for

the extreme difference in price between two products

with a similar performance.

The outcome of this trial suggests that for these

homemade Nylon meshes, which were sterilized prior to

use, the quality was adequate. Local production of cost-

saving materials such as those described in this article

will require compliance with appropriate QA standards,

but would offer an affordable product nonetheless. The

surgeon must take responsibility for the quality and ste-

rility of the material. But this is nothing exceptional, be-

cause surgeons do the same for all the other materials

used and the sterilized instruments, as well as for their

own work.

Local production by surgical units warrants exploration.

Nevertheless surgeons using the local Nylon mesh

should try to collect long-term results, even though

this may not always be easy in Africa, where patients

disappear to their villages once they are cured. One

danger could remain: in areas with high endemic load of

malaria. If the implants are cut from actively used mos-

quito nets anopheles could get a window of opportunity,

resulting in a higher risk of malaria.
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