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Abstract
Knowledge of arcuate line of Douglas is a crucial key for the success of laparoscopic hernia surgery through total extraperitoneal
preperitoneal (TEPP) approach. Literature on the arcuate line (AL) is scanty and mainly cadaveric in nature. Laparoscopic live surgical
anatomy of the Arcuate line of Douglas was reported by author for the first time (Ansari MM. Int J Sci Res 2017; 6(6): 2348-2363.). Surgical
significance and clinical implications of arcuate line variations are now presented herein.
Sixty adult male patients underwent a total of 68 TEPP hernioplasty successfully. Their mean age and BMI were 50.1 ± 17.2 years and 22.6
± 2.0 kg/m2 respectively. Ratio of ASA grades I and II was 4.5:1. By occupation, patients were manual labourers (N=24), retired persons (N=9),
office workers (N=8), students (N=7), farmers (N=6) and field workers (N=6). Present study recorded seven types of arcuate line anatomy.
Primary arcuate line, when present, was situated, in general, at 1/3rd of the umbilico-pubic distance. AL anatomy was non-mirror on two sides
of body in 62.5% of bilateral hernias.
Overall incidence of conversion to Open/TAPP hernioplasty was 4.3%, but conversion secondary to the anatomic variation (of a high
arcuate line) was seen in only 1.4%. In presence of low (10.3%) and absent (20.6%) primary arcuate line, an artificial arcuate line had to
be created at about the level of middle working port. Endovision, ease of procedure, operation time and peritoneal injury were significantly
affected in an adverse manner by the anatomic variations of arcuate line. Surgical emphysema, postoperative seroma, infection and chronic
pain were not affected significantly by anatomic variations of arcuate line.
Keen observation, timely recognition of anatomic variations and judicious dissection are essential to perform TEPP hernioplasty with ease,
safety, rapidity and better results.
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Introduction
Traditional description of the inguinal anatomy is oversimplified
and stereotyped [1,2], and the same is still taught in our anatomy
classrooms although ‘The study of anatomy has changed enormously
in the last few decades’ [3]. The anatomy learned in the early days of
our medical career gets imprinted, leading to a fixed mindset that
often proves counterproductive even under the excellent internal
perspective and magnified view of the modern day laparoscopy
[4] for instant recognition and precise dissection of the anatomical
structures, especially the variant anatomy often reported in the
literature [5] which are of paramount surgical importance during
the laparoscopic inguinal hernioplasty [6]. Moreover, gross anatomy
is often not translated into the surgical anatomy observed on
the operation table [7], especially in the unfamiliar laparoscopic
posterior perspective [8,9].
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Laparoscopic surgery warrants ‘crisp precise anatomic knowledge’ [10]
of not only the target inguinal region but also the adjacent access areas [1012]. Poor understanding of the level of entry into and maintenance of the
surgical pre-peritoneal plane is now regarded as the main cause of surgical
difficulties during total extraperitoneal preperitoneal (TEPP) hernioplasty
for inguinal hernia with a long learning curve and poor clinical outcomes
despite its proven efficacy and better results documented by a number
of investigators [13-15]. Knowledge of the Arcuate line of Douglas, the
lower border of the posterior rectus sheath, is a crucial key for the success
of the laparoscopic hernia surgery through the total extraperitoneal
preperitoneal (TEPP) approach [16]. Literature on the arcuate line is
scanty and mainly cadaveric in nature, and that too rarely reported in
the preperitoneal perspective [17]. Because of its extensive nature, the
laparoscopic live surgical anatomy of the arcuate line of Douglas has been
published separately by the author [18]. Herein, the surgical significance
and clinical implications of the arcuate line variations observed during
the total extraperitoneal preperitoneal (TEPP) hernioplasty but not yet
discussed in the literature are presented in the present study.

Materials and Methods
A prospective clinical study on laparoscopic live surgical anatomy was
designed in April, 2010 and was approved by the Faculty of Medicine,
Aligarh Muslim University, Aligarh, and cleared by the Institutional
Ethics Committee. The study recruited all consecutive adult patients with
primary inguinal hernia who consented for laparoscopic hernia repair
and underwent the TEPP hernioplasty after fulfilling the inclusion and
exclusion criteria. All patients were operated by a single senior surgeon
(the author), the In-Charge of the Surgical Unit 6 of the Department of
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Surgery. First case of TEPP hernioplasty was performed in February, 2011
in the Department of Surgery, J. N. Medical College and Hospital, AMU,
Aligarh, and the study was completed in November, 2015.
The inclusion criteria for the study comprised: (1) adult patients with
uncomplicated primary inguinal hernia, (2) adult patients of age 18 years
and above, and (3) adult patients with ASA Grade I & II only of American
Society of Anesthesiologists. Exclusion criteria in the study were children
and young patients less than 18 years, adult patients in ASA grade III and
IV, adult patients with past history of lower abdominal operation, adult
patients with complicated inguinal hernia, adult patients with recurrent
inguinal hernia, adult patients with femoral/other groin hernia, and adult
patients refusing for the laparoscopic repair. Demographic data of the
patients were recorded in terms of age, gender, weight (measured without
footwear), height, and profession/occupation of the patients. Body mass
index (BMI) was calculated by the Deurenberg’s formula [19]. In the
present study, the Arcuate line variation was considered as a focussed
independent variable for all the functional outcomes in the intra-operative
and post-operative periods.
Standard 3-midline-port surgical technique through the posterior
rectus sheath approach was adopted to perform the total extraperitoneal
preperitoneal (TEPP) hernioplasty, and the method was consistently
the same as reported earlier by the author [20-24]. Lower border of
Xiphisternum, upper border of pubic symphysis and the two anterior
superior iliac spines were first marked. Umbilico pubic distance was
measured from the centre of the umbilicus to the upper border of the
pubic symphysis. After placement of the first 11-mm optical port in the
infraumbilical position, unhurried controlled telescopic dissection was
carried out within the posterior rectus canal in each and every patient in
order to carefully observe for the arcuate line position and morphology
of the arcuate line. Percutaneous needle confirmation was done for both
placement of the 5-mm working ports and for ascertaining the position of
the arcuate line (Figures 1A and 1B). Entry into the preperitoneal space
was made at about the level of the middle working port for definitive
dissection and mesh placement. Early conversion protocol was adopted in
case of any exigency that might risk the safety and survival of the patient.
Outcome measures of the study were endoscopic vision (measured
in visual analog score of 1-10), ease of procedure (measured in visual
analog score of 1-10), operation time, peritoneal injury, surgical
emphysema seroma, infection, chronic pain and recurrence, and their
correlations with the arcuate line anatomy. Statistical Package for
Social Sciences (SPSS v. 21) was used for all statistical computations.
Data were analysed in terms of Mean±SD (standard deviation) with a
p-value <0.05 taken as significant.

Observations and Results
Sixty eight uncomplicated primary inguinal hernias (52 unilateral
hernias (Left side 35; Right side 17) and 8 bilateral hernias) were
successfully repaired laparoscopically in 60 adult male patients through
the TEPP approach during the present study period. Only three female
patients presented during the study period but could not be recruited into
the study because of one or more exclusion criteria. Three male patients
had early conversion to TAPP (Transabdominal Pre-Peritoneal) /Open
repair. In one patient, conversion to the open pre-peritoneal repair was
done due to instrument injury to the deep inferior epigastric vessels. In
another patient, conversion to the open anterior repair was performed
because the patient developed severe hypercarbia due to excessive CO2
retention. In the third patient, conversion to the TAPP repair was carried
out because frank pneumoperitoneum occurred just after the placement
of the first optical 11-mm trocar at the infra-umbilical port when a high
arcuate line was detected on trans-abdominal laparoscopy with a 5-mm
telescope passed through the lateral working port.

Present study recorded seven types of arcuate line anatomy, namely,
(1) NSWD, normal-sited single sharp well-defined (Classical) arcuate
line (46%), (2) HSWD, high single sharp well-defined (4.4%), (3) LSWD,
low single sharp well-defined arcuate line (4.4%), (4) NSID, normal-sited
single ill-defined arcuate line (14.7%), (5) LSID, low single ill-defined
arcuate line (5.9%), (6) Multiple arcuate line (4.4%), and (7) Absent
arcuate line (20.6%) (Table 1). For the primary arcuate line when present,
the mean U-AL distance (distance from the umbilicus to the arcuate line)
was 5.37 ± SD1.62 cm (Range 2.5 to 11.5). Primary arcuate line was found
situated, in general, at 1/3rd of the umbilico-pubic distance (U-PS). Only
24.1% of the primary arcuate lines were located at or within 2 cm of the
mid-point of the U-PS distance. AL anatomy was non-mirror on two sides
of body in 62.5% of bilateral hernias (Table 2). Secondary arcuate line was
seen in 14.7% of cases. Details of these anatomic variations of the arcuate
line have been already reported separately by the author because of their
exhaustive nature in themselves [18], and only their surgical significance
and clinical implications during and after the TEPP hernia repair are
presented herein.

Demographic characteristics of patients
A total of 68 TEPP hernioplasties were successfully completed that
include Unilateral TEPP (N=52), Simultaneous Bilateral TEPP (N=5)
and Interval Bilateral TEPP (N=3). Patients’ age ranged from 18 to 80
years with a mean of 50.1 ± SD17.2 years, and their BMI ranged from
19.5 to 31.2 kg/m2 with a mean of 22.6 ± SD2.0 kg/m2. By occupation,
the study included manual labourers (n=24), retired persons (n=9), office
workers (n=8), students (n=7), farmers (n=6) and field workers (n=6).
The arcuate line (AL) anatomy did not vary with respect to the
age and profession of the patients but the high sharp well-defined
(H-SWD) arcuate line had significantly higher BMI as compared
to the other AL variants (p<<0.001), the details of which has been
reported elsewhere [18].
Table 1: Distribution of Various Subtypes of Arcuate Line according to
the Combined Features of its Level/Position and Morphology in Patients
(N=60) Undergoing TEPP Hernioplasty (N=68)
S. No.
1.
2.

1
2
3
4
5
6

Arcuate Line Type
(Level + Morphology)
AL-Classical
AL-Variant
Total
AL-Variant Subtypes
HSWD
LSWD
NS-SID
LSID
DAL
A
Total
Total

Hernias
N
%
31
45.59
37
54.41
68
100
N
%
3
8.11
3
8.11
10
27.03
4
10.81
3
8.11
14
37.84
37
100
37
100

Patients
N
%
26
43.33
34
56.67
60
100
N
%
3
5.00
2
3.33
9
15.00
4
6.67
3
5.00
13
21.67
34
100
33
100

TEPP: Total Extraperitoneal Preperitoneal; AL-Classical: NormalSited Single Sharp Well-Defined arcuate line (NS-SWD); AL-Variant:
Arcuate Line Variant; HSWD: High Sharp Well-Defined arcuate line;
LSWD: Low Single Sharp Well-Defined arcuate line; NS-SID: NormalSited Single Ill-Defined arcuate line; LSID: Low Single Ill-Defined
arcuate line; DAL: Double/Triple Arcuate Line; A: Absent arcuate line;
(Adapted with permission from Ansari, MM. Thesis for PhD (Surgery)
titled - “A Study of Laparoscopic Surgical Anatomy of Infraumbilical
Posterior Rectus Sheath, Fascia Transversalis & Pre-Peritoneal Fat/
Fascia during TEPP Mesh Hernioplasty for Inguinal Hernia”, Aligarh
Muslim University, Aligarh, India, 2016)
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Table 2: Anatomy of Arcuate Line (AL) in Patients with Bilateral Inguinal
Hernias (N=8) who Underwent Bilateral TEPP Hernioplasty
S.
No.

1.
2.
3.
4.
5.
6.
7.
8.

AL Level
Right
Side
NS
NS
A§
A
A
LS
NS
LS

Left
Side
NS
NS
A§
NS*
NS*
NS*
NS
NS*

AL
Morphology
Right
Left
Side
Side
SID
SID
SWD
SWD
A§
A§
A
SWD*
A
SWD*
SWD
SWD
SID
SWD*
SWD
SWD

Arcuate Line
Type & Morphology
Right
Left
Side
Side
NS-SID
NS-SID
NS-SWD
NS-SWD
A§
A§
A
NS-SWD*
A
NS-SWD*
L-SWD
NS-SWD*
NS-SID
NS-SWD*
L-SWD
NS-SWD*

NS: Classical Normal-Sited; LS: Low-Sited; A: Absent; SID: Single IllDefined; SWD: Sharp Well-Defined; NS-SWD: Classical, Normal-Sited
Single Sharp Well-Defined Arcuate Line; NS-SID: Normal-Sited Single IllDefined; LSWD: Low Sharp Well-Defined; Star (*) Indicates Asymmetry On
The Two Sides With Different AL Type On Contralateral Side; (Adapted with
permission from Ansari, MM. Thesis for PhD (Surgery) titled - “A Study of
Laparoscopic Surgical Anatomy of Infraumbilical Posterior Rectus Sheath,
Fascia Transversalis & Pre-Peritoneal Fat/Fascia during TEPP Mesh
Hernioplasty for Inguinal Hernia”, Aligarh Muslim University, Aligarh, India,
2016)

Modification in surgical technique
In the current standard technique of TEPP hernioplasty with 3 midline
ports, direct-vision telescopic dissection is preferred to the blind balloon
dissection in the posterior rectus canal and the surgeon is advised to
enter the avascular preperitoneal space just below the arcuate line of
Douglas, keeping in mind the traditional teaching of arcuate line being
normally located at about half of the umbilico-pubic distance. However,
modification of the surgical technique was warranted in the situation
of either low (10%) or absent arcuate line (21%). Modification of the
surgical technique was also demanded in the arcuate line was located >2
cm above/below the mid-point of the umbilico-pubic distance. Moreover,
caution was required while operation was taken up on the opposite side
at the same sitting or after an interval because non-mirror anatomy of the
arcuate line was present on the contra-lateral side in a high percentage of
the cases (63%).
Creation of artificial arcuate line in case of absent arcuate line: In
absence of the primary arcuate line, i.e., when the posterior rectus sheath
extended upto the pubic bone, an artificial arcuate had to be created
surgically at about the level of the middle working port, i.e., at about
half way down the umbilico-pubic distance for entry into the requisite
avascular preperitoneal space for further definitive dissection and creation
of adequate space from midline to the anterior superior iliac spine for
mesh placement (Figure 1).
Creation of artificial secondary arcuate line in presence of low
arcuate line: Low arcuate line in a long posterior rectus sheath, when
present, posed two problems. Firstly, the effective rectus sheath canal got
increased with wide fulcrum effects and severe ergonomic disability of
working as reported earlier by the author [20]. Secondly, going below the
low arcuate line, as is generally recommended, meant very small working
space down for manoeuvring and adequate space creation for mesh
placement. Thus presence of a low arcuate line warranted creation of a
secondary arcuate line more proximally by the surgical dissection for an
optimal entry into the avascular preperitoneal space and its maintenance
(Figure 1), mimicking a scenario similar to that seen in case of the absent
arcuate line (vide supra).

Figure 1: Creation of Artificial Arcuate Line in Complete Posterior
Rectus Sheath (C-PRS):
(A) Needle Confirmation before Port Placement with Green Arrow
indicating posterior rectus canal; (B-G) Artificial arcuate line created
surgically in the C-PRS at the level of middle working port; (H) Artificial
arcuate line completed; Double-Headed Red Arrow indicates the rent
created surgically in the C-PRS; Single-Headed Black Arrows, indicate
lower border of the artificial arcuate line; 1, proximal part of C-PRS;
2, distal part of C-PRS; RA, rectus abdominis muscle visible partly;
RF, rectusial fascia covering the rectus abdominis muscle; S, sign of
lighthouse faintly visible in the depth of the posterior rectus canal;
(Adapted with permission from Ansari, MM. Thesis for PhD (Surgery)
titled - “A Study of Laparoscopic Surgical Anatomy of Infraumbilical
Posterior Rectus Sheath, Fascia Transversalis & Pre-Peritoneal Fat/
Fascia during TEPP Mesh Hernioplasty for Inguinal Hernia”, Aligarh
Muslim University, Aligarh, India, 2016)

Entry into preperitoneal space in presence of high/classical arcuate
line: In the present study, the mid-point of the umbilico-pubic distance
in the patients undergoing TEPP hernioplasty was located at a mean
of 7.9 ± 0.7 cm (Range 6.5 - 9.25), and the middle working port used
to be placed at about this mid-point of the umbilico-pubic distance. In
50% of the hernias (N=68) operated in the present study, the arcuate line
(High and Classical) was located at >2.5 cm above the mid-point of the
umbilico-pubic distance (MP-UPS), and in these cases, the concept of
entry into the preperitoneal space just below the arcuate line was difficult
to follow. Therefore, the entry into the preperitoneal space was made at or
just below the level of the middle port, i.e., the mid-point of the umbilicopubic distance for the smooth ergonomic forward working. That means
the entry into the preperitoneal space was made at ≥ 2.5 cm below the
arcuate line in the cases of High and Classical arcuate line to facilitate the
forward downward dissection in the preperitoneal space.
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False sense of security for contralateral surgery: In the present study,
individually the arcuate line position and morphology were dissimilar
on two sides of the body in 50% and 37.5% respectively; however, with
both features together, non-mirror anatomy of arcuate line was found in
62.5% because of the overlap as reported earlier [18]. However, traditional
textbook teaching do not mention the asymmetry of the arcuate line on
the two sides of the body, and hence the TEPP surgeon who feels confident
of now having the experience and knowledge of the arcuate line anatomy
on one side of the body after performing TEPP hernioplasty, often lands
up in difficulties while operating on the opposite side due to presence
of the variant anatomy. The surgical technique was not required to be
modified due to the asymmetry of the arcuate line anatomy but in view of
the high incidence of the asymmetry, extreme caution for the unhurried
methodical telescopic dissection was adopted during operation on the
contra-lateral side which proved fruitful.

Conversion
Present study recorded conversion in 3 out 71 hernias taken up for
the TEPP repair, resulting in a conversion rate of 4.2%. However, only 1
out of the 3 conversions (33.3%) was secondary to an anatomic variation,
resulting in an incidence of 1 out of 71 hernias (1.4%). This conversion
occurred just after placement of the first optical 11-mm blunt trocar at
the infraumbilical site in a patient having a high arcuate line with a short
infraumbilical posterior rectus sheath which was detected on conversion
to the TAPP approach.

Endoscopic vision (Endovision)
Present study recorded a mean score of 8.20 ± SD1.33 VAS (Range
4.0-9.5 VAS) for the endoscopic vision (endovision) during the 68 TEPP
hernia repairs. The endovision score was less in presence of the variant
arcuate line as compared to the classical arcuate line, and the statistical
difference between them was highly significant (p <0.001) (Table 3).

The EOP score was less in presence of the variant arcuate line as compared
to the classical arcuate line, and the statistical difference between them
was highly significant (p <0.001) (Table 3).
Post Hoc Tests (Tukey HSD) analysis revealed significant difference
between SWD and the Absent-AL (p <0.001) or the Double-AL (p
<0.01), but not between the SWD and SID-AL (p >0.05). The EOP was
significantly different among the variant subgroups, except between the
Double-Al vs. Absent-AL or the Double-Al vs. SID-AL. The Pearson
Chi Square tests also found highly significant correlations of the EOP (p
<0.001) with strong Likelihood Ratio and Linear-by-Linear Association
for the 7 groups of the AL anatomy (Figure 3).

Operation time (OT)
Present study recorded mean operation time of 1.87 ± 0.59 hours
(Range 0.75-3.25 hours) during the 68 TEPP hernia repairs. The duration
of the operation time was much more in presence of the any of variant
subtypes (SID/DAL/A) of the arcuate line as compared to the classical
arcuate line, and the statistical difference between them was also highly
significant (p <0.001) (Table 3).
Post Hoc Tests (Tukey HSD) showed that the difference in operation
time between the subgroups ‘A’ and SID or between the subgroups SID
and DAL was insignificant statistically, while the difference between
the subgroups ‘A’ and DAL was significant. The Pearson Chi-Square
Correlations were also significant (p<0.05) between the operation time and
the 7 subgroups of the arcuate line anatomy with strong association (Figure 4).

Peritoneal injury (PI)
Present study recorded 28.3% incidence of peritoneal injury during the
68 TEPP hernia repairs. Incidence of peritoneal injury was significantly
more in presence of the variant anatomy of the arcuate line (p <0.05) (Table
3) (Figure 5). Moreover, no significant differences were found among the
3 variant subgroups of the arcuate line morphology (Single ill-defined
AL (SID), Double-AL and Absent-AL) on Post Hoc Tests (Tukey HSD)
analysis. The Pearson Chi-Square Correlations were also not significant
between the peritoneal injury and the seven subgroups of arcuate line
anatomy, although a significant association was present (Figure 6).

Difference in endovision between the classical single sharp well-defined
(SWD) arcuate line and its variants (SID, DAL and Absent-AL) was highly
significant (p <0.001) (Table 3). Further Post-Hoc Tests (Tukey) analysis
showed highly significant difference in endovision between the SWD
and its two variants of Double-AL (p <0.01) and Absent-AL, while the
difference in endovision was insignificant (p >0.05) between the SWD and
its variant of single ill-defined AL (SID). Moreover, the Absent-Al was
found significantly different from Double-AL but not from the SID-AL.
However, the SID-AL group was comparable (p >0.05) not only to the
Double-AL but also to the SWD group. Pearson Chi Square correlations
were also highly significant with strong association among the 7 groups of
the AL anatomy (p <0.001) (Figure 2).

Surgical emphysema, post-operative seroma and infection

Ease of procedure (EOP)

Post-operative chronic inguinal pain

Present study recorded a mean score of 7.27 ± 2.05 VAS (Range 4.0-9.5
VAS) for the ease of procedure (EOP) during the 68 TEPP hernia repairs.

Chronic groin pain suggestive of an injury to the genital branch of the
genito-femoral nerve was observed in one patient after 2/3rd of the study

Present study recorded surgical emphysema, post-operative seroma and
superficial surgical site infection in 16.2%, 10.3% and 5.9% respectively,
and their incidence did not differ significantly between the classical and
variant groups of the arcuate line (p >0.05) (Table 3). No patient developed
mesh infection if the study.

Table 3: Functional Effects of Anatomical Variations of Arcuate Line during TEPP Hernioplasty (N = 68)
S.No
1

Variable
Endovision Mean ± S.D* (VAS)§

¶

Arcuate Line Types
AL Classical (N=37) ¶AL Variant (N=31)
8.57 ± 1.34

CID

†t-value

††Sig. (2-tailed)

p-value

6.10 ± 1.67

1.74 To 3.20

6.770

0.000

<0.001

8.520

0.000

<0.001

-5.812

0.000

<0.001

**

2

EOP Mean ± S.D* (VAS)§

8.61 ± 1.52

5.66 ± 1.31

2.2666 To
3.6540

3

OT Mean ± S.D* (Hours)

1.56 ± 0.38

2.24 ± 0.59

-0.924 To -0.451

4

PI Mean ± S.D* (N)

0.14 ± 0.35

0.39 ± 0.50

-0.456 To -0.047

-2.460

0.017

<0.05

5

Emphysema Mean ± S.D* (N)

0.11 ± 0.32

0.23 ± 0.43

-0.297 To 0.062

-1.310

0.195

>0.05

6

Seroma Mean ± S.D* (N)

0.05 ± 0.23

0.16 ± 0.37

-0.255 To 0.040

-1.450

0.152

>0.05

TEPP: Total Extraperitoneal Preperitoneal; ¶AL: Arcuate Line; *SD: Standard Deviation; §VAS: Visual Analog Score (1-10); **CID: 95% Confidence Interval
Of The Difference; †T: Independent-Sample Student t-Test Value; ††Sig: Significance;
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Figure 2: Correlation between Endovision and Types of Arcuate Line (AL):
NS-SWD: Normal-Sited Single Well-Defined; H-SWD: High Single WellDefined; L-SWD: Low Single Well-Defined; NS-SID: Normal-Sited Single
Ill-Defined; L-SID: Low Single Ill-Defined; DAL: Double/Triple Arcuate Line;
Pearson CHISQ CC: (R = 158.757, df 60, Sig. 0.000, p <0.001); Likelihood
Ratio: (R=129.208, df 60, Sig. 0.000, p <0.001); Linear-by-Linear
Association:R=43.410, df 1; Sig. 0.000, p<0.001;
(Adapted with permission from Ansari: MM. Thesis for PhD (Surgery) titled
- “A Study of Laparoscopic Surgical Anatomy of Infraumbilical Posterior
Rectus Sheath: Fascia Transversalis & Pre-Peritoneal Fat/Fascia during
TEPP Mesh Hernioplasty for Inguinal Hernia”: Aligarh Muslim University:
Aligarh: India: 2016)

Figure 3: Correlation between Ease of Procedure (EOP) and the Types
of Arcuate Line (AL):
NS-SWD: Normal-Sited Single Well-Defined; H-SWD: High Single
Well-Defined; L-SWD: Low Single Well-Defined; NS-SID: Normal-Sited
Single ill-Defined; L-SID: Low Single ill-Defined; DAL: Double/Triple
Arcuate Line; AL-Absent: Absent Arcuate Line;
Pearson CHISQ CC: R = 161.327, df 60, Sig. 0.000, p <0.001);
Likelihood Ratio: R=132.533, df 60: Sig. 0.000, p <0.001); Linear-byLinear Association: R=43.961, df 1; Sig. 0.000, p<0.001)
(Adapted with permission from Ansari: MM. Thesis for PhD (Surgery)
titled - “A Study of Laparoscopic Surgical Anatomy of Infraumbilical
Posterior Rectus Sheath: Fascia Transversalis & Pre-Peritoneal Fat/
Fascia during TEPP Mesh Hernioplasty for Inguinal Hernia”: Aligarh
Muslim University: Aligarh: India: 2016)

Figure 4: Correlation between Operation Time (OT) and the Types of
Arcuate Line (AL):
NS-SWD: Normal-Sited Single Well-Defined; H-SWD: High Single
Well-Defined; L-SWD: Low Single Well-Defined; NS-SID: Normal-Sited
Single Ill-Defined; L-SID: Low Single Ill-Defined; DAL: Double/Triple
Arcuate Line; AL-Absent: Absent Arcuate Line;
Pearson CHISQ CC: R=108.136, df 84, Sig. 0.039, p <0.05); Likelihood
Ratio: (R=89.691, df 84, Sig. 0.315, p >0.05); Linear-by-Linear
Association: R=18.645, df 1; Sig. 0.000, p<0.001)
(Adapted with permission from Ansari: MM. Thesis for PhD (Surgery)
titled - “A Study of Laparoscopic Surgical Anatomy of Infraumbilical
Posterior Rectus Sheath: Fascia Transversalis & Pre-Peritoneal Fat/
Fascia during TEPP Mesh Hernioplasty for Inguinal Hernia”: Aligarh
Muslim University: Aligarh: India: 2016)

Figure 5: Correlation between the Peritoneal Injury (P. Injury) and the
Classical/Variant Anatomy of the Arcuate Line:
SID: Single Ill-Defined; DAL: Double/Triple Arcuate Line;
Pearson CHISQ CC: R = 5.711, df 1, Sig. 0.017, p <0.05; Likelihood
Ratio: R=5.790, df 1, Sig. 0.016, p <0.05; Linear-by-Linear Association:
R=5.627, df 1, Sig. 0.018, p <0.05; Fisher’s Exact Test: Sig. (2-tailed)
0.024, p <0.05; Sig. (1-tailed) 0.017, p <0.05;
(Adapted with permission from Ansari: MM. Thesis for PhD (Surgery)
titled - “A Study of Laparoscopic Surgical Anatomy of Infraumbilical
Posterior Rectus Sheath: Fascia Transversalis & Pre-Peritoneal Fat/
Fascia during TEPP Mesh Hernioplasty for Inguinal Hernia”: Aligarh
Muslim University: Aligarh: India: 2016)
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The endovision, ease of procedure and operation time were adversely
affected in presence of the variant anatomy of the arcuate line, and the
incidence of the peritoneal injury was also significantly more in presence
of the variant arcuate line as compared to the classical type (Tables 3 and
4) (Figures 7 and 8). There was no adverse effect of the variant anatomy
of the arcuate line on the incidence of surgical emphysema, postoperative
seroma and infection (Tables 3 and 4) (Figures 7 and 8). Endoscopic
vision was very significantly lower in presence of the variant anatomy of
the arcuate line, particularly Double-AL and Absent-AL, in comparison
to that observed with the classical AL (p<0.001). The normally-situated
classical arcuate line (NS-SWD), low arcuate line (L-SWD/L-SID), high-

Figure 6: Correlation between the Peritoneal Injury and 7 subtypes of
the Arcuate Line:
NS-SWD: Normal-Sited Single Well-Defined; H-SWD: High Single
Well-Defined; L-SWD: Low Single Well-Defined; NS-SID: Normal-Sited
Single ill-Defined; L-SID: Low Single ill-Defined; DAL: Double/Triple
Arcuate Line; AL-Absent: Absent Arcuate Line;
Pearson CHISQ CC: R= 8.823, df 6: Sig. 0.184, p >0.05; Likelihood
Ratio: R=9.160, df 6, Sig. 0.165, p >0.05; Linear-by-Linear
Association:R=6.663, df 1; Sig. 0.010, p <0.05;
(Adapted with permission from Ansari: MM. Thesis for PhD (Surgery)
titled - “A Study of Laparoscopic Surgical Anatomy of Infraumbilical
Posterior Rectus Sheath: Fascia Transversalis & Pre-Peritoneal Fat/
Fascia during TEPP Mesh Hernioplasty for Inguinal Hernia”: Aligarh
Muslim University: Aligarh: India: 2016)

was completed. The pain persisted for about 9 months and resolved fully
with conservative management. This patient had a variant arcuate line in
terms of the normal-sited single ill-defined arcuate line.

Figure 7: Correlation between the Morphology of Arcuate Line (AL)
and the Functional Outcomes: Endo: Endovision; EOP: Ease Of
Procedure; OT: Operation Time; PI: Peritoneal Injury; Emphy: Surgical
Emphysema; Serom: Postoperative Seroma; SID: Single Ill-Defined
Arcuate Line; DAL: Double/Triple Arcuate Line; A: Absent Arcuate Line;
(Adapted with permission from Ansari: MM. Thesis for PhD (Surgery)
titled - “A Study of Laparoscopic Surgical Anatomy of Infraumbilical
Posterior Rectus Sheath: Fascia Transversalis & Pre-Peritoneal Fat/
Fascia during TEPP Mesh Hernioplasty for Inguinal Hernia”: Aligarh
Muslim University: Aligarh: India: 2016)

Recurrence of hernia
Follow-up of the patients was carried out in the present study for a
mean period of 33 ± SD 17 months (Range 5-61 months). Recurrence of
inguinal hernia was not detected in any of our patients.

Discussion
Anatomic variations in the arcuate line were known since long through
the gross cadaveric studies [1,25-33], but somehow their descriptions
could not translate into the textbook teaching and hence generally out of
bounds for the medical students and upcoming young surgeons, who are
really the prospective backbone of the current laparoscopic revolution but
become handicapped if they do not happen to have an opportunity to read
the older literature.
It is rather strange to mention that even in the current booming trend
of the laparoscopic approach to the inguinal hernia, online literature
search did not find any clinical study correlating the effects of anatomic
variations of the arcuate line and the intraoperative &/or postoperative
functional outcomes. This rather confirms the opinion of Maurice Arregui
[4] that there is not only little interest but also little understanding of the
preperitoneal hernia anatomy among the surgeons and anatomists alike.
The present study appears to be the first research work on the surgical
significance and the clinical implications secondary to the anatomic
variations of the arcuate line. Therefore, the discussion is largely limited
to the data of the present study and the author’s data on the significance
of anatomic variations of the posterior rectus sheath reported elsewhere [34].

Figure 8: Correlation between the Position of Arcuate Line (ALPosition) and the Functional Outcomes: Endo: Endoscopic Vision;
EOP: Ease Of The Procedure; OT: Operation Time; PI: Peritoneal
Injury; Emphy: Surgical Emphysema; Seroma: Postoperative Seroma;
Classical: Normal-Sited Arcuate Line; H: High Arcuate Line; L: Low
Arcuate Line; D: Double/Triple Arcuate Line; A: Absent Arcuate Line;
(Adapted with permission from Ansari: MM. Thesis for PhD (Surgery)
titled - “A Study of Laparoscopic Surgical Anatomy of Infraumbilical
Posterior Rectus Sheath: Fascia Transversalis & Pre-Peritoneal Fat/
Fascia during TEPP Mesh Hernioplasty for Inguinal Hernia”: Aligarh
Muslim University: Aligarh: India: 2016)
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Table 4: Correlations (p-values) between Arcuate Line Anatomy and Functional Outcomes during TEPP Hernioplasty (N = 68)
S. No

Anatomy

Subgroups

N

Endo

EOP

OT

PI

Emphy

Serom

Arcuate Line

Classical
Variant

37
31

<0.001

<0.001

<0.001

<0.05

>0.05

>0.05

TEPP: Total Extra-Peritoneal Preperitoneal Hernioplasty; Endo: Endovision; EOP: Ease of Procedure; OT: Operation Time; PI: Peritoneal Injury; Emphy:
Surgical Emphysema; Serom: Postoperative Seroma

situated arcuate line (H-SWD) and absent arcuate line (Absent-AL)
corresponded to the NIC, LIC, SIC and C types of the posterior rectus
sheath (PRS) with similar characteristics of the endovision reported
elsewhere by the author [34].
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