
Collagen type I:III ratio of the gastroesophageal junction
in patients with paraesophageal hernias

Shaun R. Brown • Lora Melman • Eric Jenkins •

Corey Deeken • Margaret M. Frisella • L. Michael Brunt •

J. Christopher Eagon • Brent D. Matthews

Received: 21 April 2010 / Accepted: 12 September 2010 / Published online: 3 November 2010

� Springer Science+Business Media, LLC 2010

Abstract

Background The purpose of this study was to examine

the biological environment of the esophageal hiatus

through analysis of the collagen content within the gas-

trohepatic ligament (GHL), gastrophrenic ligament (GPL),

and phrenoesophageal ligament (PEL) in patients with type

I hiatal hernias (HH) and type III paraesophageal hernias

(PEH).

Methods A control group (N = 10) and patients with type

I HH (N = 10) and type III PEH (N = 10) were included

in the analysis. Specimens of the GHL, PEL, and GPL were

collected intraoperatively. Slides stained with sirius red/

fast green were created and ten photos at 400 9 magnifi-

cation were taken of each specimen. Axiovision 4.7 (Zeiss)

photo analysis software was employed for quantification of

collagen I (red) and III (green) by calculating color area

(lm2). Statistical significance (p \ 0.05) was determined

using a one-way ANOVA and Fisher’s LSD post-test.

Results Cross-polarization microscopy revealed that the

collagen I content was similar in the three study groups for

the GHL, greater in the type III PEH group and in the

control group compared to the type I HH group for the

PEL, and greater in the type III PEH group compared to

control group for the GPL. Collagen III quantity was

greater in the control group than in the type I HH group for

each ligament, and greater in the GHL and PEL when

compared to the type III PEH group. Type III PEH patients

had greater collagen III quantity than did type I HH

patients for each ligament. Collagen type I:III ratio of the

GHL was greater in both hernia groups compared to the

control group. Type III PEH patients contained a higher

I:III ratio than both the control and type I HH groups with

respect to the PEL. There was no difference in the ratio

with evaluation of the GPL for the three groups.

Conclusion Evaluation of the esophageal hiatus revealed

that patients with PEH have a different biological envi-

ronment with regard to collagen content compared to

control patients. The collagen I:III ratio of the study groups

was equal to or greater than the control group. Collagen

deficiency in the GE junction supporting ligaments does

not appear to be an etiology of PEH formation.
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The integrity of the esophageal hiatus is maintained by

several ligaments surrounding the gastroesophageal (GE)

junction, including the phrenoesophageal ligament (PEL),

gastrohepatic ligament (GHL), and the gastrophrenic liga-

ment (GPL). There are four types of hiatal hernias (HH),

defined by the content of the hernia sac and the location of

the GE junction in relation to the diaphragm. Type I HH,

also known as a sliding hiatal hernia, is the most common

and is associated with laxity of the phrenoesophageal

membrane. This enables the GE junction along with the

cardia of the stomach to herniate above the diaphragm.
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Type II paraesophageal hernia (PEH) is unique in that the

GE junction remains in the appropriate anatomic position,

but a defect in the phrenoesophageal membrane allows the

fundus of the stomach to herniate into the thorax. Type III

PEH is a combination of type I and II with the GE junction

and fundus located above the diaphragm. Finally, type IV

PEH consists of a large defect in the phrenoesophageal

membrane, permitting other abdominal organs to herniate

into the thorax (i.e., colon, spleen, small bowel).

Hiatal hernia is a common condition encountered in

surgical practice with prevalence between 15 and 60% [1].

There are several indications to repair a PEH depending on

the hernia type and associated symptoms. Hiatal hernias are

frequently associated with gastroesophageal reflux disease,

and surgical repair is often required in these patients to

treat their heartburn and/or regurgitation adequately [2].

Type II–IV PEHs are often associated with obstructive

symptoms (chest pain, dysphagia, and early satiety) and are

generally repaired upon diagnosis because of the inherent

risk of serious complications related to organo-axial rota-

tion, resulting in incarceration, necrosis, and perforation

[3]. Surgical repair of a PEH via a transthoracic or mini-

mally invasive abdominal approach is commonly divided

into five components, including reduction of herniated

organs into the abdominal cavity, excision of the hernia

sac, closure of the hiatal defect, an antireflux procedure,

and gastropexy [4].

A fundamental question is whether hernia formation is

the sequelae of excessive mechanical stress or the result of

an ongoing biological disorder of collagen deficiency or

integrity. Recent investigations have shifted research from

understanding the technical aspect of hernia development

to exploring the biological processes involved in its

development. The extracellular matrix (ECM), specifically

collagen metabolism, has become the target of multiple

investigations [5–9]. The observed correlation of several

connective tissue diseases and hernia formation has spurred

research in this direction [10, 11]. Previous studies evalu-

ating the extracellular environment in patients with both

primary and recurrent incisional hernias have revealed

alterations in the composition of collagen types I and III [9,

12, 13]. In addition, a decrease in the collagen I:III ratio

has been associated with recurrent hernia formation [6].

While these studies have focused on inguinal and incisional

hernias, to date there is no study addressing the collagenous

environment of the phrenoesophageal membrane related to

PEH formation.

The purpose of this study was to examine the biological

environment of the esophageal hiatus through analysis of

the collagen content within the gastrohepatic ligament

(GHL), gastrophrenic ligament (GPL), and phrenoesopha-

geal ligament (PEL) in patients with type I hiatal hernias

(HH) and type III paraesophageal hernias (PEH).

Methods

Patient selection and tissue collection

Patients with the preoperative diagnosis of HH and PEH

were enrolled in a prospective trial. The control group

included patients with achalasia or morbid obesity without

a hiatal hernia who were to undergo laparoscopic esopha-

geal myotomy or laparoscopic gastric bypass, respectively.

Participants consented to tissue sampling preoperatively

and intraoperative specimens were harvested from ten

patients in each group. From each patient a 1-cm2 section

of tissue was collected from each of the supporting liga-

ments: GPL, GHL, and PEL. The samples were immedi-

ately placed in 10% neutral buffered formalin for storage.

This study protocol (No. 07-0066) was approved by the

Human Research Protection Office (HRPO) of Washington

University School of Medicine.

Histological methods

Tissue samples were embedded in paraffin, sectioned at

5 lm, and stained with hematoxylin for evaluation of tissue

architecture. The slides were washed with tap water and

stained a with 0.1% fast green FCF for 10 min, followed by

washing with acetic acid and staining with picrosirius red

F3BA for 1 h. The slides were then washed with acidified

water, dehydrated, cleared, and mounted in resinous med-

ium. Sirius red/fast green (SR/FG) stain was chosen for its

ability to differentiate type I from type III collagen. Sirius

red is a strong anionic dye that stains collagen by reacting,

via its sulfonic acid groups, with basic groups present in the

collagen molecule. The dye molecules attach to the colla-

gen fibers in such a way that their long axes are parallel.

This configuration between the dye and the collagen results

in an enhanced birefringency [14]. When viewed under

cross-polarized light, the collagen fibers appear distinctly

different from one another, with the type I collagen fibers

appearing bright yellow-red/orange, while the type III

collagen fibers appear green-blue. Slides were examined

using cross-polarized light microscopy with an Axioskop

40 microscope (Carl Zeiss, Thornwood, NY) equipped with

a Zeiss Axiocam at 4009 magnification. A total of ten

high-resolution images were captured of each slide, taking

care not to overlap the images, ensuring ample represen-

tation of the field. The images were stored as multidi-

mensional ZVI files for analysis.

Image analysis

The high-resolution images were analyzed using the auto-

mated measurement feature of Carl Zeiss’ Axiovision

software. The area (lm2) stained red (type I collagen) and
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the area stained green (type III collagen) were quantified

for each slide. The scaling was adjusted to correlate to the

magnification of the digital image, with 0.1679 lm/pixel.

With ten photos of each slide and ten patients in each study

group, there were 100 images available for analysis for

each ligament in a given study group. After the quantity of

type I and type III collagens was recorded from each slide,

the average quantity for each ligament was calculated and

recorded. In addition, the collagen I:III ratio was calculated

for each ligament by dividing the area stained red by the

area stained green (lm2/lm2).

Statistical analysis

Data are expressed as mean ± standard error of the mean

unless otherwise indicated, and statistical significance was

defined as p \ 0.05. Each set of SR/FG data was analyzed

using a one-way ANOVA with ‘‘patient type’’ (i.e., control,

HH, or PEH) as the independent variable. Variables with

p \ 0.05 were subsequently subjected to Fisher’s LSD

post-test.

Results

Demographics

A total of 30 patients (9 males) with a mean age of

56.2 ± 2.35 years were enrolled in the study (Table 1). The

control group included eight patients with achalasia who

underwent laparoscopic esophageal myotomy and two

patients with morbid obesity who underwent laparoscopic

Roux-en-Y gastric bypass. The hernia groups all underwent

laparoscopic hiatal hernia repair and fundoplication. Tissue

samples of the GPL, GHL, and PEL were successfully col-

lected from all patients and were included in the analysis.

Quantitative analysis

Type I collagen dominated in all three ligaments compared

to type III collagen for each of the study groups. When

comparing the type I collagen content among the study

groups, no differences were detected for the GHL between

any of the patient groups (p = 0.110) (Fig. 1). For the

PEL, both the PEH group and the control group contained

more type I collagen than the HH group (5331 ± 355.2

PEH and 4705 ± 324.6 control vs. 3126 ± 180.1 HH;

p = 0.0001 for both cases). Analysis of the GPL data

demonstrated that PEH patients contained more type I

collagen than the control patients (5832 ± 356.9 PEH vs.

4474 ± 358.2 control; p = 0.010).

Analysis of the type III collagen content demonstrated

that the control group had more type III collagen than did

HH patients for all three ligaments (GHL, PEL, and GPL;

p = 0.0001 for all cases) (Fig. 2). In addition, the control

group had a greater quantity of type III collagen in the

GHL and PEL than did the PEH group (GHL

5146 ± 255.9 vs. 3115 ± 192.5; p = 0.0001 and PEL

4317 ± 235.8 vs. 3378 ± 186.0; p = 0.001, respectively).

When the hernia groups were compared to one another,

PEH patients contained more type III collagen than did HH

patients for all three ligaments (GHL; p = 0.006, PEL;

p = 0.011, and GPL; p = 0.010, respectively).

The collagen I:III ratio was calculated for each patient

group (Fig. 3). With respect to the GHL, both hernia

Table 1 Demographic information of study groups

Type I PEH Type III PEH Control

Sex (M:F) 3:7 1:9 5:5

Age 54.80 ± 3.86 58.20 ± 1.79 55.60 ± 5.86

Fig. 1 Type I collagen quantification in the supporting ligaments of

the gastroesophageal junction

Fig. 2 Type III collagen quantification in the supporting ligaments of

the gastroesophageal junction

Fig. 3 Collagen I:III ratio of supporting ligaments

1392 Surg Endosc (2011) 25:1390–1394

123



groups had a greater collagen I:III ratio than the control

group (HH: 2.52 ± 0.2, p = 0.0001; PEH: 2.06 ± 0.2,

p = 0.001; control: 1.25 ± 0.1). For the PEL, PEH

patients had a higher ratio than did HH and control patients

(PEH: 1.92 ± 0.2, HH: 1.41 ± 0.1, p = 0.001; control:

1.27 ± 0.1, p = 0.006). For GPL, no statistically signifi-

cant difference was detected among the patient groups.

Discussion

In the present study, the collagen content of the primary

esophageal supporting ligaments was compared in control

patients and those with type I and III hiatal hernias. The

principal findings are that collagen content of the phreno-

esophageal membrane of the hernia groups was different

from that of the control group. Collagen I:III ratio was

actually higher for both hiatal hernia groups compared to

controls for the GHL, and higher in the PEH group com-

pared to controls for the PEL. Collagen I:III ratios were the

same for the three study groups with respect to the GPL.

This is evident by the higher quantity of type I collagen in

the PEL and the GPL of the PEH group compared to that of

controls. The quantity of type III collagen was greater in

the control group than in the PEH group for the GHL and

PEL and greater in all three supporting ligaments compared

to the HH group.

The stability of the ECM is directly related to the rate of

collagen synthesis and degradation of collagen by matrix

metalloproteinases (MMPs) [15]. Collagen comprises 80%

of the dry weight of connective tissue. Type I and type III

collagens are the predominant types of collagen found

within the dermis, together accounting for 95% of the

collagen present [16–18]. Type I collagen is mature,

mechanically stable, and responsible for tensile strength

[19]. Type III collagen, typically present during the early

phase of wound healing, is thinner and generally regarded

as immature and weak [20, 21].

Alterations in the ECM, specifically the quality of col-

lagen formation, and the relationship to hernia develop-

ment have become the focus of several investigations [6, 9,

13]. The quality of collagen has been characterized by the

ratio of type I:III collagen [6]. Compared to control

patients, a decrease in this ratio would indicate that the

quantity of strong type I collagen was diminished or that

the weaker type III collagen was more prevalent. In either

case, the integrity of such a structure would be compro-

mised. In normal skin, the natural ratio of type I:III col-

lagen is 4:1 [22]. Klinge et al. [23] found that the collagen

type I:III ratio was diminished in patients with both direct

and indirect inguinal hernias when compared to a control

group. Another study evaluating the collagen ratio in in-

cisional hernias demonstrated a decrease in the collagen

ratio of both incisional hernias and recurrent incisional

hernias [7]. However, these investigations have focused on

inguinal and incisional hernias which are distinctly differ-

ent from PEH, and an alteration in the collagen ratio may

not contribute to hernia formation in this anatomic

location.

With the recent increased interest in the biological basis

of hernia formation, various techniques have been

employed to analyze collagen quantity and collagen I:III

ratio. Immunohistochemical staining and polymerase chain

reaction (PCR) techniques have been used to assess the

expression of collagen and MMPs in relation to hernia

development [13, 24]. The current study concentrated on

the use of cross-polarization microscopy for evaluation of

collagen quantity in the supporting ligaments of the GE

junction. Although this is a well-established method for

analysis [5, 25], recent data by our institution suggests that

measuring the MMP concentrations within the supporting

ligaments may yield additional insight into the patho-

physiology of PEH formation [26].

Previous tissue analyses by our research group have

demonstrated a decrease in the amount of elastin found in

the supporting ligaments of the gastroesophageal junction

in hiatal hernia patients [27]. It is possible that there is a

relationship between ‘‘stiff’’ collagenous tissue and ‘‘elas-

tin-rich’’ tissues that can recoil. In the formation of hiatal

hernias, it is possible that the collagenous ligaments stretch

but do not recoil. Another possibility is that hiatal hernia

formation is independent of the gastroesophageal junction

ligaments. Perhaps increased intra-abdominal forces due to

weight, pulmonary disease, gastrointestinal (chronic con-

stipation), genitourinary (benign prostatic hypertrophy), or

genetic deficiencies are more significant than the structure

of the gastroesophageal ligaments themselves [28].

This study had some limitations. The control group

included patients with achalasia and morbid obesity

because the operations performed to treat these conditions

are localized to the foregut, providing easy access to the

supporting ligaments. However, morbid obesity is associ-

ated with increased intra-abdominal pressure and possibly

increased stress at the GE junction, which could influence

the results of this study.

Conclusion

The collagen I:III ratio of patients with a hiatal hernia was

equal to or greater than the control patients. Collagen

deficiency in the supporting ligaments of the GE junction

does not appear to be an etiology of hiatal hernia formation

and the pathophysiology of hiatal hernia formation remains

elusive. As research transitions from the technical aspect of

hernia formation to a more biological basis, further
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investigation is needed to elucidate the origin of hiatal

hernia formation.
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