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Abstract
The role of the oesophago-gastric junction (OGJ) in 
gastro-oesophageal reflux disease is still not completely 
understood, and there is no clinically used method 
to assess the OGJ function in patients. Only indirect 
methods such as pH studies are carried out. The OGJ 
acts a valve controlling the flow of solids, liquids and 
gases between the oesophagus and the stomach. 
Manometry can determine if a sphincter is toned or 
relaxed; but, it cannot confirm that the sphincter 
region is actually open. Distension is a new technique 
for measuring function in the OGJ. By measuring the 
cross-sectional area through the narrow region in the 
junction during distension of a catheter mounted bag, 
much more information on the opening and closing 
patterns of the junction can be determined. This 
technique has already been demonstrated to show 
changes in the OGJ after surgical treatments for reflux 
disease. New measurement ideas around the concept 
of distending the OGJ offer new hope that a clinically 
useable test for compliance at the junction can be 

developed and could potentially help in determining 
appropriate therapy.
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INTRODUCTION
If  you ask many clinicians, even those specialising in 
gastroenterology, what is the mechanism between the 
oesophagus and stomach which prevents the backflow of  
stomach contents into the oesophagus? Their instinctive 
reply will be the lower oesophageal sphincter (LOS). 
While the LOS certainly contributes to the mechanism it 
is not the sole effecter. Many common definitions of  the 
mechanism have not even been updated. Medlineplus©  
defines gastroesophageal reflux disease as “backward 
flow of  the gastric contents into the oesophagus due to 
improper functioning of  a sphincter at the lower end of  
the oesophagus and resulting especially in heartburn[1]”.  
The more clinical definition agreed at the Montreal 
Consensus does not make any mention of  the relevance 
of  the LES; “GORD is a condition which develops 
when reflux of  stomach contents causes troublesome 
symptoms and/or complications”. A definition very 
much based on effect rather than cause[2].

Of  course with a little reading, most of  us will 
know that the barrier at the oesophago-gastric junction 
(OGJ) is rather complex with a number of  mechanisms 
impinging on it. Mittal and Balaban’s New England 
Journal of  Medicine article from 1997 highlights 
the fact that the lower end of  the oesophagus is 
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guarded by an intrinsic smooth muscle called the lower 
oesophageal sphincter, an extrinsic skeletal muscle 
called the crural diaphragm, the intra-abdominal 
location of  the LOS, integrity of  the phrenoesophageal 
ligament, and maintenance of  the acute angle of  His 
promoting a “flap valve” function[3-5]. It has also been 
concluded that this structure is very sophisticated 
in the neurophysiologic control of  opening, and its 
anatomical configuration, and with respect to dynamic 
changes in forces from active and passive muscle 
structures in this region of  the body.

DISEASES RELATED TO OGJ FUNCTION
Gastro-oesophageal reflux disease
Gastro-oesophageal reflux disease (GORD) is one of  the 
most common diseases in Western Civilisation. GORD 
can progress to severe complications if  untreated. It 
is a highly prevalent disorder and affects 10%-20% 
of  Western populations[6]. GORD originates from a 
disturbance in the structure and function of  the LOS 
barrier. Anatomical or structural abnormalities occur 
often in the presence of  a hiatal hernia and physiological 
predispositions from abnormal motor function of  the 
LOS and oesophageal body. Dysfunctional oesophageal 
mot i l i t y  coupled  wi th  a  weak  LOS can cause 
uncoordinated propulsion of  food, regurgitation of  food 
and acid into the oesophagus, particularly after meals, 
and in the horizontal position, an inadequate acid/bile 
clearance from the oesophagus.

Achalasia
Achalasia is a motor disorder of  the oesophagus 
characterized by loss of  oesophageal peristalsis and failure 
of  the LOS to relax completely upon deglutition. There 
is a poor correlation between higher sphincter pressures, 
oesophageal emptying and achalasia symptoms in 
general[7]. The origin of  achalasia is still poorly understood. 
There is evidence to implicate familial, autoimmune, 
infectious or environmental causes. Currently, it is not 
possible to determine how the OGJ or the sphincter 
function changes as the disease develops.

DIAGNOSIS OF OGJ RELATED DISEASES
By far the most common OGJ disorder is GORD. For 
most people, GORD is diagnosed by symptoms usually 
at a visit to their general physician or community doctor. 
However, for many people, pharmaceutical treatment of  
GORD does not completely eradicate their symptoms, 
and they must be referred to a gastroenterologist for 
further evaluation and treatment. Usually, the first 
test a gastroenterologist will carry out is an upper 
gastrointestinal endoscopy. This visual test will quickly 
identify the presence of  any erosive disease in the region 
of  the OGJ, and if  there are visible signs of  this erosion 
or Barrett’s metaplasia.

These referrals may also undergo other tests if  
endoscopy is negative. Traditionally, this involved 
oesophageal manometry to evaluate peristalsis and to 

confirm sphincter position and activity. This is followed 
by a 24 h pH study using a catheter based system that 
can incorporate impedance monitoring or a catheter-
free telemetry-type system. Intraluminal impedance 
is increasingly being used to determine whether non-
acid reflux may play a role in patients with PPI-resistant 
reflux symptoms, chronic unexplained cough, excessive 
belching, and rumination[8].

Despite the important role the OGJ plays in reflux 
disease, apart from standard manometry[9], techniques 
have not focused on objectively measuring its function.

ROLE PLAYED BY OGJ
Even with a number of  new tests for reflux disease, it 
is still difficult to determine the actual role of  the OGJ 
in this disease. Of  course, the only test which directly 
measures some aspects of  the junction is manometry, 
and this has been shown, for some time now, not to 
be a reliable predictor of  GERD on its own[10]. There 
has been little emphasis on assessing the mechanical 
properties of  OGJ opening, and little is known about 
the dynamics of  retrograde flow across the OGJ. Thus, 
it is time to revisit this and look at new evidence.

DO WE HAVE THE COMPLETE PICTURE?
If  the OGJ has a role in digestive disease, and if  none 
of  the parameters we use to determine the severity of  
a patient’s reflux disease relate to any direct objective 
and quantitative parameter or parameters, do we really 
have the complete picture? Should more research not 
be carried out into methods to determine the role of  
the OGJ in disease? If  pH studies determine that there 
is too much acid refluxing into the oesophagus, can we 
always be confident that this is due to dysfunction of  the 
LOS? Could it be some other mechanism in the process 
of  digestion, such as peristaltic dysfunction and poor 
oesophageal acid clearance which is malfunctioning and 
causing the disease?

THE OGJ AS A VALVE
If  we accept that the main action or combined actions 
at the OGJ is to narrow and close the junction between 
the stomach and the oesophagus, then we must accept 
that it works in a similar way to a valve. The medical 
dictionary defines a valve as “a bodily structure that 
closes temporarily a passage or orifice or permits 
movement of  fluid in one direction only” (Merriam-
Webster Online Dictionary copyright© 2005 by Merriam-
Webster, Incorporated). In the context of  the OGJ, this 
definition is quite limiting, and I prefer the more general 
web definition of  “A valve is a device that regulates the 
flow of  substances (either gases, fluidized solids, slurries, 
or liquids) by opening, closing, or partially obstructing 
various passageways[11]”. The OGJ function is probably 
better described in this way. It is as much a control 
valve as an “on” and “off ” valve. While food boluses 
and liquids travel antegrade, air and on occasion small 
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amounts of  stomach contents must travel retrograde 
back up the oesophagus for venting purposes.

HOW CAN WE MEASURE VALVE 
FUNCTION?
This, in effect, can be a difficult question. In engineering, 
we can easily measure the performance of  an on/off  
valve by checking it visually. If  the open valve condition 
is created, it is usually possible to observe flow through 
the valve. In the closed valve condition, it can normally 
be inspected for leaks or other forms of  dysfunction. 
If  the valve controls flow rather than shutting off  
completely, then normally there will be a device included 
to determine the flow.

Obviously the situation is much different in the 
OGJ. Much of  the anatomical structure in the region 
is soft tissue. This does not image well radiologically, 
although historically barium studies have given a good, 
but subjective indication of  flow during swallowing. The 
OGJ tends to be very dynamic, and so does not image 
well using magnetic resonance. In addition, the image 
resolution of  current MR technology and CT is of  
insufficient quality to be satisfactory.

Historically, the LOS has been evaluated using 
manometry which uses pressures measured at precise 
points on a luminal catheter to determine the forces 
applied by the squeezing or pushing of  the sphincteric 
regions in luminal organs. Manometry has evolved 
into a very sophisticated procedure for determining 
pressure changes in luminal organs during motility, but 
it is no longer recommended for the diagnosis of  reflux 
disease[10].

FUNCTIONAL TESTING FOR DIAGNOSIS
The flow diagram in Figure 1 outlines the pathway for 
a patient with gastro-oesophageal reflux disease. In up 
to 20% of  cases, there can be a negative or non-optimal 
response to drug therapies such as PPIs or H2 blockers. 
These patients are usually referred to a gastroenterologist 
or in some cases directly to a GI surgeon where the 
severity of  their condition is evaluated. 

Referred patients will most often undergo an upper 
GI endoscopy so that erosive signs of  the disease or 
Barrett’s metaplasia can be excluded. However, up to 
80% of  patients will have a normal endoscopy, and will 
be referred for oesophageal function testing[12]. Most of  
these patients will undergo pH and manometry studies. 
Manometry can be utilized to document landmarks for 
placement of  the pH electrode. The older manometry 
method is to perform a catheter pull-through study 
which will identify the respiratory inversion point 
and establish the high pressure zone at the LOS. This 
would also then indicate the position of  the z-line and 
determine the position of  the 24 h pH catheter, usually 
6 cm above the z-line or 5 cm above the proximal 
margin of  the LOS. The 24 h pH study is then used 
to determine the total time the pH < 4 or a composite 

score of  oesophageal acid exposure. The DeMeester 
score uses 6 parameters (supine reflux, upright reflux, 
total reflux, number of  episodes, number of  episodes 
longer than 5 min, and the longest episode) to calculate 
a score which indicates the severity of  reflux.

Newer methods for determining oesophageal 
function include high-resolution manometry (HRM), 
intraluminal impedance and wireless pH measurement. 
HRM is a method which uses sensors at 12 radial 
orientations and 36 longitudinal positions (1 cm 
intervals). In effect, this sophisticated probe can monitor 
the dynamic activity throughout the oesophagus from 
above the upper oesophageal sphincter to below the 
LES. Recent clinical evaluation has shown two major 
strengths of  pressure topography plots compared with 
conventional manometric recordings. These strengths 
are the ability to (1) delineate the spatial limits, vigor, 
and integrity of  individual contractile segments along 
the oesophagus and (2) to distinguish between loci of  
compartmentalized intra-oesophageal pressurization and 
rapidly propagated contractions[13].

In terms of  reflux monitoring, the main advantage 
of  the wireless pH system is the ability to attach a 
capsule to the inner mucosal surface of  the oesophagus, 
thus negating the need to run an uncomfortable catheter 
through the patient’s nasal passage[14].

The recent development of  intra-luminal impedance 
as a measurement technique has added another option 
to the clinician’s diagnostic armoury. This technique has 
been shown by numerous studies to be a sensitive and 
reliable means of  detecting fluid or gas movement within 
the oesophagus. Hence it is a useful tool for determining 
the presence and extent of  acid and non-acid gastro-
oesophageal reflux, but not the quantity[15-17]. Despite 
these sophisticated tests none can measure the objective 

Figure 1  The pathway for a referred patient with gastro-oesophageal 
reflux disease.
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role of  the valvular effect at the OGJ in oesophageal 
disease.

CAN MANOMETRY MEASURE OGJ 
FUNCTION?
Since the work of  Ingelfinger, Code and Fyke in the 
1950s, most of  the evidence which identifies the OGJ 
as the prime suspect in reflux disease has been based on 
manometric studies[18,19].

From the basic pull-through techniques to the 
development of  the sleeve sensor, manometry has 
been used to describe sphincteric action at the junction. 
However, all the evidence in recent years suggests that 
it is not the ideal measurement technique. Recently, the 
AGA has advised that manometry should not be used to 
verify the presence of  reflux disease. Yet, it is often still 
used as a technique in research studies[10,20-22].

A manometer is actually an instrument designed 
for measuring gas pressure. We should also remember 
from physics that pressure is a measure of  force per 
unit area. Oesophageal manometry is often incorrectly 
defined as the degree of  pressure exerted by the muscles 
of  the oesophageal wall. The less specific definition of  
manometry as a method of  recording pressures within 
the oesophagus is probably more appropriate. Strictly 
speaking muscles do not exert a pressure, they exert a 
force or rather forces in several directions. It could be 
argued that a manometric system cannot measure these 
forces; however, what it can do is use pressure as a rough 
proxy.

Consider the case of  a manometry sensor on a 
catheter type probe suitable for inserting into luminal 
organs such as the oesophagus. Whether it is a water 
perfusion 4 port catheter or a state-of-the-art 36 position, 
12 radial sensor measuring high resolution manometry 
catheter, the sensing principle is the same. Figure 2 
indicates how this concept of  measuring pressure may 

be limiting. In Figure 2A, we can see the manometry 
catheter with the black dot on the catheter indicating the 
measurement point. This point represents a sensor on 
any manometry catheter. When a normal LOS is toned 
or competent, it exerts a squeeze or force on the sensor 
causing it to be engulfed or occluded by the sphincter. 
Hence, the pressure measured provides a reasonable 
representation of  the force in the tightened sphincter. 
However, if  the sphincter is relaxed, as demonstrated 
in Figure 2B, then rather than the lack of  squeeze or 
force present being represented by no or low pressure 
at the sensor, the pressure here is more indicative of  
the state of  the chamber created by the lumen opening 
up between the oesophagus and swallowing. Hence, the 
pressure observed at the measurement point is the force 
over a large area indicated by the shading in the diagram. 
We can conclude from this, when making manometric 
measurements in the LOS, that when the sphincter is 
in the toned state, we are actually measuring under a 
different set of  parameters than when it is relaxed or 
not exerting a force on the pressure measuring sensor 
point. The measurement being made during swallowing 
is also altered by the peristaltic wavefront creating a 
bolus pressure that is pushing through the relaxed OGJ- 
highlighted bolus flow pressure and elastic properties of  
the OGJ.

One of  the biggest developments in manometry 
was the introduction of  the sleeve sensor in 1976[23]. 
Difficulties with reliable monitoring of  maximal 
sphincter pressure with perfused side holes led to 
development of  the Dent sleeve (Figure 3). The 
Dent sleeve recognized that, because of  continuous 
movement within the lumen of  the recording catheter 
and the narrowness of  the region in the sphincter at 
peak pressure, it is impossible to guarantee that you are 
measuring the peak pressure continuously with a normal 
point measurement catheter. The sensing function of  the 
sleeve ensures that it records maximal sphincter pressure, 
regardless of  where the sphincter is positioned along the 
sleeve length. These unique recording properties make 
the sleeve the only sensor that can monitor sphincter 
pressure reliably using a static probe. However, new 
high-resolution manometry catheters are not limited by 
this movement artifact. The pressure drop measured 
by the Dent sleeve or high-resolution manometry is 
sometimes mistakenly assumed to be correlated with 
sphincter opening.

Dent sleeve

Pressure sensitive
membrane

Pressure measurement point

Figure 3  The dent sleeve.

Figure 2  Simple manometry catheter shown in position in the LOS when 
it is toned. A: Manometry catheter with the black dot on the catheter indicating 
the measurement point in the oesophago-gastric junction when a normal LOS 
is toned or competent causing the sensor to be engulfed or occluded by the 
sphincter; B: The pressure is indicative of the state of the chamber created by 
the lumen (area in grey) opening up between the oesophagus and stomach.
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DISTENSIBILITY AS A NEW MEASURE
Recently, a number of  groups have been looking at the 
concept of  distending the junction as a better measure 
of  its performance. This suggestion is not a new idea. In 
fact as early as the 1960’s, Harris and Pope identified that 
sphincters do not necessarily need to squeeze or contract 
tightly to be competent and, therefore, resistance to 
distension by measurement of  radial force should be the 
prime determinant of  sphincteric strength[24]. Studies 
on yield pressure in the stomach were probably an early 
distension method[25,26]. This involved filling air into the 
stomach and monitoring the pressure reading when the 
OGJ was forced to open to allow air to travel up into the 
oesophagus.

In 2002, Pandolfino and coworkers demonstrated 
that the OGJ of  patients with hiatal hernias was more 
distensible and shorter than normal subjects[27]. This 
was done using manometry, fluoroscopy and stepwise, 
controlled barostatic distension of  the OGJ. Then by 
controlling the pressure, the OGJ diameter and length 
were measured during deglutitive relaxation. In reality, 
it is difficult to control pressure in a bag located at the 
distal end of  a narrow diameter catheter.

Shaker et al[28], demonstrated that under different 
conditions, the effects of  muscle action and passive 
elastic tissue on the distensibility of  the junction could 
be determined. The investigators used a barostat bag, 
cylindrical in shape, placed across the OGJ and recorded 
pressure, volume and distensibility as changes in pressure 
related to changes in volume. These changes were only 
a rough proxy for distensibility changes in the digestive 
lumen at the oesophago-gastric junction, since changes 
in the bag volume could be attributed to all forces on the 
bag, and not just those relating to valvular or sphincter 
action. Nevertheless Shaker et al[28] went on to show how 
this technique could indicate an increase in pressure 
at stepped bag volumes, and implied that this was 
related to a reduction in the distensibility of  the OGJ. 
This work clearly demonstrates that a distensibility test 
may be useful in evaluating the effects of  the different 
components on OGJ function.

The functional lumen imaging probe (FLIP) takes 
distensibility testing to a higher level. FLIP allows a 
cylindrical shaped bag mounted on the distal end of  
a catheter to measure multiple cross-sectional areas 
(CSAs) at fixed intervals along the catheter. These 
CSAs can be used to build a dynamic three dimensional 
representation of  the luminal geometric changes in the 
OGJ as the bag is distended on the catheter (Figure 4). 
In this way, luminal changes in the OGJ can be visually 
represented instantaneously, and with high spatial and 
temporal resolution[29,30]. This technique has been shown 
to demonstrate differences in patients undergoing 
endoluminal therapy for reflux[31].

MANOMETRY VERSUS DISTENSIBILITY
So what is the difference between measuring contraction 
or squeezing with manometry, and measuring opening 
or relaxation patterns using a distensibility technique? 
At the top of  Figure 5 a simple series of  drawings 
demonstrates the pattern of  the sphincter part of  the 
OGJ, and how it changes from being toned, compliant 
or competent to being relaxed or incompetent and 
then as it moves through the cycle back to being toned 
again. It can be seen how this cycle is measured using 
a manometry catheter or a distensibility probe such as 
FLIP, which can measure the narrowest CSA in the OGJ 
region. At the time point, represented by the dashed line 
A, the sphincter is contracted or squeezed, manometry 
will indicate by pressure that the force on the catheter 
is relatively high. Moving in time to the point at line B, 
it is evident that the sphincter has started to relax; the 
manometric pressure has dropped significantly since the 
sphincter no longer obscures or squeezes the pressure 
measuring point. Then, at time point C the sphincter 

Distended balloon Catheter

Cross sectional area

Measurements

Sphincter or 
narrowing lumen

Figure 4  The functional luminal imaging probe (FLIP) showing how a 
cylindrical shaped bag mounted on the distal end of a catheter can use 
impedance planimetry to measure multiple cross-sectional areas (CSAs) 
at fixed intervals along a catheter.
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Figure 5  Diagram showing the difference between manometry and cross-
sectional area (CSA) for measuring luminal changes in the oesophago-
gastric junction during opening and closing. At point A where the junction 
is closed, there is a high pressure and a low CSA representing the toned 
sphincteric region. As the sphincter relaxes, very quickly the manometry 
catheter is no longer squeezed, and at point B the pressure is zero or very 
low. However, this opening is detected by an increase in CSA at B. At C the 
sphincter is fully relaxed; but, there is still no useful information from manometry 
despite the CSA increasing even further. The pressure does not start to rise 
again until the sphincter is fully closed and toned at E.
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is fully relaxed or open; there is no significant change 
in the manometric pressure reading from time point 
B. However, the CSA value continues to increase to a 
maximum value. In practice, pressure can tell us the 
difference between a toned and a relaxed sphincter. CSA 
can tell us the difference between an open and closed 
sphincter. It can, in effect, tell us the amount of  opening. 
As the sphincter starts to close and is no longer relaxed, 
it can be observed that manometry is very insensitive to 
this action at time point D, whereas CSA has detected 
the narrowing pattern. Then, eventually, at time point 
E, manometry has detected the squeezing effect of  the 
toned sphincter, and the CSA has reduced to the smallest 
measurable value.

The most significant difference between manometry 
and distensibility is in the type of  measurement. 
Manometry measures pressure which is a proxy of  the 
combined active and passive forces during squeezing. 
Ideally, it does not interfere with the measurement. In 
reality, you cannot measure a toned sphincteric region 
using a pressure point on a catheter which is running 
through the sphincter without interfering with its 
function. Distensibility, on the other hand is more of  
a challenge test. By inflating the liquid filled bag as it 
straddles the OGJ, we are able to measure its response 
to ramped or stepped distension.

CONCLUSION
There are no available objective tests for testing OGJ 
function in routine clinical practice. Current gold 
standard tests for GORD or achalasia tell us very 
little about the role of  the OGJ in disease. Much of  
the evidence for the role of  the OGJ is related to 
manometric studies carried out more than 20 years ago. 
The experts advise us that manometric measurements 
should not be used to confirm GORD. Yet, most 
practitioners accept that there is a strong relationship 
between OGJ dysfunction and reflux disease. It is clear 
that manometry, while being a great tool for assessing 
motility, does not provide optimal information for OGJ 
evaluation.

A distensibility test using a bag catheter probe 
such as FLIP may provide better information on the 
opening and closing dynamics of  the OGJ, rather than 
just relying on the sphincter tonic state as measured 
by manometry. New measurement ideas around the 
concept of  distending the OGJ offer new hope that a 
clinically useable test for compliance at the junction can 
be developed and could potentially help in determining 
appropriate therapy.
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