
dependant upon the intrinsic and extrinsic effects of  its 
own anatomical structure and its position with respect to 
the surrounding organs in this region of  the body. Despite 
its relationship to diseased states of  the oesophagus, no 
objective measurement technique has been developed to 
quantify the normal or abnormal functioning of  the OGJ. 
It is generally accepted that sphincters divide the gut into 
functional segments. They are characterized by a resting 
tension, generally known as muscle tone which is greater 
than in the two adjacent segments. It is common nowadays 
to give the term sphincter a functional meaning rather 
than its original anatomical meaning[1]. The sphincter at 
the lower end of  the oesophagus, the lower oesophageal 
sphincter (LOS), forms part of  the OGJ structure. At 
the OGJ the oesophagus opens into the stomach at the 
cardia. It is important that backflow of  stomach secretions 
into the oesophagus is controlled at the OGJ. The OGJ 
guards against gastric acid moving up into the oesophagus, 
opening only transiently to allow passage of  the swallowed 
food into the stomach. Swallowing is a demanding reflex 
activity[2]. The diaphragmatic hiatus, through which the 
oesophagus passes just at the OGJ, has a role in this 
valvular mechanism[3].

Several other structures are important in maintaining 
a barrier in the OGJ against the back flow of  food and 
the stomach acids into the oesophagus, known as the 
anti-reflux barrier. The intrinsic muscles of  the distal 
oesophagus and the sling fibres of  the proximal stomach 
make up the internal mechanism of  the LOS[4]. The 
muscles of  the diaphragm that connect to the OGJ 
make up the crural diaphragm and this constitutes the 
external LOS mechanism. The tissue that connects the 
distal oesophagus to the crural diaphragm is known as the 
phreno-oesophageal ligament[5].

The OGJ can be distinguished from the body of  the 
oesophagus by its behaviour pattern characteristics. There 
is an increase in the tone of  the circular muscle in this 
region. The sphincter relaxes in response to a swallow 
and this usually precedes the arrival of  a contraction wave 
travelling down the oesophagus. This phase of  relaxation 
is followed by a short-lasting elevation of  pressure above 
resting values[6]. In recent years it has been identified that 
the sphincter sometimes relaxes even when a swallow 
does not occur. These relaxations are know as transient 
lower oesophageal sphincter relaxations (tLOSRs)[7]. Other 
factors contribute to the role of  the OGJ in controlling the 
flow of  solids, liquids and gases between the oesophagus 
and the stomach. Pressures in the abdominal and thoracic 
cavities are involved as well as the exact intra-abdominal 
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Abstract
Despite its role in disease there is still no definitive 
method to assess oesophago-gas t r i c junc t ion 
competence (OGJ). Traditionally the OGJ has been 
assessed using manometry with lower oesophageal 
sphincter pressure as the indicator. More recently this 
has been shown not to be a very reliable marker of 
sphincter function and competence against reflux. 
Disorders such as gastro-oesophageal reflux disease 
and to a lesser extend achalasia still effects a significant 
number of patients. This review looks at using a new 
technique known as impedance planimetry to profile the 
geometry and pressure in the OGJ during distension of 
a bag. The data gathered can be reconstructed into a 
dynamic representation of OGJ action. This has been 
shown to provide a useful representation of the OGJ 
and to show changes to the competence of the OGJ 
in terms of compliance and distensibility as a result of 
endoluminal therapy.
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INTRODUCTION
The oesophago-gastric junction (OGJ) is located between 
the oesophagus and the stomach. Its dynamic action is 
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location of  the junction. Time and posture are also 
important factors.

The role of the OGJ in disease
Disorders of  the OGJ in general relate to two diseased 
states. Conditions where the disease may be related to 
an OGJ not closing normally are generally referred to as 
gastro-oesophageal reflux disease (GORD) and conditions 
where the OGJ fails to relax or open, which is referred to 
as achalasia.

Gastro-oesophageal reflux disease
GORD symptoms are very common in the general 
population affecting up to 44% of  the US population at 
least once a month and 20% of  the population once a 
week[8,9]. It has been shown that patients suffering from 
GORD have a lower health related quality of  life than 
patients with angina and mild heart failure[10]. There is solid 
evidence that incompetence or dysfunction of  the OGJ 
is a primary determinant of  GORD. Three mechanisms 
at the OGJ lead to an increased number of  acid  reflux 
events associated with GORD: tLOSRs, free reflux during 
periods of  low LOS pressure or deglutitive relaxation of  
the LOS[7,11-13]. Much more needs to be learned about the 
dynamic action of  the OGJ if  we are to fully understand 
its role in GORD. Current treatment of  GORD is with 
acid suppressing drugs such as proton pump inhibitors but 
for those refractory to pharmacological treatment surgery 
is often recommended. The surgery of  choice for GORD 
is the laparoscopic Nissen fundoplication[14]. 

Achalasia
Achalasia is an oesophageal disorder of  unknown cause 
characterized by aperistalsis of  the oesophageal body and 
impaired relaxation of  the lower oesophageal sphincter[2,15]. 
It is a relatively rare disease and in Western countries the 
annual incidence is in the range 0.5 to 8 cases per 100 000 
people[16]. It can be difficult to make a diagnosis in some 
patients because of  vague symptoms. Symptoms can 
emerge slowly and patients adapt. The diagnosis can be 
confirmed by endoscopy and manometry[17]. Developing a 
device that can profile the OGJ will contribute greatly to 
the understanding of  this disorder, which often manifests 
as a permanently constricted or toned sphincter. Surgical 
performance of  an oesophageal myotomy is the treatment 
of  choice for some severe cases of  achalasia[18]. Currently 
the laparoscopic oesophageal Heller-Nissen procedure is 
commonly used[19].

Biomechanics of the OGJ
Biomechanics are the laws of  mechanics applied to 
biology[20]. There is an increasing recognition of  the 
importance of  tissue biomechanical properties for 
function, e.g. organ geometry, resting conditions and 
elasticity is determinants of  flow in the organ and sensory 
responses in the neural circuits. When dealing with 
biological tissues, solid mechanical parameters such as 
the relation between forces (membrane stress resultant, 
tension) and deformation (often expressed as a strain) 

McMahon BP et al. Functional OGJ imaging	                                                          			           2819

www.wjgnet.com

are important to evaluate. The mechanical properties of  
the OGJ are important determinants of  its distensibility 
and competence. In vitro studies have shown potential 
in measuring biomechanical parameters in the OGJ[21-25]. 
Very few methods exist for assessment of  mechanical 
properties in the GI tract in vivo. One method is impedance 
planimetry from where the cross-sectional area (CSA) 
and pressure data can be gathered and the wall tension 
and strain in the organ can be estimated[26]. Other 
methods rely on the combination of  bag distension and 
manometry with high resolution imaging techniques such 
as 3D-ultrasound of  the gastric antrum[27] or MRI of  the 
rectum[28]. Manometry is of  course a simple biomechanical 
measurement. Its use will be mentioned again later.

M e t h od  s o f e v a l u a ting    O G J 
function
In 1964 Mann et al[6] suggested that the zone separating 
the lower end of  the oesophagus from the stomach can 
be recognized in two different ways, by its distinguishing 
anatomic features and its unique patterns of  behaviour. 
A huge amount of  knowledge about the anatomy of  the 
OGJ has been assembled over the last 40 years, but much 
of  our limited understanding of  the behaviour has been 
related to manometric studies using single or multiple 
pressure recordings or a sleeve placed in the OGJ. While 
manometry provides useful information on motility within 
the lumens of  the digestive tract, it may be more restrictive 
in what it can tell us about sphincteric regions such as 
the OGJ and their dynamics. Harris and Pope found 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[29]. Measurement 
of  luminal pressure, however, is not a direct measure of  
muscle tone and tension. It is merely a proxy of  changes in 
force generated by the surrounding tissues[27,30].

No clinically acceptable quantitative method exists to 
directly measure OGJ mechanical function. Intraluminal 
pressure recordings is the only objective measurement 
technique for determining the competence of  the LOS, 
but it is usually the more indirect method of  measuring 
acid reflux in the oesophagus which is the key determinant 
of  failure of  the OGJ to inhibit flow. Thus, pH-metry 
rather than manometry is the recommended test for 
GORD[31].

Usually in medicine dynamic diagnostic imaging 
methods can be used to visualize and evaluate anatomical 
structures similar to the OGJ. Currently none of  these 
methods give sufficient dynamic detail to contribute to the 
routine diagnosis and treatment of  diseases of  the OGJ. 
Recent developments in material sciences and technology 
have allowed the OGJ’s resistance to distension to be 
studied using parameters such as distensibility, opening 
patterns and dimensions and flow rate[32-34]. It is becoming 
apparent that these measurements may be useful in 
determining the success of  therapeutic interventions such 
as surgery[35]. However what is needed is a technique with 
high spatial and temporal resolution for determination of  
sphincter geometry and mechanical factors.
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Impedance planimetry
Principle of  Impedance Planimetry: Impedance plan-
imetry (IP) is a technique established by Gregersen and 
coworkers for performing bag distensions in the GI tract 
(Figure 1). It has been used extensively to provide a single 
measure of  CSA together with bag pressure in animal and 
human studies using electrical measurements inside the liq-
uid filled bag[36]. Hence the term impedance planimetry. If  
we fill a polyurethane bag with saline and pass a constant 
current through it, the CSA is inversely proportional to the 
voltage across the sensing electrodes. If  all other parame-
ters are kept constant then the impedance becomes related 
to the CSA of  the bag between the sensing electrodes.

                                   
CSA

V 1
a ,

Many studies have shown the usefulness and reliability 
of  IP in the oesophagus of  healthy volunteers and 
patients[37-54]. Rather than analyzing distension data based 
on pressure-volume relationships as is the case with 
the “Barostat”, IP enables data on the CSA of  the bag 
during distension to be gathered. CSA shows a better 
relationship to the diametrical changes in the alimentary 
lumen than volume[27]. However, by far most studies have 
been done using a single CSA recording inside the bag 
rather than obtaining a series of  CSAs. Due to previous 
limitations, it has only been used in a few studies in 
sphincter regions[55,56]. These limitations related to the 
difficulties placing the measurement electrodes at the point 
of  most interest and the fact that distending a bag in a 
high-pressure zone tends to displace the bag during the 
measurements. 
Multiple measurements: A recent pilot study in the 
porcine rectum demonstrates how an IP probe placed 
in the rectum with 5 sensing electrode pairs with 2mm 
between pairs and 2cms between sets can detect contractile 
events at different levels along the longitudinal axis of  
the gut (Figure 2)[39,57]. This multi-electrode technique 
demonstrated how a balloon with a conducting liquid and 
a constant current source set up across two excitation 
electrodes can measure multiple CSAs by measuring the 
voltage across multiple electrode pairs within the electric 
field.

There are a number of  potential sources of  error in 
multiple measurement IP systems. Electrodes placed too 

close together will interfere with each other. The number 
of  wires required to make the electrical connections goes 
up and therefore the potential for interference, liquid 
leaking into the probe and bad electrical connections is 
much. 

Manometry
Manometry has been used for more than 50 years to 
monitor motility in the gastrointestinal tract. Since 1977 
reliable methods have been available to obtain accurate 
measurements of  force of  closure of  the lumens of  the 
intestine when contracting. These system often use reliable 
perfused hydraulic-capillary systems where pressure at a 
sensor outside the body can be used to accurately measure 
pressure at a point along a catheter via a low flow rate 
perfused channel[58]. This system has been used extensively 
to measure force via a pressure measurement in lumens 
and in liquid filled balloons. Errors in manometric 
readings can be caused by air bubbles in the capillary lines, 
occlusion of  the measurement site and the compliance 
of  the recording system but in general if  well set up they 
produce accurate readings. In more recent years catheters 
with solid state transducers are becoming more popular 
for pressure reading and these overcome some of  the 
measurement problems.

Using manometry to determine the competence 
of  sphincteric or valvular regions in the lumens of  the 
digestive tract is however dubious. Dent recognized the 
problem of  positioning the measurement point 30 years 
ago and proposed a solution[59] and others tried to follow 
suit[60]. But pressure is a measurement of  force over area 
and this may not be a proper measure of  the function of  
a valvular region. As suggested by Pope and Harris we 
cannot assume that just because a sphincter is closed that 
it has a contract force or in the terminology of  manometry 
that if  it has a high lower oesophageal pressure it is 
deemed to be competent.

Calculation of wall tension
Law of  laplace : For a membraneous cylinder with 
transmural pressure P and radius r the circumferential 
tension T can be given by :
                                         Pr = T
Use of  Laplace’s law is based on the assumption that the 
geometry of  the segment is circular and cylindrical and 
that the wall thickness is very small.

Figure 1  Sketch of a conventional impedance planimetry probe with a single set 
of excitation (E) and sensing (S) electrodes for the measurement of cross-sectional 
area in the middle of the bag. D is the distance between the sensing electrodes.

Figure 2  Diagram showing multi-electrode probe by Andersen et al for measuring 
5 CSAs in the porcine rectum.
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Measurements using multi-electrode Impedance planime-
try in the oesophagogastric junction
We have demonstrated that a multi-electrode probe with a 
cylindrical bag mounted and filled with saline can be placed 
in the OGJ and that data on a number of  CSAs in this 
area can be measured[49]. Figure 3 shows results of  3 CSA 
measurements 8 mm apart measured from distension of  
a bag in the OGJ of  a healthy volunteer. The plot shows 
how the most distal CSA (D) measurement increases more 
rapidly than the middle CSA (M) as a constant volume of  
saline is filled in to the bag. For the most proximal CSA (P) 
the converse is true. This suggests that distally the OGJ 
is more compliant than proximally. This work also dem-
onstrated for the first time how wall tension in the OGJ 
can be estimated from simple distension measurements. 
This preliminary version of  the multi-electrode technique 
demonstrated that a probe can be placed in the OGJ and 
that data can be successfully collected. However, there 
were limitations such as the fact that there were only three 
measurements made. A narrowing region such a sphincter 
can not be profiled very well with three CSA measure-
ments unless the exact position of  the sphincter is located 
and maintained. Another limitation is the outer diameter 
of  the catheter on which the bag is mounted. In this case 
it was 4.5 mm. If  the sphincter is to be distended from as 
close to the closed position as possible then a smaller cath-
eter needs to be used.

Figure 4 shows how a probe capable of  measuring 8 
CSAs could be used to profile a sphincter region. It is quite 
obvious that a larger number of  sensing pairs could be 
more useful in providing a geometric profile. Consequently 
a more elaborate probe for measurement of  up to 8 
CSAs in the region of  the oesophago-gastric junction 
was developed. This probe can measure CSAs at 4 mm 
intervals through the OGJ thus spanning a measurement 
range of  28 mm.

Figure 5 shows the data from the 8 CSAs during a bag 
distension at a fixed flow rate of  40 mL/min to a volume 
of  60 mL. The information in this format can be difficult 
to decipher. A probe to make these measurements has 
been validated and test in a healthy control subject[57]. 
Since the OGJ is such a dynamic organ it is its functional 

activity which can be more of  interest. Hence it is possible 
to generate an illustration of  the geometric changes in the 
OGJ.

If  we introduce the idea of  demonstrating the CSA 
changes dynamically as reconstructed data we introduce 
a new concept known as the functional lumen imaging 
probe (FLIP). The concept suggests that by gathering 
data on the dynamic changes in the geometry of  the OGJ 
during normal physiological changes we can represent 
these changes by recreating the geometry in a three-
dimensional image. The FLIP technique can be used to 
monitor geometric changes in the behaviour of  the OGJ 
during bag distension as can be seen in Figure 6. Here the 
dynamic data is reconstructed demonstrating the effect of  
the balloon distension on the amount of  OGJ opening.
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Figure 3  Plot showing the changes in the CSAs at the proximal (P), middle (M) 
and distal (D) electrode pairs as the balloon is distended at a constant flow rate 
indicated by the increase in volume.

Figure 4  An example of how a probe which can measure 8 CSAs could profile the 
geometry of the narrowing region of a bodily sphincter.
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FLIP can quantify changes in compliance of  the OGJ 
after endoscopic suturing at the OGJ in a pig model[61]. 
Figure 7 indicates how the geometric reconstruction can 
be used to indicate changes in the profile of  the OGJ after 
endoscopic plication. The pressure is higher, the CSA is 
smaller and subsequently the wall tension has increased 
after the plications are inserted. These measurements 
indicate that the OGJ becomes less compliant after 
plication. No direct measure of  the effects of  these 
therapies on the OGJ has been demonstrated before. 
Recent studies have expressed concerns about the efficacy 
and durability of  these procedures[62-65]. FLIP may in 
fact reveal new information on the mechanism of  action 
behind these new reflux therapies. In effect it suggests that 
endoscopic suturing augments the compliance of  the OGJ 
to make it less compliant. Perhaps patients could now be 
selected better for these procedures if  their compliance 
can be confirmed to be abnormal in the first place and 
maybe the success of  the procedure could be determined 
directly at the time of  the procedure so for example more 
stitches can be added if  necessary.

Since GORD patients are such a large group perhaps 
this is the most important area for FLIP to be developed. 
The probe can distinguish between patients for reflux 
surgery and normal controls. These are of  course the 
extreme group of  patients.  Further studies are of  course 
necessary on larger cohorts of  patients and controls.

We have recorded with the FLIP the compliance of  
the OGJ intra-operatively during oesophageal myotomy 
for achalasia (as yet unpublished findings by the authors). 
FLIP offers a more sensitive and possibly a better tool 
than manometry and may be used for evaluating effects 
of  surgery during the procedure as opposed to using 
manometry more as a blunt instrument before and after as 
used by Arain et al[66]. FLIP could provide a valuable new 
tool for the oesophageal surgeon.

Summary
Work already carried out shows for the first time that 
CSA and pressure measurements in the OGJ can be used 
to measure distensibility by an entirely new technique. It 
demonstrates how the already established technique of  
impedance planimetry can be used to measure geometry in 
vivo in the human oesophagus. It also shows that there is 
validity of  these new measurements, their appropriateness 
for use in sphincteric regions in the body and their 
comparable accuracy has been shown with ultrasound. It 
has been indicated how the measurement could be used 
practically. Safety and efficacy has been demonstrated. The 
work also demonstrates how this new measure could be 
used as a functional imaging technique. Preliminary studies 
have shown potential applications of  the probe. It could 
prove to be a very valuable tool in endoscopic therapies. 
It can distinguish between normal and a stitched OGJs in 
live pigs.  

As a resistance to distension test this better describes 
the sphincteric action of  the OGJ than tonic contraction. 
Even advanced manometry uses such as volume vector 
analysis, the Dent Sleeve or the Sphinctometer all rely 
on the principal that there is a force of  contraction 

always present when the sphincter is closed[59,60,67-70]. With 
FLIP this assumption is not made and it presents more 
of  a challenge test to the sphincter. The technique also 
represents a more direct technique to evaluate the OGJ 
using opening patterns with manometry and intraluminal 
impedance[71].

Some other techniques for measurement of  resistance 
to distension by other investigators are promising and 
confirm that the principals describe here have great 
potential for merit. However these other approaches are 
limited in a number of  ways. The technique described 
by Pandolfino, although it is similar in its measurement 
design to FLIP, it requires fluoroscopic imaging[32,33,35]. It 
also depends on the pressure being controlled. Pressure 
control is difficult to achieve by increasing and reducing 
volume through a narrow catheter. Using pressure-volume 
data from the barostat to quantify distensibility does not a 
good basis in the application of  the physical sciences. The 
bag on a barostat can expand in all directions we cannot be 
sure that an increase in the volume is reflected by a change 
in the geometry of  the OGJ. This suggest that using this 
technique is of  limited use[34]. Our findings in patients with 
achalasia confirmed this. 

Perspectives
FLIP represents the first validated data on a probe capable 
of  measuring OGJ compliance in a simple and time-
saving procedure. It represents the opportunity to define 
the exact role of  the OGJ in dysmotility and disease. As a 
new technique rather than representing a completed work 
it opens up a new door and perspectives on the junction 
whose function has been the subject of  debate for many 
years. Future work and improvements in electronics and 
material sciences will mean that the resolution of  the 
FLIP can be increased dramatically. Design materials have 
been carefully chosen to minimize signal error. The lower 
oesophageal sphincter or the oesophagogastric junction 
are often cited as being the prime causes of  reflux disease, 
yet despite this very few research groups are investigating 
new ways to evaluate this dynamic structure in the 
gastrointestinal tract[32,34].

Much work has been done in extending manometric 
measurements enhancing pH measurement techniques to 
further evaluate the effects of  acid in the oesophagus[72] 
and developing new techniques for measuring bolus transit 
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Figure 7 Geometric profile of the porcine OGJ before and after the placement of 3 
sutures in the OGJ. T indicates the point where wall tension was measured.
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both down to the stomach and back up into the oesopha-
gus using intra-luminal impedance[71]. However, none of  
these techniques have overcome the fundamental question 
of  how the OGJ function can be quantified.

FLIP may provide the answer to this question. In a 
way trialing the probe in the OGJ was probably the most 
challenging and perhaps experiments in another sphincteric 
region would have been more straight-forward where the 
dynamic activity would be slower. FLIP may have a role in 
determining biomechanically the root cause of  diseases. It 
can be used for evaluating therapy for example endoscopic 
and surgical therapy for reflux. It may be possible to use it 
intra-operatively during Nissen fundoplication, for example 
where the tension of  the wrap is extremely important. It 
may also be possible to explore other sphincters in the 
body with FLIP so that the relationship between their 
biomechanical properties and their relationship to disease 
can be further defined.
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