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At ImageWorks, we are frequently asked 
by our dental customers for help in gaining 
a better understanding of digital x-ray 
technology.  A large part of our mission is to 
empower dental professionals with 
knowledge to help them make the most of 
their technology.  In the spirit of this, we 
thought it might be useful to shed some 
light on some of the basic underpinnings of 
panoramic image quality, so dentists can be 
more educated in designing their digital 
o�ces.

Image quality can be a highly controversial 
topic for many reasons.  First, there are so 
many variables that can a�ect the quality of 
the digital panoramic, from the type of 
software that is used to the quality of the 
screen that displays the image.  Second, 
there are di�erent perspectives about what 
defines a “high quality image”.  Finally, and 
perhaps most importantly, there are many 
opinions about what level of image quality 
is “good enough” to provide adequate care 
to the patient without inflating costs of 
already expensive equipment.  

In the end, the answer to this question will vary depending on how dentists utilize digital 
panoramic x-rays to best serve their patients.  One frequently-asked question is to what extent 
can (or should) panoramic images be used as an alternative to intraoral images.  While the FDA 
and ADA seem to favor  intraoral imaging as the tool of choice for deep diagnosis, The ADA and 
FDA specify panoramic imaging as a viable radiographic examination for many of the patients 
seen in a dental practice. 
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What Enables High-Quality Images?

We find that for those dentists who are utilizing panoramic imaging to complement their 
intraoral tools, generating high-resolution images provides them the confidence that 
panoramics can be an appropriate alternative to intraorals in certain situations. This can help 
the practice perform these studies in a fraction of the time and at much greater patient comfort. 
In addition, panoramic imaging allows radiographic diagnosis and review of the entire 
Maxillo-Facial complex, revealing regions and structures that are not imaged utilizing 
intra-oral images only.  For dentists that utilize bitewing or FMX capabilities of panoramics, it 
becomes especially critical that these panoramic units o�er a very high-quality image, and 
likewise, a high-quality panoramic image can greatly reduce the number of intraoral images 
required.

As mentioned, there are many variables that can a�ect image quality.  However, we have found 
that there are two aspects that tend to have the biggest impact:  the quality of the panoramic 
sensor and the positioning of the patient.

The sensor is (in simplest terms) a microchip that registers various levels of radiation across its 
surface, and its job is to convert this radiation into a digital signal.  The two sensor 
characteristics that are most commonly associated with the diagnostic quality of an image are 
contrast resolution and spatial resolution.

Contrast resolution represents the level of 
detail in the grayshades of the image, which 
translates to density detail, and this is driven 
by the bit rate, or bit depth, of the sensor.  The 
bitrate represents how many options of 
grayscale can be presented in each pixel.  A 16 
bit sensor can present 65,536 (2 to the 16th 
power) di�erent grayshades in each pixel.  A 
15 bit sensor can present 32,768 (2 to the 
15th power) di�erent grayshades, and so on.  

Because of the binary relationship, there is a 
dramatic di�erence in the contrast capability 
with relatively small changes in the bit rate. 
For instance, a 16 bit sensor can present 8 
times the number of grayshades as a 13 bit 
sensor.  Typical panoramic sensors range 
from 13 to 16 bits.

1. Sensor Quality

Contrast Resolution

Contrast Resolution by Sensor Type
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If the arch does not align 
with the focal plane of 
the digital panoramic, 
a poor quality image 
could result

Spatial resolution represents the level of detail in the size of the image.  The characteristic of 
the sensor that directly influences resolution is pixel size.  Roughly speaking, the smaller the 
pixel size, the greater the resolution.  One can imagine laying paper cups on the front lawn 
during a rainstorm to measure how much rain came down at each location.  The smaller the 
size of the cup that is used, the more precisely you can determine the rainfall at that specific 
location. Usually, the pixel size is measured in micrometers, or microns, (µm) and typically 
varies across panoramic units from 60 µm up to 200 µm.    

As one might imagine, this image may have significantly degraded resolution. More 
importantly, if the quality of the sensor is already of a lower level, misalignment of the position 
will only further degrade the resulting image.

We like to highlight two important tools that we believe can greatly assist with patient 
positioning, and therefore the quality of the resulting panoramic image.

The second item that influences the quality of 
a panoramic image is one of the most 
frequently overlooked: patient positioning. 
A panoramic x-ray unit could have the 
highest performing sensor on the market, but 
patient position misalignment will 
frequently result in a disappointing image.

Here’s an example.  Imagine a dental 
technician who is working in a busy o�ce. 
He positions the patient using the laser 
guides.  Then, as the technician shifts his 
attention to the settings on the panoramic 
unit, the patient moves back ever so slightly. 
Now, further imagine that the arch of the 
patient doesn’t exactly match the preset 
technique factor that is selected.

2. Patient Positioning

Spatial Resolution

FOCAL PLANE



This is a lesser-known, but very powerful 
capability that can further optimize 
resolution of images taken with poor 
positioning.   It is enabled by capturing 
image data at many di�erent depths, or 
focal layers, as the sensor scans across the 
dentition.  All the data is extracted by the 
processor in the sensor from the single scan, 
so there is no increased level of dosage.  An 
analogy for this is to imagine that a typical 
panoramic is represented by a series of 
single “snapshots” that are strung together 
end to end.  A system with positioning 
correction capability is able to capture many 
“stacks of snapsots” across the dentition.  

As a result, the system (or the user) can 
select from many options of images. 
Therefore, if the patient is positioned 5 mm 
too far forward, the positioning correction 
capability has captured the series of 
“snapshots” along the focal plane that is 5 
mm in front of the expected position, and 
this optimal image can be presented.

Utilize the positioning lasers to 
establish a level Frankfort plane, and 
to center the patient in the machine.

Use the temple supports to stabilize the patient.  In addition, these temple 
supports can assist in “measuring” the patient to assist in selecting the 
appropriate technique factor, which can further enhancing image quality.

Prep the unit before bringing the 
patient to the panoramic.  This will 
allow for complete focus on proper 
alignment of the patient without 
distraction.

Ask the patient to place their tongue 
on the roof of their mouth, or ask 
them to swallow before the scan to 
eliminate air space and equalize the 
density in the region.

Have the patient shu�e their feet 
forward while keeping their head in 
position, and holding on to stabilization 
bars. This will help to minimize how 
much spine shows up in the focal plane.

There are a number of best practices, but some of the key ones that we recommend include:

First is to utilize best practice positioning techniques.

Second is to utilize a digital panoramic x-ray that can correct for imperfect patient positioning.
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With a system that does not have this capability, the only image available will be a focal plane 
which may not align with the dentition, and the result may be a poor image.  Even with good 
technique, the shape of the arch still may not exactly align with the focal plane of the scan 
(even after choosing preset arch shapes that are typical options with most panoramic x-ray 
machines), so the position correction capability can have powerful enhancements even when 
compared to studies which use proper technique.

This capability is only possible when both the software, and the sensor have certain 
capabilities.  

First, the sensor must have the ability to capture and process large amounts of data very quickly 
(so that it can capture “stacks of snapshots” in the time it takes to scan).  Only sensors that 
convert X-Ray directly to digital signals can execute at the speeds required for this function. 
More common are sensors that must convert the X-Ray to light first because the sensor material 
is not sensitive enough to register signals from the X-Ray alone.  The downside of converting to 
light first is that this extra step slows the processing of the sensor such that capturing multiple 
focal planes is not possible.

Second, the software must be able to seamlessly select the focal plane that will present the 
most useful image for the dentist.  In addition, it must also allow the user to manually adjust 
the focal plane if certain areas require additional focus.  This capability also allows the dentist 
to save multiple panoramic views from a single patient scan.

In the end, every dentist and every practice has to determine the right trade-o� between image 
quality and other characteristics (such as price, footprint, or overall quality). However, 
regardless of where dentists are on the spectrum, ImageWorks is a big believer that knowledge 
is power in helping dentists make the right decision.
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