
Why Production Forecast Affects Sterilization Method 

 
One of the requirements for risk assessment for many medical devices is proof of a 
validated sterilization cycle, as defined by the ISO 10993 standard. In choosing what 
sterilization method to use for their terminally sterilized devices, medical device 
companies typically consider two factors – what materials the device is made of, and 
which sterilization method the device can withstand.  And while it’s true that some 
materials and product designs dictate a specific sterilization process, many devices 
can be sterilized by more than one method.  
 
When a manufacturer has a choice between sterilization methods, the decision is 
sometimes as simple as, “We’ll use this method because we’ve used it before and 
we’re familiar with it.” But what manufacturers should also consider is the 
relationship between their production forecast and the cost of different sterilization 
methods.  
 

In this paper, we’ll demonstrate the effect that your production forecast has on the 
up-front and long-term costs for two of the most common sterilization methods. But 
first, let’s start with an overview of how these two methods work and the basic 
design considerations that may influence which sterilization method is best for your 
product. 
 
Sterilization Methods 

 
There are many processes by which a medical device can be sterilized, but by far the 
most common methods used for terminally sterilized, single-use medical devices are 
ethylene oxide gas (EO) and gamma radiation.  
 
EO Sterilization 
 
Ethylene oxide gas kills any microorganisms that it comes into contact with, and it’s 
acceptable for a wide range of materials. From a technical standpoint, the primary 
consideration regarding EO sterilization is that, in order to be effective, the gas must 
have direct contact with the microorganisms. This means that the gas must be able 
to flow to all surfaces of the item being sterilized, making product and packaging 
design a key factor in whether EO is a feasible sterilization method.  
 
The temperatures required for this method range from 50 to 60 degrees C, and also 
exposes the product to humidity while being completed under vacuum. The cycle 

Because of the disparities in up-front and ongoing costs among different 

sterilization technologies, investment in determining the right approach early 

in the product development cycle is easily justified. 



time can be as long as 16 to 18 hours, and because EO can leave toxic residues that 
pose physical and health hazards, the sterilized items must be outgassed and tested 
after sterilization is complete.   
 
EO gas is highly flammable, so sterilization takes place in an explosion-proof 
chamber. Contract sterilizers offer chambers of various sizes (typically measured in 
number of pallets the chamber can hold), including some as large as a truckload. As 
we’ll see later, when considering EO, chamber size has a significant influence on 
sterilization cost. 
 
Gamma Sterilization 
 
Gamma sterilization uses radiation energy, in the form of electromagnetic waves, to 
disrupt the microorganisms’ DNA. The use of electromagnetic waves allows 
sterilization to be achieved on complex geometries and through non-porous 
packaging.  
 
Sterilization using gamma radiation takes place at atmospheric pressure and 
relatively lower temperatures (30 to 40 degrees C).  Because gamma sterilization 
doesn’t require outgassing, it is typically faster than the EO method. 
 
In gamma sterilization, product is placed on a conveyor and moved through a 
radiation field. In this case, the number of units that can be sterilized in one batch 
depends on the number of carriers on the conveyor.  Gamma sterilization is typically 
quoted as a minimum lot size, but the maximum quantity allowed in a lot is typically 
larger than the one- and two-pallet chambers commonly offered by contract 
sterilizers. 
 
It’s important to note that gamma radiation can discolor and change the physical 
properties of some materials, including PVC (polyvinyl chloride), PTFE 
(polytetrafluoroethylene, commonly known as TeflonTM), polyethylene, and acetal 
(polyoxymethylene, also known as POM). Gamma radiation can also have adverse 
effects on glues and adhesives. 
 
Production Forecast and the Business Case 

 
As you can see, there are instances in which the product design or materials will 
dictate the best sterilization method. But for devices that can withstand either EO or 
gamma radiation, the decision of which method to use comes down to the 
relationship between production forecast and up-front versus ongoing costs for 
each method.   
 
Validation Cost 
 
Before production can begin, the sterilization method must be validated to ensure 
that the dosage (of gas, in the case of EO, or of radiation, in the case of gamma 



sterilization) successfully kills all microorganisms. The cost of validation includes 
two components: the cost to do the validation, plus the cost of the product required 
for the validation process.  
 
With EO sterilization, there are decisions to be made concerning sterilization batch 
size.  The sterilization process is a batch process that can be validated for both 
minimum and maximum quantities.  For the maximum batch size, it is common to 
fill the chamber completely to ensure that the validated quantity is never exceeded 
during normal production.  For this reason, validation is often done with both actual 
product and dunnage that reasonably approximates the product in ability for gas 
penetration and density. Using dunnage in place of actual product can offer a cost 
benefit if the product is expensive compared to a similar dunnage item. If the 
required quantity of product needed to complete sterilization validation does not fill 
up the chamber, dunnage can be used to “fill in” the remaining space. Therefore, 
from a cost standpoint, it’s important to align your validation quantity with the 
chamber size used for validation.  
 
Even though you’ll spend more in product costs, it may be beneficial to validate the 
maximum quantity that your highest-case production scenario calls for. For 
example, if you validate at a quantity of 1800 units, when your demand starts to 
exceed 1800 units per lot, you’ll need to perform a new validation at the higher 
quantity before you can begin sterilizing more than 1800 units at a time. 

 
Gamma validation typically requires far less units of product.   There is no chamber 
to fill with Gamma, and the dose can be maintained with varying quantities of 
product.  Also, since gamma sterilization is based on radiation rather than gas, it 
doesn’t require that dunnage be used to “fill in” a chamber or pallet. The 
combination of fewer units of product required for validation, plus the benefit of not 

requiring dunnage, makes validation less expensive in many cases for gamma 
radiation than for EO. 
 
Production Forecast 
 
In the overall picture, the production cost of sterilization is typically the least 
influential factor in choosing between EO or gamma methods.  The business case 
rests more on the capital costs (validation and ongoing verification) than on the 
production cost of sterilization.  However, production cost is closely intertwined 
with the decisions made during validation. 
 

The capacity of a sterilization chamber, together with your production forecast, 

play a significant part in determining the number of units required to complete 

validation and your on-going capacity constraints. 



Recall that for EO sterilization, validation is conducted on a specific maximum (and 
minimum) quantity. If your production forecast was low, and your batch size 
exceeds your validation quantity, you’ll incur the cost of two (or more) sterilization 
cycles for each batch of production.  
 
For gamma sterilization, although you don’t have to validate using a specific 
quantity, if your production batch size exceeds the maximum amount that the 
chosen gamma conveyor can handle, you’ll incur the cost of sterilization cycles for 
each of your production batches. 
 
To put it simply, you need to consider your economic production quantity versus 
the economic sterilization batch size.  
 
Ongoing Verification 
 
To ensure the continued effectiveness of the sterilization dose, the manufacturing 
environment and the bioburden must be periodically verified.  
 
In order to verify the ongoing effectiveness of EO sterilization, a re-validation must 
be performed every three years. The cost for EO re-validation is typically fixed, and 
often runs between $12,000 and $17,000.  
 
For gamma sterilization, ongoing validation is ensured through quarterly dose 
audits, which must be performed once you have a validated process.  Dose audits 
require a small number of devices and can be performed as part of a production run. 
The cost burden of dose audits depends on whether any sterilization runs take place 
in a quarter.  (If no product is sterilized during a quarter, then a dose audit doesn’t 
have to be performed in that quarter.)  In other words, if product is sterilized in 
three quarters out of the year, then three dose audits will need to be performed. 
 
 

 
Product preparation prior to sealing a tray with a sterile barrier 

 



Case Study: One Product, Two Forecast Scenarios 

 
The business case justification for sterilization method sometimes comes down to 
one critical factor: the production forecast. To demonstrate, here’s an example of 
how two different forecast scenarios can impact the cost disparity between EO and 
gamma sterilization. 
 
 

 
Low-Volume Production Forecast 

 

In this first case, the product is launched at an annual quantity of 400 units, and the 
forecast ramps up to 55,000 units in year five.  
 
To reduce upfront validation cost with EO, the manufacturer chooses to validate a 
relatively small number of units and “fill in” the chamber with dunnage.  The 
validation cost of EO is significantly higher than the validation cost for gamma 
sterilization, which requires fewer units of product and no dunnage.  In fact, the 
validation cost for EO is so much higher than for gamma, that even though gamma 
has higher yearly production costs and requires quarterly dose audits, these costs 
never make up for the cost disadvantage that EO incurred due to validation. 
 

 
High-Volume Production Forecast 

 



In the second case, the launch quantity and production quantities are much higher, 
launching at 25,000 units and ramping up to 200,000 units in year five. With larger 
forecasted quantities, the manufacturer decides, for EO, to use a larger chamber and 
validate a higher quantity of units. This will reduce the number of sterilization runs 
required each year.  
 
Still, EO sterilization begins at a significant disadvantage due to the cost of product 
and dunnage required for validation. But in this high-volume scenario, gamma 
sterilization requires multiple quarterly dose audits each year. This added annual 
cost begins to negate the advantage that gamma sterilization had due to lower 
validation costs. The two methods start to approach cost parity by year five.  
 
It pays to investigate sterilization method early in the development cycle 

 
Sterilization can account for as much as 30 percent of your product development 
timeline and 20 to 30 percent of your budget, so it’s important to address it early in 
your development cycle.  The interplay between production forecast, chamber 
capacity, and validation quantity make choosing the best method a complex task.  
 
Over 90% of the devices manufactured at Phase 2 Medical Manufacturing, Inc. are 
terminally sterilized.  Phase 2 works closely with customers to assist in the correct 
approach for sterilization of their complex, single-use devices.  A key factor in the 
selection process is a solid production forecast to guide your choice of sterilization 
method.  This reduces the risk of spending more time and money than necessary, 
both during the design and development phase and during ongoing production. 
 


