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The NPS includes a patented vacuum chamber that is lighter 
and has fewer moving parts than most other systems. The NPS 
system features lower trim lines and a specialized alignment tech-
nique to allow for a more natural gait for transfemoral patients.

Developing a successful sub-atmospheric transfemoral sys-
tem involves much more than the vacuum chamber. Patterson 
explains that it took quite a bit of trial and error to perfect the 
socket design. “We struggled for a long time about the length of 
our inner cup,” he says. “At first we used one-third the length of 
the residual limb for the vacuum cover, but that didn’t provide 
enough vacuum for stability. Then we tried to go way up high 
and found that we compromised the remaining proximal mus-
cles; the muscles couldn’t fire. We finally found the appropri-
ate level at about two-thirds of the residual-limb length, which 
provides control under vacuum without restraining range of 
motion. For the outer socket, we have to go higher for more 
control, especially for really short [residual] limbs.”

Once Patterson and his team had found the appropriate 
length, they had to find the right technique for a proper socket 
fit. “We used CAD/CAM for a long time, but about a year or so 
ago we figured out that the double-wall system we use is actu-
ally a three-part system. First, we obtain the inner cup and put 
it under vacuum, then we create a customized brim, then we 
cast over that. When we tried to fabricate all of the parts all 
together, often we did not get a well-fitting socket.”

Hemipelvectomy patients require a custom liner that fits with 
no air spaces. “Since these patients, especially cancer survivors, 

may have a lot of invaginations, often we need to make two 
or three liners before we achieve the right fit,” Patterson says. 
“Then we custom make a silicone disk to achieve vacuum.”

Jon Batzdorff, CPO, FAAOP, founder and president of 
Sierra Orthopedic Laboratory, headquartered in Santa Rosa, 
California, says he is a believer in Patterson’s hemipelvectomy 
system. “I had a hemipelvectomy patient who wanted a sub-
atmospheric suspension socket, and since I didn’t know how 
to do it, she wanted me to go with her to POA to learn the NPS 
system for follow-up care,” he says. “It worked very well for her; 
she’s quite comfortable and functional. I also studied the NPS 
transfemoral system and have had good results with it.” Batz-
dorff also is the president of ProsthetiKa, a nonprofit organi-
zation providing clinical assistance and technical training in 
developing countries.

V-Hold: “Intelligent” Control
The V-Hold from Innovative Neurotronics, Austin, Texas, is 
a microprocessor-controlled, “intelligent” sub-atmospheric 
suspension system that assesses and automatically adjusts to 
increase or decrease vacuum to provide a stable, comfortable 
socket environment and keep vacuum within the range set by the 
practitioner, according to Aaron Flores, PhD, V-Hold project 
head. The V-Hold is set to provide 13 inHg with no program-
ming required; however, it can be programmed to provide up 
to 21.3 inHg and allows for two settings that can be accessed by 
the patient through the press of a button. The V-Hold software, 
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