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CLINICAL APPLICATION STUDY: A technical report issued by the Research and 
Development Division, Prosthetics and Sensory Aids Service of the U.S. 
Veterans Administration (TR-2). 

THIS 34-PAGE REPORT IS BEING WIDELY DISTRIBUTED BY THE TJ. S . VETERANS 
ADMINISTRATION TO PROSTHETIC FACILITIES. SINCE MANY READERS OF THE Journal 
WOULD NOT NORMALLY SEE IT, WE ARE GIVING BELOW SOME OF THE IMPORTANT SEC
TIONS WITH OUR COMMENTS. COPIES OF THE COMPLETE REPORT MAY BE RECEIVED 
BY WRITING THE RESEARCH AND DEVELOPMENT DIVISION, PROSTHETIC AND SENSORY 
AIDS SERVICE, U . S . VETERANS ADMINISTRATION. 2 5 2 SEVENTH AVENUE, NEW YORK, 
NEW YORK. 

WILLIAM M . BERNSTOCK, WHO IS ASSISTANT CHIEF OF THE RESEARCH AND 
DEVELOPMENT DIVISION, P S A S OF THE U . S . VETERANS ADMINISTRATION, SERVED 
AS PROJECT DIRECTOR OF THIS STUDY AND IT REFLECTS ADMIRABLY HIS THOROUGHNESS 
AND WIDE KNOWLEDGE OF PROSTHETIC SERVICES. 

SOME 6 0 FACILITIES, FOR THE MOST PART MEMBERS OF THE AMERICAN ORTHOTICS 
AND PROSTHETICS ASSOCIATION, COOPERATED IN THE STUDY (SEE TABLE ONE WHICH 
FOLLOWS FOR THEIR ADDRESSES AND THE NUMBER OF CASES FITTED). 

Description of Unit—THE HYDRA-CADENCE SET-UP OFFERED TO THE PUBLIC 
BY HYDRA-CADENCE, INC., A MEMBER OF THE ASSOCIATION, IS COMPOSED OF A 
SINGLE-AXIS KNEE WITH hydraulic RESISTANCE MECHANISMS, WITH PISTON ROD 
PIVOTED BEHIND THE KNEE AXIS, HYDRAULICALLY-CONTROLLED ANKLE, WOODEN FOOT, 
COSMETIC COVER AND HARDWARE NECESSARY TO ATTACH THE UNIT TO ANY SOCKET. 
SIX SIZES ARE AVAILABLE. FOUR MODELS, A , B, C AND D , ARE CURRENTLY BEING 
WORN BY AMPUTEES. INFORMATION ABOUT THE LATEST MODELS MAY BE OBTAINED 
FROM HYDRA-CADENCE. INC.. 623 SOUTH Central AVENUE. GLENDALE 4 . CALIFORNIA. 

Design of Study—THE BASIC INTENT OF THIS STUDY WAS TO PROVIDE FIELD 
PARTICIPANTS WITH INSTRUCTIONS, TEST FORMS, A FITTING MANUAL AND OTHER DESCRIP
TIVE LITERATURE AND THEN TO RECEIVE AND EVALUATE DATA SUBMITTED BY THE FIELD 
ON THE EXPERIENCES OF AMPUTEES WITH THE HYDRA-CADENCE PROSTHESIS. A N 
ORIENTATION VISIT WAS MADE TO THE CLINIC TEAMS TO FAMILIARIZE THEM WITH THE 
CONDUCT OF THE STUDY, TEST FORMS AND THE FEATURES OF THE HYDRAULIC SYSTEM. 

A THOROUGH STUDY OF THE SUBJECT'S PERFORMANCE ON HIS CONVENTIONAL 
PROSTHESIS WAS FOLLOWED BY FIVE EVALUATIONS OVER A PERIOD OF A YEAR'S WEAR 
OF THE HYDRA-CADENCE PROSTHESIS. IN THE INTEREST OF ECONOMY AND RANDOM
NESS OF SAMPLE, SELECTION WAS LIMITED TO THE UNILATERAL ABOVE-KNEE OR HIP 
DISARTICULATION AMPUTEE VETERANS WHO WOULD NORMALLY BE ELIGIBLE FOR A NEW 
PROSTHESIS. 



Table 1 
COOPERATING STATIONS AND PROSTHETIC FACILITIES 

* VAC—Veterans Administration Center 
VAH—Veterans Administration Hospital 
VAOPC—Veterans Administration Outpatient Clinic 
VARO—Veterans Administration Regional Office 
VBO—Veterans Benefits Office 



Table 1 (continued) 

Attitudes towards Conventional Prosthesis—The study found that the 
conventional prosthesis which had been worn by the amputees before the 
beginning of the study were in general serviceable. Eleven of the amputees 
rated their old prosthesis as excellent, 32 very good, 39 good, 13 fair and 
only one poor. 

Amputee Reactions—Considered in this section are the significant re
sponses of 92 reasonably continuous and long-term users: the 88 above-knee 
and three hip disarticulation subjects who completed the test period and the 
one subject who rejected the unit after six months of wear. 

Probably the most significant response has to do with whether each 
of the test wearers decided to continue using the experimental device on a 
routine basis at the termination of the test period. Eighty-six elected to 
continue wearing the unit while six did not. 

Eighty-two of the subjects, including the three H / D s , were of the opin
ion that the unit improved their ability to vary length of steps. Regarding 
ability to vary over-all walking speed, 81 subjects, including the three H / D s , 
considered this feature improved with Hydra-Cadence. The manufacturer's 
claim that the toe pick-up is beneficial to amputees appears to be confirmed, 
at least subjectively, by the test wearers' responses. Seventy-nine of the 
amputees, including three H / D s . felt that the toe pick-up action helped. 
Each subject was asked which prosthesis required more effort t o use. Sixly-
seven, including two H / D s . stated that the conventional l imb required more 
effort, 15 that they w e r e the same, and ten including one H / D , that the 
experimental unit required more effort. 



Fifty-nine of the wearers, including one H / D , stated that they ex
perienced less fatigue with the new unit. Twenty-three, including two H / D s , 
did not discern any difference while ten felt more fatigued using the new 
device. 

Many (80 cases) of the wearers felt that the Hydra-Cadence device 
improved the way they walked at slow and fast speeds, on ramps (77 cases) 
and on various types of terrain (71 cases ) . A lesser number (24 cases) 
indicated that the device improved their performance on stairs. 

Not alt features of the Hydra-Cadence unit were well received. Negative 
feelings centered about foot slap and cosmesis. Fifty-six wearers who com
pleted the one-year test period, and the one case who rejected the unit after 
six months wear, indicated that the toe slapped immediately after heel contact. It is significant to note that 50 of the 92 subjects felt that gait training 
had been helpful in reducing toe slap. The use of the newer style foot with 
neoprene crepe sole and toe appears to reduce the noise of foot slap by the 
additional cushioning action at "fool flat." 

With respect to cosmesis, 56 of the subjects considered the prosthesis 
to be poorer cosmetically than their old leg, 13 did not think there was any 
difference, and 23 thought that cosmesis was improved. 

Each subject was asked to comment on disadvantages of the experimental 
prosthesis. Thirty-seven subjects cited the following disadvantages: 

F o o t - 1 7 
Cosmesis- 8 
Mechanical breakdown - 4 
Foot size and shape- 6 
Weight- 4 
Difficulty on stairs- 4 
Stiffness in cold weather - 4 
Effort to use - 3 
Clothing wear - 3 

Clinic Team Reactions—The highly favorable opinions of most of the 
subjects toward the new prosthesis were shared by the Clinic Team members. 
In 81 eases the Clinic felt that the Hydra-Cadence prosthesis provided func
tional benefits to the AMPUTEE. Of the 11 subjects who,ACCORDING to the 
Clinic Team, did not derive any functional benefits from the device, five sub
jects returned to the use of a conventional limb. 

Table 29 
FUNCTIONAL BENEFITS ATTRIBUTED BY CLINIC TEAM TO HYDRA-CADENCE 

* Includes 1 H / D . 



In addition to the functional benefits cited in Table 29, for 32 subjects, 
the Clinic Team members indicated in responses to specific questions that 
they believed the Hydra-Cadence prosthesis improved the appearance of the 
gait. In 72 cases, they felt that the amputee was able to sustain, for 100 
feet, a higher maximum speed (feet per minute) than was possible with the 
previous conventional prosthesis. For 13 subjects, they felt that there had 
been no change and in only seven cases did they feel that maximum speed 
had decreased. Six of these subjects had rejected the Hydra-Cadence unit. 

Hydraulic Resistance—Knee mechanisms which are designed as fluid-
controlled or hydraulic mechanisms are adjustable as to the amount of 
resistance to swing above a fixed minimum. This minimum resistance is 
made up of the mechanical resistance of the moving parts and the resistance 
which is present as the fluid flows through the passages even with the friction-
adjusting valve fully open. In general this minimum value is higher than the 
resistance of a purely mechanical system designated as a "free knee." Be
cause of these factors, it has often been suggested that long-term wearers 
of a "free knee" might not be able to wear successfully a hydraulic system. 
This hypothesis has not been substantiated by this study. Twenty-six of 84 
test wearers, including three of the hip-disarticulation cases, who completed 
the study and for whom we have complete data, wore mechanical friction 
units using minimal resistance prior to being selected for this study. Twenty-
three of these subjects were among those who elected to continue wearing 
the hydraulic device at the end of the study. 

At the time of the selection interview, the Clinic Team was asked to 
estimate the amount of resistance being used on the conventional leg. They 
were then requested to estimate the resistance which would be needed with 
the hydraulic mechanism. As was expected, because of the marked differ
ences between mechanical and hydraulic resistances, the estimates were in 
most instances inaccurate. In fact, it is surprising that accurate estimates 
were made in as many as 14% of the cases. Ratings of the hydraulic re
sistance used, based on evaluation of prosthetic function by the Clinic Team, 
were in most cases cither "slight" or "moderate" and in only a few cases 
were there estimates of "none" (10 cases), "substantial" (10 cases), or 
"heavy" (1 case). 

Design Changes—The study has already had an important result. As a 
result of the information obtained, the manufacturer has made a number of 
changes which are incorporated in the current production manual. The 
modifications are also made to all units returned to the manufacturer. 

Summary—In the opinion of the reviewer, this study is a good example 
of a thorough going objective test of a device. One hundred male veterans 
with unilateral amputations above the knee were used. The opinions of the 
amputees, the findings of the survey and the comments of the Clinic Team 
as they arose during a one-year test period were used to help in determining 
whether or not this device should be used for routine issuance to veteran 
beneficiaries. It is noteworthy that only six subjects rejected the device 
and returned to the use of a "conventional type" prosthesis (since then 
one subject has requested and been issued a Hydra-Cadence prosthesis). 

Conclusion—The Hydra-Cadence Above-Knee Prosthesis was well re
ceived by most of the subjects in the study as well as by the Orthopedic 
and Prosthetic Appliance Clinic Teams who supervised their progress. How
ever, the system should be selectively prescribed and should not be con
sidered as the prescription of choice for all amputees. 

The most significant finding of this study reflects the superiority of 
fluid-controlled mechanisms as devices for c o n t r o l l i n g the swing of above-
knee prostheses. 


