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Statement of Purpose: Limb amputation is associated 
with a devastating loss of everyday function and quality 
of life.  Percutaneous osseointegrated implants are currently 
being considered to attach the exoprosthesis to the residual 
limb.  However, little is known about the rehabilitation 
timelines and loading patterns of these devices targeted to 
restore the patient to pre-amputation levels of activity. 
The aim of this study was to compare vertical limb forces 
after amputation to pre-amputation conditions in an ovine 
model to characterize the effectiveness of the devices. 
Methods: A commercially available mat transducer 
(Tekscan HR Mat, Tekscan, Inc., South Boston, MA) will 
be used to measure the vertical forces applied from each 
of the four limbs of four skeletally mature sheep. The size 
of the mat (width=442mm, length=463mm), allows it to 
be placed on the ground within an enclosed walkway, 
allowing the animals to ambulate across the transducer 
freely, collecting at least one vertical force measurement 
per limb per pass during a complete gait cycle (Fig. 1A). 
The 6 mm thick mat will be covered with a 3 mm thick 
outdoor carpet to protect the sensors and to prevent the 
subject from slipping. However, this does not affect either 
the resolution of the mat, or the calibration, which will be 
done for individual animals (Fig. 1B). 
   A total of 20 sheep will have their vertical limb forces 
measured within one week prior to surgery in this 
institutionally approved study. Then, the right forelimb 
will be amputated and the primary metacarpal will be 
fitted with a percutaneous, osseointegrated titanium 
prosthesis and allowed to recover. A titanium Morse 
Taper will protrude through the skin and will be met with 
a titanium adapter to connect to the exoprosthesis, made 
of a Delrin core surrounded by 70 A durometer 
polyurethane. 
    Following surgery, vertical forces will be measured at 
1, 2, 3, 6 9, and 12 months.  For each trial, the animals 
will be allowed to walk across the mat walkway at least 
five times while recording force data and synchronized 
digital video images.  Individual peak force per each hoof 

strike data will be collected then normalized by dividing 
the peak limb force by the sum of the peak force from 
each of the four limbs in a gait cycle1. The forelimb 
versus hindlimb data will be compared as well as the peak 
vertical force as a percent body weight for the surgical 
limb. Data will be presented in means ± 95% confidence 
intervals. Statistical significance will be determined using 
a Student t-Test. 
Results: To date, pre-operative vertical force 
measurements have been recorded from a total of 20 
animals -- four animals have reached the 3 month time-
point. Preoperatively, the subjects’ forelimbs were loaded 
an average of 35% more than the hindlimbs, which is 
consistent with the literature1. Postoperatively, this 
difference decreased to 22% for the 1 month, and has 
remained constant at both the 2 and the 3 month time 
points. The surgically altered limb’s peak force per body 
weight was approximately 82% of the pre-operation 
conditions for the first two months following surgery and 
about 85% for the third month, all deemed significantly 
different (Fig. 3). 

 
Figure 3: Vertical force measurements for the four 
limbs pre-operation and 1, 2, and 3 months following 
surgery for four subjects. Data presented as Mean ± 
95% confidence intervals. 
Conclusions: Prosthetic limb loading can be compared to 
preoperative limb loading by measuring limb forces 
before and after amputation. If done over a few months, 
this can not only give an understanding of prosthetic limb 
loading, but also rehabilitation timelines which can be 
applied later in a human model. The forelimbs are loaded 
an average of 35% more preoperatively and 22% 3 
months after surgery. The surgically altered forelimb was 
loaded approximately 85% of pre-operation conditions 
after 3 months. Data demonstrated that the subjects were 
compensating for the surgically altered right forelimb by 
applying a higher load to the left forelimb. Further data 
compiled over the next several months from these 
subjects and others will give more of an understanding of 
prosthetic limb loading. 
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Figure 1: A) One subject standing on the HR Tekscan 
Mat. B) Four limbs of the subject while on the 
pressure mat with prosthetic in bottom left corner. 


