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Editorial 

ISPO arranged an advanced course on below-knee and through-knee amputations and 
prosthetics in May 1982 in Denmark. As a limited number of publications about the knee 
disarticulation has appeared during the past decades it was decided to present the different 
aspects of through-knee amputation and prosthetics in a special issue of our Journal. 

I t must be remembered that the selection of amputation level should primarily be based on 
the circulatory conditions of the l imb, whereas the prosthetic considerations are of minor 
importance in that regard. There is no doubt that the lack of popularity of the through-knee 
amputation is related to the cosmetic problems and possibly the difficulties of manufacturing a 
comfortable and well functioning prosthesis, although the amputation stump is end-bearing 
and has numerous advantages. 

This issue wi l l describe not only the epidemiology, modern aspects of level determination 
and immediate postoperative treatment, but also the details of the prosthetic practice. In 
contrast to other previous publications the achieved gait rehabilitation as well as the life 
expectancy and living conditions wil l also be described and compared to the above-knee and 
below-knee levels, which are predominantly applied internationally for vascular and diabetic 
gangrene of the lower l imb. 

The main purpose of this issue is to highlight the advantages of the knee disarticulation. In 
modern amputation surgery the through-knee level should be considered along with the 
above-knee and below-knee levels. A suitable prosthesis should be manufactured, not as a 
technical exercise, but in consideration of the general condition and physiological abilities of 
the patient. I t is my hope that these messages wil l be understood and the percentage of 
through-knee amputations wi l l increase for the benefit of a successful rehabilitation of our 
amputees. 

J. Steen Jensen, 
Guest Editor. 

1983 World Congress 5-9 September, 1983, London 

Full details of the Congress programme and Registration 
Forms were included in the December, 1982 issue of this journal. 

For late Registration contact Conference Services Ltd. 
3-5 Bute Street, London SW7 3EY. Telephone: 01-584 4226, 
Telex: 916054, Confer G. 
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Choice of level in lower extremity amputation 
—nationwide survey 

B . E B S K O V 

Danish Amputation Register, Copenhagen 

ABSTRACT 
THIS SURVEY ANALYSES THE LEVELS OF ALL MAJOR LOWER 
LIMB AMPUTATIONS IN DENMARK PERFORMED IN 
1 9 8 0 . DURING THAT YEAR A TOTAL OF 2 , 4 0 4 
AMPUTATIONS WERE CARRIED OUT ON 2 , 1 7 7 PATIENTS. 

INTRODUCTION 
GENERALLY THE TITLE: "CHOICE OF LEVEL IN 

AMPUTATION" EVOKES ASSOCIATIONS OF CLINICAL OR 
TECHNICAL AIDS IN CHOOSING THE PROPER LEVEL. MOST, 
IF NOT ALL, PUBLICATIONS ON LOWER LIMB AMPUTATION 
ARE GARNISHED WITH TABULATIONS OF THE LEVELS 
CHOSEN. THEIR QUALITY NOTWITHSTANDING, SUCH 
PUBLICATIONS ARE INVARIABLY BASED UPON HIGHLY 
SELECTED POPULATION SAMPLES. IT IS OFTEN 
ATTEMPTED FROM THE SAMPLES, WITH THE 
APPLICATION OF MORE OR LESS SOPHISTICATED 
STATISTICAL TOOLS, TO DEDUCE A "GENERAL" PICTURE. 
UNTIL NOW IT HAS NOT BEEN POSSIBLE TO VERIFY SUCH 
GENERALIZATIONS. 

THE PRESENT STUDY DESCRIBES THE NATIONWIDE 
PATTERN OF LOWER LIMB AMPUTATION IN DENMARK. 

METHOD AND MATERIAL 
SINCE 1 9 7 6 THE DANISH STATE BOARD OF HEALTH 

HAS COLLECTED INFORMATION ON ALL HOSPITAL 
ADMISSIONS IN THE COUNTRY. 

THE INDIVIDUAL PATIENT RECORDS ARE FED INTO A 
COMPUTER SYSTEM, THE SO-CALLED NATIONAL PATIENT 
REGISTER ( N P R ) . 

FOR SCIENTIFIC STUDY INDIVIDUALS AND MEDICAL 
ORGANIZATIONS MAY OBTAIN SPECIFIED LISTINGS OF THE 
N P R , STORED ON MAGNETIC TAPE OR PRINTED OUT 
ACCORDING TO THE NEEDS OF THE REQUESTOR. 
NATURALLY A STRICT SET OF RULES MUST BE ADHERED TO, 
IN ORDER TO MAINTAIN THE PRIVACY OF THE INDIVIDUAL. 

SINCE 1 9 7 2 THE DANISH AMPUTATION REGISTER 
( D A R ) HAS CONDUCTED STUDIES IN ALL ASPECTS OF 
AMPUTATION (ESKOV, 1 9 7 7 ) . ORIGINALLY THE MAJOR 
SOURCE OF INFORMATION WAS VOLUNTARY REPORTS 
FROM ORTHOPAEDIC AND SURGICAL DEPARTMENTS. IN 
RECENT YEARS THE D A R HAS HAD ACCESS TO THE 
RELEVANT MATERIAL OBTAINABLE FROM THE N P R . 

T H E ACTUAL TABULATIONS AND ANALYSES ARE 
PERFORMED ON A MICROCOMPUTER-SYSTEM (APPLE 
I I PLUS), HOOKED UP TO THE MAINFRAME ( C D C 
C Y B E R ) OF THE STATE UNIVERSITY HOSPITAL 
(RIGSHOSPITALET) IN COPENHAGEN. 

THE STUDY IS BASED UPON INFORMATION OF ALL 
MAJOR ( I . E . AT OR PROXIMAL TO THE TRANSMETATARSAL 
LEVEL) AMPUTATIONS DURING THE YEAR OF 1 9 8 0 . 

RESULTS 
DURING 1 9 8 0 2 , 4 0 4 MAJOR AMPUTATIONS WERE 

CARRIED OUT IN 2 , 1 7 7 PATIENTS (TABLE 1, FIG. 1 ) . 
IN THE MAJORITY, 8 8 . 2 % , THE INDICATION WAS 

VASCULAR INSUFFICIENCY. ONE THIRD OF THESE 
PATIENTS SUFFERED FROM DIABETES MELLITUS. TRAUMA 

FIG. 1. ETIOLOGY. 



only accounted for four per cent of all 
amputations. 

For the most significant etiologies, i.e. groups 
1 and 2, details are given regarding age and sex 
distribution (Figs. 2 and 3), level of amputation 
(Tables 2 and 3), duration of hospitalization 
(Figs. 4 and 5) and details of dismissal from 
hospital, including intranosocomial mortality 
(Tables 4 and 5). 

Amputees with vascular insufficiency (V I ) , 
without or wi th concommittant diabetes mellitus 
( D M ) , belong in the older age groups, 8 and 9, 
respectively 87% being more than 60 years old. 

The sex distribution is surprisingly similar in 
both groups, with males accounting for 51 (DM) 
to 58 (V I ) per cent of the total. 

The level of amputation is obviously different 
from patients with simple vascular insufficiency 
to diabetics. In the former, amputation at foot 
level was carried out in 3.4% of patients, in the 
diabetic group in 10.9%. Below-knee 
amputation was carried out in more than half of 
the diabetic patients (53.6%), versus one third 
(36.9%) in those with simple V I 
Correspondingly, 57.2% of the V I patients were 
amputated above the knee, versus only 34% in 
the D M group. 

I t is striking that the rate of through-knee 
amputation was respectively 2.5% and 1.5%. 
Considering the excellent prostheses available to 
T K amputees, the application of this type of 
surgery is surprisingly rare. 

A n assessment of levels of amputation in 
females and males respectively shows that within 
the same etiological group there is virtually no 
difference. 

Tables 2 and 3 show the number of patients, 
operated one to three times during the same 
admission. Since the NPR does not hold 
information on the date of operation, nor on 
laterality, it is not possible, based upon the 

Table 1. Total number of amputees and amputations 
during 1980. Distributed by etiology. 

Table 2 . 
Level of amputation for vascular insufficiency. 

Table 3. Level of amputation for diabetes mellitus. 

Fig. 2 . Vascular insufficiency related to age and sex. 

Fig. 3. Diabetes mellitus related to age and sex. 



PRESENT MATERIAL, TO EXTRACT DETAILS OF THE 
ABSOLUTE INCIDENCE OF CONTRA- OR IPSILATERAL RE-
AMPUTATION. THIS TOPIC WAS ANALYSED IN AN EARLIER 
WORK ( E B S K O V , 1 9 8 0 ) . 

THE DURATION OF HOSPITALIZATION WAS TABULATED 
FOR MALES AND FEMALES. IT TURNS OUT THAT IN V I AS 
WELL AS IN D M THERE IS A REMARKABLE SIMILARITY 
BETWEEN THE SEXES. APPROXIMATELY 4 0 % OF ALL 
AMPUTEES WERE DISMISSED BEFORE THE END OF THE 
FIRST POSTOPERATIVE MONTH AND ABOUT 7 5 % OF ALL 
PRIOR TO THE ELAPSE OF 2 MONTHS. 

SIMILARLY A LARGE NUMBER OF PATIENTS (BETTER 
THAN 4 0 % ) WERE DISMISSED DIRECTLY TO THEIR OWN 
HOME. ABOUT 1 5 % HAD TO BE TRANSFERRED TO A 
NURSING HOME. THESE FINDINGS SEEM RATHER 
REMARKABLE CONSIDERING THE LARGE NUMBER OF 
OLDER PATIENTS IN THESE ETIOLOGICAL GROUPS. SINCE 
PATIENTS IN DENMARK ARE NOT CHARGED FOR THE 
ADMISSION OR TREATMENT, ECONOMICAL CONSIDER­
ATIONS ON THE PART OF THE PATIENTS CANNOT BE THE 
EXPLANATION. 

THE INTRANOSOCOMIAL MORTALITY WAS SLIGHTLY 
ABOVE 1 0 % IN BOTH GROUPS, AGAIN WITH NO 
CONVINCING DIFFERENCE BETWEEN THE SEXES. THE 

LAPSE OF TIME FROM AMPUTATION TO DEATH IN 
HOSPITAL HAS NOT BEEN ANALYSED. 

CONCLUSION 
T H E PRESENT STUDY REPRESENTS SOLELY A 

SUPERFICIAL SCANNING OF THE NATIONAL AMPUTATION 
PATTERNS. AT PRESENT MORE DETAILED STUDIES ARE 
UNDER WAY. 

IT IS ANTICIPATED THAT THE DANISH AMPUTATION 
REGISTER CAN CONTRIBUTE NOT ONLY SIGNIFICANT 
DETAILS OF MANY ASPECTS OF AMPUTATION, BUT 
FURTHERMORE IN THE FUTURE OPEN THE POSSIBILITY OF 
TREND ANALYSES. 

ACKNOWLEDGEMENT 
THIS STUDY WAS GENEROUSLY SUPPORTED BY KRISTA 

OG VIGGO PETERSENS FOND, COPENHAGEN, 
DENMARK. 

FIG. 4 . VASCULAR INSUFFICIENCY, DURATION OF STAY IN 
HOSPITAL. 

FIG. 5 . DIABETES MELLITUS, DURATION OF STAY IN HOSPITAL. 

TABLE 4 . DISMISSAL (INCLUDING MORTALITY)—VASCULAR 
INSUFFICIENCY. 

TABLE 5. DISMISSAL (INCLUDING MORTALITY)—VASCULAR 
INSUFFICIENCY WITH DIABETES. 
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The healing of through-knee amputations in relation to 
skin perfusion pressure 

H. C. T H Y R E G O D , P. HOLSTEIN A N D J. STEEN JENSEN 

Department of Orthopaedic Surgery T-2, Gentofte Hospital, 
Department of Clinical Physiology, Glostrup Hospital and Bispebjerg Hospital, 

University of Copenhagen 

Abstract 
The healing in 20 through-knee amputations was 
compared wi th preoperatively measured skin 
perfusion pressure, determined as the minimal 
external pressure required to stop the washout of 
isotopes injected intradermally 10 cm distal to 
the knee joint . Out of 18 amputations with a skin 
perfusion pressure of above 20 mmHg only 2 
failed to heal, whereas 2 out of 4 cases with skin 
perfusion pressure below 20 mmHg failed to 
heal. I t is concluded that the through-knee 
amputation must be considered in cases where 
the circulation is borderline for healing in below-
knee amputation. 

Introduction 
Skin perfusion pressure (SPP) measured by 

radioactive isotopes has been used in the 
determination of level in major amputation since 
1972 (Holstein, 1973) and the predictive value as 
regards the healing in below-knee (BK) and 
above-knee ( A K ) amputations has been 
demonstrated (Holstein et al, 1979 a, b; Kolind 
-Stensen and Marqversen, 1979; Holstein, 
1982). The purpose of this paper is to compare 
the healing of through-knee (TK) amputations 
wi th preoperatively measured SPP. 

Patients and methods 
Dur ing a 7 year period (1.1.1973 to 1.1.1980) 

20 T K amputations were carried out after 
measurement of the local SPP in 20 patients with 
occlusive arterial disease with gangrene. The 
arithmetic mean age of the patients was 73 years 
(range 56-91). Three of the patients had diabetes 

mellitus. The surgical technique included 
bilateral flaps (Kjölbye, 1970) with a sagittal 
suture line. Suction drainage was used when 
necessary and preoperative antibiotics were not 
used. The postoperative dressing was a loosely 
applied elastic band. Sutures were removed on 
the 21st day. The patients were mobilized as 
soon as possible in a wheelchair or preferably on 
walking appliances. Prosthetic fitting was made 
when the stump was mature. 

Measurement of the SPP 
The principle has recently been described 

(Holstein, 1980) and wil l only be summarized. 
About 0.1 ml of a radioactive tracer-histamine 
mixture is injected intradermally. The tracer 
used is either 1 3 1 I - a n t p y r i n e (10-20 μ Ci) or 99m 

pertechnetate (50 μ Ci). The washout is 
measured with conventional scintillation 
detector and counting equipment. A 
semilogarithmic curve is written on a penwriter. 
By means of a blood pressure cuff placed directly 
on the depot external pressure is applied to the 
labelled skin and kept constant. By raising the 
pressure stepwise the washout decreases and the 
SPP is defined as the minimal external pressure 
required to stop the washout. The pressure 
intervals used are 5 mm Hg. I t is most important 
to immobilize the leg completely during the 
procedure wi th sandbags. Since the procedure 
causes pain analgesics are practically always 
given (Demerole 35 mg i.v. in repeated doses). 
The sites of measurements have been 
standardized: the dorsum of the foot, the 
anterolateral part of the calf 10 cm distal to the 
knee joint and the anterolateral part of the thigh 
10 cm proximal to the knee joint. In most cases 
the situation is sufficiently elucidated by one 



MEASUREMENT, I .E . THE STANDARD SITE 1 0 CM BELOW 

THE KNEE. A TOTAL MAPPING OUT OF THE LIMB IS 

RARELY INDICATED. 

RESULTS 

TABLE 1 SHOWS THE RESULTS AS REGARDS HEALING. 

BELOW 2 0 M M HG 2 STUMPS OUT OF 4 FAILED TO HEAL. 

O N E STUMP HEALED BY SECOND INTENTION AND ONE 

STUMP HEALED PRIMARILY. BETWEEN 2 0 AND 3 0 M M 

HG ONE STUMP OUT OF 6 FAILED TO HEAL AND ABOVE 

3 0 M M HG ONE STUMP OUT OF 1 0 FAILED TO HEAL. THE 

1 4 SUCCESSFUL STUMPS WITH S P P ABOVE 2 0 M M HG 

HEALED BY PRIMARY INTENTION. 

THE CORRELATION BETWEEN WOUND COMPLICATIONS 

AND S P P AS EVALUATED BY A RANK SUM TEST WAS 

ALMOST STATISTICALLY SIGNIFICANT ( P 0 . 0 7 ) . 

DISCUSSION 

IN THIS STUDY THE HEALING OF T K AMPUTATIONS 

HAS BEEN COMPARED TO THE PREOPERATIVE S P P AS 

MEASURED 1 0 CM BELOW THE KNEE JOINT, I .E . THE 

POINT USUALLY EMPLOYED FOR DETERMINATION OF 

HEALING PROGNOSIS FOR B K AMPUTATIONS. S P P 

VALUES BELOW 2 0 M M H G AT THIS POINT MEANS 7 5 TO 

9 0 PER CENT RISK OF FAILURE AND S P P VALUES 

BETWEEN 2 0 AND 3 0 M M HG MEANS ABOUT 5 0 PER 

CENT RISK OF FAILURE (HOLSTEIN ET AL, 1 9 7 9 ; 

HOLSTEIN, 1 9 8 2 ) . T K AMPUTATIONS ARE MADE A 

LITTLE MORE PROXIMALLY, AND IF NO SPECIFIC 

COMPLICATIONS RELATED TO THE T K LEVEL APPEAR, 

ONE WOULD EXPECT A SLIGHTLY BETTER HEALING 

PROGNOSIS FOR THIS TYPE OF AMPUTATION AS RELATED 

TO THE MEASURE POINT 1 0 CM BELOW THE KNEE. IN 

FACT THE HEALING FIGURES WERE SLIGHTLY BETTER WITH 

5 0 PER CENT RISK OF FAILURES BELOW 2 0 M M HG AND 

1 7 PER CENT RISK OF FAILURES BETWEEN 2 0 AND 3 0 M M 

HG. THE T K AMPUTATIONS AS WELL AS THE B K 

AMPUTATIONS HEAL IN APPROXIMATELY 9 0 PER CENT OF 

THE CASES IN NON-ISCHAEMIC TISSUE, I .E . WITH S P P 

ABOVE 3 0 M M HG. 

PRIMARY HEALING TOOK PLACE IN ALL BUT ONE OF THE 

MAINTAINED T K LEVELS. THIS IS IN CONTRAST TO THE 

B K AMPUTATIONS WHERE PREVIOUS SERIES 

DEMONSTRATED A HIGH FREQUENCY OF MINOR WOUND 

COMPLICATIONS (HOLSTEIN ET AL, 1 9 7 9 ; HOLSTEIN, 

1 9 8 2 ) . ALTHOUGH THE T K AMPUTATION IS MADE 

WITH A MINIMUM OF SOFT TISSUE COVERING A LARGE 

BULKY TRIANGULAR HARD SURFACE, THE STUMP SEEMS 

TO B E MORE RESISTANT THAN A B K STUMP DURING THE 

HEALING PHASE. MOREOVER REHABILITATION AS 

REGARDS WALKING WITH A PROSTHESIS IS ABOUT EQUAL 

IN PATIENTS WITH T K AND B K AMPUTATIONS (STEEN 

JENSEN ET AL, 1 9 8 3 ) . FOR THESE REASONS THE T K 

AMPUTATION MUST BE CONSIDERED AN ALTERNATIVE TO 

THE B K AMPUTATION, FIRST OF ALL IN CASES WHERE THE 

S P P IS BORDERLINE FOR HEALING OF A B K STUMP, I .E . 

AT S P P OF 2 0 TO 3 0 ( 4 0 ) M M HG. HOWEVER, THE T K 

AMPUTATION SHOULD ALSO BE CONSIDERED WHEN THE 

S P P PRACTICALLY EXCLUDES HEALING AT B K LEVEL, I .E . 

AT S P P BELOW 2 0 M M H G ; THIS SITUATION CAN 

PROBABLY BE FURTHER EVALUATED BY MEASUREMENTS 

ON THE THIGH OR PERHAPS AT THE LEVEL OF THE KNEE 

JOINT. 

TABLE 1. THE NUMBER OF HEALED T K AMPUTATIONS IN 
RELATION TO THE TOTAL NUMBER AND IN RELATION TO THE SKIN 

PERFUSION PRESSURE ( S P P ) . 
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Preliminary experiences with laser Doppler velocimetry for 
the determination of amputation levels 
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Abstract 
Laser Doppler velocimetry is a newly available 
technique for the continuous and non-invasive 
measurement of capillary perfusion. The 
technique is presented and preliminary results of 
its use in the evaluation of amputation levels in 
16 patients discussed. 

Introduction 
A large number of amputations are performed 

worldwide each year, exceeding 100,000 in the 
United States alone. Decisions as to when to 
amputate and at what level have become an 
important surgical problem. Most of the 
amputations are being carried out for 
atherosclerotic ischaemic vascular disease of the 
lower l imb in an ageing population. 

The success of rehabilitation following an 
amputation in this population is related to many 
factors but certainly among the most important is 
the level at which the amputation is performed. 
The lower the level, the greater the chance of 
successful rehabilitation and independent living. 
It therefore becomes of great importance to be 
able to accurately assess the level at which the 
least destructive surgery can be carried out. 

Experience with present methods 
Over the years, a multitude of methods to 

predict the success or failure of a given level of 
amputation have been advanced and applied 
Burgess and Matsen (1981) in a recent review 
have discussed this problem and concluded that 
none of the methods have proven ideal. 
Evaluation of clinical symptoms and signs has 
been the standard way of evaluating a limb for 
the presence or absence of vascular disease, and 

if an amputation was indicated, what would be 
the most satisfactory level for healing. Clinical 
signs however are heavily subjective, and are 
frequently of value only in experienced hands. 

Beginning in the late nineteenth century and 
continuing to the present a variety of techniques 
have been introduced to evaluate the viability of 
a l imb using more objective techniques and 
technologies. These have included measurement 
of various aspects of blood flow, blood pressure, 
and delivery or removal of metabolic substances. 
Some of these have become more standardly 
used than others. Venous occlusion 
plethysmogaphy has become more or less the 
physiological standard for measuring volumetric 
blood flow in a limb (Summer, 1982). This 
technique however is cumbersome clinically and 
cannot be utilized on all locations where one 
might wish to measure blood flow. There is also 
the question as to whether the inflation and 
deflation of cuffs on the limb causes changes in 
the blood flow being measured. A second 
technique is that of segmental blood pressure 
(Yao and Takaki , 1982). I t is now well known 
however that in both diabetics and nondiabetics 
the major arteries may be calcified and stiff and 
cannot be compressed giving an artificially high 
pressure at that level. Radioisotope clearance 
has also been used fairly extensively but is both 
invasive and requires exposure to radiochemicals 
although frequently relatively minimal. Again, 
evidence suggests that the blood flow being 
measured is altered by the technique (Holloway, 
1980). More recently the partial pressure of 
oxygen has been measured at the skin surface as 
an indicator of the oxygen level in the capillary 
system (Matsen et al, 1980). This system has 
proved of some value although it is limited by the 
fact that it cannot be used on every surface, and 
tha the skin must be heated before a value can be 
obtained. 



I t is the purpose of this paper to review an 
additional technique, laser Doppler volocimetry 
(Stern et al , 1977; Watkins and Holloway, 1978; 
Nil lson et al, 1980) for its potential use in 
evaluating ischaemic vascular disease and 
amputation levels. As it is noninvasive, 
continuous, and has a small sample volume, its 
consideration for use in evaluation of ischaemia 
and amputation levels appears warranted. 

Laser Doppler principles and methods 
Laser Doppler velocimetry is a technique 

which uses the Doppler principle much as the 
ultrasonic Doppler does, but uses light instead of 
sound. A simplified block diagram is shown in 
Figure 1. A low power laser provides the source 
of monochromatic (single frequency) light which 
is led to the skin surface through a small glass 
optical fibre. As the light impinges on the skin 
surface it is backscattered as two components as 
indicated in Figure 2. The first is light 

backscattered f rom the non-moving structures in 
the surface layers of the skin and is therefore not 
Doppler shifted. The second component is 
backscattered from moving red blood cells in the 
superficial capillaries in the skin and is Doppler 
shifted in frequency in accordance with the 
velocities of the red blood cells. Both of these 
components are returned from the skin surface 
through a second optical fibre to a 
photodetector. Both the Doppler shifted and 
non-Doppler shifted components mix together 
on the surface of the photodetector and 
constructively and destructively interfere. The 
frequency at which this interference occurs is the 
Doppler shift frequency. However as the light is 
backscattered from many different red cells 
moving at different velocities, a single frequency 
is not present, in fact a spectrum of frequencies is 
observed. The electronic signal carrying these 
frequencies is then processed with the output of 
this circuit being a single number which has been 
shown to vary directly with flow as measured by 
other "standard" methods. This output is then 
displayed either on a panel meter or a strip chart 
recorder. The actual probe containing the two 
optical fibres is simple and light in weight and can 
be either set upon the skin surface or more 
tightly attached using double sided cellophane 
tape. Wi th the probe on the skin surface a 
continuous and noninvasive measure of capillary 
blood flow in a sample volume of approximately 
one cubic millimeter is made. Figure 3 shows the 
instrument in use. 

Fig. 1. Block diagram of laser Doppler system. See 
text for detailed explanation. 

Fig. 2. Diagram of laser Doppler optical mixing 
process. "Reference" light from non-moving tissues is 
mixed on the photodetector with Doppler shifted light 
scattered from moving red blood cells. The 
interference pattern produced is seen in the envelope 
of the photodetector output, and is the Doppler 

shifted frequency. 

Fig. 3. Laser Doppler velocimeter in use. (With 
permission from Holloway, G. A. (1983) Laser 
Doppler measurement of cutaneous blood flow. 
In: Rolfe, P. (ed) Non-invasive Physiological 
Instrumentation, Vol. I I . London, Academic 
Press, (in press). Copyright, Academic Press Inc. 

(London) Ltd. 



Comparison with other methods 
Laser Doppler velocimetry has been 

compared with several other methods for the 
measurement of blood flow. I t is important to 
realize however that the sample volumes and the 
quantities being measured in these other 
methods all differ to some degree. Firstly laser 
Doppler velocimetry has been compared to the 
clearance of the radioisotope xenon on several 
occasions (Stern et al, 1977; Watkins and 
Hol loway, 1978). These comparisons have 
shown a linear relationship between the two 
techniques but with a fair amount of variance. 
The methods differ in that the sample volume 
from the xenon clearance is in the order of one 
cubic centimeter and the technique is only valid 
during the rapid clearance phase of xenon. It also 
appears to be influenced by the method used to 
apply the xenon (Holloway, 1980). 

The laser Doppler technique has also been 
compared to flow as measured by microsphere 
deposition. Stern et al (1979) measured flow 
through the renal cortex using both laser 
Doppler and radioactively labelled microspheres 
as well as an electromagnetic flow meter on the 
renal artery. The laser Doppler instrument used 
had a slightly different processing algorithm than 
present instruments but showed a generally 
linear relation to flow as measured by either 
microspheres or electromagnetic flow meter but 
a tendency to underestimate flow in high flow 
states. These studies using microspheres have 
not been repeated in the skin, and no studies 
have been done comparing laser Doppler 
instruments with the newer processing 
techniques with microspheres. 

Two recent studies have been done in the 
gastrointestinal tract comparing laser Doppler 
velocimetry with measurements made using an 
electromagnetic flow meter placed on the 
mesenteric artery to that segment (Feld et al, 
1982; Shepherd and Riedel, 1982). 

When the laser Doppler was placed on the 
mucosal surface, changes in total blood flow as 
measured with the electromagnetic flow meter 
correlated well with local mucosal flow changes 
as measured by the laser Doppler system. I t is 
important again to note that the laser Doppler, 
microsphere technique, and electromagnetic 
flow meter are all measuring different quantities. 
Thus although the correlation between the 
techniques is good one cannot calibrate the laser 
Doppler as a measurement of capillary flow 

against these other methods. There is in fact no 
model system for a capillary network as appears 
in the skin which wil l permit callibration of the 
laser Doppler in absolute flow. On the other 
hand work by Bonner and Nossal (1981) has 
suggested that the laser Doppler does indeed 
provide a quantitative measure of instantaneous 
microvascular blood flow in optically accessible 
tissues. 

Clinical experience 
As the laser Doppler instrument has only been 

recently available clinical experience in patients 
wi th ischaemic vascular disease in the 
determination of amputation levels has been 
l imited. Our experience has been limited to 
sixteen patients undergoing twenty amputations; 
eight were diabetic and eight nondiabetic. The 
amputations performed were: one Raye, one 
transmetatarsal, four Syme, eight below-knee 
(BK) and six above-knee ( A K ) . The first studies 
were done with a prototype laser Doppler 
instrument but subsequently a new commercially 
available instrument with a slightly different 
processing algorithm has been used.* As the 
algorithms are different, the flow values scale 
differently and thus values from one machine 
cannot be well compared with those from the 
other. In addition only partial data is available 
on some of the patients. The patients have varied 
in age from 29 to 94. The protocol used evaluated 
both resting and heated flow as well as 
transcutaneous P02 at the dorsum, BK , and A K 
levels. Heating was performed to test for flow 
reserve with the heated flow value being 
measured in the centre of the area where the 
transcutaneous oxygen heater had been at 44°C 
for ten minutes. 

Of the 20 amputations performed, all fourteen 
performed at either B K or A K levels healed 
satisfactorily and primarily. The Raye, 
transmetatarsal and two of the Syme 
amputations failed. In the failed Raye and both 
Syme amputations resting flow was about the 
same as in normals, but heated flow increased 
only minimally and to a level less than one third 
of that seen in normals. Transcutaneous PO2 
values were highly variable in all three. The 
transmetatarsal amputation had good values for 

* The laser Doppler velocimetry instrument used was 
the LD5000 Capillary Perfusion Monitor 
manufactured by MEDPACIFIC Inc., 6701 6th Ave. 
So., Seattle, Wash. 98108. List price: $13,500. 



both resting and heated flow as well as 
transcutaneous P02. This amputation was 
performed for pressure induced ischaemic ulcers 
and was healing relatively well at that level but a 
nonhealing ulcer eroding down to the Achilles 
tendon made it clinically advisable to revise it to 
a B K level. A l l of the patients having 
amputations at the B K or A K level in whom 
technically adequate flow readings were 
obtained showed a significant increase in the 
heated flow value as compared to the resting 
level, although less than seen in normals. 

Our initial data would therefore support the 
continued trial of the laser Doppler velocimeter 
in the evaluation of amputation levels for 
ischaemic vascular disease. Although the resting 
values are in the same range as those for normals, 
values after heating to 44°C for ten minutes 
showed markedly diminished hyperemic 
response as compared to normals, especially in 
those patients who failed to heal their 
amputations primarily. I t has not yet been 
determined what levels define the cutoff 
between amputations which heal and those 
which do not. I t is felt that now the 
instrumentation is being better standardized and 
when more patients are evaluated, critical flow 
levels wi l l be able to be indentified. 
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An index to measure the healing potential of 
ischaemic ulcers using Thallium 201 
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Abstract 
Prediction of healing of ulcers in ischaemic limbs 
can preclude unnecessary treatment for ulcers 
that cannot heal. Non-invasive methods are of 
marked value as the ischaemic limb is susceptible 
to further ulceration from local skin penetration. 
Relative hyperemia of the ulcer was measured by 
scintillation count over the ulcer and at points 
2.5 cm from the edge of the ulcer. Relative 
hyperemia was determined by dividing the count 
per unit area of the ulcer by the counts per unit 
area of the surrounding tissue. A l l ulcers with a 
relative hyperemia over 1.5 healed. 

Introduction 
Ischaemic changes of the lower extremities 

leading to ulceration, infection, and gangrene 
now account for 70-90% of lower limb 
amputations in the United States. These surgical 
procedures account for approximately 0.5% of 
all operations performed (Warren and Ki lhn, 
1968). 

I n the past 30-40 years there has been a 
marked shift in the ratio of above-knee to below-
knee amputations. A t one time 80% of all 
amputations for lower limb ischaemia were 
performed above the knee. Wi th the increasing 
recognition of the importance in the aged of the 
knee joint for prosthetic ambulation the ratio has 
been reversed and now 80% of ischaemic 
amputations are performed below the knee with 
better diagnostic procedures. More procedures 
are being done at the ankle and foot level 
(Wagner, 1977,1978). 

The two diagnostic questions facing the team 
caring for a patient with an ulcer in a dysvascular 
l imb are: 

1. I f ablation is necessary at what level wil l a 
surgical procedure heal? 
A t Rancho Los Amigos Hospital the ischaemic 
index measured with Doppler ultrasound has 
provided a reliable indicator in the 87%+range 
(Wagner, 1977, 1978). Further studies of 
nutritive skin flow are now being carried out with 
intravenous fluorescein measured with a 
fibreoptic dermofluorometer. 

2. Can the patient heal the ulcer and avoid 
ablation? 
I f the ulcer can be healed with local means such 
as Povidone Iodine, walking casts, or with minor 
local procedures the patient has been saved the 
major disability of an amputation. 
To determine healing potentials in patients with 
ulcers in an ischaemic l imb, peripheral vascular 
perfusion was measured with Thallium 201 
administered intravenously. I t has been shown 
that in the heart, skin, and skeletal muscle 
Thall ium 201 distribution represents the fraction 
of cardiac output to that tissue and is thus related 
to regional blood flow (Strauss et al, 1975, 1977). 

Invasive studies with Tc-99m-labeled 
microspheres administered intra-arterially 
showed a significant relationship between the 
ability to develop an inflammatory response with 
its associated hyperemia and the ability to heal 
an ulcer (Siegel et al, 1975). Because of the 
intra-arterial invasive nature of the test it has not 
been accepted by primary physicians. The same 
response appears to be measureable wi th 
intravenously administered Thallium 201. 

Materials and methods 
Ten diabetic and three non-diabetic patients 

were selected who had non-infected ulcers on the 



f o o t , a n k l e , a n t e r i o r s k i n o r c a l f . T h e p a t i e n t s 

h a d n o t h a d p r e v i o u s u l c e r s a n d t h e r e w a s n o 

r a d i o g r a p h i c e v i d e n c e o f o s t e o m y e l i t i s o r s o f t 

t i s s u e g a s . A t a r e s t i n g s t a t e 1 .5 m C u o f T h a l l i u m 

2 0 1 w e r e g i v e n i n t r a v e n o u s l y . P o i n t c o u n t i n g f o r 

6 0 s e c o n d s w a s p e r f o r m e d 5 m i n u t e s a f t e r 

i n j e c t i o n d i r e c t l y o v e r t h e u l c e r a n d a t 3 p o i n t s 

2 . 5 c m . f r o m t h e e d g e o f t h e u l c e r o v e r n o r m a l 

a p p e a r i n g t i s s u e . A 2 . 5 4 c m x 1 . 2 7 c m p i n h o l e -

c o l l i m a t e d s c i n t i l l a t i o n d e t e c t o r w a s u s e d a n d 

t h e o u t p u t f e d t o a p u l s e h e i g h t a n a l y z e r w i t h 

d i g i t a l r e a d o u t . H e a l i n g u l c e r s p r o d u c e d a 

r e a d o u t o f 1 5 — 2 0 , 0 0 0 c o u n t s p e r m i n u t e , b u t 

w i t h n o n - h e a l i n g u l c e r s t h e c o u n t s w o u l d g o 

b e l o w 1 0 0 0 p e r m i n u t e . T h e c o u n t s p e r u n i t a r e a 

i n t h e u l c e r w e r e t h e n d i v i d e d b y t h e c o u n t s p e r 

u n i t a r e a i n t h e s u r r o u n d i n g t i s s u e . T h i s r a t i o w a s 

u s e d a s a n i n d e x o f t h e r e l a t i v e h y p e r e m i a o f t h e 

i s c h a e m i c u l c e r . 

R e s u l t s 

O f t h e 1 3 p a t i e n t s 1 0 w e r e d i a b e t i c s t r e a t e d 

w i t h i n s u l i n o r o r a l h y p o g l y c e m i c a g e n t s . S i x o f 

t h e s e h e a l e d , f o u r d i d n o t a n d r e q u i r e d 

a m p u t a t i o n o r e x c i s i o n a l f o o t s u r g e r y . T w o o f 

t h e t h r e e n o n - d i a b e t i c p a t i e n t s h e a l e d , o n e 

r e q u i r e d a m p u t a t i o n . A r a t i o o r i n d e x o f 1 .5 is 

t a k e n a s t h e m i n i m u m h y p e r e m i c r e s p o n s e 

n e c e s s a r y f o r h e a l i n g . S e v e n o f t h e p a t i e n t s h a d 

a n i n d e x o v e r 1 .5 a n d a l l h e a l e d . S i x o f t h e 

p a t i e n t s h a d a n i n d e x l e s s t h a n 1 .5 a n d o n l y o n e 

o f t h e s e h e a l e d . T h e m e a n r e l a t i v e h y p e r e m i a o f 

t h e h e a l e d p a t i e n t s i s 2 . 8 ± 0 . 5 , a n d o f t h o s e w h o 

d i d n o t h e a l i s 0 . 9 ± 0 . 6 . T h e r a n g e o f v a l u e s w a s 

f r o m 0 . 2 t o 4 . 2 . 

D i s c u s s i o n 

C r i t e r i a f o r p r e d i c t i o n o f h e a l i n g o f i s c h a e m i c 

u l c e r s m a y e x p e d i t e a n e e d e d a m p u t a t i o n o r 

a v o i d a n u n n e c e s s a r y o n e . T h e p r e s e n c e o f a 

r e l a t i v e h y p e r e m i a g r e a t e r t h a n 1 .5 w a s s h o w n t o 

h a v e a s i g n i f i c a n t r e l a t i o n s h i p t o h e a l i n g o f s u c h 

u l c e r s a n d t h u s a p r e d i c t i v e v a l u e . I n t r a v e n o u s l y 

a d m i n i s t e r e d T h a l l i u m 2 0 1 h a s b e e n s h o w n t o b e 

a s u i t a b l e m e a n s f o r m e a s u r i n g t h i s h y p e r e m i a . 

A d e q u a t e relative hyperemia = ( a c t i v i t y p e r u n i t a r e a ulcer)/(activity p e r u n i t a r e a o f surrounding tissue) = 1 .5 
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Prediction of leg viabililty and amputation level 
by fluorescein uptake 
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Abstract 
There is a continuous search for more reliable, 
locally non-invasive tests for prediction of leg 
viability and for the selection of amputation 
levels in dysvascular lower limbs. Refinement of 
the dermofluorometer by addition of a shielded 
probe and fibreoptic bundles has reduced the 
bulk of the instrument and permitted rapid 
testing. Excitation light is carried to the tissues 
and emitted fluoresence is returned to a photo 
multiplier. The Index of Fluorescein Uptake is 
20-30 units in control areas. Healing is constant 
above 15 units, inconstant from 5 to 15 units, and 
absent below 5 units. Reliability has been 
virtually 10% in preliminary tests. 

Introduction 
Tissue fluorescence following intravenous 

injection of sodium fluorescein has been used for 
many years as a visual indicator of capillary 
blood flow. I t has been used in limbs 
compromised by peripheral vascular disease and 
in other tissues whose viability was compromised 
by acute and chronic ischaemia (Lange and 
Boyd, 1942, and 1944; Myers, 1962). The dye is 
distributed throughout the patent vascular 
system. I t diffuses through the capillary walls to 
equilibrate with the extracellular fluid. Exposure 
of skin or tissue surfaces to blue or ultraviolet 
light produces a yellow-green fluorescence. 
Hypoperfusion is presumed in absence of 
fluorescence. 

Estimation of the degree of fluorescence by 
the naked eye is not accurate and means of 

measurement were sought in the early 1940's. 
Lange and Krewer reported the 
dermofluorometer in 1943. Unfortunately the 
equipment was cumbersome and was not well 
accepted as a clinical instrument. Modifications 
and adaptations of the basic concepts have aided 
in the production of an instrument that separates 
the bulk of the equipment from the patient. A 
relatively small shielded probe is used in a 
normally lighted room. Sterilization of the probe 
shield permits use of the instrument during 
surgery. 

The fibreoptic dermofluorometer has been 
developed by Silverman et al, (1980) and the 
Johnson Research Foundation. The present 
perfusion fluorometer is manufactured by 
Diversatronics, Inc., Broomall , Pennsylvania, 
U.S.A. 

Action of the perfusion dermofluorometer 
Incandescent light passes through an 

excitation filter which selectively transmits 
wavelengths between 450 and 500 nanometers, 
within the range of maximal excitation of 
fluorescein in vivo (Delor i et al , 1978). This light 
passes along fibreoptic pathways to the probe 
which is held on the tissues being tested. The 
probe also contains fibreoptic bundles which 
carry the emitted fluorescence plus reflected 
excitation light back to the instrument. Both 
fluorescent emissions and reflected excitation 
light pass through a selective filter before 
reaching the photo multiplier tube. This filter 
passes wavelengths between 530 and 660 
nanometers. Wi th such selective transmission 
there is minimal overlap and a resultant high 
signal to noise ratio. There are two photo 
multiplier tubes which allow for simultaneous 



measurements of experimental and control 
areas. The emitted fluorescence is quantified by 
the photo multiplier tube and is read as D F (dye 
fluorescence) on an arbitary scale. 

Tissue uptake of fluorescein appears to be a 
multiexponential function which can be 
empirically converted to a "straight l ine" by 
graphing " D F readings vs. log t ime." The slope 
of this line provides an index of fluorescein 
uptake ( IFU) . 

Control areas, e.g., forehead, abdomen, and 
upper limbs, have indices between 20 and 30 
units after intravenous injection of fluorescein at 
4 mg/kg. A l l regions with an index greater than 
15 remained viable and were able to heal an 
amputation when performed at that level. In 
areas where the I F U was below 5 units healing 
did not occur. Healing was inconsistent in 
transitional zones with the I F U between 5 and 15 
units. 

Preliminary studies at Veterans Adminis­
tration Medical Center, Philadelphia, 
Pennsylvania, were conducted on laboratory 
animals (Wagner 1979). There appeared to be a 
high correlation wi th tissue viability and tissue 
fluorescence. Further studies were performed on 
9 human subjects with difficult lower limb 
problems secondary to decreased circulation. 
Fluorometric studies were contrasted with 
clinical findings, skin temperature, pulses, pulse 
volume recordings, ankle/brachial Doppler 
pressure measurements, and angiography. 
Fluorometry was 100% accurate; the other tests 
combined were accurate in 44% of the cases 
(Table 1). Treatment was based on the 
"standard tests". 

Approximately 30 cases have been studied in a 
prospective randomized study designed to run 
two years. Fluorometry has shown a reliability 
over 95%. A t Rancho Los Amigos Hospital a 
similar study is in progress. Prediction of healing 

of leg and foot lesions and selection of 
amputation level are at a 100% level on the first 
11 cases. 

A sample protocol outlines the steps for a 
patient with peripheral vascular disease. The 
tests are performed in a temperature regulated 
area. 

A. Safety precautions 
1. Wel l running intravenous line. 
2. Blood pressure and cardiac monitoring 

available. 
3. Resuscitative personnel and equipment 

available (highly unlikely to be needed). 
4. A physician administers the fluorescein. 

B. Grid pattern 
1. The anterior aspect of each leg is marked at 

5 cm intervals starting at the inguinal 
ligament. The leg is marked at 2 cm 
intervals in the areas where amputations 
are most likely to be performed, e.g. at 
above-knee, through-knee, below-knee, 
and Syme levels. In addition, the foot is 
marked at 2 cm levels on dorsal and plantar 
surfaces and readings are taken on dorsal 
and plantar aspects of the toes. 

2. Adjustments in the grid pattern can be 
made before and during the study. 
Landmarks are recorded on a patient 
drawing and on the computer program if a 
computer is used. 

3. Control areas are identified on abdomen, 
forehead, and upper limbs. 

C. Pre-injection measurements 
1. Temperature reading every third interval. 
2. Background readings on both sides of each 

dot are generally quite low and are 
subtracted from post-injection readings. 

D. Injection of fluorescein 
1. Rapid injection through well-running 

intravenous line. 

Table 1. "Standard test" treatment and Fluorometry predictions compared in 9 patients. 



2. A t 45 seconds measurement is started-
probe is moved to all points (1 second/ 
point). 

3. Points are measured sequentially for 20 
minutes. 

4. A computer aids markedly in assembling 
data. The reading and time for each data 
point are recorded, the time course of 
fluorometer readings are graphed and 
analysed for each point, and at 20 minutes 
ratios between the test sites and control 
areas can be provided. Areas showing 
critical changes can be further subdivided, 
further readings and ratios obtained. 

E. Post examination 
1. Patient observed for one hour post-

injection. 
2. The patient and those caring for him wil l be 

instructed in possible changes in skin and 
urine colour. 

F. Statistical analysis 
1. Patients wi l l be randomly assigned to 

control or treatment groups. In the control 
group the surgeon wil l not be shown the 
perfusion results. Amputation wi l l be 
carried out at the level determined by the 
hospitals "standard" means of assessment 
(Wagner, 1979). 
In the treatment group amputation wil l be 
performed at the level determined by the 
test showing the greatest amount of limb 
salvage. Successes and failures wi l l be 
analysed by standard statistical methods. 

G. Risks 
Most articles report virtually no 
complications. However, a recent review of 
the literature reports two cardiac arrests and 
three fatal reactions (Buchanan and Levine, 
1982). The same authors report a study on 38 
flap procedures in 29 patients over a ten year 
period. A n immediate blood pressure drop of 
more than 20 mmHg was noted on nine 
occasions. Pressure returned to base line with 
supportive measures in six patients, but 
ephedrine was felt to be necessary on three 
occasions. 

The only side effect seen so far in our 
patients has been mild nausea. 

Summary 
Tissue fluorescence has been used to aid in 

determining nutritive blood flow. Quantification 
of fluorescence by the naked eye has not been 
accurate. Previous instruments to measure 
fluorescein dynamics were not acceptable for 
clinical use due to cumbersome size. 

A new fibreoptic perfusion fluorometer has 
been developed that contains the basic elements 
of earlier instruments but removes the bulky 
components from the patient. The probe is 
placed on the area to be examined after 
fluorescein injection and a reading is obtained in 
one second. 

Preliminary studies in animals and in humans 
show that ultimate viability of tissue can be 
predicted and amputation level selected with 
great reliability. 
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Operative technique in knee disarticulation 

K. JANSEN and J. STEEN JENSEN 

Department of Orthopaedic Surgery T-2, Gentofte Hospital, Copenhagen. 

Abstract 
The operative technique is described in detail. 
Pitfalls are emphasized and comparisons made 
with other techniques. 

Introduction 
Interest in the through-knee (TK) amputation 

was created during a visit to the headquarters of 
Col . Maurice Fletcher at the Walter Reed 
Hospital in Washington DC in 1953, where they 
were considering a combination with 
quadricepscine-plasty. 

The traditional Spittler approach with a large 
anterior flap was used in Copenhagen until 
Kjølbye (1970) suggested the use of two side 
flaps. In arteriosclerotics this technique provided 
flaps with a safer blood supply. This technique 
has been routinely used in Gentofte. 

Operative technique 
The surgical technique is a minor procedure as 

litt le soft tissue is divided. The level is 
determined essentially by determination of the 
blood flow, measured by the Holstein technique 
(Holstein and Lassen 1973) and of course by the 
clinical findings such as skin or bone disorder or a 
severe knee joint contracture. 

Primarily a circular skin incision (Fig. 1) and 
preparation of two square flaps are performed. 
The final trimming of the skin is delayed until 
wound closure. The patellar tendon, the 
collateral ligaments and the tendon of the 
hamstrings are detached. After a broad 
transverse capsulotomy the joint is widely 
exposed. Next the cruciate ligaments are divided 

at their distal attachments. After division of the 
posterior capsule, the gastrocnemius are divided 
2 cm below joint level in order not to sacrifice the 
superior genicular artery. 

The vessels are ligated at joint level and the 
tibial and peroneal nerves are isolated, pulled 
down gently, ligated and divided. The ligature of 
the nerves in amputation surgery serves to create 
a circumscribed neuroma, which is easier to 
identify and handle than dendritic neuromas in 
cases of re-operation for pain caused by post-
amputation neuroma. 

Af ter removal of the menisci, the patellar 
tendon and the hamstring tendons are stitched to 
the cruciate ligaments and the capsular brim. 
Proper tension of the sutures is emphasized. The 
correct placement of the knee cap is of utmost 
importance as the apex of the patella must never 
reach below the condylar level (Fig. 2). Ideal 
positioning leads to a triangular stump end 
consisting of the two condyles and the apex 
patellae. The final shaping of the gastrocnemius 
heads is undertaken to cover the posterior part of 
the joint cartilage. 

A n intra-articular suction drain is inserted 
through a separate incision and the wound is 
sutured after trimming the skin flaps. 
Subcutaneous interrupted sutures are 

Fig. 1. Circular incision 3 - 5 cm below tibial tuberosity 
or 8 - 1 0 cm below level of knee joint. 



recommended using an absorbable material such 
as polyglycol acid. Interrupted atraumatic nylon 
sutures, or other monofile non-absorbable 
materials, are recommended with close 
adaptation of the skin edges. The wound has to 
be treated as all other operation wounds. There 
is no reason for using few, deep interrupted 
sutures, as the destiny of the wound is dependent 
on the blood supply. 

In vascular cases the skin sutures are removed 
after three weeks as a rule, but after normal 
healing in others. The postoperative dressing 
consists of an elastic bandage or a plaster of 
Paris, which has to be changed after one week to 
inspect the wound 

Discussion 
The predominant disadvantage of the TK 

amputation is the cosmesis, as the protruding 
knee joint of the prosthesis is less acceptable, 
especially in women. 

The advantages, however, greatly exceed the 
cosmetic problem and are listed in Table 1. 

The majority of the advantages are related to 
the prosthetic fitting procedures as wil l be 
described in other papers of this issue. It is, 
however, well known that weight-bearing 
stumps lead to better comfort and improved 
prosthetic fitting. The architecture of the TK 
stump provides a triangular stump profile thus 
distributing the pressure at the stump end over a 
larger area. This reduces the risk of breakdown 
of the skin over the stump end. In our series of 
more than 70 T K amputations no late surgery for 
skin problems was required. 

Other techniques have been introduced over 

the years, such as the Gritti-Stokes procedure 
wi th transplantation of the patella to the resected 
condular area. The stump end is thus created by 
the patella and consequently the pressure is 
distributed over a smaller area. 

Another advantage is the perfect muscle 
balance of the hip and thigh muscles, as no 
muscular attachment is removed significantly 
f rom its original position. This facilitates 
prosthetic walking, as the quadriceps is not 
weakened and the hamstrings can still act as hip 
extensors. 

The triangular shape of the bulbous stump also 
secures the rotational stability of the well fitted 
prosthesis. This is in contrast to the Mazet 
procedure, where the femoral condyles are 
shaped by bone resection for cosmetic reasons 
alone. 

The major surgical advantage of the knee 
disarticulation is the minor surgical trauma. No 
bone surgery is performed and synovectomy is 
not attempted. As no large bleeding areas are 
left, the postoperative oozing and haematoma 
formation is reduced. In contrast to the Spittler 
procedure the technique utilizing side flaps 
places the scar in the intercondylar area, which is 
relieved of pressure. 

I n using the described procedure a few 
technical problems might be considered. In cases 
of severe knee contracture the dorsal skin 
incision should be placed fairly distally in order 
to facilitate skin closure and the hamstring 
attachments might be sacrificed. The T K 
amputation is, however, also superior to the A K 
amputation in these cases if technically possible. 
In some cases wound closure might be difficult 
because of skin tension. This is especially a 
problem over the prominent medial femoral 
condyle. In such cases minor resection of the 
femoral condyle should be undertaken as a 
pressure necrosis of the skin might otherwise 
occur leading to secondary A K amputation. The 
last problem to be mentioned is the 
postoperatively appearing synovial fistula, which 
occurred in 6 per cent (4/71) of our series (Jensen 
et al, 1982). The fistulas were located in the 
wound between the condyles and always dried 
out without further surgical treatment within a 
few months. The appearance of synovial fistula 
did not postpone the prosthetic fitting as no 
pressure occurs in this area. 

In conclusion, the surgical technique utilizing 
side flaps and positioning the apex patella level 

Fig. 2 . Lig. patellae sutured to cruciates bringing the 
apex of the patella level with the femoral condyles. 

Table 1. Advantages of through-knee amputations. 



with the condyles is recommended for T K 
amputations as the surgical trauma is minimal, 
the procedure fast and safe and the stump 
advantageous for prosthetic fitting. 

Note 
This contribution is based on lecture notes and 
papers found in Knud Jansen's office after his 
death on 1 August 1982. The style and choice of 
words are in accordance with his presentations as 
are the opinions expressed. 
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The postoperative environment of the amputation stump 

Postoperative wound dressing after through-knee amputation 

G. M U R D O C H 

Department of Orthopaedic and Traumatic Surgery, University of Dundee, Scotland. 

Abstract 
This paper reviews different types of treatment 
of the amputation stump. Following an 
examination of the historical development there 
are sections on bandaging, semi-rigid dressings, 
rigid cast dressing and controlled environment 
treatment. The merits and demerits of each type 
of treatment are discussed. 

Introduction 
The considerations which have to be 

addressed in discussing a dressing for any 
terminal wound are: 

1. Protection from bacterial infection. 
2. Containment or reduction of oedema 

whether present preoperatively or as part 
of the tissue response to operative trauma. 

3. The protection of the stump from physical 
trauma as exposed in the rehabilitation of 
the patient, and 

4. Possibly, to provide attachment of 
prosthetic devices to permit early walking. 

Historical 
These factors have operated over the 

thousands of years during which amputations 
have been performed though it is doubtful if the 
objectives were so clearly defined, albeit 
intuitively encompassed, in the solution. For 
many centuries an additional objective was to 
ensure stoppage of bleeding and many solutions 
for this problem have been employed. These 
included amputation below, at, or just above the 
level of gangrene as employed by (Celsus circa 25 
A D ) , and tourniquets of various kinds until 
eventually Paré electively ligatured vessels 

(Taylor, 1933). Cautery was also widely used but 
the practice, as used in the Peliponnesian wars, 
of applying small buckets of tar to the end of the 
stump combined several objectives—cautery for 
haemostasis, protection from infection, a fixed 
volume for the stump thus containing oedema, 
and it is believed, in some cases provision for 
weight-bearing by the addition of a peg 
attachment. 

From that time on a variety of dressings were 
employed including lint and sea sponges. 
Gersdoff in 1517, as described G. Taylor (1933) 
advocated rabbit fur and egg white and several 
surgeons employed a pig's bladder. This 
particular method is interesting as it might cover 
all but one of the considerations listed above. 

Bandaging of stumps has been employed for 
many hundreds of years. The continued use of 
bandages as the weeks passed following 
amputation was primarily directed towards 
producing a conical shape in the stump to meet 
the demands of the then conically shaped 
sockets. I n more recent times with advancing 
technology a variety of wound dressings, both 
occlusive and porous have been produced. 
Equally there have been advances in bandage 
design and in the use of plaster of Paris. In the 
past fifteen years devices have been developed 
seeking to find more fundamental solutions. 

Present methods and techniques 
Today bandaging is still employed as a means 

of covering the stump following operation. The 
bandages may be non-elastic, elastic or have 
properties akin to the traditional Unna's paste 
bandage producing a semi-rigid structure. Rigid 
dressings in the form of plaster of Paris casts are 
used widely and in more recent time a controlled 
environment treatment technique has found 
favour in some units. 



Bandaging 
The problem inherent in any bandaging 

technique is the danger of creating an adverse 
pressure gradient. Very often that adverse 
pressure gradient is a direct result of the need to 
ensure that the bandage does not slip. 
Voluminous padding applied between the 
bandage and stump may avoid this danger but 
the bandages still tend to work loose and appear 
to offer nothing more than a cover for the 
wound. 

There can be no doubt that a properly applied 
bandage is beneficial; provided that the bandage 
pressure does not exceed intravascular 
hydrostatic pressure, bandaging wil l l imit the 
formation of oedema but wi l l not increase the 
vascular resistance to the detriment of blood 
flow. Intracapillary pressure in the recumbent 
position is of the order of 15-20 mm Hg but 
varies with posture (Chant, 1972) thus requiring 
a bandage which provides graded pressure as 
devised by Wood (1968). Spiro et al, (1970), 
Husni et al, (1968) and Johnson (1972) all 
advocated pressures in the 10-20 mm Hg range 
as being maximal. Isherwood et al, (1975) in 
comparing the efficacy of three different types of 
stump bandages, studied the pressures produced 
by both skilled and unskilled bandagers. Not 
surprisingly the skilled bandagers performed 
better and the results varied with different 
bandages, but the striking result was the fact that 
pressures as high as 140 mm Hg were produced 
even by skilled bandagers. In the light of that 
evidence there are clear grounds for careful 
consideration of the implications of the use of a 
bandage. 

Semi-rigid "dressings" 
Ghiulamila described this type of dressing as 

applied to an amputation stump in 1972 and has 
remained an enthusiastic protagonist since then 
at different levels of amputation, including the 
through-knee amputation. Essentially he uses a 
modified Unna's paste bandage with the classic 
ingredients of zinc oxide, glycerine and gelatin. 
Once applied this bandage forms a semi-rigid 
dressing which, while flexible, is inextensible in 
terms of volume. I t adheres well to the skin and 
makes for a stable situation with respect to the 
wound. 

Lippman and McMaster (1972) in a well 
considered contribution cover the theoretical 
and practical aspects of applying a Unna's paste 
bandage. As wi th other bandages considerable 

skil l is required in its application but once the 
pressure gradient is achieved it tends to be 
sustained, they point out that no more than 1 cm 
H2O pressure is required to dissipate oedema. 

The air splint 
This is a device designed as an emergency 

splint for stabilizing fractures. I t was first 
recommended as an immediate post-operative 
dressing by Lit t le (1970) over rolled cotton wool 
and bandages and inflated to a pressure of 25 mm 
Hg. Sher (1974) reported on a similar technique; 
he used a towel wrapped around the thigh to 
absorb moisture and prevent maceration of the 
skin. 

Hard foam dressing 
This technique employs a stocking 

incorporating a zip (Blömer, 1978). A 
polyurethane foam mix within the stocking 
forms around the stump; it can be used 
immediately following surgery. 
Rigid cast dressing 

Coincident with the concept of immediate 
post-operative fitting of prostheses there was 
clearly a need to apply a rigid wound "dressing" 
as an integral part of the technique. Berlemont 
(1961) first described the technique and through 
the experiences of Weiss (1966) Burgess and 
Romano (1968) and many others the technique 
has become widespread. Many have abandoned 
the early prosthetic fitting for a variety of 
reasons, but the rigid cast dressing remains in 
use. There are many varieties but that decribed 
by Romano and Burgess is well received. A 
silicone impregnated wound dressing is applied 
and is overlaid with a quantity of fluffed gauze; 
and elasticated sock is then pulled over the 
stump. Felt pads in strategic positions are 
applied and elasticated plaster of Paris bandages 
are laid on without tension ensuring that the cast 
conforms well to the shape of the stump. As the 
plaster hardens it is carefully moulded around 
the femoral condyles. Especial care is required 
over the posterior aspect of the femoral condyles 
in the through-knee amputation. 

Mooney et al, (1971) compared the use of the 
rigid cast with soft dressings in a series of 182 
below-knee amputations performed on diabetic 
patients. In this well controlled study it appeared 
that the rigid cast was a positive factor in 
achieving a healthy wound. Baker et al, (1977) 
conducted a similar study on 51 patients with 
below-knee amputations and found that neither 



wound dressing technique proved superior, with 
healing rates almost indentical. 
Controlled environment treatment 

This technique and the associated device were 
developed at Roehampton, England by 
Redhead (1973) and Redhead and Snowdon 
(1978). Essentially the stump without dressing is 
placed inside a sterile bag or sterishield which has 
a proximal internal apron which prevents ingress 
f rom air outside and permits sterile air at a 
known temperature and pressure to be pumped 
in. The motor, pump and filter are conveniently 
housed within a control consul which permits the 
clinician to select the appropriate pressures 
(cycled if need be) and temperature. Troup 
(1980) recorded an experience with use of the 
device in 100 patients and, while noting the 
practical difficulties of setting up a randomized 
controlled tr ial , believed the results were better 
than with rigid dressings. 

Discussion 
The amputating surgeon, sensitive to the 

problems that may arise, wi l l choose a method of 
stump environment which wi l l be least likely to 
harm his patient and, i f possible, provide some 
control of oedema. In the Northern hemisphere, 
where the great majority of amputations are 
performed for vascular disease, where he seeks 
to perform the amputations at the lowest 
possible level and where skin perfusion pressures 
are marginal, the decision wi l l depend largely on 
his competence in bandaging, whether it be a soft 
bandage, a Unna's paste bandge or a plaster of 
Paris bandage. While Baker et al, (1977), showed 
that wound healing was no different with a soft or 
plaster dressing, they did note that the 
rehabilitation of patients with wounds that 
healed primarily with plaster started sooner. 
They noted that patients with soft dressings 
almost uniformly had some oedema despite 
wrapping with an elastic bandage and the 
persistence of this oedema postponed the 
beginning of walking training. For these reasons 
they normally used a plaster dressing. I t seems 
therefore that if soft dressings are to be used and 
the stump is bandaged over these soft dressings 
in such a way as to avoid an adverse pressure 
gradient, then the penalty must be poor 
dissipation of oedema. I f the surgeon is 
accustomed to handling plaster of Paris then he 
wi l l probably elect to use a rigid cast dressing in 
the knowledge that it provides an effective 

barrier to infection, permits the patient to move 
about freely in the course of his rehabilitation 
without risk of damage to the stump and has a 
good record in so far as control of oedema is 
concerned. A t the same time, if much oedema is 
present at the time of amputation, the fit of the 
plaster cast on the stump wi l l be lost with all the 
dangers to bony prominences as a result of the 
incongruity. 

Where oedema is present and particularly if 
through-and-through drains are employed the 
surgeon may elect to use a Unna's paste 
bandage, as it is readily replaced and amenable 
to removal of drains but affords less protection 
for the stump. For those who are concerned to 
avoid adverse pressure gradients and are not 
accustomed to using plaster of Paris then an air 
splint or hard foam dressing would appear to 
offer a reasonable alternative. The tendency to 
sweating inside the air splint must be a 
disadvantage because of its possible influence on 
infection. 

The advantages of controlled environment 
treatment are unequivocal as no skill is required 
in its application, there is control of pressure and 
temperature, sterility is maintained and the 
wound can be observed throughout the 
treatment. I t would seem to have a marked 
advantage in patients where oedema is a feature. 
However the apparatus is expensive, the patient 
is much less mobile and this can lead to 
distressing frustration and it can prove to be a 
environmental hazard for staff. 

Finally it should be noted that there is no need 
to confine oneself completely to one technique 
or another. For example, in the diabetic patient 
wi th marked oedema it might be wise to use 
controlled environment treatment for a few days 
unti l the oedema is controlled and thereafter to 
apply a rigid cast to permit more rapid 
rehabilitation of the patient. One's main concern 
must be to avoid an adverse pressure gradient. 
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Physiotherapy following through-knee amputation 
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Physiotherapy Department, Henderson General Hospital, Hamilton, Ontario. 

Abstract 
Physiotherapeutic treatment considerations 
specific to the through-knee amputee are 
presented. Treatment is determined by the 
assessment findings. The physiotherapy 
programme includes post-operative exercises, 
early weight-bearing, bed to chair transfers, 
bandaging techniques, the counteracting of 
contractures and gait training. Physiotherapy is a 
vital part of the rehabilitation of through-knee 
amputees. Principles of treatment are based on 
normal human locomotion, the individual 
patient's health status, biomechanical changes 
and expected stump functions. The through-
knee stump is generally problem free, functional 
and end-bearing, allowing for a high 
rehabilitation rate in independent ambulation. I t 
is therefore well suited for the geriatric amputee. 

Introduction 
The physiotherapist wil l see fewer patients 

wi th knee disarticulation compared to patients 
wi th below-knee (BK) and above-knee (AK) 
amputations during lower limb rehabilitation. 
A l though all recent lower l imb amputation levels 
have common functional treatment goals such 
as: 

healing of the surgical suture, 
stump maturation prior to definitive 
prosthetic fitting, 
gait training, 

each stump level wi l l present different 
ambulation and prosthetic fitting problems. 
These have to be dealt with on an individual 
basis. Therefore, the treatment planning for a 
recent through-knee (TK) amputee has to be 
directly related to the amputee's physiological, 
functional and mechanical losses. 

Assessment 
A n assessment for physiotherapy treatment 

planning includes the following considerations 
(Holl iday, 1981; Mensch and Ellis, 1982). 

1. Reason or reasons for surgery 
These wi l l help to indicate the expected 
activity tolerance and the rate of treatment 
progression. 

2. General health of the patient 
The amputee's energy output depends on his 
general medical condition which wil l also 
influence the setting of the treatment goals, 
e.g. independent locomotion, assistive 
devices necessary, aiming toward wheelchair 
independence. 

3 . Stump condition 
This evaluation has to be specific. Test and 
observe stump length and shape, muscle 
strength, range of motion of the hip joint, 
healing of the surgical suture, stump oedema, 
skin sensation, the presence of pain and 
response to weight bearing. A l l stump 
functions and conditions wil l affect leverage 
control and gait cycle performance. I t wi l l 
also indicate the ability of the stump to 
tolerate stresses of weight bearing and skin 
fr ict ion. 

4 . Proprioception and balance 
Prior to amputation surgery, the patient's gait 
was automatic. However, the loss of the shin 
and foot wi l l contribute to an initial 
proprioceptive disturbance and lack of co­
ordinated muscle action, which wil l affect 
balance. 

5 . Condition of the remaining leg 
The remaining leg wil l become the dominant 
l imb. I t wi l l hold the body weight, balance 
while donning the prosthesis, pivot, control 
stairwalking, initiate standing up and sitting 
down, control driving, etc. When signs of 
intermittent claudication are present, 
standing activities are restricted. 



6. Pre-amputation ambulation 
A n investigation into the ambulation pattern 
prior to amputation surgery wi l l determine 
the post-amputation level of ambulation 
which may be achieved. 

The assessment findings wil l help to establish 
realistic treatment goals. 

Through-knee amputations—specific 
characteristics 

Ambulat ing a patient with a knee 
disarticulation is closely related to A K gait 
training. Similarities include the loss of knee 
function and learning prosthetic knee control. 
However, the knee disarticulation stump has 
several distinct functional, physiological and 
mechanical advantages because during surgery, 
bone and muscle tissues remain intact (Harris, 
1970; Baumgartner, 1979; Kostuik, 1981; 
Murray and Fisher, 1982). 

Factors aiding ambulation 
1. Total end-bearing through the femur 

contributes to stump-socket comfort. 
2. Balanced muscular control of all thigh 

muscles allows for co-ordinated stump 
movement. 

3. End-bearing and stump length provide 
rotational stability between stump and 
socket. 

4. Proprioceptive awareness is better as 
muscle tissues have not been surgically 
disturbed. This results in quicker 
readjustment to balance and stump 
position sense. 

5. The stump shape permits a relatively easy 
socket suspension by contouring the socket 
wall above the femoral condyles. 

Because of stump length, end-bearing, 
balance muscle control and socket comfort, the 
prosthesis is comparatively easy to manage. 

Disadvantages specific to through-knee 
amputations 

1. The actual stump length presents a 
problem during prosthetic fitting (Bell, 
1970) as the placement of the mechanical 
knee axis falls below its anatomical 
position. This results in increased thigh 
length and a shorter shin section. 

2. The thigh-shin imbalance affects the 
biomechanics of the gait cycle. 

3. The cosmetic appearance of the prosthesis 
is disproportionate. 

Physiotherapy treatment 
Following surgery, the amputee attempts to 

adapt his stump motions and his locomotor 
pattern by what he feels. He perceives by touch 
(Mensch and Ell is, 1982). Therefore, correct 
guidance is indicated immediately. Sensory 
feedback can be provided by using stump-hand 
contact. The therapist assists, resists and guides 
the stump manually through the expected joint 
ranges helping the amputee experience stump 
control. Manual feedback also stimulates 
proprioception; it gives the amputee an 
awareness of the intensity and/or speed with 
which he needs to control his stump motions. 
Manual guidance encourages the re-
establishment of automatic muscle control in 
preparation for prosthetic ambulation. 
Post-operative phase 
(for the casting technique and the post-operative 
soft dressing procedure.) 
Phantom sensation 

This is the phenomenon which makes the 
amputee feel complete (Koerner, 1969; 
Holhday, 1981; Murray and Fisher, 1982). The 
awareness of feeling and moving the amputated 
l imb can be useful during treatment. The 
sensation is utilized to practice bilateral leg 
exercises which wi l l stimulate stump 
proprioception and help in establishing a 
controlled and more automatic gait pattern. 
Exercises 

In preparation for ambulation, isometric 
exercises are initially practiced. Extension is 
emphasized because: 

1. The trunk extensors hold the body erect. 
2. Stump extension stablizes the artificial 

knee on stance. 
3. H ip extension places the centre of gravity 

through the hips and permits standing with 
ease. 

Flexion exercises are secondary because: 
1. The amputee practices flexion routinely 

when sitting up and getting in and out of 
bed, chairs, etc. 

2. He uses his stump actively as a balancing 
lever ( in a hip flexion position) when 
standing on one leg and when attempting to 
walk. 

Early weight-bearing 
I n T K amputations, early weight-bearing is 

practiced (Holden, 1981; Mensch and Ellis, 
1982). This is done by providing manual distal 
pressure, either over the post-operative cast or 



over the soft dressing. The amount of gentle 
intermittent compression that can be tolerated is 
judged by the amputee's comfort. Weight-
bearing practice can be continued regularly 
during the day by the amputee himself by using a 
sling over the stump end to provide distal end 
bearing pressure (Fig. 1). 

Graduated compression gives the T K amputee 
a feeling of comfort and support. This feeling is 
experienced because the femur is intact. Distal 
pressure: 

1. Reduces stump swelling. 
2. Aids in stump desensitization. 
3. Eases the stump throbbing sensation which 

may be experienced when the stump is 
initially in a dependent position. 

Weight-bearing is gradually increased by 
allowing partial body weight-bearing in the gait-
training unit (Mench and Ellis, 1982). Weight-
bearing progression is observed when the 
amputee can decrease the amount of weight 
placed on the ambulatory aids, indicating an 
increase in weight-bearing through the 
prosthesis. 
Transfers 

Transfers require balance, muscle co­
ordination, strength and abdominal control 
(Hol l iday, 1981). Supervision or assistance must 
be given initially to assure that the amputee 
practices safe transfer techniques. 
Bed to wheelchair 

1. The shoe is placed on the remaining foot 
prior to transfer. 

2. The wheelchair is positioned next to the 
bed on the non-amputated side. 

3. Secure wheelchair brakes. 
4. Assist the amputee into sitting up by using 

thigh stabilization and the hand-pull 
technique (Fig. 2). 

5. The remaining foot is placed on the 
ground. 

6. Pause and encourage deep breathing to 
overcome possible postural hypotension. 

7. The patient pushes on his hands using 
triceps and abdominal muscles to bring his 
trunk weight forward and attempts to 
stand. He then reaches for the wheelchair 
armrests and pivots. 

8. The therapist stands on the amputated side 
at a 45° angle holding the amputee's hips 
and guiding the transfer. The therapist's 
position permits knee counter-pressure 
against the patient's knee providing 
stability in case the stance leg should buckle 
(Fig-3). 

9. Using both hands supported on the arm 
rests, the amputee then sits down. 

10. I f applicable, the base section is then 
attached to the non-removable cast or the 
training unit is donned. Early ambulation 
can begin. 

Only in recent post-surgical B K amputations 
wi l l the base unit be attached to the cast prior to 
the transfer procedure. This is done because the 
knee is cast in extension and supporting the base 
unit eliminates lever pressure over the anterior 
aspect of the stump end (Mensch and Ellis, 
1982); in T K amputations, this is not necessary. 
Sitting to standing with temporary prosthesis 

1. Sit forward in chair. 
2. Extend prosthetic knee with heel on the 

floor. 
3. Bend the sound knee more than 90°. 
4. Shift trunk weight forward placing body 

weight over thighs. 
5. Push on arm rests while coming to a 

standing position with weight supported on 
the remaining leg as well as the ambulatory 
aid. 

6. Draw prosthesis underneath trunk. 
7. Place feet parallel and get the feeling of a 

balanced stance. 

Fig. 1 . Controlled, graduated weight-bearing as well as 
stump desensitization can be practiced using the sling 

or towel technique. 

Fig. 2 . Thigh stabilization and the hand-pull method 
assist the geriatric amputee in getting to the sitting 

position. 



Immediately post-surgically, when the stump 
is in a dependent position, a throbbing or 
pulsating sensation is experienced. This is 
normal and wi l l subside within a short period of 
t ime. 

Oedema 
Stump oedema is common following 

amputation surgery and can affect the rate of 
healing of the suture line (Menzies and Newham, 
1978), the T K amputation level is no exception. 
However, the severity of the oedema is usually 
not as marked as in A K stumps. Reduction in 
swelling is necessary to help the stump stabilize. 
Only a mature stump can act as a controlled lever 
and can be provided with a snug prosthetic 
socket fit (Fig. 4). 

Stump oedema wi l l decrease by walking 
regularly with a gait training unit. The 
alternating motions of swing and stance allow the 
stump muscles to contract and relax against the 
socket walls thus decreasing the stump 
circumference. The T K stump has to be reduced 
in girth to fully utilize the femoral condyles as 

socket suspension. A gradual reduction in stump 
volume can also be achieved by correct 
bandaging techniques. 
Bandaging 

Bandaging, if supervised and correctly 
applied, is an economical and effective stump 
shrinking and shaping method (Holliday, 1981; 
Mensch and Ellis, 1982). Fluid reduction is 
achieved by providing distal bandage pressure 
which is gradually decreased as the bandage 
continues proximally. A bandage should always 
feel comfortable giving firm support to the 
stump. A comparison can be made to a patient 
following abdominal surgery who wi l l hold his 
hands over the suture to give comforting support 
when coughing. The stump bandage should 
provide the same support equalizing the internal 
and external pressures on the stump. Never 
apply a bandage in tight circular turns as this may 
restrict circulation and can have adverse effects 
on the stump. 

Some clinicians are opposed to bandaging 
(Brady, 1982) claiming that the amount of 
bandage tension cannot be controlled. This is of 
particular concern in the vascular patient. These 
negative clinical findings reinforce the 

Fig. 3. The therapist's position controls the transfer 
counteracting a possible knee buckling of the 

amputee's stance leg. 

Fig. 4. Oedema reduction allows for socket suspension 
above the condyles. 



importance of being selective in all treatment 
modalities used to reduce stump oedema. 
However, it can be argued that other 
rehabilitation treatment methods cause stump 
tissue stress of greater intensity than bandaging, 
e.g. during weight bearing. Maximal 
compression is experienced when the stump 
tissues contract during stance against the socket 
walls and again the amount of compression 
cannot be controlled or measured. However 
careful stump observations are made and the 
stump eventually matures so that it can act as a 
lever and support weight. Bandaging starts 
immediately after the post-operative cast is 
removed. Following a post-operative soft 
dressing application, bandaging starts' after 
init ial healing of the surgical suture has taken 
place. 

Through-knee bandaging technique 
1. I f right handed, stand on the right side of 

the patient. 
2. Start the bandage diagonally over the 

stump end directing the bandage medially. 
This init ial directional turn is important as 
it later guides the stump towards body 
midline. ( I f reversed, the stump would be 
pulled into abduction.) 

3. Proceed in a figure of eight fashion 
repeating the stump end turns and continue 
proximally. 

4. Extend the bandage across the pelvis 
anteriorly and around the back. 

5. The completed pelvic turn is then directed 
medially high into the groin area covering 
the adductor region. (Fig. 5). The pelvic 
turn is repeated and the bandage end 
secured wi th safety pins. 

Some throbbing stumps wi l l get relief from 
bandage support. Compression markings seen 
on a swollen stump when the bandage is removed 
indicate that the reduction of fluid is successfully 
being controlled by the bandage application. Do 
not confuse these bandage turn markings (which 
quickly disappear) with irritated or angry 
looking skin areas which can be caused or 
aggravated by compression. Different stumps 
take different compression tension. The clinical 
guide to a correct bandage application is the 
expressed comfort of the amputee. Objective 
stump girth measurements are recorded weekly 
to act as a guide since definitive prosthetic fitting 
can only proceed when measurements stabilize. 
The bandage is removed 

When the stump pain is biting in nature 
combined wi th a sensation of cold or in case of 
reddish-blue discolouration of the stump skin or 
venous restriction. 

Contractures 
Through-knee amputation stumps demon­

strate a lesser number of contractures clinically 
because the surgical procedure leaves the thigh 
muscles intact. I f a hip flexion contracture exists, 
the gait pattern is affected for several reasons: 

1. The iliopsoas muscle is tight. 
2. The amputee leans forward on prosthetic 

stance. 
3. The gluteus muscles are overstretched and 

do not have enough power to hold the 
prosthesis in extension. 

A l l these factors result in gait deviation and 
higher energy consumption. Moderate hip 
flexion contractures can be treated. However, 
marked hip flexion contractures cause major 
fitting problems due to the T K stump length 
(McCollough et al, 1971). 
Preventive measures to counteract contractures 
Prone lying is important for the T K amputee. 
The prone position is restful (Holliday, 1981), 
allows all joints to be in mid-position and 
provides stump position control without stress by 
turning the head toward the sound side. 
Frequent daily prone lying periods are indicated 
following activity sessions. A firm wheelchair 
seat supports the pelvis and counteracts a pelvic 

Fig. 5 . Distal bandage compression aids in stump 
shrinkage. 



drop. A hammock seat permits stump internal 
rotation and adduction. Sitting on one buttock 
also can lead to scoliotic compensation. 
Therefore, equip the chair with a sitting board. 
A f irm mattress during supine rest periods wi l l 
prevent the pelvis from sagging counteracting 
hip flexion contractures. 
Stretching of hip flexion contracture for T K 
amputees 

1. The amputee lies on his sound side with the 
leg in flexion. The flexed leg provides a 
stable side lying position and also flexes the 
lumbar spine (Mensch and Ellis, 1982). 

2. The therapist kneels at buttock level 
behind the amputee using his/her position 
to counteract spinal motion. This is done to 
get a true hip extension stretch and to 
prevent the joints above from 
compensating thus reducing the actual 
stretch on the hip joint. 

3 . One hand provides counterpressure 
against the posterior aspect of the hip, 
while the other hand stretches the stump 
into hyperextension. 

The passive stretch technique is indicated for 
muscle tissue shortening only. I f fixed joint 
contractures l imit joint range, do not attempt to 
stretch. Stretching is done only within pain-free 
limits. Producing pain wil l cause a reflex hip 
flexion to avoid the painful stimulus of the 
stretch. Following passive tissue stretching, 
practice gluteus contractions to encourage active 
hip extension which wi l l counteract hip flexion. 
Individuals who demonstrate joint hyper-
mobil i ty do not develop contractures while 
people with pre-existing kyphotic postures are 
more inclined to develop stump contractures. 
Gait practice 

Stump placement in the prosthesis must be 
precise because the socket is constructed to 
adhere to the anatomical contours of the stump. 
I f the stump is not positioned properly, the 
pressure distribution wi l l be incorrect causing 
stump pain and the prosthesis wi l l be malaligned. 

The T K amputee donning his prosthesis sits 
forward on a chair. 

1. The artificial knee is positioned in 
extension. 

2. The stump is placed into the socket. I f the 
patient wears a double wall socket, the 
inner soft liner is donned first and then 
inserted into the outer rigid socket 
(Baumgartner, 1979). 

3 . The sound leg stands up. 
4. The stump pulls the prosthesis backwards 

into a stance position. 
5. Ful l weight-bearing is necessary to judge 

the correct socket fit. 
6. Addit ional suspension, if applicable, is 

then secured. 
Weight shifting and posture control 

Prior to walking, the amputee exercises, 
repeatedly practicing weight shifting and step 
position exercises ( N Y U 1975). This is done 
between the parallel bars in front of a mirror 
using visual feedback. Heel contact, foot flat and 
toe off positions provide feedback from the 
ground which enhances proprioceptive 
awareness. In this way, the stump also learns to 
adjust to the weight and the functions of the 
prosthesis. 

The most important gait function based on 
controlled weight shifting which the T K amputee 
has to learn, is to initiate hip flexion following toe 
off (Fig. 6). This movement wil l accelerate the 
prosthesis forward into the swing phase. This 
phase proves difficult to master because of the 
length of the thigh lever. Careful hip-knee-ankle 

Fig. 6 . Learning to initiate prosthetic knee flexion 
proves difficult for some TK amputees. 



alignment can over-compensate when the thigh 
is longer by providing too much knee stability. 
The patient feels "g lued" to the ground. 

Instead of keeping the weight on the 
prosthesis and dropping the pelvis, allowing the 
prosthetic knee to flex and accelerate, the 
amputee wi l l hoist his pelvis eliminating weight 
bearing and swing his prosthesis forward by 
either circumducting abducting or by vaulting on 
the sound side. He wi l l almost walk stiff legged 
and does not control his prosthesis (Foort, 1979). 
The position of the prosthetic knee axis is crucial 
as to how well the amputee can utilize its 
function and shift weight. Prosthetic heel contact 
is often achieved by excessive impact in order to 
secure immediate knee extension (Hughes, 
1970). The socket vibrations on prosthetic knee 
extension, as well as the auditory feedback, wil l 
indicate to the amputee that weight can be 
placed on the prosthesis without the knee 
collapsing. 
Standing balance 

This is tested by "pushing" the amputee in 
various step positions to see how well he wil l 
recover from unexpected postural changes. 

The T K stump is able to bear weight on its 
distal end, therefore it serves extremely well in 
giving the remaining leg total relief during 
prosthetic stance. In non-weight-bearing 
stumps, stance on the sound side is increased, 
thus tiring the remaining leg somewhat more 
quickly and possibly affecting balance. 

The T K amputation should therefore be 
considered for the elderly who usually lose their 
leg due to vascular insufficiency. End bearing 
and the improved proprioception and balance 
achieved with a T K amputation help the elderly 
patient to be a prosthetic candidate. 
Gait pattern 

Each phase of stance and swing is individually 
practiced, reinforced and corrected. Progression 
to crutches is indicated when the T K amputee 
controls heel-strike, foot-flat, mid-stance, heel-
off and toe-off rhythmically, and when his sound 
leg oversteps the prosthesis. A n upright posture 
placing the centre of gravity over the hip joints is 
stressed (Mensch, 1979) throughout gait practice 
as it is energy efficient. The therapist teaches 
posture control by utilizing hand contact to 
correct the trunk posture, thus providing 
feedback by touch. Other modalities include 
mirrors and videotape recording (Netz et al, 
1981) for visual feedback and limb load monitors 

for audio feedback during gait training. I t is also 
important to practice trunk rotation and 
alternating arm swing to assist the accelerating 
and decelerating body motions which are normal 
in human locomotion but are restricted by 
ambulatory aids. 

I f the treatment is aimed towards independent 
locomotion, do not allow the T K amputee, 
during the early post-operative phase to walk 
stiff legged by using a pylon, because the 
amputee tries early on to readjust his locomotion 
by what his stump perceives. 

1. A stiff knee prohibits proprioceptive 
awareness of the hip extension function 
and thus deprives the amputee of the 
feeling of stability on stance. 

2 . A stiff knee does not allow the swing phase 
to follow its normal cycle (Fig. 7). 

3. A stiff knee encourages gait deviations 
such as prosthetic circumduction and 
abduction or vaulting on the sound side. 

4. A stiff knee gait is more energy consuming 
because the natural acceleration and 
deceleration of the prosthesis cannot take 
place. 

Fig. 7. Walking post-operatively with a stiff knee 
produces incorrect proprioceptive feedback. 



I f , however, the assessment indicates that the 
T K amputee wi l l not be able to walk 
independently wi th a free swinging prosthetic 
knee, then a modified commercial gait device, 
which can hold the artificial knee position in 
locked extension, can be prescribed to help the 
more debilitated person to get about enough to 
cope wi th activities of daily living. 
Stairwalking 
Up: The sound leg proceeds; the prosthesis, 

held in extension follows (Alexander, 
1978). 

Down: The prosthesis is placed on the lower 
step first, held in extension. The sound 
leg which is able to hold the body weight 
in a knee flexion position, wi l l follow. 

Inclines 
Up: The amputee approaches the incline in a 

sideways position with his sound side 
facing the uphil l slope. The sound leg 
steps up and the prosthesis follows with 
the prosthetic knee in extension, 
stabilizing the position. 

Down: The extended prosthesis leads, also in 
the sideways position, and the sound leg 
follows. 

The sideways position to the line of 
progression is important to avoid buckling of the 
prosthetic knee on the incline. 
Falling 

Falling techniques should be as simple as 
possible because during the fal l , the T K amputee 
does not have time to think which procedure to 
use for a forward or a backward fall. 
Teach: Let go of the crutches and flex the 

body. 
Reason: Body flexion reduces the impact of a 

fal l . Body extension increases the 
impact. 

Gett ing Up 
Practicing to get up off the floor is important. 
1. Flex the sound leg. 
2. Extend prosthesis. 
3. Rol l trunk toward sound side and use 

momentum to achieve kneeling position. 
4. Use arms to stabilize the kneeling position 

to allow the foot to come into a step 
position. 

5. Bring trunk weight backwards with the 
prosthesis still backwardly extended. 

6. Stand up by pushing on arms (holding on to 
walker or furniture i f available) and place 
prosthesis into stance. Standing can also be 

achieved (step 6 repeated) by using the 
push-pull method. The therapist's hand 
pul l provides momentum to get up. 

Make sure the centre of gravity is positioned 
over the quadriceps. Getting up is difficult to 
learn and requires repeated practice. Once 
perfected, the amputee is less afraid of falling 
because he knows he can get up again. 
Wheelchair independence 

A programme aiming towards wheelchair 
independence is considered: 

1. When the remaining leg is unreliable. 
2. When other medical conditions do not 

allow the amputee to ambulate with 
walking aids. 

3. When bilateral amputation deprives the 
elderly of having at least one knee joint. 

4. When the amputee has lost all motivation 
regarding participation in a rehabilitation 
programme. 

Discussion 
Although the T K amputation stump has 

specific advantages over non-weight bearing 
stumps, the following considerations should not 
be over-looked: 

1. The cosmetic appearance bothers patients 
more so when sitting because the thigh 
protrudes and the shorter shin sometimes 
does not allow for foot-ground contact. 
This emphasizes the fact that the limb is 
artificial. 

2. The T K amputee practices an unnatural 
gait pattern (Oberg and Lanshammar, 
1982). In normal locomotion, the knee on 
weight-bearing is held in slight initial 
flexion. However, the amputee has to stand 
on a completely extended prosthetic knee, 
which means he has to hold hip extension 
somewhat longer on the prosthetic leg 
compared to the sound side. 

Rehabilitation potential of the T K amputee, 
as wi th other levels, depends on the general 
health and on the pattern of ambulation prior to 
amputation. 

Conclusion 
Physiotherapy treatments are a vital part of 

the rehabilitation of the T K amputee. A specific 
treatment plan is based on the sound knowledge 
and understanding of normal human 
locomotion, the health status of the patient, and 
the biomechanical changes and expected stump 



FUNCTIONS RESULTING FROM THE T K AMPUTATION. 

T H E T K STUMP IS GENERALLY PROBLEM FREE, 

FUNCTIONAL AND END BEARING, ALLOWING A HIGH 

REHABILITATION RATE IN INDEPENDENT AMBULATION 

AND IS THEREFORE, WELL SUITED FOR THE GERIATRIC 

AMPUTEE. 
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The early rehabilitation of lower limb amputees 
using a pneumatic walking aid 

R. G. R E D H E A D 

The Limb Fitting Centre, Roehampton, London 

Abstract 
A pneumatic walking training aid for 

amputees is described. I t was developed by the 
late Biomechanical Research and Development 
Un i t , Roehampton, f rom an original design by 
Professor Lit t le in Australia. The walking aid has 
been used successfully on the majority of below-
knee and through-knee patients rehabilitated in 
the Roehampton Walking Training School since 
1976. There have been no complications that 
could be attributed to the use of the pneumatic 
walking aid. 

Introduction 
Early mobilization following amputation is 

now generally accepted as being an important 
factor in the rehabilitation programme of all 
amputees. 

To mobilize the patient by allowing him to hop 
using a frame or crutches only allows the stump 
to hang down taking no active part in the 
exercise. This relative inactivity of the 
dependent stump is conducive to increased 
stump oedema even when supported by a stump 
bandage. Many of the older patients find 
balancing on one leg exhausting and almost 
beyond their capability. I t is therefore desirable 
that the patient has support from some form of 
prosthesis on the side of the amputation from the 
time of starting standing exercises. 

The support may take the form of a simple 
pylon structure wi th a pre-made adjustable 
socket as advocated by Devas (1971) for above-
knee amputees. Wi th this approach it is difficult 
to achieve a socket fit that supports the distal 
stump tissues. 

The immediate post-operative fitting of a 
plaster socket as described by Burgess et al 

(1965) can be most effective when applied by 
staff who are experienced in its use. However 
this technique is difficult to learn to use safely 
and therefore its use has in the main been 
confined to specialist units. 

Li t t le (1971) described an early walking device 
which he designed around a pneumatic air splint 
as a form of temporary socket using a metal 
frame and prosthetic foot. This device was used 
as a walking training aid unti l the stump was 
ready for a definitive socket fitting. In this report 
a modified pneumatic walking aid is described. 
The new device is now in regular use at many of 
the major hospitals in the United Kingdom. 
Other centres abroad have reported on the 
successful use of pneumatic walking aids 
(Dickstein et al 1982). 

The Roehampton pneumatic walking aid 
The apparatus designed by Litt le (1971) 

consisted of a single compartment pneumatic 
sleeve long enough to extend from the groin to 
below the amputation stump. I t was enclosed by 
a tubular frame, having at its lower end an 
extension tube to a solid ankle cushion heel 
(SACH) foot. Following initial use of one such 
device, kindly loaned by Professor Litt le to the 
Biomechanical Research and Development 
Un i t , Roehampton, the structure was modified 
to provide greater stability of the stump within 
the pneumatic sleeve and to give improved end 
support. The stability was improved by dividing 
the air space in the sleeve into anterior and 
posterior compartments which communicated 
with each other via a small transfer port. 
Improved end support was achieved by using a 
small subsidiary air bag placed in the lower part 
of the main pneumatic sleeve and invaginated on 
itself to support the end of the stump. Simple 
webbing slings supported the distal end of the 
pneumatic sleeve in the frame and allowed 
adjustments in length to be made. A simplified 



support frame was designed with a padded safety 
ring at the upper end and a simple rocker in pla,ce 
of the S A C H foot at the distal end (Fig. 1). 

The Roehampton pneumatic walking aid is 
suitable for patients of widely differing build. I t 
may be used for below-knee and through-knee 
amputations and with a slightly modified sleeve 
for above-knee cases. 

To apply the walking aid the patient is seated 
between parallel bars with his stump extended in 
front of h im. The small end-support air bag is 
positioned over the distal end of the stump and 
held in position as the long pneumatic sleeve is 
pulled over this and up to the groin. The frame of 
the prosthesis is then passed over the pneumatic 
sleeve and held in place until inflation is 
complete. 

The end-support bag is partially inflated, then 
the main air bag is inflated to a pressure of 
40mmHg using a simple foot pump and pressure 
gauge. The gauge and pump are removed and 
the inflating tube is sealed off with a spigot. The 
patient can then stand so that minor adjustments 
can be made, and is then able to walk with a stiff 
knee gait. When the patient bears weight on the 
socket the air pressure in both bags wil l rise to 
60mmHg or more (Fig. 2). 

The apparatus can be worn continuously for a 
period of 2 hours and can be applied as many 
times as is necessary in the course of a single day 
(two periods a day is usual in the course of 
normal rehabilitation). However, when 
commencing exercise on the sixth postoperative 
day or at any time before complete wound 
healing, the air bag is inflated for periods of 5-10 
minutes only during the first day of use and 
thereafter the time is increased progressively. 
The appliance is a walking training aid and is 

intended for use by the patient only under the 
supervision of trained staff. 

Results 
The pneumatic walking aid has been used on 

the majority of patients having below-knee or 
through-knee amputations who have attended 
the Roehampton walking school since 1976. 
Redhead et al (1978) reported on the use of the 
walking aid in the management of 87 lower limb 
amputations in 85 patients of mean age 67 years 
(range 21-94 years). In 6 patients the amputation 
was of the second leg and 2 patients required 
bilateral amputations. 

Use of the pneumatic aid was commenced 
from the sixth post-operative day, but owing to 
delayed wound healing in some patients the 
mean time to its first use was 17 days (range 6-55 
days). A permanent prosthesis was supplied to 
80 of the patients as soon as their stumps were 
healed and showed no volume changes; this was 
at an average of 40 days post-operatively (range 
15-112 days). 

Five patients had to be withdrawn from the 
tr ial for various reasons not connected with the 

Fig. 1. Roehampton pneumatic walking aid showing 
support frame, end-support bag, main pneumatic 

sleeve and foot pump. 

Fig. 2. Pneumatic walking aid applied to patient. 



USE OF THE WALKING AID. NO COMPLICATIONS WERE 
RECORDED FROM PRESSURE DAMAGE TO THE STUMP; 
SEVERAL PATIENTS FELL BUT THE PNEUMATIC AID ACTED 
AS A PROTECTION TO THE STUMP. 

DISCUSSION 
ALTHOUGH A LONG PNEUMATIC SPLINT CAN BE USED 

AS A WALKING AID AND IS COMMERCIALLY AVAILABLE 
* ( J O B S T ) , STABILITY WITH SUCH DEVICES HAS BEEN A 
PROBLEM, (KERSTEIN 1 9 7 4 ) , AND THE ADDITION OF 
THE OUTER FRAME REPRESENTED A SIGNIFICANT 
IMPROVEMENT (LITTLE 1 9 7 2 ) . 

LITTLE REPORTED ON THE USE OF HIS PNEUMATIC 
WALKING AID IN A GROUP OF 5 0 PATIENTS, 8 5 PER CENT 
OF WHOM BECAME PERMANENT LIMB USERS. 

THE ADVANTAGE OF A PNEUMATIC WALKING 
TRAINING AID IS THAT IT IS AN INEXPENSIVE PIECE OF 
EQUIPMENT THAT CAN BE KEPT AVAILABLE FOR 
IMMEDIATE USE. WHILE IT IS BEING WORN IT PROVIDES 
PROTECTION FOR THE HEALING STUMP. THE OVERALL 
CONTACT AND THE VARIATIONS OF PRESSURE, ( 4 0 / 6 0 
M M H G ) DURING THE WALKING CYCLE REDUCES 
OEDEMA AND HASTENS THE SHAPING AND MATURATION 
OF THE STUMP AS VENOUS AND LYMPHATIC RETURN IS 
FACILITATED. GENERAL AND SPECIFIC MUSCLE WORK IS 
BEING USED AND, MOST IMPORTANTLY, THE EARLY 
RESUMPTION OF A STANDING POSTURE AND THE 
COMMENCEMENT OF WALKING PREVENT 
DETERIORATION OF POSTURAL REFLEXES, WHICH CAN 
HAPPEN IN SPITE OF INTENSIVE PHYSIOTHERAPY IF THE 
PATIENT REMAINS BEDFAST OR CHAIRBOUND. DEVAS 
( 1 9 7 1 ) , IN A STUDY OF 1 6 2 PATIENTS HAVING SURGICAL 
AMPUTATIONS, MAINLY FOR VASCULAR DISEASE, 
IDENTIFIED THE NEED FOR AN EARLY WALKING AID WHICH 
COULD BE USED WITHIN A WEEK OR TWO OF SURGERY. 
WHILE HE WAS ABLE TO PROVIDE THIS BY USING A 
HOME-MADE SOCKET AND SECONDHAND PARTS FROM 
DISCARDED PROSTHETIC LIMBS, IT IS CLEARLY PREFERABLE 
TO HAVE A SIMPLE DEVICE AVAILABLE IN ALL HOSPITAL 
PHYSIOTHERAPY DEPARTMENTS WHICH CAN BE USED 
OVER AND OVER AGAIN FOR MANY PATIENTS DURING 
THEIR REHABILITATION. THE PNEUMATIC WALKING AID 
HAS OBVIOUS ADVANTAGES OVER THE PLASTER SOCKETS 
USED IN THE IMMEDIATE POSTOPERATIVE FITTING 
TECHNIQUES WHEN ATTEMPTING TO INTRODUCE THE 
CONCEPT OF EARLY MOBILIZATION OF THE AMPUTEE 
ACROSS A WIDE RANGE OF HOSPITALS. 

* JOBST. BOX 6 5 3 , TOLEDO, OHIO 4 3 6 9 4 . U S A OR JOBST 
IRELAND LTD. THURLES, CO. TIPPERARY, IRELAND. 

MINIMAL STAFF TRAINING IS REQUIRED WHICH MAKES 
THE USE OF THE PNEUMATIC WALKING AID ATTRACTIVE TO 
REHABILITATION DEPARTMENTS. THE DEVICE HAS MET 
WITH THE APPROVAL OF MANY SURGEONS BECAUSE THE 
STUMP AND THE POSSIBLE DEVELOPMENT OF 
COMPLICATIONS ARE NOT HIDDEN FROM VIEW AS IS THE 
CASE WHEN A PLASTER SOCKET HAS BEEN APPLIED. 
EXPERIENCE HAS SHOWN THAT THE WALKING AID IS SAFE 
TO USE DURING THE EARLY POSTOPERATIVE PHASE OF THE 
REHABILITATION OF THE NEW AMPUTEE. THE REACTION 
OF THE PATIENTS TO THIS APPARATUS IS FAVOURABLE AND 
THERE IS LITTLE DOUBT THAT A NUMBER OF PATIENTS 
HAVE BEEN ABLE WALK INDEPENDENTLY THROUGH ITS 
USE WHO WOULD OTHERWISE HAVE HAD TO ACCEPT A 
WHEELCHAIR EXISTENCE. MOST FIND THE GENTLE 
PRESSURE COMFORTABLE AND DISCOMFORT IN THE 
STUMP IS OFTEN EASED. OBJECTIVELY, IT APPEARS THAT 
OEDEMA IS REDUCED, WOUND HEALING IS NOT 
IMPAIRED AND VOLUME CHANGE IN THE STUMP 
LIMITED, PERMITTING A DEFINITIVE SOCKET TO BE MADE 
AT AN EARLY STAGE. 

THE ROEHAMPTON PNEUMATIC WALKING A I D IS 
NOW COMMERCIALLY AVAILABLE FROM: 

VESSA LTD 
PAPER MILL LANE 
ALTON 
HANTS G U 3 4 2 P Y 

PRICE: £ 4 5 EACH EX. WORKS. 

R E F E R E N C E S 

BURGESS, E . M . , ROMANO, R . L . , TRAUB, J . E . ( 1 9 6 5 ) . 
IMMEDIATE POST SURGICAL PROSTHETIC FITTING. Bull. 
Prosthet. Res. 1 0 - 4 , 4 2 - 5 1 . 

DEVAS, M . ( 1 9 7 1 ) . EARLY WALKING OF GERIATRIC 
AMPUTEES, Br. Med. J. 1 , 3 9 4 - 3 9 6 . 

DICKSTEIN, PILLAR, T . , MANNHEIM, M . ( 1 9 8 2 ) . THE 
PNEUMATIC POST-AMPUTATION MOBILITY AID IN GERIATRIC 
REHABILITATION. Scand. J. Rehabil. Med. 1 4 , 1 4 9 - 1 5 0 . 

KERSTEIN, M . D . ( 1 9 7 4 ) . UTILIZATION OF A AN AIR SPLINT 
AFTER BELOW-KNEE AMPUTATION. Am. J. Phys. Med. 
5 3 , 1 1 9 - 1 2 6 . 

LITTLE, J . M . ( 1 9 7 1 ) . A PNEUMATIC WEIGHT BEARING 
TEMPORARY PROSTHESIS FOR BELOW-KNEE AMPUTEES. 
Lancet, 1 , 2 7 2 - 2 7 3 . 

LITTLE, J . M . , GOSLING, L . , WEEKS, A . ( 1 9 7 2 ) . 
EXPERIENCE WITH A PNEUMATIC LOWER LIMB PROSTHESIS. 
Med. J. Aus. 1, 1 3 0 0 - 1 3 0 1 . 

REDHEAD, R . G . , DAVIS, B . C , ROBINSON, K . P . , 
VITALI, M . ( 1 9 7 8 ) . POST-AMPUTATION PNEUMATIC 
WALKING AID. Br. J. Surg. 6 5 , 6 1 1 - 6 1 2 . 



Tolerance of early walking with total contact among 
below-knee amputees—a randomized test 

E. L I E D B E R G , H. H O M M E R B E R G and B. M. PERSSON 

Department of Orthopaedic Surgery, Lund University Hospital, Sweden. 

Abstract 
In order to reduce the need for repeated changes 
of socket due to postoperative atrophy and 
resorption of oedema simple temporary limbs 
are required to delay the casting of individual 
sockets unti l the stump is more mature. A 
randomized study of 95 below-knee amputees 
was performed with a re-usable temporary one-
size prosthesis of endoskeletal type with 
adjustable tube length. Total contact was 
obtained by moulding a thin plastic pillow 
containing small plastic pellets around the stump 
in parallel connected sections. As air was 
evacuated the pil low became rigid. The pillow 
was kept in place about the stump by Velcro 
bands. Physiotherapists were able to make all 
adjustments and ambulate the patient 1-2 hours 
a day. The training started 2-4 weeks after 
amputation and lasted for 1-4 weeks. Healing 
problems due to training did not occur in well 
healed stumps where training started 3 weeks or 
more after amputation. No negative influence on 
maturing of stump, hospital stay and walking 
ability three months after amputation was found. 

Introduction 
Immediate postsurgical limb fitting for 

amputees was introduced by Berlemont (1961). 
Weiss (1966) and others in the middle of the 
sixties but it was soon found that elderly people 
with ischaemic limbs tolerated this much less 
than traumatic cases (Cohen et al, 1974) and that 
a postoperative plaster shell gave better healing 
than immediate prosthetic walking (Mooney et 
al , 1971). Early fitting replaced immediate fitting 

in most centres. Among predominantly elderly 
vascular amputees, early fitting has had a 
tendency to be postponed for 1-2 months to 
allow safe healing of the wounds and 
simultaneous reduction of the need for repeated 
changes of socket due to postoperative muscular 
atrophy and resorption of oedema. 

Therefore, simple temporary limbs for first 
walking training are wanted. The casting for an 
individual socket can thus be postponed some 
weeks unti l the stump is more mature. Different 
types of limbs have been designed to meet this 
need. Some have been made with high ischial 
support to unload the stump during healing 
(Devas, 1977; Hierton, 1980). Some have 
util ized airbags (Li t t le, 1971; Kerstein, 1974; 
Redhead et al, 1978). Others have used an 
individually cast temporary prosthesis of 
differing materials (Ruder et al, 1977); Winkler 
and Fitzlaff, 1980). The ready-made temporary 
prostheis tested in this study has a total contact 
socket, which is moulded on the stump 
(Henriksen et al , 1978), but in spite of this it is a 
one-size and ready-made type of aid which does 
not need any participation from the orthopaedic 
technical department. 

This study was made to examine how it was 
tolerated by patients and how it influenced 
healing and rehabilitation. 

Material and method 
The temporary prosthesis with total contact 

socket used in this study was an endoskeletal 
type where the tube length was adjustable by 12 
cm.* The foot could be rotated inwards and 
outwards but not translated antero-posteriorly 

*(Tulpanprotes, LIC, Solna, Sweden). 



or medio-laterally. The foot had a single axis 
moving ankle and was of one-size to fit both left 
and right side. The socket reached 10-20 cm 
above the knee joint line and was made up of 
four separate sides like the petals of a tulip. The 
width in all directions could be adjusted. A 
patellar tendon support was placed on the 
anterior petal to relieve pressure from the patella 
(Fig. 1). Total contact was created by using a thin 
plastic pil low with small plastic pellets and 
several parallel connected sections. This pillow 
was wrapped around the stump and the air 
evacuated making it rigid (Figs. 2 and 3). The 
stump with the pillow was then introduced into 
the Tul ip socket and kept in place by Velcro 
bands. During this application some adjustments 
for creating a correct alignment were possible. The Tul ip limb can also be applied to through-

knee (TK) as well as below-knee (BK) stumps. 
About 15 degrees of movement in the knee of a 
B K amputee was possible within the upper part 
of the socket. Normally the patients used this 
l imb for 30-60 minutes in the morning and in the 
afternoon. Appl icat ion, instruction, training and 
observation of the effects were performed by the 
physiotherapists. 

This randomized series included 169 patients 
amputated for ischaemic disease at below-knee 
level f rom 1978 through the first half of 1980. A l l 
amputations except one were performed with 
the sagittal skin incision described by Persson 
(1974). Of the 169 patients, 79 were allocated the 
use of the Tulip l imb, being chosen randomly by 
picking all patients whose age was an even 
number. A n ischial weight bearing temporary 
prosthesis was used only if secondary healing of 
long duration occurred. A l l patients were 
treated similarly with physical exercises 

Fig. 1. The ready-made temporary prothesis (Tulip 
limb), with adjustable length, universal foot, Velcro 
bands to control width and patellar tendon support. 

Fig. 2. The vacuum pillow about to be wrapped around 
the stump, fixed with Velcro bands and made rigid by 

evacuation of air. 

Fig. 3 . Total contact at the end of the stump is achieved 
by folding the flaps before evacuation of air. 



postoperatively. As soon as possible they were 
jumping in a walking-frame, with the aid of 
quadrapeds or elbow crutches. The only 
difference between the groups in relation to 
rehabilitation was the use of the Tulip l imb. 

From the 169 patients 74 were excluded for the 
reasons shown in Table 1. During the last months 
of the study seven patients in the non-Tulip 
group erroneously walked with the Tulip l imb. 
These seven patients showed no differences 
compared to the rest of the non-Tulip group but 
were excluded. A number of patients were lost 
f rom re-examination because they lived at 
homes or nursing homes far away from the 
hospital (Table 1). No difference between the 
groups was found according to distribution of 
sex, side and number of bilateral cases (Table 2). 

Among ischaemic amputees there is a great 
proport ion of elderly patients with other 
symptoms of cardiovascular disease. A screening 
of somatic and mental conditions on clinical 
grounds was therefore done during the first week 
after amputation and before the plaster of Paris 
was removed. In one patient the somatic 
condit ion was not available. In this way a 
classification of the rehabilitation potential in the 
two groups was done (Table 3). The use of Tulip 
l imb is shown in Table 4. 

Stump healing was classified as primary or 
wi th a minor necrosis (less than 0.5 cm) or a 
larger necrosis (above 0.5 cm) leading to a 
secondary healing process. Secondary 
breakdown of a wound was also noted when 
occurring. 

Using proximal and distal circumferential tape 
measurements and the length from knee joint to 

end of stump an arbitrary volume was calculated 
as a cut cone at 2, 4, 6 and 12 weeks. (Persson and 
Liedberg, 1983). 

Results 
Use of the Tul ip prosthesis began on average 

three weeks after surgery (Fig. 4) and the 
duration of training averaged 2-3 weeks (Fig. 5). 

Secondary ulceration on the healed stump 
occurred in both groups (Table 5). Only one had 
used the Tul ip l imb before the secondary 
ulceration occurred, and the patient began his 
training only 15 days after the amputation. 

Seven patients started Tul ip training despite 
not being healed. In one case the wound 
diastases increased before the secondary 
ulceration was healed and in four cases the 
secondary ulceration healed with careful 
continuous training with the prosthesis. 

Two re-amputations were needed after the use 
of the Tul ip l imb. One was a 77 year old diabetic 
woman wih an infected gangrene midway up the 
calf. She started her training 19 days after a 
sagittal amputation despite a minor necrosis 
ventrally. Training continued for 23 days but 
after a secondary suture re-amputation was 
needed. The other was a 49 year old woman with 
arteriosclerosis obliterans amputated by the 
Burgess technique after an aortofemoral graft, a 
femoro-popliteal bypass and repeated 
tombectomies. There was a necrosis ventrally in 
the suture line but the patient started her training 

Table 1. Exclusion of patients from study. 

Table 2 . Distribution of patients in test 

Table 3 . Somatic and mental conditions for prosthetic 
rehabilitation. 

Table 4 . Primary randomization and final use of Tulip 
limb. 



20 days after amputation for 8 days but the 
enlarging necrosis led to re-amputation a month 
later. 

The maturity of the stumps was observed by 
clinical judgement of resorption of oedema and 
muscular atrophy. The number of days between 
amputation and plaster casting for making a 
definitive socket was recorded (Table 6). About 
three or four patients in both groups were cast 
for making a socket for definitive limb 1-6 
months after amputation and without statistical 
difference between the groups. Normally the 
definitive prosthesis was made two months after 
amputation. 

Walking ability three months after amputation 
was studied by the number of supports (Table 7). 
Only 10 patients had no or one support and there 
was no difference between the groups. 

To what extent the maturing of stumps was 
stimulated or disturbed by the use of the Tulip 
l imb was studied by measuring the shrinking rate 
by proximal and distal circumference of stump 
and length between joint line and end. Using 
these measurements a cut cone was calculated as 
an arbitary volume of stump. There was a 
decrease in volume of about 7% from first 
measurement at two weeks to third 
measurement at twelve weeks, but there was no 
difference between the groups. 

The mean stay in hospital after amputation 
was 46 days in both the Tulip and non-Tulip 
groups with median values of 39 and 36 days 
respectively, and standard deviation of 28 and 41 
days. 

Discussion 
The technique of moulding a vacuum pillow 

socket directly on the stump as in this study is 

Fig. 4. Time in weeks from amputation to start of 
training with Tulip limb. 

Fig. 5 . Duration in weeks of training with Tulip limb. 

Table 5 . Wound healing and secondary ulceration. 

Table 6 . Time in days from amputation to casting for 
making socket for definitive prosthesis. 

Table 7. Walking status 12 weeks after amputation. 
Number of patients using canes, tripods and 

wheelchair. 



unique. I t is less bulky than the air-bags (Lit t le, 
1971; Kerstein, 1974; Redhead et al, 1978) and 
easier to adjust to the patient than those with 
ischial support (Devas, 1977; Hierton, 1980). 

This clinical test has been going on since 1977 
to evaluate the effects on rehabilitation of this 
temporary l imb. Normally it is said that a stump 
that has healed wi l l remain healed but in this 
series 27 patients of 95 were found to get 
secondary breakdown of the wound after being 
healed (Table 5). Of these 27 only one had 
started to use the Tulip limb prior to the 
secondary breakdown and this patient started to 
use it 15 days after amputation. The secondary 
breakdown did not occur until the fifth week 
after amputation and the small breakdown 
healed despite continuous use of the Tulip l imb. 
Two of the re-amputated patients had used the 
Tul ip l imb despite not being healed, starting 19 
and 20 days after amputation and they developed 
accelerating stump problems necessitating re-
amputation. 

We have observed a small number of patients 
wi th reddening and stretching of the suture line 
when starting training in the second and third 
week, as also with the two re-amputated cases, 
and because of this the training was postponed 
t i l l 21 days after amputation and after the stitches 
had been removed. Healing problems due to 
training did not occur in well healed stumps 
where training started 3 weeks or more after 
amputation. 

The number of walking supports at three 
months after amputation was the same in the 
Tul ip as in the control group. 

The Tul ip l imb was considered to be an 
advantage in cases with debatable walking 
possibilities due to their debilitated general 
condit ion. In such cases the physiotherapist 
could use the Tul ip limb for testing walking 
ability and training the patient for a few days 
before a decision was made whether to prescribe 
a permanent l imb or not. A more thorough 
analysis of the problem was unfortunately not 
included in this study. Especially now, when 
many patients are over 80 (Liedberg and 
Persson, 1983), about a third wil l never be active 
walkers. Almost half of all the patients in this 
study had a wheelchair for help at three months. 
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Biomechanics of the through-knee prosthesis 

J. HUGHES 

National Centre for Training and Education in Prosthetics and Orthotics, Glasgow 

Abstract 
The biomechanics of the through-knee 
prosthesis is considered in detail and 
comparisons made with the above-knee case. 
Socket shape and suspension are discussed and 
comment offered on knee function in both 
stance and swing phases. 

Introduction 
The through-knee (TK) is the most distal 

amputation in which normal knee function is 
completely lost by the patient on the amputated 
side. I n biomechanical terms the problems are 
very similar to those of the above-knee (AK) 
level. There are, however, physical differences 
which may be of considerable importance in the 
prosthetic procedure. The end of the stump is 
composed of tissue normally adapted to weight-
bearing in the kneeling position. A long lever 
arm is available for the exertion of control forces 
by the hip muscles and the muscles themselves 
are, for the most part, intact and operating in a 
physiological condition. 

The biomechanics of the A K prosthesis is well 
documented and understood (Radcliffe, 1970 
and 1977), while relatively little attention has 
been paid to the biomechanics of the TK. I t is, 
therefore, useful to view the problems in terms 
of the differences which may exist between this 
level and the A K case. 
Socket 
The design of any prosthetic lower limb socket 
must take into account those forces which wil l be 
applied between prosthesis and stump during 
walking. I t must provide for the application of 

these forces in such a way that load is transmitted 
to pressure tolerant areas while avoiding 
pressure sensitive. I t must also be fashioned to 
apply these forces to tissues of varying stiffness, 
avoiding excessive pressure on the stiffer tissues 
and minimizing unwanted relative motion due to 
the excessive compression of soft tissue (Hughes 
1983). 

A good T K stump can take the largest part of 
the vertical support load on the end-bearing 
surface instead of, as in the case of the A K 
stump, requiring transmission of load to the 
pelvis by way of the ischium and gluteal muscles. 
In the medio-lateral plane, the body weight 
does, of course, exert a toppling effect about the 
point of support, during the stance phase (Fig. 
1). This toppling effect is approximately equal to 
that which would be experienced were the 

Fig. 1. TK socket—forces in the frontal plane during 
stance phase. 



support ischial and gluteal, as the support point 
is in almost the same vertical line. The summated 
effects of the lateral and medial stabilizing forces 
wi l l , therefore, be required to act in the same 
general area, i.e. the lateral wi l l be distal and the 
medial proximal. Because of the greater length 
of stump, compared to the A K , the area 
available to apply the forces is increased, 
implying lower contact pressures between socket 
and stump. Further, the greater stump length 
increases the couple arm attainable between the 
summated force effects therefore reducing their 
magnitude and further reducing the pressure. 

The application of these forces is an important 
factor, in the design of the socket. I f the lateral 
wall of the socket is not fitted properly to 
transmit force L (visualize the situation where 
there is a space between the stump and the 
socket wall) then the force wil l be transmitted as 
a shear force in the tissue of the end of the stump. 
This is because the end of the stump wil l still be 
forced into contact with the socket by the 
support force. 

Figure 2 demonstrates the importance of 
designing the socket to transmit the medial 
proximal stabilizing force, M. Figure 2 (left) 
shows the situation in an A K socket where the 
support point is in the region of the ischial 
tuberosity. There wi l l be a tendency for the 
socket to rotate about this support point. This in 
turn wi l l tend to move the socket relative to the 
femur at its distal end. Therefore the femur must 
be properly stabilized in the socket. However, in 
the case of the knee-disarticulation prosthesis 
(Fig. 2 right) since there is usually no ischial 
support, the rotation wi l l tend to take place 
about the support point at the end of the stump. 

Ineffective stabilization wi l l lead to relative 
movement between the socket and the top of the 
femur producing a fleshy " r o l l " . Therefore, the 
force M must be applied in such a way as to avoid 
creating painful pressure and there should be a 
generous flare at the medial proximal brim to 
minimize the " r o l l " . 

Figure 3 shows the force pattern early in stance 
phase in the plane of progression. To maintain 
stability the resultant force, R, between ground 
and foot must pass in front of the knee joint 
otherwise the external force wi l l tend to flex the 
knee. The amputee may influence the line of 
action of this force by extending his hip and 
"digging" his heel into the floor. This wi l l have 
the result of reducing R H , the horizontal 
component of R and thus changing the slope of R 
so that its action line is more anterior. 
Consequently the socket must be designed to 
allow the transmission of this extension moment 
(that is to transmit force on the anterior proximal 
and posterior distal aspects). 

I n the swing phase, (Fig. 4 ) , the forces tending 
to pul l the socket off the stump—due to gravity 
and inertia—may be balanced by fitting the 
sockets over the flare of the condyles. In most 
sockets manufactured from a "window" is 
provided to allow the bulbous end to pass the 
narrow area above the condyles. This "window" 

Fig. 2 . Comparison of AK (left) and TK (right) sockets 
illustrating rotational effects about the point of 

support. 
Fig. 3 . TK socket—forces in the sagittal plane during 

stance phase. 



wi l l be placed on the medial side to avoid the 
area which must transmit the lateral stabilizing 
force, L. I t wi l l be seen from Figure 5 that the 
support force by the condyles during the swing 
phase wi l l tend to displace the plate used to close 
the "w indow" . A strap must be fitted to provide 
a horizontal force pulling the plate into the 
window and allowing the solid part of the socket 
to exert a balancing downward force on the 
plate. 
Knee function 

The functional loss suffered due to the 
absence of the normal knee joint is considerable 
for the T K amputee as it is for the A K . The knee 
jo int is capable of a large range of motion, 
actuated by powerful muscle groups, and is of 
great functional importance in normal 
locomotion (Hughes, 1970). Restoration of 
locomotion may only be achieved by an 
adaptation in gait, optimum utilization of 
remaining musculature and the provision of 
passive mechanisms. The biomechanical 
problem may be considered in terms of (a), the 
stance phase and (b), the swing phase. Although 
the problems are the same as for the A K 
amputee (Radcliffe, 1977), it is useful to 
summarize them briefly to set the scene for the 
prosthetic procedures at this level. 
Stance phase 

The requirement is for stability at heel strike 
and as the body weight progresses over the 

support point, coupled with an ability to initiate 
flexion, preparatory to swing through. I t is 
possible to provide these actions in some 
measure, and under voluntary control, by hip 
action—extensor muscle action at the hip can 
maintain knee extension and knee flexion may 
be initiated by hip flexor muscle action. There 
are basically three ways in which stability may be 
provided mechanically for the amputee who has 
a prosthesis with a " f ree" (articulated) knee. 
Firstly, the knee may be aligned in such a 
position that it lies behind the load line from hip 
to foot—causing the resultant force to pass in 
front of the knee joint and therefore render it 
inherently stable. Secondly, a so-called 
stabilizing device may be provided which 
develops, as a result of axial load applied to the 
prosthesis, a moment at the knee opposing 
mot ion. Thirdly, a polycentric knee device may 
be supplied. This raises the instantaneous centre 
of rotation of the thigh and shank in the 
extended position. The effect is to reduce the 
moment required of the hip to maintain stability 
in a potentially unstable situation. Of these 
three, only the last does not, theoretically, make 
i t more difficult to initiate flexion in the later part 
of the stance phase. 
Swing phase 

There are two problems facing the T K 
amputee in the swing phase. These are 
replacement of quadriceps function in 
decelerating the upward movement of the shank 
after toe-off (avoiding excessive heel rise) and 
replacement of hamstring function in 
decelerating the shank in the later part of the 

Fig. 4 . TK socket—forces in the frontal plane during 
swing phase. 

Fig. 5 . TK socket—forces on the medial plate during 
swing phase. 



SWING PHASE (AVOIDING "SLAMMING" INTO FULL 
EXTENSION). 

THESE FUNCTIONS CANNOT B E EFFECTIVELY 
PROVIDED UNDER THE VOLUNTARY CONTROL OF THE HIP 
MUSCLES BUT CAN B E PASSIVELY REPRODUCED BY 
MECHANISMS WHICH DEVELOP A MOMENT AT THE 
KNEE, RESISTING MOTION. SUCH A MECHANISM MAY 
OPERATE B Y THE DEVELOPMENT OF MECHANICAL 
FRICTION IN WHICH CASE IT WILL BE SUITABLE FOR ONLY 
ONE RATE OF CADENCE SINCE THE FRICTION EFFECT WILL 
CORRESPOND TO ONLY ONE INERTIA CONDITION. 
ALTERNATIVELY THE RESISTING MOMENT MAY BE 
PRODUCED PNEUMATICALLY OR HYDRAULICALLY IN 
WHICH CASE AN AUTOMATIC ADJUSTMENT TO DIFFERENT 
RATES OF OPERATION IS INHERENT, AND OF A 
PARTICULARLY SUITABLE CHARACTERISTIC IN THE LATTER. 
ADDITIONALLY THERE MAY BE AN ELASTIC MEMBER 
BIASED TO MAINTAIN KNEE EXTENSION. THIS AIDS IN 
RESISTING EXCESSIVE HEEL RISE AND INITIATING SWING 
THROUGH BUT INCREASES THE RATE OF EXTENSION AND 
SO AGGRAVATES THE PROBLEM AT THE END OF THE SWING 
PHASE. 

EXAMINATION OF THE FUNCTIONAL REQUIREMENTS OF 
THE STANCE AND SWING PHASES SHOWS THAT CERTAIN 
FUNCTIONS MAY BE CONTROLLED OR PROVIDED BY THE 
HIP MUSCULATURE, WHEREAS OTHERS REQUIRE THE 
PROVISION OF MECHANICAL DEVICES—FOR THE 
MEANTIME AVAILABLE DESIGNS ARE ALL PASSIVE IN 
NATURE. FURTHERMORE, THE PROBLEMS ARE EXACTLY 
THE SAME AS IN THE CASE OF THE A K AMPUTEE. IN 
TERMS OF THOSE FUNCTIONS REQUIRING THE USE OF THE 
HIP MUSCLE GROUPS, THE T K AMPUTEE IS 
PRESUMABLY AT AN ADVANTAGE OVER THE A K 
BECAUSE OF THE PHYSIOLOGICAL INTEGRITY OF THE THIGH 
MUSCLES AND THE LENGTH OF LEVER ARM AVAILABLE. ON 

THE OTHER HAND, BECAUSE OF THE PHYSICAL 
RESTRICTIONS IMPOSED ON THE PROVISION OF 
MECHANICAL DEVICES, HE IS IN A LESS ADVANTAGEOUS 
POSITION. THE FEMORAL CONDYLES ARE INTACT AND 
MAY HAVE THE PATELLA SUTURED DISTALLY. THUS THE 
ANATOMICAL KNEE "CENTRE" IS CONSIDERABLY ABOVE 
THE END OF THE STUMP. THE MEDIO-LATERAL WIDTH 
OVER THE FEMORAL CONDYLES IS ANATOMICALLY 
NORMAL. THUS THE SPATIAL DISTRIBUTION AVAILABLE 
FOR THE PROVISION OF DEVICES IS, AT BEST, RESTRICTED. 

Summary 
IN CONCLUSION THE T K AMPUTEE IS VERY SIMILAR 

BIOMECHANICALLY TO THE A K . THE SOCKET 
PROBLEMS ARE APPARENTLY SOMEWHAT REDUCED WITH 
GOOD END-BEARING AND LARGE STABILIZING AREAS. 
THE FUNCTIONAL REPLACEMENT, REQUIRED DUE TO THE 
LOSS OF THE KNEE JOINT, PRESENTS THE SAME PROBLEM 
AS FOR THE A K , WITH ENHANCED HIP CONTROL 
POTENTIAL, BUT LIMITATIONS IN THE PROVISION OF 
MECHANICAL DEVICES IN TERMS OF THE RELATIVE 
PHYSICAL RELATIONSHIP OF STUMP AND PROSTHESIS. 
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Socket design and manufacturing technique 
for through-knee stumps 

P. B O T T A and R. B A U M G A R T N E R 

Balgrist Orthopaedic Hospital, University of Zurich 

Abstract 
This paper describes a socket design and 
manufacturing technique for through-knee 
stumps, based on 14 years experience with 290 
prostheses. The bulbous shape of the stump and 
its ful l end-bearing quality requires a socket 
which has very little resemblance to above-knee 
sockets. The requirements of the through-knee 
socket are listed and the manufacturing 
technique is described and illustrated in detail. 
Emphasis is put on the quality of the negative 
plaster mould. The socket is manufactured 
according to the double wall technique 
commonly used in below-knee sockets. I t 
provides a maximum of comfort and cosmesis 
without extra costs. 

Introduction 
Since 1970, we have been faced with an 

increasing number of patients presenting uni- or 
bilateral through-knee (TK) stumps for various 
reasons. Previous designs with rigid sockets or 
wi th a leather corset were mere modifications of 
the above-knee ( A K ) socket. They were unable, 
or only partially able, to take advantage of the 
particular and superior qualities of the T K stump 
(Table 1). Furthermore, their comfort, cosmesis 
and resistance to wear and tear needed to be 
improved. 

The socket for T K stumps has to meet the 
fol lowing requirements: 

1. Total surface contact in both the sitting and 
in the upright position. 

2. Total end-bearing quality; in normal 
anatomy the femoral condyles transmit full 
weight to the tibial plateau and vice versa. 

3. No ischial seat and therefore free motion of 
the hip joint . 

4. Easy doffing and donning with the patient 
in sitting position, requiring no extra 
physical and intellectual effort. 

5. No straps, laces or suspenders. 
6. No , or minimal, extra width or length 

compared to the normal anatomy of the 
thigh and the knee. 

7. The socket should be able to be fitted with 
every type of knee joint designed for T K 
amputation including the possibility of 
knee locking or swing phase control. 

8. No special adaptation of clothing, no extra 
wear due to the prosthesis. 

9. Easy to clean for effective stump hygiene. 
10. Min imum of weight without loss of 

durability with regard to the patient's 
activity. 

11. Possibility to adapt the socket to changes of 
the stump shape and volume. 

Table 1. 



12. Standardized manufacturing technique 
requiring no extra skill from the prosthetist 
who is familiar with normal anatomy and 
current manufacturing techniques. 

13. No extra costs compared with conventional 
prostheses. 

Manufacturing technique 
Plaster mould 

The quality of the socket depends primarily on 
the quality of the negative plaster mould. 
Particular attention must be given to the 
anatomy of the stump end to enable the femoral 
condyles to transmit ful l weight on to the 
prosthesis as they did on the tibial plateau before 
amputation took place. Accordingly, a 
maximum amount of end bearing must be 
achieved in transcondylar TK stumps with 
reduced weight-bearing surface. 

The casting method that has been practised for 
many years now is rather simple. The negative 
mould is taken with the patient lying on his back 
and holding his stump in a position of about 70 
degrees of flexion. This provides more comfort 
and safety for the patient (and also for the 
prosthetist). 

The skin is first covered with an ordinary 
elastic stocking tube (Tubigrip) sewn at its end 
and enlarged for the increasing circumference of 
the thigh at its proximal half. The negative 
plaster mould must present an exact replica of 
the shape of the stump. I t is preferred to make 
the negative mould with elastic plaster bandages 
even though ordinary plaster bandages might 
also be used. 

To begin wi th , several precut strips of plaster 
bandage are used to cover the end of the stump 
(Fig. 1). The first strip is applied in a sagittal 
direction to cover the intracondylar notch. The 
second strip is applied just behind the proximal 
border of the condyles and the patella. No 
external pressure is applied for modelling. As 
soon as these plaster strips are slightly hardened, 
more thin layers of plaster bandage are applied 
to cover the entire stump. Only then is a thin 
layer of circular plaster bandage added. This cast 
negative is now moulded with two hands, one 
gently modelling the intracondylar notch at the 
dorsal side, while the other provides a snug fit of 
the plaster cast just proximally to (and not on) 
the femoral condyles and the proximal end of the 
patella (Fig. 2). This part is particularly 
important because it is the only way to provide a 
really close anatomical fit. I t can never be 
substituted by any sort of stump cushion. The 
upper end of the socket reaches to 2-3 cm up the 
groin. This seems to be necessary to control 
lateral and torque forces. 

The positive cast thus gives a most accurate 
replica of the stump and does not need further 
correction. 

Fig. 1. Material needed for the negative plaster mould. 
Left, elastic plaster bandages. Centre, pre-cut plaster 
strips for the intracondylar notch and the dorsal 

supracondylar area. Right, Tubigrip stocking. 

Fig. 2. Lateral view showing modelling of the 
supracondylar area and the intracondylar notch. 



Socket 
The double wall socket technique transforms 

the bulbous stump into a conic one. The inner 
liner acts as a cushion between the stump and the 
outer socket. I t also permits the socket to adapt 
to further changes of shape and volume up to a 
certain l imit. 

The inner liner is made from polyethylene 
foam. In slim patients, it is preferable to make a 
soft socket which is somewhat higher than the 
outer socket. To permit easy doffing and 
donning, it is longitudinally split in the anterior 
part. To avoid tears, two holes of 8-10 mm 
diameter are punched at each end of the slit 
(Fig. 3 , left). 

In obese patients and in order to improve 
cosmesis, the inner liner is limited to the distal 
half of the stump (Fig. 3 , right). 

The outer socket is rigid only in its distal half; 
i t becomes gradually softer in its proximal half. 
This softness provides a snug fit while sitting and 
standing and is particularly appreciated for 
comfort and cosmesis. I t provides free hip 
mot ion while the long lever of the stump permits 
a more natural and less energy consuming 
prosthetic gait. 

Knee joint 
Every prosthetic knee joint designed for knee 

disarticulation can be combined with this socket. 
The type of prosthetic knee depends on the 
patients. In active and younger patients, a knee 
wi th hydraulic swing phase control is preferred. 
However, these devices are too heavy for 
geriatric patients where a joint with voluntary 
locking might be desirable. 

For geriatric patients, an Otto Bock 3 K 9 
geriatric knee was modified by dividing the axis 
in two halves thus saving length. Combined with 
a SACH-foot , this artificial limb has a total 
weight of less than 2,000 g. This solution 
however still causes an extra width of 10-15 mm. 
which may be partially or even entirely 
eliminated later because the soft tissues of the 
stump wil l shrink considerably. 

In order to reduce the volume of the prosthetic 
knee without adding extra weight, a knee made 
from polyethylene (Fig. 4) for geriatric patients 
has recently been developed with excellent 
preliminary results. 

Socket maintenance 
Doff ing and donning of the socket can be done 

by the patient while sitting and without 
physical effort. The patient first covers his stump 
with a nylon stocking. Some patients prefer to 
add a second stocking made from nylon or wool. 
The patient then puts on the inner liner which 
again is covered with another nylon stocking. 
The bulbous stump has now been transformed 
into a conic one which enters the prosthesis 
easily. The two sockets might be marked with 
dots to permit easy identification on the front 
side in order to avoid incongruence of the two 
liners in the transverse plane. 

Fig. 3 . Two types of soft sockets. Left, long type. 
Right, short type. 

Fig. 4 . Ultra lightweight four-bar knee with voluntary 
locking mechanism for geriatric patients. 



Cleaning of the inner liner is possible in the 
washing machine at low temperature; the outer 
socket is easy to clean with soap and water. 

The cosmetic aspect of the T K socket is 
superior to A K sockets. In mature stumps, there 
is no more extra width and length which permits 
the patient also to wear snug pants. To obtain a 
maximum of cosmesis, the atrophy of the pelvitrochanteric muscles might be compensated by 
an extra pad made from Plastazote (Fig. 5 ) . 
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Casting the through-knee stump 

E . L Y Q U I S T 

The Society and Home for the Disabled in Denmark, Prosthetic and 
Orthotic Department, Copenhagen 

ABSTRACT 
T H E GENERAL CHARACTERISTICS OF THE THROUGH-KNEE 
STUMP ARE OUTLINED AND THE CASTING TECHNIQUE IS 
DESCRIBED IN DETAIL. 

INTRODUCTION 

THE MOST IMPORTANT AND DIFFICULT PROCEDURES 
IN PROSTHETIC FABRICATION ARE ASSOCIATED WITH THE 
DESIGN AND FITTING OF THE SOCKET, WHICH CONSTITUTES 
THE CRITICAL INTERFACE BETWEEN THE AMPUTEE'S 
STUMP AND THE PROSTHESIS. 

REGARDLESS OF TYPE, THE SOCKET MUST TRANSMIT, 
IN A COMFORTABLE MANNER, THE STATIC AS WELL AS 
DYNAMIC BODY WEIGHT TO THE REMAINING PART OF THE 
PROSTHESIS, AND IT MUST B E SHAPED TO PROVIDE 
STABILIZATION OF THE STUMP WITHIN THE SOCKET SO AS 
TO ENABLE THE AMPUTEE TO TRANSFER HIS OWN 
MOVEMENTS INTO FUNCTIONAL PROSTHETIC MOVE­
MENTS. IF THE SOCKET FAILS TO FULFIL THESE 
REQUIREMENTS, NOT EVEN THE MOST SOPHISTICATED 
KNEE MECHANISM AND PROSTHETIC FOOT WILL 
FUNCTION PROPERLY. 

T H E MOST IMPORTANT STEPS IN THE 
MANUFACTURING OF THE SOCKET ARE THE PROCEDURES 
OF TAKING THE NEGATIVE CAST AND THE CONSEQUENT 
MODIFICATION OF THE POSITIVE CAST. 

THROUGH-KNEE STUMP CHARACTERISTICS 

WHEN THE THROUGH-KNEE ( T K ) AMPUTATION HAS 
BEEN PERFORMED CORRECTLY AND NO POST-OPERATIVE 
COMPLICATIONS HAVE OCCURRED, THE STUMP PRESENTS 
THE FOLLOWING CHARACTERISTICS: 

1 ) IT IS END-BEARING, I .E . THE BODY-WEIGHT CAN 
B E TRANSFERRED TO THE PROSTHESIS THROUGH THE 
DISTAL PART OF THE STUMP. 

2 ) THE LONG STUMP PROVIDES EFFECTIVE MEDIOLATERAL STABILITY WITH A MINIMUM OF 
PRESSURE. 

3 ) THE STUMP MUSCULATURE HAS A GOOD 
FUNCTIONAL STATUS. 

4 ) THE DISTAL PART OF THE STUMP IS NORMALLY 
BULBOUS; THIS SHAPE PROVIDES AN EXCELLENT 
MEANS OF SUSPENSION OF THE PROSTHESIS. 

5 ) PROPRIOCEPTION IS GOOD. 
WITH REFERENCE TO THE ABOVE MENTIONED 

CHARACTERISTICS, THE AIM OF THE CASTING IS TO 
PRODUCE A NEGATIVE CAST WHERE THE DISTAL PART IS 
IDENTICAL IN SHAPE TO THAT OF THE STUMP, IN ORDER TO 
ENSURE A COMFORTABLE TRANSFER OF BODY WEIGHT AS 
WELL AS PROVIDING ADEQUATE SUSPENSION OF THE 
SOCKET TO THE STUMP. 

FURTHERMORE, BIOMECHANICAL ANALYSIS INDI­
CATES THAT, IMMEDIATELY AFTER HEEL-CONTACT, THE 
STUMP IS FORCED BACKWARDS IN ORDER TO MAINTAIN 
KNEE STABILITY. THIS ACTION CONTINUES THROUGH THE 
MID-STANCE PHASE OF THE WALKING CYCLE. 

BIOMECHANICAL ANALYSIS ALSO INDICATES THAT THE 
STUMP IS FORCED LATERALLY DURING MID-STANCE, 
WHEN THE OPPOSITE LEG IS IN THE SWING-PHASE. 

DISTAL-LATERAL AND DISTAL-POSTERIOR PRESSURE 
AGAINST THE STUMP JUST PROXIMAL TO THE FEMORAL 
CONDYLES MUST B E PROVIDED FOR DURING THE CASTING 
PROCEDURE, OTHERWISE PROBLEMS AS A RESULT OF 
PRESSURE ON THE DISTAL-LATERAL-POSTERIOR AREA OF 
THE FEMORAL CONDYLE WILL RESULT DURING THE STANCE-
PHASE, AS A CONSEQUENCE OF THE STUMP ACTION. 

CASTING PROCEDURE 

THE CASTING PROCEDURE DESCRIBED ASSUMES THAT 

THE AMPUTEE IS ABLE TO STAND IN AN UPRIGHT 

POSITION WHEN CASTING IS PERFORMED. 

BEFORE CASTING, CIRCUMFERENTIAL MEASUREMENTS 

OF THE STUMP—BEGINNING 5 CM ( 2 IN) PROXIMAL TO 

THE DISTAL SURFACE AND CONTINUING PROXIMALLY WITH 



5 cm intervals to a level approximately 5 cm 
below the ischial tuberosity—are recorded. 
These measurements may serve as a guide during 
the cast modification procedure. 

A wet cast sock is applied to the stump and 
suspended over the shoulder. Have the amputee 
support approximately half the body weight 
through the end of the stump, which is placed on 
an adjustable platform covered with a 2 - 5 cm 
( 1 in) thick Plastazote (Fig. 1 ) Adjust the height 
of the platform unti l the pelvis is horizontal. 

Remove the stump from the platform and 
wrap plaster bandage around the stump, 
beginning distally and extending proximally to a 
level approximately 2 - 3 cm ( 1 in) below the 
ischial tuberosity. 

Have the amputee resume the position with 
the stump supported on the Plastazote. Be sure 
the stump is in normal position with respect to 
abduction, adduction and flexion-extension. 

Apply pressure on the lateral and on the 
posterior side just proximal to the femoral 
condyles (Fig. 2 ) . 

Before the cast has set, shape the posterior 
proximal part to be flat (Fig. 3 , top), and mould 
the area corresponding to the Scarpa's triangle 
(Fig. 3 , bottom). 

Use of the Plastazote provides exact contours 
of the distal part of the femoral condyles in the 
negative cast and secures proper distribution of 
pressures during weight-bearing. 

The flat posterior surface provides sitting 
comfort, and the moulding of the area 
corresponding to Scarpa's triangle allows proper Fig. 1. The stump, which is supporting about half the 

body weight, is placed on the adjustable platform. 

Fig. 2 . Following the plaster wrap, pressure is applied 
on the lateral and posterior aspects of the stump just 

proximal to the femoral condyles. 

Fig. 3 . Top, the posterior proximal area of the cast is 
flattened. Bottom, the area corresponding to Scarpa's 

triangle is moulded. 



function of the adductor longus as well as the 
rectus femoris. 

Even the most perfect negative cast cannot 
constitute a base for a positive mould, which can 
be used without some modifications. First of all 
the mould must be smoothed to the depth of the 
impressions of hands and fingers. Secondly the 
mould must be smoothed all over. 

Addi t ional plaster must be removed on the 
lateral-proximal area as indicated in Figure 4— 
the socket having a tendency to be loose in this 
area. 

A d d 3 mm (1/8 in) to the distal-lateral-
posterior area as indicated in Figure 4 in order to 
avoid pressure on this critical area. 

The socket produced over the mould may 
include a soft liner or may be a hard socket with a 
medial window similar to the design of the 
Canadian Syme Prosthesis. A soft distal pad is 
used in the hard socket. Fig. 4 . Modifications to the positive cast. 



Knee mechanisms for through-knee prostheses 

K. ÖBERG 

Biomechanics Laboratory, College of Health and Care, Jönköping, Sweden. 

Abstract 
The most widely used knee mechanisms for 
through-knee amputees can be characterized as 
three principal types of design. These types are 
metal side bars with heavy duty joints, 
conventional knee mechanisms for above-knee 
amputees and special polycentric linkage 
mechanisms for through-knee amputees. A n 
investigation in Sweden in 1979 showed that over 
50% of the fittings were using the special 
polycentric linkage mechanisms for through-
knee amputees. 

The stability diagram illustrates how voluntary 
and involuntary stability can be utilized by using 
different polycentric linkage mechanisms for 
through-knee amputees. The polycentric linkage 
mechanism can be designed for different stance 
phase characteristics as well as incorporation of 
different swing phase control mechanisms. The 
cosmesis of the available designs is acceptable 
but there is need for lighter and more compact 
designs especially for the young and small 
amputee. 

Introduction 
Since the technical development of prosthetic 
components and mechanisms has paid attention 
to the needs of the through-knee (TK) 
amputees, the variety of knee mechanisms has 
increased. Many are designed for above-knee 
( A K ) amputees and adapted to the T K amputee 
but there are also knee mechanisms that are 
originally designed for T K amputees. These 
mechanisms can in turn also be used by the A K 
amputee. 

Design principles 
The most widely used knee mechanisms for 

T K amputees can be characterized as three 
principal types of design (Fig. 1). The first type, 
and in early years the most common prosthesis, 
incorporates a leather socket with metal side bars 
and heavy duty joints similar to those used in 
some types of knee orthoses or below-knee 
prostheses. The prosthesis often has a lumpy and 
uncosmetic appearance at the knee because of 
the width and the bulge. Wi th these side joints it 
is also impossible to incorporate any type of 
device to control the stance and swing phase 
characteristics of the knee. 

The second type, and still often used 
prosthesis for T K amputees, employs the large 
variety of knee mechanisms for AK amputees. 
The major and decisive disadvantage of this type 
is the lengthening of the thigh and the 
consequent shortening of the shank. This affects 
the comfort and cosmesis when sitting as well as 
the functional characteristics in walking. The 
advantages are however the availability 

Fig. 1. Three principal types of knee mechanisms for 
TK amputees. Left, side bars with joints. Centre, 
conventional mechanism for AK amputees. Right, 
specially designed polycentric linkage for TK 

amputees. 



and the variety of functional characteristics. 
Mechanisms which allow the mounting of the 
stump socket as near the pivot as possible are 
preferably used. The lengthening of the thigh 
wi l l then be minimized. 

The th i rd, and a more recently offered, type of 
knee mechanism for T K amputees is the 
polycentric linkage mechanism. The most 
common type of mechanism is the four-bar 
linkage, which has been used in knee 
mechanisms for A K amputees. Their advantages 
and functional characteristics are analysed and 

described by Radcliffe (1957 and 1970). The 
behaviour of the linkage mechanisms with 
regard to the location of the centre of rotation 
offers the possibility of placing the mechanism of 
a T K prosthesis within the shank but below the 
stump in the sitting position. The first design for 
this purpose was the O H C Polycentric Knee 
Disarticulation Prosthesis developed by Lyquist 
at the Orthopaedic Hospital in Copenhagen 
(Fig. 2 ) . This knee mechanism is now produced 
by United States Manufacturing Company. 
Later, other knee mechanisms of this type for 
T K amputees were introduced to the market, for 
example from Otto Bock (Fig. 3) and IPOS (Fig. 
4) in West Germany. These mechanisms provide 
acceptable cosmesis and different stance phase 
stability characteristics. Different swing phase 
controls are also incorporated, such as 
pneumatic, hydraulic or friction controls. For 
geriatric T K amputees a manual lock is 
incorporated in the four-bar mechanism. 

Experimental investigations and clinical use of 
other types of knee mechanisms for T K 
amputees can also be found. A t the University of 
California, Berkeley, the possible advantages of 
using six-bar linkage mechanisms have been 
investigated (Fig. 5). This linkage offer the 
possibility of increased range of knee motion, 
better cosmesis, improved stance phase stability 
and swing phase control as compared to four-bar 
designs. These advantages are achieved at the 
expense of added weight and complexity. 

Fig. 2 . The OHC polycentric knee disarticulation 
prosthesis. 

Fig. 4 . IPOS-Balgrist polycentric disarticulation knee 
joint. 

Fig. 3 . The Otto Bock modular polycentric knee 
disarticulation prosthesis. 



Another interesting design made in Holland 
has been used in both West Germany and 
Hol land. The tube of the shank is connected by 
rolls to a track in a metal arch that is fixed to the 
posterior part of the end of the socket. The 
centre of rotation between the shank and the 
thigh wi l l then be located within the femoral 
condyles. For information on clinical experience 
Dr . Georg Neff, Orthopá'desche Kl inik und 
Polikl inik der Universität Tübingen, West 
Germany is recommended as reference. 

TK-mechanisms fitted by Een Holmgren and LIC 
Orthopaedic companies 1979 

In order to investigate what influences the 
choice of prosthetic knee mechanism when 
fitting T K , A K and hip disarticulation amputees 
a survey of the clinical practice was carried out at 
the orthopaedic clinics in Sweden that are served 
by the orthopaedic companies Een-Holmgren 
and L I C . This survey was presented at the ISPO 
Wor ld Congress in Bologna (Haggland and 
Öberg, 1980) and by Öberg (1980). A total of 471 
fittings were investigated of which only 28 (6%) 
were T K prosthetic fittings. The knee 
mechanisms used for the T K amputees are 
presented in Table 1 and divided into three 
categories with regard to stance phase stability. 

Free single axis and unstabilized knees made 
up 13 (46%) of the fittings and were dominated 
by the special T K designs such as the OHC knee. 
There was also one single axis Otto Bock 
modular knee designed for long stumps. I t 
should be noted that the Otto Bock modular 
polycentric knee 3R21, which belongs to this 
category, was not available on the Swedish 
market at the time. 

Weight-bearing controlled single axis and 
stabilized polycentric knees made up 8 (29%) of 
the fittings and were of different types but 4 of 
them were a special T K mechanism known as the 

Fig. 5. A compact six-bar linkage from University of 
California, Berkeley. 

Table. 1. TK mechanisms fitted by Een-Holmgren and LIC orthopaedic companies, 1979. 



Balgrist knee made by IPOS from West 
Germany. 

The remaining 7 (25%) fittings were of 
manually locked knees, including two prostheses 
without knee mechanisms. None of them were 
however polycentric linkage mechanisms. Only 
one prosthesis was fitted with sidebars and 
orthotic joints. In only 28 prosthetic fittings there 
were 11 different knee designs from 5 different 
producers. Fifteen (54%) of the fitted prostheses 
used specially designed polycentric linkage 
knees for TK amputees. However, 1979 might be 
considered an early year for these designs on the 
market and it could be expected that they are 
more used in TK prostheses nowadays. 

Biomechanics of polycentric knee mechanisms 
A polycentric knee joint is polycentric because 

the instantaneous centre of rotation between the 
thigh and the shank changes as the knee flexes. 
This change of knee centre location is designed 
in a linkage mechanism to move in a manner 
which combines an improved stability of the 
knee and a good sitting cosmesis for a TK 
amputee. The polycentric linkage mechanism 
also allows an increased range of knee flexion 
and swing control devices of different types can 
be added. 

The most common type of linkage mechanism 
for polycentric knees is the four-bar linkage. The 
location of the instantaneous knee centre can 
easily be found at the intersection of the two lines 
that pass through a pair of joints respectively that 
are connected by a linkage between the shank 
and thigh (Fig. 6 ) . 

The stability characteristics of any prosthetic 
knee can be described by the relationship 
between four factors: 
—the muscular hip moment 
—the load line 
—the instantaneous centre of thigh-shank 

rotation 
—the brake moment generated by the knee 

mechanism. 
A muscular hip extension moment gives in 

addition a forward floor reaction force which 
changes the direction of the loadline ahead of the 
hip joint as shown in Figure 7a. A muscular hip 
flexion moment gives a backward floor reaction 
force which changes the direction of the load line 
behind the hip joint (Fig. 7b). When the 
amputee is exerting a hip extension moment at 
heel contact and the load line has moved in front 
of the knee joint, knee stability has been 
achieved (Öberg and Lanshammar, 1982). 
When the amputee is exerting a hip flexion 
moment at push-off and the load line has moved 
behind the knee joint, the prosthetic knee will be 
flexed while the prosthesis is still supporting the 
body weight. Voluntary knee flexion under load 
at push-off is important in achieving an aesthetic 
and energy saving gait. 

When the load lines from heel-contact and 
push-off are drawn on the leg in the same 
diagram a stability diagram has been achieved 
according to Professor C. W. Radcliffe at the 
University of California, Berkeley, USA (Fig. 
8). When combining the two regions for the knee 
centre when it is stable during heel-contact and 
can be flexed under load at push-off a common 

Fig. 6. The four-bar knee linkage and the 
instantaneous centre of thigh-shank rotation. 

Fig. 7a. The load line at heel contact and hip extension 
moment. Fig. 7b. The load line at push-off and hip 

flexion moment. 



region is defined. Radcliffe has called this 
region, the zone of voluntary stability. In Figure 
8a the voluntary hip muscular extension and 
flexion moments exerted by the amputee are of 
such magnitude that they give a large zone of 
voluntary stability. In this case a simple single 
axis knee is sufficient for maintaining stability at 
heel contact and ease of flexion during push-off. 

Figure 8b shows a more typical situation where 
the amputee either has reduced hip moment 
capabilities or prefers to use his hip musculature 
at less than maximum strength under ordinary 
conditions. I n this case the zone of voluntary 
stability is dramatically reduced. The prosthetist 
must under these circumstances, when fitting a 
single axis prosthetic knee joint , align the knee 
jo int wi th its centre behind the load line for heel 
contact in order to ensure knee stability. Such a 
location is also behind the other load line. The 
result is a stable knee at heel contact but a knee 
which is difficult to flex under load at push-off. 

These stability diagrams indicate that less hip 
muscular contraction gives a reduced zone of 
voluntary stability. A reduced zone of voluntary 
stability would require a higher location of the 
instantaneous centre of knee rotation in order to 
maintain voluntary control of knee stability. 
Single axis knees provide little or no opportunity 
to make practical use of this fact because a 
significant change in the vertical position of the 
knee joint is cosmetically unacceptable. The 
polycentric knee however can be designed with 

the init ial instantaneous centre of rotation 
located above the usual knee joint and within the 
zone of voluntary stability (Figure 9 ) . This type 
of prosthesis requires reduced hip muscular 
contraction for knee stabilization and can be 
classified as an under-stabilized knee. 

When there is no hip muscular extension 
ability or the amputee is not will ing to depend 
upon this muscular contraction, the knee 
mechanism must be stabilized in an automatic 
way. For A K amputees it is very common to use 
some sort of weight-bearing controlled friction 
brake knee. For T K amputees this type would be 
unacceptable because of the cosmetic 
consequences. A polycentric linkage mechanism 
would also here offer an acceptable solution by 
locating the initial instantaneous centre of 
rotation behind the hip moment free load line 
between the heel and the hip joint. A knee 
design of this sort can be classified as a stabilized 
polycentric knee. 

When involuntary knee flexion or uncertain 
knee extension happens, as for geriatric 
amputees, a manual lock incorporated in a 
polycentric linkage knee mechanism would be a 
suitable solution. 

Discussion 
When fitting a T K amputee with a polycentric 

linkage, the thigh lengthening wil l be 2 5 - 3 0 mm 
because of the proximal joints of the mechanism. 

Fig. 8 . Stability diagram (after Radcliffe), a) large 
zone of voluntary stability, S b) less hip muscle 
contraction and a reduced zone of voluntary stability, 

S. 

Fig. 9 . Understabilized four-bar linkage for voluntary 
control of knee stability. 



THIS DISADVANTAGE IS ACCEPTABLE AND THE COSMESIS 
THAT NOWADAYS CAN B E ACHIEVED WITH SUCH 
MECHANISMS IS USUALLY SUPERIOR TO THAT ACHIEVED 
WITH ANY OF THE OTHER TYPES OF MECHANISMS. 

IT HAS BEEN SHOWN THAT VARYING STABILITY AND 
STANCE PHASE CHARACTERISTICS CAN BE ACHIEVED WITH 
THE POLYCENTRIC LINKAGE KNEE MECHANISM WITH 
REGARD TO FUNCTIONAL DEMANDS OF AMPUTEES WITH 
DIFFERENT ACTIVITY LEVEL. ALSO A VARIETY OF SWING 
PHASE MECHANISMS CAN B E USED IN THESE SPECIAL 
DESIGNS FOR T K AMPUTEES. 

YOUNG, SMALL, BUT ACTIVE AMPUTEES CAN HAVE 
DIFFICULTIES IN UTILIZING THE FUNCTIONAL FEATURES OF 
THE T K MECHANISMS BECAUSE OF THE WEIGHT OF THE 
MECHANISM AND THE SPACE IN THE LEG THAT IS 
REQUIRED BY THE MECHANISM. IN GENERAL IT SEEMS 
THAT MOST OF THE MECHANISMS THAT ARE AVAILABLE 
TODAY ARE HEAVY. A GOOD EXCEPTION IS THE 2 5 M M 
SYSTEM WITH A FOUR-BAR LINKAGE KNEE FROM 
HANGER, ENGLAND. THIS DESIGN CAN BE USED FOR 
YOUNGER AND SMALLER AMPUTEES. FOR THE FUTURE, 
LIGHTER AND MORE COMPACT KNEE MECHANISMS ARE 
TO B E WISHED FOR THE T K AMPUTEES. 

IT IS THOUGHT THAT THE SPECIALLY DESIGNED KNEE 
MECHANISMS OF TODAY FOR T K AMPUTEES HAVE 

MADE AN IMPORTANT CONTRIBUTION TO THEIR 
REHABILITATION. THESE MECHANISMS MIGHT EVEN BE 
EXPECTED TO HAVE INFLUENCED THE INCREASE OF T K 
AMPUTATIONS AS AN ALTERNATIVE TO A K 
AMPUTATIONS. 
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Life expectancy and social consequences of 
through-knee amputations 

J. STEEN JENSEN 

Departments of Orthopaedic Surgery T-2and T-3, Gentofte Hospital, Copenhagen 

Abstract 
Amputat ion surgery for gangrene of the lower 
l imb has two primary goals, to save life and to 
bring the patients back to their previous living 
conditions. I f this can be achieved with restored 
walking ability the result of the treatment is 
considered a ful l success. 

The purpose of this paper is to describe the 
risk of death and possibility of returning 
through-knee amputees to their own home, 
relating the results to other major levels of 
amputation of the lower l imb. 

Patients and methods 
This series includes 310 patients with 320 

amputations performed during the years 1971-
1979. A l l amputations were due to gangrene of 
the lower l imb. The mean age of the patients was 
70 years (range 40-94) 

Based on a retrospective examination of the 
records the placement before and after discharge 
f rom hospital was recorded as well as the 
mortal i ty rate. Li fe tables for a comparative 
number of inhabitants were calculated from the 
official statistics. 

For the calculation of life tables a decrement 
analysis was used and comparison made by 
Gehan's modified Wilcoxon test. For 
supplementary analysis Chi-square test, 
multivariate logistic analysis and multiple 
contingency tables were applied. 

Results 
The primary level of amputation was through-

knee (TK) in 21 per cent, above-knee ( A K ) in 33 
per cent and below-knee (BK) in 46 per cent of 
cases (Table 1). The choice of level was 

significantly related to age, as the number of B K 
amputations decreased and A K amputations 
increased, whereas the number of T K 
amputations was constant (P < 0.03). 

The final level of amputation is influenced by 
the mortality in hospital and local wound 
complications leading to re-amputations at 
higher level. The final levels are listed in Table 1 
fol lowing re-amputation after T K amputations 
in 20 per cent (13/66) and after B K amputations 
in 20 per cent (28/143) of cases. Consequently 
discharge from hospital could take place in 265 
cases. 

The primary level of amputation was used for 
the comparison of mortality statistics because 
this was influenced by the degree of local 
ischaemia and the general condition of the 
patient, which is affected by the systemic toxic 
effect of the gangrene. 

The mortality rate in hospital is of less interest, 
as it is influenced by the duration of hospital stay, 
which was on average 77 days after T K , 47 days 
after A K and 81 days after B K amputations. A 
more meaningful impression of the systemic 
effect of the gangrene, as described by the choice 
of amputation level, is given by comparing the 
mortality rates 3 months after amputation. As 
seen from Table 2 the death rate at this time is 
about 22 per cent and is increasing with selection 
of a higher level of amputation. The table also 
demonstrates that the T K amputation is on 
average midway between the A K and B K levels 

Table 1. Primary level of amputation in relation to 
level at discharge from hospital. 



not only anatomically, but also concerning the 
risk of death. This feature continues for the first 
five years postoperatively. 

In Figure 1 the life expectancy is demonstrated 
for the average patient series and the three levels 
of amputation in relation to the expected 
survival rate. Although the level of amputation 
and age were significantly related further 
statistical analysis demonstrated the primary 
amputation level to be the most determining for 
the death rate (P < 0.0005), whereas age only 
had secondary influence (P < 0.01) on the long 
term prognosis of survival. The life-tables also 
demonstrate that the excess mortality continues 
for 6 months following A K amputation, 1 year 
fol lowing T K and 5 years following B K 
amputations. 

Table 3 demonstrates the relations between 
choice of amputation level in accordance to the 
living conditions. A total of 18 per cent (55/320) 
of patients were living at institutions for long 
term nursing care prior to admission. For the 
purpose of prosthetic fitting the most possible 
distal level was chosen in patients admitted from 
home. Consequently only one third of patients 
had a primary A K amputation performed and 
every fifth a T K amputation. Among patients 
admitted from nursing homes the more distal 

levels were often chosen to preserve leg length 
and thus stability in the sitting position. 

In Table 4 the placement after discharge from 
hospital is listed. I t is seen that patients 
discharged to institutions for long term nursing 
care had generally higher levels of amputation 
than those discharged to their own home. 

Table 5 demonstrates that only every fifth 
patient was discharged to a nursing home 
following survived amputation among those 
previously living in their own homes. The risk of 
final placement at an institution for long term 
nursing care is increased with the height of the 
amputation level. 

Table 2 . Mortality rate in relation to primary level of amputation. 

Table 3 . Placement on admission to hospital in relation 
to primary level of amputation. 

Table 4 . Placement after discharge from hospital in 
relation to final level of amputation. 

Table 5 . Final placement and amputation level for 
patients admitted from own home. 

Fig. 1. Life expectancy for BK, TK and AK levels of 
amputation related to normal expected survival rate. 



Discussion 
The primary goals of amputation surgery were 

fulf i l led in 66 per cent (174/265) of patients 
admitted to hospital from their own home for 
amputation because of gangrene of the lower 
l imb, as they returned alive to their previous 
surroundings. Among patients admitted from 
institutions for long term nursing care 76 per cent 
(42/55) survived and returned to their life in total 
dependence of other people. I t is well known 
f rom previous publications that amputations are 
fol lowed by a high immediate mortality; nearly 
every third patient dies within one year (Ebskox 
and Josephsen, 1980, Mandrup-Poulsen and 
Jensen, 1982). I t is clearly demonstrated in this 
study that the mortality is related to the primary 
level of amputation in both the short and the 
long term. This is obvious for the immediate 
mortal i ty, as the choice of amputation level is 
determined by the extent of the gangrene and 
consequently the systematic effect of toxic 
products released from the gangreneous leg. 
That the same influence on mortality is noted for 
years might suggest a more extensive 
arteriosclerotic disease, which also can explain 
the stronger relationship to age than to the level 
of amputation. 

There is no doubt that for the majority of these 
elderly patients with a mean age of 70 years it is 
most important to be able to return home, 
although their spouse might have difficulties in 
accepting the partial lack of a l imb. This paper 
clearly demonstrates that the T K amputation lies 
midway between the B K and the A K amputation 
in relation to the chances of survival and of 
returning to previous surroundings. The 
prognosis for future walking with a prosthesis is 
described in another paper in this issue. 
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Failures in through-knee amputation 

R . B A U M G A R T N E R 

Balgrist Orthopaedic Hospital, University of Zurich 

ABSTRACT 
LONG-TERM RESULTS OVER A PERIOD OF MORE THAN 1 0 
YEARS GIVE EVIDENCE OF THE SUPERIORITY OF THE 
THROUGH-KNEE COMPARED TO THE ABOVE-KNEE 
STUMP. HOWEVER, FAILURES IN THROUGH-KNEE 
STUMPS BEFORE, DURING AND AFTER OPERATION AND 
PITFALLS IN PROSTHETIC FITTING ARE STILL TOO FREQUENT. 
THEY ARE MOSTLY DUE TO ERRORS BECAUSE THE 
PECULIARITIES OF THE STUMP AND THE PROSTHETIC 
MANAGEMENT ARE NOT RECOGNISED. THIS PAPER 
EMPHASIZES FREQUENT CAUSES OF FAILURE IN THE 
SELECTION OF THE LEVEL OF AMPUTATION, THE 
OPERATIVE TECHNIQUE, POST-OPERATIVE TREATMENT 
AND PROSTHETIC REHABILITATION IN ORDER TO REDUCE 
THE COMPLICATION RATE. 

INTRODUCTION 
IN COMPARING KNEE DISARTICULATION VERSUS 

ABOVE-KNEE AMPUTATION IN DETAIL, THE AUTHOR 
TRIED TO ENCOURAGE SURGEONS AND PROSTHETISTS TO 
GIVE PRIORITY TO THROUGH-KNEE ( T K ) AND NOT TO 
ABOVE-KNEE ( A K ) AMPUTATION WHENEVER POSSIBLE 
(BAUMGARTNER, 1 9 7 9 ) . THE MESSAGE WAS 
UNDERSTOOD BY MANY COLLEAGUES WHO, IN TURN, ARE 
RECOMMENDING THE PROCEDURE (VAUCHER AND 
BLANC, 1 9 8 2 ; STIRNEMANN AND ALMAUS, 1 9 8 3 ) . 
OTHER COLLEAGUES GAVE UP THIS PROCEDURE 
BECAUSE THEY HAD TOO MANY COMPLICATIONS AND 
FAILURES AND THEREFORE AGAIN GIVE PREFERENCE TO 
A K AMPUTATION WITH LESS WOUND HEALING 
PROBLEMS REGARDLESS OF THE FURTHER RESULTS OF 
OVERALL REHABILITATION. IN FACT, COMPLICATIONS 
IN T K AMPUTATIONS ARE STILL TOO FREQUENT 
AND ARE REPORTED TO BE AS HIGH AS 2 5 % 
(STIRNEMANN AND ALTHAUS, 1 9 8 3 ) . THE PURPOSE OF 
THIS PAPER IS TO ANALYSE THESE PITFALLS IN ORDER TO 
REDUCE THE COMPLICATION RATE AND TO IMPROVE THE 
POSSIBILITIES OF REHABILITATION. 

1 LEVEL OF AMPUTATION 
IT IS UNDERSTOOD THAT EVEN A SHORT BELOW-KNEE 

( B K ) STUMP IS BETTER THAN ANY METHOD OF T K 
AMPUTATION AS LONG AS THE B K STUMP IS FREE FROM 
PAIN, PERMITS A TOTAL SURFACE CONTACT WITH THE 
PROSTHETIC SOCKET AND THE FUNCTION OF THE KNEE 
JOINT IS NOT IMPAIRED BY TRAUMA OR BY SEVERE 
OSTEOARTHRITIS. A S IN ANY LEVEL OF AMPUTATION, THE 
FEASIBILITY OF A T K AMPUTATION MAINLY DEPENDS 
UPON THE QUALITY OF THE TISSUES WHICH IN TURN IS 
GIVEN BY A SUFFICIENT BLOOD SUPPLY. A LOSS OF 
SENSATION OR A FEMORAL FRACTURE ARE NO 
CONTRAINDICATIONS. 

THE ASSESSMENT OF A SUFFICIENT TISSUE BLOOD FLOW 
THEREFORE REPRESENTS THE MAIN PROBLEM. DESPITE 
THE MANY LABORATORY TESTS TO INVESTIGATE LOCAL 
BLOOD CIRCULATION, ANAMNESTIC AND CLINICAL 
FINDINGS BEFORE AND PARTICULARLY DURING SURGERY 
ARE STILL OF PRIMARY IMPORTANCE. A S FOR THE MAIN 
ARTERIES, AN OBLITERATION OF THE POPLITEAL ARTERY 
MIGHT STILL PERMIT A SHORT B K STUMP TO BE 
OBTAINED. ALSO, THE OBLITERATION OF THE SUPERFICIAL 
FEMORAL ARTERY DOES NOT REPRESENT A 
CONTRAINDICATION FOR A T K LEVEL AS LONG AS IT WAS 
NOT DUE TO A SUDDEN OCCLUSION BY EMBOLISM OR 
TRAUMA. A N OCCLUSION OF THE ILIAC ARTERY, 
HOWEVER, REQUIRES AN A K AMPUTATION AT THE LEVEL 
OF, AT LEAST, THE MIDDLE THIRD OF THE FEMUR. 

THE OBSERVATION OF LOCAL BLOOD CIRCULATION IS 
MOST IMPORTANT IN THE ASSESSMENT OF TISSUE 
VIABILITY. IN SOME CASES, PRIMARY WOUND HEALING 
MAY STILL BE OBTAINED WITHOUT A SINGLE ARTERY 
HAVING TO B E CLAMPED. ATTENTION MUST BE GIVEN 
NOT ONLY TO THE ARTERIES, BUT ALSO TO THE VEINS. 
VENOUS THROMBOSES ARE BAD SIGNS AND JUSTIFY A 
HIGHER LEVEL OF AMPUTATION. 

THE SKIN MUST COVER THE ENTIRE SURFACE OF THE 
STUMP WITHOUT THE SLIGHTEST TENSION. THE SKIN 
FLAPS MUST BE LARGE ENOUGH IN ORDER TO 
COMPENSATE FOR THE REMARKABLE SKIN RETRACTION 
DURING THE OPERATION. 

SEVERE CONTRACTURES OF THE HIP JOINT WHICH 
PERSIST UNDER ANAESTHESIA ALSO SUGGEST AN A K 
RATHER THAN A T K LEVEL. 



2 OPERATIVE TECHNIQUE 
THE PATIENT LIES IN THE SUPINE POSITION WITH THE 

PELVIS SLIGHTLY ELEVATED BY A CUSHION. THE HIP AND 
KNEE JOINTS ARE ALLOWED FREE MOTION TO PERMIT 
EASY ACCESS TO THE POSTERIOR PART OF THE FEMUR. 

IN ORDER TO OBTAIN PRIMARY WOUND HEALING 
ESPECIALLY IN VASCULAR PATIENTS, the SURGEON MUST 
MINIMIZE TISSUE DAMAGE BY USING ATRAUMATIC 
TECHNIQUES AND BY REDUCING TO A MINIMUM THE 
AMOUNT OF SUTURE MATERIAL IN THE WOUND. IN 
VASCULAR PATIENTS, THE TOURNIQUET SHOULD NOT BE 
USED. WITH THIS PHILOSOPHY IN MIND, EVERY DEEP 
SUTURE AND LIGATURE ARE AVOIDED AND ARTERIAL 
GRAFTS ARE ALSO REMOVED BY MAKING FIRST AN 
INCISION AT THE INGUINAL LIGAMENT TO DISCONNECT 
THE GRAFT AND TO PULL IT DOWNWARDS. THE EDGES OF 
THE FEMUR MUST B E CAREFULLY ROUNDED WITH A 
RONGEUR OR THE FILE. IN TRANSCONDYLAR 
AMPUTATIONS, THE PATELLA HAS TO BE REMOVED 
THROUGH THE SAME INCISION. 

WOUND DRAINAGE IS OF UTMOST IMPORTANCE. 
THERE IS NO SPACE FOR A HAEMATOMA WHICH WILL 
DAMAGE THE SOFT TISSUES AND MAY LEAD TO NECROSIS 
AND INFECTION. WHATEVER TYPE OF DRAINAGE IS USED, 
IT HAS TO BE SAFE FOR 4 8 - 7 2 HOURS. 

3 POSTOPERATIVE MANAGEMENT 
IN THE POSTOPERATIVE MANAGEMENT OF THE 

STUMP, AGAIN EVERY EFFORT MUST BE MADE TO OBTAIN 
PRIMARY WOUND HEALING. WHETHER A SOFT, SEMI­
RIGID OR RIGID DRESSING IS APPLIED, ITS PURPOSE IS TO 
REDUCE THE POSTOPERATIVE OEDEMA, TO PROTECT THE 
STUMP FROM INFECTION AND TO PREVENT PRESSURE 
SORES. 

THE PECULIAR ANATOMY OF THE T K STUMP NEEDS 
SPECIAL PRECAUTIONS IN WOUND DRESSING. THE 
DORSAL SIDES OF THE CONDYLES AND THE PATELLA ARE 
EXTREMELY SENSITIVE TO EXTERNAL PRESSURE (FIG. 1 ) . 
IN THE NEUTRAL POSITION, THE STUMP ALWAYS GOES 
INTO SLIGHT EXTERNAL ROTATION. THIS MEANS THAT 
EVEN WITH A PATIENT LYING IN BED, THE LATERAL 
CONDYLE IS AT THE LOWEST LEVEL AND THEREFORE 
PARTICULARLY IN DANGER. IT MUST BE RELIEVED BY A 
THICK PAD APPLIED DORSALLY IN THE SUPRACONDYLAR 
AREA. THE SITUATION IS VERY MUCH THE SAME AS IN 
THE HEEL AND THE ACHILLES TENDON. THE DORSAL PART 
OF THE CONDYLES IS PARTICULARLY SENSITIVE TO 
PRESSURE SORES IF THE OPERATIVE SCAR IS PLACED 
TRANSVERSELY AND NOT SAGITALLY (FIG. 2 ) . IF THERE IS 
STILL EVIDENCE OF SKIN NECROSIS, STITCHES SHOULD BE 
REMOVED IMMEDIATELY. IF UNDERLYING BONE 
BECOMES VISIBLE THROUGH THE WOUND, SURGICAL 
STUMP REVISION SHOULD NOT BE POSTPONED. 

4 PROSTHETIC MANAGEMENT AND REHABILITATION 
EVERY T K STUMP IS VERY SENSITIVE TO EXTERNAL 

PRESSURE IN THE FIRST WEEKS. STUMP BANDAGING 
DIRECTLY ON THE SKIN IS UNABLE TO PROVIDE UNIFORM 
EXTERNAL PRESSURE AND MIGHT CAUSE PRESSURE SORES 
(F IG . 1 ) . THE PATELLA AND THE CONDYLES NEED 
CAREFUL PADDING BEFORE ANY TYPE OF DRESSING IS 
APPLIED. TOTAL END-BEARING CAN ONLY BE OBTAINED 
GRADUALLY WITHIN THE FIRST 4 - 6 WEEKS AFTER SURGERY. 
T O AVOID PRESSURE SORES, THE BEST RESULTS ARE 
OBTAINED BY STARTING GAIT TRAINING WITH THE 
INFLATABLE PLASTIC BAG PROSTHESIS. IT PERMITS 
PARTIAL WEIGHT-BEARING AND APPLIES HOMOGENOUS 

FIG. 1. PRESSURE SENSITIVE AREAS OF THE THROUGH-KNEE 
STUMP. 

FIG. 2. BREAKDOWN OF AN INCISION PLACED IN TRANSVERSE 
DIRECTION. 



EXTERNAL PRESSURE AND ACCELERATES STUMP 
SHRINKING. ONLY 3 - 6 WEEKS AFTER SURGERY, THE FINAL 
PROSTHESIS IS PRESCRIBED (BOTTA AND 
BAUMGARTNER, 1 9 8 3 ) . IN ORDER TO PERMIT EASY 
ADAPTATION OF THE SOCKET AND OF THE ALIGNMENT, 
THIS PROSTHESIS IS NOT COMPLETED FOR 1-2 MONTHS. 
AFTER 6 - 1 2 MONTHS, THE SOCKET OFTEN HAS TO BE 
REPLACED COMPLETELY. 

A S WITH EVERY AMPUTATION STUMP, THE T K 
STUMP UNDERGOES SIGNIFICANT SHRINKAGE WITHIN THE 
FIRST WEEKS AND MONTHS. SINCE THE LIMITS BETWEEN 
TOO LITTLE AND TOO MUCH PRESSURE ARE VERY SMALL IN 
THE CONDYLAR AREA, THE PROSTHESIS REQUIRES 
FREQUENT ADAPTATIONS OF THE SOFT SOCKET. EVEN IN 
THE AREA OF THE CONDYLES THE STUMP WILL FINALLY 
SHRINK IN DIAMETER BY 1 0 - 1 5 M M WITHIN THE FIRST 
6 - 1 2 MONTHS. (FIG. 3 ) . THIS WILL PERMIT A 
PROSTHETIC FITTING WITH LITTLE OR NO EXTRA WIDTH AND 
LENGTH, BUT REQUIRES A PARTICULARLY WELL ADAPTED 
SOCKET IN ALL THE THREE DIMENSIONS. AT ANY TIME, 

THE ENTIRE DISTAL SURFACE OF THE FEMUR MUST BE 
INVOLVED IN END-BEARING. O N THE OTHER HAND, THE 
PATELLA NEEDS TO BE COMPLETELY RELIEVED OF 
EXTERNAL PRESSURE. THE PATIENTS APPRECIATE BEING 
ABLE TO MOVE THE PATELLA A FEW MILLIMETRES UP AND 
DOWN WHILE WEARING THEIR PROSTHESIS. 

THE THIGH PART OF THE SOCKET MUST NOT BE 
CIRCULAR, BUT OVAL ACCORDING TO THE ANATOMICAL 
SHAPE OF THE THIGH EVEN IF THE OUTER SOCKET IS 
MADE FROM FLEXIBLE MATERIAL. IF IT IS TOO HARD, 
DISCOMFORT AND PRESSURE SORES MIGHT OCCUR AT THE 
PROSTHETIC RIM. 

WITH THIS ENUMERATION OF FREQUENT ERRORS IN 
T K AMPUTATION AND PROSTHETICS, IT IS HOPED THAT 
THE NUMBER OF COMPLICATIONS WILL BE REDUCED. A S 
IN EVERY AMPUTATION LEVEL, HOWEVER, IT WILL NOT BE 
POSSIBLE TO ELIMINATE THEM COMPLETELY. 

FIG. 3 . SHRINKING OF THE MATURE STUMP PERMITS 
PROSTHETIC FITTING WITH LITTLE OR NO EXTRA WIDTH AND 

LENGTH. 
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Success rate of prosthetic fitting after major 
amputations of the lower limb 

J. STEEN JENSEN and T. MANDRUP-POULSEN 
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Abstract 
Rehabilitation after amputation at through-knee 
level is described and analysed in relation to 
amputations at above-knee and below-knee 
levels. 

Introduction 
I n dealing with amputation surgery for gangrene 
of the lower l imb the most important result for 
the patient and the family is to get the amputee 
back home. For the orthopaedic surgeon and the 
prosthetist the professional demands also 
include considerations of regaining some 
walking ability. In modern industrialized 
countries we often find a wheelchair bound 
amputee as a result of a failure of surgery. 

The purpose of this paper is to describe the 
number of patients being successfully fitted in 
relation to the three major levels of lower limb 
amputations. 

Patients and methods 
The total series included 320 lower limb 

amputations in patients with a mean age of 70 
years (range 40-94) following gangrene due to 
diabetic or arteriosclerotic complications. 

A t discharge from hospital 265 limbs were 
available for prosthetic fitting. A total of 178 
patients were discharged to their own homes, 
possibly after a period in a rehabilitation 
institution, whereas a further 87 patients were 
discharged to an institution for long-term 
nursing care, including 45 patients originally 
living in their own home. 

I n all patients with a walking capacity prior to 
amputation prosthetic fitting was attempted. 
When walking was achieved between parallel 
bars with a preliminary prosthesis the patients 
were discharged for further ambulatory training. 
The results analysed in this paper are those 
obtained at discharge from the out patient clinic 
or in acknowledgement of definite failure of 
attempted fitting at discharge from the hospital. 

Results 
Among the 87 patients discharged for long-

term nursing care in an institution amputation 
was performed at T K level in 19 cases, A K in 45 
and B K in 23 cases. Prosthetic fitting was 
generally achieved in 14 per cent (12/87) of cases, 
whereas the remainder were either wheelchair 
bound or bedridden. Patients amputated at the 
shank or through the knee did better than those 
amputated at the thigh (Table 1). 

Discharge to a nursing institution was 
necessary for 45 patients who had been living in 
their own surroundings preoperatively, and 80 
per cent (36/45) of these patients were 
wheelchair bound or bedridden. Among those 
obtaining a walking capacity 9 out of 12 had 
preoperatively lived in their own home. Only 
half of the patients discharged to a nursing 
institution with a prosthesis were able to use the 
prosthesis outdoors. 

Table 1 Results of prosthetic fitting in patients 
discharged to institutions for long-term nursing 
care. 



Among 178 patients discharged to their own 
home or a temporary rehabilitation institution 
every fourth patient was finally bound to a 
wheelchair (Table 2). Hardly any of the T K 
amputees were wheelchair bound and 69 per 
cent achieved an outdoor walking capacity. 
Nearly three quarters of the B K amputees 
obtained an outdoor walking capacity, but as 
many as 17 per cent were wheelchair bound. The 
poorest results were encountered after A K 
amputations, as more than every third patient 
was wheelchair bound and less than half of the 
patients were able to walk outdoors. 

Discussion 
Gangrene of the lower limb with major 

amputation is often followed by a high primary 
mortality (Jensen, 1982) due to the generalized 
toxic physiological effect and many amputations 
are consequently undertaken as life saving 
procedures. This is especially the case among 
patients who are already in need of long-term 
nursing care. The loss of a limb in elderly 
patients often leads to dependence on other 
people and often to discharge to an institution 
for long-term nursing. This was experienced in 
nearly every fifth patient of those previously 
l iving independently at home. The majority of 
these patients were wheelchair bound or 
bedridden irrespective of the level of 
amputation. Discharge to long-term nursing care 
without a walking capacity is definitely to be 
considered as a poor result, although life is 
saved. 

Among patients returning to their own home 
the goal of the amputation surgery should be to 
make the patient ambulatory with a prosthesis. 
This was achieved in 76 per cent of patients in 
this series. A striking feature of these results 
show, however, that the statement of preserving 
the knee joint at any price (Pedersen, 1968) 

seems to be no longer valid, as patients with T K 
amputations generally did better than BK 
amputees and the majority of A K amputees 
failed to achieve prosthetic gait. 

The results of A K amputations are fairly 
consistent wi th previous reports (Chapman et al, 
1959; Burgess et al, 1971; Christensen, 1976), 
but better than a number of others (Warren and 
Kihn 1968; Hierton and James, 1973; Robinson, 
1976). The success rate of B K amputations with 
prosthetic fitting in 83 per cent of cases also 
correlates wi th previous reports (Smith, 1956; 
Burgess et al, 1971; Chilvers et, 1971), although 
Hierton and James (1973) claimed prosthetic 
walking in 66 per cent and Holstein et al (1979) in 
half of the cases only. 

The high success rate following T K 
amputations has been pointed out before (Early, 
1968; Howard et al, 1969, Chilvers et al, 1971; 
Newcombe and Marcuson 1972), but the general 
opinion is still to select the B K amputation level 
whenever possible. This might be explained by 
the high technical development of B K 
prosthetics and numerous theoretical and 
biomechanical advantages of the B K level as well 
as the cosmetic problems experienced with the 
T K prosthesis. I t is, however, hoped that 
problems related to the manufacture of TK 
prostheses and the inborn traditional aversion 
might be overcome with this issue of Prosthetics 
and Orthotics International. 

The explanation for the high success rate of 
T K prosthetics is probably due to the 
undisturbed strength of the hip and thigh 
muscles, the end-bearing capacity of the stump 
and a feeling of stability and tightness of the 
socket. Another explanation might be that the 
prosthesis can easily be supplied with a knee lock 
in case the patient demonstrates instability or 
incapacity in walking with a mobile knee joint. 
This is in contrast to B K prosthetics, where a 
preliminary PTB or comparable prosthesis has to 
be exchanged with a conventional prosthesis 
with a knee lock in a similar situation. In such 
circumstances the physiotherapist and the 
prosthetist might often press the patient to 
continue with the prosthesis and elderly patients 
are not likely to disappoint their therapists. 

Unfortunately these statements are purely 
founded on qualified guessing, as this 
retrospective series does not give sufficient 
information about these problems. I t has, 
however, previously been pointed out (Jensen et 

Table 2 Result of prosthetic fitting in patients 
discharged to own home or a temporary 
rehabilitation institution. 



al, 1982) that a B K amputation cannot be 
converted to a T K amputation in cases of 
extensive skin necrosis or infection. 

Based on these considerations it is suggested 
that the T K level of amputation should be 
selected in all possible instances as an alternative 
to an A K amputation, as the prosthetic fitting is 
highly superior. I t is also suggested that the TK 
level should be considered as an alternative to 
any B K amputation in all old and probably 
feeble patients if the postoperative fitting might 
be problematic, as such patients are more likely 
to be able to walk on an artificial, although stiff, 
l imb after T K amputation. In all circumstances, 
where the perfusion of the amputation area is 
doubtful evaluation of the possibilities of 
breakdown of the B K stump should always be 
taken into consideration in favour of a T K 
amputation. Eventually the T K amputation 
should be considered also in patients demanding 
a wheelchair existence, especially in risk of 
contralateral amputation, as stability in the 
wheelchair is absolutely superior as compared to 
an A K amputation because of the long and 
strong stump. 
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Training and Education in Prosthetics and Orthotics, University of Strathclyde, Curran Building, 131 St. 
James' Road, Glasgow G4 0LS, Scotland. Tel: 041-552 4400 ext. 3298. 

5-7 October, 1983 
11 Simposium de Inginieria Biomadica, Madrid, Spain. 
Information: 11 Simposium de Ingenieria Biomadica, E.T.S.I. Telecomunicacion, Ciudad 
Universitaria, Madrid 3, Spain. 

5-9 October, 1983 
1st European Congress on Scoliosis and Kyphosis, Dubrovnik, Yugoslavia. 
Information: " A T L A S " Congress Department, Zrinjevac 17, YU-41000, Zagreb, Yugoslavia. 

9-13 October, 1983 
7th International Congress of Electromyography, Munich, West Germany. 
Information: Prof. D. A . Struppler, Neurologische Klinik Der Technischen Universität, Mohlstrasse 
28, 8000 München 80, West Germany. 
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17-21 October, 1983 
Amputee Rehabilitation for Therapists, Manchester, England. 

Information: Mrs Hindley, Rehabilitation Unit , Withington Hospital, Manchester M20 8LB, England. 

22-27 October, 1983 
American Academy of Pediatrics Annual Meeting, San Francisco, California. 
Information: American Academy of Pediatrics, 1801 Hinman Avenue, Evanston, I L 60204. 

25-30 October, 1983 

American Orthotic and Prosthetic Association (AOPA) National Assembly, Hyatt Regency, 
Phoenix, Arizona. 

Information: Mrs. Sonja I. McCamley, A O P A , 717 Pendleton Street, Alexandria, V A 22314, U.S.A. 

7-10 November, 1983 
V I I Congress Brasileiro de Engenharia Biomedica, Brazil. 
Information: EEL-UFSC, P.O. Box 476, Florianopolis-SC88000, Brazil. 
13-18 November, 1983 
2nd International Symposium on Design for Disabled Persons, Tel Aviv, Israel. 
Information: Dr . E. Chigier, KENES, P.O.B. 29784, Tel Aviv 61297, Israel. 

13-20 November, 1983 
3rd International Seminar on The Treatment of Rheumatic Diseases, Tel Aviv and Jerusalem, Israel. 
Information: The Secretariat, Rheumatology, PO Box 3054, Tel Aviv 61030, Israel. 

18-20 November, 1983 
Mechanical Therapy of The Lumber Spine, Sutton Coalfield, West Midlands, England. 
Information: Mr . M . G. Robinson MCSP, 92 Lindridge Road, Whitehouse Common, Sutton Coalfield, 
West Midlands B75 6HJ, England. 

30 November-2 December, 1983 
4th International Symposium on Academic Orthopaedic Manpower, Pennsylvania, USA. 
Information: Robert B. Greer I I I , M D , Symposium Co-Chairman, Milton S. Hershey Medical Center, 
PO Box 850, Hershey, Pennsylvania 17033, USA. 

1984 
9th International Congress on Physical Therapy, Barcelona, Spain. 
Information: Maison des Kinesitherapeutics, F-75010 Paris, France. 

January, 1984 
'Early Management of Spinal Cord Injuries', Giens, Hyeres, France. 
Information: Dr. Eric J. J. Berard, Spinal Cord Injuries Unit , Hôpital R. Gabran, F83406, Giens, 
France. 

26-28 January, 1984 
10th Annual Meeting of American Academy of Orthotists and Prosthetists, Florida, USA. 
Information: Mr. Norman E. McKonly, A A O P , 717 Pendleton Street, Alexandria, V A 22314, U.S.A. 
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The Hip Module (60 x 110 x 45mm) (350g) 
incorporates the hip joint with adjustable 
buffer stop and stride limiter. 
Socket alignment device is fully adjustable. 

Light 
and 

easy to 
assemble 
T h e H a n g e r Roel i te system is ideal for patients 
requiring a really lightweight l imb. Based on a strong 
structural tube, and incorporating the proven H a n g e r 4 - B a r 
linkage knee, it is compat ible with all systems from other 
manufacturers . T h e innovative use o f the Hange r friction 
al ignment device fitted to the socket fixing unit, and knee 
and ankle units, makes adjustment at trial fittings simple 
and easy to control . 

T h e sys tem mee t s all appropriate international standards 
and can be used for an amputat ion on any site including 
knee disarticulation and S y m e s amputat ion. And it can be 
fitted with S A C H or articulated feet. 

I f you would like full information on this system please 
write to us a t the address below. 

Hanger — first in the field 
of rehabilitation 

The Knee Module (40 x 100 x 60mm) 
(300g) is basically a polycentric mechanism 
giving good knee stability at heel contact without 
influencing the swing phase mode of control, a 
simple adjustable non linear friction damper 
controls the latter. A friction alignment device 
can also be incorporated. 

The Socket Attachment Module 
(45 x 40 x 45mm) (150g), which wül only be 
required for below knee amputations and short 
to medium above knee cases, consists of a 
simple casting fitted with the ruction 
alignment device. Several fixtures are available 
to enable many types of sockets to be fitted 
including vacuum formed or laminated plastic, 
leather, metal and wood. 

The Ankle Module (45 x 40 x 70mm) 
(250g) (SACH 80g) incorporates the 
well proven design of the Hanger 
uniaxial joints and is also fitted with a 
friction alignment device. This 
comprises a Steel Investment casing 
with concentric spherical surfaces and 
extended jacking lugs, the attachment 
casting and a clamp ring, all held 
together with clamp screws. 

Hanger 
Please send nie your new catalogue with details 
of the modular system. 

J.E. Hanger & Co. Limited, 
Roehampton Lane, Roehampton, 
London SW15 5PL. 
Telephone: 01-789 6565 
Telex: 896983 

< 
p- Name 

Position.... 

Address 
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the professional force plates 
from <ISTLER 

over 375 systems at leading institutions 
in 28 countries around the world 

Standard: plates 400 X 600 mm and 
600 x 900, available from stock 

Special: 4 glass plates 500 X1000 mm 
(Wakakusaen Rehab. Ctr., Hiroshima) 

Special: 4 aluminium plates 400 X 2000 mm 
(Saitama Rehabilitation Center near Tokyo) 

Professional performance through state-of-
the-art quartz technology: 
• high natural frequency in all 3 force axes 
• extremely low cross talk under centric 
and eccentric loading 
• virtually overload proof yet sensitive 
enough to measure your heartbeat 
• ultrastable: owing to the quartz elements 
the factory calibration is valid forever. 

New 

Professional calibration with a unique cus­
tom-built 3-component calibration system 
(shown left) designed for calibrating all the 
multicomponent dynamometers and force 
plates that KISTLER supplies to the machine 
tool, automobile and tire industries and - for 
biomechanics. 

Professional service and support through re­
presentations in over 40 countries. 

8-channel charge amplifier unit which can 
be completely remote controlled (even se­
lection of measuring ranges). Ideally suited 
for direct interfacing with a computer. 
Also designed to connect directly into the 
professional motion analysis systems VICON 
and SELSPOT. 

Advance 
information 

Latest news 

KISTLER is about to introduce a profes- erful yet mobile in-field data aquisitioπ sys-
sional microcomputer system tailored to tern and may serve as a main computer (ex-
fully exploit the performance of the force pandable to meet almost any requirement in 
plates. Real time data processing, functions biomechanics), 
as transient recorder, storage scope, pow-

The capacitive Semperdyn force plates 
(made by Semperit AG, Wien, Austria) are 
now available as KISTLER-Semperdyn sys­
tems. 

Measuring the vertical force only they offer 
sub-millisecond response even with sizes up 
to 1000 X 2000 mm. 

Piezo-lnstrumentation 

Please ask for detailed information. 

<ISTLER 
Kistler Instrumente AG 
Eulachstrasse 22 
CH-8408 Winterthur, Switzerland 
Tel (052) 831111, Tx 76458 


