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Abstract 
T h e dimensions and healing of 93 consecutive 
below-knee stumps were studied and based on 
observat ions a s tandard formula of stump 
classification was constructed (and discussed at 
the I S P O Meet ing in Bologna 1980). 

Muscular a t rophy and redistribution of 
o e d e m a caused a m e a n reduction of calculated 
arbitrary s tump volume of about 7 % during the 
first 12 post-operat ive weeks accompanied by a 
change in distal circumferential measurement 
ranging be tween 7 centimetres reduction and 5 
cent imetres increase. 

T h e classification formula was tested in 135 
examinat ions in 86 patients with 96 stumps in 
L u n d . A new proport ional definition of stump 
length was used. Eighty per cent were ordinary 
in length and shape. Ten of 59 were conical 
before o n e year compared to 12 of 42 after more 
than one year following amputat ion. Pain was a 
p rob lem in 2 0 % . Scar problems are common 
early but o ther skin damage increases with t ime. 
Skin problems are separated according to cause, 
i .e. pressure , suction, infection and allergy. O n e 
third of below-knee stumps had unhealed wound 
or damaged skin. Surgical correction was 
indicated in 2 % and prosthetic correction in 7 % . 
Prosthet ic correction seemed to be more often 
needed in below-knee stumps and surgical 
correction in above-knee stumps. 

Int roduct ion 
T h e detai led condition of an amputat ion 

s tump is seldom discussed in l i terature, although 
there is generally an unspoken concept of stumps 
being bad or good ones . The increased number 
of amputa t ions among the elderly with occlusive 
arterial disease increases the need for objective 

evaluation of s tumps because old patients are 
less often well informed themselves. T o 
structurize the basic clinical parameters of 
s tumps we considered the alternative dimensions 
which could be used and created a test for basic 
characteristics. A t the third world meeting of the 
Internat ional Society for Prosthetics and 
Orthot ics in Bologna, October 1980, a special 
R o u n d Table was devoted to such discussions 
with Sydney Fishman, New York, William 
Wagner , Los Angeles , P . A . Isherwood, 
R o e h a m p t o n , S. Goldbranson, San Diego, P . 
Rens t röm, Gothenburg , M. Wall , Uppsala, 
Sweden and the authors . A t this meeting a 
s tandard test form was discussed, modified and 
accepted for use in clinical trials focussing on the 
s tump itself. Funct ion, however, also depends 
on the general condition of the patient and the 
type and condition of the prosthesis and finally 
the fit and training level that has been achieved. 

This paper presents the basic parameters 
s tudied in the preparatory work and the use of 
the s tandard form in a consecutive series of lower 
limb amputees . By this systematic examination 
impor tant qualities of major amputat ion stumps 
should be identified, increasing the possibilities 
of analysing problems and correcting 
malfunction. 

Mater ia l and methods 
In par t one measurements were made 

repeatedly during the first 12 weeks after 
amputa t ion in a consecutive series of 93 below-
knee s tumps. All patients had amputations using 
the sagittal technique (Persson, 1974) at the 
D e p a r t m e n t of Or thopaedic Surgery in Lund. 
They were kept in plaster of Paris for 2 weeks 
and had stitches removed at 3 weeks. The 
measurements were made at 2, 3 , 4, 6 and 12 
weeks after amputat ion recording proximal 
s tump circumference with the knee at 60° 
flexion, distal s tump circumference, and length 



Fig. 1. The clinical standard form used for the measurement and classification of amputation stumps. 



of s tump from distal end of the soft tissues to the 
medial joint space of the knee . Simultaneously 
the healing was recorded. The measurements 
were in tended to describe size, shape and 
a t rophy allowing classification of stumps into 
cylindrical, conical or club-shaped, which 
determines the type of suspension, as well as 
short , ordinary or long, which determines the 
lever a rm of movements . It also allowed 
calculation of volume changes, which 
determines changes of socket fitting. 

In par t two the ISPO standard form was used 
in a consecutive series of 135 stump 
examinat ions at the prosthetic clinic January -
Sep tember 1981 (Fig. 1). During this time 86 
pat ients with 96 stumps were followed. Two 
s tumps were measured four t imes, 5 three times 
and 23 twice. Fifty-eight per cent of the patients 
were males and 85 per cent had been amputated 
within the last five years. The median age was 
72.5 , range 10-94 years. 

Classification was made of general condition, 
indication, level, size, shape, scar, skin, solidity, 
end of s tump , mobility in proximal joint , pain of 
s tump and phan tom pain. The definitions of the 
different classes of the parameters are explained 
in Figure 1 regarding proport ional length, shape, 
scar, skin and mobility. Regarding solidity, end 
of s tump , s tump pain and phan tom pain the 
limits be tween different classes were not defined 
exactly. A g e , sex, side, date of amputat ion and 
da te of examinat ion were recorded and it was 
summarized whether correction was indicated 
technically or surgically. 

Results 
In par t o n e the 93 new below-knee stumps had 

a median length of 16 cm, range 10-25 (Fig. 2, 
t o p ) . T h e proximal circumference of the s tump 
was recalculated to diameter and used as a 
measure of breadth describing the length to 
b read th propor t ion (Fig. 2, bo t tom) . The mean 
quot ien t was 1.7 with the range from 0.9-2.5. In 
this mater ial one s tump was classified as short 
and 10 s tumps as long (Fig. 2, bo t tom) . 

T h e proximal circumferential measurements 
(Fig. 3) showed changes between 2 and 3 weeks 
and 2 and 12 weeks , respectively. Less than 1 cm 
in mean value of reduction occurred from 2 to 3 
weeks and less than 2 cm between 2 and 12 
weeks . Similarly the distal circumferential 
measuremen t s (Fig. 4) showed about 1.5 cm of 
reduc t ion from 2 to 3 weeks, and about 2 0 cm 

be tween 2 and 12 weeks, but in the latter case 
with range from a maximum of 7 cm reduction to 
5 cm increase. The mean quotient between 
proximal and distal circumference was at two 
weeks 1.01 (SD 0.07) and at 12 weeks 1.04 (SD 
0.09) indicating a tendency towards a more 
poin ted s tump. 

T h e length of the s tump should be constant as 
b o n e does not shrink but shrinking soft tissues 
m a y cause reduction and acquired oedema may 
cause increased length. W e found an average 
shor tening of 0.5 cm (Fig. 5). 

Using proximal and distal circumferential 
measurements and the length we arbitrarily 
calculated a volume at 2, 4, 6 and 12 weeks after 

Fig. 2. Top, length of below-knee stumps. Bottom, 
proportional length of below-knee stumps. 



amputa t ion with the s tump considered as a cut 
cone . Figure 6 describes this volume at 2 weeks 
after amputa t ion with a mean value of 1 - 3 litres 
ranging from 0 - 5 - 2 1 litres (SD 0-3). A t 2, 4, 6 
and 12 weeks after amputat ion this calculated 
volume showed a gradual decrease with the most 
significant reduction from 2-4 weeks and with a 
total reduct ion during the first 3 months of about 
7 per cent (Fig. 7) . 

S tumps that were between 1 and 1-5 times 
longer than the breadth had a non significant 
lower propor t ion of unhealed wounds than the 
longer s tumps (Fig. 8) . 

In par t two the result of using the ISPO 
classif ication form showed that some 
classifications are totally dependent upon level. 
Of the lower limb stumps created by joint 

Fig. 3. Top, change of proximal circumference 
between 2 and 3 weeks in below-knee stumps. Bottom, 
change in proximal circumference between 2 and 12 
weeks in below-knee stumps. Dotted cross indicates 

mean value and standard deviation. 

Fig. 4. Top, change in distal circumference between 2 
and 3 weeks in below-knee stumps. Bottom, change in 
distal circumference between 2 and 12 weeks in below-
knee stumps. Dotted cross indicates mean value and 

standard deviation. 

Fig. 5. Change in measured length of below-knee 
stumps between 2 and 12 weeks. Dotted cross 

indicates mean value and standard deviation. 



disarticulation, for instance, all five were long 
and club-shaped with insignificant s tump pain 
and phan tom pain. Only the below-knee level, 
however , contained enough patients to make 
statistical analysis reasonable, 116 of all 135 
measurements were below-knee, 12 in above-
knee and the residual 7 in disarticulations at hip, 
knee and ankle levels. Eighty-two per cent of the 
pat ients had been amputa ted for arterial 
occlusive disease with or without diabetes. 

In the below-knee group the proport ions of 
different characteristics were as follows. Highly 
active walkers 0.20, average 0.58 and less active 
0.35. Ischemia was the indication in 0.89. The 
s tump length was ordinary in 0 .81, short in 0.13 
and long in 0.06. The shape was cylindrical in 
0.80, conical in 0.19 and club-shaped in 0.01. The 
scar was well healed in 0.77 compared to 11 of 12 
in the above-knee group. It was adherent in 0.09 
among below-knee and this proport ion was the 
same in above-knee patients. 

The skin was undamaged in 0.71 of all patients 
wi thout any difference between above and 
below-knee levels (Table 1) but stumps older 
than 3 years had a significantly higher proport ion 
of skin damage (p <0-005). 

Above-knee s tumps were soft in 3 of 12 
compared to 16 of 116 in below-knee and they 
were pointed in 2 of 12 compared to 25 of 110 

Fig. 6. Arbitrary volume of calculated cut cone 
representing below-knee stump volumes. 

Fig. 7. Change in calculated below-knee stump 
volumes between 2 and 12 weeks. Mean values and 

standard deviations. 

Fig. 8. Proportion of unhealed wounds of below-knee 
stumps in three groups of proportional length. 

Table 1. Skin condition among above and below-knee 
stumps. 



below-knee stumps. Mobility was registered as 
normal in 88 o f 116 in the below-knee group and 
23 of 116 had limited extension of at least 10 
degrees . 

The re was no significant difference when the 
material was separated according to sex. Stump 
pain was equally a problem in 0.2 and when 
separa ted according to level, 0.18 of below-knee 
amputees had s tump pain and 0.21 had phantom 
pain. The re was no significant change in stump 
pain or phan tom pain when the material was 
separated into four different time intervals at 6, 
12 and 36 months . 

T h e end of below-knee stumps had a tendency 
to be more pointed with t ime. Ten of 59 (0.17) 
were pointed at less than one year, compared to 
12 of 42 (0.29) after more than one year. 

In summary, correction was found to be 
indicated equally in 7 . 8 % of above and below-
knee s tumps concerning prosthetic changes and 
in 3 compared to 1% concerning surgical 
changes. 

Discussion 
The re are few publications on general 

condit ions of amputa t ion stumps. Stumps are 
left to the or thopaedic technicians to fit and few 
repor ts describe the encountered problems. 
Staros (1963), Hansson (1964), Eriksson (1965), 
Burgess et al. (1971), James and Öberg (1973), 
Murdoch (1975), Grevsten and Stalberg (1975), 
and Baumgar tner and Langlotz (1980) describe 
different aspects of rehabilitation problems. 
Weiss, Fishman and Krausse (1971) made a 
thorough analysis of 100 lower limb amputees 
considering psychological and pain aspects but 
they did not study other parameters like shape, 
solidity, s trength or range of motion. Persson 
and Brunk (1974) found that strength seldom set 
the limit on walking ability. 

Rens t röm (1981) examined 63 below-knee 
amputees and found 18% with phantom pain 
corresponding to the authors ' figure. Among 58 
stumps he found a mean length of 14 cm 
compared to our 16 cm. To the circumferential 
measurements he made on thigh and on middle 
of s tump we have no corresponding 
observat ions. Thirty-six per cent of his stumps 
had wounds or erosions compared to our 14% 
unhealed below-knee stumps and 30% with 
other skin damage. The measurements of 
volume changes due to oedema and muscle 
a t rophy repor ted by Rens t röm using computer 

tomography and ours using a tape do not exactly 
correspond. Rens t röm measured 5 patients 1-12 
mon ths after amputat ion and found a decrease 
of 2 5 % during the first 4 months compared to our 
8 % during the first 12 weeks using tape 
measurements and calculation of volume. The 
circumference of the s tump decreased by 5 % 
during the first 4 months and another 3 % by 12 
months in Rens t röm's material which possibly 
corresponds to our observations. Renst röm, 
however , also took into consideration the 
increase in circumference of the non-amputated 
leg simultaneously being 3 % at 4 months and 6% 
at 12 mon ths . Rens t röm also made another 
interesting observation using dator tomography 
(CT-scanning). The at tenuat ion in Houndsfield 
units was significantly lower in the s tump after 
amputa t ion compared to the non-amputated leg. 
D a t o r tomographic examination of amputat ion 
s tumps showed decreased skeletal and soft tissue 
density also in studies published by Hübner et al. 
(1981). The volume observations made by 
Fishman et al. (1971), Goldbranson et al. (1980) 
and Rens t röm (1981) describe volume 
fluctuations in mature stumps which we have not 
studied in this paper . It seems to be about 5 % in 
many cases and can cause great problems in 
prosthetic fitting. This is illustrated by Goldie 's 
e t al. (1974) liquid pad and Isherwood's (1975) 
adjusting pad . Increased distal s tump 
circumference was seen in active patients who 
had been forced to inactivity by their disease and 
could reinstate their muscle mass by walking 
postoperatively. 

The definition of long and short stumps used in 
this text is new. Earl ier classifications have 
utilized the length of s tump as an absolute 
measure in centimetres. T o consider the 
difference between tall and short stature a 
relative measure has also been used as a 
percentage of the unamputa ted side. Some 
pat ients , however, have relatively fat limbs and a 
certain relative length compared to the 
unampu ta t ed side does not explain the problems 
with fitting a socket. Therefore , a proportional 
measure considering the diameter of the s tump 
has been used by us. For this the proximal 
b read th of the s tump has been noted. This 
measure is much easier appreciated than a 
measurement of circumference and is very 
quick ly est imated (Fig. 1). This pragmatic 
me thod of differentiation of stumps into short , 
long and ordinary is easy in practical clinical 



JUDGEMENT. STUMPS SHORTER THAN THE BREADTH ARE 

FELT TO BE SHORT AND THOSE LONGER THAN TWICE THE 

BREADTH ARE FELT TO BE LONG. THIS IMPRESSION OF 

LENGTH IS THE SAME WHETHER IT IS A BELOW-KNEE OR 

AN ABOVE-KNEE AMPUTEE AND PROBABLY ABOUT THE 

SAME ALSO ON THE UPPER EXTREMITY. 

IN THE CLINICAL STANDARD OF MEASUREMENT AND 

CLASSIFICATION THE CONDITION OF THE SCAR HAS BEEN 

SEPARATED FROM THE CONDITION OF THE SKIN. IT WAS 

FELT THAT THE HEALING OF THE AMPUTATION WOUND 

COULD BE SIMPLY CLASSIFIED AS healed, unhealed or 
adherent, WHICH IS A RESULT OF SECONDARY HEALING 

WHEN SKIN ADHERES TO BONE. IF UNHEALED THE 

LENGTH AND BREADTH OF THE DEFECT SHOULD BE NOTED 

TO FOLLOW THE HEALING. THE SKIN OF THE STUMP 

OTHERWISE IS EITHER UNDAMAGED OR DAMAGED BY 

MECHANICAL FACTORS LIKE PRESSURE OR SHEAR 

IMPOSED BY THE SOCKET. THIS IS LISTED SEPARATELY 

FROM SUCTION DISCOLORATION TO CHRONIC VERRUCOUS 

HYPERPLASIA. MECHANICAL OR HYDRAULIC EFFECTS 

MENTIONED CAN BE SEPARATED FROM SKIN DAMAGE 

WHERE INFECTION CONTRIBUTES AS IN FOLLICULITIS AND 

INFECTED ULCERS. IF PRESSURE, SUCTION OR INFECTION 

IS NOT THE CAUSATIVE AGENT OF DAMAGE IT MIGHT BE 

HYPERSENSITIVITY REACTIONS TO MATERIALS SIMPLY 

LABELLED ECZEMA. THESE DIFFERENT CATEGORIES OF 

SKIN LESIONS OF STUMPS HAVE BEEN ESPECIALLY DEALT 

WITH BY LEVY ( 1 9 8 0 ) . W E FOUND THAT SCAR 

PROBLEMS WERE COMMON DURING THE EARLY PERIOD 

AND THE OTHER SKIN PROBLEMS INCREASED WITH TIME 

(TABLE 1 ) . 

MOST ASPECTS FOUND ON INSPECTION AND 

PALPATION HAVE BEEN TAKEN INTO CONSIDERATION 

AND SIMPLIFIED. O N E PARAMETER HAS BEEN 

OMITTED. THAT IS STRENGTH. MUSCULAR ATROPHY, 

SHORTNESS OF LEVER ARMS, SOFTNESS OF STUMPS AND 

PAIN ALTOGETHER MAKE IT DIFFICULT TO RECORD 

STRENGTH OF STUMPS, AND IT IS OUR BELIEF THAT 

STRENGTH IS OF LITTLE IMPORTANCE IN WALKING. 

THIS STUDY HAS NOT INCLUDED THE PATIENT WITH A 

PROSTHESIS. JUDGED BY THE STUMP A PROSTHETIC 

CORRECTION WAS CONSIDERED TO BE INDICATED IN 7 

PER CENT AND A SURGICAL CORRECTION IN 2 PER CENT. 

SURGICAL CORRECTION WAS MORE OFTEN INDICATED IN 

ABOVE-KNEE STUMPS AND PROSTHETIC CORRECTION 

MORE OFTEN IN BELOW-KNEE STUMPS. IN 3 9 PER CENT 

SPECIAL ABERRATIONS HAD BEEN NOTED SIGNIFYING 

THAT ALL WAS NOT WELL. IMPORTANT PARAMETERS 

INFLUENCE SELECTION OF SOCKET OR TYPE OF 

SUSPENSION, COMPONENTS, ALIGNMENT AND TRAINING 

OF A PATIENT. THESE SIMPLE CRITERIA OF ORDINARY 

AND SPECIAL STUMPS AND THE SYSTEMATIC SEPARATION 

OF SKIN PROBLEMS IS HELPFUL IN FINDING A CURE. 

ACKNOWLEDGEMENTS 

THE AUTHORS WISH TO THANK LANDSTINGETS 

INKÖPSCENTRAL AND MALMÖHUS LÄNS LANDSTING FOR 

FINANCIAL SUPPORT. 

REFERENCES 

B A U M G A R T N E R , R . , L A N G L O T Z , M . (1980) . Amputee 
stump radiology. Prosthet. Orthot. Int., 4 , 9 7 - 1 0 0 . 

B U R G E S S , E . M . , R O M A N O , R. L. , Z E T T L , J. H . . 
S C H R Ö C K , R. B . ( 1 9 7 1 ) . Amputations of the leg for 
peripheral vascular insufficiency. J. Bone Joint 
Surg., 5 3 - A , 8 7 4 - 8 8 9 . 

E R I K S S O N , U. ( 1965) . Circulation in traumatic 
amputation stumps: an angiographical and 
Physiological investigation. Acta Radiol. Suppl., 

F I S H M A N , S. , B E R G H O L T Z , S. G . , D O L A N , C. M . E . 
(1971 ) . Stump-socket models study. New York 
University Post-Graduate Medical School, 
Prosthetics and Orthotics, New York. 

G O L B R A N S O N , S., K O S T A , C , W E B E R , E., W I R T A , R . 
( 1 9 8 0 ) . A preliminary study of volume changes in 
post-operative below-knee amputation stumps. In: 
Abstracts of the ISPO 3rd World Congress, Bologna, 
58 . 

G O L D I E , I . , E E G - O L O F S S O N , T., R E N S T R Ö M , P., 
E L I A S S O N , T. ( 1 9 7 6 ) . A new leg-prosthesis socket, 
(letter) Lancet, 1 , 1 2 2 4 . 

G R E V S T E N , S., S T A L B E R G , E. (1975) . 
Electromyographic study of muscular activity in the 
amputation stump while walking with PTB and 
PTB-suction prosthesis. Upsala Journal of Medical 
Science, 8 0 , 1 0 3 - 1 1 2 . 

H A N S S O N , J. ( 1964 ) . The leg amputee. Acta Orthop. 
Scand. Suppl., 69 . 

H Ü B N E R , K . H . , A H L E M A N N , L . M . , W E I S E , K. (1981) . 
Computer-tomographische Untersuchungen an 
Beinamputierten. Z . Orthop., 1 1 9 , 3 3 6 - 3 3 9 . 

I S H E R W O O D , P . A., R O B E R T S O N , J. C , Rossi, A. 
( 1 9 7 5 ) . Pressure measurements beneath below-
knee amputation stump bandages: elastic 
bandaging, the Puddifoot dressing and a pneumatic 
bandaging technique compared. Br. J. Surg., 6 2 , 
9 8 2 - 9 8 6 . 

J A M E S , U. , Ö B E R G , K. ( 1973) . Prosthetic gait pattern in 
unilateral above-knee amputees. Scana. J. Rehabili. 
Med., 5 , 3 5 - 5 0 . 

L E V Y , S . W . (1980 ) . Skin problems of the leg amputee. 
Prosthet. Orthot. Int., 4 , 3 7 - 4 4 . 

M U R D O C H , G. ( 1975 ) . Research and development 
within surgical amputee management. Acta Orthop. 
Scand., 4 6 , 5 2 6 - 5 4 7 . 

P E R S S O N , B. M. ( 1974 ) . Sagittal incision for below-
knee amputation in ischaemic gangrene. J. Bone 
Joint Surg., 6 5 B , 1 1 0 - 1 1 4 . 



P E R S S O N , B . M., B R U N K , B . (1974) . Rehabilitation of 
lower limb amputees in Sweden. In: Proceedings of 
the World Conference for Physical Therapy, 
Montreal, 3 7 6 - 3 8 1 . 

R E N S I R O M , P. (1981) . The below-knee amputee: a 
clinical study and experimental investigation on the 
circulation, muscle atrophy and strength of the 
amputated leg. Thesis, Gothenburg, Sweden. 

S T A R O S , A . ( 1 9 6 3 ) . Dynamic alignment of artificial legs 
with the adjustable coupling. Artif. Limbs, 7 (1) , 
3 1 - 4 3 . 

W E I S S , S. A . . F I S H M A N , S., K R A U S E , F. (1971) . A 
psychological test battery for predicting success in prosthetic rehabilitation. New York University, 

New York Medical Center, New York. 


