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Background and purpose   With an ageing population 
and an increasing incidence of diabetes, reduction of 
the number of diabetes-related amputations becomes 
increasingly difficult to achieve and maintain. There is 
controversy in this respect regarding the degree of suc-
cess. We started a multidisciplinary treatment program 
for diabetic foot ulcers in 1982, and have now assessed 
incidence rates of amputations from 1982 through 
2001.

Methods   In a defined population, gradually increas-
ing from 199,000 to 234,000, all diabetes-related ampu-
tations of the lower extremity from toe to hip were 
recorded from January 1, 1982 to December 31, 2001, 
using several sources of information.

Results   The incidence of major amputations 
decreased by 0.57 from 16 (11–22) to 6.8 (6.1–7.5) per 
100,000 inhabitants between the first and last 4-year 
period. The most substantial decrease was seen in 
patients aged 80 years and older. The fraction of ampu-
tations with a final level at or below the ankle (n = 240) 
increased from 0.23 in the first 4-year period to 0.31, 
0.49, 0.47, and 0.49 in the following 4-year periods. The 
overall fraction of re-amputation was 0.34 in the first 4-
year period and 0.27, 0.21, 0.32, and 0.21 in the following 
4-year periods. The fraction of amputations in diabetic 
patients that were channeled through the footcare team 
prior to amputation increased from 0.51 in the first 4-
year period to 0.83, 0.86, 0.90, and 0.90 in the following 
4-year periods.

Interpretation   Our findings indicate that a substan-
tial decrease in the incidence of major lower extremity 
amputations in diabetic patients has been achieved and 
maintained. 

■

A reduction in the number of diabetes-related 
amputations by at least 50% within 5 years was 
declared as a primary objective for Europe in the 
Saint Vincent Declaration of 1989 (Molinatti and 
Porta 1990). Several reports from single centers, 
usually not population-based, have since reported 
a substantially reduced incidence of major lower 
extremity amputations in patients with diabetes 
mellitus following the implementation of vari-
ous multidisciplinary programs for prevention 
and treatment of diabetic foot ulcers (Larsson 
et al. 1995, Humphrey et al. 1996, Schraer et al. 
1997, Rith-Najarian et al. 1998, Calle-Pascual 
et al. 2001, Holstein et al. 2001, van Houtum et 
al. 2004). However, an unchanged or increased 
incidence of lower-limb amputations has been 
described by several other authors (Morris et 
al. 1998, Stiegler et al. 1998, Pohjolainen and 
Alaranta 1999, Trautner et al. 2001). Doubts have 
been raised regarding the possibility of obtaining 
and maintaining such a reduction for more than 
a limited number of years (Trautner et al. 1996, 
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2001, Jeffcoate and Harding 2003, Jeffcoate 
2004), particularly in view of the ageing popu-
lation and an increasing prevalence of diabetes 
(the Global Lower Extremity Amputation Study 
Group 2000, Zimmet et al. 2001). 

The aim of this study was to evaluate the long-
term changes in diabetes-related lower extremity 
amputations in a defined population, with special 
regard to the possibility of maintaining an already 
achieved decrease, following the implementation 
in 1982 of a multidisciplinary program (the foot-
care team) for prevention and treatment of diabetic 
foot ulcers. 

Patients and methods

Population

In a defined population (the Lund and Orup health-
care districts), gradually increasing from 199,000 
to 234,000, all diabetes-related lower extremity 
amputations from toe to hip were recorded from 
January 1, 1982 through December 31, 2001. 
Patients who underwent amputation between 1982 
and 1986 were identified retrospectively, and those 
who underwent amputation in 1987 or later were 
identified through continuous registration, using 
4 sources of information: the official statistical 
records, internal registration at the Department of 
Orthopedics, the computerized registration system 
at the Department of Anesthesiology, and the daily 
operating theater programs. A structured protocol 
was used, including patient characteristics, investi-
gations, management, and outcome. 

Registration of amputations

At the Department of Orthopedics at Lund Univer-
sity Hospital, 1,978 minor (through or below the 
ankle) or major lower extremity amputations were 
performed from January 1, 1982 through Decem-
ber 31, 2001. Amputations performed in patients 
with vascular disease without known diabetes (n = 
760), amputations for causes other than diabetes 
or vascular disease, such as trauma, tumor, mal-
formation, or deformity (n = 298), and amputa-
tions performed in diabetic patients living in other 
catchment areas (n = 296) were excluded, leaving 
628 amputations in 461 patients with diabetes in a 
defined population for study.

With regard to clinical characteristics, previ-
ous treatment, and diagnosis, all patient records at 
the Department of Orthopedics and from all other 
departments involved before, at, or after the ampu-
tation were scrutinized, including primary health-
care records when necessary. Patients treated by 
the footcare team were followed prospectively. 
Regarding final amputation level, no patient was 
lost to follow-up. A continuous follow-up was done 
regarding subsequent amputations and survival.

Setting

The organization of the multidisciplinary team 
operating in this catchment area since 1982 and the 
management of foot ulcers have been described 
previously (Larsson et al. 1995). This organization 
is based on coordination of all medical services in 
this group of patients, including primary health-
care and homecare services. This allows a high 
degree of continuity and a comprehensive strategy 
irrespective of which unit the patients attend or 
present at.

Definitions

The following definitions were used. Primary 
amputation: the first amputation procedure in a 
sequence until a final outcome (healing or death). 
Re-amputation: amputation of an extremity on 
which an amputation has previously been per-
formed but has not yet healed. Final amputation 
level: the level at which healing or death occurred.

Minor amputation: amputation through or below 
the ankle. Major amputation: transtibial or higher 
amputation. Diabetes was defined according to 
WHO (WHO Study Group 1985) and subdivided 
according to age at onset. Diabetes with an onset 
before the age of 30 was classified as type I dia-
betes.

3 patients underwent major amputations of both 
legs, but on different occasions: 2, 3, and 8 years 
apart during the observation period. They did not 
fulfill the criteria for a diagnosis of diabetes on the 
first occasion, but did so on the second occasion. 
For these 3 patients, only the second amputation 
has been included.

Active vascular intervention was defined as open 
reconstruction and/or transluminal angioplasty. 
Healing was defined as intact skin for at least 6 
months or at the time of death. Age at amputa-
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tion was defined as age at the time of the first pri-
mary amputation occurring during the observation 
period.

Amputations were registered on the date of the 
primary amputation. Levels of amputation refer to 
final levels, unless otherwise stated. Re-amputa-
tions are not included in the incidence figures. The 
lowest level of amputation included was through 
the distal interphalangeal joint of a toe. Ulcers 
were classified according to Wagner (1979). Non-
healing ulcer per se was not considered an indica-
tion for amputation.

Statistics

Values are given as median and range. Incidence 
was calculated as the number of amputations per 
100,000 residents in the Lund-Orup catchment 
area each year.

Results

628 amputations in 461 patients with diabetes 
mellitus were performed from 1982 through 2001 
(Table 1). 240 amputations with a final minor 
amputation level were performed in 186 patients 
and 388 amputations with a final major amputa-
tion level were performed in 310 patients. In 153 
patients, 196 minor and no major amputations were 
performed. In 275 patients, 347 major amputations 
and no minor ones were performed. 33 patients 
(7%) had both minor (n = 44) and major (n = 41) 
amputations during that period, either one or more 
minor amputations on one leg and a major amputa-

tion on the other, or one or more minor amputations 
that healed, followed by a later major amputation 
on the same side (Table 2). The overall proportion 
of previous or current nicotine users was 47% and 
it did not change during the study period (data 
not shown). Healing was achieved in 194 minor 
amputations (81%) while 46 patients died with an 
unhealed minor amputation. Healing was achieved 
in 291 (75%) major amputations; after 93 major 
amputations, the patient had died unhealed. After 
4 major amputations, no information on healing at 
the time of death could not be obtained (data not 
shown). 

The incidence of major amputations decreased 
by 0.57 from 16 (11–22) to 6.8 (5.7–8.7) per 
100,000 inhabitants between the first and last 4-
year period (Figure and Table 3). In patients aged 
80 years or older, the incidence decreased by 0.74. 
The proportion of amputations with a final level at 
or below the ankle increased from 23% in the first 
4-year period to 31%, 49%, 47%, and 49% in the 
following 4-year periods.

Most amputations were precipitated by a foot 
ulcer. The overall proportion increased from 69% 
to 82% between the first and last 10-year period 
(no information was available for 5 amputations in 
this regard). No major change was seen in the pro-
portion of different types of ulcer. In most amputa-
tions, a manifest gangrene was present (data not 
shown).

The proportion of amputations in diabetic 
patients who were channeled through the foot 
care team prior to amputation increased for both 
minor and major amputations. The overall propor-

Table 1. Number of primary and final amputation levels

Primary Final amputation level
amputation level Toe SR PFF TM OFA TT KD TF HD AL

Toe 87  8  2  7 1  18  0  0 0 123
Single ray (SR) – 61 12  3 0   24  1  0 0 101
Partial forefoot (PFF) – – 30  3 3  12  2  0 0  50
Transmetatarsal (TM) – – – 20 2  11  1  2 0  36
Other foot or ankle (OFA) – – – – 1  2  0  0  0  3
Transtibial (TT) – – – – – 186  4 29 0 219
Knee disarticulation (KD) – – – – – – 34  4 0  38
Transfemoral (TF) – – – – – – – 56 0  56
Hip disarticulation (HD) – – – – – – – – 2  2 
All levels (AL) 87 69 44 33 7 253 42 91 2 628
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tion increased from 51% in the first 4-year period 
to 83%, 86%, 90%, and 90% in the following 4-
year periods. For minor amputations, the fraction 
increased from 0.76 to 0.98 between the first and 
last 4-year period. For major amputations, this 
fraction was 0.16 and 0.22 in the first 2 years of 
the study and ranged from 0.53 to 0.94 in the fol-
lowing years.

Between the first and last 4-year period, the frac-
tion of amputations preceded by assessment and/or 
intervention by a vascular surgeon increased from 
0.42 to 0.78 for minor amputations and from 0.62 
to 0.87 for major amputations. The fraction receiv-
ing active intervention increased from 0.08 to 0.48 

for minor amputations and from 0.21 to 0.59 for 
major amputations (Table 4).

There were multiple indications in 61% of the 
amputations (data not shown). The proportion of 
amputations in which infection played a major role 
increased for both minor and major amputations 
(Table 5). 

For primary minor amputations, the overall re-
amputation rate—irrespective of final amputation 
level—was 0.59 in the first 4-year period and 0.37, 
0.24, 0.45, and 0.28 in the following 4-year periods 
(Table 1). For primary major amputations, the re-
amputation rate was 0.18 in the first 4-year period 
and 0.20, 0.16, 0.12, and 0.15 in the following 4-

Table 2. Clinical characteristics in relation to final amputation level; n indicates 
number of patients

  Final amputation level
 Minor a Minor and major b Major c

 n = 153 n = 33 n = 275

Age, years 71 (32–94) 71 (37–85) 78 (40–95)
Male sex, fraction 0.63 0.70 0.44
Onset of diabetes after age 30, 
  fraction 0.86 0.88 0.94
Treatment, fraction
 Diet only 0.10 0.03 0.17
 Oral agents 0.21 0.18 0.27
 Insulin 0.66 0.79 0.55
 Insulin and oral agents 0.03 0 0.01

a Patients with 1 or more minor amputations in one leg or both legs but no major 
amputation.

b Patients with 1 or more minor amputations in one leg and a major amputation on 
the other, or 1 or more minor amputations that healed, followed by a later major 
amputation on the same side.

c Patients with 1 or more major amputations in one leg (e.g. a transtibial amputation 
that healed followed by a transfemoral amputation several years later), or in both 
legs, but no minor amputation.

Table 3. Amputations per 100,000 inhabitants per year in diabetic patients according to age 
group; n indicates number of amputations

Period Major Major Major Major Major Minor
 < 60 60–69 70–79 ≥ 80 All ages All ages
 n = 30 n = 52 n = 154 n = 152 n = 388 n = 240

1982–1985 0.5 19 95 231 16 (n = 126) 4.7 (n = 38)
1986–1989 1.2 11 70 119 11 (n = 88) 4.7 (n = 39)
1990–1993 0.7 16 29 52   5.6 (n = 49)  5.5 (n = 48)
1994–1997 0.9 14 47 51   6.8 (n  = 62) 6.0 (n = 55)
1998–2001 0.9 13 41 59   6.8 (n = 63) 6.5 (n = 60)
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year periods. Re-amputation was required twice in 
8% (n = 24) and 3 or more times in 2% (n = 5) 
of the primary minor amputations. Re-amputation 
was required twice in 2% (n = 6) of the primary 
major amputations. The fraction of re-amputations 
from minor to major amputation level was 0.38 
in the first 4-year period and 0.24, 0.19, 0.26, and 
0.12 in the following 4-year periods.

The mortality rate within 30 days was 2% after 

primary minor amputation and 11% after primary 
major amputation (data not shown).

Discussion

We found a decrease in the incidence of major 
amputation in diabetic patients by more than half, 
and this decrease was maintained over a consider-
able number of years. According to regional demo-
graphic data, the proportion of individuals who 
were 80 years of age or older was 3% in 1982, and 
this had increased to 4% in 2001. An increasing 
prevalence of diabetes has been reported for many 
countries (Zimmet et al. 2001). In 1994, the preva-
lence was estimated to be 2.6% in our catchment 
area. Estimations for Sweden in 2001 indicate a 
prevalence of 3.5%, ranging between 2.2 and 4.3% 
(Norlund et al. 2001). The proportion of nicotine 
users among the patients in this study did not 
change over time. Thus, a constant low incidence 
was maintained in spite of an increasing prevalence 
of diabetes and an aging population.

The most significant decrease in incidence of 
major lower extremity amputation in the Lund-
Orup area took place before 1993 (0.79; Larsson et 
al. 1995). Since then, the incidence has remained 
at a level less than half of that in the first years 
of the study—although with considerable variation 
between individual years. Throughout the time of 

Incidence of lower extremity amputation in the Lund-Orup 
area, 1982–2001.
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Table 4. Vascular assessment and intervention in relation to final amputation level 
(fraction)

 No Assessment, Radiological Active 
 assessment no intervention evaluation, intervention
   no intervention

Minor amputation
   1982–1985 0.58 0.21 0.13 0.08
   1986–1989 0.54 0.13 0.15 0.18
   1990–1993 0.60 0.04 0.17 0.19
   1994–1997 0.31 0.07 0.18 0.44
   1998–2001 0.22 0.08 0.22 0.48
Major amputation
   1982–1985 a 0.38 0.21 0.19 0.21
   1986–1989 0.26 0.13 0.28 0.33
   1990–1993 0.10 0.08 0.35 0.47
   1994–1997 0.11 0.08 0.31 0.50
   1998–2001 0.13 0.06 0.22 0.59

a no information available for 1 amputation.
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the study, the most substantial decrease was seen in 
patients aged 80 years or older. 

A fundamental methodological question apper-
taining to all epidemiological studies is the com-
pleteness of the patient material (the Global Lower 
Extremity Amputation Study Group 2000). Most 
amputation studies are based on central registers 
and are subject to any shortfall inherent in such 
registers. The shortcomings of national registers 
are well known (Leslie et al. 1992, Larsson and 
Apelqvist 1995). In this study, we made extensive 
efforts to ensure complete inclusion. In the geo-
graphical area studied, amputations are performed 
in one hospital only. Due to the healthcare struc-
ture and reimbursement routines, it is extremely 
uncommon for patients from the area concerned 
to undergo an amputation in a hospital in the sur-
rounding areas. The exception is that from 1999 
and onwards when some patients, having under-
gone vascular surgery or vascular evaluation at the 
nearby University Hospital in Malmö, did have an 
amputation performed there. Information on these 
cases has been obtained and included. All routine 
registers have a certain inherent shortfall. By sys-
tematic scrutiny of different independent registra-
tion systems, any such shortfalls were eliminated 
as far as possible, although no search system can 
claim absolute validity. The strength of our study is 
the thoroughness with which such shortfalls were 
minimized, and in this regard the study is unique.

Our study also reflects the complexity of data 
involved in any detailed presentation of amputation 

epidemiology (Waugh 1988,  Larsson and Apelqvist 
1995, Larsson et al. 1998, Jeffcoate 2005). In each 
individual, both legs at various levels and 10 toes 
are potential material for amputation, simultane-
ously or on different occasions. On the other hand, 
re-amputations—even though they have an effect 
on costs and utilization of resources—should not 
be considered additional events from an epidemio-
logical point of view. However, to reflect the true 
epidemiological picture, final amputation levels 
must have preference over primary amputation 
levels. All these are events that may influence inci-
dence calculations. Central registers do not usually 
differentiate left side from right side, or primary 
amputation from re-amputation. Clear definitions 
regarding all these considerations are mandatory, 
in order to make comparisons between studies 
possible. In this study, we have tried to use clear 
definitions with a view to considering all conceiv-
able pitfalls in the registration of diabetes-related 
amputations.

In our population, the reduced incidence of 
major lower extremity amputations in diabetic 
patients has been maintained for a long time. A 
decreasing incidence has been reported from many 
geographic areas where various interventions have 
been applied (Humphrey et al.1996, Schraer et al. 
1997, Rith-Najarian et al. 1998, Calle-Pascual et 
al. 2001, Holstein et al. 2001, van Houtum et al. 
2004). These studies are usually not population-
based, and have shown a decreasing incidence 
in a short-term perspective only (Larsson and 

Table 5. Indications for primary amputation in relation to final amputation level 
(fraction)

 n Pain Progressive Infection Acute Other
  at rest gangrene  occlusion causes

Minor amputation
   1982–1985 38 0.11 0.34 0.55 0 0.47
   1986–1989 39 0.23 0.28 0.82 0 0.15
   1990–1993 48 0.25 0.15 0.92 0.02 0.15
   1994–1997 55 0.25 0.29 0.65 0.02 0.44
   1998–2001 60 0.18 0.33 0.87 0.02 0.25
Major amputation
   1982–1985 126 0.69 0.46 0.20 0.10 0.33
   1986–1989 88 0.65 0.57 0.31 0.16 0.27
   1990–1993 49 0.71 0.45 0.22 0.18 0.43
   1994–1997 62 0.61 0.58 0.44  0.05 0.31
   1998–2001 63 0.68 0.46 0.40 0.14 0.40
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Apelqvist 1995). Comparing the reports of Waugh 
(1988) and McAlpine et al. (2005), a considerable 
decrease seems to have been noted in Tayside, 
Scotland, although it is not clear whether the inclu-
sion criteria were identical. Contrasting with these 
findings, Trautner et al. (2001) did not find any 
decrease in incidence in Leverkusen, Germany. In 
an analysis of the rates of lower-extremity ampu-
tation and arterial reconstruction in the US from 
1979 through 1996, despite the fact that there was a 
decline between 1983/84 and 1991/92, in 1995/96 
the rate of major amputation had increased by 11% 
since 1979/80 (Feinglass et al. 1999). 

Our study also shows an increase in minor 
amputations, a relative increase in infection as a 
cause of amputation, and the greatest decrease in 
the incidence of major amputation in the highest 
age groups. One-third of the decrease in the major 
amputation rate is attributable to a reduced level 
of amputation, and is reflected in a corresponding 
increase in minor amputation rate. Comparisons 
with other studies are difficult in this regard due 
to differences in definitions and patient selection 
(Holstein et al. 2001). However, Eskelinen et al. 
(2003) reported a decreasing incidence of amputa-
tion in patients who were 80 years of age or older, 
but not in younger patients. Also, the finding of 
multiple indications in a large proportion of the 
amputations is in accordance with previous obser-
vations (Fylling and Knighton 1989, Larsson et al. 
1994). The decreasing incidence and the mortal-
ity rates may be influenced by a number of fac-
tors (Jeffcoate and Harding 2003), and our findings 
should be considered in relation to a mortality rate 
of 13–16% in patients with foot ulcer in the same 
population, who have not undergone amputation 
(Apelqvist et al. 1993, Apelqvist 1998). 

During the time of our study, the proportion of 
patients subjected to vascular evaluation and inter-
vention has increased. The importance of a well-
functioning vascular service as part of the multi-
disciplinary approach is well recognized, and has 
been emphasized in many reports (Ebskov and 
Ebskov 1996, International Working Group on the 
Diabetic Foot 1999, Luther et al. 2000, Holstein et 
al. 2001, Eskelinen et al. 2003, 2004). 

The difficulties in using amputation as an indi-
cator of the efficiency of preventive interventions 
have been highlighted by Jeffcoate (Jeffcoate and 

van Houtum 2004, Jeffcoate 2005). The effect of 
such programmes on the incidence of amputation 
will largely depend on the degree of coverage. If 
only a small proportion of patients undergoing 
amputation have been covered by the multidisci-
plinary team, incidence of amputation as an indica-
tor is of limited value. However, other indicators are 
subject to the same difficulties and, lacking more 
readily available substitutes, amputation remains 
an important tool in this regard. In our study, most 
amputations in diabetic patients were channeled 
through the multidisciplinary team, the proportion 
with regard to major amputations increasing from 
one-fifth in the first 2 years to a stable four-fifths 
over the last 10-year period.

When assessing the impact of an intervention 
program, a number of basic underlying factors 
such as prevalence of diabetes, the age profile of 
the population, and smoking habits must be con-
sidered. Such factors may mask the effect of inter-
vention unless compared to a situation in which 
such intervention is not applied, and they must be 
considered when assessing future incidence rates.

Our findings indicate that a substantial decrease 
in the incidence of major lower extremity ampu-
tation in diabetic patients can be achieved and 
maintained in spite of an aging population and an 
increasing prevalence of diabetes. The vast major-
ity of patients who underwent amputation had a 
foot ulcer as a precipitating cause of amputation. 
The decrease in incidence was seen over a period 
of time when the proportion of patients who had 
access to a multidisciplinary foot care team prior to 
amputation increased fourfold and the proportion 
who had invasive vascular intervention increased 
threefold. 
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