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Abstract
Aims/hypothesis We sought to identify factors related to short-
term outcome of foot ulcers in patients with diabetes treated in
a multidisciplinary system until healing was achieved.
Methods Consecutively presenting patients with diabetes
and worst foot ulcer (Wagner grade 1–5, below ankle)
(n=2,511) were prospectively followed and treated accord-
ing to a standardised protocol until healing was achieved or
until death. The number of patients lost to dropout was 31.

The characteristics of the remaining 2,480 patients were:
1,465 men, age 68±15 years (range 18–96), type 1 diabetes
18%, type 2 diabetes 82% and insulin-treated 62%.
Results The healing rate without major amputation in
surviving patients was 90.6% (n=1,867). Sixty-five per
cent (n=1,617) were healed primarily, 9% (n=250) after
minor amputation and 8% after major amputation; 17%
(n=420) died unhealed. Out of 2,060 surviving patients,
1,007 were neuroischaemic (48.8%). In a multiple regres-
sion analysis, primary healing was related to co-morbidity,
duration of diabetes, extent of peripheral vascular disease
and type of ulcer. In neuropathic ulcers, deep foot infection,
site of ulcer and co-morbidity were related to amputation.
Amputation in neuroischaemic ulcers was related to co-
morbidity, peripheral vascular disease and type of ulcer.
Age, sex, duration of diabetes, neuropathy, deformity and
duration of ulcer or site of ulcer did not have an evident
influence on probability of amputation.
Conclusions/interpretation Patients with diabetic foot ulcer
suffer from multi-organ disease. Factors related to outcome
are correspondingly complex.

Keywords Amputation . Complications . Diabetesmellitus .

Diabetic foot ulcers . Healing . Neuropathy . Peripheral
vascular disease

Abbreviation
PVD peripheral vascular disease

Introduction

Foot complications in diabetes present a particularly
troubling picture. Indeed, it has been claimed that every
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30 s a lower limb is amputated somewhere in the world due
to diabetes [1]. The diabetic foot can be defined as
ulceration associated with neurological abnormalities, in-
fection and various degrees of peripheral vascular disease
(PVD) [2]. Some 85% of diabetes-related amputations are
preceded by a foot ulcer [2, 3]. The number of large cohort
studies presenting data on outcomes and determinants of
outcome in individuals with diabetic foot ulcers is limited
[1, 2, 4–6].

The present study was designed to obtain prospective data
on outcome and determinants of outcome of foot ulcers,
focusing on individual and disease-specific factors in
patients with diabetes treated in a multidisciplinary system.

Methods

Study population

Patients consecutively presentingwith diabetes and a foot ulcer
at a multidisciplinary foot centre (n=2,831) were included in
this cohort study and prospectively followed, treated and
recorded according to a standardised protocol (see below)
until healing was achieved or until death, irrespective of time.

Inclusion criteria

Inclusion criteria included: age 18 years or older, diabetes
mellitus and foot ulcer (a full-thickness ulcer penetrating the
subcutaneous layer, Wagner grade 1–5) located at or below
the ankle [7]. Patients were excluded due to: (1) violation of
inclusion criteria (n=315), i.e. diabetes not confirmed, ulcer
above ankle or lesions involving skin only; and (2) dropout
(n=31), e.g. patients moved to other areas or were lost to
home nursing service. The remaining 2,480 patients were
followed to outcome according to protocol. Patient consent
was given at inclusion into the study.

A pre-set standardised protocol was designed prior to the
study and was used at inclusion and throughout the study. All
lesions were assessed and documented by the same team.

Definitions

Ulcer Each patient was represented by one lesion below the
ankle. In all cases, the most severe ulcer occurring during
the observation period was described. Patients with several
concurrent lesions were represented by that with the worst
outcome. Patients with three or more ulcers on the same
foot were defined as having ‘multiple ulcers’. Lesions were
classified according to Wagner [7, 8].

Wound healing This was defined as intact skin for 6 months
or at time of death.

Outcome Several outcomes were defined: (1) primary
healed, defined as healed without any amputation with
intact skin for 6 months or intact skin at time of death;
(2) minor amputation, defined as amputation of one or more
toes or some part of the foot at or below the ankle;
(3) major amputation, defined as amputation above the
ankle; and (4) deceased unhealed, defined as death without
healing with or without any amputation.

Diabetes mellitus This was defined arbitrarily as type 1
diabetes if diagnosed before 30 years of age and as type 2
diabetes if age at diagnosis was 30 years or more.

Vascular disease, circulatory disorders Hypertension, an-
gina pectoris, myocardial infarction, congestive heart
failure, non-ischaemic heart disease and cerebrovascular
disease were defined as previously described [9].

Retinopathy and nephropathy The former was defined as
previously described [9] after fundus photography by an
ophthalmologist. Non-retinal eye diseases were also
recorded. Nephropathy was considered present at persistent
urine albumin >300 mg/l [9].

Foot disorders Deformity was defined as claw toes with
hyperextension in the metatarso-phalangeal joint and
flexion of the distal inter-phalangeal joint, hallux valgus
and hallux rigidus. Sensory/motoric neuropathy was de-
fined as vibratory pressure threshold values >30 with
concomitant muscle-wasting. Oedema was considered
present when swelling of the foot was so pronounced as
to leave imprint after pressure by a finger. Deep foot
infection was defined as one of the following conditions:
deep abscess (Wagner grade 3 [7]) or deep soft tissue
infection with or without osteomyelitis. Osteomyelitis was
diagnosed in all patients with an open lesion fulfilling at
least three of the following criteria: cellulitis, positive
bacterial culture, radiological or scintigraphic evidence and
histological diagnosis [10]. Gangrene was defined as a
continuous necrosis of the skin and underlying structures
indicating irreversible damage that would be unlikely to
heal without loss of some part of the extremity (Wagner
grades 4–5) [7].

Rest pain This was defined as severe persistent pain
localised to the foot and relieved by lowering of the foot.

Claudication Recurrent cramping pain or tightness in the
calf induced by exercise and relieved by rest [11, 12] was
defined as claudication.

Neuroischaemic/ischaemic ulcers These were considered
present at ankle pressure <80 mmHg or toe pressure
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<45 mmHg or at Wagner grades 4 to 5 if distal pressure was
not obtained [13].

Duration of ulcer Duration was defined as the estimated
number of weeks from development of ulcer until entry in
the study.

Other factors Assisted living was defined as any institu-
tional living outside the patient’s own home. Smoking
habits were classified according to whether the patient had
ever smoked regularly or not. In the former case, he/she
was considered a smoker. Compliance was defined as the
ability to follow given prescriptions regarding medical
treatment, to use off-loading equipment and to attend the
multidisciplinary team visits.

Organisation and setting

The patients were consecutively recruited, followed and
treated by the multidisciplinary team at Malmö and Lund
University Hospitals both as in- and outpatients until healing
was achieved. Outpatient treatment was carried out in
collaboration with primary healthcare and home nursing
services. Physical examination was performed at inclusion
and regularly during the study by the multidisciplinary team.
The core team consisted of a diabetologist, orthopaedic
surgeon, orthotist, podiatrist and a registered nurse educated
in diabetes. Vascular investigation was carried out according
to a prescheduled programme by a vascular surgeon integrat-
ed in the team on a regular basis. Specially trained casting
technicians provided continuous service for total contact
casting. A specialist in infectious disease was available for
consultations when required. A registered nurse coordinated
the team, performed care planning and patient education.

Medical treatment

Patients were offered medical treatment to improve metabolic
control and optimise treatment of co-morbidity [2]. Patients
needing such treatment were also given nutrition and
hydration treatment [14]. When clinical signs of infection were
present, oral treatment with antibiotics was provided, often
combining cephalosporin, quinolone or dicloxacillin with
metronidazole or clindamycin. In patients with deep abscess
or acute osteomyelitis, the patient was hospitalised and
intravenous antibiotics used [15]. A differentiated programme
for analgesia was used related to cause and intensity of pain.

Surgical treatment

Surgery was performed when deemed necessary by an
orthopaedic surgeon. Minor debridements were performed

in the outpatient clinic; for major revisions and amputations
the patient was admitted to the hospital [16]. A non-healing
ulcer was not an indication for amputation, the criteria
being progressive gangrene, intolerable pain despite ade-
quate analgesic medication, and septic and toxic conditions
not responding to medical treatment [3]. Vascular interven-
tion was performed at the discretion of a vascular surgeon
according to a written programme that was jointly agreed
upon.

Off-loading

All patients were offered off-loading equipment adjusted
to their individual needs. Total contact casts, orthoses,
insoles, specially made shoes, half shoes or wheel chairs
were used. Off-loading by crutches was occasionally
used.

Topical treatment

According to the individual wound bed condition, different
topical treatment was prescribed in written form by the
multi-disciplinary team. Dressing changes were performed
under supervision of a registered nurse in primary health-
care or home nursing services. The team maintained
daytime telephone service for support. Most commonly
used dressings were: foam dressings, hydro-fibre, hydro-
gels, matrix stimulating factors (hyaluronic acid), silicone-
net or hydrophobic gauze. Silver and cadexomere iodine
were used as topical antimicrobial agents when appropriate.
External compression bandages or intermittent compression
therapies were used in the presence of peripherally induced
oedema [2].

Measurements

Ulcer size was estimated in millimetres using a ruler and
dichotomised into <1 cm2 or larger. Volume was not
measured. Systolic toe and ankle blood pressure was
measured using strain gauge and Doppler techniques at
the vascular laboratory [13]. Signs of sensory polyneurop-
athy were tested using biothesiometer (BioMedical Instru-
ments, New Burry, OH, USA) and defined as present at
biothesiometer values of 30 V or more.

Data management

At study entry data were collected on previous disease
management, referral, patient characteristics, co-morbidities
and ulcer characteristics. Data were recorded continuously
during follow-up visits to the multidisciplinary team using
standardised case record forms; these forms were compu-
terised into an Access database and transformed into files.
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The database was closed for analysis on 31 December
2005.

Statistics

A multiple regression analysis was performed including
factors of demographic data, clinical characteristics, co-
morbidity and local characteristics as well as social
factors (n=2,480). Statistical significance was defined as
a p value <0.05. Retinopathy was excluded from the model.
Patients (n=142) with one or more factor not available were
excluded. Values are given as median and range analysed
with the Mann–Whitney test [17]. The simultaneous
influence of possible risk factors on a binary outcome
(primary healing and amputation) was investigated by
means of backward logistic regression analysis using the
Hosmer and Lemeshow test for goodness of fit. Statistical
analysis was performed using SPSS version 14.0 (SPSS,
Chicago, IL, USA).

Ethical approval

The Regional Ethical Review Board in Lund approved the
study.

Results

Patient characteristics and overall outcome

As shown in Table 1, the healing rate without major
amputation in surviving patients was 90.6% (n=1,867).

Primary healing was seen in two thirds of all ulcers: 65%
(n=1,617); 9% (n=250) healed after minor amputation; 8%
healed after major amputation (n=193, transfemoral n=19);
and 17% deceased unhealed (n=420; including 43 ampu-
tated prior to death). Time to healing was median 18 weeks
(1–235). Neuropathic ulcers constituted 59% (n=1,473)
and neuroischaemic/ischaemic 41% (n=1,007) of all ulcers
(p<0.001).

Duration of diabetes did not differ between the four
groups. In patients who died unhealed, there was a higher
proportion of type 2 diabetes (93%), but the distribution
between type 1 and type 2 diabetes did not differ between
the surviving groups. The proportion of men and women
did not differ between the groups. Due to their medical
condition, 442 patients had no eye examination. Heart
disease (ischaemic heart disease, congestive heart failure or
other cardiac disease) affected 53% of the patients. Patients
who underwent major amputation or died before healing

Table 1 General patient characteristics at enrolment

Characteristic Primary healed Minor amputation Major amputation Deceased unhealed All

n 1,617 250 193 420 2,480
Men 945 (58) 171 (68) 106 (55) 243 (58) 1,465 (59)
Women 672 (42) 79 (31) 87 (45) 177 (42) 1,015 (41)
Age (years)a 66 (18–96) 68 (26–95) 72 (39–93) 77 (34–96) 68 (18–96)
p value 0.502 <0.001 <0.001

Type 1 diabetes 350 (22) 44 (18) 28 (15) 30 (7) (18)
Type 2 diabetes 1,267 (78) 206 (72) 165 (85) 390 (93) (82)
Insulin-treated 1,001 (62) 161 (64) 123 (64) 243 (58) (61.5)
Diabetes duration (years)a 16 (0–62) 17 (0–70) 17 (0–58) 16 (0–58) 16 (0–70)
p value 0.165 0.120 0.762

Proliferative retinopathy 639 (40) 116 (46) 83 (43) 190 (45) (41)b

Nephropathy 411 (25) 91 (36) 57 (30) 126 (30) (28)
Uraemia 89 (5) 23 (9) 28 (15) 67 (16) (8)
Hypertension 882 (55) 140 (56) 110 (57) 249 (59) (56)
Ischaemic heart disease 400 (25) 75 (30) 78 (40) 206 (49) (30)
Congestive heart failure 272 (16) 48 (19) 64 (33) 190 (45) (23)
Cerebrovascular disease 310 (19) 48 (19) 53 (27) 163 (39) (23)
Never-smokers 657 (41) 79 (32) 81 (42) 185 (44) (40)
Assisted living 197 (12) 25 (10) 39 (20) 161 (38) (17)
Non-compliant 191 (12) 47 (19) 17 (9) 31 (7) (10)
Neuropathic 1,170 (79.4) 104 (7.1) 36 (2.4) 163 (11.1) 1,473 (100)
Neuroischaemic/ischaemic 447 (44.4) 146 (14.5) 157 (15.6) 257 (25.5) 1,007 (100)

Values are n (%) (per cent values were calculated on all patients per status group)
aMean value (range)
b Data missing for 18 patients
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had significantly more cardiovascular complications and
more lived in assisted living (thus being dependent on
others to cope with their daily life) than patients who healed
without amputation or with minor amputation. In patients
older than 80 years of age (n=630), the primary healing
rate was 51% (n=323), amputation rate 16% (minor
amputation n=45, major amputation n=54) and those
deceased unhealed 33% (n=206).

Ulcer characteristics

As seen in Table 2, the estimated duration of ulcer before
presentation to the multidisciplinary team was <4 weeks in
46%, 4 to 26 weeks in 43% and more than 26 weeks in
11% of patients. In 70% of patients presenting to the team,
external, precipitating factors could be established, the most
common being acute trauma (20%), ill-fitting shoes (19%)
and stress ulcer (18%). The big toe (n=634, 26%) was the
most common site of ulcer and 13% (n=315) of ulcers were
located to the metatarsal heads. Out of 2,060 surviving

patients, 1,007 had neuroischaemic/ischaemic ulcers
(48.8%). Out of 561 patients with ankle pressure <80 mmHg,
264 healed during primary treatment. The corresponding
number for the 224 patients with ankle pressure below
50 mmHg was 88 and those for the 710 patients with a toe
pressure <45 mmHg or the 307 patients <30 mmHg were 327
and 161 respectively. Of 664 patients with rest pain, 44%
healed without any amputation.

Factors related to primary healing

In the regression analysis, primary healed patients
(n=1,617) were compared with the remaining cohort and
surviving patients with minor and major amputations
(n=443) (Tables 3 and 4). By means of backward logistic
regression, removing non-significant variables in 17 steps,
the remaining variables are presented in Tables 3, 4, 5, 6.
Primary healing was related to duration of diabetes, co-
morbidity, good compliance and single ulcer (Tables 3, 4,
5 and 6). Further regression analysis was performed

Table 2 Local characteristics of the foot at enrolment

Characteristic Primary
healed

Minor
amputation

Major
amputation

Deceased
unhealed

All

Peripheral neuropathy 1,482 (92) 230 (92) 177 (92) 388 (92) (92)
Foot deformity 1,238 (77) 230 (79) 149 (77) 323 (77) (77)
Big toe 450 (28) 61 (24) 29 (15) 94 (22) 634 (26)
Other toe 273 (14) 76 (30) 37 (19) 45 (11) 431 (17)
Plantar ulcer 253 (16) 48 (19) 10 (5) 46 (11) (13)
Multiple ulcer 102 (6) 36 (14) 68 (35) 100 (24) (17)
Heel ulcer 276 (17) 4 (2) 28 (15) 76 (18) 384 (15)
Other location 263 (16) 25 (10) 21 (11) 59 (14) 368 (15)
Ulcer size <1 cm2 370 (23) 48 (19) 22 (11) 55 (13) 495 (20)
Traumatic ulcer/stress ulcer 942 (58) 149 (60) 66 (34) 150 (36) 1,307 (53)
Fissure 88 (5) 8 (3) 6 (3) 14 (3) 116 (5)
Paronychia 86 (5) 5 (2) 5 (3) 17 (4) 113 (5)
Reason unknown 415 (26) 85 (34) 101 (52) 178 (42) 779 (31)
Pressure ulcer 86 (5) 3 (1) 15 (8) 61 (14) 165 (7)
Wagner grade 3 115 (7) 81 (41) 23 (9) 27 (6) (10)
Wagner grade 4–5 29 (2) 37 (15) 46 (23) 44 (10) (6)
Ankle pressure (mmHg)
<80 264 (16) 66 (26) 75 (39) 156 (37) (22)
<50 88 (5) 34 (14) 38 (29) 64 (15) (16)

Toe pressure (mmHg)
<45 327 (20) 90 (36) 106 (55) 187 (45) (29)
<30 161 (10) 56 (22) 77 (40) 130 (31) (17)

Previous amputation 57 (3.5) 18 (7) 27 (14) 43 (10) (6)
Previous vascular surgery 72 (4.4) 19 (7.6) 21 (11) 34(8) (8)
Oedema 536 (33) 161 (64) 121 (63) 212 (50) (41)
Rest pain 294 (18) 92 (37) 114 (59) 164 (39) (27)
Duration of ulcer at inclusion (weeks)a 10 (0–260) 10 (1–156) 14 (0–350) 13 (0–208) 11 (0–350)
Duration of ulcer from inclusion to healing (weeks)a 15.0 (1–204) 34.9 (1–235) 28.0 (1–170) (1–235)

Values are n (%)
a Values are median (range)
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regarding probability in surviving patients with neuropathic
or neuroischaemic/ischaemic ulcers (Tables 5 and 6). There
were corresponding factors related to healing in these
groups.

Factors related to amputation in neuropathic ulcers

Patients with neuropathic ulcers (n=661) were included in
the regression analysis where healing after minor or major
amputation in neuropathic ulcers was related to co-
morbidity, type 2 diabetes, duration of diabetes 8 to 23
years, visual impairment, uraemia, oedema, previous
amputation (of toe or leg), walking disability, rest pain,
plantar ulcer and deep infection (Table 7).

Factors related to major amputation
in neuroischaemic/ischaemic ulcers

Patients with neuroischaemic/ischaemic ulcers (49%,
n=1,007) were included in the regression analysis where
factors related to major amputation were identified: duration
of diabetes >23 years, uraemia, oedema, foot deformity,
peripheral arterial disease, multiple ulcers, male sex and non-
compliance (Table 8). Wagner grades 4 to 5 were excluded
from the analysis due to self-evident definition.

Discussion

This study with a healing rate of 90.6% without major
amputation in surviving patients is the largest prospective

Table 4 Factors related to primary healing in all surviving patients
(model with all surviving patients)

Factor Odds ratio 95% CI p value

Duration of diabetes
0–7 years 1.68 1.09–2.28 0.017
8–15 years 1.80 1.17–2.77 0.007
No uraemia 1.94 1.14–3.29 0.015
No previous amputation 3.75 2.08–6.77 <0.005
No heart disease 1.39 1.02–1.89 0.023
Toe pressure >45 mmHg 1.42 1.03–1.96 0.024
No oedema 1.56 1.14–2.12 0.005
No pain 1.81 1.30–2.51 <0.005
Single ulcer 2.06 1.32–3.27 0.002
Wagner grade 1 and 2 36.30 23.90–52.80 <0.005
Wagner grade 1, 2 and 3 4.12 2.57–5.97 <0.05

Table 5 Factors related to primary healing in all surviving neuro-
pathic patients

Factor Odds
ratio

95% CI p value

Age 18–60 years 2.77 1.67–4.60 <0.005
Age 71–80 years 1.93 1.22–3.04 0.005
Duration of diabetes 0–7 years 1.72 1.10–2.67 0.017
Duration of diabetes
8–15 years

1.80 1.16–2.79 0.009

Living in own home 2.16 1.43–3.28 <0.005
No uraemia 2.61 1.57–4.35 <0.005
No previous amputation 2.89 1.49–5.61 0.002
Absence of any heart disease 2.11 1.54–2.90 <0.005
No oedema 1.57 1.15–2.14 0.005
Vascular surgery 1.85 1.08–3.17 0.025
Single ulcer 1.89 1.12–3.17 0.017
Wagner grade 1 and 2 16.55 9.99–27.42 <0.005
Wagner grade 1, 2 and 3 3.91 2.24–6.82 <0.005

Table 6 Factors related to primary healing in all surviving neuro-
ischaemic/ischaemic patients

Factor Odds ratio 95% CI p value

Age 18–60 years 1.80 1.01–3.21 0.045
Age 71–80 years 1.70 1.14–2.52 0.009
Male sex 1.40 1.00–1.93 0.044
Living in own home 2.43 1.58–3.72 <0.005
Nephropathy 1.54 1.03–2.28 0.033
No uraemia 2.45 1.35–4.46 0.003
No previous amputation 2.30 1.23–4.29 0.009
Claudication 1.71 1.17–2.51 0.006
No pain 1.90 1.37–2.63 <0.005
Single ulcer 2.17 1.44–3.28 <0.005
Wagner grade 1 and 2 9.76 6.77–14.08 <0.005
Wagner grade 1, 2 and 3 3.52 2.11–5.88 <0.005

Table 3 Factors related to primary healing

Factor Odds ratio 95% CI p value

Duration of diabetes
0–7 years 1.71 1.02–2.87 0.041
8–15 years 2.12 1.27–3.56 0.004
Good compliance 1.62 1.04–2.52 0.034
Absence of non-retinal eye
disease

1.60 1.11–2.30 0.012

Absence of uraemia 2.43 1.35–4.38 0.003
Absence of any heart disease 1.44 1.03–2.01 0.032
No previous amputation 3.70 1.91–7.18 0.000
No intermittent claudication 1.84 1.14–2.97 0.012
No rest pain 1.59 1.11–2.27 0.011
Toe pressure >45 mmHg 1.42 1.00–2.04 0.050
No oedema 1.63 1.17–2.27 0.004
Single ulcer 2.10 1.28–3.45 0.003
Wagner grade 1–2 39.08 25.63–59.57 0.000
Wagner grade 1–3 4.32 2.79–6.70 0.000
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cohort study of diabetic patients who had a foot ulcer
treated by a multi-disciplinary foot centre and who were
consecutively recruited and followed until healing or death.

The study identified a complexity of factors related to
outcome, of which co-morbidity, duration of disease, extent
of tissue involvement and extent of PVD were strongly
related to probability of primary healing. These findings
underline the need for recognition of diabetic foot ulcers as
a sign of underlying multi-organ disease.

The number of large cohort studies with factors related
to healing of foot ulcers is limited. In mixed cohort studies
primary healing rates of 60 to 74% and amputation rates of
8 to 23% have been reported [4, 18, 19]. In the present
study, the primary healing rate in the whole cohort without
any amputation was 65% and the mortality rate of unhealed
patients was 16.9%. These findings are in agreement with
some, but not all previous studies, with Prompers et al.

reporting primarily healing of 77% (n=1,229), Oyibo et al.
65% (n=194), Jeffcoate et al. 66% (n=449), Gul et al. 72%
(n=200) and Beckert et al. 74% (n=1,000) [4, 18–21].
Comparisons between studies are difficult due to differences
in design, setting, patient selection, definitions, follow-up
time and other confounding factors. In the present study,
healing was defined as intact skin for 6 months or intact skin
at time of death, whereas other studies provided no definition
or failed to report follow-up. Our patients, on the other hand,
were followed until healing was achieved compared with
studies with an observation time of 6 to 12 months [20–22].
The trend in all these studies over time is a successive
improvement in healing rate [1].

It is also important how mortality and healing are
reported, but in some cohort studies patients who deceased
unhealed were excluded [21]. In our study deceased
patients were not excluded from evaluation and the rate of
mortality in patients with unhealed ulcers (17%) was in
agreement with previous observations [3, 4]. We did not
investigate the cause of death, but in a previous study from
the same area, three of four deaths were of cardio- or
cerebrovascular origin [23]. The deceased patients had
signs of severe co-morbidity and often lived in assisted
living or depended on home nursing services. The present
findings indicate that the foot ulcer should be considered a
sign of multi-organ disease.

General factors

Information regarding general characteristics and co-
morbidity from studies related to outcome of foot ulcer is
varied [2]. Demographic data in the present study seem to
be consistent with the Eurodiale Study with regard to the
proportion of PVD and co-morbidity related to major
amputation [24]. However, the inclusion of more patients
with neuroischaemic/ischaemic ulcers may be explained by
not excluding patients with short expected survival times
[20]. In the present study, factors like age, sex and duration
of diabetes did not have such an evident influence on the
outcome compared with other studies [21, 22, 25–27]. Age
is known to be an important factor related to progress of
PVD, neuropathy and lower leg amputation [3, 28, 29] as
well as to probability of healing, [9], but this was not the
case in all studies [21] and especially not in short-term
observation studies of neuropathic foot ulcer <20 weeks
[22, 26]. In the present study 51% of patients older than 80
years of age healed without any amputation.

Local factors

It should be recognised that factors like neuropathy,
deformity and trauma constitute factors related to develop-
ment of ulcer [2]. In the present study most patients had

Table 7 Factors related to minor or major amputation in neuropathic
ulcers

Factor Odds
ratio

95% CI p value

Type 2 diabetes 1.94 1.08–3.49 0.026
Duration of diabetes 8–15 years 1.91 1.11–3.28 0.020
Duration of diabetes 15–23 years 2.66 1.43–4.95 0.002
Non-retinal eye disease/visual
impairment

1.85 1.16–2.85 0.009

Uraemia 2.62 1.39–4.96 0.003
Oedema 2.07 1.40–3.05 0.000
Previous amputation 3.33 1.54–7.22 0.002
Walking disability 1.71 1.16–2.52 0.007
Rest pain 2.52 1.66–3.83 0.000
Plantar ulcer 4.13 2.34–7.28 0.000
Deep infectiona 4.80 3.13–7.34 0.000

aWagner grade 3, osteomyelitis, abscess

Table 8 Factors related to major amputation in neuroischaemic/
ischaemic ulcers

Factor Odds ratio 95% CI p value

Duration of diabetes >23 years 1.88 1.15–3.50 0.011
Uraemia 2.43 1.33–4.45 0.004
Oedema 2.51 1.79–3.54 0.000
Foot deformity 1.69 1.08–2.63 0.021
Toe pressure <30 mmHg 1.70 1.20–2.40 0.003
Intermittent claudication 1.88 1.25–2.82 0.002
Rest pain 2.06 1.45–2.98 0.000
Multiple ulcers 2.92 1.90–4.49 0.000
Non-compliant 2.15 1.26–3.66 0.005
Male sex 1.51 1.06–2.15 0.021
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neuropathy (92%) and foot deformities (77%), but this was
not related to outcome. However, the protocol did not
include a grading system for degree of neuropathy or extent
of foot deformity. Duration of ulcer before presenting at the
foot clinic was not related to its outcome. Duration of ulcer
has been related to outcome in cohorts/trials of neuropathic
diabetic foot ulcers in an observation of <20 weeks [22]. A
correlation between duration of ulcer and healing time has
been established, but the question of whether duration is
related to outcome in unselected diabetic foot ulcer is more
controversial. Cause and site of ulcer did not have evident
influence on outcome compared with extent of tissue involved
when analysing the whole cohort, but outcome was strongly
related to severity of ulcer. Ulcer area as a determinant factor
on outcome was not identified in our study, although this has
been suggested by others [27]. However, these data must be
interpreted with caution due to methodological issues
regarding ulcer size and volume. In the present study
oedema was related to outcome both in neuropathic and
neuroischaemic ulcers. Oedema is usually of multi-factorial
origin and should be treated accordingly [2, 30].

Neuropathic ulcers

In the present study, deep foot infection, site of ulcer (plantar
for foot ulcer, metatarsal head) and co-morbidity (non-retinal
eye disease, end-stage renal disease, oedema, walking
disability) were related to minor or major amputation in
non-ischaemic patients. Diabetes with neuropathy and a
long-standing plantar ulcer increases the risk of infection and
was an independent risk factor for foot infection in a
prospective study [31]. An infected foot ulcer precedes
about two thirds of amputations according to benchmarking
studies [32] and infection was the immediate cause for
amputation with or without ischaemia in more than 50% of
diabetes-related amputations [16, 33]. The Eurodiale Study
showed 58% prevalence of infection in all ulcer patients
admitted to foot centres in Europe [24]. Although foot
infections are severe with potentially disastrous conse-
quences, both for limb and individual, choice of treatment
is still empirical and most studies of antibiotics in diabetic
foot infections include skin infection only and not ulcers
with deep infections [2]. The question of which factors
determine whether patients are infected is controversial, and
studies with hard endpoints on outcome of infections in
diabetic foot ulcers are limited in number [2, 34, 35]. The
total number of infections in our study may be under-
estimated, as our protocol only included deep infections.

Neuroischaemic/ischaemic ulcer

In the present study, 36% of neuroischaemic/ischaemic
ulcers healed primarily, while multiple ulcer, uraemia,

extent of PVD and tissue loss were the most important
factors for the probability of major amputation. Our
findings regarding the proportion of neuroischaemic/
ischaemic ulcers emphasises those of the Eurodiale Study,
in which 49% of diabetes patients with foot ulcer admitted
to a foot clinic had signs of PVD [24]. We did not exclude
patients with expected short survival, but still in the present
study 49% of surviving patients had signs of severe PVD.
PVD, when present, is strongly related to risk of major
amputation and constitutes the most important factor related
to outcome in neuroischaemic/ischaemic foot ulcers [1, 8,
28]. Despite the fact that symptoms like claudication and
rest pain are often not present, in most studies PVD was not
analysed with non-invasive vascular testing (transcutaneous
oxygen and carbon pressure, toe pressure, ankle pressure)
[2]. Rest pain as defined according to protocol did not
consider cause of pain, and this factor needs to be explored
further. PVD has also been associated with a twofold
increase of foot infections [31] and 31% of patients in the
Eurodiale Study had both PVD and infection [24]. The
interaction between ischaemia and infection in the neuro-
ischaemic foot [36] needs to be explored further.

In the neuroischaemic/ischaemic group male sex was
related to increased probability of amputation. This is in
agreement with some [9, 18, 37] but not all [21, 36] studies.
PVD and lower leg amputation have been considered more
common among men than women, as well as presence of
plantar forefoot ulcer and infection [5, 28, 38–40], but not
consistently so [4]. If there is a real difference between men
and women regarding wound healing and probability of
amputation in the diabetic foot, there are various possible
reasons: genetic (different candidate genes increase the risk
of late complications in diabetes) [41]; hormonal factors
(with oestrogen protecting women from vascular co-
morbidity and making for potential differences in immune
competence) [42]; behavioural differences (smoking habits,
risk-taking life style, attitudes to health and care-seeking
behaviour) [43]; and differences in life expectancy.

Non-compliance in a patient with diabetes and foot ulcer
as a risk factor for amputation is difficult to distinguish
from true neglect and lack of awareness due to complica-
tions such as neuropathy and visual impairment [2].
Potential communication bias between healthcare providers
and patients highlights the need for individually adjusted
education and improved communication methods for nurses
providing life style-changing patient education [36]. This
provides an area of future research.

Methodology

Substantial methodological considerations need to born in
mind when evaluating the present cohort study. Potential
negative selection bias always has to be considered, since

Diabetologia (2009) 52:398–407 405



the patients were admitted to a university-based foot centre
and no exceptions were made with regard to age, co-
morbidity or expected survival. It cannot be excluded that
more superficial ulcers of neuropathic origin were treated in
primary healthcare without the knowledge of the foot team.
There was a general agreement at the hospital, that
irrespective of to whom patients were admitted, they would
be passed on to the foot centre. Definition of healing varies
between studies and we considered 6 months necessary to
prove patients remained healed. Definitions of outcome can
be very complex, an issue that has been previously
analysed [4]. Patients in our study were divided into groups
according to outcome: primary healed, minor amputation,
major amputation and patients deceased unhealed. In some
studies minor amputations are included in primary healed
and also the definition of amputation varies. Comparisons
between centres are difficult, due to the heterogeneity of
patients and complexity of the disease [44]. In many
healthcare systems there are limited possibilities for
following up patients until healing is achieved. The
Swedish system, due to its geographical responsibilities
and reimbursement system, enables patients to be followed
up until a specific endpoint, irrespective of who the care-
provider is [45]. This may explain the present drop-out rate
of 1.2%. Our patients seem comparable to the Eurodiale
Study with regard to demographic data and healing
frequency in spite of their short follow-up time (12 months)
[24].

A large amount of missing data on retinopathy was
mainly due to patients being unable to attend fundoscopy.
Duration of diabetes with 0 years of duration is misleading.
What is meant is that patients were diagnosed with diabetes
when presenting with a foot ulcer and the true duration is
unknown. Duration of ulcer when presenting at the foot
centre is the most uncertain variable, due to a combination
of patients’ unawareness of the need to seek healthcare and
healthcare providers’ choice of treatment and willingness to
refer patients [46]. Twenty per cent of the major amputated
patients and 38% of the deceased patients lived in assisted
living before ulceration, with healthcare professionals
involved in their daily life. It is uncertain how the ulcer
was treated before referral to the foot centre, due to lack of
proper documentation from the home nursing services. We
did not include deceased patients in the regression analysis,
as we cannot estimate whether they would have healed with
or without minor or major amputation, if they had survived.

Conclusion

Patients with diabetes and foot ulcer are suffering from
multi-organ disease. There is a complexity of factors related
to outcome, of which co-morbidity, infection and ischaemia

are the most important. Probability of amputation is
increased in neuropathic ulcers by deep foot infection,
location and co-morbidity. Patients with neuroischaemic
ulcers are more common than previously described, and co-
morbidity, extent of PVD and type of ulcer are the most
important factors for the probability of healing with
amputation. In future research on prevention and manage-
ment of diabetic foot ulcers it will be important to
distinguish between neuropathic and neuroischaemic/
ischaemic ulcers.
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