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ABSTrACT

Accurate classification of diabetic foot ulcers is essential for inter-clinician communication, 
assessment of healing tendency and determination of treatment options. The aim of this study was 
to assess the inter-observer agreement (IOA) of the most commonly used classification systems 
for diabetic foot ulcers; the Meggitt-Wagner (MW) and the University of Texas (UT) systems. In this 
study, 95 clinicians judged digital photographs of diabetic foot ulcers in various stages of healing. 
Wound depth was classified along the grades of the MW and the UT systems. IOA of the MW and 
UT systems was only moderate among the clinicians. This moderate agreement demonstrates that 
the MW and the UT systems appear not to be useful as single instrument and should always be 
used in combination with additional clinical information to avoid erroneous interpretations.
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INTroduCTIoN

Diabetic foot ulceration is a common but feared complication in people with diabetes requiring 
multidisciplinary treatment. Because of the wide variety in presentation of diabetic foot ulcers, 
the choice for a specific treatment strategy is to a large extent dependent on the experience and 
skills of the local team of clinicians to classify the wound.1 Accurate classification of diabetic foot 
ulcers is essential to evaluate the wound healing tendency. Categorizing wounds with the use of a 
reliable classification tool may help predict which ulcers will heal and which will eventually result in 
amputation. Furthermore, classification facilitates communication between clinicians and permits 
comparison with research findings.2-4

Inter-observer variation in wound classification may lead to erroneous interpretations.5 Any clinical 
classification system should, therefore, have a high reproducibility in terms of inter-observer 
agreement (IOA) (i.e. repeated measurements of a stable characteristic produce similar results when 
scored by different observers) and accuracy, i.e. the ability to assess the true condition of the wound.

Multiple scoring systems have been developed, but only few have been validated.6 In clinical practice, 
the Meggitt-Wagner (MW) and the University of Texas Diabetic foot classification system (UT) are the 
most commonly used classification systems in diabetic foot ulcers.7, 8 The MW system was developed 
in 1976 by Meggitt and adjusted in 1981 by Wagner.8 The system allows classification of wound 
depth and the presence of osteitis or gangrene by using a numeric scale from 0 through 5 as shown 
in figure 1. In recent literature, the MW classification has been slightly modified in that a wound 
extending to the bone is classified as MW grade 3.9-12 The UT classification is a more recently developed 
system,7 which categorizes the ulcer by using four grades on a scale from 0 through 3. Beside these 
grades, there are four stages to classify the presence of infection or lower-extremity ischemia.7

To our knowledge, no studies have been performed to assess the IOA of these classification 
systems. Gaining insight in the IOA of the UT and MW classification systems will help choose a 
reliable instrument for use in clinical practice. The aim of this study was, therefore, to assess the IOA 
of the most commonly used classification systems for diabetic foot ulcers; the Meggitt-Wagner and 
the University of Texas systems.

meThodS

Photographs of diabetic foot ulcers
First, we collected 40 digital photographs of diabetic foot ulcers in patients visiting the surgical 
outpatient clinics of the Academic Medical Center (AMC), Amsterdam, or the Medical Center 
Haaglanden (MCH), The Hague, The Netherlands. Photos were taken with a digital camera with a 
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expert panel
An expert panel experienced in wound care and treatment of diabetic foot ulcers was composed, 
consisting of a wound care physician, two specialized nurses and two vascular surgeons. Based 
on the expert classification scores, 20 of the 40 representative photographs were selected. These 
photographs were chosen as being representative of the various wound depths and not requiring in 
vivo probing for correct classification. This number was sufficient to cover the full range of possible 
variations in diabetic foot wound presentations. In figure 2, two examples of diabetic foot images 
and the classification scores of the expert panel are shown.

observers
Prior to this study, we conducted a pilot study with the UT system based on 10 random photographs 
of diabetic foot ulcers during a national wound care conference to check the feasibility and the best 

university of Texas7 megitt-Wagner8

Grades:

Grade 0 Pre- or post-ulcerative or healed wound Healed or pre-ulcerative wound

Grade 1 Superficial wound not involving tendon, capsule 
or bone

Superficial ulcer without penetrating to deeper layers

Grade 2 Wound penetrating to tendon or capsule Deeper ulcer and reaches tendon, bone or joint capsule

Grade 3 Wound penetrating to bone or joint Deeper tissues are involved and there is abscess 
formation, osteomyelitis, or tendinitis

Grade 4 - Limited gangrene (part of the foot)

Grade 5 - Extensive gangrene (whole foot)

Stages*:

Stage A No infection or ischemia

Stage B Infection present

Stage C Ischemia present

Stage d Infection and ischemia present

*Assessment of the wound stages was not part of this study

figure 1. Wound classification according to the University of Texas (UT) and the Meggitt-Wagner (MW) systems.

minimal resolution of eight megapixels and under standard conditions (e.g. during daytime without 
extra light except flash). All patients gave verbal informed consent for taking these photographs. 
Approval for this study was obtained from the local medical ethics review board. The advantage of 
using photographs is that it allows scoring a wound simultaneously by different observers and thus to 
measure reliability (i.e. the degree to which repeated judgements will produce similar results). Working 
with photographs also avoids classifying wounds at different time points during the healing process.
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way to conduct the present IOA study. After the pilot study, we presented the full selection of 20 
photographs in a random order to doctors of the Department of Surgery at the AMC and the Wound 
Care Clinic of the MCH and to wound care nurses during an annual meeting of Dutch wound care 
expert society. Before the photographs were shown, all observers were given the same instructions 
about the scoring procedure and classification definitions. Each photograph was presented for 30 
seconds. Observers were to classify the wounds based on the full MW system and the grades of the 
UT system only. The stages of the UT system (i.e. infection and ischemia) were not judged because 
no additional information about patient characteristics, vascular status or laboratory results was 
supplied, which the observers would need to address these characteristics. Finally, we collected 
basic demographic data from the observers including age, professional background and clinical 
experience.

data analysis
IOA was calculated for the MW and the UT systems as an unweighted Cohen’s Kappa (κ) coefficient 
for the responding nurses and the doctors separately. The κ-coefficient is a measure of agreement 
beyond chance. A κ-value above 0.8 is interpreted as ‘very good’, between 0.8 and 0.6 is ‘good’, 
between 0.6 and 0.4 ‘moderate’ and below 0.4 ‘poor’.13 When observers were not able to score 
a photograph (e.g. by lack of time) or had scored a photo in two categories, this judgement was 
reported as ‘missing’. If a particular photograph was scored by fewer than 10% of the observers, 
the photograph was excluded from all analyses because the photograph was apparently too hard 
to judge. If an observer did not judge 50% or more of the photos, the data of this observer were 
excluded from the IOA analysis of the particular classification system. Any missing values were 
imputed by the most frequently scored category for calculating IOA values. Descriptive statistics 
were expressed as means and standard deviations, or medians and interquartile ranges (IQR), 

figure 2. Two examples of photographs used in this study. Classified by the expert panel as University of Texas (UT) 
grade 3, Meggitt-Wagner (MW) grade 4 (left) and UT grade 1, MW grade 1 (right).
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whenever appropriate. Differences between doctors and nurses were compared using the Student 
t-test for age, the Chi-square test for gender and the Mann–Whitney U-test for the non-normally 
distributed clinical experience. The level of significance was defined as a P value less than 0.05.

reSuLTS

Eventually, 95 clinicians classified the photographs. They had on average 10 years of clinical 
experience. Of the nurses (n = 75), 63 were specialized wound care nurses (84%), four were nurse 
practitioners (5.3%) and the remaining eight were non-specialized nurses involved in diabetic wound 
care (10.6%). Among the doctors, nine were vascular surgeons (45%), three were fellows in vascular 
surgery (15%), three were specialized in rehabilitation medicine and involved in the outpatient 
diabetic foot clinic (15%) and five were working as residents at the Department of Surgery (25%). As 
shown in Table 1, there was an obvious and significant difference between the two groups regarding 
gender (P < 0.001); doctors were mostly men, whereas nurses were mostly women. Nurses tended 
to be older than doctors but this did not reach statistical significance (P = 0.160). Median clinical 
experience was not significantly different between the groups (P = 0.764).

Table 1. Characteristics of participating doctors and nurses.

doctors Nurses All observers

N (%) 20 (21.1) 75 (78.9) 95 (100)

Gender, female (%) 7 (35.0) 66 (88.0) 73 (76.8)

Age, year, mean (SD) 42.7 (11.4) 46.7 (8.4) 45.8 (9.2)

Clinical experience, year, median (IQR) 10.0 (5.5 – 14.0) 9.0 (2.25 – 22.0) 10.0 (5.0 - 15.0)

SD: standard deviation, IQR: interquartile range

missing data
None of the observers showed more than 50% missing data, so no one was excluded from 
our analysis. One of the 20 photographs was not classified according to the MW system by 13 
observers (13.7%) and not classified according to the UT system by 16 observers (21.3%). Hence, 
this photograph was removed from all analyses. All other photographs were classified by at least 
91.6% of the observers and were scored by a mean of 97.9% of the observers. Of all included 
photographs, 31/1805 (1.7%) of the scores were missing for the MW classification and 55/1805 
(3.0%) of the scores for the UT system.
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Inter-observer agreement
The overall IOA of the MW system was moderate with a κ-value of 0.415 (95% CI 0.413–0.418). 
Nurses showed a slightly, but significantly (P = 0.006) higher IOA (0.423; 95% CI: 0.420–0.426) than 
doctors (0.404; 95% CI 0.392–0.417), still being in the ‘moderate’ range.

The IOA for the UT system was moderate among both nurses and doctors. Doctors had an IOA 
of 0.462 (95% CI: 0.445–0.479), nurses scored 0.451 (95% CI: 0.447–0.456), without significant 
differences between the observer groups (P = 0.238). The overall IOA for the UT system was 
moderate with a κ-value of 0.447 (95% CI: 0.443–0.450).

dISCuSSIoN

This study shows that the IOA for the MW and the UT systems is limited when judging diabetic foot 
wounds. The IOA among nurses was significantly higher than the IOA among doctors when using 
the MW system, but remained in the ‘moderate’ range. 

The Meggitt-Wagner and the University of Texas systems are among the most commonly used 
classification systems for diabetic foot ulcers, especially in the Netherlands where classification is 
imposed by the Health Care Inspectorate.14 Previous research on the MW and the UT systems 
focused mainly on validity and predictive value.6,15 In 1998, the UT system was validated by 
Armstrong et al..2 In this study, the association between increasing grade or stage of ulceration and 
prevalence of lower extremely amputation was investigated. They demonstrated that amputation 
prevalence increased with an increasing wound depth and stage, except for stage A ulcers.2 This 
was confirmed in a study conducted by Gul et al..10

The UT and the MW systems have also been compared prospectively with the S(AD)SAD system as 
predictors of outcome.12 The S(AD)SAD assesses ulcer size (area and depth), sepsis, arteriopathy 
and denervation.16 No differences were observed in this study between stage D ulcers and either 
stage B or stage C ulcers. This is in contrast with earlier studies in developed countries, probably 
because of the low prevalence of Peripheral Arterial Occlusive Disease (PAOD) in this population.7, 17

The MW system seems to correlate with the prognosis of diabetic foot ulcers,18 while the stages in 
the UT system were found to be helpful to predict amputation.11 In contrast to other classification 
systems such as the S(AD)SAD16 and the PEDIS (perfusion, extent, depth, infection and sensation),4 
the MW and the UT systems do not assess ulcer site, degree of polyneuropathy or surface area. 
These variables may better represent the severity although not all of these are supported by evidence 
from the literature.
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Several studies found no association between primary healing rate and ulcer site.11, 19, 20 Also, most 
studies found no association between healing and polyneuropathy.1, 21 However, the EURODIALE 
study found that polyneuropathy was a predictor of healing outcome in the non-PAOD group but not 
in the PAOD group.22 Additionally, several studies demonstrated a difference in healing time regarding 
the surface area of a foot ulcer.1, 11, 21 However, in want of better tools to classify foot ulcers and predict 
their healing potential, other wound severity and risk scores have been introduced.23-25 Possibly, other 
factors may better predict outcome than wound classification systems, for example duration of 
diabetes, ulcer duration, the presence of heart failure, or the presence of peripheral arterial disease.26

Some limitations to our study are worth mentioning. First, in vivo wound assessment may facilitate 
a better appreciation of wound depth, for example by using a probe. However, when using 
photographs, all observers are judging the wound at the same moment in the healing process, which 
is a prerequisite to assess the IOA. Also, in other wound types, classification methods, when judged 
by photographs, were found to be fallible.27-30 Second, the conditions under which the photographs 
of the wounds were taken and presented could not be completely standardized in this study. Lack 
of this standardization may have negatively influenced the agreement found. However, in clinical 
practice, the circumstances for wound observation vary as well. Third, we used an abbreviated 
version of the UT system, assessing only the classification grades, but not the stages. It is likely that 
the reliability of the full UT system will be even lower, because of the increased degrees of freedom 
(i.e. 32 possible classes rather than four in the short version of the UT as used here). Fourth, we 
introduced and explained the classification definitions of the systems before showing the pictures, 
which is obviously not the case in daily clinical practice. This may even have overestimated the 
systems’ reliability as found in this study.

In conclusion, the MW and the UT systems appear to be, although validated tools to classify diabetic 
foot wound depths, not reliable when scored by multiple clinicians. The MW and the UT systems, 
therefore, appear not to be useful as single instrument to determine treatment options or to compare 
with research findings and should always be used in combination with additional clinical information. 
During handovers, clinicians should use a combination of photographs, MW or UT scores and a 
clear description of the wound to gain insight in the progression of ulcer healing.

Further research should assess whether the MW and the UT systems are reliable when used by a 
single clinician (intra-observer agreement) or whether the IOA can be increased through training.
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