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Abstract

Using Semmes-Weinstein Monofilaments to test pressure sensation, this study examined the influence of site location on sensibility in the feet and legs. This test was performed on three groups: a diabetes and age-matched control group and a reliability test group. Results showed that site location can significantly effect sensibility (p<.001). Furthermore, significant differences were seen between the diabetes and control group results (p<.05), a “die back effect” in the pattern of neuropathy was also observed in the subjects with diabetes. The Semmes-Weinstein monofilament was very reliable (mean percentage of correlation between first and second trial = 90%).
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Introductiontc  \l 1 "1.  Introduction"
Over time the clinical sensory examination of the foot has evolved from a process of detecting whether or not feeling is present, into complex systems of grading,4 whereby the level of sensation at various "high risk" points is determined.  From these subsequent gradings an individual can be placed into a risk category, although it should be noted that few prospective studies exist and therefore the predictive value of these measurements are questionable.18 The aim of this process, since the neuropathy typically cannot be reversed significantly, ultimately is to inform and educate the individual of potential problems and to take steps to prevent these problems from occurring.  This approach has been shown to be of great efficacy.5
One such test which has been little recognised in the literature is the test of pressure perception or aesthesiometry, which makes use of various nylon filaments to exert a defined pressure against the underlying tissue when bending of the filaments takes place.  By varying the level of pressure exerted by individual filaments it is possible to determine the least pressure an individual can perceive.  Little information exists to support the use of this technique, particularly in diabetics where loss of pressure perception could be crucial in the development of neuropathic ulceration.6 Because of its simplicity, ease of use and low cost this particular technique requires further investigation.  

This study was conducted to investigate the natural differences that may exist between different sites in the lower limb when testing pressure sensation thresholds with a Semmes-Weinstein Monofilament. Although previous studies have discussed this point (reference), they have not; examined it statistically; have not had a large enough sample size to make inferences in normal and diabetic populations; and, most previous trials have only examined sites on the plantar surface of the foot which are often covered by hyperkeratosis and thus naturally decreasing the sensitivity of the site.  It is important to understand that the presence of hyperkeratosis at a testing site will act as a barrier to the underlying neurologic receptors, this interfering with the process of assessing the status of the peripheral nerves.  If suitable non-weightbearing sites were to be studied we could thus infer whether a difference between sites exists if we compare

- one site with another
- sites bilaterally
- sites distally versus proximally
It is the purpose of this study to:

i) investigate pressure perception values for a set of foot testing sites which are:

- clinically identifiable and anatomically consistent,
- clinically relevant,   and
- non plantar;

thus addressing the problems outlined previously;

ii) compare pressure perception values between two groups of people, namely; people with, and without, diabetes.
Method
The trial involved three groups of people consisting of; people with diabetes (Non-Insulin Dependant Diabetes Mellitus and Insulin Dependant Diabetes Mellitus) and without diabetes (an age-matched control group), and a third group which was used to assess the reliability of a Semmes-Weinstein monofilament test. The first two groups were tested once, while the reliability group was tested twice on two occasions not less than two weeks apart.

PRIVATE 
Subjectstc  \l 2 "7.1 Subjects"
The protocol and consent form were approved by the Alfred Hospital and La Trobe University of Victoria ethics committees.  Subjects consisted of staff and students from the La Trobe University podiatry department and patients from the Alfred hospital outpatients diabetes clinic. One hundred and twenty-five subjects within three different groups were tested. The inclusion criteria for these participants are as follows.

Subjects were to be:

- between eighteen and sixty-two years of age
- able to understand concisely the testing procedure and its requirements
- in good health if in the reliability or age-matched control group
- an Alfred hospital patient if in the diabetes group.

Exclusion criteria for patients in these groups included:

· a family history of peripheral nerve disorders
· admittance or history of prolonged alcohol abuse or excessive alcohol intake
· the taking of medication that may cause altered or impaired sensation, for example 
· Uricosurics, anti-malarials, phenytoin and some psychotropic drugs21
· surgery of the feet and lower limbs that may have involved neural tissue either directly or indirectly
· psychological or mental impairment as determined by the investigator
· those in control group and reliability group could not, also, have a history of diabetes mellitus.
The following tables outline the demographic breakup of people in the diabetes and age-matched control group (tables 4 and 5).

	PRIVATE 
Group
	Total Subjects
	Male [Number]
	Female [Number]
	Age Range (Years)
	Mean Age [SD](years)

	Age-matched control group
	50
	42% [21]
	58% [29]
	20-62
	47.6 [12.2]

	Diabetes
	51
	45% [23]
	55% [28]
	20-61
	46.9 [11.4]


	PRIVATE 
Group
	Mean Weight [SD] (kgs)
	Mean Height [SD] (cms)
	Mean diabetes duration

[SD] [range] (years)
	HbA1c

[SD] [range] (%)

	Age-matched control group
	67 [11.6]
	166 [8.3]
	-
	-

	Diabetes
	76 [15.2]
	164 [10]
	18.1 [14.4] [.25-59]
	8.3 [2.2] [5-15]


Table 4. Demographic breakup of individuals in the Diabetic and Age-matched control group.

	PRIVATE 

	NIDDM
	IDDM

	Percentage [number]
	33% [17]
	66% [34]

	Mean age [SD] [range] (years)
	48 [11] [20-60]
	46 [11] [21-61]

	Mean diabetes duration

 [SD] [range] (years)
	8 [7] [.25-25]
	23 [14] [2-59]

	Mean Height [SD] [range] (cms)
	167 [10] [148-189]
	163 [9] [150-185]

	Mean Weight [SD] [range] (kgs)
	84 [12] [60-105]
	72 [14] [50-112]

	Mean HbA1c (%) [SD] [range]
	7 [1] [5-12.2]
	8 [2] [5-15]


Table 5. Breakup of people with insulin dependant diabetes mellitus (I.D.D.M.) and non insulin dependant diabetes mellitus (N.I.D.D.M.)

Glycosylated Haemoglobin values were obtained from patient medical records for all participants in the diabetes group. The HbA1c for all patients attending the Alfred Hospital were obtained according to previously described methods.28 Informed consent was obtained from all participants before their involvement in the project.

PRIVATE 
Procedure

Measurements of pressure sensation were performed in rooms or cubicles free of loud noises and distractions with only the tester or a single support person/care giver being present at any time.

Upon obtaining informed consent, participant details were noted, including sex, weight and height as well as, in the diabetes group, the duration of diabetes and glucose control (HbA1c). They were then required to remove their shoes and hosiery and were placed in a supine position on a comfortable testing couch. The participant was then allowed to rest briefly as the testing method was described succinctly to them. A brief test was then performed on the participant's hand to familiarise them with the sensation of the filaments.

The Semmes-Weinstein monofilaments set used for testing consisted of a precisely calibrated series of nylon monofilaments of equal length and varying diameters set into individual Lucite rods (Hansen's Disease Foundation, Inc. Filament Project-Building Eighteen Carville, Louisiana 70721). 

The method by which this test was performed has been described previously7 and involves the use of an interval comparison method, described as a two-alternative forced choice (2-AFC) algorithm. This technique was originally used in the evaluation of light-touch sensation by Sekuler et al29 and then redeveloped for use in monofilaments by Holewski et al.7 The interval comparison method was performed as follows. With the participant relaxed and with eyes closed the filament was applied to each designated point during only one of two time intervals, with the count "one" and "two". The subject was then asked whether they felt any sensation during the first or second interval. This method provided one interval with a stimulus and another without. Subjects were asked to report which interval the stimulus was felt, though they can report neither. This was repeated three times at each point with each filament, in descending order. The points tested are described below (the points tested are outlined below). A sensitivity threshold level is determined by selecting the smallest filament with at least two correct interval responses in a triplicate repetition set.

	PRIVATE 
Site

classification 
	Site description
	Peripheral sensory nerve supply in the skin site
	Corresponding dermatome of site

	Site A
	Apex of the Hallux
	Medial Plantar 
	L5

	Site B
	Apex of the fifth toe
	Lateral Plantar
	S1

	Site C
	Medial aspect of the first metatarsophalangeal joint
	Saphenous/Medial Branch of the Superficial Peroneal
	L4/L5

	Site D
	Lateral aspect of the fifth metatarsophalangeal joint
	Sural 
	S1

	Site E
	Tuberosity of the Navicular
	Saphenous
	L4

	Site F
	Styloid process of the fifth metatarsal 
	Sural
	S1

	Site G
	Medial Malleolus
	Saphenous
	L4

	Site H
	Lateral Malleolus
	Sural
	S1/L5

	Site I
	Tibial Tuberosity
	Inferior Patella Branch of Saphenous
	L4


Table 6. Sites investigated in this study with their corresponding anatomical location, nerve supply and dermatome representation. 

As stated previously, all sites in the leg and foot were close to what are considered ulcer prone areas, though all were typically non-weightbearing, and/or indicative of various peripheral nerves and dermatomes.

Resultstc  \l 1 "8. Results"PRIVATE 

PRIVATE 
Test-retest reliability of Semmes-Weinstein monofilamentstc  \l 2 "8.1 Test-retest reliability of Semmes-Weinstein monofilaments"
Because of the narrow range of the data being considered, test-retest reliability cannot be accurately represented by a correlational coefficient. As such correlations are described simply by the percentage of results that agreed in both the first and second trial.

Scores were found to correlate, on average, in 90 percent of cases. The range of agreement was from 72 to 98 percent. The lowest correlation, 72 percent, occurred at site H, the lateral malleolus, the highest, 98 percent, at site E, the tuberosity of the navicular.

	PRIVATE 

Percentage of agreement between First and Second Trials (per site).

	Site A
	Site B
	Site C
	Site D
	Site E
	Site F
	Site G
	Site H
	Site I

	88%
	94%
	96%
	88%
	98%
	96%
	84%
	72%
	96%


PRIVATE 
8.2 A comparison between the diabetic and age-matched control group.tc  \l 2 "8.2 A comparison between the diabetic and age-matched control group."
Statistical analysis using a two factor, nine repeated measures ANOVA showed a significant difference between diabetic and age-matched control groups (F=10.67, df=1, P=.0015), between sites (F=8.61, df=8, P=.0001) and between groups by site (F=1.96, df=8, P=.0482).

The most sensitive site in both the diabetes and the control group was the tuberosity of the navicular (Site E). The least sensitive site in this trial in both the diabetic and control groups was the Lateral Malleolus (Site H). 

Figure 16 shows diabetic and age-matched control site mean sensitivity levels, whilst figure 17 represents the percentage of trials in which each filament was determined as the sensitivity threshold, for each site.
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Figure 16. Site mean sensitivity levels for diabetics and age-matched controls.
PRIVATE 
A comparison between the left and right results in the control grouptc  \l 2 "8.3 A comparison between the left and right results in the control group"
Analysis of the results was performed to analyse whether there was a significant difference between left and right results measured in an individual. No significant differences were found between left and right, thus justifying the use of only right data for later analyses (F=.717, df=8, p=.6767).

PRIVATE 
A comparison between males and females in the diabetic and age-matched  controltc  \l 2 "8.4 A comparison between males and females in the diabetic and age-matched  control" groups
No differences were seen between males and females in both the diabetic (F=1.801, df=8, P=.0753) and age-matched control groups (F=.874, df=8, P=.5381). In the diabetic group however, analysis of the simple effects incurred by each site showed that site E (tuberosity of the navicular) biased the results so that a significant difference between the sexes may have occured if this result was excluded. 

PRIVATE 
A comparison between Non-insulin dependant diabetes mellitus participants versus Insulin Dependant Diabetes Mellitus participantstc  \l 2 "8.5 A comparison between Non-insulin dependant diabetes mellitus participants versus Insulin Dependant Diabetes Mellitus participants"
No significant differences existed between NIDDMs and IDDMs when comparing site to site (F=.497, df=8, P=.8587) using right data. 

PRIVATE 
Observation of a "Die Back Effect"tc  \l 2 "8.6 Observation of a \"Die Back Effect\""
To determine whether there was a die back effect in the diabetes group a series of simple calculations was performed. Five levels, distal to proximal, were formed from the sites as follows: 


level 1 - sites A and B; 


level 2 - sites C and D;


level 3 - sites E and F;


level 4 - sites G and H; and


level 5 - site I.

The means for each distal to proximal level were combined in both the diabetes and the age-matched control group. The difference between the results for each level was then calculated and halved to give the average difference between each anatomical level. Therefore in figure 16, at level 1, there was a difference, when using only right data, of .4 between level means of diabetics versus age-matched controls. As one travels more proximally the differences between the diabetes group and the age-matched control group decreases. This occurs in both right data and left and right data combined.
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Figure 18. Site levels are as follows: AB= Apex of Hallux and Apex of fifth toe, CD= Medial First metatarsophalangeal joint and lateral Fifth metatarsophalangeal joint, EF= Tuberosity of the navicular and styloid process of the fifth metatarsal, GH= Medial and Lateral Malleoli, I= The Tibial Tuberosity.
Discussiontc  \l 1 "9. Discussion"PRIVATE 

From the results obtained it appears that distinct differences exist between anatomically accurate, and clinically relevant sites located in the foot and leg when tested with Semmes-Weinstein Monofilaments. Therefore, when a site is selected for assessment in an individual, appropriate consideration should be given to the inherent sensitivity of various sites. These results are similar to results obtained in a previous trial which assessed vibration perception.

Subjects in the diabetes group showed significantly higher thresholds of sensitivity for most sites in comparison to the age-matched control group. This suggests changes occur in people with diabetes which affect their ability to perceive pressure. 

No significant difference was observed between NIDDMs and IDDMs. Neither age, duration of diabetes nor HbA1c were significantly correlated with sensitivity values in NIDDMs and IDDMs.

Differences can be seen to occur between distal site means and mid-foot site means. The mid-foot sites were the most sensitive sites in the foot in both diabetics and age-matched controls. The ankle sites were shown to be the least sensitive of all these sites, the lateral malleolus being the least sensitive site in both diabetics and age-matched controls. This latter result is identical with vibration perception results, however, the sensitivity of the mid-foot site, the navicular tuberosity, was exceptional, being the most sensitive and the most reliable of all sites tested. This contrasts with the previous vibration perception study which showed this site to be the least sensitive site in the foot.  The tibial tuberosity site proved also, unlike vibration perception, to be highly sensitive to pressure with results in this study being extremely similar to those recorded at the navicular tuberosity.

The pattern of pressure perception was very similar between the diabetic and control group, thus, as with vibration perception, each site appears to have an inherent sensitivity to pressure. This result is consistent with:


- the possibility that each site has a certain density of specialised receptors thus determining its sensitivity


- the skin quality of the part; This may affect dispersion of the applied pressure to specialised receptors in the skin.

Anecdotally, it is felt by the author that skin quality plays an important part in the perception of light pressure. It was observed that when the skin quality of a site prevented the applied filament from producing indentation of the skin then the individual was unable to sense the stimulus. This occured most frequently at the tip of the hallux, which although not weightbearing, may be prone to skin quality changes from either circulatory changes (microangiopathic or macrovascular) or from non-enzymatic glycosylation of keratin. Further anecdotal evidence was also noted during this study through the observation that by applying the filament at a slightly different location at the same site there were sometimes marked discrepancies between reported sensitivities. For example, at one site an individual may not be able to feel the filament 4.17. However, with the filament applied at the same site perhaps three millimeters dorsally the individual could perceive the stimulus. This has significant implications for the validity of this and possibly other sensory tests. For this reason the application of each filament three times during the 2-AFC test, aided in reducing this error.

Although an inherent sensitivity was noted in each of the sites, simple analysis comparing the difference between site means at each anatomical level showed a definite distal to proximal "die back effect". The theorised die back effect suggests that peripheral neuropathy begins from the most distal point of an extremity and over time gradually spreads more proximally. This finding was important as this did not occur in the previous vibration perception trial. Thus, this effect may be hypothesised to occur only with certain sensory modalities.  Alternatively vibration perception may not be an accurate method of testing for sensory neuropathy.

