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Abstract
Background Toe systolic pressures (TSP) are an essential 
part of a lower limb wound assessment. They assist wound 
clinicians ascribe aetiology, and predict wound healing 
capacity, assisting with triage and ongoing care planning.

TSP method The toe cuff should be placed around the base 
of the hallux securely. The photoplethysmography (PPG) 
probe should be placed on the distal pulp of the hallux so 
that the probe is flush with the skin surface, affixed with tape. 
Wait for a strong cyclical signal from the probe to appear on 
the Doppler screen. Next, inflate the cuff, taking care not to 
overinflate. Once a flat line with the PPG signal is obtained 
on the screen, inflate a further 20mmHg. Then, slowly deflate 
the cuff at a rate of 2–5mmHg per second. The first regular 
cyclical waveform on the screen is the point at which the 
pressure in the artery is greater than the pressure in the cuff, 
and is considered the TSP.

Discussion TSP are a valuable measure to include in wound 
practice. TSP are an important part of wound staging 
systems, can predict wound healing capacity and help guide 
ongoing management.

Background
Toe systolic pressures (TSP) are an essential part of a 
thorough lower limb wound assessment1. They assist wound 
clinicians ascribe aetiology, and predict wound healing 
capacity, both of which assist with triage and ongoing care 
planning1. TSP are normally performed in combination with 
other vascular testing methods, such as pulse palpation, 
continuous wave Doppler waveform analysis, and ankle-
brachial indices (ABI). TSP were first described by Lezack 
and Carter in 19702 and are now included in international 
guidelines for wound management3, lower extremity vascular 
assessment4, and wound grading and prediction systems 
such as WIfI (wound, ischaemia, foot infection)5.

TSP are considered advantageous compared to ABI in 
specific patient cohorts because digital arteries are less likely 
impacted by medial arterial calcification (MAC)6,7. MAC is the 
formation of hydroxyapatite in the tunica media of the artery 
which leads to stiffening and loss of elasticity in the vessel 
and can render them incompressible8. This most commonly 
occurs in the calf vessels and is known to interfere with 
the accuracy of lower limb vascular testing methods, and 
also makes some surgical interventions more challenging9. 
In subgroups of people with diabetes, such as those with 
severe renal disease and advanced age (>75 years), MAC is 
more prevalent10–12; therefore, TSP are generally preferred as 
predictors of wound healing over ankle pressures in these 
populations1.

TSP are generally considered to be approximately 6–10mmHg 
less than a brachial pressure due to the increased distance 
from the heart compared to brachial pressures and the 
smaller size of the digital arteries13. TSP are also used in 
calculations of toe-brachial indices (TBIs), which have been 
demonstrated to be a valuable adjunctive vascular testing 
method for identifying peripheral artery disease (PAD)14.
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TSP of less than 50mmHg are generally indicative of 
reduced healing capacity in foot wounds, with lower values 
associated with worse outcomes, including higher likelihood 
of non-healing and amputation15. Chronic limb threatening 
ischaemia (CLTI) is considered when a patient presents 
with tissue loss, ischaemic rest pain, and a TSP of less 
than 60mmHg16. However, there is little data available on 
what a normal TSP should be, with estimates ranging from 
70–100mmHg17,18, and since an upper limit has not yet 
been established, it is currently unclear what the TSP of a 
digit affected by MAC would be. Generally, TSP values of 
greater than 140mmHg in the absence of hypertension could 
be considered elevated and clinicians could hold a high 
suspicion of MAC in the digital arteries. However, it should 
be noted that there is a clear lack of evidence to guide 
practice on this particular aspect of TSP interpretation, so 
interpretation of high values should be done with caution. 
TSP should always be correlated with the pedal and digital 
arterial waveforms, and interpreted in the context of other 
vascular testing methods, the patient, and their wound or 
other presenting clinical picture.

Measurement of TSP has been demonstrated to have good 
levels of inter- and intra-tester reliability19,20. TSP are also 
good predictors of wound healing capacity in diabetic foot 
ulceration21 and chronic foot ulceration19, and predicting 
outcomes post minor amputation22. As the evidence for 
their use continues to grow, TSP are increasingly being 
recognised for their clinical utility; however, many clinicians 
remain uncertain on the measurement technique23,24. This 
narrative review aims to clarify the technical aspects of TSP 
measurement for clinicians who manage lower limb wounds.

TSP measurement technique
Test conditions

There are a number of environmental and physical factors 
which need to be observed in order to optimise accuracy 
of TSP measurement. The room temperature should be 
controlled, and ideally be between 22–24˚Celsius25. Skin blood 
flow is influenced by temperature, with cold temperatures 
inducing vasoconstriction which will unduly influence the 
TSP, leading to an inaccurate reading. The patient should 
also be rested in a supine position for a minimum of 10 
minutes prior to the measurement being taken to stabilise 
blood pressure26. Maintaining this supine position during 
measurement is also important to ensure the toes are at the 
same level as the heart.

Other factors known to influence accuracy of measurement 
include smoking, caffeine intake, and exercise in the 2 
hours prior to measurement27, therefore these should also 
be avoided to optimise the accuracy of the measurement. 
Limb tremor, sudden movement and hyperaemia are also 
known to interfere with the photoplethysmography (PPG) 
signal28. Finally, vaso-neural disorders such as Raynaud’s 
phenomenon are known to influence TSP measurement, with 
structural and functional changes in the arteries29 leading to 
potential reductions in TSP readings.

Equipment

Specialised equipment is required to measure TSP and 
has been cited as one of the barriers to measurement by 
clinicians23,24. Several different types of equipment can be 
used to measure TSP, including PPG mercury strain gauge, 
laser Doppler, and continuous wave Doppler. The most 
commonly used is the PPG which is an infra-red probe which 
uses opacity changes, and changes in blood volume, to 
produce a waveform30.

A sphygmomanometer and digital pneumatic cuff are also 
required, and care should be taken to choose the right 
sized cuff for the digit being measured. The cuff should 
be approximately 1.5 times the diameter of the digit. 
Cuffs that are too small will result in falsely high pressures 
and cuffs that are too large will result in erroneously low 
pressures31. Readily available cuffs come in three sizes, 
1.5, 1.9 and 2.5cm, with 2.5cm suitable for most halluces 
and 1.5cm suitable for most other digits32. A Doppler unit 
that is compatible with the probe is required, and a range 
of equipment is currently available. Manual measures are 
currently preferred33; however, some automated devices 
have been validated and shown to have adequate levels 
of reliability and accuracy34. With practice, a manual TSP 
measurement should take less than 5 minutes to perform 
including the application and removal of testing equipment.

Technique

Normal hand hygiene should be followed and wearing of 
gloves is recommended, particularly in wounded patients. 
The cuff should be placed around the base of the hallux 
carefully, ensuring that no excess pressure is exerted on the 
digit whilst not inflated, however sufficiently firm to keep it in 
place. Care should also be taken with placement of the PPG 
lead to minimise any effect of lead movement or sway on 
the signal. In the absence of a hallux, or if a wound prevents 
placement of the probe, the second digit can be used as a 
substitute and has been shown to be equivalent32.

There is currently a lack of evidence for the accuracy of other 
lesser digits; however, smaller digits make cuff position and 
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Figure 1. PPG probe placement and PPG waveform
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PPG placement challenging. In these cases, other methods 
of non-invasive vascular assessment can be considered, 
such as ankle pressures or continuous wave Doppler, or 
further information from vascular imaging and/or a vascular 
consultant could be sought, particularly if the limb appears 
threatened with the overall clinical presentation.

The PPG probe should be placed on the distal pulp of 
the hallux so that the probe is flush with the skin surface 
to ensure that no light can enter the underside of the 
probe (Figure 1). The PPG can be taped into place with 
hypoallergenic tape. It is important to ensure that the leads 
are positioned well, so as not to be moved during inflation 
of the cuff. The PPG probe is very sensitive to movement, 
so movement from the patient and also from an inflating cuff 
can result in interference to the waveform on the screen.

Wait for a strong cyclical signal from the probe to appear 
on the Doppler unit screen (Figure 1). The PPG waveform 
can be interpreted qualitatively, with dampening, delay and 
diminishment of the PPG waveform occurring with increasing 
severity of PAD35. Next, inflate the cuff, taking care not to 
overinflate as the smaller sized cuff does not take much 
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Figure 2. Two examples of the return of the PPG waveform – a TSP of 105mmHg and a TSP of 19mmHg

effort to inflate and can easily burst if overinflated. Do not 
inflate the cuff greater than 250mmHg to avoid damaging the 
cuff. The waveform should generally flatten between 150–
200mmHg; this may be lower in a severely diseased patient. 
Once a flat line with the PPG signal is obtained on the screen, 
inflate a further 20mmHg. Then, slowly deflate the cuff at 
a rate of 2–5mmHg per second. The first regular cyclical 
waveform (blip) on the screen (Figure 2) is the point at which 
the pressure in the artery is greater than the pressure in the 
cuff, and is considered the TSP.

This is often quite small and subtle, and commonly missed by 
novices. Another common error is waiting for the waveform 
to return to its baseline size and shape – this will result in an 
erroneous measure (value lower than the actual TSP). If an 
error is made, and the pressure needs to be re-measured, the 
clinician should wait 3 minutes before taking a subsequent 
measure. This will avoid a hyperaemic response which will 
artificially increase the TSP value temporarily36. Once satisfied 
with the TSP measurement, release the sphygmomanometer 
pressure and remove equipment, ensuring that all equipment 
is decontaminated with an alcohol or neutral wipe at the end 
of the testing procedure. A brief step-by-step guide for TSP 

Table 1. Brief instructions for TSP measurement

Equipment needed Method (step-by-step)

• Handheld Doppler/PPG unit

• Manual sphygmomanometer

• Toe cuffs (2.5, 1.9 and 1.5cm)

• Photoplethysmography probe (PPG)

• Cleansing wipes

•  Hand washing facilities, hand gel 
and examination gloves

• Gain patient consent

• Perform hand hygiene

•  Rest the patient in a supine (flat) position for a minimum of 10 minutes

• Place appropriately sized toe cuff around hallux

• Attach the toe cuff to the sphygmomanometer

•  Attach the PPG sensor to the pulp of the hallux, affixing with hypoallergenic tape

• Insert the PPG probe into the Doppler/PPG unit

•  Switch the unit on and wait for a strong, regular signal

• Evaluate the waveform qualitatively

•  Inflate the toe cuff with the sphygmomanometer lightly and slowly until the 
waveform flattens (normally between 150–200mmHg), then inflate a further 
20mmHg

•  Slowly release the cuff at a rate of 2–5mmHg per second

•  The first regular cyclical waveform is considered the toe systolic pressure

• Remove equipment, decontaminate equipment, and perform hand hygiene
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measurement, including equipment required, is located in 
Table 1.

Use of TSP in international guidelines
TSP are a useful clinical test and as such are included in 
multiple international guidelines for wound and vascular 
assessment. The International Working Group for the 
Diabetic Foot (IWGDF) guidelines suggest clinical vascular 
examination of all patients with diabetes and foot ulceration 
be conducted in order to identify PAD3, with TSP of less 
than or equal to 30mmHg necessitating urgent imaging 
and revascularisation. Other international guidelines, such 
as the American Heart Association guidelines for lower 
extremity PAD4, stipulate the use of TSP as a useful 
adjunct test to identify significant arterial occlusive disease. 
Wound grading and prediction systems such as WIfI5 use 
and prefer TSP measurement to fulfil the system’s risk 
stratifications including risk of amputation and benefit of 
revascularisation. The global guidelines on CLTI mandate 
assessment of foot perfusion in patients with diabetic foot 
ulcer and/or those suspected of having CLTI (presence of 
PAD in combination with rest pain, gangrene or lower limb 
ulceration >2 weeks’ duration)16. These guidelines suggest 
that assessment should include TSP and TBI, with TBI values 
of less than 0.7 considered abnormal, and TSP values less 
than 30mmHg typically associated with advanced ischaemia. 
This recommendation was made to ensure that CLTI is not 
missed in such patients for whom a foot ulcer may be a 
precursor to amputation. As the evidence for TSP and TBI 
continue to grow, the uptake into clinical guidelines will also 
likely increase.

Care planning and onward referral
Ideally, foot wound and vascular care would be provided as 
part of an integrated, multidisciplinary limb salvage team, 
but this is not possible or practical in all clinical settings. 
This is particularly the case in areas of rural and remote 
Australia, where specialised integrated services are lacking. 
Pulse examination alone is necessary but insufficient to 
evaluate perfusion in the wounded lower limb9. A validated 
limb-staging system such as WIfI should be used to stage 
the limb and its predicted risk of amputation, as well as to 
guide initial therapy. In patients with active foot wounds, the 
preferred measurement of foot perfusion is TSP, although 
ABIs may be used in situations where they can be expected 
to be reliable, such as in patients who have compressible 
vessels without MAC.

WIfI staging is based on grading the wound, the perfusion, 
and the presence and severity of wound infection. The 
combination of grades in each of these three domains is 
used to place the patient into clinical stages (1 to 4) that 
correlate with 1-year amputation risk. Details of this system 
are available in the original publications5,16 and a free mobile 
application is available to calculate WIfI grades and clinical 
stages. Any patient with a foot ulcer and ischaemia Grade 2 

or 3, as well as any patient with WIfI Clinical Stage >2 should 
be referred urgently to a vascular surgeon/specialist for 
further assessment of PAD. Where the wound assessment 
takes place in remote areas, locations far away from vascular 
departments, during times such as the recent COVID 
pandemic, or when the clinician is unsure of severity, a timely 
telemedicine consultation with the vascular team, including 
any WIfI results on hand, may be helpful to assist decision-
making, triage, and avoidance of amputations.

Clinical Stage 1 patients, and those patients with Grade 0 
ischaemia based on TSP >60mmHg, will usually heal with 
offloading and optimal wound care. However, even in these 
cases, vascular referral should be considered if wound 
healing stalls, or fails to occur, after 4–6 weeks of optimal 
care. In addition, it should be noted that TSP reflects toe 
and forefoot perfusion. There are patients with regional 
malperfusion of the foot, so these measurements should 
be interpreted with caution in patients with midfoot and 
hindfoot ulcers, particularly if the posterior tibial artery may 
be severely stenosed or occluded37, which may present as a 
low posterior tibial artery systolic pressure or an absent or a 
dampened monophasic Doppler waveform signal38.

In people with chronic lower limb oedema, ABI has long 
been suggested as part of the holistic assessment to 
determine safety prior to considering the use of compression 
bandaging or hosiery39, with most guidelines stipulating an 
ABI of greater than or equal to 0.8 is required to proceed 
with high-level compression40. TBI has also been advocated 
where ABI is difficult due to the presence of oedema or in 
cases of MAC41. Despite these recommendations, TBI seems 
to be rarely used by lower limb clinicians to date, despite 
barriers to ABI performance, such as limb oedema, being 
common in people admitted in hospital for foot ulceration42. 
Despite little published research to date in this area, TSP 
may therefore have an important role in the assessment and 
management of chronic limb oedema, particularly where ABI 
is unsuitable for the reasons discussed above.

Conclusion
TSP are a valuable vascular testing method to include in 
wound assessment practice, particularly in patients with 
active foot ulceration, diabetes or renal disease. TSP are an 
important part of wound staging systems, and can predict 
wound healing capacity and help guide ongoing management. 
TSP play an important part of a comprehensive wound and 
lower limb vascular assessment and, once learned, are quick 
and easy to perform.
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