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Introduction

Musculoskeletal disease of the foot and ankle requiring 
reconstructive surgery are common medical conditions in 
the western world and often result in a prolonged rehabili-
tation and considerable productivity losses.1

Disturbed wound healing (DWH) is a relevant and 
feared postoperative complication encountered by patients 
undergoing orthopedic foot and ankle surgery, with a 
reported incidence of 2–15%. Reported risk factors of 
DWH in the literature include, among others, age, cigarette 
smoking, diabetes, and obesity.2–7
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Peripheral artery disease (PAD) is a frequent manifesta-
tion of atherosclerosis in the western world, showing prev-
alence rates of 17–20%, rising with age. Men above 80 
years of age are the subgroup most affected, with preva-
lence rates of up to 25%.8 Signs and symptoms of PAD 
typically include intermittent claudication and critical limb 
ischemia, prone to resulting in trophic lesions comprising 
ulcerations and necrosis. However, epidemiological data 
show that the majority of patients with PAD are asympto-
matic, emphasizing the need for a dedicated diagnostic 
workup in order to identify these patients.8 PAD is a well-
described risk factor for the development of chronic 
wounds, ulcerations, and prolonged wound healing of trau-
matic lesions.9

Yet, despite the potential connection between the two 
conditions, there is a lack of systematic data on the impact 
of PAD on the development of DWH following orthopedic 
foot and ankle surgery. Although many established risk fac-
tors for PAD and DWH are overlapping, current guidelines 
concerning elective foot and ankle surgery fail to address 
PAD or preoperative screening for compromised circula-
tion as a risk stratification regarding the development of 
DWH.10 The aim of our clinical trial was to evaluate if PAD 
is a potential (as yet to be described) independent risk fac-
tor which may contribute to an increase in postoperative 
DWH following orthopedic foot and ankle surgery.

In perspective, preoperative screening and an adjusted 
treatment approach may help to reduce the incidence of 
postoperative DWH.

Methods

Patients

All patients above 45 years of age undergoing foot and 
ankle surgery in two large orthopedics departments (Klinik 
und Poliklinik für Orthopädie, Klinikum rechts der Isar, 
Munich and Schön Klinik München Harlaching, Munich) 
between January 1, 2014 and December 31, 2017 were 
assessed regarding the development of postoperative DWH 
defined as wound dehiscence or secretion (defined as per-
sistent production of fluid from the wound) 21 days postop-
eratively or wound necrosis or deep wound infection. 
Patients meeting criteria for DWH following foot and ankle 
surgery were matched with patients experiencing normal 
postoperative wound healing. Matching was performed 
based on the age and sex of the individual patient. Written 
informed consent was obtained prior to the evaluation for 
PAD, and the local ethics committee approved the study. 
This trial is registered with drks.de, number DRKS00012580.

ABI measurement

All subjects were screened for PAD in the outpatient clinic 
of our angiology department (Klinikum rechts der Isar, 
Munich, Germany), unless the diagnosis was previously 
established and could be obtained from medical files. 
Ankle–brachial indices (ABI) were determined using 
Doppler ultrasound according to current guidelines.11 PAD 
was defined as an ABI < 0.9 or > 1.4 in both ankle arteries 

of one leg (with the higher value being taken for diagnosis 
according to European Society of Cardiology (ESC) guide-
lines) or a history of PAD of the lower extremities.

Statistical analysis

The predefined primary endpoint was the prevalence of 
PAD in both case and control patients. Characteristics of 
the patients and PAD screening outcomes were summa-
rized using descriptive statistics: mean ± SD for quantita-
tive data and frequency (%) for qualitative data. The 
chi-squared test was used to compare distributions of cate-
gorical data, including the primary endpoint, between inde-
pendent groups. The t-test for independent samples was 
used for group comparisons regarding continuous data. A 
logistic regression model was fitted to the data to adjust for 
differences in smoking habits, hypercholesterolemia, 
hypertension, and diabetes between the groups. Data were 
analyzed using SPSS version 20.0 (IBM Corp., Armonk, 
NY, USA) and SigmaPlot version 12.5 (Systat Software 
Inc., San Jose, CA, USA).

Results

Patient population

A total of 51 patients, 45 years of age and older, meeting 
criteria for DWH following foot or ankle surgery were 
identified and matched with 51 patients with normal post-
operative wound healing. Baseline characteristics of all 
patients evaluated are shown in Table 1. The average age 
was 62 ± 10 years, and half of the patients were female. 
Hypertension was the most common cardiovascular risk 
factor and was present in about 60% of patients in the DWH 
group. A history of smoking or active smoking was signifi-
cantly more frequently found in the DWH group as com-
pared to the group with normal wound healing. Diabetes 
was equally distributed between the two groups. Coronary 
artery disease and a history of myocardial infarction or vas-
cular intervention/surgery had a higher prevalence in the 
DWH group as compared to the control group. Consequently, 
permanent medical therapy, including anticoagulation 
(20%) and antiplatelet therapy (31%), was more common 
in the DWH group. Surgical characteristics were similarly 
distributed, exhibiting no significant differences between 
the two groups (online Supplemental Table 1). All patients 
underwent a clinical examination by the orthopedic sur-
geon prior to the foot and ankle surgery. No absent foot 
pulses and no signs of neuropathy were documented. There 
were no amputations or diabetic ulcers present in the stud-
ied population.

PAD distribution

The prevalence of PAD as defined by the ESC was signifi-
cantly higher in the DWH group than in the control group 
(41.2% vs 19.6%, p < 0.01) (Figure 1A). This difference 
was even more distinctive for patients with an abnormal 
ankle–brachial index (ABI) in at least one ankle artery 
(51.0% vs 19.6%, p < 0.001) (Figure 1B). After adjustment 
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for diabetes, hypertension, hypercholesterolemia and 
smoking, any abnormal ABI or a history of PAD remained 
an independent risk factor for the occurrence of DWH 
(odds ratio 3.28; 95% CI 1.24–8.71).

Most of the patients with PAD in both groups were 
asymptomatic before surgery. Roughly 10–20% of patients 
presented with symptomatic PAD (i.e. intermittent claudi-
cation) (Figure 2).

Table 1. Characteristics of the patients at baseline.

Baseline characteristics Disturbed wound healing
(n = 51)

Normal wound healing
(n = 51)

p-value

Age 62.3 ± 9.9 61.5 ± 10.1 0.60
Male sex 26 (51.0) 26 (51.0) 1.00
BMI 27.6 ± 4.9 27.9 ± 4.8 1.00
Hypercholesterolemia 18 (35.3) 10 (19.6) 0.08
Former or current smoker 25 (49.0) 12 (23.5) 0.007
Diabetes 7 (13.7) 7 (13.7) 1.00
Hypertension 31 (60.8) 23 (45.1) 0.11
CAD 12 (23.5) 3 (5.9) 0.01
History of MI 7 (13.7) 1 (2.0) 0.03
History of vascular intervention / surgery 13 (25.5) 2 (3.9) 0.002
Carotid artery disease 4 (7.8) 1 (2.0) 0.17
CVI 3 (5.9) 0 (0) 0.08
Varicose veins 14 (27.5) 13 (25.5) 0.82
Antiplatelet therapy 16 (31.4) 6 (11.8) 0.02
Anticoagulation 10 (19.6) 3 (5.9) 0.04
ACE-inhibitor / ARBs 26 (51.0) 14 (27.5) 0.02
Beta-blocker 14 (27.5) 10 (19.6) 0.35
Calcium antagonist 10 (19.6) 3 (5.9) 0.04
Site of orthopedic pathology
 Forefoot 21 (41.2) 26 (51.0) 0.59
 Midfoot 3 (5.9) 2 (3.9)  
 Hindfoot 27 (52.9) 23 (45.1)  
  Primary surgery 47 (92.2) 47 (92.2) 1.00
  Revision surgery 4 (7.8) 4 (7.8) 1.00
No. of surgical procedures
 Single 31 (60.8) 37 (72.5) 0.21
 Multiple 20 (39.2) 14 (27.5)  

Data are presented as mean ± SD or n (%).
ACE-inhibitor, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; BMI, body mass index; CAD, coronary artery disease; CVI, 
chronic venous insufficiency; MI, myocardial infarction.

Figure 1. Prevalence of PAD as defined by ESC guidelines11 (A) or an abnormal ABI in at least one ankle artery (B) in patients with 
and without DWH after foot and ankle surgery.
ABI, ankle–brachial index; DWH, disturbed wound healing; ESC, European Society of Cardiology; PAD, peripheral artery disease; Pts, patients.
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In patients with DWH, an abnormal ABI was numeri-
cally more common in the operated leg and more frequent 
than in patients without DWH (73.1% vs 60.0%, p = 
0.322) (Figure 3).

In the group with DWH, surgical wound revisions were 
slightly more often performed in patients with proven PAD 
compared to patients with normal peripheral blood supply 
(46.2% vs 36.0%, p = 0.461), suggesting an at least equal 
severity of wound healing disorders and suggesting that 
abnormal ABI is one important risk factor among others. In 
three patients with proven PAD, a secondary revasculariza-
tion was performed (Figure 4).

To evaluate the question of whether further clinical pre-
dictors (beyond the study’s inclusion age > 45 years) can 
help to preselect patients with a high likelihood of abnormal 

ABI, we compared the count of classical cardiovascular risk 
factors (hypertension, cholesterol, diabetes, smoking, fam-
ily history) as well as a PAD risk score based on the REACH 
registry12 of patients with normal and abnormal ABI for all 
study patients. Both risk factor count (normal ABI: median 
1, range 0–4; abnormal ABI: median 2, range 0–5) and PAD 
risk score (normal ABI: median 29, range 17–43; abnormal 
ABI: median 34, range 20–47) did not allow a useful dis-
crimination of patients at risk by a specific cut-off value.

Discussion

The key finding of the current study is that the PAD preva-
lence was significantly higher in patients with DWH fol-
lowing orthopedic foot and ankle surgery compared to 
patients with normal wound healing.

Although PAD is a well-established risk factor for 
chronic wounds, the connection appears to be commonly 
overlooked during the preoperative evaluation of patients, 
if no wounds are present. A situation that is also reflected 
by the current surgical guidelines. Our study clearly dem-
onstrates that even asymptomatic patients with slightly 
abnormal blood supply to the extremities may be at high 
risk for DWH.

ABI in preoperative screening

The data arising from this trial suggest that systematic pre-
operative screening for PAD by ABI measurement may be 
helpful to identify patients at risk for the development of 
DWH. Furthermore, it appears reasonable to further evalu-
ate affected patients for the need of revascularization, pos-
sibly prior to surgery – at least in elective cases. Based on 
our study results, it may be justified to screen all patients 
> 45 years, as early stages of vascular disease may not be 
predicted reliably by risk profile and risk scores.

Figure 3. Location of abnormal ABI regarding operation site.
ABI, ankle–brachial index; N/A, not available; Pts, patients; WH, wound 
healing.

Figure 2. Symptoms of PAD patients prior to orthopedic surgery.
Fontaine Classification: I, asymptomatic; IIa, claudication at a distance > 200 m; IIb, claudication at a distance < 200 m.15

N/A, not available; PAD, peripheral artery disease.
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Figure 4. Necessity of secondary procedures in patients with 
DWH.
ABI, ankle–brachial index; DWH, disturbed wound healing; Pts, patients.

Therapeutic consequences

Interestingly, the majority of patients with abnormal perfu-
sion of the extremities were not symptomatic for PAD at 
the time of orthopedic surgery. In the absence of wounds, 
these patients would not be candidates for revascularization 
therapy according to current recommendations. Finding a 
sensible therapeutic approach for these individuals will be 
demanding. Revascularization being the preferred strategy 
in patients with abnormal ABI, apparent arterial stenosis in 
duplex sonography, and matching symptoms, no such clear 
pathway exists for asymptomatic patients with an abnormal 
ABI and/or duplex sonography finding. In this subgroup of 
patients, several approaches, ranging from patient educa-
tion or an intensified medical therapy (such as vasoactive 
drugs, statins or platelet inhibitors) to revascularization, 
can be discussed.11,13 Furthermore, the angiosome (i.e. the 
anatomic unit of tissue fed by an artery) with altered perfu-
sion and the site of the surgical procedure should be taken 
into account in preoperative planning.14

Alteration of the surgical approach may be a just as impor-
tant option in patients with pathological vascular findings. 
Where applicable, using a less invasive and therefore less 
traumatic operation technique may lead to less tissue damage 
and might be a sensible way to reduce the incidence of DWH 
in individuals with altered peripheral perfusion. In the same 
way, these high-risk patients may benefit from the absence of 
a tourniquet or minimal tourniquet time leading to minimal 
perioperative ischemia.6 In any case, further research will be 
needed to define the optimal approach to asymptomatic vas-
cular patients undergoing orthopedic surgery.

Evaluation of foot pain

Finally, since the distinction between ischemic and muscu-
loskeletal pain in clinical practice can be challenging, 

standard preoperative ABI measurement could improve 
patient selection for both orthopedic procedures and vascu-
lar interventions, as sometimes intermittent claudication 
may be misjudged as musculoskeletal pain and vice versa. 
An interdisciplinary approach encompassing orthopedists 
and angiologists could prove to be helpful in finding an 
optimal strategy. Further data derived from prospective 
studies is needed to underline this concept and to achieve 
integration into guidelines for foot and ankle procedures.

Limitations

The current study is a dual-center case–control study. 
Owing to the small sample size, it cannot adjust for all uni-
dentified risk factors that could be important for the occur-
rence of postoperative DWH. In three-quarters of patients 
with abnormal ABI and DWH, the foot affected by DWH 
also had an abnormal ABI, supporting the idea of a patho-
physiological connection between PAD and DWH in our 
patients. However, the study design does not allow conclu-
sions about causality in the relationship between PAD and 
DWH. Furthermore, owing to the retrospective identifica-
tion of patients, wound evaluation was based on medical 
files. To minimize bias from this fact, clear definitions for 
postoperative DWH were utilized. Our study aimed to pro-
vide a simple approach feasible in primary care and ortho-
pedics settings. Therefore, ABI measurement was chosen 
as the method to screen for PAD. However, ABI measure-
ment may miss obliterating arteriosclerosis below the ankle 
and the values are less meaningful in uncompressible  
arteries of Mönckeberg’s sclerosis. Measurement of toe–
brachial index (TBI) – usually performed by vascular spe-
cialists – can overcome these limitations and should be 
included in a dedicated diagnostic workup for patients with 
DWH and suspected underlying vascular disease. Lastly, 
new cases of PAD may have occurred in the time window 
between surgery and the evaluation for this study. Therefore, 
no patients operated before January 1, 2014 were included 
in the study.

Conclusions

The current study demonstrates that patients with DWH 
following foot and ankle surgery had a higher prevalence of 
PAD compared to patients experiencing normal postoper-
ative wound healing. Systematic preoperative assessment 
of ABI may help to identify patients at risk for postopera-
tive DWH.
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