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GENERAL INTRODUCTION 

Foot/ankle surgery is probably not the first thing that comes to mind when you think of 
trauma surgery. A trauma surgeon, to the layman’s eyes, is a doctor who heroically saves 
victims with the gravest injuries, either in the hospital or directly on-site. Perhaps this is due 
to the word ‘trauma’, of which all definitions include the word ‘severe’. The Cambridge 
Dictionary defines trauma as ‘severe emotional shock and pain caused by an extremely 
upsetting experience’, or (the medical definition) ‘severe injury, usually caused by a violent 
attack or an accident’[1]. However, if we go a bit further back in history, the word is actually 
derived from the ancient Greek ‘τραῦμα’, which means damage or wound[2]. This word gets 
closer to defining the full range of patients that are treated by a trauma surgeon in the 
Netherlands (orthopedic trauma surgeon in the rest of the world), namely all patients with an 
injury, whether that injury is severe/resulting from multi-trauma, or more isolated damage 
like a broken foot or ankle.  

Although the foot/ankle area seems small, it is nonetheless a vital part of your body. The foot 
and ankle consist of 30 bones, 34 joints, 107 ligaments, and 19 muscles, working together like 
a Swiss clock. Without the full function of our lower extremities, ‘normal’ day to day activities 
would be significantly impaired. Therefore it is of paramount importance to aim for the 
restoration of full function of the lower limb after an injury. Luckily, to a certain extent, the 
body was built to naturally regenerate, and doctors merely have a supporting role.  

Part of the oath that we swear by upon receiving the title of doctor, is the sentence “first, do 
no harm” (primum non nocere)[3]. In a way, surgery itself might be considered harm, which is 
why it is so important to always outweigh the benefits and risks of a procedure and to involve 
the patient in this process. A big part of not doing harm, is to prevent unfavorable outcomes 
of surgical interventions, or complications. One of the most frequently seen complications of 
orthopedic lower extremity surgery is a surgical site infection (wound infection), with the 
highest incidences in trauma-related surgery[4]. In procedures of the foot/ankle area, the 
surgical site infection rate seems to be particularly high, compared to other parts of the 
body[5]. The aim of this thesis was to identify the incidence and risk factors for surgical site 
infection, to prevent surgical site infections and to evaluate the outcome of trauma-related 
foot/ankle surgery. Since restoration of functionality is one of the most important goals of 
trauma surgery, the focus lies on patient reported outcome measures.
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THESIS OUTLINE 

 

PART ONE 

Incidence and Risk Factors of Surgical Site Infections 

Orthopedic trauma procedures of the foot and ankle have a relatively high rate of surgical site 
infections[4,6]. This seems to be comparably high in both acute fracture surgery and in 
elective procedures, such as implant removal[5,7]. In CChhaapptteerr  11  we  will investigate this rate in 
a literature review, focusing on the incidence of surgical site infections in syndesmotic screw 
removal, a common procedure in orthopedic trauma surgery. In addition to the incidence, the 
risk factors for developing a surgical site infection will be addressed. These risk factors can be 
divided in 1. patient-related factors, 2. injury-related factors, 3. procedure-related factors and 
4. environmental risk factors.  

The first three categories of risk factors contain variables that are consistently mentioned in 
studies investigating surgical site infections (e.g. gender, age, type of fracture, type of surgery, 
duration of surgery)[8,9]. This might be due to the fact that these factors are usually well 
documented in medical records, which makes it easier to collect them, also in retrospective 
studies. Another reason could be that these risk factors are relatively easy to explain and 
unifactorial (not consisting of multiple potentially causative factors). This makes that these 
variables are relatively easy to use in prediction models for infection. CChhaapptteerr  22  assesses the 
role of these unifactorial risk factors in calcaneal fracture surgery and aims to identify which 
factors are significant predictors for surgical site infections.  

The last mentioned category, environmental risk factors, contains variables such as 
geographical region, socioeconomic status, and season[10,11]. These are all multifactorial risk 
factors, in which the element responsible for a possible correlation is not always clear. One of 
these risk factors, season of surgery, has been described to be of influence in orthopedic 
surgery where surgical site infections seemed to be particularly common in summer[12,13]. In 
CChhaapptteerr  33  we explore “seasonality” as a potential predictor of wound complications in trauma 
surgery of the foot, ankle and lower leg. Moreover, we try to analyze possible variables that 
could cause this effect. 

 

 
PART TWO 

Prophylactic Antibiotics to Prevent Surgical Site Infections 

Since the implementation of prophylactic antibiotics in closed fracture surgery, infection rates 
have decreased[14,15]. First-generation cephalosporins (e.g., cefazolin) are the 



THESIS OUTLINE 

11 

recommended prophylactic antibiotics in orthopedic/trauma surgery because of their broad-
spectrum effect on the most common pathogens, and relatively low costs[16]. However, the 
evidence to support the correct dose, duration and indication for prophylactic antibiotics 
remains limited. In order to prevent infections using prophylactic antibiotics, sufficient 
concentrations at the target site (location of surgery) are required. In CChhaapptteerr  44  we will assess 
the effect of: 1. variation in dose (1 or 2 g) of cefazolin, and 2. the location of the target site, 
on measured target site antibiotic concentrations during orthopedic lower extremity surgery.  

To further explore the clinical meaning of different administered dosages of cefazolin, we will 
look at the difference in infection rate between patients receiving 1g and 2g of cefazolin in a 
retrospective cohort study ((CChhaapptteerr  55)). The WIFI trial previously investigated the effect of a 
single dose of 1g of cefazolin as prophylaxis in implant removal below the level of the knee[7]. 
Surprisingly, the infection rates in the WIFI trial were high but did not differ between 
intervention and placebo groups. Since both dosage and location of the target site (distal part 
of lower extremity) might have been an issue in this trial, the WIFI-2 trial was designed. In 
CChhaapptteerr  66  we will describe the protocol of the WIFI-2 trial, in which we will investigate the 
effect of 2g of cefazolin on the rate of surgical site infections in implant removal below the 
level of the knee. Moreover, in this trial we will measure target site concentrations of 
cefazolin and try to link these results to the clinical outcome.  

PART THREE 

Patient Reported Outcome in Foot/Ankle Surgery 

Given the high rate of surgical site infections in foot/ankle surgery, it is always important to 
outweigh the benefits and risks of a procedure. Although in orthopedic trauma surgery the 
decision to operate is often not a choice but a necessity, this is not the case for all 
procedures. Implant removal for example is an elective procedure, meaning that it is 
“plannable” care and not always strictly necessary. For some implants however, routine 
removal is still common practice. In CChhaapptteerr  77  we describe the functional outcome after 
elective implant removal below the level of the knee. Using the secondary outcome measures 
of the WIFI trial (LEFS, EQ-5D) we assess whether there is a statistical difference, but also 
whether the minimal clinically import difference is exceeded, resulting in a clinically relevant 
improvement.  

A specific type of implant, the syndesmotic screw (used in syndesmotic injuries) are 
commonly removed after 8-12 weeks because they are believed to limit range of motion and 
cause pain or break when left in place. Since more recent studies have indicated that a 
broken screw left in place might in fact not be cause for a worse functional outcome, the 
RODEO trial (CChhaapptteerr  88) was initiated. In this multicenter randomized controlled trial we 
compare functional outcome 12 months after syndesmotic screw fixation between routine 
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removal (8-12 weeks) and on demand removal (upon patients request). In both chapter 7 and 
8 we use validated questionnaires as patient reported outcome measures. Another form of 
patient reported outcome that is interesting for research purposes is claim analysis. In 
CChhaapptteerr  99  we investigate malpractice claims from a medical liability insurer that insures 
around 50% of non-academic hospitals in the Netherlands. We will analyze the incidence, 
characteristics and outcome of claims in orthopedic foot/ankle surgery. Since these claims 
were all patient reported, whether or not they were settled or declined, they are an 
interesting representation of patient’s complaints and can offer valuable lessons by helping to 
identify opportunities to improve care. 

 

 

  



THESIS OUTLINE 

13 

REFERENCES 

[1] Cambridge University Press.
https://dictionary.cambridge.org/dictionary/en
glish/trauma

[2] https://en.wiktionary.org/wiki/
%CF%84%CF%81%CE%B1%E1%BF%A6%CE%B
C%CE%B1

[3] Van Everdingen JJE, Horstmanshoff
HFJ. De nieuwe Nederlandse artseneed. Ned
Tijdschr Geneeskd 2005;149:1062–7.

[4] Modha MRK, Morriss-Roberts C,
Smither M, Larholt J, Reilly I. Antibiotic
prophylaxis in foot and ankle surgery: A
systematic review of the literature. J Foot
Ankle Res 2018;11.

[5] Backes M, Schep NW., Luitse JS.,
Goslings J., Schepers T. High Rates of
Postoperative Wound Infection Following
Elective Implant Removal. Open Orthop J
2015;9:418–21.

[6] Feilmeier M, Dayton P, Sedberry S,
Reimer RA. Incidence of Surgical Site Infection
in the Foot and Ankle with Early Exposure and
Showering of Surgical Sites: A Prospective
Observation. J Foot Ankle Surg 2014;53:173–5.

[7] Backes M, Dingemans SA, Dijkgraaf
MGW, Van den Berg HR, Van Dijkman B,
Hoogendoorn JM, et al. Effect of antibiotic
prophylaxis on surgical site infections following
removal of orthopedic implants used for
treatment of foot, ankle, and lower leg
fractures a randomized clinical trial. JAMA - J
Am Med Assoc 2017;318:2438–45.

[8] Wise BT, Connelly D, Rocca M,
Mascarenhas D, Huang Y, Maceroli MA, et al. A
Predictive Score for Determining Risk of
Surgical Site Infection after Orthopaedic
Trauma Surgery. J Orthop Trauma
2019;33:506–13.

[9] Reese SM, Knepper B, Young HL,
Mauffrey C. Development of a surgical site
infection prediction model in orthopaedic
trauma: The Denver Health Model. Injury
2017;48:2699–704.

[10] Schröder C, Schwab F, Behnke M,
Breier AC, Maechler F, Piening B, et al.
Epidemiology of healthcare associated
infections in Germany: Nearly 20 years of
surveillance. Int J Med Microbiol
2015;305:799–806.

[11] WHO. Report on the burden of
endemic health care-associated infection
worldwide. Geneva 2011.

[12] Sagi HC, Cooper S, Donahue D,
Marberry S, Steverson B. Seasonal variations in
posttraumatic wound infections after open
extremity fractures. J Trauma Acute Care Surg
2015;79:1073–8.

[13] Anthony CA, Peterson RA, Sewell DK,
Polgreen LA, Simmering JE, Callaghan JJ, et al.
The Seasonal Variability of Surgical Site
Infections in Knee and Hip Arthroplasty. J
Arthroplasty 2017;33:510-514.e1.

[14] Boxma H, Broekhuizen T, Patka P,
Oosting H. Randomised controlled trial of
single-dose antibiotic prophylaxis in surgical
treatment of closed fractures: The Dutch
Trauma Trial. Lancet 1996;347:1133–7.

[15] Burnett JW, Gustilo RB, Williams DN,
Kind AC. Prophylactic antibiotics in hip
fractures. A double-blind, prospective study. J
Bone Jt Surg - Ser A 1980;62:457–62.

[16] Berrios-Torres S, Umscheid C, Bratzler
D. Centers for disease control and prevention
guideline for the prevention of surgical site
infection, 2017. JAMA Surg 2017;152:784–91





PART 1
INCIDENCE AND RISK FACTORS OF 

SURGICAL SITE INFECTIONS



CHAPTER



1 SURGICAL SITE INFECTIONS FOLLOWING 
ROUTINE SYNDESMOTIC SCREW 
REMOVAL; A SYSTEMATIC REVIEW

Sanders FRK, Birnie MFN, Penning D, Goslings JC, Schepers T

Journal of Orthopaedic Trauma, 2020



PART ONE  I  CHAPTER 1 

18 
 

ABSTRACT 
 

INTRODUCTION 
Distal tibiofibular syndesmotic injuries are a common problem in foot/ankle surgery, being 
present in approximately 15-20% of surgically treated ankle fractures or as an isolated injury. 
One of the most commonly used ways of fixation is the syndesmotic screw (SS), which is 
usually removed 8-12 weeks after placement. Besides the fact that it is not always easy to 
remove implants, surgical site infections (SSIs) occur in up to 20% following implant removal. 
Aim of this systematic review was to investigate the incidence of SSIs after routine removal of 
SSs. 

METHODS 
A systematic literature search was performed in the PubMed, Cochrane, and EMBASE 
databases for studies published online before April 30th 2019, using the key words and 
synonyms of “syndesmotic screw”, “ankle fractures” or “syndesmotic injury” and “implant 
removal”. Studies were eligible for inclusion when they described adult patients undergoing 
elective/scheduled removal of the SS. Primary outcome was SSI, secondary outcomes 
included predictors for infection and other complications. 

RESULTS 
After screening and selection, 15 articles remained for inclusion, of which the majority were 
retrospective cohort studies. The mean age of all included patients [N=936] was 39.9 years 
old and the majority was male (61.6%). The percentage of SSIs ranged from 0 to 9.2%, with a 
weighted mean of 4%, comprising both superficial and deep infections. The largest proportion 
of these infections were superficial (3%, 95% CI: 2-5), compared to 2% deep infections (95% 
CI: 1-4). Predictors for infection could not be identified, although some studies described a 
benefit from prophylactic antibiotics. 

CONCLUSIONS 
The SSI rate after SS removal found in this review is comparable to that of other foot/ankle 
procedures. Although prophylactic antibiotics may be able to reduce this rate, the individual 
indication of SS removal should be carefully considered. 
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INTRODUCTION 

Current literature shows that syndesmotic injuries are commonly diagnosed in foot/ankle 
surgery with an incidence of 15-20% in surgically treated ankle fractures, which does not 
include isolated syndesmotic injury[1,2]. The need for fixation of syndesmotic injuries and the 
preferred method to be used are still subject to debate. Most studies conclude that if 
intraoperative stress testing following stable fixation of the fractures shows instability 
(diastasis) of the syndesmosis, indicating that the congruity of the ankle joint is at risk, surgical 
treatment is warranted[2–5]. However, there is still some questioning whether or not fixation 
ensures a better functional outcome, even in positive intraoperative stress tests[6]. In 
isolated syndesmotic injury (without accompanying fracture), diagnosing syndesmotic 
disruption may be even more difficult since intraoperative stress testing is not applicable. 
However, if diastasis is present at radiographic imaging, indicating unstable syndesmotic 
injury, studies agree that surgical fixation is indicated and that non-surgical management 
shows high complication rates[4].  

The jury is still out on the optimal fixation method of syndesmotic injury, and questions 
continue to arise with the emergence of new techniques[4,7]. However, the most commonly 
used methods of fixation remains the syndesmotic screw (SS)[4,7,8]. With one or two 
positioning screws, placed through three or four cortices of the fibula and tibia, adequate 
alignment and congruity of the mortise is achieved. Since the distal syndesmosis is a dynamic 
joint, limiting the natural movement of this joint by placement of a SS is thought to impair full 
range of motion of the ankle[9]. Therefore, SSs are often routinely removed after 8-12 weeks, 
despite a lack of obvious improvement of range of motion or functional outcome[10–12].  

Although implant removal in general is a frequently performed and relatively short procedure, 
it has proved not to be without risk[13]. Besides the fact that it is not always easy to remove 
implants[14], surgical site infections (SSIs) occur in up to 20% following implant removal[15–
17]. This systematic review therefore aims to investigate the incidence of SSIs after routine 
removal of SSs.  

  

METHODS 

SSeeaarrcchh  ssttrraatteeggyy    
This study was conducted according to the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) guidelines. It was registered in the PROSPERO International 
prospective register of systematic reviews under registration number CRD42019144807. A 
systematic literature search was performed in the PubMed, Cochrane, and EMBASE databases 
for studies published online before February 6th, 2020. The databases were searched using 
terms and synonyms of “syndesmotic screw”, “ankle fractures” or “syndesmotic injury” and 
“implant removal”.  
  



PART ONE  I  CHAPTER 1 

20 
 

SSttuuddyy  SSeelleeccttiioonn  
Titles and abstracts were screened for relevance by two independent reviewers (FS and MB). 
Subsequently full-text articles were assessed by the same reviewers, based on the inclusion 
and exclusion criteria. Reference lists of all included papers and PubMed ‘related articles’ 
were screened manually to identify initially missed but relevant studies. Conflicts in screening 
were discussed by the two reviewers and if needed by a third (TS) until consensus on 
eligibility was reached.  

Studies were eligible for inclusion when they described adult patients undergoing 
elective/scheduled removal of the SS. This was defined as removal on a pre-established point 
in time, at least 6 weeks after initial fixation of the syndesmosis. Single cohort studies and 
comparative studies were both included. If a study described both planned removal and on 
demand removal, it was only included if it was possible to extract data specifically for eligible 
patients. Studies including only patients undergoing implant removal because of complaints 
were excluded. Studies were excluded if SSIs or wound complications of implant removal 
were not described/mentioned, if the implant removal encompassed not only the SS but 
other material (plate or additional screws) as well or if they were animal/cadaver studies. 
Editorials, proceedings, conference abstracts and (systematic) reviews were also excluded, as 
well as articles without a full text in English, Dutch, German, French, Spanish or Italian.  

  
DDaattaa  EExxttrraaccttiioonn  
Data was extracted using a customized extraction sheet (based on the a Cochrane template). 
One reviewer (FS) extracted the data and the other reviewer (MB) verified it. Multiple 
publications using the same study population were filtered out by juxtaposing author names 
and reviewing study inclusion periods, study designs and treatment combinations. In case of 
duplicate publications, all published information was combined to ensure comprehensiveness 
of data. Extracted were: characteristics of the studies, the study population, the intervention 
and the outcome of interest. Study characteristics included: author, year of publication, 
number of included patients, and study design. Population characteristics consisted of 
inclusion and exclusion criteria, age, gender, BMI, comorbidities and smoking habits of the 
participant, and whether or not they were allowed weight-bearing before screw removal. 
Characteristics of the intervention were: type and number of placed screw(s), timing of 
removal (in days after placement), prophylactic antibiotics, whether or not it was complete 
implant removal or isolated syndesmotic screw removal while additional material remained in 
place and what the weight-bearing protocol was after removal. The outcome of interest was 
SSI after syndesmotic screw removal (SSR), divided in superficial SSI and deep SSI. 
Additionally, other complications of SSR were extracted, as well as potential risk factors for SSI 
identified within the cohorts. 
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SSttaattiissttiiccaall  AAnnaallyyssiiss 
Descriptive statistics were used to present data from the included studies. The primary 
outcome was presented as a weighted mean, using inverse variance. All statistical analyses 
were performed using Review Manager (RevMan, Version 5.3. Copenhagen: The Nordic 
Cochrane Centre, The Cochrane Collaboration, 2014) and RStudio (RStudio Team (2015). 
RStudio: Integrated Development for R. RStudio, Inc., Boston, MA URL 
http://www.rstudio.com/).    

FFiigguurree  11..  PPRRIISSMMAA  ffllooww  ddiiaaggrraamm  ooff  iinncclluussiioonn  
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FFiigguurree 22 RRiisskk ooff BBiiaass AAsssseessssmmeenntt 

RRiisskk ooff BBiiaass AAsssseessssmmeenntt
Studies were individually screened for quality and risk of bias using the Newcastle-Ottawa 
Scale (NOS), designed to assess the quality of nonrandomized cohort studies (Wells et al., 
2013). Using a modified version of this scale with topic specific rating criteria, studies were 
judged on seven items within three domains; selection, comparability and outcome. Each 
item was scored as either good, poor or unclear, a “good” score resulting in one or two stars, 
with a maximum of eight stars. Quality screening was performed by one reviewer [FS] and 
subsequently checked by another reviewer [MB].   

RESULTS
After screening and selection, 15 articles remained for 
inclusion, as shown in Figure 1[18–32]. The included 
studies consisted of 10 retrospective cohort 
studies[18,20–22,24–26,28,30,33]; 4 randomized 
controlled trials[19,23,27,29]; and 1 prospective cohort 
study[31].
 
RRiisskk ooff bbiiaass
A summary of the quality assessment is shown in Figure 
2. A minimal score on the NOS, suggesting good quality 
or low risk of bias, has not been established. However, 
the overall risk of bias in the included studies seemed 
high, with only 4 studies scoring 5 stars or more out of 
8[18,20,27,29]. Especially the number of studies 
correcting for confounders was low, and the adequacy 
of follow-up was often lacking.

BBaasseelliinnee cchhaarraacctteerriissttiiccss
Patient’s baseline characteristics and surgical 
characteristics are shown in Table 1. The mean age of all 
included patients [N=936] was 39.9 years old and the 
majority was male [61.6%]. In 75.9% of patients, only 1 
SS was placed and in 71.6% of cases the screw[s] were 
placed through 4 cortices. Out of the 10 studies who 
described their weight-bearing protocols, 8 allowed 
patients some form of weight-bearing before removal. 
After SSR, nearly all studies reported that immediate full 
weight-bearing was allowed, except for Sugi et al., where a small part of patients had a partial 
or non-weight bearing policy for 2 weeks after SSR[22]. The timing of SSR ranged from 6 
weeks to 4 months, with an average of 12 weeks after syndesmotic screw placement.
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CCoommpplliiccaattiioonnss 
The percentage of SSIs ranged from 0 to 9.2%, with a weighted mean of 4%, including both 
superficial and deep infections (Table 2, Figure 3). The rate of  superficial SSIs was 3% (95% CI: 
2-5), compared to 2% deep infections (95% CI: 1-4). How the included articles defined SSI is 
shown in Table 2. Other SSR complications documented were recurrent diastasis, complex 
regional pain syndrome (CRPS), pain with another etiology and wound dehiscence (Table 2). 
Wound dehiscence was defined as a partial or total separation of previously approximated 
wound edges, due to a failure of proper wound healing, without clinical signs of infection, 
therefore not qualifying as a SSI according to the Centers for Disease Control and Prevention 
(CDC) criteria[34]. Breakage of the SS before removal and potential corresponding 
complications were not documented. 

FFiigguurree 33 IInncciiddeennccee ooff SSuurrggiiccaall SSiittee IInnffeeccttiioonnss 

Within studies with a minimum score of 5 stars on the quality assessment, the weighted 
mean proportion of SSIs was 6% (Figure 4). The proportion of superficial and deep SSIs in 
these studies was 4% (95% CI: 2-7) and 2% (95% CI: 1-5) respectively. 

FFiigguurree 44 IInncciiddeennccee ooff SSuurrggiiccaall SSiittee IInnffeeccttiioonnss iinn hhiigghh qquuaalliittyy ssttuuddiieess 
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TTaabbllee    22  CCoommpplliiccaattiioonnss  ooff  SSyynnddeessmmoottiicc  SSccrreeww  RReemmoovvaall  
  

Study N* Definition/description 
SSI** 

SSI (%)* Superficial 
Deep 

Other compl. Total 
compl. 

Andersen 
2015 

161 ND, deep: 
hospitalization/revision  

8 (5.0%) 5 (3.1%) 
3 (1.9%) 

RD (N=1) 
DVT (N=1) 
hypersens. Scar 
(N=1) 

10 (6%) 

Boyle 2014 24 ND, superficial: AB, 
deep: AB+ 
debridement+ IR 

2 (8.3%) 1 (4.2%) 
1 (4.2%) 

0 2 
(8.3%) 

Ebraheim 
1997 

17 ND 1 (5.9%) 1 (5.9%) RD (N=2) 3 
(17.6%) 

Hamid 2009 15 ND 0  0 0 
Hoiness 2004 30 CDC criteria  0  ND 0 
Juarez-
Jimenez 2018 

207 ND, 1: AB, purulent 
discharge/pain/fistula, 
1: AB 

2 (0.96%) 2(0.96%) WD (N=2) 
RD (N=1) 

5 
(2.4%) 

Kaukonen 
2005 

18 ND, purulent arthritis 1 (5.6%) 1 (5.6%) 0 1 
(5.6%) 

Maempel 
2014 

19 ND 1 (5.3%) 1 (5.3%) WD (N=1) 
RD (N=1) 

3 
(15.8%) 

Miller 2010 25 ND 0  ND 0 
Mohammed 
2011 

12 ND 0  RD (N=1) 1 
(8.3%) 

Schepers 
2011 

76 CDC criteria,  
superficial: AB, deep: 
hospitalization/revision 

7 (9.2%) 5 (6.6%) 
2 (2.6%) 

RD (N=5) 12 
(15.8%) 

Steinmetz 
2016 

126 ND, superficial: local 
wound care, deep: 
debridement+ AB+ 
local wound care 

4 (3.2%) 1 (0.8%) 
3 (2.4%) 

CRPS (N=12) 
anterior 
impingement 
(N=2) 

18 
(14.3%) 

Sugi 2019 170 CDC criteria, 1: AB, 
stitch abscess, 1: AB, 
incisional cellulitis 

2 
(1.2%)*** 

2 (1.2%) 0 2 
(1.2%) 

Thordarson 
2001 

15 ND, superficial: AB 1 (6.7%) 1 (6.7%) 0 1 
(6.7%) 

Walker 2015 21 ND, superficial: oral AB 1 (4.8%) 1 (4.8%) lateral ankle pain 
(N=2) 
AVN tibial 
plafond (N=1) 

4 (19%) 

AB: antibiotics, AVN: avascular necrosis, CRPS: complex regional pain syndrome, DVT: deep venous thrombosis, 
IR: implant removal, ND: not described, RD: recurrent diastasis, RR: routine removal, SS: Syndesmotic screw, SSI: 
surgical site infection, WD: wound dehiscence 

*No of patients with RR of SS 
** The definition of SSI that included studies mentioned in the Methods section and/or description of how the 
individual SSIs were defined/treated 
***1.2% of total, 3.3% of patients not receiving AB 
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RRiisskk  ffaaccttoorrss  
Of the 10 studies which found infectious complications after SSR, 4 described the presence or 
the effect of known risk factors on the infection rate. Andersen et al. could not identify a 
significant relationship between infection and gender, age, time from primary surgery to 
screw removal, BMI, remaining hardware, ASA classification or smoking status[18]. Juárez-
Jiménez et al. displayed the presence of several risk factors (Diabetes Mellitus, being 
underweight, obesity, smoking, prophylactic antibiotics, atopy, autoimmune disease, HIV) for 
each patient with a complication and found that of the two patients with an infection; one did 
not receive prophylactic antibiotics and one was obese[28]. Kaukonen et al. reported that the 
one patient with a deep SSI after SSR was a 50 year old female with no known chronic 
disease[29]. Sugi et al. provided a description of the two patients with an infection. The first 
was a 32 year old man, the second a 36 year old woman, both with no past medical history 
and a one-third tubular plate on the fibula left in place at screw removal. Both patients did 
not receive prophylactic antibiotics, whereas a majority of the patient in this study received 
empirical oral antibiotic coverage 1-7 days after SSR[22]. 
 

DISCUSSION 
The amount of studies describing SSIs after SSR was limited. The overall SSI rate found in 
these studies was 4-6%, of which a small majority was comprised of superficial infections. Two 
studies identified lack of antibiotic prophylaxis as a potential risk factor for developing a 
SSI[22,28]. Other risk factors could not be identified. 
 
CCoommpplliiccaattiioonnss  
The infection rates found in this review were relatively comparable to those found in previous 
literature on implant removal in general. In previous studies infection rates varied between 
1.8% and 14.9% with higher rates in implant removal of the lower limb[13,14,35–38].The 
large range of SSI incidences in these studies could potentially be explained by underreported 
(superficial) SSIs in retrospective studies due to loss to follow-up (treated by a general 
practitioner or at another center), causing an underestimation of the true SSI rate[39]. This 
hypothesis is supported by the higher proportion of superficial SSIs found in a RCT by Backes 
et al.[38] when compared to the retrospective cohort studies[13,14,35–37]. Patients with 
superficial SSIs are more inclined to be treated by a general practitioner or at another (local) 
hospital. Moreover, they may be diagnosed less frequently given that the symptoms and 
criteria for a superficial SSI are less strictly documented than for a deep SSI. Since our review 
comprised mainly cohort studies, without SSI as a primary outcome measure, this 
underestimation of [superficial] SSIs might apply to our results as well. Regardless of this, the 
SSI rate after SSR was higher than expected, especially in the studies with a low risk of bias. 
The incidence was not just similar to that of implant removal but also to that of general 
foot/ankle surgery[40], even though SSR rarely lasts more than an hour and is considered a 
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“clean surgery” according to the CDC[34]. The reliability of the CDC wound classification in 
predicting development of SSIs has been questioned however[41]. 

RRiisskk  ffaaccttoorrss 
Regarding risk factors for SSI in lower extremity surgery, previous literature has identified a 
few well-known patient related factors such as age, Diabetes Mellitus, ASA classification, 
smoking and BMI[41–46]. It seems likely that these patient related risk factors would also 
apply here, but unfortunately most studies included in this review did not investigate or 
correct for the influence of these characteristics. Therefore, no overall conclusions on patient 
related risk factors can be drawn from this review, even though obesity was mentioned in one 
study[28]. Within the included studies that described characteristics of patients with a SSI, 
two out of four found a potential correlation with prophylactic antibiotics[22,28]. Since most 
studies did not report whether or not prophylaxis was standardly administered, it is again 
hard to draw any conclusions from this. Most likely, prophylactic antibiotics were not used in 
the other studies, since this is not standard protocol for implant removal, as a “clean 
procedure”[34]. A recent RCT that investigated the effect of antibiotic prophylaxis on SSI after 
implant removal below the knee found SSI rates of 13.2% with and 14.9% without antibiotic 
prophylaxis, which was not a statistically significant difference [38]. Although the current 
study provides insufficient concrete evidence and further studies are necessary, prophylactic 
antibiotics are a hot topic and may proof to be beneficial in SSR. 

More importantly, with the high infection rate in mind, the additional value of SSR should be 
carefully evaluated. To prevent this additional procedure, multiple other methods to treat 
syndesmotic injury have been on the rise. Recent studies point out that when syndesmotic 
injury shows posterior malleolar involvement, direct fixation of the posterior malleolus 
reduces the need for separate syndesmotic fixation[47,48]. When it comes to direct 
syndesmotic fixation, other fixation devices, that do not necessarily require removal, are 
absorbable screws and suture buttons (e.g. TightRope, Endobutton). However, they too are 
not entirely without risk. A meta-analysis comparing bio-absorbable to metallic screws found 
more wound complications in the bio-absorbable group (19.7% versus 5.7%)[49]. Another 
meta-analysis found similar functional outcome, but a higher incidence of foreign body 
reactions (RR 6.07, p<0.001), although reoperation rate was lower (RR 0.08, p=0.01) for bio-
absorbable screws[50]. As for suture button devices, multiple systematic reviews suggest 
similar to better clinical outcomes for suture button devices when compared to screw 
fixation[51,52]. One of the proposed benefits of the suture button device is the absence of 
the need for removal, thereby reducing complication rates and costs. However, the most 
recent systematic review comparing SS and suture button found no difference in complication 
rate (OR 0.60, p=0.48)[52]. Complications that have been described from suture button 
devices are: skin irritation/granulation, infection, osteomyelitis, aseptic osteolysis, and failed 
stabilization often resulting in subsequent removal[53–56].  
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Instead of avoiding SSR by choosing another fixation method, it is also an option to use 
metallic screws but to leave them in place. Especially when the SS is broken or loosened, 
thereby not restricting natural movement of the distal tibiofibular syndesmosis, SSR does not 
necessarily lead to improved functional outcome or ROM[19,57,58]. “On demand removal”, 
where SSR is based on complaints of the patient instead of routinely planned, may be a better 
solution. However, this has so far only been suggested based on underpowered or 
retrospective studies[11,57,59] and the results of a RCT comparing on demand removal to 
routine removal have not yet been published[60]. On demand removal does require clear 
instructions for the patient, specifically on what valid indications for implant removal are. To 
be able to make recommendations on SSR indications, it is important to know the risks of 
both removal and of retaining syndesmotic screws. At the time there is insufficient high-
quality evidence on the risks of retaining syndesmotic screws to make evidence based 
recommendations on this front. A few retrospective studies on retaining SSs found low 
removal rates and radiographic findings (e.g. loosening or breakage of SS) aside complication 
rates were low [61–63]. Complications of retaining SSs are almost exclusively reported in case 
reports or small series and include “backing-out” of the SS[64,65], malposition of fibula in 
tibial notch which spontaneously reduces after SSR[66–68] or a stress fracture at SS level[69]. 
Based on these studies and clinical experience we advise removal of the SS when the patient 
has complaints of pain or stagnation in functional recovery in combination with one of the 
following signs on radiographic imaging: 1) SS backing out to the point of 
threatening/protruding from the skin, 2) malposition of the fibula in the tibial notch in 
combination with an intact SS. In addition to these, signs of infection, pain/skin irritation 
specifically located at the SS head, and revision surgery or removal of other implants would 
be valid reasons for SS removal. 

Besides from the options to prevent [complications of] SSR as mentioned above, the 
indication for and method of syndesmotic fixation are also areas of interest for future 
research. 

 
LLiimmiittaattiioonnss  
This review has several limitations, most of them arising from the fact that included studies 
were mostly retrospective and did not list SSI as a primary outcome. First of all, the overall 
risk of bias was high, with only 4 studies with a “good” score on more than half of the items of 
the risk of bias assessment. By performing a risk of bias assessment using the NOS we have 
tried to make the risk of bias insightful for the individual studies. However, as this assessment 
is not an objective outcome, it is subjective to a risk of bias on its own. By including the 
support of judgement for each study and item in the Appendix (online only) we have tried to 
make our considerations more transparent. To evaluate the effect of the individual study’s 
risk of bias on our primary outcome, we provided the results for all studies but also separately 
for studies with a low risk of bias. Secondly, since SSI was not always the primary outcome, 
some studies did not report the criteria that were used to diagnose a SSI. This makes it hard 
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to compare the incidences between studies, since definitions may not equal. The same goes 
for the patient populations that were studied. Although nearly all studies described age and 
sex, other possibly confounding characteristics were usually not mentioned. It is therefore 
hard to say if patient populations were comparable. By using the inverse variance weighted 
average we tried to restrict the effect of heterogeneity. Finally, with the low reporting rate of 
confounding factors such as BMI, Diabetes Mellitus or smoking it was not possible to identify 
risk factors for SSI after SSR. However, it is likely that risk factors after this procedure are 
comparable to those of other orthopedic lower extremity procedures.  

CONCLUSION 
The SSI rate after SSR found in this review is comparable to that of other foot/ankle 
procedures and the individual indication for SSR should be carefully considered. Future 
studies should focus on valid indications for SSR, the influence of prophylactic antibiotics on 
SSI after SSR and on complications of retaining the syndesmotic screw to enable a fair 
comparison of benefits and risks between routine removal and retaining/on demand removal 
of the SS. A sufficiently powered RCT comparing routine and on demand removal would be 
helpful in answering the questions that remain unanswered by this review. 

  



1

SSI FOLLOWING SYNDESMOTIC SCREW REMOVAL 
 

31 
 

REFERENCES 
 

[1] Egol KA, Pahk B, Walsh M, et al. Outcome after 
unstable ankle fracture: Effect of syndesmotic 
stabilization. J. Orthop. Trauma. 2010;24(1):7–
11.  
 

[2] van den Bekerom MPJ, Lamme B, Hogervorst 
M, et al. Which Ankle Fractures Require 
Syndesmotic Stabilization? J. Foot Ankle Surg. 
2007;46(6):456–463.  
 

[3] Rammelt S, Obruba P. An update on the 
evaluation and treatment of syndesmotic 
injuries. Eur. J. Trauma Emerg. Surg. 
2015;41(6):601–614.  
 

[4] Schnetzke M, Vetter SY, Beisemann N, et al. 
Management of syndesmotic injuries: What is 
the evidence? World J. Orthop. 
2016;7(11):718–725.  
 

[5] Vopat ML, Vopat BG, Lubberts B, et al. Current 
trends in the diagnosis and management of 
syndesmotic injury. Curr. Rev. Musculoskelet. 
Med. 2017;10(1):94–103.  
 

[6] Pakarinen HJ, Flinkkilä TE, Ohtonen PP, et al. 
Syndesmotic fixation in supination-external 
rotation ankle fractures: A prospective 
randomized study. Foot Ankle Int. 
2011;32(12):1103–1109.  
 

[7] Magan A, Golano P, Maffulli N, et al. Evaluation 
and management of injuries of the tibiofibular 
syndesmosis. Br. Med. Bull. 2014;111(1):101–
115.  
 

[8] Tourné Y, Molinier F, Andrieu M, et al. 
Diagnosis and treatment of tibiofibular 
syndesmosis lesions. Orthop. Traumatol. Surg. 
Res. 2019;105(8):S275–S286.  
 

[9] Liu Q, Zhao G, Yu B, et al. Effects of inferior 
tibiofibular syndesmosis injury and screw 
stabilization on motion of the ankle: a finite 
element study. Knee Surgery, Sport. Traumatol. 
Arthrosc. 2016;24(4):1228–1235.  

[10] Briceno J, Wusu T, Kaiser P, et al. Effect of 
Syndesmotic Implant Removal on Dorsiflexion. 
Foot Ankle Int. 2019;40(5):499–505.  
 

[11] Dingemans SA, Rammelt S, White TO, et al. 
Should syndesmotic screws be removed after 
surgical fixation of unstable ankle fractures? a 
systematic review. Bone Jt. J. 2016;98-
B(11):1497–1504.  
 

[12] Schepers T, van Zuuren WJ, van den Bekerom 
MPJ, et al. The management of acute distal 
tibio-fibular syndesmotic injuries: results of a 
nationwide survey. Injury. 2012 
Oct;43(10):1718–1723.  
 

[13] Backes M, Schep NW., Luitse JS., et al. High 
Rates of Postoperative Wound Infection 
Following Elective Implant Removal. Open 
Orthop. J. 2015;9(1):418–421.  
 

[14] Haseeb M, Butt MF, Altaf T, et al. Indications of 
implant removal: A study of 83 cases. Int. J. 
Health Sci. (Qassim). 2017;11(1):1–7.  
 

[15] Sanderson PL, Ryan W, Turner PG. 
Complications of metalwork removal. Injury. 
1992;23(1):29–30.  
 

[16] Pot JH, van Wensen RJA, Olsman JG. Hardware 
Related Pain and Hardware Removal after 
Open Reduction and Internal Fixation of Ankle 
Fractures. Foot Ankle Online J. 2011;4(5):1.  
 

[17] Minkowitz RB, Bhadsavle S, Walsh M, et al. 
Removal of painful orthopaedic implants after 
fracture union. J. Bone Jt. Surg. - Ser. A. 
2007;89(9):1906–1912.  
 

[18] Andersen MR, Frihagen F, Madsen JE, et al. 
High complication rate after syndesmotic screw 
removal. Injury. 2015;46(11):2283–2287.  
 

[19] Boyle MJ, Gao R, Frampton CMA, et al. 
Removal of the syndesmotic screw after the 
surgical treatment of a fracture of the ankle in 



PART ONE  I  CHAPTER 1 
 

32 
 

adult patients does not affect one-year 
outcomes: A randomised controlled trial. Bone 
Jt. J. 2014;96B(12):1699–1705.  
 

[20] Schepers T, Van Lieshout EM, de Vries MR, et 
al. Complications of syndesmotic screw 
removal. Foot Ankle Int. 2011;32(11):1040–
1044.  
 

[21] Steinmetz S, Puliero B, Brinkert D, et al. 
Tibiofemoral syndesmosis injury treated by 
temporary screw fixation and ligament repair. 
Orthop Traumatol Surg Res. 2016;102(8):1069–
1073.  
 

[22] Sugi MT, Ortega B, Shepherd L, et al. 
Syndesmotic Screw Removal in a Clinic Setting 
Is Safe and Cost-effective. Foot Ankle Spec. 
2020;13(2):144–151.  
 

[23] Thordarson DB, Samuelson M, Shepherd LE, et 
al. Bioabsorbable versus stainless steel screw 
fixation of the syndesmosis in pronation-lateral 
rotation ankle fractures: a prospective 
randomized trial. Foot Ankle Int. 
2001;22(4):335–338.  
 

[24] Walker L, Willis N. Weber C Ankle Fractures: A 
Retrospective Audit of Screw Number, Size, 
Complications, and Retrieval Rates. J. Foot 
Ankle Surg. 2015;54(3):454–457.  
 

[25] Ebraheim NA, Mekhail AO, Gargasz SS. Ankle 
fractures involving the fibula proximal to the 
distal tibiofibular syndesmosis. Foot Ankle Int. 
1997;18(8):513–521.  
 

[26] Hamid N, Loeffler BJ, Braddy W, et al. Outcome 
after fixation of ankle fractures with an injury 
to the syndesmosis: the  effect of the 
syndesmosis screw. J. Bone Joint Surg. Br. 2009 
Aug;91(8):1069–1073.  
 

[27] Høiness P, Strømsøe K. Tricortical versus 
quadricortical syndesmosis fixation in ankle 
fractures: A prospective, randomized study 
comparing two methods of syndesmosis 
fixation. J. Orthop. Trauma. 2004;18(6):331–
337.  
 

[28] Juárez-Jiménez HG, Garibay-Cervantes A, 
Rosas-Medina JA, et al. (Prevalence of 
complications related to the removal of the 
syndesmotic screw). Acta Ortop. Mex. 
(Internet). 2018 Apr;32(2):76–81. 
 

[29] Kaukonen JP, Lamberg T, Korkala O, et al. 
Fixation of syndesmotic ruptures in 38 patients 
with a malleolar fracture: a randomized study 
comparing a metallic and a bioabsorbable 
screw. J Orthop Trauma. 1995;19(6):392–395.  
 

[30] Maempel J, Ward A, Chesser T, et al. Use of 
tightrope fixation in ankle syndesmotic injuries. 
Chin J Traumatol. 2014;17(1):8–11.  
 

[31] Miller AN, Paul O, Boraiah S, et al. Functional 
outcomes after syndesmotic screw fixation and 
removal. J. Orthop. Trauma. 2010;24(1):12–16.  
 

[32] Mohammed R, Syed S, Metikala S, et al. 
Evaluation of the syndesmotic-only fixation for 
Weber-C ankle fractures with syndesmotic 
injury. Indian J Orthop. 2011;45(5):454–458.  
 

[33] Meena S. Evaluation of the syndesmotic-only 
fixation for Weber-C ankle fractures with 
syndesmotic injury: A comment. Indian J. 
Orthop. 2012;46(2):253.  
 

[34] Berrios-Torres S, Umscheid C, Bratzler D. 
Centers for disease control and prevention 
guideline for the prevention of surgical site 
infection, 2017. JAMA Surg. 2017;152(8):784–
791.  
 

[35] Brown BD, Steinert JN, Stelzer JW, et al. 
Increased risk for complications following 
removal of hardware in patients with liver 
disease, pilon or pelvic fractures: A regression 
analysis. Injury. 2017;48(12):2705–2708.  
 

[36] Maniar HH, Wingert N, McPhillips K, et al. Role 
of Sonication for Detection of Infection in 
Explanted Orthopaedic Trauma Implants. J. 
Orthop. Trauma. 2016;30(5):e175–e180.  
 

[37] Williams BR, McCreary DL, Chau M, et al. 
Functional Outcomes of Symptomatic Implant 
Removal Following Ankle Fracture Open 



1

SSI FOLLOWING SYNDESMOTIC SCREW REMOVAL 
 

33 
 

Reduction and Internal Fixation. Foot Ankle Int. 
2018;39(6):674–680.  
 

[38] Backes M, Dingemans SA, Dijkgraaf MGW, et al. 
Effect of antibiotic prophylaxis on surgical site 
infections following removal of orthopedic 
implants used for treatment of foot, ankle, and 
lower leg fractures a randomized clinical trial. 
JAMA - J. Am. Med. Assoc. 2017;318(24).  
 

[39] Saharay M, Shields D. Inpatient and post-
discharge wound infections in general surgery. 
Ann. R. Coll. Surg. Engl. 1995;77(6):464.  
 

[40] Modha MRK, Morriss-Roberts C, Smither M, et 
al. Antibiotic prophylaxis in foot and ankle 
surgery: A systematic review of the literature. J. 
Foot Ankle Res. 2018;11(1).  
 

[41] Onyekwelu I, Yakkanti R, Protzer L, et al. 
Surgical Wound Classification and Surgical Site 
Infections in the Orthopaedic Patient. JAAOS 
Glob. Res. Rev. 2017;1(3):e022.  
 

[42] Wise BT, Connelly D, Rocca M, et al. A 
Predictive Score for Determining Risk of 
Surgical Site Infection after Orthopaedic 
Trauma Surgery. J. Orthop. Trauma. 
2019;33(10):506–513.  
 

[43] Sun Y, Wang H, Tang Y, et al. Incidence and risk 
factors for surgical site infection after open 
reduction and internal fixation of ankle 
fracture. Med. (United States). 2018;97(7).  
 

[44] Ovaska MT, Mäkinen TJ, Madanat R, et al. Risk 
factors for deep surgical site infection following 
operative treatment of ankle fractures. J. Bone 
Jt. Surg. - Ser. A. 2013;95(4):348–353.  
 

[45] Reese SM, Knepper B, Young HL, et al. 
Development of a surgical site infection 
prediction model in orthopaedic trauma: The 
Denver Health Model. Injury (Internet). 
2017;48(12 PG-2699–2704):2699–2704.  
 

[46] Scolaro JA, Schenker ML, Yannascoli S, et al. 
Cigarette smoking increases complications 
following fracture: A systematic review. J. Bone 
Jt. Surg. - Am. Vol. 2014;96(8):674–681.  

[47] Bartoníček J, Rammelt S, Tuček M. Posterior 
Malleolar Fractures: Changing Concepts and 
Recent Developments. Foot Ankle Clin. 
2017;22(1):125–145.  
 

[48] Miller MA, McDonald TC, Graves ML, et al. 
Stability of the Syndesmosis After Posterior 
Malleolar Fracture Fixation. Foot Ankle Int. 
2018;39(1):99–104.  
 

[49] van der Eng DM, Schep NWL, Schepers T. 
Bioabsorbable Versus Metallic Screw Fixation 
for Tibiofibular Syndesmotic Ruptures: A Meta-
Analysis. J. Foot Ankle Surg. 2015;54(4):657–
62.  
 

[50] Xie Y, Cai L, Deng Z, et al. Absorbable Screws 
Versus Metallic Screws for Distal Tibiofibular 
Syndesmosis Injuries: A Meta-Analysis. J. Foot 
Ankle Surg. 2015;54(4):663–670.  
 

[51] Inge SY, Pull Ter Gunne AF, Aarts CAM, et al. A 
systematic review on dynamic versus static 
distal tibiofibular fixation. Injury. 2016 
Dec;47(12):2627–2634.  
 

[52] Zhang P, Liang Y, He J, et al. A systematic 
review of suture-button versus syndesmotic 
screw in the treatment of distal tibiofibular 
syndesmosis injury. BMC Musculoskelet. 
Disord. 2017;18(1).  
 

[53] Willmott HJS, Singh B, David LA. Outcome and 
complications of treatment of ankle diastasis 
with tightrope fixation. Injury. 2009 
Nov;40(11):1204–1206.  
 

[54] Rigby RB, Cottom JM. Does the arthrex 
tightrope® provide maintenance of the distal 
tibiofibular syndesmosis? A 2-year follow-up of 
64 tightropes® in 37 patients. J. Foot Ankle 
Surg. 2013;52(5):563–567.  
 

[55] Storey P, Gadd RJ, Blundell C, et al. 
Complications of suture button ankle 
syndesmosis stabilization with modifications of 
surgical technique. Foot Ankle Int. 
2012;33(9):717–721.  
 

[56] Fantry AJ, O’Donnell SW, Born CT, et al. Deep 



PART ONE  I  CHAPTER 1 
 

34 
 

infections after syndesmotic fixation with a 
suture button device. Orthopedics. 
2017;40(3):e541–e545.  
 

[57] Manjoo A, Sanders DW, Tieszer C, et al. 
Functional and radiographic results of patients 
with syndesmotic screw fixation:  implications 
for screw removal. J. Orthop. Trauma. 2010 
Jan;24(1):2–6.  
 

[58] Kaftandziev I, Spasov M, Trpeski S, et al. Fate of 
the syndesmotic screw--Search for a prudent 
solution. Injury. 2015 Nov;46 Suppl 6:S125-9.  
 

[59] Pogliacomi F, Artoni C, Riccoboni S, et al. The 
management of syndesmotic screw in ankle 
fractures. Acta Biomed. 2019;90(1):146–149.  
 

[60] Dingemans SA, Birnie MFN, Sanders FRK, et al. 
Routine versus on demand removal of the 
syndesmotic screw; A protocol for an 
international randomised controlled trial 
(RODEO-trial). BMC Musculoskelet. Disord. 
2018;19(1).  
 

[61] Weckbach S, Hahnhaussen J, Losacco JT, et al. 
Ist das routinemäβige Belassen von 
Syndesmosenschrauben nach operativer 
Versorgung instabiler Sprunggelenksfrakturen 
gerechtfertigt? Erfahrung eines US-
Traumazentrums an 140 konsekutiven 
Patienten. Z. Orthop. Unfall. 2014;152(6):554–
557.  
 

[62] Moon YJ, Kim DH, Lee KB. Is it necessary to 
remove syndesmotic screw before weight-
bearing ambulation? Medicine (Baltimore). 
2020;99(11):e19436.  
 

[63] Moore JA, Shank JR, Morgan SJ, et al. 

Syndesmosis fixation: A comparison of three 
and four cortices of screw fixation without 
hardware removal. Foot Ankle Int. 
2006;27(8):567–572.  
 

[64] Stuart K, Panchbhavi VK. The fate of 
syndesmotic screws. Foot Ankle Int. 
32(5):S519-25.  
 

[65] Relwani J, Lahoti O, Orakwe S. Ilizarov ring 
fixator for a difficult case of ankle syndesmosis 
disruption. J. Foot Ankle Surg. 2002;41(5):335–
337.  
 

[66] Amouzadeh Omrani F, Kazemian G, Salimi S. 
Evaluation of Syndesmosis Reduction after 
Removal Syndesmosis Screw in Ankle Fracture 
with Syndesmosis Injury. Adv Biomed Res. 
2019;8(50):eCollection.  
 

[67] Song DJ, Lanzi JT, Groth AT, et al. The effect of 
syndesmosis screw removal on the reduction 
of the distal tibiofibular joint: A prospective 
radiographic study. Foot Ankle Int. 
2014;35(6):543–548.  
 

[68] Baek JH, Kim TY, Kwon YB, et al. Radiographic 
Change of the Distal Tibiofibular Joint Following 
Removal of Transfixing Screw Fixation. Foot 
Ankle Int. 2018;39(3):318–325.  
 

[69] Sewecke JJ, Schmidt GL, Sotereanos NG. Distal 
tibial fatigue fracture secondary to a retained 
syndesmotic screw. Orthopedics. 
2006;29(3):268–270. 
 

[70] Wan X, Wang W, Liu J, Tong T. Estimating the 
sample mean and standard deviation from the 
sample size, median, range and/or interquartile 
range. BMC Med Res Methodol. 2014;14(1).   

 

 



1



CHAPTER



2 RISK FACTORS FOR SURGICAL SITE 
INFECTIONS WITH THE SINUS TARSI 
APPROACH IN DISPLACED INTRA-
ARTICULAR CALCANEAL FRACTURES; A 
PROSPECTIVE COHORT STUDY 

Sanders FRK, Spierings KE, Nosewicz TL, Schepers T

Injury, Jul 2020



PART ONE  I  CHAPTER 2 
 

38 
 

ABSTRACT 

 
INTRODUCTION 

In the last decade, the sinus tarsi approach (STA) has gained interest over the extensile lateral 
approach (ELA) in the operative treatment of displaced intra-articular calcaneal fractures 
(DIACF’s), mainly because of the lower rate of surgical site infections (SSIs). However, most 
studies are small and retrospective. The aim of this study was to evaluate the rate of SSIs of 
the STA in a large, prospective series of patients and to identify predictors for SSIs. 

METHODS 
In this prospective cohort study, all consecutive patients who were operatively treated for a 
DIACF in our Level 1 trauma center between August 2012 and January 2019 were included 
and followed for at least one year. All operative procedures were performed by two 
specialized foot and ankle trauma surgeons using the STA. Using multinomial logistic 
regression, risk factors for SSIs were identified. 

RESULTS 
A total of 237 calcaneal fractures in 214 patients were included, of which 179 underwent 
open reduction and internal fixation and 58 a primary arthrodesis. Most patients were male 
(73.6%) and the mean age was 45.9 years. There were 16 patients that developed a SSI 
(6.8%), of which 9 (3.8%) were deep and 7 (3%) were superficial infections. The multivariate 
analysis pointed out that surgery within one week after injury increased the chance of a SSI, 
as well as an ASA of 2 or higher and more than 150 cc of blood loss during the procedure. 

CONCLUSIONS 
This study confirms the low risk of SSI in DIACFs treated via STA. Significant predictors for SSIs 
were surgery within one week after injury, ASA of 2 or higher and blood loss >150cc.    
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INTRODUCTION 
The operative treatment of displaced intra-articular calcaneal fractures (DIACFs) has always 
been controversial and not without potentially catastrophic infections and wound 
complications. Since the early nineties, the extended lateral approach (ELA) has been widely 
used and the results of operative treatment have improved significantly. However, with the 
arrival of less invasive and minimally invasive surgery in the last decade, the sinus tarsi 
approach (STA) has regained interest in the operative treatment of DIACFs. This is mainly due 
to the large advantage over the ELA in terms of the rate of SSIs [1] . Studies have shown an 
overall percentage of SSI of 3.6%-6.3%, which is significantly lower than the complication rate 
in the ELA, ranging from 13.3% to 31.2% [2–5] .  

Nevertheless, despite the (re)implementation of the STA, prevention of wound complications 
is still paramount with regards to costs and patient satisfaction. Therefore, it is important to 
keep investigating risk factors for the development of a SSI to try and identify other 
controllable factors. Moreover, risk factors for SSI’s after the STA might differ from risk factors 
for SSI’s after the ELA. The aim of this study was to evaluate the rate of SSIs of the STA and to 
identify predictors for SSIs in calcaneal fractures in a large, single-center, prospective 
database. 

METHODS 
In this prospective cohort study, all consecutive patients who were operatively treated via a 
STA for a DIACF in our Level 1 trauma center between August 1st, 2012 and January 31st, 
2019 were included and followed up for at least one year. This included patients with open 
and closed fractures treated by either open reduction and internal fixation (ORIF) or primary 
subtalar arthrodesis, following reconstruction of overall anatomy, via the sinus tarsi approach. 
Excluded were patients that were treated surgically via the ELA (n = 3) or percutaneously (n = 
2).  

All operative procedures were performed by two specialized foot and ankle trauma surgeons 
using the STA, which is the preferred technique at the present institute since 2013 [10]. The 
indications for a primary arthrodesis were described previously[6]. In case of a primary 
arthrodesis, the exact same STA was used including similar reduction and fixation techniques. 
The only difference being that the articular surfaces were prepared for a fusion. In addition, 
two large diameter screws were added to stabilize the subtalar joint [26] . Closed suction 
drains were not used. Patients were followed-up two weeks after surgery for wound check-up 
and suture removal. According to hospital protocol, after eight weeks, six months and one 
year there was another check-up with x-ray. After one year, patients were no longer routinely 
checked and were told to return in case of an infection or symptoms of the implants or other 
complaints of pain. To determine whether or not a SSI occurred, electronic medical records 
were screened at least 12 months after surgery of the last included patient. The following 
data was collected:  
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1) Patient characteristics: gender, age, BMI (Body Mass Index), ASA (American Society of 
Anesthesiologists) classification, smoking habits, diabetic status.  

2) Fracture characteristics: severity of fracture (Sanders classification [7] ), side of fracture, 
open or closed fracture as classified by Gustilo et al. [8] , date of injury, whether the patient 
was referred.  

3) Surgical characteristics: date of surgery, type of surgery (i.e. plate, screw fixation or primary 
arthrodesis), tourniquet use (based on preference of the operating surgeon), estimated blood 
loss (amount of fluid in collection pot of suction device minus estimated amount of irrigation 
fluid used, adding estimated volume of packed gauzes), post-operative SSIs (diagnosed as 
superficial or deep wound infections according to Centers for Disease Control and Prevention 
Guideline for the Prevention of Surgical Site Infection [9] ). 
 

SSttaattiissttiiccaall  aannaallyyssiiss  
Baseline patient, fracture, and surgical criteria were compared in patients with and without a 
SSI in univariate analysis according to the characteristics and distribution of data. Categorical 
values were analyzed with a chi-square and continuous, normally distributed values with a 
Student’s t-test. Continuous, non-normally distributed values were compared with a Mann-
Whitney-U test. The continuous variables were evaluated for normality using the Shapiro-Wilk 
test and Q-Q plots. Continuous values were first transformed into binary variables based on 
clinical relevance and the optimal cut-off value using the Youden-index (extracted from a 
ROC-curve) [11] . The following cut-off values were used for continuous variables (value with 
maximal Youden-index): age: 45 year (Ymax = 43.5), BMI: 27 (Ymax = 27.12), blood loss: 150cc 
(Ymax = 135), duration of surgery: 60 min (Ymax = 74.5) and time from trauma to surgery: 7 
days (6.5). The ASA classification was transformed into two groups: an ASA of 1 and an ASA of 
2 or higher. In order to limit bias caused by missing data, multiple imputation was used for 
variables with (under 50%) missing data. The over- all missing percentage was 5% with a 
range of missing numbers of 1-40 (Table 1). The variable with the largest amount of missing 
values was height. Imputation was performed based on predictive mean matching combined 
using Rubin’s rule (10 sets). Imputed variables were height, weight, smoking, Sanders 
classification, duration of surgery and blood loss. The pooled results of the 10 imputed sets 
were used to estimate odds ratios and 95% confidence intervals (CI). After imputation, all 
clinically relevant characteristics and those with a (near-)significant difference between the 
two groups (P = < 0.3), as well as risk factors described in literature, such as age and diabetes 
mellitus, were put into a multivariate analysis to determine risk factors for SSI (in general, and 
then for superficial and deep infections separately). Variables were manually removed based 
on their addition to the prediction model (least significant variables first), until only 
significantly predicting variables remained. The following order was used: age, BMI, ASA 
classification, smoking, bilateral fractures, primary arthrodesis, tourniquet use, blood loss, 
duration of surgery, time till surgery. Data were analyzed using SPSS, version 25.0 [12].  
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TTaabbllee  11  BBaasseelliinnee  cchhaarraacctteerriissttiiccss  

 SSI (N = 16) No SSI (N = 221) P-value 
Gender, No (%) male 11 160 (72.4%) .980a 
Age, mean (SD) 47.5 (13.8) 45.5 (14.9) .607b 

Age, years old: 
- <45 
- 45 or more 

 
6 
10 

 
108 (48.9%) 
113 (51.1%) 

0.535 

Diabetes Mellitus, No (%) 0 1 (0.5%) 1.0a 
BMI, median [IQR] 25.5 [20.4-30.1] 23.9 [21.6-26.6] 0.563 
BMI*: 

- <27 
- ≥27 

 
7 
6 

 
145 (78.8%) 
39 (21.2%) 

.084a 

Referred from other hospital, No (%) 12 188 (85.1%) .475a 

ASA classification, No (%): 
- 1 
- 2 
- 3 

 
6 
10 
0 

 
146 (66.1%) 
69 (31.2%) 
6 (2.7%) 

.035b 

Smoking, No (%)** 10 94 (42.7%) .201a 

Bilateral fracture, No (%) 1 45 (20.4%) .293a 

Open fracture, No (%) 
- Grade 1 
- Grade 2 
- Grade 3 

0 10 (4.6%) 
- 5 (2.3%) 
- 1 (0.5%) 
- 4 (1.8%) 

.860b 

Sanders classification, No (%)** 
- Type 1 
- Type 2 
- Type 3 
- Type 4 

 
1 
12 
2 
1 

 
1 (0.5%) 
135 (61.4%) 
63 (28.6%) 
21 (9.5%) 

.047b 

Fixation type, No (%) 
- ORIF 
- Primary arthrodesis 

 
10 
6 

 
169 (76.5%) 
52 (23.5%) 

.231b 

Tourniquet use, No (%) 6 129 (58.4%) .172a 

Estimated blood loss, median (IQR)*** 200 (100 – 287.5) 100 (50 – 200) .097b 
Estimated blood loss, cc; 

- <150 
- ≥150 

 
7  
9  

 
139 (67.8%) 
66 (32.2%) 

.092a 

Duration of surgery in min, mean (SD)** 117.4 (8.695) 88.3 (2.046) .005b 

Time till surgery: 
- ≤7 days 
- >7 days 

 
5 
11 

 
28 (12.7%) 
193 (87.3%) 

.054a 

 
Abbreviations: IQR: interquartile range, min: minutes, No: number of cases, SD: standard deviation, SSI: surgical 
site infection 
   a Continuity correction  
   b Pearson Chi-Square 
   * Missing data: 40 (3 SSIs) 
   ** Missing data: 1 (no SSI) 
   *** Missing data: 11 (no SSIs) 
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RESULTS 
A total of 237 calcaneal fractures in 214 patients were included. Most patients were male 
(72.2%) and the mean age was 45.7 years (SD 14.8). Most patients were ASA 1 (64.1%) and 
most fractures were of Sanders type II (62%) (Table 1). Patients were operated within a 
median of 13 days (IQR 9–15 days) Mean follow-up was 46.5 months (range 14–89 months). 
All patients were seen in the outpatient clinic at 3 months after surgery, 225 (95%) patients 
were also seen in the outpatient clinic at 12 months after surgery. As for the remaining 12 
patients, their follow-up was on average six months, without any signs of SSI at their last 
follow-up. ORIF was performed in 179 fractures and primary arthrodesis in 58 fractures (Table 
2).  

TTaabbllee  22  OORRIIFF  vvss  pprriimmaarryy  aarrtthhrrooddeessiiss  

 ORIF (N = 179) Primary arthrodesis (N = 58) P-value 
Gender, No (%) male 133 (74.3%) 38 (65.5%) .259a 
Age, mean (SD) 43.1 (13.900) 53.6 (14.755) .000b 

Diabetes Mellitus, No (%) 0 1 (1.7%) .552a 
BMI*: 

- <27 
- >27 

 
117 (65.4%) 
28 (15.6%) 

 
34 (58.6%) 
17 (29.3%) 

.064a 

Referred from other hospital, No (%) 150 (83.8%) 50 (86.2%) .817a 

ASA classification, No (%): 
- 1 
- 2 
- 3 

 
123 (68.7%) 
54 (30.2%) 
2 (1.1%) 

 
29 (50%) 
25 (43.1%) 
4 (6.9%) 

.006b 

Smoking, No (%)** 80 (44.7%) 24 (41.4%) .747a 

Bilateral fracture, No (%) 36 (20.1%) 10 (17.2%) .772a 

Open fracture, No (%) 
- Grade 1 
- Grade 2 
- Grade 3 

 
3 (1.7%) 

 
2 (3.4%) 
1 (1.7%) 
4 (6.9%) 

.001b 

Sanders classification, No (%)** 
- Type 1 
- Type 2 
- Type 3 
- Type 4 

 
2 (1.1%) 
119 (66.5%) 
47 (26.3%) 
11 (6.1%) 

 
 
28 (48.3%) 
18 (31%) 
11 (19%) 

.011b 

Tourniquet use, No (%) 104 (58.1%) 31 (53.4%) .639a 

Estimated blood loss, median (IQR) 100 (50 – 200) 150 (100 – 300) .001b 
Duration of surgery in min, mean (SD) 86.1 (31.207) 103.1 (28.888) .000b 

Time till surgery: 
- <7 days 
- >7 days 

 
29 (16.2%) 
150 (83.8%) 

 
4 (6.9%) 
54 (93.1%) 

.119a 

 

Abbreviations:  IQR: interquartile range, min: minutes, No: number of cases, SD: standard deviation, SSI: surgical 
site infection. a:  continuity correction, b: Pearson Chi-square 
    * Missing data: 41 (7 PA) 
   ** Missing data: 1 (ORIF) 
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Differences in the baseline and surgical characteristics of fractures treated with ORIF or with 
primary arthrodesis are stated in Table 2 . The duration of surgery was significantly longer in 
patients with a primary arthrodesis (mean 103.1 min vs 86.1 min, P = .000) and there was 
more blood loss (median 150 cc vs 100 cc, P = .001).  

In total, there were 16 SSIs (6.8%), of which 9 (3.8%) were deep and 7 (3%) were superficial 
infections (Table 1). Superficial infections were treated with local wound care and/or oral 
antibiotics, deep infections were treated with intravenous antibiotics and in four cases 
implant removal was eventually necessary to adequately treat the infection.  

Possible predictors of SSI as identified in univariate analysis were BMI, ASA classification, 
smoking, bilateral fractures, Sanders classification, time till surgery, type of fixation, 
tourniquet use, estimated blood loss and duration of surgery (Table 1). In multivariate 
analysis, surgery within one week (OR: 5.78, 95%CI: 1.52-21.90, P = .010), ASA classification of 
2 or higher (OR: 3.51, 95%CI: 1.18-10.41, P = .024), and more than 150 cc of blood loss during 
the procedure (OR: 5.11, 95%CI: 1.43-18.32, P = .012) remained as independent predictors of 
SSI. 

DISCUSSION 
In the operative treatment of DIACF’s the most commonly used approaches to restore intra- 
and extra-articular anatomy are the STA and the ELA. The ELA used to be the preferred 
approach, but comes with a high rate of SSIs compared to the STA, leading to a gradual 
worldwide shift toward the STA[2–5] . In the current study, the incidence of SSIs using the STA 
was 6.8%. This suggests lower risk of SSIs compared to the risk in ELA, which was described 
earlier in a systematic review by Backes et al., reporting an infection rate of 14.3% globally 
and 12.1% in Europe[22]. At our center, a wound complication rate of 31% has been 
previously described with the use of the ELA[10].  

Our results seem to be in line with a recent systematic review and meta-analysis, in which an 
infection rate of 4.9% is described in the STA[1]. Our slightly higher infection rate may be 
attributed to the fact that as the STA gains in popularity, more complex fractures and patients 
with increased risk for wound complications are treated via this approach. Moreover, this 
study was performed in a tertiary referral center for complex traumatic foot/ankle injuries. 
This is reflected in our rate of Sanders type IV fractures (9.3%) and patients with ASA II or 
higher (35.8%).  

Surgery within one week after injury was one of the risk factors that were found in this 
cohort. In our center, calcaneal fractures are preferably treated after the swelling is gone or 
at least decreasing, when there is a positive wrinkle sign. When treated too soon, when the 
swelling is still present, the already thin skin covering the fracture can fail to heal sufficiently 
and increase the risk in wound infections[23]. However, a delay in time until definite fixation 
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has been described as a risk factor for SSIs after ORIF for DIACFs[13,14,20]. Taking these 
results into account, we conclude that surgery should take place within a window of one to 
two weeks after injury, to minimize the risk of SSIs.  

Blood loss has been described as a risk factor for SSIs both in the operative treatment of 
calcaneal fractures and in other surgical fields[15–17,24]. The larger amount of blood loss in 
this group is likely to be related to more complex injuries and a longer duration of surgery. 
Ding et al.[15] described blood loss as a risk factor for complications with the ELA as well 
(200.40 cc with SSIs vs 166.23 cc without SSIs, P = .017) and mentions tourniquet use as a 
protective factor of SSIs, however they do not describe the use of tourniquet in detail. In our 
center the joint reconstruction part of the procedure is currently often performed with the 
use of a tourniquet at the level of the calf, reducing blood-loss to approximately 50-100 cc. 
However, at the start of this cohort, this was not standard practice.  

Backes et al. described ASA classification of 2 or higher as a risk factor for SSIs in DIACFs as 
well. However, the approach used there was the ELA, whereas in this cohort the STA was used 
for all ORIFs and primary arthrodesis [25].  

Smoking is another well-known risk factor for surgical site infections [14,15,18,19,23]. In this 
cohort we found a high percentage of smokers (43.9%). Even though it was not identified as a 
significant predictor, 10 out of the 16 SSIs occurred in people with nicotine abuse.  
 

LLiimmiittaattiioonnss 
A strength of our study is that it describes a large cohort of patients with calcaneal fractures 
treated via the STA, based on a prospective database. There were also some limitations in this 
study. Firstly, two types of treatment were included: primary arthrodesis and ORIF. One could 
argue that ORIF and primary arthrodesis are different operative procedures, and therefore 
cause a heterogeneous study population. For a primary arthrodesis, in addition to 
repositioning of the fractured bone, the cartilage has to be removed, usually resulting in a 
longer duration of surgery, as can be seen in Table 2. Moreover, due to the severity of their 
injury, patients undergoing primary arthrodesis might have a higher chance of developing a 
SSI. However, we were looking for predictors of SSIs after a sinus tarsi approach, which does 
include both primary arthrodesis and ORIF of the calcaneus. Additionally, in multivariate 
analysis, primary arthrodesis was not a significantly contributing factor for the risk of a SSI. 
Therefore, the effect of including both procedures is regarded to be of minimal impact on the 
validity of the study.  

Secondly, this study may be subjected to a selection bias since it was carried out with data of 
a single center, specialized in complex traumatic foot/ankle injuries. This may have led to a 
higher overall complication percentage than one would expect. Moreover, due to the single 
center study design, the number of included patients might not be sufficient to achieve 
statistical significance. Specifically, to identify predictors, a larger sample size would be 
beneficial, making it possible to identify factors with a smaller impact. However, since 
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calcaneal fractures are not very common, and usually surgically treated in specialized centers, 
achieving large samples sizes is difficult without thereby compromising the homogeneity of 
the study population. 

Finally, although this study was set up as a prospective cohort, not all variables could be 
collected as protocolled. For example, the measurement of the amount of blood loss as 
described before is not 100% reliable. Confounding of this measurement due to e.g. irrigation 
fluids being used during surgery cannot be ruled out. However, this is probably an accurate 
reflection of daily practice, since also in reality blood loss is often based on the surgeon's 
estimation. 

CONCLUSION 
This study confirms the low risk of SSI in DIACFs treated via STA with either ORIF or primary 
arthrodesis. Moreover, we identified surgery within one week after injury, ASA classification 
of 2 or higher and blood loss of more than 150cc as significant predictors for SSIs in this 
cohort. Although not statistically significant, this study also indicated a higher risk of SSIs in 
patients who smoke. This data may be helpful in the identification of patients with a higher 
risk of SSI after a DIACF operating with STA. These ‘high-risk’ patients may benefit from risk-
limiting interventions, such as negative pressure wound therapy on the incision, which has 
shown promising results[21]. Furthermore, the results of this study can be combined with 
future studies on risk factors of SSI after DIACFs, aiming to get a clearer picture of which 
patients should be defined as ‘high risk’. 
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ABSTRACT 
 

INTRODUCTION 

Post-operative wound complications remain among the most common complications of 
orthopedic (trauma) surgery. Recently, studies have suggested environmental factors such as 
season to be of influence on wound complications. Patients operated in summer are reported 
to have more wound complications, compared to other seasons. The aim of this study was to 
identify if “seasonality” was a significant predictor for wound complications in this cohort of 
trauma-related foot/ankle procedures. 

MATERIALS AND METHODS  

This retrospective cohort study included all patients undergoing trauma-related surgery (e.g. 
fracture fixation, arthrodesis, implant removal) of the foot, ankle or lower leg. Procedures 
were performed at a Level 1 Trauma Center between September 2015 until March 2019. 
Potential risk factors/confounders were identified using univariate analysis. Procedures were 
divided into two groups: (1) performed in summer (June, July or August), (2) other seasons 
(September–May). The number of surgical wound complications (FRIs, SSIs or wound 
dehiscence) was compared between the two groups, corrected for confounders, using 
multivariate regression. 

RESULTS  

A total of 599 procedures were included, mostly performed in the hindfoot (47.6%). Patients 
were on average 46 years old, and mostly male (60.8%). The total number of wound 
complications was 43 (7.2%). Age, alcohol abuse, open fracture and no tourniquet use were 
independent predicting factors. No difference in wound complications was found between 
summer and other seasons, neither in univariate analysis [4 (3.2%) vs 39 (8.2%), p = 0.086] 
nor when corrected for predicting factors as confounders (p = 0.096). 

CONCLUSIONS  

No seasonality could be identified in the rate of wound complications after trauma surgery of 
the lower leg, ankle and foot in this cohort. This lack of effect might result from the 
temperate climate of this cohort. Larger temperature and precipitation differences may 
influence wound complications to a larger extent. However, previous studies suggesting 
seasonality in wound complications might also be based on coincidence. 
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INTRODUCTION 
The incidence of surgical site infections (SSIs) following orthopedic trauma surgery of foot and 
ankle has been reported as ranging from 0 to 9.4% [1]. In complex foot injuries, 
this percentage can even increase up to 25% [2]. This incidence is much higher compared to 
most other surgical procedures and is most likely related to the thin soft-tissue envelope and 
damage to vascularization during the injury [3]. Moreover, the fact that a fracture is involved, 
could have implications for the odds of developing surgical wound 
complications or, in recently defined terminology: “fracture related infection (FRI) [4]. Surgical 
wound complications, including FRIs and other SSIs can cause longer hospital 
stay or readmission, increased use of antibiotics and revision surgery, resulting in higher 
healthcare costs [5]. With the increasing rate of antibiotic resistance, preventing these 
complications is becoming even more important. 
 
Various risk factors for developing surgical wound complications have been described. Risk 
factors can be divided in patient-related factors, injury-related factors, procedure-related 
factors and other risk factors [6]. The last group contains environmental factors such as 
geographical region, socioeconomic status of the country and season [7, 8]. A seasonal effect 
on the incidence of infectious complications after different types of surgery has been 
increasingly described in recent literature [8–18]. Numerous publications 
have documented a significantly higher incidence of wound complications during the summer 
months [10, 16, 19–21]. The suggestion is that in summer, the warmer temperatures and 
higher humidity of the air, provide optimal conditions for proliferation of bacteria outside of 
the operation room. Moreover, when the surface of the skin is moist and warm, bacterial 
growth is stimulated [22]. Considering the development of global warming, we also might 
have to anticipate on a growing number of wound complications. If this seasonal effect is 
indeed present for all types of surgery, it could be 
used to lower the overall rate of wound complications by for example planning of elective 
procedures. 
 
The purpose of this study was to identify if there is a seasonal difference in the number of 
surgical wound complications after orthopedic trauma-related foot/ankle surgery. The 
hypothesis was that there are significantly more wound infections during the summer 
months. 
 

MATERIALS AND METHODS 
In this retrospective cohort study, all patients undergoing trauma-related surgery of the foot, 
ankle or lower leg, were included. Data were anonymously collected from electronic 
patient records operated between September 2015 and March 2019 at a single level-1 
trauma center in the Netherlands. The surgical procedures performed included open fracture 
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reduction and fixation (ORIF), primary and secondary arthrodesis, repairing of acute tendon 
ruptures, and implant removal. Both acute and elective surgeries were included, as long as 
the initial diagnosis was trauma-related. Follow-up after surgery had to be at least 90 days for 
a patient to be eligible.  
 
Permission for the use of data was acquired from all eligible patients. The study protocol was 
checked by the hospital’s privacy advisor and the study was registered at the Central Register 
for Data Processing. Exclusion criteria were: age below 18 years old, preexistent wound 
complication before surgery, and one of the following surgical procedures: external fixation, 
percutaneous wire fixation only, decompression of acute compartment syndrome, and 
treatment of Charcot arthropathy. In addition, non-trauma related procedures like 
amputations (toe, foot or lower leg), exostosis operations and arthroscopy were also 
excluded. 
 
MMeetthhooddss  
Baseline patient, injury and surgical characteristics were collected based on procedure. If one 
patient had multiple surgical procedures in the study period, these were counted separately. 
Bilateral surgery was also counted as two separate procedures since there would be two 
incisions with the potential to infect. The following patient’s baseline 
characteristics were collected: gender, age, height, weight, American Society of 
anesthesiologists (ASA) classification, immune disorders or use of immunosuppressive 
medication, severe comorbidities (including Diabetes Mellitus, severe kidney failure defined 
as eGFR < 20), and intoxications (smoking, alcohol and drugs abuse). 
 
The injury characteristics collected for fractures were: open/closed fracture, Gustilo 
classification and type of fracture, and for all injuries the inflicted body part: 
• Forefoot Metatarsal fracture. 
• Midfoot Navicular fracture, Cuboid fracture, Lisfranc and Chopart dislocation/fracture. 
• Hindfoot calcaneus fracture, talus fracture. 
• Lower leg Tibia plateau fracture, tibia fracture, Cruris fracture, fibula fracture, tendon injury. 
• Ankle Pilon fracture, Maisonneuve fracture, Weber A/B/C fracture, tendon injury. 
 
Surgical characteristics were: previous procedure in same area, type of procedure (ORIF, 
arthrodesis, implant removal, other), the amount of days between trauma and procedure (for 
acute procedures only), duration of surgery in minutes, tourniquet use, the use/dose of 
prophylactic antibiotics, type of fixation (plates, nails and/or screws), use of bone void fillers, 
and amount of blood loss in ml. Post-surgical characteristics included the use of antibiotics, 
type of wound dressing (plaster cast, pressure bandage, vacuum system) and time to 
mobilization.  
All procedures were categorized in the month of surgery and then coded as summer (June–
July–August) or other seasons (September–May). Weather conditions for that time of year 
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were obtained from the Dutch Weather Institute or “Koninklijk Nederlands Meteorologisch 
Instituut” (KNMI). Conditions entailed average temperatures, precipitation and hours of sun. 
 
OOuuttccoommee  
The primary outcome was the incidence of wound complications, defined as a SSI according 
to US Centers for Disease Control and Prevention (CDC) criteria [23] or another surgical 
wound healing complication (wound dehiscence), developed within 90 days after the surgical 
procedure. The term FRI was not used as a primary endpoint since this study also includes 
data from secondary/elective procedures (sometimes years after the initial fracture occurred) 
and the definition of FRI does not clearly describe a time 
frame for the diagnosis. Wound complications were diagnosed during follow-up visits, 
protocolled at 2 weeks, 6 weeks and 3 months after discharge from the hospital and 
retrospectively retrieved from the medical records. All patients were instructed upon 
discharge to contact the hospital sooner in case of suspicion of wound complications. In case 
of a complication, treatment was recorded as well, categorized as expectative treatment (wait 
and see), vacuum system, wound reopened (at outpatient clinic or ward), oral antibiotics, i.v. 
antibiotics or revision surgery. 
 
SSttaattiissttiiccaall  aannaallyyssiiss  
Data were collected and analyzed using SPSS, Version 25.0 [24]. All clinically relevant patient, 
injury and (post-)surgical variables were univariably analyzed for differences between patients 
with and without wound complications to identify possible confounders. Chi-square analysis 
was used to identify differences for categorical variables. For continuous data that were 
normally distributed a student’s T-test was used, and when not normally distributed, a Mann 
Whitney U test. All (nearly) significantly differing variables (p < 0.2) were included in 
multivariate analysis to identify individual predictors for wound 
complications with manual backwards selection. To limit bias caused by missing data, multiple 
imputations was used for variables with (under 50%) missing data. Imputation was performed 
using predictive mean matching with 10 sets. Imputed variables were: height, weight, 
smoking, alcohol abuse, drugs abuse, ASA classification, previous surgery, prophylactic 
antibiotics, duration of surgery, tourniquet use, primary closure, wound dressing and days 
between injury and surgery (for acute procedures). The amount of blood loss was not 
imputed because of too many missing values. After imputation, the remaining individual 
predictors were added to multivariable logistic regression analyzing the effect of season of 
the number of wound complications. The pooled results of the ten imputed sets were used to 
estimate odds ratios and confidence intervals.  
 
Statistical significance was defined as p < 0.05. Due to practical considerations regarding the 
implementation of the electronic medical record system in 2015, all data was collected 
from that point onwards and no sample size calculation was performed before the start of the 
study. 
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FFiigguurree 11.. FFllooww ddiiaaggrraamm ooff ppaattiieenntt sseelleeccttiioonn 
 

RESULTS
A total of 766 surgical procedures were reviewed for this study. Based on the exclusion 
criteria and the possibility for the patient to object, a final 599 procedures in 498 patients 
were included for analysis (Fig. 1). In this cohort, the majority was male (60.8%), the mean 
age was 46 (IQR 31–57) and most procedures were located in the hindfoot (45.1%) followed 
by the ankle (22.7%). Some 43 patients (7.2%) developed a surgical wound complication, of 
which 22 were deep infections, 10 superficial infections and 11 wound dehiscence. Excluded 
cases did not differ in gender or age but had Diabetes Mellitus more often and were less likely 
to be smoking tobacco or using drugs (Table 5 of “Appendix”).  
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Of all patients (n = 124) operated during the summer months, 4 (3.2%) developed a wound 
complication. In the other months (n = 475) the number of wound complications was 49 
(8.2%). Table 1 shows wound complications for each season individually. 
  
TTaabbllee  11..  NNuummbbeerr  ooff  wwoouunndd  ccoommpplliiccaattiioonnss  ppeerr  sseeaassoonn  
  
 Winter (n = 186) Spring (n = 123) Summer (n = 124) Fall (n = 166) 
Complications: 17 (9.2%) 9 (7.3%) 4 (3.2%) 13 (7.8%) 
Deep SSI 8 (4.3%) 7 (5.7%) 4 (3.2%) 3 (1.8%) 
Superficial SSI 5 (2.7%) 1 (0.8%) 0 4 (2.4%) 
Dehiscence 4 (2.2%) 1 (0.8%) 0 6 (3.6%) 
 
Abbreviations: SSI: surgical site infection 
 
Tables 2 and 3 contain patient, injury and surgical characteristics of all included patients. 
When comparing these characteristics between cases resulting in a wound complication and 
cases who did not, age, ASA classification, alcohol abuse, the number of open fractures, and 
tourniquet use differed significantly. In addition, gender, duration of surgery and amount of 
blood loss were not significantly differing but had a p value below 0.2, therefore, also 
qualifying for inclusion in multivariate analysis. Because the amount of blood loss was missing 
in over 50% of procedures (317), this variable was not imputed or included in multivariate 
analysis. After backwards selection, the variables age, alcohol abuse, open fracture and 
tourniquet remained as independent predictors of wound complications. As shown in Table 4, 
correcting for these variables as confounders, there was no statistically significant relation 
between season of surgery and wound complications (p = 0.096).  
 
Figures 2 and 3 show the average temperatures, amount of sun and precipitation of each 
season during the study period compared to the amount of wound complications in that time 
frame.  

DISCUSSION  
KKeeyy  rreessuullttss    
The aim of this study was to identify whether the season of surgery has an influence on the 
incidence of wound complications following trauma surgery of the lower leg, ankle and foot. 
This seasonality could not be confirmed in this study, contradictory to our hypothesis. No 
significant difference was found in the number of surgical wound complications between 
seasons. Moreover, in this cohort a (non-significant) peak of wound complications was seen in 
winter instead of summer.  
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PPrreevviioouuss  lliitteerraattuurree  
To the best of our knowledge, there is only one other study which investigated seasonal 
effects in foot/ankle surgery. They retrospectively analyzed a large cohort of 17,939 patients 
undergoing orthopedic foot/ankle surgery and could not identify a statistically significant 
difference in wound complications between seasons, without any large confounding factors 
being present [15].  
 
Previous literature on seasonality in orthopedic/trauma surgery has led to varying 
conclusions. Anthony et al. performed a large national retrospective cohort study on seasonal 
influence on 30 day infection rates after total knee (TKA) and total hip replacement (THA) 
surgery in the United States of America (USA). With over 750,000 included procedures, they 
concluded that the incidence of wound complications was highest in summer with an increase 
of SSIs of 24% in June compared to December, corrected for comorbidities and 
socioeconomic status [10]. Multiple authors have supported these findings in orthopedic and 
trauma surgery [9, 12, 14, 25]. However, there are also authors who did not find a difference 
in wound complication rates in orthopedic surgery [8, 20, 26]. This raises the question of 
whether or not the found effects of season are clinically relevant, even when they are 
statistically significant. Most of the mentioned studies reported on large populations, making 
it perhaps too easy to achieve statistical significance.  
  
TTaabbllee  22..  PPaattiieenntt  cchhaarraacctteerriissttiiccss  
  
 No wound 

complication (n = 556) 
Wound complication (n 
= 43) 

Significance 

Gender, No(%) male  343 (61.7%)  21 (48.8%)  0.133 
Age, Median [IQR] 45 [31 – 57] 54 [39 – 61]  0.008* 
BMI, Median [IQR]a 24.8 [ 22.7 – 28.1] 25.5 [23.3 – 29.2]  0.433 
Diabetes, No(%)  16 (2.9%)  1 (2.3%)  1.000 
Immunocompromised, No(%)   11 (2.0%)  2 (4.7%)  0.538 
ASA-classificationb 

    I – II  
    III – IV 

  
522 (94.9%) 
28 (5.1%) 

 
36 (83.7%) 
7 (16.3%) 

 0.008* 

Smoking, No(%) of smokersc  170 (38.0%)   16 (50.0%)   0.248 
Alcohol abuse (>2units/day), 
No(%)d 

 36 (9.0%)  7 (22.6%)  0.034* 
  

Drug use, No(%)e  40 (10.1%)   3 (9.7%)  0.1000  
 
Abbreviations: IQR: inter quartile range, n: number of included procedures, No: number, %: percentage of, >: 
more than 
a Missing 124 (114 in no wound complication, 10 in wound complication) 
b Missing 6 (in no wound complication) 
c Missing 120 (109 in no wound complication, 11 in wound complication) 
d Missing 168 (156 in no wound complication, 12 in wound complication) 
e Missing 170 (158 in no wound complication, 12 in wound complication) 
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Abbreviations: CI: confidence interval, %: percentage of 
 

TTaabbllee  33..  IInnjjuurryy  aanndd  ssuurrggiiccaall  cchhaarraacctteerriissttiiccss  
 No wound complication (n 

= 556) 
Wound complication (n = 
43) 

Significance 

Open fracture, No(%) 49 (8.8%)  9 (20.9%) 0.020* 
Part of lega 

    Forefoot 
    Midfoot 
    Hindfoot 
    Ankle 
    Lower leg 

  
23 (4.1%) 
77 (13.8%) 
250 (45.0%) 
127 (22.8%) 
79 (14.2%) 

  
1 (2.3%) 
4 (9.3%) 
20 (46.5%) 
9 (20.9%) 
9 (20.9%) 

  
0.691 

Previous surgery, No(%)b 124 (23.1%) 9 (22.0%) 1.000 
Acute operation 
    Acute 
    Elective 

  
347 (62.4%) 
209 (37.6%) 

  
28 (65.1%)  
15 (34.9%) 

  
0.849 

Type of surgery 
    Osteosynthesis 
    Arthrodesis 
    Implant removal 
    Other procedures 

  
343 (61.7%)  
91 (16.4%)  
94 (16.9%)  
28 (5.0%) 

  
25 (58.1%) 
7 (16.3%) 
7 (16.3%)  
4 (9.3%)  

  
0.694 

Days between injury and 
operation, Median [IQR]c 

7 [3 – 14] 7 [1 – 16] 0.732 

Duration of surgery, Median 
[IQR]d 

75 [55 – 110] 89 [60 – 138] 0.101 

Tourniquet use, No(%)e 228 (41.1%) 7 (16.3%) 0.002* 
Prophylactic antibioticsf 

    Yes 
    No 
    Therapeutic  

  
456 (82.9%)  
92 (16.7%)  
2 (0.4%) 

  
34 (79.1%)  
8 (18.6%) 
1 (2.3%)  

  
0.203 

Blood loss in mL, Median [IQR]g 100 [50 – 200] 200 [75 – 375]  0.036* 
Primary closuree    550 (99.1%)  43 (100%)  1.000 
Post-surgical dressingh 

    Pressure bandage 
    Cast 
    Negative pressure system  

  
344 (63.8%)  
146 (27.1% ) 
49 (9.1% ) 

  
26 (61.9%) 
10 (23.8%) 
6 (14.3%) 

 0.525 
  

 
Abbreviations: IQR: inter quartile range, n: number of included procedures, No: number, %: percentage of 
a Missing: 1 (in no wound complication, crush injury) 
b Missing 21 (19 in no wound complication, 2 in wound complication) 
c Only for acute injuries, missing: 9 (5 in no wound complications, 4 in wound complication), N = 366 
d Missing 57 (56 in no wound complication, 1 in wound complication) 
e Missing 1 (in no wound complication) 
f Missing 6 (in no wound complication) 
g Missing 317 (291 in no wound complication, 26 in wound complication) 
h Missing 18 (17 in no wound complication, 1 in wound complication) 
  
TTaabbllee  44..  MMuullttiivvaarriiaabbllee  rreeggrreessssiioonn  
 Odds ratio 95% CI p-value  
Age 1.029 1.007 – 1.051 0.010 
Alcohol abuse 2.680 1.065 – 6.747 0.037 
Open fracture 2.559 1.109 – 5.904 0.028 
Tourniquet 0.297 0.128 – 0.690 0.005 
Summer season 2.485 0.851 – 7.258 0.096 

3
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RRaattiioonnaall bbeehhiinndd sseeaassoonnaalliittyy 
Possible seasonality in wound complications has been ascribed to skin colonization associated 
with warm weather [21, 25]. The incidence of gram positive but especially gram negative 
bacteria such as Escherichia coli or Klebsiella seems to correlate well with the temperature, 
with a higher incidence in warmer months [27–31]. Sagi et al. compared the rate of wound 
complications in open fractures in seven different climate regions within the USA. With results 
of all seven regions combined they could not identify a difference in wound complications
between seasons. For two out of seven regions a significant seasonal difference was found, 
with fall having the highest number of wound complications. Interestingly, the overall 
incidence of wound complications did vary significantly between climate regions (corrected 
for patient and injury characteristics) [19]. This leads to the hypothesis that a seasonal effect 
can only be found in certain climate regions. This theory is supported by Haws et al. who did 
not identify an overall difference in wound complications but did find an effect when 
comparing the wet season with other seasons in tropical areas [26]. The temperate climate of 
the Netherlands might be an explanation for the fact that this study could not detect a 
seasonal difference in wound complications. Seasonality might only exist in climate zones
with more extreme weather conditions.

FFiigguurree 22.. AAvveerraaggee tteemmppeerraattuurreess iinn ddeeggrreeeess CCeellcciiuuss aanndd aammoouunntt ooff wwoouunndd ccoommpplliiccaattiioonnss dduurriinngg tthhee ssttuuddyy 
peerriioodd (KKNNMMII) 

KNMI: Koninklijk Nederlands Meteorologisch Instituut

Another possible explanation is the “July-effect”, a description for the start of the academic 
year when new (inexperienced) surgeons in training start. Previous studies have concluded 
that there is a significant difference in the amount of complications, morbidity, outcomes and 
mortality at the beginning of the academic year [32]. However, the same “July-effect” was 
also found in non-teaching hospitals, making training status less likely as a cause for the 
higher number of wound complications in summer [21]. In the presently studied hospital, 
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surgeons in training start at varying time points during the year, making a “July-effect” 
unlikely to occur.

However, the reason for a difference in the incidence of wound complications between 
seasons is most likely multifactorial. Besides changes in temperature and bacterial flora of the 
skin, diet change, clothing, sunlight exposure (influence vitamin D or skin flora), exercise, 
amount of time spent inside with other people, duration and quality of sleep, exposure to 
diseases could also influence wound complications. Also the number of admissions of trauma 
surgery may vary due to weather influence such as temperature or precipitation [33].

FFiiguurree 33.. AAmmoouunntt ooff ssuunn, prreecciipiittaattiioonn aanndd wwoouunndd ccoommplliiccaattiioonnss dduurriinng tthhee ssttuuddy peerriioodd (KKNNMMII) 

KNMI: Koninklijk Nederlands Meteorologisch Instituut

LLiimmiittaattiioonnss  
Some limitations can be mentioned in this study. The first limitation is the retrospective study 
design, which limits the number of variables that can be reliably extracted from electronic 
patient records. This may have led to underreporting of confounding factors (such as 
“amount of blood loss”) but also of the primary outcome measure “wound complications”. 
Especially superficial SSIs or other minor wound healing problems may have been treated by a 
general practitioner and, therefore, not mentioned in patient’s hospital records. However, 
major wound complications needing re-admission or additional surgery were well 
documented. Another limitation is the heterogeneity of the study population. Although 
included patients have been limited to patients undergoing trauma-related surgery of foot, 
ankle or lower leg, there is still variation in the risk of wound complications between these 
locations of injury. Moreover, this study includes both elective and acute procedures and
open as well as closed fractures. By reporting all potential risk factors and confounders of 
wound complications and incorporating them in the multivariate analysis we have tried to 
make it more transparent and limit the effect on the main research question.
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This study may be subjected to a selection bias since it was carried out with data of a single 
center, specialized in complex foot/ankle traumas. This may have led to a higher overall 
complication percentage than one would expect. A single center study in a small country does 
have the advantage of similar weather conditions for each patient. Finally, due to the single 
center study design, the number of included patients might not be sufficient to achieve 
statistical significance. However, the odds that our findings with more wound complications in 
winter than in summer are purely coincidental and that with sufficient power we would have 
found an opposite effect (more wound complications in summer) are slim.  

CONCLUSION  
Despite limitations, this study was able to confirm previous evidence and demonstrated that 
there is no seasonal influence on the number of wound infections in trauma-related foot/ 
ankle surgery. Moreover, this effect of the season remained absent after correcting for 
multiple patient and surgery-related factors. As seasonality is multifactorial, it would be more 
beneficial to identify specific climate/season related factors that are of influence. Future 
research should focus more on these specific “sub-factors” which may be influenced (e.g. 
diet, sunlight/ high-temperature exposure, exercise) to hopefully reduce the number of 
surgical wound complications. Besides season, weather conditions in the days after surgery, 
should, therefore, also be reported in studies on this topic.  
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ABSTRACT  
 

BACKGROUND  

The incidence of surgical site infections (SSIs) in trauma/orthopedic surgery varies between 
different body parts. Antibiotic prophylaxis (e.g., with cefazolin) lowers infection rates in 
closed fracture surgery and in primary arthroplasty. For prophylactic antibiotics to prevent 
infections, sufficient concentrations at the target site (location of surgery) are required. 
However, dosage recommendations and the corresponding efficacy are unclear. This review 
assesses target site cefazolin concentrations and the effect of variation in dose and location of 
target site during orthopedic extremity surgery. 

METHODS 

For this meta-analysis and systematic review, the literature was searched using the following 
keywords: “cephalosporins,” “orthopedic,” “extremity,” “surgical procedures,” and 
“pharmacokinetics”. Trials measuring target site antibiotic concentrations (bone, soft tissue, 
synovia) during orthopedic surgery after a single dose of cefazolin were included. 

RESULTS 

The search identified 14 studies reporting on concentrations in the shoulder (n = 1), hip (n = 
8), knee (n = 8), or foot (n = 1). A large variation was seen between studies, but the pooled 
results of 4 studies showed higher concentrations in hip than in knee (mean difference: 4 
ug/g, 95% CI 0.8–7). Articles comparing different doses of cefazolin reported higher bone 
concentrations after 2 g than before, but pooling results did not lead to a statistically 
significant difference.  

CONCLUSION 

Although not all results could be pooled, this study shows that cefazolin concentrations are 
higher in the hip than in the knee. These findings suggest that the dose of prophylactic 
cefazolin might not be sufficient in distal parts of the extremity. Further research should 
investigate whether a higher dose of cefazolin can lead to higher concentrations and fewer 
SSIs.  
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INTRODUCTION 
A surgical site infection (SSI) is one of the most common complications of surgical 
interventions of the extremity, especially when implants are involved. The infection rate 
ranges from 1.3%-10% in hip and knee procedures[1,2] to 12.2%-24.6%[3–5] in foot and ankle 
surgery. Antibiotic prophylaxis is widely used in surgical and orthopedic interventions and has 
been shown to lower infection rates in closed fracture surgery[6,7], as well as in primary 
arthroplasty[8,9]. Because of their broad-spectrum effect on methicillin sensitive 
staphylococci and streptococci and relatively low costs, first generation cephalosporins (e.g. 
cefazolin, cephradine or cephalexin) are the recommended prophylactics in 
orthopedic/trauma surgery[10,11]. However, there is limited evidence to support dosage 
recommendations in this field. The studies that form the foundation for the dosage, as 
mentioned in several international guidelines on surgical prophylaxis, do not include patients 
undergoing fracture/implant surgery[12–14].  
 
For a prophylactic antibiotic to exert its antimicrobial effect it is necessary to achieve 
concentrations that exceed the minimum inhibitory concentration (MIC) of the targeted 
pathogen for at least the time between incision and closure of the wound[15]. The MIC is the 
serum concentration that an antibiotic should exceed to inhibit a certain pathogen (e.g. MIC 
of cefazolin for s. Aureus is 0.5-2 ug/l, meaning that a cefazolin concentration in serum of 0.5-
2 ug/l is necessary for adequate inhibition of s. Aureus). Because drugs are not evenly 
distributed through the body, it is important to know that an antibiotic achieves sufficient 
concentrations not only in serum but also at the target site (location of surgery)[16]. Data on 
target site concentrations of cefazolin during orthopedic surgery of the extremities could 
provide us with necessary information to assess and improve the efficacy of prophylactic 
cefazolin.  
 
The aim of this systematic review was to answer the following questions:  
1. What are the target site concentrations of cefazolin in the extremities during orthopedic 
surgery? 
 2. What is the influence of location of the target site and dose of cefazolin on the target site 
concentration? 
  

METHODS 
SSeeaarrcchh  SSttrraatteeggyy  aanndd  CCrriitteerriiaa  
This meta-analysis and systematic review was performed according to the PRISMA 
statement[17] and registered in PROSPERO (nr CRD42018093697). A search was performed in 
MedLine (PubMed), EMBASE (Ovid) and the Cochrane Library. A clinical librarian was 
consulted on the search strategy. The full search is presented in the Appendix, but it included 
the following keywords: ‘cephalosporins’, ‘orthopedic’, ‘extremity’, ‘surgical procedures’ and 
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‘pharmacokinetics’. The last search was run on 15-1-2018. In addition to the databases, 
bibliographies were checked for additional articles. 
 
Eligible for inclusion were randomized controlled trials or prospective cohort studies 
investigating ‘target site’ antibiotic concentrations in human, adult subjects who received 
prophylactic cefazolin in a single, intravenously administered dose before orthopedic/trauma 
surgery of the extremity. ‘Target site’ concentrations were defined as concentrations 
measured in soft-tissue, bone, synovia of wound/drain fluid at or near the site of surgery. To 
be able to compare dosages, we chose to limit the type of administered prophylaxis to 
cefazolin only, the most widely studied first generation cephalosporin. No publication date or 
language restrictions were imposed. 
 
SSttuuddyy  sseelleeccttiioonn  
All identified studies were screened for relevance based on title and abstract by 2 reviewers 
(TS and FS). The remaining studies were independently screened for eligibility based on full-
text reading by the same reviewers and were included if none of the exclusion criteria were 
met. Studies were excluded based on; intervention (cephalosporin that was not cefazolin), 
study design (reviews or articles only available as abstract), population (when included 
patients received therapeutic antibiotics up until a week before surgery or had peripheral 
vascular disease) and outcome (solely serum concentrations measured). Conflicts were 
discussed until consensus was reached.  
 
The literature search identified 825 articles, of which 626 were assessed for eligibility and a 
final number of 14 studies were included in the systematic review after full text screening. 
Five studies were also included in the meta-analysis (4 in the comparison of different target 
sites, 1 in the comparison of different cefazolin dosages, 1 in both). The number of records 
identified, included, and excluded (with reasons) are depicted in a PRISMA Flow Diagram 
(Figure 1).    
 
DDaattaa  ccoolllleeccttiioonn  
Data was extracted using a customized extraction sheet (based on the Cochrane data 
extraction template), which was pilot-tested on 5 articles randomly selected from the 
included articles and adjusted accordingly. One reviewer (FS) extracted the data and the other 
reviewer (TS) verified it. Duplicate publications were filtered out by juxtaposing author names 
and carefully reviewing study designs and treatment combinations. In case of multiple 
publications on one trial, the published information was combined to ensure 
comprehensiveness of data. Collected information included 1) study characteristics (study 
design, number of patients included, in/exclusion criteria and year published), 2) patient 
characteristics (sex, age, weight, type of procedure, given demographic or disease specifics), 
3) type of intervention(s) (dose, timing of administration, comparative), 4) outcome (site of 
measurement, timing of measurement, unit presented as, type of analysis, results).  
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SSttuuddyy  QQuuaalliittyy  
Studies were screened for quality and risk of bias using the Newcastle-Ottawa Scale (NOS), 
designed to assess the quality of nonrandomized cohort studies[18]. Using this scale studies 
were judged on nine items within three domains (selection, comparability and outcome) as 
either good, poor or unclear, a “good” score counting as one point, with a maximum of nine 
points. The rating sheet was adjusted to this review using topic-specific rating criteria (shown 
in Annex). Quality screening was performed by one reviewer (FS) and subsequently checked 
by another reviewer (TS). 
 
Due to heterogeneity of location of measurements, cefazolin dosages and measurement 
methods, assessment of publication bias using for example a funnel-plot, was not possible.  
 
SSttaattiissttiiccaall  aannaallyyssiiss  
All statistical analyses were performed using Review Manager (RevMan, Version 5.3. 
Copenhagen: The Nordic Cochrane Centre, The Cochrane Collaboration, 2014). Mean target 
site antibiotic concentrations were compared between different locations of the target site 
and between different dosages of cefazolin. To compare these groups, while taking the 
heterogeneity between studies into account, only studies describing two different 
doses/measuring sites were included in the meta-analysis. Only concentrations measured in 
bone were included for meta-analysis, since soft tissue samples were not comparable 
(different locations). Antibiotic concentrations were expressed as weighted mean difference 
with the corresponding 95% confidence interval (95% CI) and p-value. Statistical analyses 
were performed using a random-effects model, considering the heterogeneity of included 
trials(19). The I2 was used as a measure for consistency of data. To incorporate the 
heterogeneity in the estimation of difference in concentrations between hip and knee, a 95% 
prediction interval was also computed. Where a 95% CI only represents the average of study 
effects, a 95% prediction interval presents the range of expected results for 95% of similar 
studies that might be conducted in the future[20]. However, as Partlett and Riley (2017) 
recently concluded, prediction intervals perform best when heterogeneity is high but when 
there is also a minimum of 5 included studies(21). With a smaller amount of studies, the 
prediction interval tends to be too wide, and should not be interpreted as true effect. 
Statistical significance was defined as p < 0.05.  
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RESULTS 
Included trials were mostly prospective cohorts[22–32], except for three randomized 
controlled trials[33–35]. Patient and study characteristics are specified in Table 1. Most 
studies included patients undergoing elective total hip replacement (n=3)[23,28,29], total 
knee replacement (n=4)[17,29,30] or both (n=5)[24,25,30,32,33] (of which Cunha et al.[25] 
compared their results in the knee with results in the hip from a previously reported trial[23] 
in their most recent article) and one each included patients with a femur fracture[31], 
shoulder surgery[27] or bunionectomy[26]. Table 2 (see Supplementary data) gives an 
overview of the different target sites and given dose of cefazolin described by each study.  
 
All studies reported target site antibiotic concentrations in bone and some also measured 
concentrations in soft-tissue (n=4)[27,28,34,35] or  synovial fluid (n=1)[25]. Target site 
concentrations were reported as a mean value in ten studies[22,24,26–30,32,33,35], as mean 
peak value in two studies[23,25], as separate values per patient in one study[31], and as 
percentage of patients with values above the MIC in two studies[30,34]. Due to the 
heterogeneity of included studies regarding cefazolin doses, sampling and analysis methods, 
the majority of data could not be pooled. 
 
QQuuaalliittyy  aasssseessssmmeenntt  
Although a minimal score on the NOS suggesting good quality has not been established, the 
overall risk of bias in the included studies seemed high, with only five studies scoring five or 
more out of nine points on the NOS[18]. The studies used in meta-analysis scored relatively 
high with two studies scoring seven stars and one each scoring six, five and four points. The 
full quality assessment is shown in Figure 2 (see Supplementary data).   
 
TTaarrggeett  ssiittee  ccoonncceennttrraattiioonnss  
Bone concentrations 
Overall, target site antibiotic concentrations in the bone ranged from 0.64 ug/g to 87.7 ug/g, 
but the variation of concentrations between different administered dosages of cefazolin and 
location of measurement was quite large. All of the ten studies reporting a MIC (Table 1), 
reported mean target site concentrations higher than the minimum concentration for S. 
Aureus (0.5-2 ug/ml). However, most studies also described MICs for other organisms, usually 
requiring higher concentrations of cefazolin. In five studies, mean cefazolin concentrations 
were higher than all of the  MICs they reported for different pathogens/resistance patterns, 
ranging from 0.5 ug/ml for s. Aureus, to 3-4 ug/ml for E. Coli and Klebsiella 
species[25,26,28,30,31]. Two studies specifically reported the percentage of patients 
achieving bone concentrations higher than the MIC. Friedman et al. (1990) reported that 
40.3% of patients achieved bone concentrations higher than a MIC of 4 ug/ml, at 30 minutes 
after administering 1g of cefazolin. Sharareh et al. (2016), using a MIC of 2ug/ml, found that 
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Mean or maximum target site concentrations of all included studies. When 
reported separately for individuals or for multiple time points, the
se are depicted separately. Bar represents MIC90 of Staphylococcus Aureus 
(0,5-2,0 ug/l)

in the group receiving 1g of cefazolin, 75% reached the MIC compared to 92.6% in the group 
receiving 2g. 

Soft tissue concentrations
Cunha et al. (1984) took samples of the synovia of the knee and found mean peak levels of 
8mg/l, which cannot be compared to measurements in bone due to the unit (mg/l vs ug/g) 
and absence of standard deviations (Table 3, see Supplementary material). Miller et al. (2004) 
found a mean cefazolin concentration of 10.7 ug/g in the soft tissue of the shoulder (SD not 
reported), which was lower than the 35.8 ug/g they found in bone at the same time-point. 
Young et al. (2013) found values between 7.2 ug/g and 12.8 ug/g in fat around the knee joint 
on different time-points, comparable to the values measured simultaneously in bone. 
Friedman et al. (1990), on the contrary, reported a higher percentage of patients with 
concentrations above the MIC (4ug/g) in soft-tissue than in bone of the knee at each time-
point. Parsons et al. (1978) also found higher levels in the hip capsule than in bone with mean 
concentrations of 35.2 ug/g (SD 7.2) and 14.4 (2.3) respectively.

LLooccaattiioonn ooff ttaarrggeett ssiittee 
Mean (peak) antibiotic concentrations for different measuring sites were ranging from 1.6 
ug/g to 87.7 ug/g in the hip, from 0.64 ug/g to 39.8 ug/g in the knee, 2.39 ug/g in the foot and 
35.8 ug/g in the shoulder, measured at varying time-points. The results of each individual 
study are visualized in Figure 3-6. Figure 3 shows that although concentrations in the knee 
were lower than in the hip, nearly all measured concentrations were higher than the MIC of S. 
Aureus. The concentrations that were lower or only just above the MIC were measured either 
more than 100 minutes 

after administration or in 
the foot. In five studies 
concentrations in the hip 
and knee were compared 
[24,25,30,32,33]. All 
reported higher 
concentrations measured 
in the hip than in the 
knee, statistically 
significant in two[30,32]. 
The other three studies 
either did not compare 
knee and hip directly, or 
did not perform 
statistical testing for this 
comparison. 
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FFiigguurree 55.. BBoonnee ccoonncceennttrraattiioonn ppeerr ddoossaaggee 

Mean or maximum target site concentrations of all included studies. When 
reported separately for individuals or for multiple time points, these are 
depicted separately. Bar represents MIC90 of Staphylococcus Aureus (0,5-
2,0 ug/l)

Mean or maximum target site concentrations of all included studies. When 

Out of the five studies measuring antibiotic concentrations at different target sites, 
four[24,30,32,33] could be pooled. The results from Cunha et al. (1984) could not be included 
into the meta-analysis due to the fact that no standard deviations were provided. When 
pooled, target site cefazolin concentrations were significantly higher in the hip (acetabulum, 
femoral head or proximal femur) than in the knee (distal femur or proximal tibia) with a mean 
difference of 3.75 ug/g, 95% CI: [0.79 – 6.71] (Figure 4). Although the time-points at which 
concentrations were measured differed between studies, the time-points of measurements in 
hip and knee within each study were similar. Heterogeneity between the studies is high, with 
an I2 of 83%.  

FFiigguurree 44.. PPoooolleedd mmeeaann ttaarrggeett ssiittee ccoonncceennttrraattiioonnss ccoommppaarriinngg llooccaattiioonn ooff mmeeaassuurreemmeenntt 

DDoossee ooff cceeffaazzoolliinn 
Bone concentrations were ranging from 0.64 ug/g to 35.8 ug/g when 1g of cefazolin was 
given, 8.3 ug/g to 39.8 ug/g in 2g, 10.2 ug/g to 87.7 ug/g in 4g and 7.7 ug/g in the study
administering 10mg/kg (Figure 5). Three studies compared target site concentrations 
according to the given dose of cefazolin (either 1g or 2g)[22,30,32]. All of these studies report 
higher levels for the group 

receiving 2g of cefazolin, but 
only in one study statistical 
significance was 
achieved[22] (Figure 6). Figure 5
shows that the concentrations 
lower or just above the MIC 
were all measured after 
administration of 1g of 
cefazolin. Only two 
studies[22,30] could be used for 
meta-analysis, because of 
missing standard deviations in 
the study by Williams et al. 
(1983). As shown in Figure 6, 
pooling the results did not lead 
to a statistically significant 
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difference in target site concentration (mean difference -9.24, 95% CI [-23.2 – 3.7]). Time-
points of the measurements were similar both between and within the different studies. 
Nonetheless, heterogeneity between the studies was high with an I2 of 78%. 
 
FFiigguurree  66  PPoooolleedd  rreessuullttss::  mmeeaann  ttaarrggeett  ssiittee  bboonnee  ccoonncceennttrraattiioonnss  ccoommppaarreedd  bbyy  ddoossee  

Due to the small number of studies for this outcome, no predictive interval was computed 
 

DISCUSSION 
Because of the large clinical implications of SSIs in orthopedic trauma surgery, prophylactic 
antibiotics are widely instated. However, dosage recommendations and corresponding 
efficacy remain unclear, partly because of the unequal distribution of drugs throughout the 
body. Sufficient concentrations of antibiotics at the target site (location of surgery) are 
required for optimal infection prevention. Therefore this meta-analysis focused on the target 
site concentrations of the most commonly used prophylactic in orthopedic trauma surgery, 
cefazolin. It aimed to answer the following questions: 1) What are the target site 
concentrations of cefazolin in the extremities during orthopedic surgery? 2) What is the 
influence of location of the target site and dose of cefazolin on the target site concentration? 
 
A few limitations can be pointed out for this review and the available literature. First of all, 
the quality of the individual studies included in this systematic review varied. Most studies 
presented data that was collected before the year 2000, which often resulted in incomplete 
reporting and possibly outdated analyzing methods. Also, given the fact that most studies 
included only elective orthopedic surgery, selection bias, by including only relatively healthy 
patients, may have occurred. Secondly, given the large heterogeneity in methods used for 
sampling, timing of the samples, processing and analyzing, less than half of the results could 
be pooled. Thirdly, target site concentrations of an antibiotic may also be influenced by other 
patient or surgical characteristics such as renal function, obesity, bleeding or tourniquet use. 
Although most of these characteristics do not seem to differ between location of surgery or 
dose within one study, tourniquet use could have an influence on the comparison between 
samples of hip and knee. Another limitation is the fact that all of the individual studies 
measured concentrations in samples of bone/soft-tissue, the so called ‘whole tissue 
concentration’. As described by Mouton et al. (2008), these concentrations are only an 
estimate of the ‘unbound’ or active part of the drug and cannot be credibly compared to the 
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MIC, which is the total (unbound plus plasma protein bound) concentration in serum. 
Moreover, homogenizing or grinding up whole tissue samples, leads to dilution of the drug by 
mixing intracellular and extracellular fluids, resulting in, depending on the type of drug, under 
or overestimation of its concentrations[36]. Nevertheless, simply using the serum 
concentration as a surrogate might not be sufficient for estimating effect, since the 
distribution of drugs throughout the body is not homogenous[16]. Finally, regarding the 
clinical implications of antibiotic prophylaxis, more than the concentration itself, the time that 
the concentration is higher than the MIC (T>MIC) is important. The T>MIC should at least 
overlap with the “decisive period”. This is the period that starts at incision and ends after 3 
hours, during which antibiotics can effectively suppress the development of a wound 
infection[15]. Instead of reporting this T>MIC, all included studies solely measured antibiotic 
concentrations at individual moments in time. When samples are taken at multiple time 
points, they can be used to predict levels of antibiotics in tissue over a course of time, using 
population kinetics, like Gergs et al. (2014). With population kinetics, model predicted time-
concentration curves for each patient can be fabricated, which allows the evaluation of the 
T>MIC, and therefore a more precise estimate of clinical efficacy.  
 
We found a large variation in target site cefazolin concentrations of the extremity between 
different studies. In general, the achieved concentrations in bone surpassed the minimal 
inhibitory concentration (MIC) for S. aureus, the most common pathogen of a SSI. However, 
when stratifying the results on the location of the target site and dose of cefazolin, some 
measurements did not reach this MIC.  
 
Regarding the association between location of the target site and antibiotic concentrations, 
the present study showed that the same dosage of cefazolin resulted in significantly lower 
concentrations in the knee than in the hip. Although, with just a single study in the foot[26], 
no definite conclusions can be drawn, this could mean that for surgery of the more distal 
parts of the extremity (e.g. foot/ankle), 1g of cefazolin is not sufficient as prophylaxis. 
Whether or not a higher dose is beneficial in this area is yet to be determined. 
 
As for the relationship between cefazolin dose and concentration, all three articles that 
compared different dosages found higher concentrations when 2g was given instead of 1g, 
although only one with statistical significance. A visualization of these concentrations, 
including also the studies investigating only one dose, suggests that the higher the dose, the 
higher the concentration (Figure 5). However, even though concentrations seemed 
increasingly high, the clinical implications of this phenomenon have not been investigated. A 
ceiling effect, where higher concentrations would not lead to less SSIs, is likely to occur at a 
certain time and could pave the way for antimicrobial resistance.  
 
This first systematic review on target site concentrations of prophylactic antibiotics has 
provided valuable insights. The results of this study show that there is a large variation in 
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target site cefazolin concentrations of the extremity between different studies. In general, the 
achieved concentrations in bone surpassed the minimal inhibitory concentration (MIC) for S. 
aureus, the most common pathogen of a SSI. Most importantly, we found that the local 
concentration of cefazolin is associated with the location of the target site. Although no 
definite conclusions can be drawn based on this study, a higher dose of cefazolin seems to 
produce higher whole tissue concentrations. These insights could be very helpful in the path 
towards more efficient use of antibiotics. In particular, this study gives rise to the question 
whether the dose of prophylactic cefazolin needs to be adjusted to the location of the target 
site. To make any recommendations for the dose of prophylactic cefazolin in 
orthopedic/trauma surgery of the extremity however, additional prospective research is 
needed. We believe that a preclinical trial, comparing multiples dosages and locations of 
measurement in the extremity, is necessary before further investigating the efficacy of 
prophylactic cefazolin in preventing SSIs. 
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SUPPLEMENTARY DATA 
 

FULL SEARCHES  

PPuubbMMeedd  ((119944  hhiittss))    
(“Cephalosporins”[Mesh] OR cephalospor*[tiab] OR kefzol[tiab] OR cefazolin[tiab] OR cephazolin[tiab] 
OR cefamandole[tiab] OR cefuroxime[tiab] OR duricef[tiab] OR keflex[tiab] OR Cefadroxil[tiab] OR 
velosef[tiab] OR biocef[tiab] OR panixine[tiab] OR cephalexin[tiab] OR ancef[tiab] OR cephradine[tiab] 
OR ultracef[tiab]) AND (“Lower Extremity”[Mesh] OR “Upper Extremity”[Mesh] OR “Podiatry”[Mesh] 
OR “Ankle Fractures”[Mesh] OR “Bones of Lower Extremity”[Mesh] OR “Bones of Upper 
Extremity”[Mesh] OR “Joints”[Mesh] OR orthopedic*[tiab] OR orthopaedic*[tiab] OR joint*[tiab] OR 
lower extremit*[tiab] OR upper extremit*[tiab] OR lower limb*[tiab] OR upper limb*[tiab] OR 
ankle*[tiab] OR foot[tiab] OR feet[tiab] OR knee*[tiab] OR hip*[tiab] OR femor*[tiab] OR femur[tiab] 
OR tibia*[tiab] OR fibula*[tiab] OR calcane*[tiab] OR shoulder*[tiab] OR arm[tiab] OR arms[tiab] OR 
elbow*[tiab] OR wrist*[tiab] OR hand[tiab] OR hands[tiab] OR leg[tiab] OR legs[tiab]) AND (“Surgical 
Procedures, Operative”[Mesh] OR “surgery”[Subheading] OR “Orthopedic Procedures”[Mesh] OR 
invasive procedure*[tiab] OR orthopedic*[tiab] OR orthopaedic*[tiab] OR arthroplast*[tiab] OR knee 
replac*[tiab] OR surger*[tiab] OR operat*[tiab] OR preoperat*[tiab]) AND 
(“Pharmacokinetics”[Mesh] OR “pharmacokinetics” [Subheading] OR “Tissue Distribution”[Mesh] OR 
concentration*[tiab] OR tissue distribution*[tiab] OR tissue locali*[tiab] OR pharmacokinetic*[tiab] 
OR pharmacokinetic*[ tiab] OR absorption*[tiab] OR kinetic*[tiab] OR drug body relation*[tiab])  
 
Embase (Ovid)  
# Searches Results 1 exp cephalosporin derivative/ or (cephalospor* or kefzol or cefazolin or 
cephazolin or cefamandole or cefuroxime or duricef or keflex or Cefadroxil or velosef or biocef or 
panixine or cephalexin or ancef or cephradine or ultracef). ti,ab,kw. 207,766 2 exp lower limb/ or exp 
upper limb/ or podiatry/ or exp ankle fracture/ or exp “bones of the leg and foot”/ or exp “bones of 
the arm and hand”/ or exp joint/ or (orthopedic* or orthopaedic* or joint* or lower extremit* or 
upper extremit* or lower limb* or upper limb* or ankle* or foot or feet or knee* or hip* or femor* 
or femur or tibia* or fibula* or calcane* or shoulder* or arm or arms or elbow* or wrist* or hand or 
hands or leg or legs).ti,ab,kw. 2,376,346 3 exp surgery/ or su.fs. or exp orthopedic surgery/ or exp 
total arthroplasty/ or exp knee replacement/ or (invasive procedure* or orthopedic* or orthopaedic* 
or arthroplast* or knee replac* or surger* or operat* or preoperat*). ti,ab,kw. 5,840,574 4 exp 
pharmacokinetics/ or pharmacokinetics. fs. or tissue distribution/ or (concentration* or tissue 
distribution* or tissue locali* or pharmacokinetic* or pharmaco-kinetic* or absorption* or kinetic* or 
drug body relation*). ti,ab,kw. 3,236,447 5 1 and 2 and 3 and 4 588  
 
Cochrane Library (43 hits):  
ID Search #1 cephalospor* or kefzol or cefazolin or cephazolin or cefamandole or cefuroxime or 
duricef or keflex or Cefadroxil or velosef or biocef or panixine or cephalexin or ancef or cephradine or 
ultracef:ti,ab,kw (Word variations have been searched) #2 MeSH descriptor: [Podiatry] explode all 
trees #3 orthopedic* or orthopaedic* or joint* or lower extremit* or upper extremit* or lower limb* 
or upper limb* or ankle* or foot or feet or knee* or hip* or femor* or femur or tibia* or fibula* or 
calcane* or shoulder* or arm or arms or elbow* or wrist* or hand or hands or leg or legs:ti,ab,kw 
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(Word variations have been searched) #4 #2 or #3 #5 invasive procedure* or orthopedic* or 
orthopaedic* or arthroplast* or knee replac* or surger* or operat* or preoperat*:ti,ab,kw (Word 
variations have been searched) #6 concentration* or tissue distribution* or tissue locali* or 
pharmacokinetic* or pharmaco-kinetic* or absorption* or kinetic* or drug body relation*:ti,ab,kw 
(Word variations have been searched) #7 #1 and #4 and #5 and #6  
 

TABLES 

TTaabbllee  22..  CCeeffaazzoolliinn  ddoossee  aanndd  ssiittee  ooff  mmeeaassuurreemmeenntt  ooff  iinncclluuddeedd  ssttuuddiieess  
 
 Cefazolin 1g Cefazolin 2g Other* 
Hip Bryan (1988)  

Cunha (1977)  
Sharareh (2016)  
Sorensen (1978)  
Williams (1983)  

Sharareh (2016)  
Williams (1983)  
Yamada (2011)  

Parsons (1978)  
Polk (1983)  

Knee Angthong (2015)  
Bryan (1988)  
Cunha (1984)  
Friedman (1990)  
Sharareh (2016)  
Williams (1983)  
Young (2013)  

Angthong (2015)  
Sharareh (2016)  
Williams (1983)  
Yamada (2011)  

 

Foot Deacon (1996)    
Shoulder Miller (2004)    
 
 
  
TTaabbllee  33..  SSoofftt  ttiissssuuee  ttaarrggeett  ssiittee  cceeffaazzoolliinn  ccoonncceennttrraattiioonnss  
  
Site 
   Author (year) 

n/dose Time of sample, min (SD) Concentration, μg/g (SD) 

Hip capsule 
   Parsons (1978) 

 
6/4g  

 
64 (26) 

 
35 (24) 

Knee 
    Cunha (1984) 
    Friedman (1990)* 
 
 
    Young (2013) 

 
13/1g 
24/1g 
 
 
11/1g  

 
ND 
10 
30 
60 
26 (23)  

 
8 mg/L 
75% 
57% 
54% 
11 (2.4) 

Shoulder 
   Miller (2004) 

 
7/1g 

 
40 

 
11 

 
ND: no data 
*Results in percentage of patients achieving a concentration > 4 μg/g (MIC). 
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FIGURES  

FFiigguurree  22..  QQuuaalliittyy  aasssseessssmmeenntt  
 

 
 
+: low risk of bias/good quality, -: high risk of bias/poor quality, ?: unknown risk of bias/unclear or not-applicable 
(e.g. comparability of cohorts in studies where only one group received intravenously administered cefazolin). A 
green ‘+’ matches with a star on the NOS.  
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ABSTRACT  
 

BACKGROUND  

The rate of surgical site infections (SSIs) after foot or ankle surgery remains high, despite the 
implementation of antibiotic prophylaxis. Recently, guidelines suggest a single dose of 2 g 
instead of 1 g of cefazolin for implant surgery; this decision is largely based on 
pharmacokinetic studies. However, the clinical effect of this higher dose has never been 
investigated in foot and ankle surgery. This retrospective cohort study investigated the effect 
of 2 g compared with 1 g of prophylactic cefazolin on the incidence of SSIs in foot and ankle 
surgery.  

METHODS 

All patients undergoing trauma-related surgery of the foot, ankle, or lower leg between 
September 2015 and March 2019 were included. The primary outcome was the incidence of 
an SSI. SSIs were compared between patients receiving 1 g and 2 g of cefazolin as surgical 
prophylaxis, using a propensity score to correct for possible confounders. 

RESULTS  

A total of 293 patients received 1 g and 126 patients received 2 g of cefazolin. The overall 
number of SSIs was 19 (6.5%) in the 1-g group and 6 (4.8%) in the 2-g group. Corrected for 
possible confounders, this was not statistically significant (OR, 0.770; P = .608). 

CONCLUSION 

Even though the decrease in SSI rate from 6.5% to 4.8% was found not to be statistically 
significant, it might be clinically relevant considering the reduction in morbidity, mortality, 
and healthcare costs. Research linking pharmacokinetic and clinical results of prophylactic 
cefazolin is needed to establish whether or not the current recommendations and guidelines 
are sufficient for preventing SSIs in foot and ankle surgery.  
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INTRODUCTION 
Despite the implementation of prophylactic antibiotics, the rate of surgical site infection (SSI) 
in foot and ankle surgery has been reported as ranging from 0 to 9.4%, with the highest 
percentages in trauma-related surgery[1]. SSIs, both superficial and deep osteomyelitis, 
negatively affect the functional outcome after foot/ankle surgery  and cause an increase of 
morbidity and mortality[2–4]. In addition, higher health costs due to prolonged hospital stay, 
reoperation and increased use of antibiotics can be attributed to SSIs.  

In line with the WHO Global Action Plan on Antimicrobial Resistance; evidence-based 
prescription of antibiotics should be a priority in health care[5]. This plan states that there is 
compelling evidence that antimicrobial resistance is driven by the large volume of 
antimicrobial agents being used. According to the European Centre for Disease Control and 
Prevention, drug-resistant bacteria are responsible for 25,000 deaths annually and extra 
healthcare costs and lost productivity amounting to at least €1500 million in the European 
Union alone[6]. The Joint Commission International hospital manual advices avoiding of 
prolonged use of prophylactic antibiotics and prescribing a narrower-spectrum agent when 
possible[7]. It has also been argued that with a higher, more effective starting dose, one may 
avoid opportunities for resistant subpopulations to amplify[8].   

Based on pharmacokinetic studies, guidelines have altered their policy on antibiotic 
prophylaxis and now advice 2g instead of 1g of cefazolin for implant surgery[9,10]. However, 
the clinical effectiveness of a higher dosage has, to the best of our knowledge, not been 
proved in trauma or orthopedic surgery. 

The aim of this study was to retrospectively evaluate the clinical effect of a single dose of 2g 
compared to 1g cefazolin administered prophylactically in trauma-related foot/ankle surgery. 

 
METHODS  
This retrospective observational cohort study was conducted at a single level-1 trauma center 
with tertiary referral for complex foot/ankle injuries.  

PPaattiieennttss  aanndd  DDaattaa  CCoolllleeccttiioonn 
All patients undergoing trauma related foot and ankle surgery between September 2015 and 
March 2019 were extracted from the electronic patient data system, using a series of surgical 
procedure codes and selecting on specialized trauma surgeons and residents. Ethical 
permission was not required given the retrospective, non-invasive nature of this study. 
Informed consent was obtained by means of an information letter accompanied by an 
objection form on which patients could object to the use of their data for research. After 
permission was obtained records were screened for eligibility and data was retrospectively 
collected from the digital medical files. All (post-)traumatic surgical procedures warranting 
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antibiotic prophylaxis were included, entailing acute and reconstructive implant surgery as 
well as tendon repairs. Acute implant surgery was defined as open reduction and internal 
fixation (ORIF) of fractures either with or without arthrodesis within 30 days of trauma. 
Reconstructive implant surgery consisted of all secondary or planned procedures, longer than 
30 days following trauma, such as secondary subtalar arthrodesis or correction osteotomies 
after malunion. Only metal, non-absorbable implants made of either stainless steel or 
titanium were used and all procedures were performed by a foot ankle specialized trauma 
surgeon. 

After reviewing 777 surgical procedures, a final 419 procedures in 375 patients were included 
in this study. Patients who objected to the use of their medical records (N = 4) were excluded 
from all analysis. All other cases were reviewed and excluded when SSI was pre-existing at 
time of surgery (N = 57), other prophylactic/therapeutic antibiotics than cefazolin were 
administered perioperatively (N = 52), patient’s age was <18 at time of surgery (N = 26) or 
when the patient was lost to follow-up within 30 days after surgery (N = 23). The following 
surgical procedures were also excluded because antibiotic prophylaxis was not warranted or 
because of an altered chance of SSI: implant removal (N = 108), percutaneous fixation 
(Kirschner wire/external fixator, N = 49), not trauma-related procedures (arthroscopy/Charcot 
amputations/exostosis removal, N = 39).  

The following patient characteristics were collected: gender, age, height, weight, ASA score 
(American Society of Anesthesiologists), comorbidities such as diabetes mellitus, (iatrogenic) 
immunodeficiency, intoxications: (history of) smoking, more than two glasses of alcohol a day 
and other substance abuse. Location and type of injury were coded, including Gustillo 
classification in open fractures. The following surgical characteristics were collected: previous 
procedure or treated infection in operation area, time between initial trauma and surgery, 
procedure performed by specialist or resident, duration of surgery in minutes, tourniquet use, 
estimated blood loss, fixation material, use and type of bone filling, primary closure of skin 
and dosage of cefazolin. Additionally, type and duration of wound dressing, time to 
mobilization in weeks and prescription of antibiotic treatment were recorded. When a SSI was 
present, information on the treatment was recorded. 

TTrreeaattmmeenntt 
Procedures were divided into two groups; group 1 constituted of patients receiving a dose of 
1g of cefazolin and group 2 of those receiving 2g of cefazolin. Following national guidelines, 
the hospital’s antimicrobial prophylaxis protocol was changed in March 2018, recommending 
a single dose of 2g of cefazolin. Before implementing the new guideline patients standardly 
received 1g of cefazolin. An additional dose was administered intraoperatively if the duration 
of the procedure was over 4 hours; in those cases the dosage administered before incision 
was noted. Patients who received 2g of cefazolin before the implementation of the new 
protocol were analyzed in group 2. Standard follow-up appointments in the outpatient clinic 
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were at two weeks, six weeks and three months after surgery. All patients were instructed to 
contact the hospital sooner in case of a suspected infection. 

OOuuttccoommee  aanndd  aannaallyyssiiss 
The primary outcome variable was the incidence of a SSI after trauma related orthopedic 
surgery as defined by the criteria applied by the Centers for Disease Control[11]. SSIs were 
classified as superficial (limited to skin of subcutaneous tissue, diagnosed within 30 days after 
surgery) or deep (involving deeper tissue or bone, diagnosed within 90 days after surgery) 
and diagnosed at the standard follow-up appointments. SSIs were treated with drainage of 
the wound and/or oral antibiotics when superficial and i.v. antibiotics with or without surgical 
debridement when deep. In addition to SSIs, other complications related to wound healing 
(e.g. wound dehiscence) were recorded. 

Collected data was analyzed using IBM SPSS Statistics for Windows, Version 25.0[12]. 
Descriptive statistics were used to report baseline characteristics of in- and excluded cases. To 
identify possible confounders, patient- injury- and surgical characteristics were compared 
between group 1 and 2 and between cases that did and did not develop an SSI. Differences 
were calculated using Fisher’s Exact test (categorical) and Mann-Whitney U test (continuous, 
non-normal distribution). Exact significances were used and all variables with a (near) 
significant difference (p < 0.2) between group 1 and group 2 were identified as possible 
confounders and used to calculate a propensity score. This propensity score was 
subsequently entered into a multivariable logistic regression analysis together with group (1g 
or 2g) with SSI as the dependent variable, thereby correcting for confounders. In order to 
limit bias caused by missing data, multiple imputation was used for variables with (under 50%) 
missing data. The overall missing percentage was 9.6% with a range of missing numbers of 1 – 
190 (Table 1). The variable with the largest amount of missing values was “blood loss”. 
Imputation was performed based on predictive mean matching combined using Rubin’s rule 
(10 sets)[13]. Imputed variables were: height, weight, smoking, alcohol abuse, drugs abuse, 
ASA classification, fixation type, duration of surgery, amount of blood loss, primary closure, 
wound dressing, therapeutic antibiotics.  

The pooled results of the 10 imputed sets were used to estimate odds ratios and 95% 
confidence intervals (CI).  

 
RESULTS 
The majority of patients in this cohort was male (63%), with a median age of 47, [IQR: 33-57] 
years. Most injuries within this cohort were located in the hindfoot (47%), followed by the 
ankle (24%) and the majority of procedures were acute (77%) as compared to reconstructive. 
Excluded cases only differed from the included cases in amount of drug abuse and location of 
injury (Appendix, Table 5). Median follow-up duration (number of days between surgery and 
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last follow-up visit) of included patients was 169 days, ranging from 30 to 960 days. In 293 
cases patients received 1g of cefazolin prophylactically; in 126 cases patients received 2g of 
cefazolin. Four patients received 2g of cefazolin before official instatement of the new 
protocol. In one case this was 2 weeks before implementation, the others were earlier and 
based on surgeons judgement. 

Group 1 and group 2 did not differ significantly in gender, age, weight, BMI, co-morbidities or 
location of injury. There were however differences in the type of surgery performed, type of 
fixation and the type of wound dressing used, so these variables were used for the propensity 
score (Table 1). Although not differing significantly, number of patients with alcohol (>2 
units/day) or substances abuse and open fractures, also qualified for inclusion in the 
propensity score because of a difference between groups with a p value below 0.2. In 
addition to these, smoking, tourniquet use and blood loss were added to the propensity score 
because of their clinical relationship with SSI and significant differences of these variables in 
patients with/without a SSI (Table 2). Weight and BMI were not regarded as possible 
confounders because they did not differ between groups nor in patients with/without a SSI. In 
both groups, no severe (allergic) reactions to cefazolin were reported. 

The overall number of SSIs was 19 (6.5%) in the 1g group and 6 (4.8%) in the 2g group, as 
further specified in Table 3. After correction for confounders, no statistically significant 
difference (OR 0.770, 95%CI 0.284 – 2.087, p = 0.608) was found in the occurrence of SSIs 
between group 1 and group 2 with the numbers available.  

A post-hoc analysis was performed, with all wound complications (including wound 
dehiscence) as the dependent variable, since it might be argued that these complications are 
the result of a low grade infection. Results of this analysis could also not demonstrate an 
effect of 2g of cefazolin (OR 0.433, 95%CI 0.179 – 1.045, p = 0.06). A post-hoc power analysis 
showed that if we take this difference in SSIs (6.5% vs 4.8%) as the smallest clinically 
important difference, and we would like to demonstrate an effect with 80% power and an α 
of 0.05, 2893 patients per group would be necessary. Out of all 25 SSIs, a causative pathogen 
was found in 21 cases; this was a Staphylococcus Aureus in most cases (N = 12). In two cases, 
no growth was detected and in two cases no material for culture was obtained. The 
difference in cultured microorganisms between group 1 and group 2 is shown in Table 4.  
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Abbreviations: ASA score: America Society of Anesthesiologists classification,  g: gram(s), IQR: interquartile 
range, mL: milliliters, No: number of cases, VAC: Vacuum Assisted Closure  

* missing: 53 in 1g, 41 in 2g 
** missing: 88 in 1 g, 15 in 2 g, only displayed for “acute surgical procedures” 
*** missing: 29 in 1g, 5 in 2g 
† missing: 127 in 1g, 63 in 2g 
 

TTaabbllee  11..  BBaasseelliinnee  aanndd  SSuurrggiiccaall  CChhaarraacctteerriissttiiccss  ppeerr  GGrroouupp  

 1g (n=293) 2g (n=126) Sign. 
Gender, No males (%)  182 (62.1%) 83 (65.9%) 0.51 
Age, median [IQR]  47 [33 – 58] 46 [33 – 56] 0.51 
ASA score, No (%) 
1/2 
3/4 

 
272 (93.5%) 
19 (6.5%) 

 
114 (93.4%) 
8 (6.6%) 

1.00 

Weight, No (%) 
< 80 kg 
80 – 100 kg 
100 – 120 kg 
> 120 kg 

 
140 (51.7%) 
103 (38.0%) 
25 (9.2%) 
3 (1.1%) 

 
43 (43.0%) 
44 (44.0%) 
10 (10.0%) 
3 (3.0%) 

0.29 

BMI, median [IQR]* 25 [23 – 28] 25 [23 – 28] 0.72 
Diabetes Mellitus, No (%)  5 (1.7%) 4 (3.2%) 0.46 
Immunocompromised, No (%)  6 (2.0%) 1 (0.8%) 0.68 
Current smoker, No (%) 96 (40.3%) 39 (38.2%) 0.81 
Alcohol abuse, No (%) (>2 units daily)  20 (9.7%) 16 (16.8%) 0.087 
Use of other substances, No(%) 20 (9.6%) 16 (17.2%) 0.082 
Location of injury, No(%) 
   Lower leg 
   Ankle 
   Hindfoot 
   Midfoot 
   Forefoot  

 
36 (12.3%) 
67 (22.9%) 
146 (49.8%) 
37 (12.6%) 
7 (2.4%) 

 
22 (17.5%) 
32 (25.4%) 
51 (40.5%) 
18 (14.3%) 
3 (2.4%) 

0.41 

Open fracture, No(%) 26 (8.9%) 19 (15.1%) 0.084 
Days between injury and surgery, median 
[IQR]** 

8 [3 – 15] 7 [5 – 13] 0.80 

Type of surgery, No(%) 
   ORIF 
   Arthrodesis  
   Other  

 
211 (72.0%) 
67 (22.9%) 
15 (5.1%) 

 
109 (86.5%) 
16 (12.7%) 
1 (0.8%) 

0.002 

Type of fixation, No(%) 
   Screws only 
   Plate 
   Intramedullary 
   Other  

 
126 (43.3%) 
151 (51.9%) 
9 (3.1%) 
5 (1.7%) 

 
35 (28.0%) 
82 (65.6%) 
8 (6.4%) 
0  

0.004 

Duration of surgery in minutes, median 
[IQR]*** 

85 [65 – 120] 90 [63 – 130] 0.21 

Use of tourniquet, No(%) 133 (45.4%) 65 (51.6%) 0.29 
Blood loss in mL, median [IQR] † 100 [58 – 200] 100 [50 – 200] 0.23 
Primary closure, No(%) 290 (99.3%) 124 (98.4%) 0.59 
Type of wound dressing, No(%) 
   Pressure bandage 
   Cast 
   VAC 

 
160 (56.5%) 
81 (28.6%) 
42 (14.8%) 

 
58 (46.8%) 
61 (49.2%) 
5 (4.0%) 

0.000 
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Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass index; IQR, interquartile range; 
ORIF, open reduction and internal fixation; SSI, surgical site infections; VAC, vacuum-assisted closure. 

*missing: 87 in No SSI, 7 in SSI 
** missing: 125 in No SSI, 9 in SSI, only for “acute surgical procedures”
*** missing: 3 in No SSI
† missing: 176 in no SSI, 14 in SSI

TTaabbllee 22.. BBaasseelliinnee aanndd SSuurrggiiccaall CChhaarraacctteerriissttiiccss ffoorr PPaattiieennttss WWiitthh oorr WWiitthhoouutt SSSSII 

No SSI (n=394) SSI (n=25) Sign.
Patient 
characteristics

Gender, No males(%) 251 (63.7%) 14 (56.0%) 0.52
Age, median [IQR] 46 [32.75-57.0] 53 [36.5-61] 0.12
Weight, kg, No(%)
   <80
   80-100 
   100-120
   >120 

172 (49.4%)
137 (39.4%)
34 (9.8%)
5 (1,4%)

11 (47.8%)
10 (43.5%)
1 (4.3%)
1 (4.3%)

0.52

BMI, median [IQR]* 25 [23 – 28] 26 [22 – 28] 0.79
ASA score, No(%)
   1 or 2
   3 or 4

365 (94,1%)
23 (5,9%)

21 (84.0%)
4 (16.0%)

0.071

Diabetes Mellitus, No(%) 9 (2,3%) 0 1.00
Immunocompromised, No(%) 5 (1,3%) 2 (8.0%) 0.060
Current smoker, No(%) 124 (38.4%) 11 (64,7%) 0.041
Alcohol use (>2 units daily), No(%) 32 (11.2%) 4 (26,7%) 0.090
Use of other substances, No(%) 35 (12.2%) 1 (6,3%) 0.70

Injury 
characteristics

Location of injury, No(%) 
   Lower leg
   Ankle
   Hindfoot
   Midfoot
   Forefoot 

52 (13.2%)
96 (24.4%)
184 (46.7%)
52 (13.2%)
10 (2.5%)

6 (24.0%)
3 (12.0%)
13 (52.0%)
3 (12.0%)
0 

0.42

Open fracture, No(%) 39 (9,9%) 6 (24.0%) 0.040
Surgical 
characteristics

Timing surgery, No(%) 
   Acute
   Elective 

302 (76.6%)
92 (23.4%)

21 (84.0%)
4 (16.0%)

0.47

Time injury - surgery, days, median [IQR]** 8 [4-15] 7 [3-12] 0.54
Previous surgery, No(%) 64 (16.7%) 4 (16.7%) 1.00
Type of surgery, No(%) 
   ORIF
   Arthrodesis 
   Other 

300 (76.1%)
79 (20.1%)
15 (3.8%)

20 (80.0%)
4 (16.0%)
1 (4.0%)

0.92

Type of fixation, No(%)
   Screws only
   Plate
   Intramedullary
   Other 

151 (38.6%)
222 (56.8%)
14 (3,6%)
4 (1,0%)

10 (40.0%)
11 (44.0%)
3 (12.0%)
1 (4,0%)

0.078

Duration of surgery in min, median 
[IQR]***

87.5 [60.0-
120.0]

100 [80-165] 0.065

Use of tourniquet, No(%) 192 (48.7%) 6 (24.0%) 0.022
Blood loss in ml, median [IQR] † 100 [50-200] 300 [100-500] 0.021
Primary closure, No(%) 389 (99.0%) 25 (100%) 1.00
Type of wound dressing, No(%)
   Pressure bandage
   Cast
   VAC

202 (52.7%)
139 (36.3%)
42 (11.0%)

16 (66,7%)
3 (12,5%)
5 (20,8%)

0.024
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DISCUSSION 
Prophylactic antibiotics are widely used in implant surgery, because of the important clinical 
implications of SSIs. However, the optimal dose is still debated and guidelines have been 
subjected to some changes over the past few years. This retrospective cohort study sought to 
compare the clinical effect of 1g of cefazolin and the recently recommended dose of 2g in 
patients undergoing orthopedic trauma surgery of the foot, ankle or lower leg. We found a 
lower rate of SSIs in patients receiving 2g (4,8%) compared to the group receiving 1g (6.5%) as 
antibiotic prophylaxis. However, with the numbers available, when corrected for confounders, 
this difference was not statistically significant (p = 0.705). Because of the small sample size of 
this study, the results should be considered as exploratory point estimates. The “true” point 
estimate may vary, and would then have substantial implications for sample size calculations 
of future research based on this study. To give some insight in how the necessary sample size 
for a RCT would vary while using other point estimates, we have subtracted a few incidents 
from both groups. We chose to make the rate of SSIs of the 2g group resemble that of the 
mean SSI incidence rates of the systematic review by Modha et al.[1] (1.3% in group receiving 
antibiotic prophylaxis). This would mean subtracting 4 events from both groups, leading to a 
SSI rate of 1.6% in the 2g group and 5.1% in the 1g group. With an α of 0.05, 460 per group 
would be required to achieve 80% power. If the number of events would not deviate that 
much from our results, for example by subtracting 2 SSIs from the 2g group, this would 
reduce the needed sample size to around 570 per group.  

TTaabbllee  33  WWoouunndd  ccoommpplliiccaattiioonnss  aanndd  ttrreeaattmmeenntt  

 Deep SSI Superficial SSI Dehiscence 
 1g  2g  1g  2g  1g  2g  
                    N (%) 
Treatment 

12 (4.1%) 5 (4.0%) 7 (2.4%) 1 (0.8%) 14 (4.8%) 1 (0.8%) 

Watchful waiting     9  
VAC     2 1 
Drainage of wound      1  
Oral AB   6 1 2  
IV AB   1 1    
IV AB + Surgery 12 4     
 
Abbreviations: AB: antibiotics, g: gram(s), IV: intravenously administered, SSI: surgical site infection, VAC: 
Vacuum Assisted Closure 

 
This is, to our knowledge, the first study on the clinical efficacy of different cefazolin dosages 
in implant surgery below the knee. In a similar study design, Peppard et al.[14] evaluated the 
efficacy of 2g vs. 3g in obese patients in both general surgery, orthopedic and neurosurgical 
procedures. In that study of 436 surgical patients weighing >100kg, increased dosage of 
cefazolin did not alter the rate of SSI (7,2% vs. 7,4%). In contrast, Abdel Jalil et al.[15] found 
that a higher, weight-adjusted dose of 2g cefazolin, was associated with lower SSIs risk (OR 
0.967) in a cohort of 1173 women undergoing  ceasarean section. In orthopedic/trauma 
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surgery, only pharmacokinetic studies have investigated different dosages of cefazolin 
without reporting clinical outcome measures. Such as Angthong et al. who, without 
incorporating clinical effectiveness, found significantly higher intraosseous concentrations for 
2g of cefazolin, compared to 1g, when measured during total knee arthroplasty although they 
could not correlate this to higher inhibitory effects[10]. A possible explanation for this is 
provided by Blum et al. who argued that cefazolin displays time-dependent killing kinetics, 
and therefore as long as the MIC is reached, higher concentrations will not lead to an 
enhanced effect[16]. However, a recently performed systematic review and meta-analysis 
showed significantly lower concentrations in the more distal parts of the lower extremity, 
indicating that a higher dose might be necessary to reach the MIC at the most distal parts of 
the body[17]. In that review, all studies did report mean target site concentrations exceeding 
the MIC for S. aureus (0.5-2 mcg/mL) for both doses. However, the time that these 
concentrations remained above the MIC was not described.  

Previously reported as pathogens of SSIs in foot/ankle surgery are S. aureus, Pseudomonas 
and S. epidermidis; all associated with the formation of a biofilm on foreign material[1,18,19]. 
Since Cephalosporins are effective in preventing Staphylococcus infections; cefazolin is the 
most often used prophylactic antibiotic in a variety of surgical procedures and is 
recommended for implant surgery by multiple guidelines[20,21]. The most common 
pathogens causing SSI in this study were S. aureus and E. Cloacae. Although it was not a 
statistically significant difference with the numbers available, the percentage of S. aureus as 
causative microorganism in group 1 was double of that in group 2. This suggests that in this 
cohort 2g of cefazolin might in fact have been more effective in preventing S. aureus 
infections.  

TTaabbllee  44..  MMiiccrroooorrggaanniissmmss  ccuullttuurreedd  ffrroomm  SSSSIIss  

 SSIs group 1 (N = 15) SSIs group 2 (N = 6) 
Staphylococcus Aureus 10  2  
Enterobacter Cloacae 4 1 
Enterococcus Faecalis 1 1 
Pseudomonas 0 1 
Staphylococcus Epidermidis 0 1 
 
Abbreviations: SSI: surgical site infection  

 
LLiimmiittaattiioonnss 
This study had some limitations. First of all, this study may be subjected to a selection bias 
since it was carried out with data of a single center, specialized in complex foot/ankle trauma. 
This may have led to a higher overall complication percentage due to the referral of more 
complex patients. Moreover, due to the single center study design, the number of included 
patients might not be sufficient to achieve statistical significance. However, even though the 
findings should to be interpreted with caution; a decrease in SSI rate from 6,5% to 4.8% with a 
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2g dose (26,1% relative difference) might be clinically relevant. Secondly, the retrospective 
study design has inherent limitations. Data extraction from medical records not written for 
research purposes leads to missing data and might also have caused an underestimation of 
the total number of SSIs. Especially superficial infections may have been underreported in the 
outpatient clinic, because they were treated by the general practitioner. In this study, missing 
data was limited (9.6%) to the extent that imputation was still feasible and reliable. Moreover, 
by identifying and correcting for confounders we have tried to limit the confounding bias that 
may be present. Thirdly, the cohorts that were compared in this study were largely 
consecutive instead of simultaneous (except for the 4 cases which received 2g instead of 1g 
before official instatement of new protocol). This may be both an advantage and a type of 
bias. Because the only factor that decided which dose of cefazolin a patient received was 
time, selection bias is minimal. However, in addition to the dosage change, other influencing 
factors also may have changed over time (e.g. operation technique, OR policies), leading to 
bias. By correcting for the identified confounders, we have tried to limit the influence of this 
type of bias.  Moreover, there have not been any major changes in protocol or surgical 
approach during the time of this study.    

CONCLUSION 
In conclusion, despite some limitations the findings of this study do shed light on the question 
of the clinical efficacy of the recommended dosage of prophylactic cefazolin in implant 
surgery. Even though the decrease in SSI rate from 6.5% to 4.8% was found not to be 
statistically significant with the numbers available, if this is the true reduction and the results 
are not based on coincidence, it might be clinically relevant. Even a small reduction in SSIs can 
cause a considerable reduction in morbidity, mortality and healthcare costs[2–4]. Also 
considering the little side effects that cefazolin has there seems to be no reason to set aside 
the ‘Clinical practice guidelines for antimicrobial prophylaxis in surgery’. However it is evident 
that further (prospective) research is needed on this topic. Specifically in the foot/ankle area, 
more research is necessary on the optimal dose and formulation of prophylactic antibiotics. 
Locally applied antibiotics might be necessary to achieve sufficiently high antibiotic 
concentrations in this area. A study linking pharmacokinetic and clinical results of prophylactic 
cefazolin is needed to establish whether or not the current recommendations and guidelines 
are sufficient for preventing SSIs in foot/ankle surgery. 
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ABSTRACT 
 

BACKGROUND 

Elective implant removal (IR) after fracture fixation is one of the most common procedures 
within orthopedic/trauma surgery. The rate of surgical site infections (SSIs) in this procedure 
is quite high, especially below the level of the knee. Antibiotic prophylaxis is not routinely 
prescribed, even though it has proved to lower SSI rates in other orthopedic trauma surgical 
procedures. The primary objective is to study the effectiveness of a single intravenous dose of 
2g of cefazolin on SSIs after IR following fixation of foot, ankle and/or lower leg fractures. 

METHODS 

This is a multicenter, double-blind placebo controlled trial with a superiority design, including 
adult patients undergoing elective implant removal after fixation of a fracture of foot, ankle, 
lower leg or patella. Exclusion criteria are: an active infection, current antibiotic treatment, or 
a medical condition contraindicating treatment with cefazolin including allergies. Patients are 
randomized to receive a single preoperative intravenous dose of either 2g of cefazolin or a 
placebo injection (NaCl). The primary analysis will be an intention-to-treat comparison of the 
proportion of patients with a SSI at 90 days after IR in both groups. 

DISCUSSION 

If 2g of prophylactic cefazolin proves to be both effective and cost-effective in preventing SSI, 
this would have implications for current guidelines. Combined with the high infection rate of 
IR which previous studies have shown, it would be sufficiently substantiated for guidelines to 
suggest protocolled use of prophylactic antibiotics in IR of foot, ankle, lower leg or patella.  

TRIAL REGISTRATION 

Nederlands Trial Register (NTR): NL8284, registered on 9th of January 2020. 
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BACKGROUND 
In the Netherlands, each year, about 18,000 surgical implants are removed after fracture 
healing[1]. Most fracture implant removals (IR) are performed in the lower extremity (85.7% 
of all IR surgeries) and the removal rate is the highest in foot and ankle[2, 3]. A surgical site 
infection (SSI) is one of the most common complications of surgical interventions of the lower 
extremity, especially when implants are involved. The infection rate ranges from 1.3%-10% in 
hip and knee procedures[4, 5] to 4.5-24.6% in foot and ankle surgery[6–8]. SSIs are not only 
responsible for prolonged hospital stay and a significant increase in healthcare costs, the 
functional outcome of patients who suffered from an infection is also relevantly decreased[9]. 
Even though IR is regarded a “clean procedure” according to the Centers for Disease Control 
and Prevention (CDC) classification of surgical wounds[10], and it usually is a relatively short 
procedure (< 1 hour), the infection rate of 8%-20%[11, 12] is at least as high as in procedures 
where orthopedic implants are placed.  
 
As IR is classified as a “clean procedure” in current guidelines, prophylactic antibiotics are not 
routinely administered[13]. Previously, a randomized controlled trial (WIFI trial) investigated 
the effect of 1g of cefazolin on SSIs in IR below the level of the knee and found that overall 
infection rates did not significantly decrease (14.9% vs. 13.2%)[14]. However, there was a 
trend towards a lower rate of deep SSIs with resp. 2.9% in placebo and 0.4% in the cefazolin 
group. 
 
Recently, guidelines on general surgical prophylaxis have been revised, now suggesting 2g 
instead of 1g of cefazolin for implant surgery of longer than 1 hour and 3g for obese 
individuals (Body Mass Index (BMI) > 40)[13, 15]. The decision to increase the dosage from 1g 
to 2g was mostly based on pharmacological studies[16, 17]. Although the difference in tissue 
concentrations between the two dosages has also been investigated in orthopedic trauma 
surgery, the clinical effect of a higher dosage remains unclear[18]. To the best of our 
knowledge, only one recent retrospective cohort study compared 2 g with 1 g of prophylactic 
cefazolin on the incidence of SSIs in foot and ankle surgery. This study could not demonstrate 
a statistically significant difference with 4.8% vs. 6.5% SSIs, but did conclude that the 
difference might be clinically relevant. In gynecology, a large retrospective study reported 
that 2g was associated with a significantly lower risk of SSI compared to 1g of cefazolin (OR 
0.967, 95% CI 0.94-0.99)[19].  
 
The hypothesis is that prophylactic cefazolin in a dose of 1g does not sufficiently penetrate 
the more distal parts of the lower extremity[18]. This hypothesis is supported by studies 
measuring cefazolin concentrations in both hip and knee bone, which found significantly 
lower values in the knee than in the hip after prophylactically administered cefazolin[20, 21]. 
Deacon et al. reported even lower concentrations in the foot[22]. A single dose of 2g of 
cefazolin would increase not only the duration of adequate coverage but also the peak 
concentration.  
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Given the high rate of SSIs in IR and evidence that higher dosages are required below the level 
of the knee, we feel that there are sufficient arguments to evaluate whether 2g of cefazolin is 
effective as prophylaxis. Therefore, primary objective of this randomized controlled 
superiority trial is to study the effectiveness of a single intravenous dose of 2g of cefazolin on 
SSIs prior to IR following fixation of foot, ankle, lower leg or patella fractures.  
 
Secondary objectives are to study the cost-effectiveness of 2g of cefazolin preventing SSIs 
after IR (only when a statistically significant effect is found); to elucidate the underlying 
mechanism of antibiotic prophylaxis by measuring target-site concentrations of cefazolin; to 
identify possible underlying infections (before IR); and to identify independent predictors of 
SSI.  

METHODS 
This is a multicenter, randomized double-blind placebo controlled intervention trial with a 
superiority design, comparing 2g of cefazolin as antibiotic prophylaxis to placebo with a 1:1 
allocation ratio.  
 
PPaarrttiicciippaannttss  
The trial will run in approximately 20 hospitals in the Netherlands, both academic and non-
academic centers. A list of participating sites can be found on the trial website: 
https://www.amc.nl/web/research-75/trials-collaborations/wifi-2.htm 
All consecutive patients (age 18-75), scheduled for elective IR in foot, ankle, lower leg or 
patella are eligible for inclusion.  
Exclusion criteria are: 
- Removing and re-implanting material for osteosynthesis in the same session 
- Active wound infection or antibiotic treatment (for any reason) at time of IR 
- A medical history of serious peripheral vascular disease, severe renal insufficiency 
- Allergy for cephalosporin, or severe allergy for penicillin/other beta-lactam antibiotic 
- Treatment with probenecid or immunosuppressants 
- Pregnancy 
- Insufficient comprehension of Dutch/English language  
 
RRaannddoommiizzaattiioonn  
After signing informed consent forms, patients will be randomly assigned to the intervention 
or control group (1:1 allocation, random block sizes of 2, 4 or 6), using a computerized 
randomization module stratified by academic/non-academic center to ensure allocation 
concealment. Randomization will be performed preoperatively by the coordinating 
investigator using a dedicated, password protected, SSL–encrypted website (Castor) and the 
responsible anesthesiologist will be notified of the result, while being unaware of allocation 
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sequence. If the electronic randomization module fails for any reason, randomization will be 
performed by tossing a coin (head signifying cefazolin and tails placebo).  
 
BBlliinnddiinngg  
The patient, operating (orthopedic) surgeon and outcome assessors will all be blinded for the 
result of randomization. Unblinding will not be performed until the end of the trial. If the 
attending physician does decide that unblinding is necessary, (s)he will make every effort to 
contact the coordinating investigator before unblinding to discuss options. Statistical analysis 
will be performed by an independent researcher, blinded for the randomization result. The 
randomization code will be unblinded after complete analysis of the study results. 
 
IInntteerrvveennttiioonnss  
If patients are allocated to the intervention group, they will receive a single dose of either 
2000 mg or 3000 mg of cefazolin solved in 10 cc of Sodium chloride (NaCl) 0.9% through a 
peripheral intravenous (iv) catheter. The actual dose is dependent on the patient’s BMI; 
patients with a BMI over 40 will receive 3000 mg of cefazolin, the remainder receives 2000 
mg. The drug will be prepared by the anesthesiologist or his/her assistant and administered in 
the theatre/holding within 60 minutes prior to surgery. When allocated to the 
placebo/control group, the patient receives a single dose of 10 cc of Sodium chloride (NaCl) 
0.9% in the same manner. Both will be administered in absence of the surgeon to avoid 
unblinding. The anesthesiologist/assistant then fills out a form containing: randomization 
number, date, placebo/ cefazolin dose (2g/3g), LOT number, expiration date and the initials of 
the anesthesiologist. This form will be sealed in a closed envelope and sent to the 
coordinating investigator. The envelope will remain sealed until the end of the study period 
and is opened at the time of analysis to check whether the patient received the allocated 
drug/correct dosage. 
The exact timing of antibiotic administration and surgical technique and characteristics are 
not predefined, since this is a pragmatic trial, designed to resemble daily practice as much as 
possible. However, these characteristics are all collected to use in the multivariable analysis 
predicting the risk of SSI.  
 
OOuuttccoommeess  
The primary outcome parameter is SSI within 90 days, as defined by the criteria used in the 
latest CDC guideline for the prevention of SSI (Table 1). The criteria for a superficial infection 
will however be modified to the extent where diagnosis by surgeon/attending will have to be 
confirmed by an independent expert. Therefore, a picture and description of the wound will 
be required when the physician suspects an infection.   
 
Secondary outcomes are:   
- Other infectious outcomes possibly related to the surgical procedure. These include 
wound dehiscence (without qualifying as a superficial SSI) and S. aureus bacteremia (which 
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does not qualify as a SSI after extensive assessment for a focus of infection). This outcome 
does not include hospital acquired infections such as pneumonia or urinary tract infections.   
- Cost-effectiveness of intervention: measured with health care resource utilization and 
costs (iMCQ, iPCQ); at baseline, 6 weeks, 3 months and 6 months after surgery. Cost 
effectiveness will be measured as cost per patient free of SSI and the cost utility analysis will 
be described as cost per quality adjusted life years (QALY’s). QALYs will be measured by the 5-
level EuroQuality of Life-5D (EQ-5D-5L); at baseline, 2 weeks, 6 weeks, 3 months and 6 
months after surgery.  
- Target-site antibiotic concentrations: The time that target site concentrations of 
prophylactic cefazolin (μg/L) stay above the minimal inhibitory concentration needed to 
adequately prevent SSIs (T>MIC) will be measured during surgery from at least two samples at 
varying time points in blood and soft tissue from incision site. In addition, the concentration 
of cefazolin will be measured in serum, to construct a multi-compartment pharmacokinetic 
model (only selected patients).  
- Subclinical low-grade infections: diagnosed by analyzing the presence of pathogens on 
removed implants, determined by culture of removed material (only Amsterdam UMC); 
directly following surgery.   
- Independent predictors of SSI, measured by a multivariate regression 
analysis/subgroup analysis of patient and treatment characteristics (e.g. weight, smoking). 
 
DDaattaa  ccoolllleeccttiioonn  
Invasive procedures 
To administer the antibiotics or placebo intravenously, a peripheral intravenous (iv) catheter 
is required. However, this is standard procedure during surgery because the iv-catheter is 
already used for either sedatives, muscle relaxants and/or pain medication.   
For the additional measurements, in a selection of patients from the Amsterdam UMC, 
location AMC only, samples are acquired during the procedure to measure antibiotic 
concentrations. Samples will be taken from:  
- Serum (from IV catheter, 3-4 samples at different time intervals)  
- Soft tissue (from target-site, 2 samples at different time intervals)   
- Blood (from target-site, 2 samples at different time intervals)  
The serum samples are drawn from a second iv catheter, placed under general anesthesia. 
Samples from the target-site (operated foot/ankle) will be taken after incision. They are 
comprised of “fresh” blood that spontaneously surfaces from the bone during surgery and 
soft-tissue nearest to the incision. Serum will be separated from blood cells within one hour 
after withdrawal and stored at -80°C until analysis. By measuring concentrations in the 
samples at varying time intervals through a validated laboratory analysis, we will be able to 
construct individual time-concentration curves of cefazolin. Based on a pharmacokinetic 
multi-compartment model, fT>MIC at the target-site (secondary outcome measure) can be 
extracted.  
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Questionnaires 
As shown in Figure 1, after informing the patient about the study and obtaining informed 
consent in the outpatient clinic, patients will be asked for a pre-operative, baseline 
assessment 14 - 1 day(s) before IR by means of 3 questionnaires they will receive by (e-)mail. 
Additionally, patients will fill out questionnaires at 2 weeks, 6 weeks, 3 months and 6 months 
after IR. These questionnaires consist of the 5-level EuroQuality of Life-5D (EQ-5D-5L) and the 
Dutch iMTA Medical Consumption Questionnaire (iMCQ) and iMTA Productivity Cost 
Questionnaire (iPCQ). In addition to these validated questionnaires, patients will be asked if 
they have any complaints that could suggest wound complications (combined with 
questionnaires at 2 weeks, 6 weeks and 3 months) or side-effects of the investigational 
product (only at 2 weeks). 
 
Additional data collection 
Patient, fracture and surgical characteristics will be collected and documented in the online, 
password protected, SSL–encrypted database(Castor EDC[23]). Patient characteristics 
comprise age, gender, weight, BMI, American Society of Anesthesiologists (ASA)-classification, 
substance abuse (smoking, alcohol, drugs) and medical history (including diabetes mellitus). 
Fracture characteristic comprise the type of fracture and the conditions of the soft tissues 
(open/closed) prior to fixation. Surgical characteristics comprise timing of administration of 
cefazolin/placebo, duration of surgery, use of a tourniquet, placement of implants, type of 
implants and wound closure technique. Moreover, patients and the operating surgeon will be 
asked for the reason for IR.  
 
SSaammppllee  ssiizzee  
A total SSI rate of 14.9% is assumed in the control group, as was found in the WIFI-trial[14]. In 
the intervention group we aim for a 50% reduction to 7.45%, based on the Dutch Trauma 
Trial[24], who showed a reduction of SSIs of over 50% in a large cohort of 2195 patients with 
fractures of the extremity (control group: 8.3%, antibiotic prophylaxis group: 3.6%). In total, 
554 patients are required to have an 80% chance of detecting a reduction from 14.9% in the 
control group to 7.45% in the experimental group with a chi-square test with a two sided 
alpha level of 0.05. However, the WIFI-1 trial had insufficient power to demonstrate a 
significant difference in deep SSIs[14]. Because deep SSIs often have the most serious 
consequences, an intervention that reduces these infections (even if they are less common) 
may still be cost-effective. Therefore, we chose to expand the number of included patients in 
order to have sufficient power to demonstrate a difference in deep SSIs as well. Combining 
the number of deep SSIs of the WIFI-1 trial and an RCT by Dong et al.[25] leads to a mean of 
0.85% deep SSIs with cefazolin and 4.15% deep SSIs without. To detect this difference with a 
chi-square test with 80% power and a two-sided alpha of 0.05, 348 patients per group are 
required (696 in total). The loss to follow up of the WIFI-1 trial was only 1.5%. To be sure, a 
loss to follow up of 5% will be incorporated, coming down to a total of 732 patients.   
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In the absence of data for a reliable sample size calculation for the antibiotic concentration 
measurements we will conduct of a pilot study using 40 participants (around 20 per group). 
This should be sufficient to estimate the pharmacokinetic (PK) parameters; clearance and 
volume of distribution, the mean value, and its inter-individual variability. The availability of 
these population PK parameters allows Monte Carlo simulations in which T>MIC can be 
simulated for different MIC values and varying doses. 
 
RReeccrruuiittmmeenntt  ffeeaassiibbiilliittyy  aanndd  ccoonnsseenntt  
Since the WIFI-1 trial[14] was performed in the same centers and patients, we have a realistic 
estimation of the number of included patients each center will contribute and the amount of 
time it will take. In the WIFI-1 trial, it took 22 months to include 500 patients (from the start 
of inclusion), including a warm-up period. With largely the same hospitals participating in this 
trial and 21 that have already agreed to participate, the expectation is that it will take 32 
months to include 732 patients. These participating centers have proved to be reliable 
partners in recruiting patients for previous multicenter trials[14, 26]. Moreover, taking the 
nature of the intervention into account, the patients’ willingness to participate is expected to 
be high. They are after all not exposed to risks other than in current practice and could 
potentially have a direct benefit from the intervention. The exclusion criteria are not different 
from those of the previously performed WIFI-1 trial, and are therefore not expected to make 
a difference in number of included patients.  
 
To ensure sufficient time to consider participation, the patient will be informed about the trial 
as soon as it is clear that there is an indication for IR surgery. This will be either in the 
emergency room or in the outpatient clinic. Documents are handed to the patient and the 
patient is asked to read the patient information letter. On the day of the surgery the patient 
will be asked to sign the informed consent form if not signed before that time.  
Surgeons are asked by the coordinating investigator/project leader to check whether patients 
are included in the trial during the pre-operative assessment a day prior to surgery. 
Randomization is only performed after informed consent has been obtained. 
 
SSttaattiissttiiccaall  aannaallyyssiiss    
Descriptive methods will be used to assess quality of data, homogeneity of treatment groups 
and endpoints. Normality of the data will be assessed by visually inspecting the histograms 
and boxplots. Outcome measures will be analyzed using either a t-test or Mann-Whitney U 
test for continuous data according to the distributing of the data and a Chi-Square test for 
categorical data. Missing data will be handled through multiple imputation with predictive 
mean matching for variables with less than 50% missing data.   
 
Primary outcome 
The primary analysis will be an intention-to-treat comparison of the proportion of patients 
with a SSI (90 days after IR) expressed as an absolute risk reduction between intervention and 
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control group, using a chi-square test. A sensitivity analysis will be performed correcting for 
stratification of academic/non-academic center, using logistic regression. Furthermore a 
weight will be performed using the following subgroups: <80kg, 80-120kg and >120kg. A two-
sided p-value <0.05 will be considered statistically significant. In all analyzes statistical 
uncertainties are expressed with 95% two-sided confidence intervals. Data-analysis will be 
performed blinded for the type of intervention.  
  
Secondary outcomes 
- Cost-effectiveness and cost utility analysis: If a statistically significant difference in 
number of SSIs is found, cost-effectiveness of the intervention will be analyzed. The primary 
outcome in the CEA will be costs per patient free of SSI’s. The primary outcome in the CUA 
will be costs per quality adjusted life year (QALY), which is a suitable outcome measure for 
health care policy making across interventions, patient populations, and health care settings. 
Both analysis will be performed from a societal perspective with a time horizon of 6 months, 
because we expect that differences in health outcomes and costs will be presented in the first 
6 months after IR. No discounting on effects and costs will be done. To account for 
uncertainties a probabilistic sensitivity analysis will be performed. Incremental cost-
effectiveness ratios will be calculated as the difference in costs per patient free of SSI and per 
QALY. Sampling variability in the CEA and CUA will be accounted for by bias corrected and 
accelerated non-parametric bootstrapping. Results will be reported along with their 95% 
confidence intervals and displayed graphically with cost-effectiveness planes and with cost-
effectiveness acceptability curves. One-way and multi-way sensitivity analyzes will be done for 
the unit costs of health care, ratio of superficial to deep SSI. Some missing data can be 
expected, if missing data is at random this will be handled through multiple imputations with 
predictive mean matching.   
- Antibiotic concentrations: The T>MIC will be computed for each individual patient. 
Furthermore population PK analysis allows Monte Carlo simulations in which T>MIC can be 
evaluated for different doses and varying MIC values; e.g. 1, 2 and 8 mg/L.  
- Underlying infections: The presence of pathogens on implants will be displayed using 
descriptive statistics.  
- Independent predictors of SSI: Possible predictors will be identified by comparing 
baseline/surgical characteristics of patients with and without a SSI in univariate analysis 
(depending on type and distribution of data). Only characteristics clinically identified as 
possible risk factors will be included. These are: age, sex, weight, intoxications, comorbidities 
(such as Diabetes Mellitus or auto immune disorders), antibiotic prophylaxis, previous SSI, 
duration of surgery, tourniquet use, incomplete implant removal, wound dressing and weight-
bearing policy. All relevant characteristics (p<0.2 in univariate analysis) identified in univariate 
analysis will be included in a multivariable logistic regression with stepwise backward 
selection using SSI as the dependent variable, to determine individual predictors of SSI.   
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HHaannddlliinngg  aanndd  ssttoorraaggee  ooff  ddaattaa  aanndd  ddooccuummeennttss  
After randomization, patients will receive a numeric study identification number 
(anonymized). A subject identification code list will be solely accessible for the principal 
investigator and study coordinator. Furthermore, possibly identifying baseline characteristics 
are kept in an online, password protected database (Castor EDC[23]) with an audit trail. The 
source data will be stored after publication of results of the trial and kept by the project 
leader for 15 years after the inclusion of the last patient.  
 
MMoonniittoorriinngg  
The study will be monitored by the Clinical Research Unit of the Amsterdam UMC according 
to ICH-GCP guidelines throughout its duration by (a) BROK or GCP-certified monitor(s) 
according to the Monitoring Plan (Appendix). The assigned monitor is not involved in the 
clinical trial as part of the trial site staff. The monitor’s qualifications, including the received 
GCP-training, are documented.  
In addition, a Data Safety Monitoring Board (DSMB) is assigned, consisting of three 
independent professionals with complementing expertise (1 general surgeon, 1 
anesthesiologist and 1 clinical epidemiologist).  
The specific responsibilities of the DSMB are to: 
- Monitor evidence for treatment harm (e.g. toxicity data, SAEs, deaths)  
- Monitor efficacy data to guide recommendations for continuation of the study or early 
termination because of clear benefit, harm or futility 
- Monitor planned sample size assumptions  
An interim analysis will not be performed and there are no pre-specified stopping rules. A 
recommendation from the DSMB to terminate the study due to clear harm will be based on 
data showing a notably increase of (serious) adverse events in the intervention group. The 
justifications for a recommendation to terminate the study due to clear benefit will be based 
on the judgement of the DSMB and principal investigator. 
The advice(s) of the DSMB will only be sent to the sponsor of the study. Should the sponsor 
decide not to fully implement the advice of the DSMB, the sponsor will send the advice to the 
reviewing METC, including a note to substantiate why (part of) the advice of the DSMB will 
not be followed.   
 
HHaarrmmss  
Adverse events 
Adverse events are defined as any undesirable experience occurring to a subject during the 
study, whether or not considered related to the investigational product. All adverse events 
reported spontaneously by the subject or observed by the investigator or his staff will be 
recorded. The investigator will appreciate the severity of an event and consider whether the 
event is related to the study medication or not. The investigator will use clinical judgement to 
determine the relationship. Alternative causes, such as natural history of underlying diseases, 
medical history, concurrent conditions, concomitant therapy, other risk factors, and the 



6

WIFI-2 PROTOCOL 

113 
 

temporal relationship of the event to the study medication will be considered and 
investigated. AEs unrelated to the study will be reported in the medical records, but not in the 
database.  
 
Serious adverse events 
A serious adverse event is any untoward medical occurrence or effect occurring within 14 
days after administration of the investigational product/placebo that: 
- results in death 
- is life threatening (at the time of the event) 
- requires hospitalization or prolongation of existing inpatients’ hospitalization 
- results in persistent or significant disability or incapacity 
- is a congenital anomaly or birth defect 
- is any other important medical event that did not result in any of the outcomes listed 
above due to medical or surgical intervention but could have been based upon appropriate 
judgement by the investigator 
An elective hospital admission will not be considered a serious adverse event. The 
investigator will report all SAEs to the sponsor without undue delay after obtaining knowledge 
of the events.  The sponsor will report the SAEs through the web portal ‘ToetsingOnline’ to 
the accredited METC that approved the protocol, within 7 days of first knowledge for SAEs 
that result in death or are life threatening, followed by a period of maximum of 8 days to 
complete the initial preliminary report.   
The following SAE’s will be listed in an overview list that will be submitted in an annual safety 
report to the METC and DSMB:  
- Allergic reactions  
- Surgical site infections requiring (re)admission or surgery  
- Re-admission or revision surgery related to the implant removal (diastasis of ankle 
joint, deep venous thrombosis) 
- Admission for diagnosis or therapy of a condition that existed before receipt of study 
agent(s) and has not increased in severity or frequency as judged by the clinical investigator 
All other SAEs will be reported within a period of maximum 15 days after the sponsor has first 
knowledge of the serious adverse events.   
 
DDiisssseemmiinnaattiioonn  aanndd  iimmpplleemmeennttaattiioonn  ooff  rreessuullttss    
The results of the primary analysis will be shared with all main investigators in order to discuss 
results and subsequent conclusions and implications for clinical practice. After reaching 
consensus on trial results and conclusions, these are communicated to participants in-short 
and in clear language. To assure implementation of results an implementation plan has been 
made, focusing on the target group of trauma surgeons, orthopedic (trauma) surgeons, as 
well as microbiologists, anesthesiologists and pharmacists. Partly based on our previous 
experiences, we will use a combination of three implementation strategies: 1. an “informing 
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strategy”, 2. a “motivational strategy” and 3. an “organizational strategy” would be most 
fitting for this intervention. 
 
1. To inform the target group we will largely rely on the conventional means of 
implementation, such as publication in an international journal and presenting on 
conferences. However, also a press release will be issued if the intervention proves to be 
effective, following up on the earlier article following the initial WIFI trial. Moreover, the 
participation of many centers (academic/non-academic) throughout the Netherlands will 
facilitate wide-spread knowledge and implementation of the results. With the 
multidisciplinary involvement in the development and conduction of this trial 
(trauma/orthopedic surgeons, anesthesiologists, medical microbiologists, pharmacists) we 
can raise awareness in different fields of health care.  
2. To combine the motivational and organizational strategy, both the personal contact with 
main investigators and the electronic medical record system can be used. Nowadays, every 
hospital has a mandatory pre-operative checklist to confirm the correct patient, procedure 
but also the antibiotic prophylaxis (“time-out procedure”). This forces not only the surgeon 
and surgical staff, but also the anesthesiologist to think about the need for antibiotic 
prophylaxis. Since this procedure is documented in the electronic medical records, it can be 
used both to embed the results of this trial (pop-up with reminder to prescribe antibiotic 
prophylaxis) and for performance feedback. 
  
AAuutthhoorrsshhiipp  aanndd  ppuubblliiccaattiioonn  
The study coordinator(s) will be first author on the primary manuscript and included in the list 
of authors in any subsequent manuscripts. The last authorship is reserved for the principal 
investigator. All other authors will be listed in alphabetical order. For purposes of abstract 
presentation and publication, any secondary publication will be discussed with all locally 
participating principal authors. 
 
Publications will be in accordance with international recognized scientific and ethical 
standards concerning publications and authorship, including the Uniform Requirements for 
Manuscripts Submitted to Biomedical Journals, established by the International Committee of 
Medical Journal Editors. Copyrights concerning publications of the Clinical Study remain with 
the authors of the publication, regardless of any other provisions regarding intellectual 
property rights. Further specifications will be adapted to each individual study site. 
The funding party will be mentioned on all publications of primary/secondary results of the 
trial. 
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DISCUSSION 
Although previous trials[14, 25] investigating the effect of prophylactic antibiotics in implant 
removal were accurately designed based on the formerly active protocols, guidelines have 
changed. Two grams of cefazolin is the currently recommended dose of prophylaxis, mostly 
based on new insights in weight-based dosing. Moreover, a recent meta-analysis shows that 
antibiotic concentrations are lower when measured more distally in the extremity, indicating 
that 1g might not be sufficient below the level of the knee[18]. If the hypothesis that 2g of 
prophylactic cefazolin is effective in preventing SSI is supported by the results of this study, 
this would have implications for current guidelines. Combined with the high infection rate of 
IR which has already been proved in previous studies[2], it would be sufficiently substantiated 
for guidelines to suggest protocolled us of prophylactic antibiotics in IR of foot, ankle, lower 
leg or patella. Moreover, if antibiotic prophylaxis proves to be effective in reducing SSIs, it is 
likely to be cost-effective, since it is a relatively cheap intervention. If antibiotic prophylaxis 
does not turn out to be effective, the target-site concentrations of measured in this trial will 
hopefully provide us with an explanation.  
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ABSTRACT  
 

AIMS 

The aim of this study was to evaluate the functional outcome in patients undergoing implant 
removal (IR) after fracture fixation below the level of the knee.  

PATIENTS AND METHODS  

All adult patients (18 to 75 years) undergoing IR after fracture fixation below the level of the 
knee between November 2014 and September 2016 were included as part of the WIFI 
(Wound Infections Following Implant Removal Below the Knee) trial, performed in 17 
teaching hospitals and two university hospitals in The Netherlands. In this multicenter 
prospective cohort, the primary outcome was the difference in functional status before and 
after IR, measured by the Lower Extremity Functional Scale (LEFS), with a minimal clinically 
important difference of nine points.  

RESULTS  

A total of 179 patients were included with a median age of 50 years (interquartile range (IQR) 
37 to 60), of whom 71 patients (39.7%) were male. With a median score of 60 before IR (IQR 
45 to 72) and 66 after IR (IQR 51 to 76) on the LEFS, there was a statistically significant 
improvement in functional outcome (p < 0 .001). A total of 31 surgical site infections (17.3%) 
occurred.  

CONCLUSION  

Although IR led to a statistically significant improvement of functional outcome, the minimal 
clinically important difference was not reached. In conclusion, this study shows that IR does 
not result in a clinically relevant improvement in functional outcome. These results, in 
combination with the high complication rate, highlight the importance of carefully reviewing 
the indication for IR.  
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INTRODUCTION 
Implant removal (IR) after fracture fixation used to be standard practice, mostly due to 
perceived risks of corrosion, carcinogenesis, and allergic reactions[1]. Since the introduction 
of improved alloys and new materials, however, these complications have not been 
described. Attention has therefore recently been shifting towards the risks of IR. Although it is 
a frequently performed procedure that rarely takes more than one hour, it has proved not to 
be without risk.[2]. In addition to the fact that it is not always easy to remove implants[3], 
surgical site infection (SSI) occurs in up to 20% of cases following IR[4-6]. The removal of 
implants below the level of the knee has, in particular, been associated with high rates of 
SSI[2].  
 
Currently, indications for elective IR are mostly patient-reported symptoms such as skin 
irritation, limited range of movement, and/or pain[7]. It can therefore be argued that the 
improvement of function and pain relief are the most important goals of IR and this is 
reflected by the focus on patient-reported outcome measures (PROMs) in recent literature on 
IR. Most publications, however, are surveys[8,9]. or report only pain[5,10]. The studies that 
do report other PROMs form a heterogeneous group, describing the procedure in a limited 
number of patients and in varying parts of the body[6,11-14]. 
  
In this prospective cohort study, we sought to quantify the effect of IR on both functional out-
come and quality of life (QoL) in patients undergoing removal of implants below the level of 
the knee following fracture fixation, with the hypothesis that the removal of implants 
following successful fracture healing leads to a clinically relevant improvement of functional 
outcome.   

PATIENTS AND METHODS 
Patient data were collected for the purpose of a randomized controlled trial, the WIFI (Wound 
Infections Following Implant Removal Below the Knee) trial, investigating the effect of 
prophylactic antibiotics on the risk of wound infection following IR below the knee[15]. The 
WIFI trial was performed in 17 teaching hospitals and two university hospitals in The Nether-
lands. Patients aged 18 to 75 years, undergoing IR below the level of the knee, for any reason, 
between November 2014 and September 2016 were eligible. Exclusion criteria were an active 
infection, fistula or antibiotic treatment at the time of IR, re-implantation of material in the 
same session, an allergy to cephalosporins, a known kidney disease, immunosuppressant use, 
and/or pregnancy. The full protocol has been published elsewhere[15]. The study, including 
the informed consent procedure, was conducted according to the principles of the Declara-
tion of Helsinki[16], and in accordance with the Medical Research Involving Human Subjects 
Act.  
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Patients were included in this study if they completed both the baseline (preoperative) and 
postoperative questionnaire for functional outcome or QoL (n = 225). Baseline questionnaires 
were filled out preoperatively, as described in the WIFI study protocol published earlier[15]. 
The postoperative questionnaires were filled out after six months. Patients received the 
questionnaires by email and were seen within 28 days postoperatively in the outpatient clinic 
for a postoperative check and wound examination. Patients with an unknown period of time 
elapsing between fixation and IR (n = 2) or undergoing IR within six months of fixation (n = 37) 
were excluded. This removal was usually as part of a staged treatment strategy such as bridge 
plating in Lisfranc injuries, percutaneous wiring, or for implant failure. There is also more 
validity to assessing functional outcome after at least six months, thereby limiting the 
confounding effect of fracture healing on functional outcome measures. Patients whose 
implants were removed after the six-month point, but where those implants were wires (n = 
5) or were removed for failure (n = 2), were also excluded. A response to the questionnaire 
was received from 52.1% of patients. The final number of included patients was 179 (Fig. 1).  
 
FFiigguurree  11..  FFlloowwcchhaarrtt  ooff  iinncclluuddeedd  ppaattiieennttss  
 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
Abbreviations: IR: implant removal, LEFS: Lower Extremity Functional Scale, EQ-5D: EuroQol-5D 
  

Patients undergoing IR, included in 
WIFI trial [15]  

(n = 470) 

Excluded (n = 245) 
- No LEFS and/or EQ-5D before and 

after IR (n=245) 

Patients included in final 
analysis 
(n = 179) 

Eligible patients 
(n = 225) 

Excluded (n=46) 
- IR < 6 mths (n=37) 
- Time to IR unknown (n=2) 

- Implant failure (n=2) 

- Kirschner wire (n=5)  
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OOuuttccoommee  
The primary outcome measure was the Lower Extremity Functional Scale (LEFS), a PROM that 
consists of 20 questions concerning physical activities, each scored by a five-point scale 
ranging from ‘extreme difficulty/unable to perform’(0) to ‘no difficulty’ (4)[17]. The points for 
each question are calculated to give a total score between 0 and 80 points, where 80 is the 
best possible score. The minimal clinically important difference (MCID) of the LEFS is nine 
points, so any change less than this would not be clinically relevant[17].  
 
Secondary outcomes were the EuroQol 5-dimension questionnaire (EQ-5D-3L)[18], and a 
patient-reported health status using a visual analogue scale (VAS), as well as predictors of an 
improved functional outcome as identified by a multivariable analysis.  
 
Baseline patient characteristics and surgical characteristics were collected from all patients 
(Tables 1 and 2). Patient characteristics included: gender, age, body mass index (BMI), 
smoking, alcohol (more than three units a day) or drug abuse, relevant medical history, and 
treatment satisfaction. Surgical characteristics were: hospital, surgeon, time between fixation 
with and removal of implant, reason(s) for removal (multiple answers possible), location of 
the implant, type of implant, and occurrence of a SSI.  
 
SSttaattiissttiiccaall  aannaallyyssiiss    
Descriptive statistics were used to report baseline characteristics (Table I). Baseline 
characteristics of excluded patients were compared with those of included patients with a 
chi-squared test (categorical), unpaired Student’s t-test (normal distribution), or Mann–
Whitney U test (non-normal distribution), as appropriate. Patient-reported outcome measure 
responses were evaluated for normality using the Shapiro–Wilk test and Q–Q plots. If 
normally distributed, the primary (LEFS) and secondary outcomes (EQ-5D and VAS) were 
analyzed by a paired-samples Student’s t-test. If not normally distributed, the PROMs were 
compared, before and after IR, using a Wilcoxon’s signed-rank test for paired values. A 
subgroup analysis was performed using the same statistics for patients with IR on the 
patient’s request, and separately for patients with “pain” as reason for removal.  
 
Predictors of functional outcome were identified using multivariable linear regression. All 
relevant baseline characteristics were evaluated as possible predictors, using a univariate 
linear regression with LEFS improvement (difference between LEFS before and after IR) as 
dependent variable. All characteristics with a p-value below 0.3 were entered into the 
multivariable analysis and eliminated backwards, until only significant contributors to the 
prediction model remained. Analyses were performed using SPSS version 24.0 (IBM Corp., 
Armonk, New York). In all analyses, a p-value < 0.05 was considered to be of statistical 
significance.  
To check for sufficient power to detect a clinically significant effect, a power calculation was 
performed. We used data from Garner et al.[14] for the standard deviation of the LEFS and 
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MCID of the LEFS (nine points)[17] as the non-inferiority limit. To demonstrate a clinically 
significant difference in functional outcome before and after IR with 90% power and a 
significance level of 2.5%, 74 patients were required.  

RESULTS  
BBaasseelliinnee  cchhaarraacctteerriissttiiccss    
Baseline and surgical characteristics of the 179 included patients are displayed in Tables 1 and 
2. Median age was 50 years (IQR 37 to 60), 71 patients (39.7%) were male, and the most 
frequent comorbidity was hypertension (10.6%). Polytrauma patients were not included in 
this study. The reason for IR was mostly patient-driven, with the most reported reason being 
pain (82.7%), followed by functional problems (7.8%). Baseline questionnaires were filled out 
at a median time of 13 months after fracture fixation, and postoperative questionnaires 
represent the functional outcome six months after IR (19 months after fracture fixation).  
 
TTaabbllee  11..  PPaattiieenntt  cchhaarraacctteerriissttiiccss  
 
Characteristic Missing cases 

(incl:excl) 
Included patients 
(n=179) 

Excluded patients 
(n= 291) 

p-value 

Male:female ratio, n (%) 0:0 71:108 
(39.7:60.3) 

128:163 (44.0:56.0) 0.41* 

Median age, yrs (IQR) 0:0 50 (37 to 60) 41 (29 to 53) < 0.001† 
Median BMI, kg/m2 (IQR) 20:25 26.2 (23.1-29.0) 26.2 (22.7 to 29.4) 0.86† 
Smoking, n (%) 11:22 29 (17.3) 89 (33.1) 0.001* 
Alcohol abuse, n (%) 12:23 46 (27.5) 76 (28.4) 0.94* 
Drugs abuse, n (%) 13:23 4 (2.4) 12 (4.5) 0.40* 
Medical history, n (%) 0:0    
   Diabetes mellitus  2 (1.1) 10 (3.4) 0.21* 
   Pulmonary disease  3 (1.7) 10 (3.4) 0.40* 
   Hypertension  19 (10.6) 27 (9.3) 0.75* 
   Cardiac disease  8 (4.5) 3 (1.0) 0.038* 
   Peripheral vascular disease  1 (0.6) 3 (1.0) 0.98* 
Median VAS treatment 
satisfaction (IQR) 

9:230 8.25 (7-9) 8 (7-10) 0.95† 

 
Abbreviations: IQR, interquartile range; BMI, body mass index; VAS, visual analogue scale 
*Chi-squared test 
†Mann–Whitney U test 
 
EExxcclluuddeedd  ppaattiieennttss  
Excluded patients differed significantly in both patient characteristics (Table 1) and surgical 
characteristics (Table 2). Excluded patients were significantly younger, with a median age of 
41 years (IQR 29 to 53) compared with 50 years (IQR 37 to 60) (p < 0.001), were more often 
smokers (p = 0.001), and suffered more often from cardiac disease (p = 0.038). With respect 
to surgical characteristics (Table 2), time to IR was significantly shorter (p < 0.001), the reason 
for IR differed, the duration of surgery was shorter (p = 0.007), and the type of implant that 



7

FUNCTIONAL OUTCOME OF IMPLANT REMOVAL

127

Abbreviations: excl: excluded, incl: included, IR: implant removal, IQR: interquartile range, n: number of included 
patients

*Mann–Whitney U test
†Multiple answers possible
‡Chi-squared test

was removed differed significantly (p < 0.001). Other variables did not show a statistically 
significant difference.
 
TTaabbllee 22.. SSuurrggiiccaall cchhaarraacctteerriissttiiccss 
 
Characteristic Missing cases 

(incl:excl)
Included patients 
(n = 179)

Excluded patients 
(n = 291)

p-value

Median time to IR, mths (IQR) 0:2 13 (9 to 20) 10 (5 to 15.5) < 0.001*
Reason for IR, n (%)† 0:0
   Pain 148 (82.7) 197 (67.7) 0.001‡
   Patient’s request 100 (55.9) 124 (42.6) 0.007‡
   Functional problem 14 (7.8) 13 (4.5) 0.19‡
   Planned by surgeon 4 (2.2) 44 (15.1) <0.001‡
   Implant dysfunction 0 (0.0) 15 (5.2) 0.005‡
Initial injury, n (%) 0:0
   Proximal tibia/tibial plateau 
fracture

23 (12.8) 26 (8.9) 0.054‡

   Tibial shaft/cruris fracture 20 (11.2) 44 (15.1)
   Distal tibia/pilon fracture 14 (7.8) 9 (3.1)
   Ankle fracture 88 (49.2) 162 (55.7)
   Calcaneal fracture 15 (8.4) 17 (5.8)
   Chopart injury 0 (0.0) 6 (2.1)
   Talus fracture 1 (0.6) 2 (0.7)
   Lisfranc/metatarsal fracture 18 (10.1) 25 (8.6)
Surgeon, n (%) 0:1 0.36‡
   Specialist 54 (30.2) 75 (25.9)
   Resident 125 (69.8) 215 (74.1)
Median duration of surgery, min 
(IQR)

19:32 34 (25 to 47) 30 (18 to 45) 0.007*

Tourniquet, n (%) 4:4 20 (11.4) 39 (13.6) 0.60‡
Location IR, n (%) 0:0 0.95‡
   Foot 11 (6.1) 16 (5.5)
   Tarsus 23 (12.8) 36 (12.4)
   Ankle 101 (56.4) 172 (59.1)
   Proximal tibia 44 (24.6) 67 (23.0)
Type of implant, n (%) 0:2 <0.001‡
   K-wire 0 (0) 15 (5.2)
   Screw 35 (19.6) 66 (22.8)
   Syndesmotic screw 7 (3.9) 34 (11.8)
   Plate and screws 123 (68.7) 153 (52.9)
   Intramedullary nail 14 (7.8) 21 (7.3)
Removal of all implants, n (%) 137 (76.5) 205 (70.4) 0.18‡
Surgical site infection, n (%) 0:0 31 (17.3) 35 (12.0) 0.14‡
   Superficial 25 (14.0) 33 (11.3) 0.49‡
   Deep 6 (3.4) 2 (0.7) 0.072‡
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FFuunnccttiioonnaall  oouuttccoommee  aanndd  qquuaalliittyy  ooff  lliiffee  
With a median score of 60 before the IR (IQR 45 to 72) and 66 after the IR (IQR 51 to 76), the 
functional outcome measured by the LEFS improved statistically significantly (Z = -5.0; p < 
0.001) in patients with IR after at least six months (Table 3). The MCID of nine points was not 
reached. The EQ-5D score after IR (median 0.81, IQR 0.73 to 1.00) was also higher than the 
EQ-5D score before IR surgery (median 0.81, IQR 0.73 to 0.84) (Z = -3.2; p = 0.002), although 
the median did not change. Median patient-reported health did not improve significantly, 
with a median VAS of 80 (IQR 70 to 90) before and after IR (Z = -0.2; p = 0.81).  
 
TTaabbllee  33..  PPaattiieenntt--rreeppoorrtteedd  oouuttccoommee  mmeeaassuurreess  ((PPRROOMMss))  
  
Median PROM score (IQR) Before IR After IR p-value* 
LEFS (n = 177) † 60 (45 to 72) 66 (51 to 76) < 0.001 
EQ-5D (n = 176) ‡ 0.81 (0.73 to 0.84) 0.81 (0.73 to 1.00) 0.002 
VAS self-reported health (n = 172)§ 80 (70 to 90) 80 (70 to 90)  0.81 
 
Abbreviations: IQR, interquartile range; IR, implant removal; LEFS, Lower Extremity Functional Scale; EQ-5D, 
EuroQol-5D; VAS: visual analogue scale 
 
*Wilcoxon’s signed-rank test for paired values 
†Two patients with missing LEFS after IR 
‡Three patients with missing baseline EQ-5D 
§Four patients with missing baseline and seven patients with missing VAS after IR 
 
SSuubbggrroouupp  aannaallyysseess  
As shown in Table IV, a subgroup analysis of only the patients with removal on the patient’s 
request (n = 100) had a median LEFS of 63.0 before IR (IQR 50 to 72) and 69.0 after IR (IQR 53 
to 76) (Z = -3.05; p = 0.002). Patients with removal due to pain (n = 148) had a median LEFS 
before IR of 59.5 (IQR 43.3 to 71.5) and 66.0 (IQR 51.0 to 76.0) after IR (Z = -5.0; p < 0.001). A 
post hoc, subgroup analysis of the functional outcome for different locations of implants 
showed a statistically significant improvement of functional outcome after removal of 
implants from the ankle. More specifically, when plate and screws were removed from the 
ankle, this resulted in a statistically significant improvement of the LEFS (Table IV).  
 
PPrreeddiiccttoorrss  ooff  ffuunnccttiioonnaall  oouuttccoommee    
Possible predictors of an improvement in functional outcome, as identified by univariate 
analysis, were: no history of drug abuse, pain as the reason for IR, patient choice as the 
reason for removal, removal of all implants, and a shorter time between fracture fixation and 
removal. Since previous studies had identified SSI as a predictor for worse functional 
outcome[19], this variable was added to the equation, although it was not identified in 
univariate analysis. The variable “antibiotic prophylaxis” was not included, since the original 
randomized controlled trial (RCT) found no effect of antibiotic prophylaxis on the number of 
SSIs, and antibiotics themselves are not considered to influence functional outcome. When all 
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possible predictors were entered into multivariable regression with backwards elimination, no 
predictors for improvement in functional outcome remained.  
 
TTaabbllee  44..  SSuubbggrroouupp  aannaallyysseess  ooff  pprriimmaarryy  oouuttccoommee  ((LLEEFFSS))  
  
LEFS Median score before 

IR (IQR) 
Median score after 
IR (IQR) 

p-value* 

Reason for IR    
Patient’s request (n = 100) 63.0 (50 to 72) 69.0 (53 to 76) 0.002† 
Pain (n = 148) 59.5 (43 to 72) 66.0 (51 to 76) < 0.001† 
Location of IR    
Foot (n = 11) 54 (34 to 63) 57 (49 to 65) 0.62 
Tarsus (n = 23) 47 (32 to 61) 57 (33 to 69) 0.11 
Ankle (n = 100)‡ 63 (54 to 73) 71 (59 to 77) < 0.001† 
Proximal tibia (n = 43)‡ 52.5 (40.25 to 71.5) 63 (46 to 76) 0.008 
Type of implant (within 
ankle) 

   

Plate and screws (n = 79)‡ 63 (49.25 to 72) 71 (57 to 76) < 0.001† 
Screw (n = 13) 70 (61 to 77) 76 (64.5 to 80) 0.055 
Syndesmotic screw (n = 7) 62 (54 to 73) 72 (59 to 78) 0.34 
Intramedullary nail (n = 1) 57 51 N/A 
 
Abbreviations: IR: implant removal, IQR: interquartile range, LEFS: Lower Extremity Functional Scale, N/A: not 
applicable 
 
*Using the Bonferroni method (correction for multiple testing), a p-value below 0.004 was considered 
statistically significant (0.05/12, based on the analysis of LEFS, EuroQol (EQ)-5D, and visual analogue scale (VAS) 
in general (3), and all subgroup analyses (9)) 
†Statistically significant 
‡One patient with missing LEFS after IR 

 
CCoommpplliiccaattiioonnss  
The number of patients with a surgical site infection was 31 (17.3%), of whom 25 (14.0%) 
were superficial and six (3.4%) were deep. The number of SSIs was not related to the 
administration of antibiotic prophylaxis, with 17.3% developing an SSI in the group receiving 
cefazolin (13/75) as well as in the placebo group (18/104). Superficial infections were all 
treated with oral antibiotics, except for those in two patients who did not receive antibiotics 
and one who received intravenously administered antibiotics. Of the patients with a deep 
infection, all were treated with antibiotics (five intravenously, one orally) and four were also 
surgically treated.  
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DISCUSSION  
This study is, to our knowledge, the largest published series on functional outcome after 
removal of implants, and we found that the procedure leads to a statistically significant 
improvement in both functional outcome and quality of life. We did not find, however, that 
this was clinically significant as the MCID for the LEFS was not met. This was also true of the 
subgroup analysis limited to patients with removal either at the patient’s request or because 
of pain. Additionally, predictors for improvement in functional outcome could not be 
identified in this study.  
 
The results of this study are in line with previous literature on the topic but the evidence, so 
far, has been limited. Below the level of the knee, two recent articles report functional 
outcome after removal of implants. Garner et al.[14] reported a prospective cohort study of 
all patients undergoing surgical fixation for tibial plateau fractures, and compared multiple 
PROMs in patients who opted for removal before and after IR (n = 39). They found an 
improvement in functional outcome of 8.1 points on the LEFS (median 80.0% vs 71.9%; p < 
0.05), but not in QoL, measured by the 36-Item Short-Form Health Survey questionnaire (SF-
36). They concluded that patients who choose the option of removal of surgical implants 
should expect an improvement in clinical outcomes, although they did not reach the MCID for 
the LEFS[17]. Williams et al[13] retrospectively studied 43 patients following internal fixation 
of ankle fractures. They found an improvement of 4.1 points on the Short Musculoskeletal 
Function Assessment (SMFA) after IR, which was statistically significant. The article did not 
report an MCID for the SMFA but, elsewhere in the literature, MCIDs are reported to range 
from 4.4 to 10 points[20,21], neither of which are reached in the cohort reported by Williams 
et al.[13].  
 
Brown et al[7] did not study IR specifically, but rather prospectively followed a cohort of 126 
patients with surgically fixed ankle fractures. They found that patients with persistent pain 
after fracture fixation had a lower score on PROMs (measured by the SMFA and SF-36). They 
were not able to demonstrate a difference in SMFA and SF-36 in patients who had their 
implants removed or retained. Although the results of these previous studies are similar to 
the results of this study, their conclusions are mostly based on statistically, instead of clini-
cally, significant outcomes. Moreover, the number of patients included in these studies was 
small, resulting in insufficient power to detect a clinically relevant difference.  
 
Complication rates following IR have been described to be up to 37%[4]. When focusing only 
on SSIs as a postoperative complication, rates are found to be between 0% and 20%[2,4-6]. 
This study confirms this relatively high rate with a total of 31 SSIs (17.3%: 14.0% superficial, 
3.4% deep). A possible explanation for these high infection rates might be the need to oper-
ate through scar tissue or the short period within which most patients return to weight-
bearing and mobility compared with after fracture fixation.  
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A subgroup that is particularly of interest in this trial is the group of patients with a ‘relative’ 
indication for IR, such as “the implant does not belong in my body” or complaints of pain or 
functional impairment that cannot necessarily be attributed to the implant. In these patients, 
it is especially important to carefully weigh the benefits and risks of the procedure. By 
performing a subgroup analysis on patients who had their implant removed at their own 
request, we tried to show the results for patients with a ‘relative’ indication. However, 
multiple reasons for IR could be given in the questionnaire, and the answer “at patient’s 
request” often overlapped with “pain”. It was not, therefore, possible to completely separate 
patients with an unspecific reason for IR from the patients with pain as reason for removal. 
Results of the subgroup analysis can therefore not be interpreted specifically for patients with 
a wish for IR without accompanying pain.  
 
LLiimmiittaattiioonnss  
The results are based on the improvement in functional outcome before and after IR, without 
offering a control group. Although we tried to rule out the influence of the ‘natural healing 
process’ by including only patients who had IR after more than six months, results cannot be 
compared with patients who retained their implant. Because most studies reporting on 
functional outcome after fracture fixation have a maximum follow-up time of 12 months, it is 
unclear whether a control group would still have improvement of functional outcome after 
this time. The LEFS of included patients after IR was, however, comparable with the LEFS in 
healthy individuals with a history (more than one year ago) of lower limb fracture[22], 
suggesting that further improvement in functional outcome would not be expected.  
 
Selection bias may have occurred; since the data for this study were collected within the 
scope of a clinical trial with SSI as the primary outcome, the inclusion and exclusion criteria of 
that trial influenced our population. Patients with a known infection, pregnancy, or severe 
kidney disease, for example, were excluded from this database. Another cause of selection 
bias might be that only 225 out of 470 patients filled out both baseline and postoperative 
questionnaires, and were therefore eligible for inclusion. By reporting the statistically 
significant differences in baseline and surgical criteria between the included and excluded 
patients, we aimed to provide the reader with the information necessary to assess the risk of 
bias caused by applying these exclusion criteria. Moreover, Juto et al[23] recently showed 
that functional outcome did not differ between responders and non-responders when 
corrected for age and gender (in patients with an upper limb fracture). An effect of the 
missing patients on functional outcome, considering the age difference in included and 
excluded patients, cannot be ruled out.  
 
The LEFS and EQ-5D are both questionnaires that are not validated specifically for this 
population. Although this approach allows for a better comparison with existing literature, it 
may also cause under-reporting of functional complaints.  
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Another limitation is that, although a subgroup analysis for IR due to pain was performed, the 
type of pain was unknown. It would have been interesting to further subdivide pain into 
diffuse/localized and continuous/movement-related pain, since implant-localized pain is more 
likely to improve than non-specific or diffuse pain. Unfortunately, these data were not col-
lected, although it would be a good subject for future research.  
 
Finally, the post hoc power calculation showed that the number of patients needed to find a 
clinically important difference was less than half of the number of patients included in this 
trial. Due to the fact that the number of patients included in this study can show a relatively 
small difference between groups, any statistically significant outcomes discovered would not 
necessarily be clinically relevant.  
 
The large number of included patients from different hospitals did result in sufficient power 
to be able to detect a clinically significant difference, if there was one. Moreover, the fact that 
multiple university and non-university hospitals throughout The Netherlands contributed to 
this study enlarges the external validity of the results. This is also true for the variety of 
injuries and locations of IR in the included patients. By using the LEFS as a primary outcome 
value, this study comments not only on statistical significance, but also on clinical relevance, 
since the MCID for the LEFS has been defined[17].  
 
Regardless of the limitations of this study, it has important implications for current clinical 
practice. It underlines the importance of carefully reviewing the indication for IR, especially 
since the most common indication for removal was patient choice. Expectation management 
is an important part of shared decision making, and when patients are adequately informed 
about the chances of functional improvement versus the risks of surgery, this might reduce 
the number of patients requesting their implants be removed. The absence of a clinically 
relevant improvement in combination with the large risk of an SSI[2], in addition to other risks 
of surgery, should be incorporated into the surgeon’s advice. Moreover, we do not 
recommend standard removal of implants in the absence of a firm indication.  
 
In conclusion, IR below the level of the knee following fracture fixation does not result in a 
clinically relevant improvement in functional outcome or quality of life. Patients who wish to 
have their implant removed should be advised that the procedure may not lead to improved 
functional outcome, and that the risks are not negligible. 
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ABSTRACT  
 

BACKGROUND 

The preferred surgical treatment of syndesmotic injuries is a syndesmotic screw (SS), which is 
traditionally removed after 8-12 weeks. However, implant removal does not always improve 
functional outcome, and complication rates are high. Therefore, the aim of this study was to 
investigate whether “on demand removal” is non-inferior to routine removal of the SS 
regarding functional outcome. 

METHODS 

In this multicenter RCT with a non-inferiority design, all consecutive adult patients with 
syndesmotic injury (isolated or with fracture) were randomized between routine removal (RR) 
after 8-12 weeks and on demand removal (ODR), retaining the SS unless there were 
complaints warranting removal. Primary outcome was functional outcome at 12 months after 
SS placement, measured by the Olerud-Molander Score (OMAS). The non-inferiority limit (δ) 
was a 10 points difference in OMAS (in both intention-to-treat and per-protocol analysis).  

RESULTS 

There were 152 patients included in final analysis (73 patients in RR and 79 patients in ODR 
group), 59.2% male, mean age: 46.9 (SD 14.6). Median OMAS at 12 months after syndesmotic 
fixation was 85 (IQR: 60-95) for RR and 80 (IQR: 65-100) for ODR. The non-inferiority test 
indicated that the observed effect size was significantly within the equivalent bounds of -10 
and 10 scale points (p<0.001), meaning ODR was not inferior to RR. In the per-protocol 
groups the median OMAS was 85 (IQR: 62.5-95) for RR and 82.5 for ODR (IQR: 65-96.3) at 12 
months, which was also non-inferior (p=0.001). There were significantly more complications 
in the RR group (12/73) than in the ODR group (1/79), p=0.007.  

CONCLUSIONS 

On demand removal of the syndesmotic screw is not inferior to routine removal when it 
comes to functional outcome. , this offers a strong argument to adopt ODR as standard 
practice of care after syndesmotic screw fixation.  

TRIAL REGISTRATION 

Netherlands Trial Register (NTR5965) and Clinicaltrials.gov (NCT02896998) on July 15th 2016. 
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BACKGROUND 
Syndesmotic injuries are common, being present in approximately 15-20% of surgically 
treated ankle fractures[1,2]. The preferred surgical treatment of syndesmotic injuries is a 
syndesmotic screw (SS), which is traditionally removed after 8-12 weeks, as it is thought to 
hamper ankle function and cause pain when in place during weight-bearing[3–5]. It has also 
been argued that removing the SS is necessary to achieve final anatomical reduction[6]. Other 
studies found that syndesmotic screw removal (SSR) does not necessarily result in 
improvement of functional outcome or range of motion (ROM)[7-11]. In case of a broken or 
loosened SS, restrictions of natural movement of the distal tibiofibular syndesmosis would no 
longer be present[8,10,11].  
SSR is a procedure that rarely takes more than an hour.  Prophylactic antibiotics are  not 
routinely used. Nevertheless, infectious complications are not uncommon, with surgical site 
infection (SSI) rates of up to 9%[11-14]. With the relatively high complication rate of SSR in 
mind it could be beneficial to retain SSs or to remove if the patient experiences complaints.  
We therefore aimed to investigate the effect of “on demand removal” of the SS on functional 
outcome. The hypothesis was that functional outcome at 12 months after syndesmotic 
fixation is comparable in patients with on demand removal (ODR) and routine removal (RR). 

METHODS 
The ROutine vs. on DEmand removal Of the syndesmotic screw (RODEO) trial, was a 
pragmatic international multicenter randomized controlled trial, comparing on demand and 
routine removal of the SS. The study was registered at ClinicalTrials.gov (NCT02896998) and 
the study protocol was published[15]. The trial was conducted in 17 centers, of which 14 
were teaching hospitals and 3 were academic, level 1 trauma centers.  
 
PPaarrttiicciippaannttss    
All adult patients (>17 y/o) with traumatic syndesmotic injury surgically treated within 2 
weeks of trauma using 1 or 2 SSs were eligible for inclusion. Both unstable ankle fractures 
with syndesmotic disruption and isolated syndesmotic injuries were included. Exclusion 
criteria were; an ISS score >15, insufficient physical condition (to allow for potential SSR), 
concomitant injury of the ipsi- or contralateral side or other medical conditions hampering 
rehabilitation, and insufficient comprehension of Dutch or English language.  
 
IInntteerrvveennttiioonnss  

Patients randomized for RR underwent SSR at 8-12 weeks after definite syndesmotic fixation 
according to protocol(15). If the screw(s) were already broken at that time, surgeons were 
advised not to remove them unless they caused complaints. The exact timing of removal 
(within window of 8-12 weeks) and postoperative treatment routine was left to the 
judgement of the treating surgeon and hospital protocol. Patients were seen at the 
outpatient clinic by their treating surgeon and the coordinating investigator at 3 months, 6  
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FFiigguurree  11..  CCOONNSSOORRTT  FFllooww  DDiiaaggrraamm  ooff  IInncclluuddeedd  PPaattiieennttss  
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Assessed for eligibility (n= 409)  ) 

Analysed 
- Intention to treat (n= 73) 
- Per protocol (n= 53) 
 
Excluded from PP analysis (n= 20) 
- SSR > 12wks (n= 11) 
- Cross-over to ODR (n= 5) 
- Revision due to inadequate reduction (n= 2) 
- Revision due to deep SSI (n= 2) 
 
 
 

Excluded  (n= 212) 
- Declined to participate (n= 167) 
- Not meeting inclusion criteria (n= 29) 
- Missed inclusion (too late/not reached)(n=16) 

Lost to follow-up (n= 20) 
- failure to return questionnaires (n= 18)  
- withdrawn from study due to patient’s wish (n= 
2) 

ALLOCATION 

Allocated to RR (n= 93) 
- Received allocated intervention (n= 67) 
- Did not receive allocated intervention (n= 26) 

• SSR >12 weeks (n=11) 
• cross-over to ODR (n=9) 
• revision due to inadequate reduction (n=4) 
• revision due to deep SSI (n=2) 

ANALYSIS 

Lost to follow-up (n= 25) 
- failure to return questionnaires (n= 22)  
- withdrawn from study due to: 

• Complications/new trauma (n=2) 
• Patient’s wish (n=1) 

 

FOLLOW-UP 

Allocated to ODR (n= 104) 
- Received allocated intervention (n= 99) 
- Did not receive allocated intervention (n= 5) 

• Revision due to inadequate reduction (n=2)  
• Revision due to new trauma (n=2) 
• New trauma (ankle fracture + subchondral 

hematoma) compromising recovery (n=1) 

Analysed  
- Intention to treat (n= 79) 
- Per protocol (n= 82) 
 
Excluded from PP analysis (n= 2) 
- Revision due to inadequate reduction (n= 1)  
- Revision due to new trauma (n= 1) 
 
Cross-over from RR (n= 5) 

Randomized (n= 197) 

ENROLLMENT 
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months and 12 months after syndesmotic fixation. During each of these visits ROM was 
measured, and the patient filled out functional outcome questionnaires (see “Outcomes”). 
Additionally, at 3 month follow-up, wound inspection and radiographic imaging (Mortise view) 
were performed. Patients randomized for ODR were seen according to the same follow-up 
schedule and were closely monitored for complaints. ODR was defined as retaining the 
syndesmotic screw unless there were complaints warranting removal (e.g. localized pain, 
screw backing out causing skin irritation, infection). Patients (or surgeon) could opt for SSR at 
any time, but were usually advised to wait, at least until fracture healing allowed for any 
additional implants to be removed (if necessary), in order to combine these procedures in 
case of clinically relevant hardware complaints. Time of removal and whether or not 
additional material was removed was recorded for all patients. 
 
OObbjjeeccttiivveess    
The objective of this pragmatic RCT was to investigate the functional outcome of ODR 
compared to RR of the syndesmotic screw, placed in acute syndesmotic injuries. The 
hypothesis was that ODR would result in a non-inferior functional outcome when compared 
to RR. 
 
OOuuttccoommeess  
The primary outcome was functional outcome at 12 months after syndesmotic fixation, as 
measured by the Olerud-Molander ankle score (OMAS), a patient reported outcome measure 
with a final score of 0-100, with 100 indicating full functioning(16). The OMAS was also filled 
out at 3 and 6 months after fixation. Secondary outcomes were: 1) functional outcome using 
the American Orthopedic Foot and Ankle Hindfoot Score (AOFAS); 2) pain, using a ten-point 
Visual Analog Scale (VAS); 3) active ROM, reported as the difference in absolute number of 
degrees (flexion + extension) between injured and healthy side; and 4) complications. 
Specifically enquired after during follow-up visits were wound healing problems, such as 
wound dehiscence or SSIs (according to CDC criteria(17)) and recurrent diastasis (diagnosed 
based on complaints and radiographic imaging). Other complications (e.g. deep venous 
thrombosis, malreduction, non-union) were reported to the coordinating researcher at the 
time they occurred. All charts were screened at least 12 months after inclusion of the final 
patient in order not to miss any unreported complications or revision procedures.  
 
All mentioned outcomes were measured at 3, 6 and 12 months after syndesmotic fixation. 
Furthermore, baseline patient, fracture and surgical characteristics were collected, as well as 
the immobilization and weight-bearing policy. Status of the SS was documented as the last 
date it was reported to be intact and the first date it was found to be broken, using 
radiographic imaging and surgical documentation. 
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SSaammppllee  ssiizzee    
The sample size calculation was based on a non-inferiority design, using the OMAS at 12 
months as primary outcome measure. With a one-sided significance level (α) of 0.025, 90% 
power (ß), standard deviation (SD) of 19 points and a non-inferiority limit of 10 points on the 
OMAS, 152 subjects were required. In order to conduct a subgroup analysis based on age 
(<60/≥60 y/o) with the same power, lower standard deviations, and incorporating a lost to 
follow-up of 10%, a total of 196 patients was required to prove non-inferiority(15).  
 
RRaannddoommiizzaattiioonn  
Patients were randomized 1:1 to either RR or ODR, using variable blocks of 4, 6 and 8, 
stratified per institute and by age category (≥60 or <60 years old). Randomization was 
performed centrally by the coordinating investigator, who then notified the patient and 
treating (orthopedic) surgeon. The randomization sequence was generated by a dedicated 
computer randomization software program (Castor EDC18), ensuring allocation concealment. 
 
BBlliinnddiinngg  
Considering the nature of the intervention, blinding of patient, surgeon or outcome assessor 
was not possible.  
 
SSttaattiissttiiccaall  mmeetthhooddss  
Descriptive methods were used to assess distribution of data and homogeneity of treatment 
groups. The primary outcome was analyzed according to the intention-to-treat as well as the 
per-protocol principle, non-inferiority only being declared if both analyses proved non-
inferiority of ODR compared to RR. In per-protocol analysis, cross-overs were analyzed in the 
group they crossed over to and patients not treated according to the protocol of either group 
were excluded, as well as patients where syndesmotic fixation was revised (due to a new 
trauma or complication). The primary outcome was presented as median and IQR and tested 
for non-inferiority using a one-sided TOST equivalence test based on Student's t-test[19], with 
an alpha of 0.025, equal variances assumed and equivalent bounds of -10 and 10 scale points. 
Secondary outcomes were analyzed using either a t-test or Mann-Whitney U test for 
continuous data, according to distribution, and a Chi Square test for categorical data. Possible 
predictors of functional outcome were identified using a univariable linear regression. All 
variables with a (near) significant relationship with the 12 month OMAS (p < 0.2) were added 
to multivariable linear regression in order to identify independent predictors of functional 
outcome. All analyses were performed using SPSS, version 26.0.   

RESULTS 
PPaarrttiicciippaannttss  
Out of 409 eligible patients, 197 were randomized (Figure 1). As shown in Figure 1, 45 
patients did not have complete primary outcome data, leaving 152 (73 patients in RR and 79 
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patients in ODR group) for inclusion in final analysis. Of all included patients, 59.2% was male 
and the mean age was 46.9 (SD: 14.6). The distribution of patients over the age groups was 
120 (RR: 59/ODR: 61) in the < 60 y/o group and 32 (RR: 14, ODR: 18) in the ≥ 60 y/o group. 
Baseline characteristics were similar between randomization groups (Table 1), as well as 
between included patients and those lost to follow-up (Table 1 of Supplemental material). 
The per-protocol groups consisted of 53 and 82 patients for RR and ODR respectively (Figure 
1). 
In the RR group, SSR was performed in 67 of 73 cases (5 cross-overs, 1 revision surgery) at a 
mean of 11 weeks (SD 2.4) after syndesmotic fixation, with a range from 8 to 18 weeks. In 
nine cases, the screw was already broken at time of removal. The number of removals (within 
12 months) in the ODR group was 18 (23%) at a mean of 33 weeks (SD 10.1), ranging from 13 
to 49 weeks after syndesmotic fixation. Reasons for removal were pain (n= 7), limited ROM 
(n= 4), stiffness (n=2), revision surgery where new syndesmotic fixation was indicated (n= 2), 
skin reaction to implants (n= 1), screw starting to back out (n= 1), patient’s wish not otherwise 
described (n= 1). None of the five patients who crossed over from RR to ODR had their screw 
removed. Of the 61 ODR patients who retained their SS, 19 broke their screw within 12 
months (13 after >12 weeks). Out of the 18 ODR patients who underwent SSR, the screw was 
already broken in 10 cases. In addition, two out of the five cross overs broke their screw. 

PPrriimmaarryy oouuttccoommee 
The median OMAS at 12 months after syndesmotic fixation was 85 (IQR: 60-95) for the RR 
group and 80 (IQR: 65-100) for the ODR group (Figure 2). The non-inferiority test indicated 
that for the intention-to-treat analysis the observed effect size was significantly within the 
equivalent bounds (t(150) = -3.56, p<0.001), meaning ODR was not inferior to RR. In the per-
protocol 
groups the 
median OMAS 
was 85 (IQR: 
62.5-95) for 
RR and 82.5 
for ODR (IQR: 
65-96.3) at 12 
months, which 
was also non-
inferior (t(133) 
= -3.14, p = 
0.001). 
 
 
 
 

Boxplot depicting 
minimum, maximum, 
interquartile range and 
median of the OMAS for 
randomized groups at 
different time points

Figure 2.



PART THREE  I  CHAPTER 8 

144 
 

  
TTaabbllee  11..  BBaasseelliinnee  ppaattiieenntt  aanndd  ssuurrggiiccaall  cchhaarraacctteerriissttiiccss  
  
 Routine Removal (N = 73) On Demand Removal (N = 79) 
Sex, men 47 (64.4%) 43 (54.4%) 
Age, mean (SD) 
    <60 y/o 
    >/=60 y/o 

45.3 (15.0) 
    59 (80.8%) 
    14 (19.2%) 

48.3 (14.1) 
    61 (77.2%) 
    18 (22.8%) 

Weight, kg, mean (SD) 
Missing  

84.6 (14.4) 
 

88.1 (17.9) 
2 

BMI, mean (SD) 
Missing 

27.3 (4.3) 
4 

28.6 (5.7) 
2 

Nicotine use 
Missing  

17 (25.4%) 
6 

18 (24.0%) 
4 

Alcohol abuse (>2units/day) 
Missing 

6 (8.8%) 
5 

8 (10.7%) 
4 

Illegal drug use 
Missing  

8 (11.6%) 
4 

1 (1.3%) 
4 

Diabetes Mellitus 
- Type 1 
- Type 2 

3 (4.1%) 
1 
2 

4 (5.1%) 
0 
4 

COPD 0 3 (3.8%) 
PAD 0 1 (1.3%) 
Injury 
    Weber B 
    Weber C 
    Maisonneuve 
    Isolated synd. 
    Other 
Missing  

 
17 (23.6%) 
41 (56.9%) 
11 (15.3%) 
2 (2.8%) 
1 (1.4%) 
1 

 
18 (22.8%) 
39 (49.4%) 
22 (27.8%) 
0 
0 
 

ASA classification 
    I 
    II 
    III 
Missing 

 
38 (52.8%) 
33 (45.8%) 
1 (1.4%) 
1 

 
28 (36.4%) 
41 (53.2%) 
8 (10.4%) 
2 

Duration surgery, min. 
Missing 

64.8 (38.3) 
7 

62.5 (35.9) 
8 

Tourniquet use 
Missing 

21 (40.4%) 
21 

18 (29%) 
17 

# Screw(s): 
    1 
    2 

 
50 (69.4%) 
22 (30.6%) 

 
51 (64.6%) 
28 (35.4%) 

Screw diameter: 
3.0 mm 

    3.5 mm 
4.0 mm 

    4.5 mm 
Missing 

 
3 (4.2%) 
64 (88.9%) 
1 (1.4%) 
4 (5.6%) 
1 

 
1 (1.3%) 
74 (93.7%) 
1 (1.3%) 
3 (3.8%) 
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Cortices: 
    3 
    4 
Missing  

 
57 (79.2%) 
15 (20.8%) 
1 

 
62 (78.5%) 
17 (21.5%) 

Level, mm* 
Missing  

23.6 (7.2) 
4 

22.5 (9.2) 
3 

Cast after surgery 
    Weeks 
Missing 

 
5.4 (1.5) 
9 

 
5.3 (1.7) 
9 

Complication of fixation, 
No.(%) 
Missing 

16 (22%) 
1 

12 (15.2%) 

Weight bearing 
    Weeks to full 
Missing  

 
4.8 (1.8) 
2 

 
4.9 (1.8) 
1 

 
Abbreviations: ASA: American Society of Anesthesiologists, BMI: body mass index (weight/(height2)), COPD: 
Chronic Obstructive Pulmonary Disease, PAF: Peripheral Artery Disease 
 
*measured from tibial plafond to most distal syndesmotic screw 
** of which 2 combined with non-union and 1 with bad reduction 
 
SSeeccoonnddaarryy  OOuuttccoommeess  
OMAS scores of three and six months after syndesmotic fixation were comparable between 
randomization groups, as illustrated in Figure 2. Functional outcome as measured by the 
AOFAS also did not differ between RR and ODR at any time point. At three months, median 
scores were 77 (IQR: 61.3-82) and 78 (IQR: 67-86) for RR and ODR respectively (p=0.138), for 
six months this was 81 (IQR: 71.8-88) and 85 (IQR: 75-90) (p=0.103) and for 12 months 87 
(IQR: 84-98) and 85 (IQR: 80-100) (p=0.787). When zooming in on the sub-scores of the 
AOFAS, the sub-score “function” was marginally higher for the ODR group at three and six 
months compared to the RR group (Figure 1 of Appendix). 
 
Neither ROM nor the VAS pain scores differed significantly at any time point (Figure 3).  
 
CCoommpplliiccaattiioonnss  
There were significantly more complications in the RR group (12/73) than in the ODR group 
(1/79), p=0.007. The 12 complications in the RR group comprised; wound dehiscence (n=5), 
superficial SSI (n=2), deep SSI (n=2), diastasis after removal (n=1), synovitis (n=1), increase in 
stiffness after removal (n=1). Four of 12 patients had a complication of the syndesmotic 
fixation as well; two deep infections (one resulting in a flare-up after SSR, one in diastasis 
after SSR), one superficial SSI (wound dehiscence after SSR) and a synovitis (persisting after 
SSR). In addition, within lost-to-follow-up group, three complications occurred consisting of 
one deep SSI, one superficial SSI and one diastasis. In the ODR group, there was only one 
complication; a superficial SSI after removal of all implants, seven months after syndesmotic 
fixation. In the cross-over patients, no complications arose. In one lost-to-follow-up patient, 
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who would have crossed over to ODR, the retained SS started to back out 14 months after 
placement, ultimately resulting in a fistula, after which the screw was removed.

FFiigguurree 33aa.. MMeeaann RROOMM ddiiffffeerreennccee ((fflleexxiioonn ++        FFiigguurree 33bb.. MMeeaann ppaaiinn lleevveellss ((VVAASS)) 
eexxtteennssiioonn)) bbeettwweeeenn hheeaalltthhyy aanndd iinnjjuurreedd aannkkllee      

Abbreviations: RR: routine removal, ROM: range of motion, ODR: on demand removal, VAS: visual analogue scale

PPrreeddiiccttoorrss ooff ffuunnccttiioonnaall oouuttccoommee 
Possible predictors for functional outcome were: age, sex, alcohol abuse, illegal drugs abuse, 
previous fracture, ASA classification, type of fracture, duration of fixation surgery, diameter of 
SS, cast treatment (after syndesmotic fixation), status of SS (broken/intact/removed), 
complication of syndesmotic fixation surgery, complication of RR/ODR, and revision surgery. 
In multivariable analysis; female sex, longer duration of surgery, complication of fixation, and 
complication of RR/ODR remained as independent predictors of outcome with a negative 
impact on 12 month OMAS (Table 3 of Appendix).

SSuubbggrroouupp aannaallyysseess 
For the subgroup of patients under 60 years old median 12-month OMAS in ODR was non-
inferior (p=0.001), with medians of 85 (IQR: 65-95) in RR and 85 (IQR: 62.5-100) in ODR. For 
patients over 60 years old this was 77.5 (IQR: 55-96.3) in RR and 80 (IQR: 63.8-92.5) in the 
ODR group, which was also non-inferior (p=0.041).

In Table 2, results were compared between all patients who had their SS removed at 12 
months, patients with a retained screw that was confirmed to be intact and a retained screw 
that was confirmed to be broken, regardless of randomized group. No significant differences 
were found between these groups in functional outcome, ROM or pain.  
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A post-hoc power analysis showed that with the current pooled standard deviation of 21, 93 
patients per group would be required for 90% power. However, in order to achieve 80% 
power, 70 patients per group are sufficient.  
 
TTaabbllee  22  SSuubbggrroouupp  aannaallyysseess  bbaasseedd  oonn  SSSS  ssttaattee  

 
For this analysis, patients with revision syndesmotic fixation and unsure status of the screw were excluded  
 
Abbreviations: OMAS (Olerud Molander Ankle Score), AOFAS, VAS in median [IQR], ROM in mean (SD) degrees 
difference between injured and healthy side 
 
*missing: 34 in removed, 1 in intact, 16 in broken group 
** missing: 32 in removed, 2 in intact and 15 in broken group 
*** difference between healthy and injured side (in degrees of total flexion plus extension), compared using 
Oneway ANOVA. missing: 45 in removed, 3 in intact, 18 in broken group 
 

DISCUSSION 
In this multicenter, randomized controlled trial we found that ODR of the syndesmotic screw 
was non-inferior to RR with regard to functional outcome. Additionally, no differences were 
identified in pain or ROM at any given time point between the two groups. 
 
Functional outcome scores found in this trial were comparable to previous literature. Two 
systematic reviews have appeared discussing differences in functional outcome after 
removing or retaining the SS[21,22]. Both concluded that RR is not indicated; an advise based 
on low quality, mostly retrospective studies. The one RCT that was included in both reviews, 
found an OMAS of 82.4 in the group retaining the SS and 86.7 in the removal group 
(p=0.367)[11]. In the other RCT by Hoiness et al., the RR group received one quadricortical 
screw and the ODR group two tricortical screws[23]. They found significantly better outcomes 
of the ODR group at three months, but no statistically significant difference in mean OMAS 
after 12 months with 88.8 points for ODR and 83.3 for RR[23].  
 
Even though multiple studies have already carefully concluded that routine removal of the SS 
is not indicated, especially when broken, the opinion is still that intact, retained screws do 
cause limitations in ROM and functional outcome. This opinion was supported by Manjoo et 
al. who found significantly lower OMAS results in patients with intact retained screws (46.5) 
compared to patients with a broken screw (62.2) or RR (66.8)[8]. In the current trial however, 

 Removed (n= 75) Intact (n= 11) Broken (n= 30) Statistical 
sign. 

OMAS, median [IQR] 85 [60-95] 70 [45-90] 85 [60-90] p= 0.405 
AOFAS, median 
[IQR]* 

85 [81-97.5] 83 [67.8-87] 86 [81.5-100] p= 0.239 

VAS, median [IQR]** 1 [0-3] 1 [1-4] 2 [1-4] P= 0.611 
ROM, mean (SD)*** 11.2 (11.0) 8.8 (11.3) 6.5 (8.8) p= 0.403 
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we did not find any statistically significant differences between patients with removed, intact 
or broken screws at 12 months (Table 2). Although the OMAS seemed lower in patients with 
an intact screw, the AOFAS was not, pain scores were similar and ROM even seemed to differ 
less from the healthy side in intact screws when compared to removed screws. A likely 
explanation for the lack of difference in outcome is that retained SSs either break, or (when 
intact) start loosening within the bone, thereby regaining the initially impaired ROM. 
However, no firm conclusions can be drawn, since the position of the screw may also be of 
influence on where it breaks and whether it causes complaints[24], and in the current trial 
there were no rules as for the level of SS insertion.  
Significantly more complications occurred in the RR group, mostly consisting of wound 
healing disorders. Previous studies have shown that the incidence of SSIs after syndesmotic 
screw removal was around 4%[Chapter I, this thesis]. We found SSI rates of 5%, and if patients 
without primary outcome were included this was even higher (8.2%). In addition, wound 
dehiscence was quite common (5/73). 
We found that only 23% of patients randomized for ODR had their SS removed (within 12 
months), in the scenario that patients were told that their screw could be removed at any 
time. If the results of this trial are implemented in guidelines, counselling of patients has the 
potential to further decrease the removal rate. As the results of this trial show, by not 
routinely removing SSs, many complications can be avoided.   
 
LLiimmiittaattiioonnss  
This study has several limitations. First of all, since this was a pragmatic trial without 
instructions for fixation and no post-operative CT scans, the quality of tibiofibular reduction 
could not be guaranteed or evaluated sufficiently. Secondly, a significant amount of patients 
who were eligible declined participation because of the randomization aspect, causing a 
potential selection bias. Moreover, the lost to-follow-up rate (22.8%) was higher than 
predicted, thereby decreasing the power of the study. Most patients resumed their daily lives 
between three and six months after fixation, and were therefore less motivated to come back 
to the hospital and/fill out the questionnaires at 12 months. Although baseline criteria of lost-
to-follow-up patients were acquired, uncollected characteristics such as environment and 
social class may very well differ and be of influence on the outcome, causing a selection 
bias[25]. However, no significant differences were found in baseline criteria between patients 
lost-to-follow-up and included patients, loss-to-follow-up was equally distributed over 
randomization groups and the post-hoc power analysis showed sufficient remaining power 
(80%). Another limitation is that radiographic imaging at the 12-month time point was only 
acquired in a minority of patients, which leaves us uncertain about the status of the SS 
(broken/intact) at that time. To compare outcome between removed, broken and intact 
screws we have excluded patients with no confirmed status of the screw, leading to smaller 
groups and conclusions based on incomplete data. Finally, although we found a very low rate 
of complications in the ODR group, 12-month follow-up might not be sufficient. It is important 
to keep in mind that there might be long term complications of retaining the SS that we have 
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not encountered in this trial. Future studies should focus on the long term consequences of 
retaining the SS and identifying uncontested indications for removal. 

CONCLUSIONS 
On demand removal of the syndesmotic screw is non-inferior to routine removal in terms of 
functional outcome. Combined with the high complication rate of screw removal, this offers a 
strong argument to adopt on demand removal as standard practice of care after SS fixation. 
 
  



PART THREE  I  CHAPTER 8 

150 
 

ACKNOWLEDGEMENTS 

We would like to thank the RODEO collaborator group: F.W. Bloemers, S. van Dieren, B.A. van 
Dijkman, E. Flikweert, F. Garssen, D. Haverkamp, J. Hoogendoorn, P. Joosse, E.D. Ritchie, N.W 
L Schep, N. Sosef, B. Twigt, A.H. van der Veen, S. van der Werff, B.C. van der Zwaard for their 
contribution to patient inclusion. 
 

REFERENCES 
 
[1] Egol KA, Pahk B, Walsh M, Tejwani NC, 

Davidovitch RI, Koval KJ. Outcome after 
unstable ankle fracture: Effect of 
syndesmotic stabilization. J Orthop Trauma 
2010;24:7–11.  
 

[2] van den Bekerom MPJ, Lamme B, Hogervorst 
M, Bolhuis HW. Which Ankle Fractures 
Require Syndesmotic Stabilization? J Foot 
Ankle Surg 2007;46:456–63.  
 

[3] Schepers T, van Zuuren WJ, van den 
Bekerom MPJ, Vogels LMM, van Lieshout 
EMM. The management of acute distal tibio-
fibular syndesmotic injuries: results of a 
nationwide survey. Injury 2012;43:1718–23.  
 

[4] Bell DP, Wong MK. Syndesmotic screw 
fixation in Weber C ankle injuries--should 
the screw be removed before weight 
bearing? Injury 2006;37:891–8.  
 

[5] Miller AN, Paul O, Boraiah S, Parker RJ, 
Helfet DL, Lorich DG. Functional outcomes 
after syndesmotic screw fixation and 
removal. J Orthop Trauma 2010;24:12–6.  
 

[6] Amouzadeh Omrani F, Kazemian G, Salimi S. 
Evaluation of Syndesmosis Reduction after 
Removal Syndesmosis Screw in Ankle 
Fracture with Syndesmosis Injury. Adv 
Biomed Res 2019;8:eCollection.  
 

[7] Briceno J, Wusu T, Kaiser P, Cronin P, 
Leblanc A, Miller C, et al. Effect of 
Syndesmotic Implant Removal on 
Dorsiflexion. Foot Ankle Int 2019;40:499–

505. 
 

[8] Manjoo A, Sanders DW, Tieszer C, MacLeod 
MD. Functional and radiographic results of 
patients with syndesmotic screw fixation:  
implications for screw removal. J Orthop 
Trauma 2010;24:2–6.  
 

[9] Pogliacomi F, Artoni C, Riccoboni S, 
Calderazzi F, Vaienti E, Ceccarelli F. The 
management of syndesmotic screw in ankle 
fractures. Acta Biomed 2019;90:146–9. 
 

[10] Kaftandziev I, Spasov M, Trpeski S, Zafirova-
Ivanovska B, Bakota B. Fate of the 
syndesmotic screw--Search for a prudent 
solution. Injury 2015;46 Suppl 6:S125-9.  
 

[11] Boyle MJ, Gao R, Frampton CMA, Coleman B. 
Removal of the syndesmotic screw after the 
surgical treatment of a fracture of the ankle 
in adult patients does not affect one-year 
outcomes: A randomised controlled trial. 
Bone Jt J 2014;96B:1699–705.  
 

[12] Andersen MR, Frihagen F, Madsen JE, Figved 
W. High complication rate after syndesmotic 
screw removal. Injury 2015;46:2283–7. 
 

[13] Juarez-Jimenez HG, Garibay-Cervantes A, 
Rosas-Medina JA, Salas-Morales GA, 
Rodriguez-Reyes EJ. [Prevalence of 
complications related to the removal of the 
syndesmotic screw]. Acta Ortop Mex 
2018;32:76–81. 
 



8

ROUTINE VS ON DEMAND REMOVAL OF SYNDESMOTIC SCREW 

151 
 

[14] Schepers T, Van Lieshout EM, de Vries MR, 
der Elst M. Complications of syndesmotic 
screw removal. Foot Ankle Int 
2011;32:1040–4. 
 

[15] Dingemans SA, Birnie MFN, Sanders FRK, 
Van Den Bekerom MPJ, Backes M, Van Beeck 
E, et al. Routine versus on demand removal 
of the syndesmotic screw; A protocol for an 
international randomised controlled trial 
(RODEO-trial). BMC Musculoskelet Disord 
2018;19.  
 

[16] Olerud C, Molander H. A scoring scale for 
symptom evaluation after ankle fracture. 
Arch Orthop Trauma Surg 1984;103:190–4.  
 

[17] Berrios-Torres S, Umscheid C, Bratzler D. 
Centers for disease control and prevention 
guideline for the prevention of surgical site 
infection, 2017. JAMA Surg 2017;152:784–
91. 

[18] Dingemans SA, Birnie MFN, Sanders FRK, 
Van Den Bekerom MPJ, Backes M, Van Beeck 
E, et al. Routine versus on demand removal 
of the syndesmotic screw; A protocol for an 
international randomised controlled trial 
(RODEO-trial). BMC Musculoskelet Disord 
2018;19.  
 

[19] Castor EDC. Castor Electronic Data Capture. 
[Online] Available at: Https://CastoredcCom 
2019. 
 

[20] Lakens D. TOST equivalence testing. 
OsfIo/Q253c  
 

[21] IBM Corp. Released 2017. IBM SPSS Statistics 
for Windows, Version 25.0. Armonk, NY: IBM 
Corp.  
 

[22] Dingemans SA, Rammelt S, White TO, 
Goslings JC, Schepers T. Should syndesmotic 
screws be removed after surgical fixation of 
unstable ankle fractures? a systematic 
review. Bone Jt J 2016;98-B:1497–504.  
 

[23] Walley KC, Hofmann KJ, Velasco BT, Kwon JY. 
Removal of Hardware After Syndesmotic 
Screw Fixation: A Systematic Literature 
Review. Foot Ankle Spec 2017;10:252–7.  
 

[24] Hoiness P, Stromsoe K. Tricortical versus 
quadricortical syndesmosis fixation in ankle 
fractures: a prospective, randomized study 
comparing two methods of syndesmosis 
fixation. J Orthop Trauma 2004;18:331–7. 
 

[25] Ibrahim IO, Velasco BT, Ye MY, Miller CP, 
Kwon JY. Syndesmotic Screw Breakage May 
Be More Problematic Than Previously 
Reported: Increased Rates of Hardware 
Removal Secondary to Pain With 
Intraosseous Screw Breakage. Foot Ankle 
Spec 2020;Jun 19 Onl. 
 

[26] Lucas Murnaghan M, Buckley RE. Lost but 
not forgotten: Patients lost to follow-up in a 
trauma database. Can J Surg 2002;45:191–5

  



PART THREE  I  CHAPTER 8 

152 
 

SUPPLEMENTAL MATERIAL 
TTaabbllee  11  BBaasseelliinnee  cchhaarraacctteerriissttiiccss  ooff  iinncclluuddeedd  aanndd  lloossss  ttoo  ffoollllooww  uupp  ppaattiieennttss  
  
 Included (N = 

152) 
Lost to follow 
up (N = 45) 

Sign. 

Sex, men 90 (59.2%) 29 (64.4%) 0.648 
Age, mean (SD) 

- <60 y/o 
- >/=60 y/o 

46.9 (14.6) 
- 120 (78.9%) 
- 32 (21.1%) 

43.1 (15.7) 
- 40 (88.9%) 
- 5 (11.1%) 

0.132 
0.200 
 

Weight, kg, mean (SD) 
Missing  

86.3 (16.4) 
6 

88.7 (20.9) 
4 

0.441 

BMI, mean (SD) 
Missing 

27.9 (5.1) 
8 

29.1 (6.9) 
6 

0.220 

Nicotine use 
Missing  

35 (24.6%) 
10 

14 (33.3%) 
3 

0.532 

Alcohol abuse (>2units/day) 
Missing 

14 (9.8%) 
9 

4 (9.8%) 
4 

0.866 

Illegal drug use 
Missing  

9 (6.3%) 
8 

4 (9.8%) 
4 

0.738 

Diabetes Mellitus 
- Type 1 
- Type 2 

7 (4.6%) 
1 
6 

3 (6.7%) 
0 
3 

0.868 

COPD 3 (2.0%) 4 (8.9%) 0.081 
PAD 1 (0.7%) 0 1.000 
Injury 

- Weber B 
- Weber C 
- Maisonneuve 
- Isolated synd. 
- Other 
- Missing  

 
35 (23.2%) 
80 (53.0%) 
33 (21.9%) 
2 (1.3%) 
1 (0.7%) 
1 

 
12 (26.7%) 
20 (44.4%) 
9 (20.0%) 
3 (6.7%) 
1 (2.2%) 
 

 
0.246 

ASA classification 
- I 
- II 
- III 
- Missing 

 
66 (44.3%) 
74 (49.7%) 
9 (6.0%) 
3 

 
22 (48.9%) 
18 (40.0%) 
5 (11.1%) 
 

 
0.355 

Duration surgery, min. 
Missing 

63.6 (37.0) 
15 

60.8 (27.2) 
5 

0.658 

Tourniquet use 
Missing 

39 (34.2%) 
38 

18 (48.3%) 
8 

0.168 

# Screw(s): 
- 1 
- 2 

 
101 (66.9%) 
50 (33.1%) 

 
30 (68.2%) 
14 (31.8%) 

1.000 

Screw diameter: 
- 3.0 mm 
- 3.5 mm 
- 4.0 mm 
- 4.5 mm 

Missing 

 
4 (2.6%) 
138 (91.4%) 
2 (1.3%) 
7 (4.6%) 
1 

 
2 (4.5%) 
41 (93.2%) 
1 (2.3%) 
0 
1 

0.449 
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Cortices: 
- 3 
- 4 

Missing  

 
119 (78.8%) 
32 (21.2%) 
1 

 
39 (88.6%) 
5 (11.4%) 
1 

0.213 

Level, mm* 
Missing  

23.0 (8.3) 
7 

22.8 (9.6) 
2 

0.888 

Cast after surgery 
Missing 

135 (89.4%) 
1 

43 (97.7%) 
1 

0.156 

Full weight bearing 
Missing  

2 (1.3%) 
1 

0 
1 

1.000 

 
 
TTaabbllee  22  PPrreeddiiccttoorrss  ooff  ffuunnccttiioonnaall  oouuttccoommee  
  
Variables B Lower Bound 

95% CI 
Upper Bound 
95% CI 

Sig. 

(Constant) 101.938 91.9 111.9 .000 
Sex -10.137 -16.3 -3.9 .002 
Duration of Surgery 
(min) 

-.093 -.176 -.010 .029 

Compl. fixation -19.876 -27.7 -12.0 .000 
Compl. intervention -10.692 -20.9 -.528 .039 
 
 
FFiigguurree  11  AAOOFFAASS  ssuubb--ssccoorreess  
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ABSTRACT  
 

BACKGROUND 

Orthopedic foot/ankle surgery is a high risk specialty when it comes to malpractice claims. 
This study aims to evaluate the incidence, characteristics and outcome of claims in this area. 

METHODS 

This was a retrospective, 10-year claim analysis, with data from an anonymous database. 
Baseline claim/claimant characteristics were collected from all orthopedic foot/ankle related 
cases.   

RESULTS 

Of 460 claims in total, most were related to delay in/wrong diagnosis or to (complications of) 
elective surgical procedures. Whether a claims was settled was related to type of injury 
(fracture) and type of claim (diagnostic mistake). Median amount disbursed in settled claims 
was €12,549. Claim incidence did not increase over the years.  

CONCLUSION 

Missed fracture diagnosis and “failed”/disappointing results of elective surgical procedures 
were the most common causes for claims. Sufficient knowledge of missed (foot) fractures and 
clear communication/expectation management before elective procedures could help to 
improve quality of healthcare and patient satisfaction. 
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BACKGROUND 
Recently, the fear of receiving a malpractice claim has increased and the consequences of 
that fear, such as overtreatment or depression/burnout among medical professionals, are not 
insignificant.[1,2] The number of claims and the life time chance of receiving a claim may have 
increased over the years.[3] Orthopedic surgery has been defined as a high-risk specialty 
when it comes to the probability of receiving a claim.[4,5] Within the orthopedic field, claims 
concerning the lower extremity seem to result in larger settlements then the upper 
extremity.[6,7] Moreover, the foot and ankle region accounts for a large number of claims.[8–
10] However, research on causality and risk factors for claims in this area is limited. Most 
studies focusing on claims in orthopedic surgery have investigated spinal surgery, or elective 
procedures such as joint replacements.[11–14] 
 
Identifying the most common reasons for claims in a specific field can lead to healthcare 
improvements to avoid patient damages and claims in the future. In the 90’s, MediRisk, one 
of the 2 medical liability insurance companies in the Netherlands, analyzed national claim 
data and found that most claims in the emergency department were related to misdiagnosis 
or treatment of fractures and tendon injuries.[15] Following these results, new guidelines and 
a safety net were installed, comprising, among other things, a daily radiology meeting where 
every X-ray of the day was discussed with both radiologist and supervisor. A study on hand 
and wrist injury related malpractice claims evaluated the effect of that intervention and 
identified a mild decline in missed fractures.[16]   
 
This study aims to evaluate 1. The incidence of claims related to orthopedic foot/ankle 
surgery, 2. The most common characteristics of claimants and claims, and 3. Consequences 
and outcome of claims, in order to identify opportunities to improve care of foot/ankle 
conditions.   

METHODS 
This is a retrospective, observational database study, investigating all claims related to 
foot/ankle injury within the scope of 10 years.  
 
KKeeyy  aassppeeccttss  ooff  mmeeddiiccaall  lliiaabbiilliittyy  iinn  tthhee  NNeetthheerrllaannddss  
In the Netherlands, patients file a claim for compensation against the hospital and not at 
against the physician personally, as is common in some other countries. MediRisk, as a 
medical liability insurer for its member hospitals, handles the claims of these patients on 
behalf of the hospitals. The burden of proof for medical negligence, damages and causation 
lies with the patient. When medical negligence has been established, MediRisk will 
compensate all reasonably damages caused by the negligence. At present over 95% of all 
cases are settled outside of court. 
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DDaattaa  ccoolllleeccttiioonn  
The data for this study was collected from the anonymous database of Medirisk. Medirisk is 
one of the 2 medical liability insurance companies in the Netherlands and represents around 
50% of all non-academic hospitals in the country. The database is roughly classified for 
(among other things) concerned body part, cause, treating specialty, care process and 
consequences of claims, but also contains short descriptions of the individual claims (often in 
layman’s terms). All claims filed between 1-1-2007 and 12-31-2018 classified as concerning 
the “foot”, “ankle”, “toes” or “lower leg”, with the treating specialty being “surgery”, 
“orthopedic surgery”, “radiology” or “emergency medicine” were extracted. In addition to 
this, all claims with a description containing the words foot, ankle, toes or lower leg (and all 
medical and layman’s synonyms for those words) in combination with all terms suggesting 
injury or surgery were acquired from the database. Claims which were filed after 2016 (due to 
proportion of claims still open), not concerning the foot or ankle, not concerning 
orthopedic/trauma surgery and claims concerning patients younger than 18 years old were 
excluded.  
 
TTaabbllee  11::  CCllaassssiiffiiccaattiioonn  iinn  ttyyppeess  ooff  ccllaaiimmss  
  
Type of claim Definition  
Diagnosis  all claims concerning a missed, delayed or wrong diagnosis 
Communication 
 

all claims concerning a lack of or the wrong information in 
communication with the patient 

Treatment  all claims concerning inadequate treatment (excluding treatment 
through surgery or medicaments)  

Surgery all claims concerning the indication, technical aspects or results of 
a surgical treatment 

Medication All claims concerning withholding of or prescription of the wrong 
medication   

Care  All claims concerning problems in the hospital, located on the 
ward and not related to medication 

 
OOuuttccoommee  mmeeaassuurreess  
Extracted variables were 1) baseline characteristics such as age, gender and type of 
injury/affliction of the claimant, 2) treatment characteristics such as treating physician and 
operative treatment and 3) claim characteristics such as the type of claim (Table 1), 
consequences of the claim (both reported by claimant and medical expert), how the claim 
was handled (settled, declined, amicable settlement, closed without conclusion, negligible 
without harm) and what the costs were.  These were displayed using descriptive statistics, 
reporting continuous variables in mean and standard deviation when normally distributed, in 
median and interquartile range when not normally distributed and categorical variables in 
numbers and percentages. Variables were compared between in- and excluded cases and 
between settled and declined claims using a Mann-Whitney U test for the continuous 
outcome measures and a Chi-Square for categorical outcome measures. Claim incidence was 
calculated per year corrected for the number of insured hospitals each year by separately 
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depicting the constant group of hospitals (n = 42) and the number of hospitals that varied (n = 
13). 

SSttuuddyy ppooppuullaattiioonn 
Out of the 909 claims that were extracted from the database, 449 were excluded because 
they were filed after 2016 (n=78), not concerning the foot or ankle (n=305), no 
orthopedic/trauma-surgical problem (n=15), the claimant was under 18 y/o (n=43), or 
because there was not enough information to classify the claim properly (n=8), leaving 460 
for analysis. Excluded cases did not differ significantly from the included claims in age (47.1, 
SD 19.6 vs. 46.5 SD 15.9) or gender (218, 48.6% vs. 198, 43.0% males) of the claimant. There 
was a difference in location of the injury, which was significantly more in the lower leg for 
excluded cases, (193 vs 0, p < .01).  The treating specialty was more often a general surgeon 
in excluded cases (246, 54.8% vs. 196, 42.6%) and excluded cases were more likely to be 
surgery related (242, 53.9% vs. 200, 43.5%) whereas included cases were more likely related 
to diagnosis. The status of excluded claims was more often still undecided (69, 15.4% vs. 23, 
5.0%).

RESULTS
CCllaaiimm iinncciiddeennccee 
The overall number of claims varied slightly per year, with the largest number of settled 
claims in 2014. Regarding only the constant group of insured hospitals, the peak in claim 
incidence was in 2014/2015 with a subsequent decline in 2016 (Figure 1). 
 
FFiigguurree 11..  
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CCllaaiimm aanndd ccllaaiimmaanntt cchhaarraacctteerriissttiiccss 
Baseline characteristics of the claimant and the treatment he/she received are shown in Table 
2. The claimant was 46.5 years old on average and female in 56.7%. The injury/affliction that 
was most frequently underlying the claim was a fracture and 80% of claims were related to 
either (the outcome/complications of) an operative procedure, or to a missed/wrong 
diagnosis (Figure 2). 

FFiigguurree 22.. TTyyppee ooff ccllaaiimm ddiissttrriibbuuttiioonn 

A subgroup analysis of only fracture related claims showed that these were mostly fractures 
of the ankle (111, 53.4%) or the foot (85, 40.9%) and the type of claim was diagnostic in 106 
cases, 51.0%. Surgical claims and treatment related claims represented 23.6% (n = 49) and 
22.1% (n = 46) respectively in fractures. A subgroup analysis of all surgical claims showed that 
these were related to an elective procedure in 112 (56.0%) of cases. The underlying 
injury/affliction was missing in 49 (24.5%), but of the remaining cases it was a fracture in 49 
(32.5%) and a hallux valgus in 46 (30.4%) cases. A larger proportion of female claimants (128, 
64%) was seen in this subgroup compared to the entire study population. When specifically 
looking at diagnostic claims, these concerned fractures in 106 (63.1%), followed by tendon 
injuries in 22 (13.1%). The location of the injury was the foot in 86 (51.2%), the ankle in 64 
(38.1%) and the toes in 18 (10.7%). Age and gender did not differ from the rest of the study 
population.
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TTaabbllee  22::  BBaasseelliinnee  aanndd  ssuurrggiiccaall  cchhaarraacctteerriissttiiccss  ooff  ccllaaiimmaannttss  
  
Characteristics N = 460 
Age, mean, (SD)a (15.9) 
Gender, No of females (%)b 261 (56.7%) 
Treating specialty 
   Orthopedic surgeon 
   (trauma) surgeon 
   Radiologist 
   ER  

 
231 (50.2%) 
196 (42.6%) 
25 (5.2%) 
8 (1.7%) 

Location of injury/affliction: 
   Ankle (%) 
   Foot (%) 
   Toes (%) 

 
189 (41.1%) 
192 (41.7%) 
79 (17.2%) 

Type of injury/affliction: 
   Fracture 
   Toe deformitiesc 
   Tendon/capsular damage 
   Infection 
   Luxation  
   CRPS 
   Otherd 
   Unknowne 

 
208 (45.2%) 
66 (14.3%) 
38 (8.3%) 
22 (4.5%) 
4 (0.9%) 
4 (0.9%) 
53 (11.5%) 
65 (14.1%) 

Type of surgery (N = 200) 
   Acute 
   Elective  
   Uncleare 

 
48 (24%) 
112 (56%) 
40 (20%) 

 
a. in years, at time of the inflicted damage 
b. 1 missing value  
c. e.g. hallux valgus, hammer/claw toe, ingrown toenail  
d. e.g. removal of foreign body, lipoma, neuroma, compartment syndrome, and other orthopedic pathology   
e. unspecified underlying injury or procedure (e.g. complications after “foot surgery”) 
 
Abbreviations: N: number of patients, SD: standard deviation, ER: emergency room, CRPS: complex regional pain 
syndrome 
 
CCllaaiimm  oouuttccoommee  aanndd  ccoonnsseeqquueenncceess  
Out of 460 claims, 142 (30.9%) were settled/plaintiff verdict, 259 (56.3%) was 
declined/defense verdict and of the remainder; 36 (7.8%) came to an amicable settlement, 21 
(4.6%) were closed without a conclusion and 2 (0.4%) were negligent without causing the 
claimant harm. Differences in baseline, surgical and claim characteristics  between settled 
claims and declined claims are shown in Table 3.  
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TTaabbllee  33::  BBaasseelliinnee  ccllaaiimm//ccllaaiimmaanntt  cchhaarraacctteerriissttiiccss  ooff  sseettttlleedd  aanndd  ddeecclliinneedd  ccllaaiimmss  
  
Characteristics Settled claims (N = 142) Declined claims (N = 259) p-value* 
Age, mean, (SD)a 47.3 [35.4 – 58.6] 46.8 [32.9 – 58.6] 0.420 
Genderb 

Nr of males (%) 
Nr of females (%) 

 
60 (42.3%) 
82 (57.7%) 

 
117 (45.2%) 
141 (54.4%) 

0.636 

Treating specialty 
Orthopedic surgeon 
(trauma) surgeon 
Radiologist 
ER  

 
68 (47.9%) 
61 (43.0%) 
9 (6.3%) 
4 (2.8%) 

 
135 (52.1%) 
109 (42.1%) 
11 (4.2%) 
4 (1.5%) 

0.596 

Location of injury/affliction: 
Ankle (%) 
Foot (%) 
Toes (%) 

 
64 (45.1%) 
60 (42.3%) 
18 (12.7%) 

 
101 (39.0%) 
108 (41.7%) 
50 (19.3%) 

0.201 

Type of injury/affliction: 
Fracture 
Toe deformitiesc 
Tendon/capsular damage 
Infection 
Luxation  
CRPS 
Otherd 
Unknowne 

 
79 (55.6%) 
13 (9.2%) 
11 (7.7%) 
1 (0.7%) 
1 (0.7%) 
1 (0.7%) 
13 (9.2%) 
23 (16.2%) 

 
103 (39.8%) 
45 (17.4%) 
22 (8.5%) 
18 (6.9%) 
2 (0.8%) 
3 (1.2%) 
32 (12.4%) 
34 (13.1%) 

0.024 

Type of surgery (N = 200) 
Acute 
Elective  
Unclear  

 
20 (29.4%) 
34 (50.0%) 
14 (20.6%) 

 
24 (21.4%) 
65 (58.0%) 
23 (20.5%) 

0.449 

Type of claim: 
- Surgery  
- Diagnosis  
- Treatment 
- Medication  
- Communication  
- Care   

 
68 (47.9%) 
58 (40.8%) 
13 (9.2%) 
3 (2.1%) 
0 
0 

 
112 (43.2%) 
85 (32.8%) 
46 (17.8%) 
12 (4.6%) 
4 (1.5%) 
0 

0.033 
 

 
* determined by Mann-Whitney U for age and with a Chi Square test for all other, categorical variables 
a. in years, at time of the inflicted damage 
b. 1 missing value in “declined claims” 
c. e.g. hallux valgus, hammer/claw toe, ingrown toenail 
d. e.g. removal of foreign body, lipoma, neuroma, compartment syndrome, and other orthopedic pathology   
e. unspecified underlying injury (e.g. complications after “foot surgery”) 
 
Abbreviations: N: number of patients, SD: standard deviation, ER: emergency room, CRPS: complex regional pain 
syndrome 
 
The median amount in euros disbursed in settled claims was €12,549 with a maximum of 
€322,149, IQR: [€4264 – €36,145]. When analyzing the data per year, the year 2011 has the 
highest median disbursed amount (€23,566, IQR: €6,969 – €69,689). Amicable settlements 
were worth €2641 on average (IQR: €1391 – €7275). The most expensive claim of €325,000 
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concerned a 35 y/o male with a wrongly placed ankle prosthesis, which resulted in revision 
surgery and ultimately an amputation because of continuous pain. The second most 
expensive claim (€225,000) concerned a 45 y/o female with an intra-articular ankle fracture 
who did not receive a CT/MRI in the emergency department and initially received a cast 
instead of operative treatment, causing a delay in proper treatment and unresolved 
pain/limited function. The third most expensive claim (€190,000) concerned a Weber C ankle 
fracture in a 45 y/o male with limited functional outcome due to an operative procedure not 
performed according to protocol (ages and awarded amounts were rounded to guard privacy 
of claimant).  
 
As shown in Table 4, the 3 most common patient-reported consequences were functional 
restriction, pain and revision surgery or readmission. When looking at the objective 
consequences (confirmed by a medical expert), the most common one is delay (in either 
treatment or diagnosis). 
 
TTaabbllee  44::  CCllaaiimm  ccoonnsseeqquueenncceess  aass  rreeppoorrtteedd  bbyy  ccllaaiimmaanntt  aanndd  vveerriiffiieedd  bbyy  mmeeddiiccaall  eexxppeerrtt  
  
Consequence Claimant Objective 
Functional restriction 94 (20.4%) 19 (4.1%) 
Pain 88 (19.1%) 13 (2.8%) 
Revision or readmission  74 (16.1%) 29 (6.3%) 
Delay 70 (15.2%) 39 (8.5%) 
Disappointing results 15 (3.3%) 3 (0.7%) 
   
Consequences of claims as reported by the claimant and the objective consequences as determined by the 
medical expert working on the case. Results are displayed as number and percentage of all included claims (N = 
460) 

DISCUSSION 
BBaacckkggrroouunndd  aanndd  rraattiioonnaallee  
Events leading to filing a claim have a large impact on both the patient and the medical 
professionals involved.[1] Leaving patients unsatisfied goes directly against the fundamental 
motives of healthcare professionals to care for and cure patients. However, it is therefore 
especially important to evaluate the result of these good intentions. Analyzing claims gives us 
a unique chance to get a patient’s perspective on the quality of healthcare. Something that is 
particularly useful in a high-risk specialty such as foot/ankle surgery, with a large variety of 
pathology/injuries and a high rate of postoperative complications.[17,18] This retrospective 
study therefore aimed to use foot/ankle surgery related claims to identify opportunities to 
improve care of foot/ankle conditions.   
 
CCllaaiimm  iinncciiddeennccee  
The claim incidence did not seem to increase over the years. Although it is hard to draw 
conclusions because of the relatively small amount of claims per year in this subgroup, this 
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seems comparable to literature. Klemann et al. have previously shown an increase in number 
of claims until 2012 and a stabilization after that in an investigation of all claims in the 
Netherlands from 2007 – 2016.[19] A series of other studies could also not demonstrate an 
increase in the number of claims per year.[4,9] However, there are also a few European 
studies that did find an increase in claim incidence.[3,7]  
 
CCllaaiimmaanntt  cchhaarraacctteerriissttiiccss  
Considering the baseline characteristics of claimants, we found that claimants were on 
average young (46.5 y/o), female patients with a fracture. It has been previously reported that 
in general, elderly patients were less likely to file a claim.[20] In orthopedic surgery, this is 
supported by a Finnish study, linking all total hip and total knee replacements to the number 
of claims over a period of 5 years. They found that males and elderly patients were 
significantly less likely to file a claim, whereas increased comorbidity was positively associated 
with a claim.[21] However, a majority of male plaintiffs has also been described in a study 
looking at litigation after traumatic fractures.[22] Although we had no information about 
comorbidities, the claims in our cohort were mostly filed by young, female patients.  
 
CCllaaiimm  cchhaarraacctteerriissttiiccss  
As for the reasons of filing a claim, in this cohort the claim was often related to a delay 
in/wrong diagnosis or to (complications of) an elective operative procedure. Both in general 
and in orthopedic surgery, multiple authors have previously suggested diagnostic mistakes as 
the most common cause for a claim.[9,23] Injuries of the foot often have a large impact on 
functional recovery and, within the extremities, the highest number of missed 
fractures,[24,25] which could also explain the high percentage of foot injuries in our cohort, 
especially in the subgroup analyses of diagnostic claims. Even though ankle injuries are much 
more common, the percentage of foot and ankle claims in our cohort was comparable. Many 
studies have stressed the large impact of foot injuries on functional outcome and quality of 
life.[26] The chance of filing a claim also seems to correlate to the patient reported outcome, 
as illustrated by Thornes et al. who found that patients pursuing compensation had 
significantly worse outcome scores, unrelated to objective outcome measures and whether 
they were operatively or conservatively treated for their calcaneal fracture.[27] Calder et al. 
confirmed this in their cohort of Lisfranc injuries and also identified delay in diagnosis and 
treatment as important independent predicting factors in filing a claim.[28]  
 
The other major reason for filing a claim in this cohort, surgical errors or complaints about the 
outcome, have also been previously described.[10,29] Casali et al. also found that claims were 
most often related to a surgery and that the majority of those procedures were elective.[9] 
Other authors have mentioned a misbalance in expectations before surgery and the result 
that follows.[10,30] This could very well explain the fact that most surgical claims are related 
to an elective procedure, since in acute setting expectations might be lower.[31]   
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CCllaaiimm  oouuttccoommee  aanndd  ccoonnsseeqquueenncceess  
Regarding the claim outcome, previous studies from the Netherlands have reported a 
settlement rate of 8 - 25% of claims.[32–34] This number was higher in our study (30.9%). An 
explanation might be that, in recent years, claims are more often filed by legal 
representatives. It is possible that through a selection process by these representatives, 
claims are only filed when there is a high probability of a settlement. This is supported by the 
mildly decreasing rate of declined claims over the past 10 years as Klemann et al. have shown 
in an investigation of all claims in the Netherlands from 2007 – 2016.[19] 
In this cohort, settled claims were more often related to a fracture and to a missed/wrong 
diagnosis than declined claims. Bjørslev et al. previously analyzed claims after operative 
treatment of ankle fractures to identify iatrogenic risk factors for a settled/compensated 
claim. In contrast to our study, they found that most settled claims concerned a problem in 
the perioperative phase, most often incongruity of the ankle joint. However, they had a small 
cohort of 51 claims and did not analyze declined claims or foot injuries.[35] The average 
amount of €12,549 that was disbursed to patients in a plaintiff verdict was comparable to that 
of other studies from the Netherlands.[19,33,34] The patient-reported consequences 
(functional restriction, pain and revision surgery or readmission) are compatible with the 
earlier mentioned theory of a misbalance in expectations of surgery and the result that 
follows.[10,30] One can theorize that claims may have been prevented by sufficient 
expectation management and informing patient of the risks, especially since the common 
objective consequences are not the same as the patients reported ones.   
 
LLiimmiittaattiioonnss  
This study is subjected to a few limitations. First of all, the information supplied to the medical 
liability insurance company is from a patient perspective. Although it is checked and rated by 
medical professionals, the information extracted from the database is primarily “patient-
reported”, making it subjective. Specific diagnoses were often not reported. Another possible 
limitation from this patient’s perspective is that it is not possible to directly link the highest 
awarded amounts to the biggest “mistakes”. Often, the awarded amount also depends on the 
consequences and circumstances of an individual claimant. However, to improve healthcare 
by identifying bottlenecks, the patient’s perspective on hospital procedures might even be 
more valuable than the objective events. Therefore, the patient’s perspective is at the same 
time a major strength of this study, since patient’s satisfaction plays a big part in quality of 
care.  
The second limitation is that, because of the patient-reported data, this study could not give a 
specialist perspective. It might have been valuable to identify how many claims a certain 
medical professional receives and what the risk factors for receiving a claim are. However, 
this is out of scope of the current trial and has been previously studied.[9] 
Finally, although it is important to compare results of this study with those of others, not all 
aspects can be compared between countries. Because of widely varying juridical claim 
procedures, information such as the rate of settled/declined claims and awarded amounts for 
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settled claims, cannot be compared. Therefore we were limited to a small number of previous 
cohorts from the Netherlands for these comparisons.  

CONCLUSION 
Despite the limitations, we feel that this study provides valuable information for the 
orthopedic/ trauma surgical community. Although claims have been previously studied in 
orthopedic fracture surgery, this study represents the largest cohort that focuses on 
foot/ankle surgery.[22,35] Given the high complication rate in this area of orthopedic surgery, 
it is important to identify pitfalls in (operative) care and communication, not only to prevent 
malpractice claims, but to improve the quality of care. In conclusion, the results of this study 
show that missed (foot) fractures and “failed”/disappointing results of elective operative 
procedures are the most common causes for claims. Although not all (alleged) medical errors 
can be avoided, some lessons can be learned from this conclusion.  First of all, a high index of 
suspicion and adequate knowledge of the most commonly missed foot fractures could 
decrease the number of missed/wrong diagnoses in the acute setting and benefit timely and 
adequate treatment. Secondly, the importance of clear communication/expectation 
management before elective procedures is once more underlined. 
 



9

CLAIM ANALYSIS 

167 
 

REFERENCES 
[1] Balch CM, Oreskovich MR, Dyrbye LN, 

Colaiano JM, Satele D V., Sloan JA, et al. 
Personal consequences of malpractice 
lawsuits on American surgeons. J Am Coll 
Surg 2011;213:657–67.  
 

[2] Lyu H, Xu T, Brotman D, Mayer-Blackwell B, 
Cooper M, Daniel M, et al. Overtreatment in 
the United States. PLoS One 
2017;12:e0181970.  
 

[3] Buzzacchi L, Scellato G, Ughetto E. 
Frequency of medical malpractice claims: 
The effects of volumes and specialties. Soc 
Sci Med 2016;170:152–60.  
 

[4] Jena AB, Seabury S, Lakdawalla D, Chandra 
A. Malpractice risk according to physician 
specialty. N Engl J Med 2011;365:629–36.  
 

[5] Gómez-Durán EL, Martin-Fumadó C, Benet-
Travé J, Arimany-Manso J. Malpractice risk at 
the physician level: Claim-prone physicians. J 
Forensic Leg Med 2018;58:152–4.  
 

[6] Matsen FA, Stephens L, Jette JL, Warme WJ, 
Posner KL. Lessons regarding the safety of 
orthopaedic patient care: An analysis of four 
hundred and sixty-four closed malpractice 
claims. J Bone Jt Surg - Ser A 2013;95.  
 

[7] Agout C, Rosset P, Druon J, Brilhault J, 
Favard L. Epidemiology of malpractice claims 
in the orthopedic and trauma surgery 
department of a French teaching hospital: A 
10-year retrospective study. Orthop 
Traumatol Surg Res 2018;104:11–5.  
 

[8] Fountain S, Brooks D, Butler D et al. 
Managing Orthopaedic Malpractice Risk: 
Committee on Professional Liability. 
Rosemont, Am. Acad. Orthop. Surg., 2000, p. 
3–78. 
 

[9] Casali MB, Blandino A, Del Sordo S, Vignali G, 
Novello S, Travaini G, et al. Alleged 

malpractice in orthopaedics. Analysis of a 
series of medmal insurance claims. J Orthop 
Traumatol 2018;19.  
 

[10] Tarantino U, Giai Via A, Macrì E, Eramo A, 
Marino V, Marsella LT. Professional liability 
in orthopaedics and traumatology in Italy. 
Clin Orthop Relat Res 2013;471:3349–57.  
 

[11] Erivan R, Chaput T, Villatte G, Ollivier M, 
Descamps S, Boisgard S. Ten-year 
epidemiological study in an orthopaedic and 
trauma surgery centre: Are there risks 
involved in increasing scheduled 
arthroplasty volume without increasing 
resources? Orthop Traumatol Surg Res 
2018;104:1283–9.  
 

[12] Machin JT, Hardman J, Harrison W, Briggs 
TWR, Hutton M. Can spinal surgery in 
England be saved from litigation: a review of 
978 clinical negligence claims against the 
NHS. Eur Spine J 2018;27:2693–9.  
 

[13] Agarwal N, Gupta R, Agarwal P, Matthew P, 
Wolferz R, Shah A, et al. Descriptive analysis 
of state and federal spine surgery 
malpractice litigation in the United States. 
Spine (Phila Pa 1976) 2018;43:984–90.  
 

[14] Patterson DC, Grelsamer R, Bronson MJ, 
Moucha CS. Lawsuits after Primary and 
Revision Total Knee Arthroplasty: A 
Malpractice Claims Analysis. J Am Acad 
Orthop Surg 2017;25:e235–42.  
 

[15] MediRisk. Schade op de Spoedeisende Hulp 
n.d. https://www.medirisk.nl/kennisbank-
preventie/hoge-risicos/schade-op-de-
spoedeisende-hulp (accessed December 5, 
2019). 
 

[16] Zegel M, Selles RW, van der Heijden EPA, 
Zuidam JM. Nog steeds onvoldoende kennis 
over hand- en polsletsels op de SEH in 



PART THREE  I  CHAPTER 9 

168 
 

Nederland. Med Contact (Bussum) 2017. 
 

[17] Feilmeier M, Dayton P, Sedberry S, Reimer 
RA. Incidence of Surgical Site Infection in the 
Foot and Ankle with Early Exposure and 
Showering of Surgical Sites: A Prospective 
Observation. J Foot Ankle Surg 2014;53:173–
5.  
 

[18] Wiewiorski M, Barg A, Hoerterer H, Voellmy 
T, Henninger HB, Valderrabano V. Risk 
factors for wound complications in patients 
after elective orthopedic foot and ankle 
surgery. Foot Ankle Int 2015;36:479–87.  
 

[19] Klemann DMTV, Mertens HJMM, Van 
Merode GG. Meer en hogere schadeclaims 
Analyse van schadeclaims in de Nederlandse 
ziekenhuiszorg van 2007-2016. Ned Tijdschr 
Geneeskd 2018;162:D2279. 
 

[20] Bismark MM, Brennan TA, Davis PB, 
Studdert DM. Claiming behaviour in a no-
fault system of medical injury: A descriptive 
analysis of claimants and non-claimants. 
Med J Aust 2006;185:203–7.  
 

[21] Järvelin J, Häkkinen U, Rosenqvist G, Remes 
V. Factors predisposing to claims and 
compensations for patient injuries following 
total hip and knee arthroplasty. Acta Orthop 
2012;83:190–6. 
 

[22] Ahmed SA, Defroda SF, Naqvi SJ, Eltorai 
AEM, Hartnett D, Ruddell JH, et al. 
Orthopaedic Malpractice Litigation Following 
Traumatic Fracture. J Bone Joint Surg Am 
2019;27:1–8. 
 

[23] Saber Tehrani AS, Lee HW, Mathews SC, 
Shore A, Makary MA, Pronovost PJ, et al. 25-
Year summary of US malpractice claims for 
diagnostic errors 1986-2010: An analysis 
from the National Practitioner Data Bank. 
BMJ Qual Saf 2013;22:672–80.  
 

[24] Wei CJ, Tsai WC, Tiu CM, Wu HT, Chiou HJ, 
Chang CY. Systematic analysis of missed 
extremity fractures in emergency radiology. 

Acta Radiol 2006.  
 

[25] Hallas P, Ellingsen T. Errors in fracture 
diagnoses in the emergency department – 
characteristics of patients and diurnal 
variation. BMC Emerg Med 2006;6:4.  
 

[26] Schepers T, Rammelt S. Complex Foot Injury: 
Early and Definite Management. Foot Ankle 
Clin 2017;22:193–213.  
 

[27] Thornes BS, Collins AL, Timlin M, Corrigan J. 
Outcome of calcaneal fractures treated 
operatively and non-operatively. the effect 
of litigation on outcomes. Ir J Med Sci 
2002;171:155–7.  
 

[28] Calder JDF, Whitehouse SL, Saxby TS. Results 
of isolated Lisfranc injuries and the effect of 
compensation claims. J Bone Jt Surg - Ser B 
2004;86:527–30.  
 

[29] Rynecki ND, Coban D, Gantz O, Gupta R, 
Ayyaswami V, Prabhu A V., et al. Medical 
malpractice in orthopedic surgery: A 
westlaw-based demographic analysis. 
Orthopedics 2018;41:E615–20.  
 

[30] Morris JA, Carrillo Y, Jenkins JM, Smith PW, 
Bledsoe S, Pichert J, et al. Surgical Adverse 
Events, Risk Management, and Malpractice 
Outcome: Morbidity and Mortality Review Is 
Not Enough. Ann. Surg., 2003;237: 844–52.  
 

[31] Stewart RM, Johnston J, Geoghegan K, 
Anthony T, Myers JG, Dent DL, et al. Trauma 
surgery malpractice risk: Perception versus 
reality. Ann Surg 2005;241:969–77.  
 

[32] Delavary BM, Cremers JEL, Ritt MJPF. Hand 
and wrist malpractice claims in the 
Netherlands: 1993-2008. J Hand Surg Eur Vol 
2010;35:381–4.  
 

[33] Elshove-Bolk J, Simons M, Cremers J, van 
Vugt A, Burg M. A description of emergency 
department-related malpractice claims in 
the Netherlands: Closed claims study 1993-
2001. Eur J Emerg Med 2004;11:247–50.  



9

CLAIM ANALYSIS 

169 
 

 
[34] Zengerink I, Reijman M, 
Mathijssen NMC, Eikens-Jansen MP, Bos PK. 
Hip Arthroplasty Malpractice Claims in the 
Netherlands: Closed Claim Study 2000-2012. 
J Arthroplasty 2016;31:1890-1893.e4.  

 

[35] Bjørslev N, Ebskov LB, Mersø C, Wong C. 
Complications and patient-injury after ankle 
fracture surgery. −A closed claim analysis 
with data from the Patient Compensation 
Association in Denmark. Injury 2018;49:430–
6. 

 





APPENDIX





A

THESIS SUMMARY 

173 
 

THESIS SUMMARY 
The articles in this thesis focus on the incidence and risk factors for developing a surgical site 
infection (SSI), on how to prevent SSIs and on the outcome of surgical procedures in trauma-
related foot/ankle surgery. When it comes to outcome after procedures, the focus lies on 
patient reported outcome measures. In this section, the main findings are summarized and 
discussed per part, in order to make validated suggestions for future research and clinical use. 

 

PART 1 INCIDENCE AND RISK FACTORS OF SURGICAL SITE INFECTIONS 

In CChhaapptteerr  11  we investigated the incidence of infectious complications of syndesmotic screw 
removal in a systematic review, focusing specifically on planned screw removal. Removal of a 
syndesmotic screw is generally considered a small and short procedure, leading to 
assumptions of low complication rates. Results of the included studies showed percentages of 
SSI ranging from 0 to 9.2%, with a weighted average of 4%. comprising both superficial and 
deep infections. The largest proportion of these infections were superficial 3%, 95% CI: 2-5, 
compared to 2% deep infections (95% CI: 1-4). Predictors for infection could not be identified, 
since not many studies reported them. However, some studies described a benefit from 
prophylactic antibiotics. We concluded that the SSI rate after syndesmotic screw removal, as 
identified in this review, was comparable to that of other foot/ankle procedures. Although 
prophylactic antibiotics may be able to reduce this rate, the individual indication of 
syndesmotic screw removal should be carefully considered.  

CChhaapptteerr  22  delves deeper into the risk factors of developing a SSI, in a specific surgical 
approach used in calcaneal fractures, the sinus tarsi approach. In this prospective cohort 
study, all patients undergoing surgery for a calcaneal fracture using this approach were 
included and followed for at least one year. Out of 237 included fractures, 16 patients 
developed a SSI (6.8%), of which 9 (3.8%) were deep and 7 (3%) were superficial infections. 
The multivariate analysis pointed out that risk factors for SSI were: surgery within 1 week 
after the injury, an ASA classification of 2 or higher and more than 150 cc of blood loss during 
the procedure. Although not statistically significant, the results also indicated a higher risk of 
SSIs in smokers. To be able to identify true risk factors, many more patients are required, 
something that is hard to come by in this specific group of patients and in a procedure which 
is not performed in every hospital. Although the results may not be surprising, they can be 
used to identify “high-risk patients”. This subgroup of patients could potentially be referred to 
a specialized center and receive more information about potential risks of the procedure and 
a more intensive follow-up schedule. 

In CChhaapptteerr  33  we investigated whether “seasonality” was a significant predictor for wound 
complications in trauma-related foot/ankle procedures. Additionally we were interested in 
other predicting factors which might explain a difference in complication rates between 
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seasons. We included all patients undergoing trauma-related procedures (e.g. fracture 
fixation, arthrodesis, implant removal) of the foot, ankle or lower leg between 2015 and 2019 
at the Amsterdam UMC, loc. AMC. SSI rates were compared between procedures performed 
in summer (June, July or August) or in other seasons. In total, 43 (7.2%) wound complications 
occurred within 599 included procedures. Age, alcohol abuse, open fracture and no use of a 
tourniquet were independent predicting factors, but no difference in wound complications 
was found between summer and other seasons (4 (3.2%) vs 39 (8.2%)). We concluded that 
“seasonality” in wound complications does not exist in trauma-related foot/ankle surgery in 
the Netherlands. Possibly, this is a result of the temperate climate of this cohort, since larger 
temperature and precipitation differences may influence wound complications to a larger 
extent.  

 

PART 2 PROPHYLACTIC ANTIBIOTICS TO PREVENT SURGICAL SITE INFECTION 

CChhaapptteerr  44 was a systematic review and meta-analysis in which we explored the difference in 
antibiotic concentrations in different parts of the extremity and while administering different 
dosages of cefazolin. We included 14 studies reporting on local cefazolin concentrations 
during orthopedic surgery in the shoulder, hip, knee or foot. From the 4 studies comparing 
different locations we were able to conclude that there were higher antibiotic concentrations 
in hip than in knee (mean difference: 4 ug/g, 95% CI 0.8–7). Moreover, articles comparing 
different doses of cefazolin reported higher bone concentrations after 2 grams than after 1 
gram of prophylactic cefazolin, but pooling results did not lead to a statistically significant 
difference. We concluded that a dose of 1 gram of prophylactic cefazolin might not be 
sufficient in the most distal parts of the (lower) extremity and that future research should 
investigate whether a higher dose of cefazolin can lead to higher concentrations and fewer 
SSIs. 

In CChhaapptteerr  55 we aimed to investigate the effect of 2 grams compared with 1 gram of 
prophylactic cefazolin on the incidence of SSIs in our own cohort of foot and ankle surgery 
patients. Of the 293 patients who received 1 gram, 19 (6.5%) had a SSI. In the 2 gram group 
(n=126) a SSI occurred in 6 patients (4.8%). Possible confounders of the effect of dosage on 
SSI were identified to be: alcohol, nicotine and illegal substance abuse, open fracture, 
tourniquet use, type of surgery, type of fixation, blood loss and type of wound dressing. 
Correcting for these possible confounders in a propensity score, the difference in SSIs 
between the 1 gram and 2 grams group was not statistically significant (OR, 0.770; P = .608). 
However, we did conclude that the difference may be clinically relevant given the 
considerable morbidity, mortality, and healthcare costs that SSIs entail. 

CChhaapptteerr  66 is the protocol for the WIFI-2 trial, a randomized controlled trial in which we aim to 
study the effectiveness of a single intravenous dose of 2g of cefazolin on SSIs after implant 
removal (IR) following fixation of foot, ankle and/or lower leg fractures. In this multicenter, 
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double-blind placebo controlled trial adult patients are being randomized to receive a single 
preoperative intravenous dose of either 2g of cefazolin or a placebo injection (NaCl) before IR. 
The primary outcome is the number of SSIs at 90 days after IR. Secondary, antibiotic 
concentrations are measured in a sub-section of patients to determine whether 2 grams of 
cefazolin is enough to penetrate the tissues in the most distal parts of the lower extremity. If 
the hypothesis that 2g of prophylactic cefazolin proves to be effective in preventing SSI is 
supported by the results of this study, this would have implications for current guidelines. 
Combined with the high infection rate of IR which has already been proved in previous 
studies, it would be sufficiently substantiated for guidelines to suggest protocolled use of 
prophylactic antibiotics in IR below the level of the knee.  

 

PART 3 PATIENT REPORTED OUTCOME 

In CChhaapptteerr  77  we used the prospectively collected data from the WIFI trial to study functional 
outcome after implant removal. All patients who filled out functional outcome questionnaires 
were included, coming to a total of 179 patients, who had undergone implant removal at 
least six months after fracture fixation below the level of the knee between 2014 and 2016. 
Primary outcome was the difference in functional status before and after implant removal, 
measured by the Lower Extremity Functional Scale (LEFS). With a median score of 60 before 
IR (IQR 45 to 72) and 66 after IR (IQR 51 to 76) on the LEFS, there was a statistically significant 
improvement in functional outcome (p < 0 .001). However, the minimal clinical important 
difference of the LEFS is 9 points, which was not reached. Therefore we concluded that in 
general, implant removal below the level of the knee does not result in a clinically relevant 
improvement of functional outcome.  

CChhaapptteerr  88  describes the results of the RODEO trial, a multicenter randomized controlled trial 
in which we aimed to investigate whether “on demand removal” (ODR) was non-inferior to 
routine removal (RR) of syndesmotic screws regarding functional outcome. Primary outcome 
was the Olerud-Molander Score (OMAS) at 12 months after placement of syndesmotic 
screw(s). There were 152 patients included in final analysis (73 patients in RR and 79 patients 
in ODR group), 59% male, mean age: 47 (SD 15). Median OMAS at 12 months after 
syndesmotic fixation was 85 (IQR: 60-95) for RR and 80 (IQR: 65-100) for ODR. The non-
inferiority test indicated that the observed effect size was significantly within the equivalent 
bounds of -10 and 10 scale points (p= 0.000), meaning ODR was not inferior to RR. In the per-
protocol analysis, ODR was also non-inferior to RR (p= 0.001). Moreover, there were 
significantly more complications after RR than in the ODR group. We therefore concluded 
that, although more research on long-term outcome of retaining the SS is necessary, on 
demand removal is preferred over routine removal and should be instated as standard 
practice of care. 
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In CChhaapptteerr  99  we describe a retrospective, 10-year claim analysis study, in which we aimed to 
evaluate the incidence, characteristics and outcome of claims in the foot/ankle area. Baseline 
claim/claimant characteristics were collected from an anonymous database, narrowing the 
search to all orthopedic foot/ankle related cases. Of 460 included claims in total, most were 
related to delay in/wrong diagnosis or to (complications of) elective surgical procedures. 
Whether a claims was settled was related to type of injury (fracture) and type of claim 
(diagnostic mistake). We concluded that fracture diagnosis and “failed”/disappointing results 
of elective surgical procedures were the most common patient reported causes for claims. 
Sufficient knowledge of missed (foot) fractures and clear communication/expectation 
management before elective procedures could help to improve quality of healthcare and 
patient satisfaction. 
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FUTURE PERSPECTIVES 
The first part of this thesis has shown us that the incidence of surgical site infections (SSIs) in 
foot/ankle trauma-related surgery is high and that multiple patient-, injury- and surgical 
characteristics influence the chance of developing a SSI. Specifically, overall health (ASA 
classification), intoxications (smoking/alcohol), and open fracture, blood loss and tourniquet 
use were of importance. Although most of these risk factors were already known, they are 
not often consciously used in clinical practice. Future research should focus on developing a 
surgical site-specific prediction model, enabling foot/ankle surgeons to assign each patient to 
a “risk class”. Interventions that have proved to be effective, but not necessarily cost-effective 
in preventing SSIs, could then be targeted specifically at “high-risk patients”. Moreover, 
surgical indications could be even more critically evaluated in this high-risk group.  

In part two of this thesis we discussed the use of prophylactic antibiotics in the prevention of 
SSIs. As previously mentioned in this thesis, SSIs are more common in the foot/ankle area, 
than in more proximal body parts. Chapter 4 confirmed that antibiotic tissue concentrations 
were also lower the further distally measured in the lower extremity. However, we could not 
confirm whether higher dosages of antibiotics would increase tissue concentrations. Although 
the results of chapter 5 did imply this, we could also not provide solid evidence on the clinical 
effect of a higher dose of antibiotics, resulting in lower SSI rates. Hopefully the results of the 
WIFI-2 trial will provide us with the sought after evidence of sufficiently high tissue 
concentrations with two grams of cefazolin and adequate infection prevention in implant 
removal. However, if the results are in line with the WIFI-1, and show no effect of prophylaxis 
on the SSI rate, this will results in a potentially even more interesting discussion. The target-
site blood and tissue concentrations can be used to evaluate whether concentrations of 
antibiotics are sufficient to prevent bacterial growth in the first place. If that is the case, then 
overall effectiveness of prophylactic antibiotics in all trauma-related (foot/ankle) procedures 
should be reevaluated.  

Part three discussed patient reported outcome measures (PROMs), which have recently 
justifiably become the most important outcome measures in orthopedic trauma surgery. 
However, chapter 7 very clearly demonstrated the importance of a clinical important 
difference, which is something that has not been established for all PROMs. With continuous 
outcomes and a score between 0 and 100, which many of these PROMs have, it is quite easy 
to achieve a statistically significant difference between 2 groups without the need for big 
groups. However, the clinical implications of this difference are still up for discussion. Future 
studies should focus on identifying a minimal clinical important difference for the most 
commonly used PROMs in foot/ankle surgery, like the Olerud-Molander Ankle Score (OMAS) 
and the American Orthopaedic Foot and Ankle Society Ankle Hindfoot Score (AOFAS).   

The RODEO trial, featured in Chapter 8, has shown that on demand removal (ODR) of 
syndesmotic screws was not inferior to routine removal (RR), while RR resulted significantly 
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more complications. We therefore concluded that ODR should become standard practice of 
care. However, it is important to identify whether or not there are long term complications 
connected to retaining a syndesmotic screw, which is what future studies should focus on. 
What would be even more interesting, is to compare long term results of patients retaining a 
syndesmotic screw, to patients with absorbable screws or suture buttons. If it turns out that 
neither result in better outcomes than a retained screw, the “classic” syndesmotic screw 
would automatically prove to be the most cost-effective device for syndesmotic fixation.  

Many more new research ideas have arisen over the years (and especially the last months) 
that this thesis was written. However, the most important perspective to keep in mind, is the 
patient’s perspective. Which is why I feel that patient reported outcome measures are the 
future, provided they are continuously improved and if necessary adapted to the individual.
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NEDERLANDSE SAMENVATTING  
De artikelen in dit proefschrift zijn met name gefocust op de incidentie en risicofactoren voor 
het ontstaan van postoperatieve wondinfecties (POWI), het voorkomen van POWI’s en op de 
uitkomsten van chirurgische behandelingen van voet- en enkelfracturen. Qua uitkomsten ligt 
de nadruk op de zogenaamde patiënt-gerapporteerde uitkomstmaten. In dit gedeelte van het 
proefschrift worden de belangrijkste bevindingen per deel opgesomd en bediscussieert om 
zodoende gevalideerde suggesties voor toekomstig onderzoek en de klinische praktijk te 
kunnen doen. 
 

DEEL 1 INCIDENTIE EN RISICOFACTOREN VOOR POSTOPERATIEVE 
WONDINFECTIES 

In hhooooffddssttuukk  11  hebben we door middel van een systematisch literatuuronderzoek de 
incidentie van wondcomplicaties na het electief (gepland) verwijderen van stelschroeven bij 
syndesmoseletsel in kaart gebracht. Deze procedure wordt gezien als een kleine, relatief 
korte ingreep, wat leidt tot de aanname dat het complicatierisico laag is. De resultaten van 
deze studie lieten echter POWI percentages van 0 tot 9,2% zien, met een gewogen 
gemiddelde van 4%. Het grootste gedeelte van deze infecties was oppervlakkig (3%, 95% CI: 
2-5), vergeleken met 3% diepe infecties (95% CI: 1-4). Voorspellende factoren voor POWI 
konden niet geïdentificeerd worden aangezien slechts een aantal van de geïncludeerde 
studies dit rapporteerden. Sommige studies rapporteerden echter een voordeel van 
antibioticaprofylaxe. Wij concludeerden dat het POWI percentage, zoals geïdentificeerd in 
deze literatuurstudie, vergelijkbaar was met dat bij andere voet- en enkeloperaties. Hoewel 
antibioticaprofylaxe dit percentage mogelijk kan reduceren is het belangrijk om goed na te 
denken over de indicatie voor het verwijderen van stelschroeven.  

HHooooffddssttuukk  22  gaat dieper in op de risicofactoren voor het ontwikkelen van een POWI in een 
specifieke operatieve benadering die gebruikt wordt bij calcaneus (hielbeen) fracturen, de 
sinus tarsi benadering. In deze prospectieve cohortstudie zijn alle patiënten die een operatie 
ondergingen voor een calcaneus fractuur met deze benadering geïncludeerd en gevolgd voor 
tenminste een jaar. Van de 237 geïncludeerde fracturen, ontwikkelde 16 patiënten een POWI 
(6,8%), waarvan 9 (3,8%) een diepe en 7 (3%) een oppervlakkige infectie. De multivariabele 
analyse wees uit dat ‘operatie binnen 1 week na trauma’, ‘ASA van 2 of hoger’ en ‘meer dan 
150mL bloedverlies’ onafhankelijke voorspellers waren voor een POWI. Hoewel dit niet 
statistisch significant was leek een POWI ook meer voor te komen bij rokers. Om alle 
daadwerkelijke risicofactoren te identificeren zijn veel grotere aantallen patiënten nodig, iets 
wat moeilijk te vinden is in deze specifieke patiëntengroep bij een operatietechniek die niet in 
elk ziekenhuis wordt toegepast. De resultaten van dit onderzoek zou gebruikt kunnen worden 
om hoog-risicopatiënten mee te identificeren. Deze subgroep van patiënten kan dan 
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verwezen worden naar een gespecialiseerd centrum, meer informatie ontvangen over 
potentiële risico’s van de ingreep en intensiever gecontroleerd worden na de operatie. 

In hhooooffddssttuukk  33  beschrijven we een retrospectieve studie waarin we hebben onderzocht of het 
seizoen van operatie een voorspellende factor was voor het ontwikkelen van een 
wondcomplicatie na voet- en enkel ingrepen. Daarnaast waren we geïnteresseerd in andere 
voorspellende factoren die een mogelijk verschil in wondcomplicaties tussen seizoenen 
zouden kunnen verklaren. Alle patiënten die een trauma-gerelateerde ingreep van voet, enkel 
of onderbeen ondergingen tussen 2015 en 2019 in het Amsterdam UMC, loc. AMC, werden 
geïncludeerd. Complicatiepercentages werden vergeleken tussen ingrepen uitgevoerd in de 
zomer (juni, juli of augustus) en in andere seizoenen. In totaal zagen we 43 (7,2%) infectieuze 
complicaties binnen de 599 geïncludeerde ingrepen. Leeftijd, alcoholmisbruik, open fracturen 
en het niet gebruiken van bloedleegte tijdens de operatie waren onafhankelijke 
voorspellende facturen. Er werd echter geen verschil in wondcomplicaties gevonden tussen 
operaties in de zomer en in andere seizoenen (4 (3.2%) vs 39 (8.2%)). De conclusie was 
daarom dat het seizoen van operatie niet van invloed is op het aantal wondinfecties na 
trauma-gerelateerde voet-/enkelchirurgie in Nederland. Mogelijk is dit te verklaren door het 
gematigde klimaat in Nederland, aangezien grotere temperatuur- en neerslag-verschillen 
mogelijk meer invloed hebben op het ontstaan van een wondcomplicatie. 
 

DEEL 2 ANTIBIOTICAPROFYLAXE ALS PREVENTIE VAN WONDINFECTIES 

HHooooffddssttuukk  44  beschrijft een systematisch literatuuronderzoek met een meta-analyse waarin we 
de verschillen in antibioticaconcentraties hebben vergeleken tussen verschillende gebieden in 
de ledematen en bij het toedienen van verschillende doseringen van cefazoline 
(antibioticum). We hebben daarbij 14 studies geïncludeerd die lokale cefazoline concentraties 
hebben gemeten gedurende orthopedische operaties van schouder, heup, knie of voet. Op 
basis van de 4 studies die verschillende lichaamsdelen vergeleken, konden we concluderen 
dat er hogere concentraties gemeten worden in de heup dan in de knie (mean difference: 4 
ug/g, 95% CI 0.8–7). Artikelen die verschillende doseringen vergeleken lieten hogere 
botconcentraties zien na 2 gram dan na 1 gram profylactisch antibiotica, maar het 
samennemen resultaten van deze studies liet geen significant verschil zien. Onze conclusie 
was dat een dosis van 1 gram cefazoline wellicht niet genoeg is voor de meest distale 
gedeeltes van de onderste extremiteit en dat toekomstig onderzoek zich zou moeten richten 
op het effect van hogere doseringen op concentraties en het aantal POWI’s. 

In hhooooffddssttuukk  55  hebben we onderzocht wat het effect van 2 gram vergeleken met 1 gram 
profylactisch cefazoline is op het aantal POWI’s in ons eigen cohort van voet/enkel chirurgie 
patiënten. Van de 293 patiënten die 1 gram hebben gekregen ontwikkelde 19 (6,5%) een 
POWI. In de 2 gram groep (n=126) waren dit 6 patiënten (4.8%). Mogelijke confounders van 
het effect van dosering op POWI waren: alcohol, nicotine of drugs gebruik, een open fractuur, 
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bloedleegte, type operatie, type fixatie, bloedverlies en type wondbedekking na de operatie. 
Hiervoor gecorrigeerd, door middel van een propensity score, was het verschil tussen 1 gram 
en 2 gram niet statistisch significant (OR 0.770, p=0.608). Wij concludeerden echter dat het 
verschil mogelijk wel klinisch relevant was, aangezien POWI’s een aanzienlijk morbiditeit, 
mortaliteit en gezondheidskosten met zich meebrengen.  

HHooooffddssttuukk  66  is het protocol voor de WIFI-2 studie, een gerandomiseerd onderzoek waarin we 
de (kosten-)effectiviteit van éénmalig 2 gram cefazoline op het aantal POWI’s na het 
verwijderen van osteosynthesemateriaal (VOSM) uit voet, enkel en onderbeen onderzoeken. 
Patiënten worden in deze studie gerandomiseerd en krijgen ofwel 2 gram cefazoline ofwel 
een placebo via het infuus, vóór de operatie. Primaire uitkomst is het aantal POWI’s op 90 
dagen na de operatie. Tevens meten we lokale antibioticaconcentraties in een subgroep van 
patiënten om te kijken of 2 gram cefazoline voldoende is om het weefsel van voet/enkel te 
penetreren. Als onze hypothese dat 2 gram cefazoline effectief is klopt, dan heeft dit 
gevolgen voor de huidige richtlijn. In combinatie met de eerder bewezen hoge 
infectiepercentages na VOSM, zou het voldoende bewijs zijn voor richtlijnen om profylactisch 
antibiotica bij dit type operaties aan te bevelen.  
 

DEEL 3 PATIËNT GERAPPORTEERDE UITKOMSTEN  

In hhooooffddssttuukk  77  hebben we de prospectief verzamelde gegevens van de WIFI studie gebruikt 
om functionele uitkomst na VOSM te onderzoeken. Alle 179 patiënten die een functionele 
uitkomst vragenlijst hadden ingevuld en een VOSM minstens zes maanden na fractuurfixatie 
hadden ondergaan tussen 2014 en 2016 werden geïncludeerd. Primaire uitkomst was het 
verschil in functionele uitkomst voor en na VOSM, gemeten door de Lower Extremity 
Functional Scale (LEFS). Met een gemiddelde score van 60 (IQR 45-72) vóór en 66 (IQR 51-76) 
na VOSM, was er een statistisch significante verbetering van functionele uitkomst (p<0,001). 
Het minimaal klinisch relevante verschil op de LEFS is echter 9 punten, wat niet behaald werd. 
Daarom concludeerden wij dat, over het algemeen, VOSM onder het niveau van de knie niet 
resulteert in een klinisch relevante verbetering van functionele uitkomst.  

HHooooffddssttuukk  88  beschrijft de RODEO studie, een multicenter gerandomiseerd onderzoek met als 
doel te onderzoeken of het “on demand” verwijderen (ODR) van stelschroeven vergelijkbaar 
is met het routinematig verwijderen (RR) van stelschroeven als het om functionele uitkomst 
gaat. De primaire uitkomstmaat was de Olerud-Molander Score (OMAS) gemeten op 12 
maanden na het plaatsen van de stelschroef/ven. Er werden 152 patiënten geïncludeerd in de 
uiteindelijke analyse (73 in RR en 79 in ODR groep), waarvan 59% man was en de gemiddelde 
leeftijd 47 (sd 15) jaar. De Mediane OMAS op 12 maanden na fixatie was 85 (IQR: 60-95) voor 
RR en 80 (IQR: 65-100) voor de ODR groep. De “non-inferiority” test wees uit dat de 
effectgrootte binnen de marges van -10 en 10 lag (p=0.000), wat inhoudt dat ODR niet 
inferieur is aan RR. In de per-protocol analyse zat ook geen verschil tussen beide groepen. 
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Bovendien waren er significant meer complicaties na RR dan in de ODR groep. Wij 
concludeerden daarom dat, hoewel meer onderzoek naar lange termijn effecten van het 
behouden van de stelschroef noodzakelijk is, ODR de voorkeur heeft boven RR en moet 
worden geïmplementeerd als standaard zorg. 

In hhooooffddssttuukk  99  beschrijven we een retrospectief database onderzoek waarin we de incidentie, 
eigenschappen en uitkomsten van schadeclaims op het gebied van voet/enkel over een 
periode van 10 jaar hebben onderzocht. Baseline gegevens van de claim en de claim-eiser zijn 
verzameld uit een anonieme database, waarbij gericht is gezocht naar orthopedisch 
voet/enkel gerelateerde gevallen. Van alle 460 geïncludeerde claims waren de meeste 
gerelateerd aan een vertraagde of verkeerd gestelde diagnose of aan (complicaties van) een 
electieve ingreep. Of een claim toegekend werd, was gerelateerd aan het type letsel 
(fractuur) en het type claim (diagnostische fout). De conclusie was dat fractuur diagnose en 
“gefaalde”/teleurstellende resultaten van electieve operaties de meest voorkomende patiënt 
gerapporteerde oorzaken van claims waren. Voldoende kennis van vaak gemiste 
(voet)fracturen en heldere communicatie/verwachtingsmanagement voor electieve 
procedures zouden de kwaliteit van de zorg en patiënttevredenheid kunnen verbeteren 
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DANKWOORD 
Graag wil ik iedereen bedanken die heeft bijgedragen aan de totstandkoming van dit 
proefschrift. Een aantal mensen in het bijzonder: 

Dr. (associate professor) Schepers, beste Tim, ontzettend bedankt voor de fijne begeleiding in 
deze 3 jaar. Begonnen met het idee dat ik onderzoek maar niks vond heb jij mij toch al snel 
enthousiast weten te maken. Naast een nauwe betrokkenheid met alle projecten, gaf jij mij 
ook de vrijheid en het vertrouwen om dingen op mijn eigen manier te doen. Jouw eindeloze 
onderzoeksideeën, vakanties waarin je alleen nog maar meer tijd had voor het onderzoek en 
de snelle maar volledige “blikken” op alles wat ik ter beoordeling opstuurde hebben er zeker 
aan bijgedragen dat ik niet alleen 10 beursaanvragen maar ook nog een proefschrift heb 
kunnen afronden in mijn tijd op G4. (ook al was het soms enigszins frustrerend was dat een 
manuscript waar ik 2 maanden aan had gewerkt binnen 2 uur alweer nagekeken in mijn inbox 
zat ;-)) Maar bovenal heb ik veel geleerd en genoten van onze samenwerking en neem ik een 
voorbeeld aan jou in jouw rol als begeleider. Gefeliciteerd met je nieuwe, verdiende titel en ik 
hoop van harte dat we elkaar nog tegen blijven komen in het vak. 

Prof. dr. Goslings, beste Carel, ik ben dankbaar dat je mij, ondanks de stap naar de kliniek die 
je maakte vlak voordat ik begon, toch nog hebt willen begeleiden als promovendus. Hoewel 
we elkaar niet veel gesproken hebben, heb ik toch kunnen profiteren van jouw scherpe blik 
en ervaring in het onderzoeksveld. Hartelijk dank voor de tijd die je genomen hebt om mijn 
manuscripten en niet te vergeten het proefschrift zo nauwkeurig na te kijken.  

Beste leden van mijn promotiecommissie; prof. dr. M. van der Elst, prof. dr. G.M.M.J. 
Kerkhoffs en prof. dr. M. Poeze, hartelijk dank voor het lezen en beoordelen van mijn 
proefschrift. Prof. dr. F.W. Bloemers, beste Frank, met jou en onze case report over een 
knieluxatie voor het NTvG is mijn onderzoeks-carrière binnen de traumachirurgie ooit 
begonnen. Dr. J.A. Halm, beste Jens, bedankt ook voor jouw bijdrage aan de inhoud van dit 
boekje die soms ineens vanuit onverwachte hoek (achterin de zaal van de traumaresearch) 
kwam, en uiteraard voor jouw goede zorgen voor mijn eigen “trauma”. Prof. dr. R.A.A. 
Mathôt, beste Ron, hartelijk dank voor de tijd die je hebt genomen om meermaals met mij te 
sparren over antibioticaconcentraties, ontzettend leerzaam en interessant, ben benieuwd 
naar de uitkomsten! Dr. S.A.S. Stufkens, beste Sjoerd, hartelijk dank voor het plaatsnemen in 
de commissie op een later moment, en ontzettend leuk om elkaar nog eens tegen het lijf te 
lopen na onze eerste ontmoeting op de langlaufski’s bij de Traumaplatformchallenge. 

Dank aan alle mede-auteurs, RODEO en WIFI-2 collaborators, voor jullie onmisbare bijdrage 
aan dit proefschrift. Ik kijk uit naar een voortzetting van de mooie samenwerking.  

Beste Koert en Niels, hartelijk dank voor jullie vertrouwen in mij in het AvL en begeleiding bij 
het leveronderzoek bij mijn overstap naar het AMC. 
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Lieve trauma-secretaresses, Jacq, dank dat je zo goed voor me hebt gezorgd, me op weg hebt 
geholpen op G4 en natuurlijk voor de gezellige gesprekken! Ils, waardig opvolger van Jacq, 
met jou was het direct al gezellig, ik heb genoten van onze koffietjes (en wijntjes). Ontzettend 
bedankt ook voor het in goede banen leiden van deze promotie.  

Mijn trauma-buddy’s: Birnie, samen hebben we als Tims twee blonde trauma-chickies toch 
veel patiënten en chirurgen overtuigd tot deelname en een prachtige studie afgerond. Helaas 
is het niet tot een duo-boekje gekomen, maar ben ervan overtuigd dat die van jou snel volgt! 
Diederick, Didi, wie had gedacht dat wij zo’n goed duo zouden zijn toen wij als 19 jarige 
kinders samen in de studiegroep terecht kwamen. Ik ben ontzettend blij dat jij het WIFI-2 
stokje overneemt en heb er alle vertrouwen in dat je het trauma fort goed zal bewaken! Ook 
het ‘oud’-traumateam, Siem, Manouk, Marjo, Selles: veel dank voor jullie steun, begeleiding 
en het meedenken, wat een geluk dat ik op jullie kennis kon voortborduren! 

Lieve (oud-)collega’s van G4-sjursjie, hoewel ik even moest wennen aan de crackers 
hüttenkäse lunches en “drie kwartier fietsen naar werk is normaal-mentaliteit”, hebben jullie 
er toch voor gezorgd dat ik me thuis voelde en een ontzettend leuke tijd heb gehad. Op de 
werkvloer, maar toch eigenlijk vooral daarbuiten hebben we veel avonturen/avond-uren 
beleefd. Dankzij jullie heb ik toch nog kunnen meemaken wat het is om bij een vereniging c.q. 
sekte te zitten. Annie, een betere gang-, koffie- en wijn-buddy hadden Fred en ik ons niet 
kunnen wensen. Bommie, dank voor het sleeptouw en voor de vele uurtjes woebiskjoeben, 
fijn dat je zo goed tegen je verlies kan. Noukie, Char, Lil Brada, Taartje, Stiño, Nicolaes, Nelis, 
festivals, skiën en borrelen met jullie was altijd een feestje.  

Sab en Lay, mijn oudste vriendinnetjes, thanks voor de lol en de avonturen waarmee we 
elkaar door het Baarnsch hebben heen gesleept, zo blij dat we weer herenigd zijn!  

Mw. Rijnja, mijn wiskundelerares uit de derde klas, als u nooit tegen mij had gezegd dat ik 
beter geen wiskunde B kon gaan doen, was ik er nooit zo overtuigd van geraakt dat ik dit 
moest, kon en zou doen. Hartelijk dank voor dit zetje waardoor ik Geneeskunde heb kunnen 
studeren. 

Haaitjes, ik ben jullie dankbaar voor alle lol die we beleefd hebben tijdens dat jaar waarin 
iedereen iets anders deed dan dat hij wilde, daar is toch maar mooi mijn interesse voor de 
botten/spieren uit ontstaan. En Taip, Lau, Lorena (en heel soms Karin), hopelijk volgen er nog 
vele sportieve reisjes!  

Paultje, Feenstra, Ruby, dankzij jullie kan ik meekomen met de chirurgie als het om 
bierdrinken gaat. Arno, thanks voor de onvoorwaardelijke vriendschap, Australië, himym en 
ouat. 

Wintersport cootjes: het leukste all-girls cogroepje van ons jaar, thanks voor het meesleuren 
in de streberigheid, heb veel van/dankzij jullie geleerd!  
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Lieve oud-AvLers, dank voor de fantastische eerste werkplek en gezellige borrels.  

Lieve Anouk, je bent inmiddels meer dan alleen een (oud-)huisgenoot, thanks voor het 
aanhoren van al mijn onderzoeks- en andere issues, en voor je wijze adviezen.  

My dearest bruises, Carmen2, Christina, Desiree, Eva, Georgios, Lin, Lucy, Marlene, Merel, 
Sara, Sas, I’ve learned so much from all of you, about being a group, a team, a family. 
Athinouli, thanks for making this happen, but most of all for being my Greek cousin, therapist, 
roomie and friend.  

Speaking of cousins, Fien, cous, Henk, jij kent me door en door, ik ben zo blij dat wij naast 
“ohana” ook zulke goede vriendinnen zijn. Fijn hoe we het slechtste in elkaar naar boven 
halen maar dat op de één of andere manier altijd zo grappig is dat dat nooit zal stoppen. Ben 
trots op jou. 

Mijn paranimfjes Jill en Fred. Lieve Jill, ik ben je dankbaar voor alle colleges, studiegroepen en 
practica (behalve die ene) die ik dankzij jou niet gemist heb. Maar ook voor alle inhoud van 
diezelfde colleges, studiegroepen en practica die ik dankzij jou, Hans en Svetlana wél gemist 
heb, want wat hebben wij een lol samen. Wie had gedacht dat we met onze “ik leer voor een 
7 maar verwacht een 9” mentaliteit zo ver zouden komen. Als Christina to my Meredith, my 
person, was jij altijd al voorbestemd om mijn paranimf te zijn, hou van jou! Lieve Fred, wat 
ben ik blij dat ik jou heb leren kennen, mijn maatje zowel bij het AvL als het AMC. Voor de 
goeie gesprekken, het schaamteloos zeuren, de kwetsbare momenten die we zo heel af en 
toe (niet te vaak) met elkaar delen en de heerlijk sarcastische kuthumor, phtanks Fwed, hou 
ook van jou. 

Lieve familie: Karien en Ruth, maar liefst 2 peettantes, waarmee ik dubbel ben verwend, 
geliefd en gesteund, ben zo blij dat jullie erbij kunnen zijn! Grote Fé, een connectie die zoveel 
verder gaat dan alleen naamgenoten, dankjewel voor al jouw steun en liefde, die mij door 
vele moeilijke momenten heen hebben geholpen. Blin en Set, mijn tweede thuisbasis in 
Baarn, zo fijn dat jullie de vrijdagmiddagborrels in ere houden, dat heeft oma toch goed voor 
elkaar gekregen.  

Lieve oma, als één van de meest belangrijke personen uit mijn leven heb je mij op zoveel 
manieren geïnspireerd en gesteund en ook al ben je er niet meer om dit mee te maken, ik 
weet dat je ontzettend trots was geweest. Lieve opa Harold en oma Els, dank voor de 
medische genen, maar vooral ook voor hoe jullie de hele familie bij elkaar wisten te brengen 
en houden.  

Emil, Lorraine, Guy, Georgette, mijn broeders en zusters (en natuurlijk Prodi, mijn halfhond), 
wat ben ik ontzettend blij met jullie en de band die we hebben. Ik ben trots dat jullie allemaal 
zulke sterke individuen zijn en je eigen pad volgen, maar hoop wel dat onze paden zich altijd 
blijven kruisen.  
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Last but not least, ouders, jullie hebben mij gemaakt zoals ik ben. Lieve papa, vaders, pps, van 
jou heb ik mijn voorliefde voor gepriegel, mijn stressbestendigheid en doorzettingsvermogen 
geërfd, het perfecte pakket voor mijn droombaan als chirurg. Je hebt het mij niet altijd 
makkelijk gemaakt, maar me wel geleerd om een goede discussie te waarderen en er het nut 
en zelfs de lol van in te zien. Dit heeft me tot een sterker persoon gemaakt. Lieve mama, 
moesje, Hank, dankzij jou en jouw opvoeding sta ik hier nu. Met jouw “no nonsense” 
mentaliteit heb je mij geleerd om hard te werken, me niet aan te stellen en te gaan voor wat 
ik wil. Maar ik kan bij jou ook altijd terecht als ik ergens over wil praten, huilen of lachen. We 
maken het elkaar niet altijd makkelijk, maar de gezellige wijntjes, uitjes en de lol die we 
samen hebben maken dat ruimschoots goed!  

Concluderend, ik zou jullie voor geen goud willen inruilen! (geldt voor alle bovenstaanden) 
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CURRICULUM VITAE 
Fay Sanders was born on the 26th of March 1991 in Baarn. She 
attended the Nieuwe Baarnsche School and Het Baarnsch 
Lyceum, two schools filled with potential fellow medical 
students. As daughter of two not so typically Gooische parents, 
she briefly tried to escape her somewhat preppy surroundings 
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