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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 
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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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