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TITLE: Risk Factors for Hardware Related Complications after Olecranon Fracture Fixation 

Bugarinovic G, McFarlane KH, Benavent KA, Janssen SJ, Blazar PE & Earp BE. 

Purpose: Olecranon fractures are common in adults, and most are treated via surgical 

intervention. There are two surgical methods most used for open reduction internal fixation 

(ORIF) of a fractured olecranon: a tension band wire (TB) construct and a locking-plate-and-

screw (PS) construct. Both methods provide good functional outcomes, but post-operative 

complications (symptomatic hardware, nerve irritation, infection, etc.) remain a challenge to 

patients and surgeons alike.  

The aim of this study is to evaluate risk factors for symptomatic hardware and removal of 

hardware (ROH) after olecranon ORIF and to assess differences between olecranon locking 

plate and screws (P&S) or tension band (TB) wire cohorts. This chart review will provide 

surgeons with empirical evidence to help them decide on the appropriate surgical technique for 

each patient suffering this elbow injury, based on their unique demographics and personal 

characteristics. 

Methods: This is a retrospective cohort study performed at an Academic Level I Trauma Center. 

The medical records of 331 patients with olecranon fractures treated with ORIF from 2012-2016 

were reviewed. After exclusions, 189 patients were included in the study. Patients undergoing 

ORIF with either P&S or TB fixation were compared. The outcome measures included 

complications, requirement of removal of hardware (ROH) and subsequent surgery were 

compared between cohorts.  

Results: There were 124 cases in the P&S cohort, and 65 in the TB cohort. The overall 

reoperation rate was 31.2% (59/189). The overall incidence of ROH for all cases was 29.1% 

(55/189). Patients who required ROH or developed symptomatic hardware were significantly 

younger than those who did not (P&S p<0.003; TB p<0.004). Age and BMI were associated with 

ROH + symptomatic hardware after P&S fixation. Age (but not BMI) was associated with ROH or 

symptomatic hardware after TB fixation. Measured hardware prominence was not associated 

with ROH or ROH + symptomatic hardware for either P&S or TB cohorts.  
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Conclusions: Several risk factors, including patient age and BMI, were found to be significantly 

associated with hardware-related complications.  
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Glossary of Abbreviations 
Abbreviation Meaning 

ORIF Open reduction internal fixation 

P&S Plate and screw 

TB Tension band 

ROH Removal of hardware 

MGH Massachusetts General Hospital 

BWH Brigham and Women’s Hospital 
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Project Question: 

Are any of the following characteristics related to tension band versus plate and screw fixation 

of non-complicated olecranon fractures:  

• Hardware prominence (distance from bone to the outer edge of the plate or tension 

band construct) 

• Patient age 

• Patient BMI 

Related to hardware removal and/or complication following surgery? 

 

 

Student Role: 

The student was the first author and “primary worker” on this project under the guidance and 

mentorship of project mentor, Dr. Brandon E. Earp. The student will orchestrate and execute 

the vast majority of tasks related to this project. This includes: primary data collection via 

thorough chart review (Epic at BWH and MGH), manual radiographic hardware measurement 

to assess hardware prominence, efficiently compiling all data, primary literature review 

(through sources such as PubMed) and ultimately writing and editing the manuscript for 

submission. Over 300 patient charts were reviewed. The student was in frequent contact with 

the project mentor throughout all phases.  

The statistical analysis was conducted by a PhD statistician who has worked with Dr. Earp 

extensively. The student also presented this work at two regional and one national conference 

in both poster and panel presentation format. Through these efforts, the student learned about 

surgical improvement research, formulating research questions, project organization and 

adhering to deadlines.  
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Citation 
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Appendix 

Abstract 

Objectives: The aim of this study is to evaluate risk factors for symptomatic hardware and 

removal of hardware (ROH) after olecranon open reduction and internal fixation (ORIF) and to 

assess differences between olecranon locking plate and screws (P&S) or tension band (TB) wire 

cohorts.  

Study Design: Retrospective cohort 

Setting: Academic Level I Trauma Center 

Patients/Participants: The medical records of 331 patients with olecranon fractures treated 

with ORIF from 2012-2016 were reviewed. After exclusions, 189 patients were included in the 

study. 

Intervention: ORIF of olecranon fractures using either plate and screw fixation or tension band 

fixation. 

Main Outcome Measures: Complications, ROH and subsequent surgery were assessed and 

compared between cohorts.  

Results: There were 124 cases in the P&S cohort, and 65 in the TB cohort. The overall 

reoperation rate was 31.2% (59/189). The overall incidence of ROH for all cases was 29.1% 

(55/189). Patients who required ROH or developed symptomatic hardware were significantly 

younger than those who did not (P&S p<0.003; TB p<0.004). Age and BMI were associated with 

ROH + symptomatic hardware after P&S. Age (but not BMI) was associated with ROH / 
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symptomatic hardware after TB. Measured hardware prominence was not associated with ROH 

or ROH + symptomatic hardware for either P&S or TB cohorts.  

Conclusion: Several risk factors, including patient age and BMI, were found to be significantly 

associated with hardware-related complications.  

Level of Evidence: III, Therapeutic 

Introduction 

Fractures of the olecranon account for 10% of all adult upper limb fractures and are 

most often sustained in a fall from standing height in a middle-aged or elderly patient.1,2 The 

majority of olecranon fractures are simple, displaced, non-comminuted fractures,3 and surgical 

intervention with open reduction internal fixation (ORIF) is the treatment used for the vast 

majority of these injuries.4-7  

There are a variety of techniques and hardware types used in the surgical treatment of 

olecranon fractures; ORIF with a tension band (TB) construct or with a locking plate and screws 

(P&S) are the most commonly used. Locking plate fixation has become increasingly popular in 

recent years with good functional outcomes.8-10 However, post-operative complications, 

particularly those requiring hardware removal, are reported in 15%-56% of P&S patients and 

20%-92% of TB patients.11-15  

The aim of our study was to evaluate factors associated with postoperative 

complications and hardware removal (ROH). Our null hypothesis was that hardware 
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prominence, patient age, sex, BMI, and type of implant would not be associated with hardware 

removal. 

 

Methods 

We performed an IRB-approved retrospective cohort study of patients with olecranon 

fractures treated with ORIF at two Level I academic trauma centers from 2012-2016. Three 

hundred and thirty-one patients were identified through billing records for CPT code 24685 

(open treatment of ulnar fracture proximal end, with or without internal or external fixation). 

Sixty patients were excluded for multiple reasons: surgical treatment other than ORIF with an 

olecranon plate or tension band (e.g. radial head implants, screws + radial head implants, or 

screws + K-wires) (38), index surgery being a revision ORIF with primary revision surgery (12), 

olecranon osteotomy (3) or age younger than 18 (7). This left two hundred and seventy-one 

patients with ORIF of the olecranon meeting inclusion criteria. Fifty nine patients were then 

excluded for follow-up less than 180 days and 23 were excluded for lack of postoperative 

radiographs, leaving 189 (70%) with acceptable follow-up in the indicated cohort. Hence, all 

patients fulfilling eligibility criteria within the indicated time period were consecutively 

included. 

Patient and surgical demographics, postoperative complications and subsequent surgery 

information were obtained from review of the electronic medical record and telephone 

contact.  
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Hardware prominence was determined by measuring the most immediate post-

operative lateral elbow radiograph available in three defined regions along the olecranon 

(defined in Figures 1 and 2). Within each region, the greatest single distance perpendicular to 

the most superficial aspect of the cortex to the most prominent corresponding edge of the 

hardware was recorded. The single greatest value of these three points (X, Y and Z), as well as 

their cumulative summation, were also recorded. The same individual (GB) performed all 

measurements using the institutional Picture Archiving and Communication System (PACS) 

software system. 

Statistical Analysis 

Hardware prominence (hardware-bone distance), plate type, patient age, and patient 

BMI were compared with the subsequent development of complication or requirement for 

ROH. Both overall and stratified incidence of hardware ROH and symptom development was 

calculated between the variables. All patients fulfilling eligibility criteria within the indicated 

time period were consecutively included. 

Categorical variables were presented using frequencies and percentages, and 

continuous variables using mean and standard deviation as continuous variables were normally 

distributed. We assessed if explanatory variables were associated with our primary (i.e. removal 

of hardware for symptoms) and secondary (i.e. having symptoms or removal of hardware) 

outcome measures per type of fixation (i.e. plate and screws versus tension band) using the 

Fisher exact test for categorical variables and the unpaired t-test for continuous variables. 

Bivariate analyses were complete-case analyses, i.e., excluding cases with missing values 
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(missing values are indicated in table legends). The impact of age was further explored by 

dichotomizing age into above and below 60 years of age (median split) and assessing its 

association with outcome measures per fixation type.  

A two-tailed p value (α) below 0.05 was considered significant. A power of (1- β) = 0.80 

was employed for all statistical tests.  Statistical analyses were performed using Stata 15.0 

(StataCorp, USA). 

 

Results 

Of the 189 patients meeting inclusion criteria (70M and 119F), 124 fractures (43M and 

81F) were treated with P&S and 65 (27M and 38F) with TB. The demographics of the two 

groups are shown in Table 1. The average length of follow-up was 866 (range: 151-2525) days in 

the P&S group and 956 (range: 173-2644) days in the TB group.  

The overall incidence of ROH for all cases was 55 out of 189 (29.1%), with a rate of 

29.0% in the P&S group, and 29.2% in the TB group. An additional 20 patients (10.6%) 

complained of symptomatic hardware but declined hardware removal (8.9% in the P&S group 

and 13.9% in the TB group) (Table 2). 

The overall combined incidence of ROH and/or symptomatic hardware which was not 

removed for both P&S and TB was 75 out of 189 (39.7%). For the P&S cohort, the incidence was 

37.9% and for the TB cohort, the incidence was 43.1% (Table 3). 

Demographic Associations 
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P&S and TB patients who required ROH or developed symptomatic hardware were 

significantly younger than those who did not (P&S p<0.003; TB p<0.004). Patients who 

underwent P&S olecranon fracture fixation and subsequently required ROH or developed 

symptomatic hardware were found to have a significantly lower BMI than the patients without 

ROH or symptomatic hardware (p<0.045). In the TB cohort of patients, symptomatic hardware 

was not associated with BMI (p=0.347) (Tables 2 and 3).  

In both cohorts, patients over the age of 60 were significantly less likely to undergo 

hardware removal or develop symptomatic hardware than patients under the age of 60. In the 

P&S cohort, 27% of patients over the age of 60 underwent ROH or developed symptomatic 

hardware while 52% of patients under the age of 60 had one of these two outcomes (p = 

0.006). In the TB cohort, 27% of patients over the age of 60 underwent ROH or developed 

symptomatic hardware, while 57% of patients under the age of 60 had one of these two 

outcomes (p = 0.023). Furthermore, when symptomatic hardware was excluded, the statistical 

significance of the association of age with ROH persisted (Table 4). There was no significant 

difference in ROH amongst the various plate brands utilized in this cohort.  

Hardware Associations 

Average hardware prominence (and standard deviation), in cm, for all P&S cases was 0.6 

(0.2 SD) along region X, 0.6 (0.2 SD) along region Y, 0.7 (0.2 SD) along region Z (regions as 

defined in Figure 1). The average cumulative prominence was 1.9 (0.4 SD), and the average 

maximum single point prominence was 0.7 (0.2 SD).  
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Average hardware prominence (and standard deviation), in cm, for all TB cases was 0.6 

(0.3 SD) along region X, 0.4 (0.3 SD) along region Y, 0.3 (0.1 SD) along region Z (regions as 

defined in Figure 2). The average cumulative and maximum prominences were 1.3 (0.5 SD) and 

0.6 (0.3 SD), respectively. This data is shown in Table 2 and Figure 3.  

There was no significant difference in hardware prominence in either the P&S or TB 

groups between patients who required ROH and those who did not (Table 2).  

The P&S cohort was found to have significantly higher prominence in regions Y and Z 

(p<0.001), as well as cumulative and maximum prominence compared to the TB cohort 

(p<0.001; p=0.004), however, the incidence of ROH or ROH and symptomatic hardware was 

similar between the two groups (Figure 3).  

Other Subsequent Surgery 

In the P&S group, 36 patients underwent ROH (29.0%). Of these, 13 patients had at least 

one additional procedure performed at the time of the ROH, including: revision of hardware (5), 

incision and drainage (4), ulnar nerve decompression (3), soft tissue procedure (e.g. release, 

debridement) (2), skin graft (1) and/or capsulectomy (1). An additional 4 patients underwent 

subsequent surgery without ROH, which included revision of hardware (2), capsulectomy (1), 

soft tissue release (1) and/or skin graft (1). In the TB group, 19 patients underwent ROH 

(29.2%). Of these, 7 patients had at least one additional procedure performed at the time of the 

ROH , including: ulnar nerve release (3), soft tissue release (2), capsulectomy (2), removal of 

loose body (2), incision and drainage (2), and/or revision of hardware (1) (Table 5).  
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 In total, 59/189 (31.2%) patients who were treated with ORIF of an olecranon fracture 

underwent subsequent surgery, including 55/189 (29.1%) who required ROH (20 with 

additional procedures and 4/189 (2.1%) who required additional surgery without ROH. 

 

Discussion 

Studies comparing TB and P&S for the treatment of displaced fractures of the olecranon 

have found similar functional outcomes between the two methods.13-15 In 2017, Duckworth et 

al. completed a prospective randomized controlled trial comparing P&S and TB fixation in a 

cohort of 67 patients with simple isolated, displaced olecranon fractures, finding no significant 

functional difference at 1-year follow up.16 Their study did find a higher infection rate following 

plate fixation, but a higher overall ROH rate following TB technique. A meta-analysis completed 

by Ren et al. in 2016 found no difference in patient reported outcomes or elbow ROM, however 

they noted a significant increase in complications among the TB cohort.9 

Symptomatic hardware is a common complication following olecranon fracture ORIF 

due to the subcutaneous nature of the olecranon process, with reported rates up to 50-75%.8 

The meta-analysis by Ren et al. found symptomatic hardware to be the most common 

complication, and Gordon et al. found prominent hardware to be the main perceived 

complication of plate fixation.9,17 

Previous studies have examined the relationship between plate prominence and 

subsequent complications in other injuries.18-21 Selles et al. found correlation between 
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hardware prominence of volar plates used for distal radius fracture fixation and subsequent 

plate removal based on the Soong classification.22,23 However, no prior studies have analyzed 

the prominence of the hardware in specific regions along the olecranon and how this relates to 

ROH and hardware complication. 

The relative rates of hardware removal between TB and P&S are controversial. Higher 

rates of revision surgery and ROH for TB 13-16 and for P&S 24,25 exist in the literature. In addition, 

other studies have found no significant differences between these two groups.9,16,26 While we 

found P&S hardware to be significantly more prominent than TB hardware, there were similar 

rates of subsequent hardware removal for P&S and TB, 29% for both, indicating plate 

prominence is not the only factor affecting the decision to proceed with ROH.  

While many studies compare outcomes of TB and P&S fixation, few studies have 

examined other non-hardware factors that affect removal of hardware among these patients. A 

2017 retrospective study found reoperation (mostly implant removal) following initial surgery 

for olecranon fracture to be less common in older patients, mirroring the findings in our 

study.27 The association of ROH and age has also been studied for other commonly surgically 

treated fractures. In 2015, Perdue and colleagues published a study reviewing over 1.6 million 

patients undergoing ORIF of the tibia or fibula and did not find a significant association between 

ROH and age.28 Naumann and colleagues analyzed 997 patient charts following internal fixation 

of ankle fractures and found implant removal rates due to hardware related complaints 

decreased with age (hazard ratio 0.79 for each 10-year increase in age, p<0.001) while implant 

removals due to infection increased with age (hazard ratio 1.42 for each 10-year increase in age 
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p=0.006).29 A 2012 study by Lovald and colleagues analyzed patients who underwent internal 

fixation of femoral fractures, and concluded that the mean age of patients undergoing 

hardware removal was 7 years younger than the mean age of the overall ORIF group 

(p<0.0001).30 A 2008 study by Sidky and colleagues analyzing 134 tibial fractures requiring 

intramedullary nail fixation did not find patient age or weight as predictors of implant 

removal.31 

Our findings demonstrated that patients over the age of 60 treated with TB or P&S 

fixation were significantly less likely to require ROH and/or develop symptomatic hardware. 

This may be due to younger patients having higher demands and/or being more willing to 

proceed with a second surgery than older patients, who may have more medical comorbidities. 

To our knowledge, there is no current literature describing the relationship between 

BMI and removal of hardware after olecranon fracture fixation. A 1994 retrospective study 

analyzing 317 charts of patients with elbow fractures found that patients requiring surgical 

treatment (having displaced fractures) had an increased body mass index compared to those 

who did not. Overweight body mass and clinical obesity were identified as predisposing factors 

for elbow and ankle fractures; BMI association with possible subsequent ROH was not explored. 

In our study, as BMI decreased, the likelihood of ROH and symptomatic hardware increased in 

P&S patients. This could be due to less subcutaneous tissue overlying their implanted hardware.  

There are several limitations to this study. First, removal of hardware may be affected 

by both surgeon and patient biases and these cannot be accounted for in a retrospective study. 

For this reason, we also analyzed symptomatic hardware that was not removed. Second, 
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specific reasons for plate removal may not be entirely explained in the medical record. Third, 

patients may have undergone hardware removal at outside institutions after our most recent 

follow-up data available. Fourth, patients may have experienced symptomatic hardware that 

was not documented. Fifth, radiographic measurement (of hardware prominence) can be 

affected by variations of the imaging technique. Sixth, a larger sample size might have 

demonstrated significant differences for other explanatory variables, including hardware 

prominence.  

In conclusion, while ROH and symptomatic hardware are recognized complications 

associated with olecranon ORIF, P&S and TB fixation demonstrate similar rates of each 

postoperatively. Although patients treated with P&S demonstrated significantly greater 

radiographic hardware prominence than the TB group, this was not associated with a difference 

in symptomatic hardware and ROH rates between the two groups. With both surgical 

techniques, the chance of a secondary, unplanned surgery remained high at 31.2%. Lower BMI 

and younger age were both associated with higher rates of symptomatic hardware and ROH 

and patients should be educated accordingly. 
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Table 1: Patient and radiographic characteristics of patients undergoing olecranon fracture fixation per 

surgery type (n=189) 

 

 

n/a = not applicable. 

*Body mass index is available for n=111 (89%) patients who underwent plate and screw fixation, and n=60 (92%) 

patients who underwent tension band fixation. 

†Complex fracture includes any olecranon fracture that is part of a terrible triad or monteggia fracture dislocation or 

with concomittant distal humerus fracture. 
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Table 2: Bivariate analysis of patient and radiographic characteristics associated with undergoing removal 

of hardware for symptoms after olecranon fracture fixation per surgery type (n=189) 

 

 

*Body mass index is available for n=111 (89%) patients who underwent plate and screw fixation, and n=60 (92%) 

patients who underwent tension band fixation. 

†Complex fracture includes any olecranon fracture that is part of a terrible triad or monteggia fracture dislocation or 

with concomittant distal humerus fracture. 
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Table 3: Bivariate analysis of patient and radiographic characteristics associated with symptomatic 

hardware or undergoing removal of hardware for symptoms after olecranon fracture fixation per surgery 

type (n=189) 

 

*Body mass index is available for n=111 (89%) patients who underwent plate and screw fixation, and n=60 (92%) 

patients who underwent tension band fixation. 

†Complex fracture includes any olecranon fracture that is part of a terrible triad or monteggia fracture dislocation or 

with concomittant distal humerus fracture. 
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Table 4: The association of age with removal of hardware or removal of hardware/presence of 

symptomatic hardware 

 

 

*Body mass index is available for n=111 (89%) patients who underwent plate and screw fixation, and n=60 (92%) 

patients who underwent tension band fixation. 

†Complex fracture includes any olecranon fracture that is part of a terrible triad or monteggia fracture dislocation or 

with concomittant distal humerus fracture. 
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Table 5: Classification of Revision Surgeries 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Type of Surgery 
Number, 

P&S Group 

Number, TB 

Group 

Revision Hardware 7 1 

Incision & Drainage 4 2 

Ulnar Nerve 

Decompression 
3 3 

Soft Tissue Release 2 3 

Capsulectomy 2 1 

Secondary Wound Closure 2 0 

Debridement 1 0 
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Figure 1. 

 

 

Figure 1. Example of olecranon locking plate measurement. 1) Region X (green) - the most proximal, 

vertical aspect of the olecranon-hardware interface; 2) Region Y (yellow) - along the curve of the 

olecranon-hardware interface; and 3) Region Z (red) - the most distal, horizontal aspect of the olecranon-

hardware interface. 
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Figure 2. 

 

Figure 2: Example of tension band measurement. 
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Figure 3. 

 

 

  

Figure 3. Difference in hardware prominence between P&S and TB. 
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