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Chapter VIII

Plate and Screw Fixation of Bicolumnar 
Distal Humerus Fractures: Factors 
associated with Loosening or Breakage of 
Implants or Nonunion – Outcome of 129 
patients
  

Femke M.A.P. Claessen, Yvonne Braun, Rinne M. Peters, Gregory P. Kolovich, 
David Ring

Adapted from J Hand Surg Am. 2015 Oct;40(10):2045-2051.e2. 
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ABSTRACT

Purposes: To identify factors associated with early loosening or breakage of 

implants or nonunion after operative treatment of an AO type C distal humerus 

fracture.

Methods: We retrospectively analyzed 129 adult patients who had operative 

treatment of an isolated Arbeitsgemeinschaft für Osteosynthesefragen type C 

distal humerus fracture to determine factors associated with early loosening or 

breakage of implants or nonunion.

Results: Sixteen of 129 (12%) fractures had loosening or breakage of implants 

(n=8) or nonunion (n=8). In bivariate analysis the Charlson comorbidity index, 

smoking, obesity, diabetes mellitus, and radiographic osteoarthritis were 

significantly associated with early loosening or breakage of implants or nonunion.

Conclusions: With the numbers available, patient factors rather than technical 

factors were associated with loosening or breakage of implants and nonunion. 

Due to the relative infrequency of fixation problems and nonunion, a much larger 

study is needed to address technical deficiencies.
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INTRODUCTION

Distal humerus fractures are relatively uncommon in adults (about 6 in 100,000 

persons per year) and usually benefit from operative treatment [1, 2]. Treatment is 

challenging due to anatomic complexity, fragmentation, and a multitude of nearby 

nerves. 

 Operative treatment of intra-articular bicolumnar 

(Arbeitsgemeinschaft für Osteosynthesefragen (AO) type C) distal humerus 

fractures is associated with loosening or breakage of implants or nonunion in 

2% to 21% of patients [3-8]. In a few small studies, factors associated with early 

loosening or breakage of implants included technically inadequate fixation, severe 

comminution [7, 9], and open fracture [10].

We used a database of patients treated at five hospitals to study the 

primary null hypothesis that there were no factors associated with early loosening 

or breakage of implants within six months after surgery and nonunion for AO type 

C distal humerus fractures.
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MATERIALS AND METHODS

Study design and participants

In this institutional review board approved retrospective study we used a multi-

institutional database to identify 636 patients that underwent open reduction 

and internal fixation of a distal humerus fracture (using CPT codes) (Appendix I) 

between January 2002 and May 2014 at five area hospitals: 400 at Hospital 1, 189 

at Hospital 2, 34 at Hospital 3, 12 at Hospital 4, and one at Hospital 5. The first two 

hospitals are level 1 trauma centers, the 3rd is a community hospital tied to a level 

1 trauma center, and the latter two hospitals are community hospitals.

For patients that had more than one distal humerus fracture surgery, we 

considered the first distal humerus fracture surgery as the index procedure. We 

excluded patients younger than 18 years of age (n= 63). We also excluded 401 

patients after reviewing the radiographs, because of extra articular or diaphyseal 

fracture; single column fracture; associated fracture of the olecranon, radial head, 

or coronoid; pathological fracture; or prior surgery at another institution. Among 

the 172 qualifying patients, 43 (25%) were followed for fewer than four months, 

leaving a total of 129 adult patients with intra-articular bicolumnar (AO type C) 

fractures for review.

Statistical analysis

Our primary outcome variable was loosening or breakage of fixation within six 

months of surgery or nonunion [11-14]. We studied the following explanatory 

variables: age at time of operative treatment, sex, open fracture [10], other 

fracture of the same limb, other fractures elsewhere, head injury, abdominal or 

thoracic injuries, surgeon, hospital, surgeon experience in years since graduation 

from residency (all were identified by text search and chart review). 

We also studied explanatory variables based on ICD-9 codes in the multi-

institutional database: obesity, smoking status, alcohol dependence, diabetes 

mellitus, osteoarthritis, rheumatoid arthritis, and the modified Charlson 

Comorbidity Index (CCI) (Appendix II). 
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The CCI is a score ranging from 0 to 24 based on 12 weighted comorbidities 

[15]. A higher score indicates a more severe comorbidity status. Head injuries 

were only analyzed if they occurred within one month of the distal humerus 

fracture. Finally, we studied the following explanatory variables based on review 

of radiographs: the AO group (C1, C2, and C3), comminution of the lateral and/ or 

medial column, level of each column fracture (top or base of the olecranon fossa), 

the location of the plates, the number of plates, use of precontoured plates (yes/

no), use of locking plates (yes/no), the number of screws outside the plate, and 

fracture side.

The bivariate analysis was performed using a Fisher exact test for 

dichotomous and categorical variables and an unpaired T-test for continuous 

variables. There were too few early loosening or breakage of implants within six 

months after surgery and nonunion for AO type C distal humerus fractures events 

for a multivariable analysis (high risk of overfitting of the model).
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RESULTS

Eight patients had loosening or breakage of implants within six months of surgery, 

and eight had nonunion (12%). In bivariate analysis, factors associated with 

early loosening or breakage of implants within six months of surgery or nonunion 

included: higher CCI (p= 0.047), obesity (p= 0.040), diabetes mellitus (p= 0.039), 

osteoarthritis (p= 0.040), and smoking (p= 0.002), but not the surgeon, years of 

experience of the surgeon, or specific technical factors (Table I). 
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Yes (n= 16 (8 loosening or 
breakage of implants, 8 
nonunion), 12 %) 

No (n= 113, 88%) n=129 

Parameter Mean (SD) Mean (SD) p value  
Age, y 53 (17) 53 (20) 1.0 
Charlson index 2 (3.0) 0.88 (1.9) 0.047 
Duration of surgery, h 2.6 (0.97) 2.5 (1.2) 0.86 
        
  Number (%) Number (%) p value  
Sex     0.79 
  Men 8 (50) 49 (43)   
  Women 8 (50) 64 (57)   
Smoking *     0.0020 
  Yes 9 (56) 20 (18)   
  No 7 (44) 93 (82)   
Alcohol dependence *     0.56 
  Yes 1 (4) 5 (4)   
  No 15 (94) 108 (96)   
Head Injury     1.0 
  Yes 0 (0) 3 (3)   
  No 16 (100) 110 (97)   
Open fracture     0.17 
  Yes 3 (19) 9 (8)   
  No 13 (81) 104 (92)   
Diagnosed obesity     0.040 
  Yes 2 (13) 1 (1)   
  No 14 (88) 112 (99)   
Diabetes mellitus     0.039 
  Yes 6 (38) 17 (15)   
  No 10 (63) 96 (85)   
Osteoarthritis     0.040 
  Yes 2 (13) 1 (1)   
  No 14 (88) 112 (99)   
Rheumatoid Arthritis     0.075 
  Yes 2 (13) 2 (2)   
  No 14 (88) 111 (98)   
Other fracture 
elsewhere     1.0 

  Yes 1 (6) 8 (7)   
  No 15 (94) 105 (93)   
Other fracture same 
limb     0.69 

  Yes 1 (6) 14 (12)   
  No 15 (94) 99 (88)   
Abdominal surgery     1.0 
  Yes 0 (0) 1 (1)   
  No 16 (100) 112 (99)   
Experience surgeon     0.15 
  ≤5 years 6 (38) 40 (35)   
  > 5 years 8 (50) 70 (62)   
  Unknown 2 (13) 3 (3)   

 

Table I. bivariate analysis: factors associated with loosening or breakage of implants and 
nonunion
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Yes (n= 16 (8 loosening or 
breakage of implants, 8 
nonunion), 12 %) 

No (n= 113, 88%) n=129 

Surgeon     0.49 
  Surgeon 1 3 (19) 20 (18)   
  Surgeon 2 1 (6) 5 (4)   
  Surgeon 3 0 (0) 5 (4)   
  Surgeon 4 1 (6) 4 (4)   
  Surgeon 5 1 (6) 1 (1)   
  Surgeon 6 0 (0) 2 (2)   
  Surgeon 7 0 (0) 1 (1)   
  Surgeon 8 0 (0) 1 (1)   
  Surgeon 9 0 (0) 2 (2)   
  Surgeon 10 0 (0) 1 (1)   
  Surgeon 11 1 (6) 2 (2)   
  Surgeon 12 1 (6) 0 (0)   
  Surgeon 13 0 (0) 1 (1)   
  Surgeon 14 2 (13) 10 (9)   
  Surgeon 15 0 (0) 1 (1)   
  Surgeon 16 1 (6) 1 (1)   
  Surgeon 17 0 (0) 2 (2)   
  Surgeon 18 0 (0) 1 (1)   
  Surgeon 19 1 (6) 24 (21)   
  Surgeon 20 4 (25) 26 (23)   
  Surgeon 21 0 (0) 1 (1)   
  Surgeon 22 0 (0) 1 (1)   
  Surgeon 23 0 (0) 1 (1)   
Hospital     1.0 
  Hospital 1 14 (88) 98 (87)   
  Hospital 2 2 (13) 13 (12)   
  Hospital 3 0 (0) 1 (1)   
  Hospital 4 0 (0) 1 (1)   
Fracture type AO 
classification     0.77 

  C1 2 (13) 10 (9)   
  C2 5 (33) 31 (29)   
  C3 8 (53) 66 (62)   
Comminution Lateral 
Column     0.33 

  Yes 10 (67) 85 (79)   
  No 5 (33) 23 (21)   
Comminution Medial 
Column     0.37 

  Yes 9 (60) 78 (72)   
  No 6 (40) 30 (28)   
Origin location fracture 
Lateral Column     0.77 

  Base olecranon fossa 4 (29) 38 (36)   
  Top olecranon fossa 10 (71) 67 (64)   
Origin location fracture 
Medial Column     0.58 

  Base olecranon fossa 5 (36) 48 (45)   
  Top olecranon fossa 9 (64) 58 (55)   
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Yes (n= 16 (8 loosening or 
breakage of implants, 8 
nonunion), 12 %) 

No (n= 113, 88%) n=129 

Number of plates     0.18 
  Two 12 (86) 103 (95)   
  Three 2 (14) 5 (5)   
Side     0.80 
  Left 9 (56) 59 (52)   
  Right 7 (44) 54 (48)   
Location of plates     1.0 
  Parallel 3 (21) 24 (23)   
  Perpendicular 11 (79) 79 (74)   
  Both 0 (0) 3 (3)   
Precontoured plates     0.19 
  Yes 9 (64) 89 (82)   
  No 2 (14) 8 (7)   
  Mixed 3 (21) 12 (11)   
Locked plates     0.40 
  Yes 10 (71) 91 (83)   
  No 2 (14) 7 (6)   
  Mixed 2 (14) 12 (11)   
Number of screws out 
of the plate     0.86 

  None 6 (46) 39 (39)   
  One 6 (46) 40 (40)   
  Two 1 (8) 18 (18)   
  Three 0 (0) 3 (3)   
SD = standard deviation *recorded in the medical records  

 
  

 



145

Chapter VIII 

DISCUSSION

Small case series of specific techniques of fixation may underestimate the 
incidence of loosening or breakage of implants or nonunion. The increasing 
availability of databases makes it possible to study larger numbers of patients. 
Isolated intra-articular bicolumnar fractures of the distal humerus are relatively 
uncommon and are usually treated at level 1 trauma centers. Approximately one 
in eight patients had loosening or breakage of implants or nonunion. Infirmity, 
smoking, and obesity were associated with early loosening or breakage of 
implants or nonunion, but the number of early loosening or breakage of implants 
or nonunion events was too small to address technical factors.
 This study has several limitations. First, we used ICD-9 and CPT codes 
to identify the initial diagnoses and procedures rather than review of the medical 
records. There is likely a small amount of miscoding as is typical of studies 
based on databases. Second, the incidence of loosening or breakage of 
implants and nonunion is low making it difficult to study the influence of surgeon 
and surgeon experience, therefore it was impossible to account for interaction 
between variables in multivariable statistical analysis. Larger datasets should 
be used to study early loosening or breakage of implants and nonunion after 
operative fixation of an AO type C fracture of the distal humerus, with the caveat 
that radiographic confirmation seems important and data sets need to include 
evaluations up to at least one year after surgery – something not available in most, 
large data sets. Third, this study did not capture functional outcomes. Fourth, due 
to the relatively low number of adverse events in this study, we may not have had 
adequate power to detect important surgeon specific differences and differences 
according to surgeon experience. Lastly, the study design is retrospective and 
therefore more susceptible to data loss, bias, and confounding than a prospective 
study.
 Our incidence of loosening or breakage of implants and nonunion after 
operative treatment of AO type C distal humerus fractures (12%) is consistent with 
prior studies (mean 11% range 2 – 21%) [3-8].
 Obesity may compromise exposure and place additional stress on internal 
fixation. Obese patients might also be less agile and struggle more with transfers 
when their limb is injured. Prior research identified obesity as a risk factor for 
loosening or breakage of implants after humeral head replacement, [16] distal 
femur fracture, [17] and syndesmosis injuries [18].
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Smoking is known to delay healing [19, 20]. Hernigou et al. [21] found a significant 
association between smoking and diaphyseal nonunion. Smoking is an unhealthy 
behavior that may be associated with other unhealthy behaviors including poor 
adherence to recommended restrictions. For example, a significant worse patient 
adherence with postoperative restrictions after rotator cuff repair was documented 
in smokers [22].
 The association of loosening or breakage of implants and nonunion with 
arthritis is unclear and may be spurious as only four patients had arthritis. On 
the other hand, it is possible that joint stiffness places greater stress on internal 
fixation.
 Greater comorbidities may place patients at risk for slower healing 
and less agility leading to greater stress on the implants with transfers. This is 
consistent with the findings of Woods et al. [23]. They investigated 187 patients 
who underwent an olecranon osteotomy for the treatment of an intra-articular 
fracture of the distal humerus. A higher CCI was associated with nonunion of the 
osteotomy.
 The number of adverse outcomes was too small for statistical analysis, but 
we did note technical deficiencies in many of the patients that had early loosening 
or breakage of implants or nonunion (Figure I). For instance, in most patients that 
had loosening of fixation at least one of the plates was too short, too distal, or too 
proximal. Technical issues also included unicortical screws and screws outside 
the plates. There may be technical deficiencies that were not captured by our 
explanatory variables. For instance, although the total number of screws that did 
not pass through the plate was not associated with early loosening or breakage of 
implants or nonunion, the majority had either too few or too short screws placed 
through the plate into the distal fragments. Our sense is that inadequate fixation 
of the distal fragment may be more strongly associated with early loosening or 
breakage of implants and nonunion than the plate type or orientation, which is 
consistent with the findings of others [7, 9].

Given the low prevalence of AO type C distal humerus fractures combined 
with the low incidence of early loosening or breakage of implants or nonunion 
over more than 10 years in a large urban health system it is insufficient to study 
technical deficiencies. Nevertheless, this experiment demonstrates the power of a 
large database to address important questions. The next step would be an even 
larger database with more early loosening or breakage of implants or nonunion 
events.
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Figure I
A: A 78-year-old obese woman with osteoarthritis fractured her right distal humerus 
(AO Type C). This anteroposterior radiograph shows fixation that loosened after 
three months necessitating reoperation.
B: A 63-year-old man, a smoker, fell from a standing height and fractured his 
right elbow (type C distal humerus fracture) that was treated operatively. This 
anteroposterior radiograph demonstrates fixation with precontoured plates. Only a 
few screws are used distally and many of them are quite short. The fracture did not 
heal, and a second operation was performed seven months later.
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CPT code Description of Code used by Orthopedic Surgeons     
24545 Open treatment of humeral supracondylar or transcondylar fx, with or 

without internal or external fixation; without intercondylar extension 
  

24546 Open treatment of humeral supracondylar or transcondylar fx, with or 
without internal or external fixation; with intercondylar extension 

  

24579 Open treatment of humeral condylar fracture, medial or lateral, with or 
without internal or external fixation 

  

24586 Open treatment of periarticular fracture and/ or dislocation of the elbow 
(fracture distal humerus and proximal ulna and or proximal radius 
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Appendix I. CPT Codes for distal humeral fractures to define the cohort  
 

Appendix II. CPT and ICD-9 codes for risk factors

CPT code Description of Code used by Orthopedic Surgeons     
24545 Open treatment of humeral supracondylar or transcondylar fx, with or 

without internal or external fixation; without intercondylar extension 
  

24546 Open treatment of humeral supracondylar or transcondylar fx, with or 
without internal or external fixation; with intercondylar extension 

  

24579 Open treatment of humeral condylar fracture, medial or lateral, with or 
without internal or external fixation 

  

24586 Open treatment of periarticular fracture and/ or dislocation of the elbow 
(fracture distal humerus and proximal ulna and or proximal radius 

  

 

ICD code   Description disease     
278.00, 278.01, 278.02, 278.03 Obesity       
250, 250.02, 250.03, 250.04, Diabetes mellitus     
250.05, 250.06, 250.07, 
250.08, 

        

250.09           
733   Osteoporosis       
715.92   Osteoarthritis       
714   Rheumatoid Arthritis     
812.1   Open elbow fracture     
305.1   Smoking       
305.0, 305.01, 305.02, 305.03 Alcohol abuse       
            
CPT code           
24361   Arthroplasty, elbow; with distal humeral prosthetic 
    replacement       
24362   Arthroplasty, elbow; with implant and fascia lata 
    ligament reconstruction     
24363   Arthroplasty, elbow; with distal humerus and proximal  
    ulnar prosthetic replacement (e.g. total elbow)   
24365   Arthroplasty, radial head     
24366   Arthroplasty, radial head; with implant   
24685   Open treatment of ulnar fracture, proximal end (e.g., 
    olecranon or coronoid process[es]), includes internal 
    fixation, when performed     
64718   Neuroplasty and/or transposition ulnar nerve at elbow 
	


