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Abstract

Objectives: To determine the accuracy and reliability of radaphic cortical bridging criteria
in predicting the final healing of supracondylamig fractures after treatment with locked
plating.

Design: Retrospective review

Setting: Two level 1 trauma centers

Patients/Participants. We retrospectively reviewed the records at twelldvtrauma centers
for patients who presented with supracondylar fefragtures (AO/OTA 33A, C) and were
treated with locking plate fixation between 1/1/2Ghd 1/1/2011. The final study population
included 82 fractures after excluding patients woplen physes (n=4), nondisplaced fractures
(n=4), early revision for technical failure (n=4y,inadequate follow-up (n=42).

Intervention: Distal femur locking plate fixation

Main Outcome M easur ements: Postoperative radiographs until final follow-up werssessed
for cortical bridging at each cortex on anteriostgoior (AP) and lateral views. Images were
analyzed independently by three orthopaedic traolwgists to allow for assessment of

reliability. Final determination of union requirédth radiographic and clinical confirmation.
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Healing of Supracondylar Femur Fractures

Results: Assessment for any cortical bridging was the estrli@ccurate predictor of final union
(95.1% accuracy at four months postoperativelygmtompared to criteria requiring bicortical
bridging (93.9% accuracy at 6 months) and tricaftiridging (78% accuracy at 21 months).
Any cortical bridging demonstrated a higher intes@iver reliability (kappa=0.73) relative to
bicortical (kappa=0.27) or tricortical bridging (4@a=0.5).

Conclusions: Our results for plate fixation of supracondylastdl femur fractures mirror those
previously described for intramedullary nailingtifiia shaft fractures. Any radiographic cortical
bridging by four months postoperatively is an aateiand reliable predictor of final healing
outcome following locking plate fixation of supramtylar femur fractures. Assessment for

bicortical or tricortical bridging is less relialbded inaccurate during the first postoperative year

Level of Evidence: Diagnostic Level lll. See Instructions for Authdos a complete description

of levels of evidence.

Key Words: femur; fracture; healing; union; nonunion

Introduction

Distal femur fractures account for approximately 684l femur fractured . These
injuries demonstrate a bimodal distribution witlugg patients presenting after high energy
trauma and elderly patients generally presentitey &w energy falls from standing heidtthe
incidence of these fractures is likely to increimsparallel with the aging population and as
medicine continues to make advances in acute traanea Locking plates are frequently used

for fixation of supracondylar femur fractures, pautarly in the setting of osteoporosis.
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Healing of Supracondylar Femur Fractures

However, this treatment has been increasingly @ssacwith reports of deficient callus,
nonunion (14%), implant failure (6-20%), and a ne@dsecondary procedures with bone
grafting (12%)**° Systematic reviews report a wide variation in meatelated complications (0
to 32%) and a 3.5 fold increase in nonunion wittkiog plates (5.3%) compared to
intramedullary nailing (1.5%).° Reported rates of healing complications are higlelyendent
upon follow-up, with 50% of implant failures repedtto occur more than 6 months
postoperatively.Outside of implant failure, there is no consengggrding the radiographic and
clinical criteria used to assess fracture healing.

Among radiographic criteria, studies have foundical bridging to be a relatively
reliable finding that predicts mechanical strerogfter than measures such as callus area and
quality?®?° Recent studies including those satisfying FDA dtads have required radiographic
bridging of three cortices to document a healectfi@?*2® However, the number of bridged
cortices required for “normal healing” at specjiastoperative intervals remains undefined.
Additionally, cortical bridging is particularly ditult to assess in the setting of plate fixatiag,
the construct may obscure one or more corticesasmard radiographic views.

The current literature employs varying definitiarfsadiographic union, complicating
direct comparison between studfag/ith limited objective data defining how cortidaidging
progresses over time, criteria used to predictrungéonain the subject of debate. Ideally, a
discriminating tool could accurately identify fracts bound for union versus nonunion based on

information available in the first few months aftejury.
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The purpose of this study was to determine theracguand reliability with which the
time to achieving radiographic milestones (anyicaltoridging, bicortical bridging, or
tricortical bridging) predicts the final healingtoame of supracondylar femur fractures treated

with locking plate fixation.

Patientsand M ethods

A retrospective review was performed of supracoadigmur fractures (AO/OTA 33A,
C) treated with locked plating at two level 1 traunenters between 1/1/2004 and 1/1/2811.
The final study population combined the two seaksonsecutive cases at both institutions and
included 82 fractures (14 periprosthetic) afterlesions for open physes (n=4), nondisplaced
fractures (n=4), fractures which underwent planreision (i.e. bone grafting procedure to
address segmental defect) within the first four themwf presentation (n=4), and inadequate
follow-up (n=42).

All study patients were treated with stainlesslqt@=50) or titanium constructs (n=32).
Definitive surgery was generally performed withimeao four days from time of injury, with all
patients undergoing definitive fixation within tweeeks from injury. There did exist some
variation in postoperative weightbearing protoa#pending on the treating physician, patient,
and injury characteristics. The majority of patseemtere made touchdown weightbearing
following surgery. Advancement of weightbearing wiapendent on factors such as
radiographic analysis of the injury, the constreitiployed, and preference of the treating
surgeon. However, all patients were allowed to lh@aweight on the operative extremity within

ten weeks of surgery.
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Adequate radiographic and clinical follow-up wasimed by meeting one of the
following criteria: (1) documentation by the tremjisurgeon that the fracture was healed based
on clinical evaluation (no pain at fracture sitéhmnassisted weightbearing) and radiographs
showing multiple cortices bridged with no visibtadture lines or (2) diagnosis of nonunion as
defined by lack of progressive healing, constradufe, and/or presence of pain/swelling. Clinic
notes were reviewed to ascertain when the treatingeon declared the fracture a union or
nonunion and ensured correlation with documentatitailing each patient’s subjective report
of pain and function, clinician’s physical examioat and clinician’s interpretation of serial
radiographs. If patients did not have a follow ugitvaccompanied by biplanar radiographs
centered on the distal femur every four to eightkee(depending on surgeon preference and
clinic availability), they were excluded from thiidy. Patients were also excluded if they lacked
full radiographic healing and failed to return folow-up. Typical follow-up intervals were at 2
weeks, 6 to 8 weeks, 3 to 4 months, 6 months, Simspand 1 year.

Aside from patients excluded from the study who $@gimental defects treated with
staged bone grafting, no patients underwent edrhgreced imaging or surgical treatment for
nonunion.This was confirmed through the review of operatieges, clinical notes, and serial
radiographs for all patients treated for distal dermactures in the study period at the two
institutions. Surgeons were additionally querieagoertain their approach, and this was the
preferred approach of all surgeons involved dutireggstudy period.

Plain radiographs were assessed for callus formatia cortical bridging by examining
each cortex on both AP and lateral views of altposrative radiographs through final follow-
up. Cortical bridging was defined by callus formatcontinuously spanning between the

proximal and distal segments. This did not reqoao®plete resolution of fracture lucency,
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136 however, this was required for later declaratiommbn. Assessments of plain radiographs were
137 made independently by three orthopaedic traumaibbgnd these assessments were analyzed
138 for interobserver reliability. These assessmenteweade for the overall presence of bridging
139 callus and the number of cortices bridged. Obsemnere not assessed on whether they agreed
140 on which specific cortices were bridged (antenomsterior, medial, or lateral). All patients’

141 records were analyzed in their entirety to deteenmiimate healing complications occurred in

142 patients previously declared healed.

143 Each fracture case was assessed for union versusiion; length of time to form any
144  postoperative callus; and length of time to achieaing degrees of cortical bridging.

145 Furthermore, patient age, mechanism of injury,ipj@y smoking status, diagnosis of diabetes,
146 and identification of open versus closed fractuezeralso documented.

147 All statistical analyses were performed using SR88Vindows, Version 13.0 (SPSS
148 Inc., Chicago, IL). Receiver operator charactari@®OC) curve and chi square analyses were
149 used to determine the predictive accuracy of edtdrion throughout the postoperative period.
150 Univariable and multivariable cox proportional hatsamodels were performed to examine the
151 impact of patient demographic and injury charast&s on time to cortical bridging. A p-value
152 of <0.05 was considered statistically significakdsuming an alpha value of 0.05, a power

153 analysis required 40 fractures to achieve 85% power

154 This study was approved by an institutional revieyard at both trauma centers.
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Results

82 supracondylar femur fractures that met inclusiateria were followed clinically to a
final healing outcome (i.e. either clinically aratifographically healed during follow-up or
diagnosed as a nonunion). Of the 82 cases, 49ferae (59.8%) and 33 were male (40.2%).
All were skeletally mature. The average age ofstively population was 57.8 +/- 20.3 years. The
majority sustained a high energy injury (58.5%).ehty-four patients (29.3%) presented with an
open fracture. A minority of patients were docuneenibbacco users (25.6%). Fourteen patients
(17.1%) had past medical history notable for diabetellitus.

Median time required to reach a final healing ooteavas 9.5 months (range 2 to 49
months). Ten of 82 patients (12%) were diagnoséd menunion at a median time of 8 months
(range 5 to 22 months) postoperatively. The curnudgiercentage of fractures deemed healed
without intervention was 6 (7%) at four months,(26%) at six months, 32 (39%) at nine
months, 45 (55%) at 12 months, 49 (60%) at 14 nmrathd 73 (89%) at final follow up. Of 10
nonunions, five were diagnosed secondary to coctsimilure and five were diagnosed by
clinical evaluation and failure of progressive mgtaphic healing. No patient who was declared
united by the treating surgeon was later foundasehimplant failure or require an intervention
due to healing-related complications.

A high energy mechanism of injury was a significardgnostic indicator for nonunion,
as nonunion occurred in 9 of 48 (19%) fracturelfaihg a high energy mechanism compared
to 1 of 34 (3%) following a lower energy mechanigm= 0.038). There was no significant
difference in age between patients achieving ufegdian age 58) versus nonunion (median
age 53) (p=0.69). Other patient characteristich &$ pre-injury smoking status, diagnosis of

diabetes, or injury characteristic of open verdased fracture were also not significant
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182 prognostic indicators for nonunion. The nonuniae raas 17% for open (4 of 24) and 10% for
183 closed (6 of 58) fractures (p = 0.484). Nonunioowred in 4 of 21 (19%) smokers versus 6 of
184 61 (10%) nonsmokers (p = 0.270) and 2 of 14 (14ietic versus 8 of 68 (12%) nondiabetic
185 patients (p = 0.678). The relationship of healingcome to patient demographics and injury
186 characteristics is summarized in Table 1.

187

188 Predictive Accuracy of Cortical Bridging

189 ROC analysis demonstrated that the predictive acgusf radiographic criteria varied
190 significantly. Assessing for any cortical bridgiwgs most accurate in discriminating between
191 eventual union and nonunion. Additionally, thigemnion was accurate earlier than the more
192  stringent criteria of bicortical or tricortical ldiging given the prolonged time required to confirm
193 bridging of multiple cortices (Figure 1).

194

195 Any Cortical Bridging

196 ROC analysis demonstrated that time to any corigdbing was an excellent predictor
197 of final healing with an area under the ROC curv8.82 (p < 0.01). It was also an earlier

198 predictive marker compared to other criteria (F&gR). The optimum postoperative time to
199 evaluate radiographs based on this criterion wae#dths (accurate in 78 of 82, 95.1%).

200 Bridging of any cortex within four months was noted’4 fractures (n=6 unicortical, n=51

201 bicortical, n=13 tricortical, and n=4 quadricortitaidging). The postoperative radiographs of
202 one such fracture are presented in Supplement#&Dgpntent 1

203  http://links.lww.com/BOT/A998, with unicortical ltging at 3 months, bicortical bridging at 8

204 months, and tricortical bridging at 13 months. Ehoé these 74 radiographically bridged



205

206

207

208

209

210

211

212

213

214

215

216

217

218

219

220

221

222

223

224

225

226

227
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fractures were later diagnosed with nonunion baseinplant failure and clinical symptoms
(positive predictive value for union: 95.9%). Oéthight fractures lacking cortical bridging at
four months, seven went on to nonunion (negatiediptive value: 87.5%). Among fractures
that united, the time to achieve any degree ofaarbridging was unaffected by patient factors

and injury characteristics (Table 2).

Bridging of Additional Cortices

Criteria requiring bicortical or tricortical bridgy were less predictive of the healing
outcome with areas under the ROC curve of 0.85@®4%) and 0.76 (p < 0.01), respectively
(Figure 3). Additionally, given the time requiremlidridge multiple cortices and the difficulty of
visualizing all cortices with plate fixation in [@e, fewer fractures met these criteria early
(Figure 1). The optimum postoperative times to e&td radiographs based on these criteria were
6 months for bicortical bridging (accurate in 778@; 93.9%) and 21 months for tricortical

bridging (64 of 82, 78%).

Timing of Radiographic Assessment: Effect on Predictive Accuracy

The predictive accuracy of cortical bridging waghty dependent on the time of
radiographic assessment and number of corticesreelFigure 2). Assessment for any cortical
bridging at four months was accurate in predicthmghealing outcome in 78 of 82 fractures
(95.1%). Assessing for bridging of additional coes was less predictive and required further
postoperative delay to achieve this accuracy. Bralrbridging required 6 months and
tricortical bridging required 21 months postopesatiy to achieve maximal predictive accuracy.

Notably, three nonunions (3.6%) were miscategoraedppropriately healing fractures by both

10
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228 unicortical and bicortical bridging. These weregtiased as nonunions more than 12 months
229 postoperatively based on signs, symptoms, andojpérative findings despite apparent

230 radiographic bridging of multiple cortices.

231

232 Interobserver Reliability Varies by Radiographic Criteria Sudied

233 Interobserver reliability was assessed among thtb@paedic traumatologists for

234  bridging of any cortex (kappa 0.73, 83% agreemeatpast bicortical bridging (kappa 0.27,
235 45% agreement), and for at least tricortical bndgikappa 0.5, 63% agreement). Assessing the
236 interobserver reliability for the exact number afdged cortices (0, 1, 2, 3, or 4) demonstrated a
237 kappa coefficient of 0.24 correlating with 15% agrent. One or more cortices were obscured
238 atthe fracture site for the vast majority of ragtepphs. Of 191 radiographic evaluations, all four
239 cortices were visible on only 23 (12%). A singlete® was obscured for 73 (38.2%), two

240 cortices were obscured for 92 (48.2%) and all cestiwere obscured for three (1.6%). Any

241 cortex hidden from assessment on postoperativegeaphs was assumed not to be bridged.
242

243 Discussion

244 In this series of 82 patients treated with latptating of supracondylar femur fractures,
245 the treating traumatologist declared union with&uwlisequent intervention in 6 patients (7%) at
246  four months, 16 (20%) at six months, 32 (39%) aemonths, 45 (55%) at 12 months, and 72
247 (88%) at final follow up. Forty of the 72 unionssg) required more than nine months of

248 evaluation to be declared united. However, alldné of these slowly healing fractures had
249 achieved radiographically identified unicorticaidging by four months. The single fracture

250 without visible bridging at four months that evealty healed without intervention had
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obscuration of multiple cortices by the fixation esrly radiographs and bridging was not
identified until 6 months postoperatively.

The overall nonunion rate was 12% (10 of 82 fraatyrwhich falls within the range
previously reported literaturé:™ ** > 1"1rhe median time to diagnosis of nonunion was eight
months and followed implant failure in five of teases. These results are consistent with
previous literature reporting that 50% of distahteral nonunions are diagnosed late and that the
reported nonunion rate is strongly associated dittation of follow-up®

In our analysis, seven of ten nonunions failedridde a single cortex postoperatively.
The three nonunions that demonstrated radiogragaitccal bridging had all shown multiple
cortices to be radiographically bridged. These hypghic nonunions were all diagnosed based
on clinical signs and symptoms. All three of thagioses were confirmed intraoperatively.
Fibrous nonunion of distal femur fractures is madrly difficult to diagnosis on plain
radiography, as plate fixation may obscure fibreasunion sites within incompletely bridged
fractures.

We report that assessing for any cortical bridgiagearly as four months postoperatively
accurately predicted union versus nonunion for @bat supracondylar femur fractures in this
series. Any cortical bridging was generally indicatof an adequate early healing response and
predicted union in 71 out of 74 cases, while lackralging callus at four months was associated
with nonunion in seven of eight cases. The higldigtere accuracy of this assessment is
explained by the consistent timing of cortical gty for fractures achieving union (Table 2).
The area under the ROC curve for this criterio@ZPis similar to that reported for other

clinically useful criteria in orthopaedic surgeaynd this is consistent with it being an excellent

12
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predictor of the final healing outcome (an areaaurile curve of 1.0 would be a perfect
prediction)?* 227

The accuracy of radiographic assessment in predi@tacture healing has been reported
to be as low as 5098.In this study, some degree of cortical bridgingurced in the first four
postoperative months for all but one fracture adghgunion, thus potentially allowing accurate
predictions to be made for nearly all fracturespto implant failures. Bicortical and tricortical
bridging were less accurate in predicting the Ingatiutcome. Therefore, Simply requiring more
cortices to be bridged does not improve predicii®euracy. This is consistent with recently
published findings regarding radiographic assesswiecortical bridging in tibial shaft
fractures® That study demonstrated that for tibia fractureated with intramedullary nailing,
cortical bridging at four months predicted the heabutcome of 99% of the fractures. In the
current study, fractures treated with plate fixatewe assessed in a similar manner. Plate fixation
obscures cortices on radiographs, and in our se#rigsvas associated with a slightly lower
predictive accuracy and reliability than previoudgmonstrated for nailed tibial shaft fractures.
However, the relative findings remain the same.

Bridging callus is a relatively reliable radiograpfinding that is predictive of the
mechanical strength of healing bof{é? Despite the use of bicortical and tricortical loiithy as
radiographic criteria to confirm a fracture is teghlthere is little evidence regarding the degree
of cortical bridging which constitutes “normal hieal’ over time®*>! We found that any cortical
bridging was the most reliable radiographic craarstudied (kappa 0.73), comparing favorably
with previously studied radiographic assessmenissangeons’ impressions of healifig?’ In
contrast, the criteria of bicortical (kappa 0.2}l dricortical (kappa 0.5) bridging were relatively

unreliable. The basis for the low reliability obe more stringent criteria is likely multifactdria
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Requiring agreement on the specific number of cestbridged is inherently less reliable than
asking for agreement on whether any cortical briggixists. Additionally, lateral plate fixation
obscures cortical detail (multiple cortices obsdura approximately 50% of radiographs).

Independent of their poor reliability, the morearggent criteria were also relatively
inaccurate in predicting union based on early @d@iphs given the long time many distal femur
fractures required to bridge multiple cortices. Hoeuracy of these assessments improved over
time, but they remained inaccurate until after maogunions were already diagnosed by
implant failure or through clinical evaluation. Tjunore stringent criteria are of poor clinical
utility in predicting the healing outcome for thiiacture type and construct.

Employing the criterion of any cortical bridgingfatir months for clinical decision-
making in our case series would have resulteddretirlier treatment of seven (70%) of the
nonunions (prior to any implant failures) and woh&ze avoided unnecessary intervention for
five fractures that healed with further observatdone, but had limited cortical bridging
(unicortical bridging only) at four months. Thisterion was predictive regardless of the
presence of other risk factors for nonunion inahgdsmoking and diabetes. Additionally, the
nonunions that were missed by this criterion wése missed by the more stringent criteria
studied, as these two fractures bridged multiphktices radiographically and their ultimate
diagnosis required a combination of clinical exaation and three-dimensional imaging.

If instead patients had been strictly indicatedsiecondary interventions based on lack of
bicortical or tricortical bridging, significant oxteeatment likely would have occurred. For
example, indicating patients for bone graftingiathsonths postoperatively due to a lack of
tricortical bridging would have resulted in tre@iseven true nonunions and fourteen other

fractures that healed with observation alone. Usiigmonth time point and bicortical bridging

14
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criterion would have resulted in surgery for setrei@ nonunions and two fractures that healed
with observation alone.

Limitations of this study include its retrospectaesign. It is possible that fractures
appearing both clinically and radiographically leebat final follow-up may have presented to
another institution with late construct failuresdliater date. Late construct failure has been a
concern with distal femur fractures in previousigts. We attempted to mitigate this potential
issue by being quite strict in our definition ofiaim, however, future investigation should include
external, prospective validation of these findingihough our results show only mechanism of
injury to be a significant prognostic indicator fownunion, the direct cause(s) of the nonunions
are beyond the scope and power of this study, lengtudy was not specifically powered for that
assessment. A strength of this study was thatsted designed with the assumption that a
specific criterion was correct. Instead, it wasrappately powered to employ an analytic
method (ROC curve analysis) to determine the ratgiredictive accuracy of each criterion and
to ascertain the time points at which each was moirate.

Assessing radiographic cortical bridging four mandlfter lateral plating of
supracondylar femur fractures provides particuladgful data to the treating surgeon. However,
plate fixation partially obscures the corticeshat fracture site and further research is warranted
to improve the assessment of healing in the settidate fixation. Additional oblique views or
three-dimensional imaging may be useful in casew/fach standard radiographic views are
indeterminate. Given that any radiographic bridgithin four months has been shown to be
highly predictive of final healing for tibial shdftactures and supracondylar femur fractures,

further research into the utility of this assessiemwarranted.
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Conclusions:

Radiographic criteria are predictive of the finabling outcome of supracondylar femur
fractures treated with locking plate fixation. Tredictive accuracy varies by the criteria studied
and the time of assessment. Assessing for anyabhbiridging is more accurate and accurate
earlier after surgery (95.1% accuracy at four msmibstoperatively), then more stringent
criteria requiring bicortical or tricortical bridgg. Any cortical bridging also demonstrated the
best interobserver reliability (kappa 0.73) relatie bicortical (kappa 0.27) or tricortical

bridging (kappa 0.5).
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FigureLegends:

Figure 1. Time (months) to achieve various degrees of carbddging for fractures that

achieved union.

Figure 2. Predictive accuracy of cortical bridging criteaiad final healing outcome. The

criterion of any cortical bridging achieved 95.1%e@aracy at only four months postoperatively.

Figure 3. ROC curves demonstrating that accuracy in priedj¢he final healing outcome

varied by the criterion studied and the time okasment. Any cortical bridging was the most

predictive criterion with an area under the cu&&C) of 0.92.
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Table 1. Summary of patient demographics and injury characteristics of those achieving union
versus nonunion in fracture healing.

Patient/Injury Union Non-Union

Characteristics N=72 N =10 p-value
Age (median) 58 years 53 years 0.69
Energy 0.04
High 39 (81%) 9 (19%)
Low 33 (97%) 1 (3%)

Smoker 0.27
Yes 17 (81%) 4 (19%)
No 55 (90%) 6 (10%)

Diabetes 0.68
Yes 12 (86%) 2 (14%)
No 60 (88%) 8 (12%)

Fracture 0.48
Closed Fracture 52 (90%) 6 (11%)
Open Fracture 20 (83%) 4 (16%)




Table 2. Summary of timeto cortical bridging (in months) for fractures achieving union based
on patient and injury characteristics. Some degree of cortical bridging was radiographically
visible within four months for 71 of 72 fractures achieving union. Patient and injury

characteristics did not affect time required to achieve cortical bridging.

M edian monthsto any
Valid N bridging p-value
(range)
Overall 72 1.75 (0.50-5.75) -
Energy 72 0.27
Low 33 1.75 (0.50-5.75)
High 39 1.75 (0.75-3.50)
Smoker 72 0.64
No 55 1.75 (0.50-5.75)
Yes 17 2.00 (1.00-3.00)
Diabetes 72 0.06
No 60 1.75 (0.75-5.75)
Yes 12 1.70 (0.50-2.00)
Fracture 72 0.66
Closed 52 1.75 (0.50-5.75)
Open 20 2.00 (0.75-3.50)




Healed Fractures: Time to Cortical Bridging
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Predictive Accuracy Varies by Time of Assessment
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Bridging Criteria Vary in Predictive Capacity
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