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Abstract

Objectives:

To compare physical impairments and patient redastécomes in patients following simple and

complex elbow injuries who were treated with a aatiead arthroplasty.

Design: Patients with isolated elbow trauma angmar injury to the elbow were prospectively
enrolled following radial head arthroplasty foracute unreconstructable fracture. Injury patterasaw
classified as simple or complex based on the poesenabsence of associated elbow fractures and/or

dislocation.
Setting: Quaternary Upper Extremity referral Hoapit

Patients/Participants: Patients (n= 148) were suijgd into 67 simple and 81 associated

fracture/dislocation injury patterns.

Intervention: Radial Head Arthroplasty

Main Outcome Measurements: PREE, QuickDASH, Raifigdotion and Biodex measurements
Results:

At a minimum 1 year follow-up PREE and QuickDASHdeROM and strength values were similar.
Fourty-four patients evaluated at a mean of 7 ydansonstrated no effect of injury pattern on chihic
outcomes at any time point. Continued statisticgdrovements in PREE, supination ROM, and flexion
ROM at medium term compared to earlier follow upwaserved. Eight patients required secondary

surgery, 2 in the simple injury group and 6 comptgury patients.
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Conclusions:

Concomitant elbow injuries do not affect the longgm outcomes of patients with unreconstructable
radial head fractures requiring radial head artlasty. Patient outcomes continued to improve beyond

two years of follow-up.

Key Words: Radial Head Arthroplasty;Elbow Injuries;terriblétt; Monteggia; Trans-olecranon

fractures;Radial Head Fractures;radial head

Level of Evidence: Therapeutic Level Il. See Instimns for Authors for a complete description of

levels of evidence.

I ntroduction

One-third of all elbow fractures and 3% of all fiares involve the radial he¥d Radial head

fractures may occur as an isolated injury or as@faa more complex injury patterf??% A fall on an
outstretched arm is the most common mechanismjufyinForearm position and load pattern (varus,
valgus, axial and rotational factors) as well a&seahergy of trauma and patient bone density are
considered responsible for concomitant injuriese frequency of associated injuries with displaced
radial head fractures have been variably repodading from 7-100%2*1?*35E|bow dislocations

and associated ligamentous injuries are more corynseen with displaced or comminuted radial
head fracturds™>*Coronoid fractures (terrible triad pattern), tramecranon fractures, and Monteggia
variant injury patterns represent higher energgpwltrauma and they disrupt the fundamental osseous

stabilizers of the elbow/>1720:22:31,32.35
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With associated injuries to the osseous structiréise elbow, restoring the radial head as a seamgnd
stabilizer to the elbow is of critical importarice®!231924Establishing the most appropriate treatment
modality for radial head injuries has remained igkisCurrently, both non-operative and operative
management can be considered based on injury paiient characteristics and surgeon experience.
The only definitive surgical indication for isoldteadial head fractures is an injury with an asstec
impedance to motion. Injuries associated with ca@xplsseous-ligamentous patterns or elbow
instability are also considered for surgery. Raledd arthroplasty (RHA) is indicated for
unreconstructable radial head fractures; partibulathere are more than 3 fragments, or in thitirsg

of concomitant soft tissue injuries whereby théat#é restoration of elbow stability is paramount
1925333637 The outcomes of metallic radial head replacemiartise short and medium term have been
variable; with some authors reporting good and kaeresults and others less favourable
outcomek®81114.16-18.283L3738ha discrepancies noted in the literature maseksed to injury pattern
or implant design. Previous studies have sugggsieter outcomes in more complex radial head
injuries with associated ligamentous or osseousi&g or in injuries treated in a delayed fastdf?®

To date, no study has compared the outcomes dlraglad replacement based on injury severity.

The present study compared impairment measurepatiaht-reported outcomes of patients treated
with radial head replacement based on the presaraesence of concomitant elbow fractures and/or
dislocations. Our hypothesis was that the outcohsgngple radial head fractures treated with a rdadia
head arthroplasty would be superior to those watihcomitant fractures and/or dislocation of the

elbow. We expected that the outcomes at one yealdwe similar to those at longer follow up.
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Patientsand M ethods

One hundred and seventy patients were prospectvebtled within our radial head arthroplasty

cohort study between December 1999 until May 20id8usion criteria were patients between the ages
of 18 and 85 years at the time of injury, with sienplbow trauma and no prior injury to the elbow
(Table 1). Inclusion within the study required anmmum of 1 year follow up from the index surgical
procedure. Exclusion criteria included: inabilitydonsent or provide clinical outcome measurements.
Five upper extremity fellowship trained surgeona dedicated upper extremity facility were
responsible for all surgical treatment and enrofim&he indication for a radial head arthroplasgsva
displaced radial head fracture with comminutiopoor bone guality preventing stable internal

fixation.

Radial head arthroplasty was performed in all eagéh a modular uncemented smooth stem
prosthesis (Evolve radial head system, Wright M&di&rlington, Tennessee). Patient injury patterns
were grouped into two types: simple and complemg injury patterns were classified as an isolated
radial head fracture without an associated dislogadr significant fracture. The complex pattern
involved additional fractures (coronoid, Monteggaiants, capitellar, or epicondyle) and/or an
associated elbow dislocation. Data from clinicad artra-operative notes as well as pre-operative
radiographs were used to stratify patients basati@presence of concomitant injuride
prospective collection of outcome scores and inmpant measurements (ROM, Strength) was overseen

by a blinded research assistant.

The specific surgical treatment was at the disonetif the treating physician, however, accepted
practice for osseous and soft tissue managemeradal head fractures and terrible triad injuriess
observed as reported by Pugh &t arthroplasty implant sizing was performed usistpelished
techniques outlined by Frank et®alin addition to the radial head replacement, apeliction and

internal fixation of larger coronoid fractures, pimal ulna and epicondyle fractures and collateral

5
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ligament repairs were performed as appropriatéh®@iconcomitant injuries. A posterior skin incision
was used in this study to allow universal accedmtb the lateral, posterior and medial elbow as
dictated by associated injurie®ost-operative follow-up included radiographid afinical

examination at 2-weeks, followed by routine folloy-as prescribed by the treating physician.
Additional implant surveillance was carried out fgar alternating years thereafter. Post-operative
rehabilitation under the guidance of a therapist standardized based on injury pattern and intra-
operative findings. Patients enrolled in the dasehanderwent standardized data collection. Baseline
patient demographics, involvement of worker's conspéion or litigation, and change in employment
following injury, functional outcomes and compliats including re-operation were evaluated. Patient
reported outcomes and clinical outcome scores dtu Disability of the Arm, Shoulder, and Hand
(QuickDASH), Patient Rated Elbow Evaluation (PRBE)well as elbow range of motion (ROM), grip
and strength about the elbow were recofdéf** Data points at the 3 month, 6 month, 1 year, and
then yearly were collected. Patients without awddalata and follow-up values were removed from
analysis. We analyzed radial head outcomes at gartyonths), short (minimum 1 year) and medium-
terms (minimum of 4 years). Our primary outcome tesPatient Reported Elbow Evaluation
(PREEJ. Secondary outcomes included: QuickDASH, rangmation, SF-36 and strength?’+*
Additionally, radiological outcomes were reviewd@the presence of capitellar osteopenia, heterotopic
ossification/HO (reported using modified Brookeadg), ulnohumeral arthritis (Broberg & Morrey)
and periprosthetic lucency were recorded and aadlysing previously described technicf§é&*
Normally distributed univariate data were analybgdjeneralized linear modeling utilizing repeated
measure ANOVA, dichotomous data and categorica datre analyzed by Chi square testing. All
statistical analyses were performed using SPSS18ed1, SPSS Inc., Chicago, USA). Institutional

Review Board (IRB) permission was obtained priopatient chart review or radiographic analysis.
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Results

One hundred and seventy patients underwent radiél brthroplasty at our center and after database
and chart review 148 patients met all inclusiotecia for the study. One-hundred and forty-eight
patients with a radial head arthroplasty met tledusion criteria including 67 simple and 81 complex
injury patterns. Excluded cases (22) included: patents with RHA performed for failed ORIF, nine
patients with delayed RHA (>6months) for non-uniongoing pain or late presentation after radial
head excision performed at another center andrlibddequate follow-up. Patient demographics were
similar between groups (p>0.05) with the exceptiban increased proportion of older women in the
complex pattern group (p=0.042, Table 2). Total mie#ow-up for all patients was 4.7 year (Range
1-14). The simple injury group contained 20 LCLummg¢s, 16 combined LCL and coronoid tip (Regan
Morrey Type |) fractures, 2 coronoid tip fractutesated with excision or left in-situ and 29 iselat
radial head fractures. The complex injury grouptamed 59 terrible triads, 19 transolecranon
fracture/dislocations, 2 Monteggia injuries anddatated elbow without an associated coronoid

fracture. Two injuries were open fractures, Gustifiade 1.

Short-Term Clinical Outcomes

At short term follow-up (average of 1.7 years),aalbive clinical scores were not significantly driat
between the two cohorts for strength (grip, flexiextension, or rotation), or range of motion. €xatti
reported outcome scores, including the PREE (0;XQ0i)ckDASH (0-100), SF-36 (0-100), were also
not significantly different (Table3). Patient rateargical satisfaction scores were rated as 8.7a¢12t3

of ten for simple injuries and 8.95+2.13 for compiejuries (p=0.66).
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Long-Term Outcomes

A subgroup of 44 patients with follow-up beyond rfgears (mean 6.8 years, range 4-14) were further
analyzed for medium-term comparison analysis. Danigd follow-up outcomes were compared at 6
months, 2 years and beyond 4 years. Patient repouteome scores were not significantly different a
any time point regardless of initial injury patt€p»0.2). Final mean PREE and QuickDASH scores
were 17+3 and 14+3 for the simple cohort and 113dl H3+3 for the complex cohort. Continued
statistical improvements were reported in PREE (@49), supination ROM (p=0.003), and flexion
ROM (p=0.05) parameters at longer term follow-umpared to shorter term values. The QuickDASH
demonstrated a trend towards improvement out taunmeterm follow-up but did not reach statistical
significance (p=0.052). All variables showed meapriovement from initial 6 month follow up until

final evaluation (Figure 1&2).

Radiological Outcomes

Capitellar osteopenia was identified in 29% of @atis with simple injury patterns and in 21% of
complex injuries (all cases were graded mild iresigy). Ulnohumeral arthritis was noted in 17
patients in the simple injury pattern (Grade 1%nphtients, Grade 2 in 1 patient and Grade 3 clsaange
in 1 patient). Thirty-six patients demonstratedhatic changes in the complex injury group (Grade
1;28, Grade 2;7 and Grade 3;1). Periprostheticicies were radiographically apparent in 51% of
patients (39% mild, and 12% moderate in severfgterotopic ossification (HO) was significantly
higher in the complex group with 44% of patientewimg some level of HO compared to just 18% in
the simple group (p=0.02). One patient in the caxgiroup had extensive heterotopic ossificiation,

Brooker grade 4.
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There was no statistically significant associatetween injury pattern and incidence of capitellar

osteopenia®(9)= 1.1,p =0.3), ulnohumeral arthritig’(9)= 5.3,p= 0.1) or radiographic luceng?(9)=

0.61,p=0.7). A statistically significant association wasind between the injury pattern and the

incidence of heterotopic ossificatiogf(9)= 11.658p= 0.02). The association was moderately strong,

(Cramer’s V = 0.283).

Complications

Overall, 42 complications were reported by patieh&in the simple injury group (26%) and 24
complications in the complex injury group (30%, p&8). Eight patients required secondary surgery
(5%), two in the simple injury group and 6 in trerplex injury group (p=0.095). Revision surgery
included four contracture releases for post-opézatiffness, one staged revision for deep infegtio
one for an oversized radial head implant and onegimoval of hardware. One patient in the simple
injury group had a five-degree supination arc aukdterotopic ossification but declined surgical
intervention. All neurologic complications resolwedhin 2 years without additional procedures. All

complications are reported in see Table, Supplemh€untent 1.
Discussion

Our findings suggest that with the appropriate matgnanagement and rehabilitation of the
concomitant ligament injuries and fractures, tharinseverity does not affect the clinical outcomme
patients requiring radial head arthroplasty. Wegagze that concomitant injuries might be important
in other fracture situations and that patients wbaequire a radial head arthroplasty are a sudfset
patients with unreconstructable injuries. It maythog the nature of unreconstructable injuriefiad t
the associated injuries do not add additionalfaskpoor outcome or that the impact of these igsitis
already accounted for in the decision to proceamtttroplasty. Nevertheless, this is an important
finding as it is critical to tell patients requigmadial head arthroplasty that associated frastare

9
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dislocation may not lead to poorer outcomes indhger term. Further, the residual disability
demonstrated was relatively low reflecting positbtgcomes overall. These findings reflect specialty
upper extremity care and advances in surgical iqales, fixation strategies and post-operative
rehabilitation protocols that have drastically alpaghthe landscape of orthopaedic treatment foethes

once 'terrible" injuries.

Pike et al. (2014) evaluated the relationship pfrinpattern following open reduction and internal
fixation®>. Similarly they found no difference in outcomeshnappropriate management of both simple
and complex injury patterns. They did find a trémdards increased capsular stiffness in the more
complex fracture patterns, which was mirrored instudy population. Our study population
experienced fewer major complications with 3% rég@din the simple group and 7% reported in the

complex group compared to 13% and 25% with GRiE

Our outcome data appears consistent with the regditerature on radial head arthropl&sty**¢
18,28,29,30,38 —; g . .

. Final DASH and PREE scores in this study werepamable to those previously
published?®. Patients undergoing radial head replacementiifigsle or complex injuries do return to
acceptable levels of clinical and self-reportedction and are generally satisfied with the surgical

procedures.

Radial head replacement provides good to excédilenational outcomes for both fracture/dislocation
and simple injuries to the elbow in both the slaoxd medium-term. Interestingly, patients in thigdgt
population reported continued improvement beyoma years of follow-up. This may be true
improvement, or an adaption to their minor dis&pilRange of motion in supination and flexion also
improved with longer-term follow-up and may expléne continued improvement in patient-rated
outcome scores. Flexion range of motion demonst@atemprovement of more than 6 degrees for
both simple and complex injuries beyond 2 yearschwhkely reflects clinical and statistical

improvemertt In comparison to similar injuries treated with IBRhe present study demonstrates a
10
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lower rate of capsular release, major complicatiias and need for secondary surgfei@ur sample's
PREE scores were higher than reported previouS®(19 vs. 5 & 15¥°. This may reflect our study
recruitment criteria; as only patients with unrestonctable radial heads were considered for review,

which inherently suggests a more significant injury

The radiographic findings help to strengthen ourobasion that outcomes between these two injury
groups appear to be similar regardless of initiplriy pattern. We found no increase in radiographic
differences between simple and complex injuries wie exception of heterotopic ossification(HO).
Inherently the presence of additional bony or 8sfiue trauma potentiates the incidence of HO and,
therefore, explains the increased levels withindbmplex trauma group. The high incidence of
periprosthetic loosening found in the present si&dyt6) appears to support the findings recently
published in the literatuf®&®. The clinical implications of this are currentlgalear and do not appear

correlated to patient reported outcomes or initiglry pattern.

The strengths of this study are the prospectiMeviclip of this cohort and the validated clinical
outcome measurements. The inclusion of 44 patigititsfollow-up beyond 4 years helps to strengthen
our conclusions regarding the lack of clinical aadient-reported outcome differences between injury
patterns. Specific elbow and upper extremity relgtatient outcome scores were employed to optimize
the results specifically for elbow dysfunction. Tiatient Rated Elbow Evaluation (PREE) score

provides a validated responsiveness and sensitivithange in patients with elbow patholth}.

The weaknesses of our study include: a small oveuahber of patients for whom longer-term follow-
up data was available, and the subspecialty carpaiients received. Although only 148 patientsever
included in the present study this represents étlgedargest reported single implant radial head
populations. The generalizability of our resultstm-subspecialty practices may be questioned since
the type of injuries and care may differ from apepextremity specialty practice. One could argue,

however, that in a non-sub-specialized settingarats from both simple and complex patterns may
11



258 both be equally inferior. Although one might expsaine areas of practice variation, these were
259 minimized during the current study in that; allgenies were performed within a single centre, uked
260 same implant and had postoperative care managttelsame group of therapists. However, there
261 were also many elements in this pragmatic cohattwere uncontrolled such as; the variations

262 inherent in each surgeon’s surgical technique,biitetion protocols across individual surgeons and
263 therapists and the fact that some patients haaf #ieir care within the specialized therapy urtiibes
264  others from more remote distances would have hed phtheir medical and/or rehabilitation care in
265 other settings. Lack of strict standardizationgsemntial given the context and need for patient

266 customization. However, some of these variationg make it more difficult to detect statistical

267 differences.

268 Our lack of statistical difference may demonsteateeiling effect’ inherent to the prosthesis fisel
269 whereby the nature of the prosthesis limits sompe&sof outcome, and therefore no difference

270 between injuries patterns could be detected. Aitiaddl limitation with our study is the relatively
271 crude way in which patients were subgrouped into ¢ategories. The criteria for defining these two
272 subgroups may not have captured the critical infypgcifics that would separate patients as hawawg |
273 versus high risk of poor outcomes. Radial headieguwith associated bony or ligamentous trauma
274  represent a heterogeneous group including bothyiisieverity and secondary trauma. These factors

275 make data extrapolation and comparison problematic.

276  Finally, our study populations mean age (53 £133)eaas slightly older than previously published
277 epidemiological studies on radial head fractures @imean age of 48 yeHté>3> This may have

278 altered the patient reported outcomes as oldegqatmay report lesser functional loss when conapare
279 to a younger cohort. Our study population, althoalgler, remained within the main working-age

280 demographic. We reported a high rate of returnaounal labour occupations in our study population

281 with only three patients unable to return to tipegvious employment (86% return rate). Additionally

12
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our complex injury pattern group contained a higtveportion of post-menopausal women which
theoretically suggests a lower demand populatiehtbereby may artificially inflate the overall
outcomes in this group. Although this is a pos#ibWwe do not feel that this is a confounder asehe

was no effect of sex or age on patient reportedaraés, strength or motion.

Our data suggests that injury severity does netcafmpairment measures and patient reported
outcome measures in patients requiring radial laeiloplasty for unreconstructable fractures. There
was a trend for a greater need for secondary sungéhe patients with concomitant injuries, primar
for residual stiffness. Patient outcomes contimuienprove clinically beyond two years of follow-up,
which may reflect continual improvement in physicapabilities or adaption to their minor residual

impairment.

Conclusion

Concomitant elbow injuries do not affect the longgm functional and radiographic outcomes of
patients with unreconstructable radial head frastwequiring radial head arthroplasty. Patient
outcomes continued to improve clinically beyond tears of follow-up, which may be a true

improvement or an adaption to their minor disailit

13
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Figure Legends

Figure 1: Mean patient reported outcome scores and rangeobbmvalues (degrees) at early, short
and medium term follow-up based on injury pattetoug.

Figure 2. Mean strength outcomes reported as deficit congptréhe uninjured arm based on injury
pattern group at early (6months), short (2 yeand)raedium term follow-up (>4yrs).

Table 1: Injury Pattern Group Inclusion Criteria

Table 2: Patient Demographics “*” denotes statistical sigaint values

Table 3: Short-Term clinical outcomes comparing simple amichglex groups
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Table 1: Injury Pattern

Group Inclusion Criteria

Simple Injury Pattern

Complex Injury Pattern

Isolated radial head fracture w/o associated osse-
ous injury (Isolated RHA)

Terrible triad injury (Radial head fracture, history of
dislocation and coronoid fracture)

RHA with either lateral (LCL) or medial collateral
ligament repair (MCL) without history of dis-
location

Trans-olecranon fracture with associated radial
head fracture

Radial head fracture with Type | coronoid fracture
deemed non-structural and not requiring intra-
operative repair

Monteggia Variant fracture dislocations

Associated fractures about the elbow requiring
operative fixation at the time of index surgery




Table 2: Patient Demographics. “*” denotes statistical significant values

SRR || T
Age (Years) 55 + 13std 55 + 13std 0.97
Male (43 Total) 18 25 0.40
Female (105 Total) 49 56 0.40

Post-Menopausal
(If not recorded represents female patients 22 (45%) 40 (71%) 0.04*
> 50 years old)

Dominant side injury (n) 31 35 0.71
Medical
Diabetes 3 8 0.81
Cardiac Disease 4 5 0.96
Osteoarthritis 3 5 0.65
Smoker 7 8 0.88
Occupation
Occupation Change 4 8 0.39
Workers Compensation Claim 9 6 0.23

Copyright © 2017 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



Table 3: Short-Term clinical outcomes comparing simple & associated fracture/dislocation

group
Moot G Tora p value
PREE 18.49 £19.71 19.30 + 20.30 0.83
DASH 15.84 + 16.04 19.26 + 19.36 0.34
SF-36 Physical 43.86 £ 10.40 44.82 +10.48 0.69
SF-36 Mental 53.29+11.14 53.64 £ 8.37 0.87
ROM (Degree)
Extension 14°+ 14 15° +15 0.60
Flexion 135° £ 15.55 135°+ 12 0.96
Supination 62° + 18 59° + 18 0.42
Pronation 75°+12 78° +14 0.30
STRENGTH
Grip (N) 28N+ 15 27N £ 12 0.78
Extension Deficit 17% + 29 9% + 27 0.20
Flexion Deficit 15% + 40 13% + 26 0.81
Supination Deficit 13% + 42 18% + 24 0.47
Pronation Deficit 11% + 44 10% = 44 0.94

Copyright © 2017 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



PREE Values DASH Values

40.00 40.00
30.00 30.00
20.00 20.00
10.00 10.00
0.00 0.00
6month 2 year >4year 6month 2 year >4year

O Simple < Complex O Simple < Complex

ROM Flexion Values ROM Extension Values
150.00 28.00

142.50 21.00

135.00 14.00

127.50 7.00
120.00 0.00

6month ) 2 year >4year 6month _ 2 year >4year

o Simple ¢ Complex o Simple <& Complex
ROM Pronation Values ROM Supination Values
90.00 90.00
85.00 67.50
80.00 45.00
-
75.00 22.50
- -

70.00 0.00

6month 2 year >4year 6month 2 year >4dyear

O Simple < Complex O Simple < Complex



Extension Deficit Values Supination Deficit Values

50% 50%
37.5%
37.5%
25%
25%
12.5%
12.5%
5% 0%
0% -12.5% -
6month ) 2 year >4year 6month _ 2 year >4year
o Simple o Complex o Simple < Complex
Flexion Deficit Values Pronation Deficit Values
50% 60%
37.5% 45%
25% 30%
12.5% 15%
0% 0%
-12.5% -15%
6month 2 year >4year 6month 2 year >4year

O Simple <& Complex o Simple <& Complex



