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Abstract 1 

Background: The incidence of total elbow arthroplasty (TEA) is increasing and improved 2 

understanding of elbow kinematics and biomaterials have driven advances in implant design. 3 

In modern practice, cemented semi-constrained devices are most frequently utilized. The 4 

Discovery TEA has demonstrated promising early results, though there is a paucity of follow-5 

up studies and no dedicated mid-long term series. We therefore present the longest, most 6 

complete such study to date. 7 

Methods: A prospectively maintained local joint registry was interrogated to yield a 8 

consecutive series of Discovery TEA performed at a single non-design center. Minimum 9 

follow-up was set at 5 years. Revision procedures and TEA performed for acute trauma were 10 

excluded. Primary outcome was survivorship of the implant. Secondary outcomes included 11 

clinical, radiographic, and patient-reported outcomes. 12 

Results: Sixty-seven TEAs in 58 patients were identified for inclusion at a mean 98.5(+/-13 

20.4) months from surgery. Four (6%) were lost to follow-up and implant survival censored 14 

accordingly. The implant was revised in 14 cases (20.9%). Implant survivorship was 76.8% 15 

at 119 months by the Kaplan-Meier method. There was a significant difference in survival 16 

between dominant and non-dominant elbows (Breslow test p=0.012), with elbow dominance 17 

conferring a 4.5-fold increased risk of revision (relative risk 4.5 [95% CI 1.1-18.5]). Pooled 18 

clinical outcomes (70.9% follow-up at minimum 60 and median 77.8 months) are also 19 

presented. 20 

Conclusions: We present the longest-term and most complete single-center follow-up study 21 

of the Discovery TEA to date. Further long-term survival studies are required to elucidate the 22 

performance of this implant compared to more established designs. We have also 23 

demonstrated differences in implant survivorship due to hand dominance for the first time.  24 
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Level of Evidence: Level IV; Case Series; Treatment Study 25 

Keywords: Elbow Arthroplasty; Elbow Replacement; Survival; Survivorship; Discovery; 26 

Outcomes 27 

 28 

 29 

 30 

Total elbow arthroplasty (TEA) has become an accepted strategy for end-stage degenerative 31 

disease of the elbow refractive to conservative therapy. The incidence and indications for 32 

TEA are expanding: as the incidence of TEA for inflammatory arthritis decreases secondary 33 

to the efficacy of contemporary medical management, an increasing number are performed 34 

for osteoarthritis, post-traumatic sequelae, and acute trauma17,28. 35 

 36 

Advances in the understanding of elbow kinematics, implant design, and biomaterials have 37 

led to an increasing number of marketed prostheses. Early fully-constrained designs were 38 

associated with high failure rates secondary to overconstraint, and have subsequently been 39 

superseded by semi-constrained and non-constrained designs22,28. Non-constrained devices, 40 

whilst experiencing low incidence of loosening, exhibit increased dislocation risk due to their 41 

reliance on surrounding soft-tissue structures of the elbow. They subsequently have limited 42 

value in the context of ligamentous insufficiency or poor bone stock and have fallen out of 43 

favor at many centers as a result13.  44 

 45 

Modern semi-constrained prostheses allow a degree of coronal and axial plane laxity at the 46 

hinge- the so-called “sloppy hinge”- mirroring the native kinematics at the elbow. Many 47 
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upper limb activities take place in a degree of shoulder abduction which subsequently imparts 48 

a varus moment at the elbow. The laxity at the hinge allows load sharing between the 49 

prosthesis and soft tissues, thus minimizing the force transmitted to the bone cement interface 50 

and reducing the risk of loosening4,14.  Semi-constrained devices offer stability and good 51 

functional outcomes and are consequently the most commonly used implant type in modern 52 

practice4. 53 

 54 

The Discovery Elbow System (DES; Lima, Udine, Italy) is the second most commonly used 55 

TEA prosthesis in the United Kingdom, both electively and in the context of trauma29. Data 56 

from a recent systematic review and meta-analysis demonstrated promising results in the 57 

short- and medium- term (including early results from our own center16) but highlights a 58 

definite paucity of long-term results for the DES27. We also note many existing series include 59 

both elective and non-elective indications, in addition to both primary and revision TEA, 60 

which can limit their external validity. We therefore aim to present the mid-long term 61 

survivorship and clinical outcomes of a large series of elective primary DES TERs from a 62 

non-design center. 63 

 64 

Materials and Methods 65 

 66 

A prospectively maintained local joint registry was interrogated to yield a consecutive series 67 

of TEA performed by four dedicated upper limb surgeons at our center. Minimum follow-up 68 

for the cohort was set at 5 years from primary surgery. Further inclusion criteria included use 69 

of the Discovery TEA system. Exclusion criteria comprised revision procedures, TEA 70 

performed for acute trauma, and use of a different implant. This study reports on data 71 
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routinely collected during standard care without the acquisition of new information for the 72 

purposes of the study. It was subsequently classed as ‘Service Evaluation’ by the United 73 

Kingdom National Institute for Health Research (NIHR), and therefore did not require formal 74 

ethics approval.   75 

 76 

The registry database is populated and maintained by a dedicated musculoskeletal 77 

physiotherapist. Patients are reviewed at intervals with patient-reported outcome measures 78 

(Mayo Elbow Performance Score and Oxford Elbow Score) and clinical assessment. Range 79 

of motion is formally assessed using a goniometer. Where patients are unable or unwilling to 80 

attend annual review in person, telephone contact is maintained where possible.   81 

 82 

The primary outcome of the study was defined as survival of the implant at a minimum 5 83 

years follow-up. Secondary outcomes included patient-reported outcome measures, range of 84 

motion, triceps function, and radiographic review at minimum 5 years follow-up. 85 

Radiographs were reviewed for radiolucency at the cement-prosthesis and bone-cement 86 

interfaces and recorded in binary format as present or absent. Location was recorded as 87 

unipolar (humeral), unipolar (ulnar), or bipolar. When present, progression was determined 88 

by comparison between the final radiograph and the radiograph on which the lucency was 89 

first appreciable. 90 

 91 

Statistical analysis was with the SPSS software package for Windows (IBM Corp., Armonk, 92 

NY, USA). Continuous data were tested for parametricity using the Shapiro-Wilks test and 93 

descriptive statistics and statistical tests selected accordingly. The Kaplan-Meier method was 94 

used for survival analysis with revision of the humeral and/or ulna component as the end 95 
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point. Further analysis with revision procedure inclusive of implant retention is also 96 

presented. Survival statistics are given at the point the total number at risk dropped to 10% of 97 

the study cohort in order to minimize bias from the increased statistical uncertainty beyond 98 

this point20. The Breslow test was utilized to assess differences in survival between groups. 99 

Categorical data were compared with the Chi Square or Fishers exact tests as appropriate. 100 

Groups were compared using the Mann-Whitney test. Paired data were compared with the 101 

Related-Samples Wilcoxon Signed Rank test. 102 

 103 

All procedures were performed or directly supervised by one of four upper limb surgeons 104 

(AAT, MPE, TC, DIC). All cases were undertaken within laminar flow theatres in a 105 

dedicated orthopedic theatre complex and utilized double skin preparation and antibiotic 106 

prophylaxis prior to incision. Three surgical approaches are employed at our institution 107 

according to surgeon preference: para-tricipital2, modified Gschwend9, and triceps-reflecting 108 

Mayo approaches18. Standard practice includes excision of the radial head and release of the 109 

ulnar nerve. Cementation is with antibiotic-impregnated cement: either Palacos R&G 110 

(Heraeus Medical, Wehrheim, Germany) or Simplex (Stryker, Mahwah, NJ, USA), again 111 

according to surgeon preference. Postoperatively the limb remains bandaged for 2 weeks and 112 

unrestricted early range-of-motion dictated by patient comfort permitted thereafter. Triceps 113 

function is restricted to ‘against gravity’ for 6 postoperative weeks, with return to functional 114 

activities and progressive loading up to a maximum of 3kg thereafter.  115 

 116 

Results 117 

 118 

Sixty-seven TEAs in 58 patients were identified for inclusion at a mean 98.5 months from 119 

surgery (standard deviation [σ] 20.4; range 62-141). All procedures took place between 120 
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August 2008 and March 2015. Patients were female in 42 (62.7%) of cases, and had a median 121 

age at surgery of 67 years (interquartile range [IQR] 54-71). The most common indication for 122 

surgery was inflammatory arthropathy in 43 (64.2%), followed by osteoarthritis in 17 123 

(25.4%) and post-traumatic arthritis in 7 (10.5%).  124 

 125 

 Primary Outcome- Survivorship 126 

 127 

There were 14 implant revisions (20.9%). Revision surgery was indicated for aseptic 128 

loosening in 7 (50% of revisions; 10.4% of cohort), infection in 5 (30.8%;7.5%), 129 

periprosthetic fracture in 1 (7.1%;1.5%), and component failure with disassociation of the pin 130 

in 1 (7.1%;1.5%). Median time from primary arthroplasty was 56.5 months (IQR 21-68). 131 

Further detail is given in table I. Eleven cases died at a median 62 months from surgery (IQR 132 

12-84) of which none of which were revised. Implant survivorship was 76.8% (standard error 133 

0.056) at 119 months by the Kaplan-Meier method (figure 1 and table II). 134 

 135 

There were four cases (6%) lost to follow-up. Of these four cases, one has relocated and 136 

implant survivorship has correspondingly been censored at the date of last contact with the 137 

department. The remaining three remain within the hospital catchment but have not presented 138 

for revision. To minimize the resultant risk of bias a theoretical model of worst-case 139 

survivorship is also presented (figure 1, table II).  140 

 141 

Re-operation without revision of the implant took place in four cases. In 2 (3%), early 142 

infection was successfully treated with débridement, antibiotics, irrigation, and retention 143 

(DAIR). One of these patients went on to formal revision for loosening 61 months later. As 144 

subsequent biochemistry and aspiration was negative, patient presentation and interoperative 145 

Jo
urn

al 
Pre-

pro
of

Downloaded for Vicki McDonagh (vicki.mcdonagh@burtonh-tr.wmids.nhs.uk) at Derby Teaching Hospitals NHS Foundation Trust from ClinicalKey.com by Elsevier on February 02, 2021.
For personal use only. No other uses without permission. Copyright ©2021. Elsevier Inc. All rights reserved.



Survivorship of the Discovery elbow prosthesis 

8 

 

findings were not clinically suspicious for infection, this has been treated as revision for 146 

aseptic loosening for the purposes of the survival analysis. One case was treated with 147 

débridement for gross synovitis causing mechanical symptoms through interposition (1.5%). 148 

A single case of triceps failure was treated with reattachment and graft jacket augmentation 149 

(1.5%).  150 

 151 

Data pertaining to hand dominance was available in 63 cases (94%) and in all of the revised 152 

cases. There was a statistically significant difference in survival between dominant and non-153 

dominant elbows (7.4% vs 33.3%, p=0.014). Expressed as relative risk this demonstrated a 154 

4.5-fold increase in risk of revision (relative risk 4.5 [95% CI 1.1-18.5]). The difference in 155 

survival is well demonstrated by the survival curve in figure 2 (Breslow test p=0.012). Use of 156 

the theoretical ‘worst-case’ scenario continues to demonstrate this difference in survivorship 157 

(Breslow test p=0.013). There were no differences in age (69 vs 66.5, p=0.355), indication 158 

for surgery (18:6:3 vs 22:10:4, p=0.877) or gender (16:11 vs 22:13, p=0.708) between 159 

dominant and non-dominant groups. There was no difference in survivorship between 160 

genders (p=0.962), different indications for primary arthroplasty (p=0.569), or operating 161 

surgeon (p=0.348).  162 

 163 

Secondary Outcome- Clinical Outcomes 164 

 165 

Five patients died and 7 were revised prior to 60 months from primary surgery. This left 55 166 

patients in whom minimum 5-year clinical outcomes would have been possible. Of these, 167 

those with a full complement of clinical outcomes beyond 60 months were included and those 168 

with incomplete data excluded. This left a cohort of 39 (70.9% follow-up) at a mean clinical 169 
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follow-up of 77.8 months (σ 16.9; range 60-119). Baseline demographics did not differ 170 

significantly from that of the larger survival cohort and are demonstrated in table III. 171 

 172 

Median flexion-extension arc was from 25-140 degrees and prono-supination from 75-75 173 

degrees. Median Mayo Elbow Performance Score and Oxford Elbow Score were 95 (IQR 80-174 

100) and 40 (IQR 34-47) respectively. The difference in clinical range of motion compared to 175 

preoperative values is demonstrated in table IV, though preoperative data to support this 176 

analysis were only available in 29 (74%). There were insufficient preoperative MEPS and 177 

OES data to support paired statistical analysis. Triceps function was intact (defined as 178 

sufficient to lift greater than 3 kilograms against gravity) in 30 (76.9%). It was considered 179 

mildly impaired (sufficient to lift between 1 and 3kg) in a further 5 (14.1%). Triceps function 180 

was impaired in the remaining 3 cases: in 2 cases (5.1%) the arm could be extended against 181 

gravity in the absence of resistance and in a single case the arm could only be extended with 182 

gravity eliminated. Triceps function at final follow-up did not differ between the approaches 183 

used in our cohort (p=0.529). 184 

 185 

Secondary Outcome- Radiographic Outcomes 186 

 187 

Two further patients were excluded from radiographic analysis. In one, this was due to the 188 

incidental finding of component failure on the 5-year radiograph which subsequently 189 

prompted revision. In the second, due to inadequate radiographic follow-up of 58 months. 190 

Thirty-seven cases therefore underwent radiographic review at median 75 months (IQR 64-191 

92).  192 
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 193 

There was evidence of radiolucent lines in 22 (59.5%). Lucency first appeared at median 15 194 

months postoperatively (IQR 9-37) and was associated with the humeral component in 16 195 

(43%), was bipolar in 4 (10.8%), and isolated to the ulna in 2 (5.4%).  In 17 (77.3%) there is 196 

evidence of progression taking place over a median 60.5 months (IQR 40-63.5).  197 

 198 

Radiographic signs of implant loosening were present in 4 (10.8%). Of these, 2 were revised 199 

for aseptic loosening as described in the primary outcome analysis. The remaining 2 cases 200 

involved the same rheumatoid patient with bilateral loosening: however, due to acceptable 201 

functional outcome (minimal discomfort, 105 and 95 degree flexion-extension arcs, OES 37, 202 

MEPS 85) this is presently being managed expectantly. 203 

 204 

Discussion 205 

 206 

We have reported what we believe to be the longest-term survivorship and largest and most 207 

complete dedicated mid-long term follow-up study of the Discovery elbow arthroplasty. 208 

Larger series with broader inclusion criteria and shorter follow-up have been published1,10. 209 

We describe a 20.9% revision rate at mean 98.5 months (range 62-141 months) follow-up, 210 

equating to 76.8% ten-year survivorship (119 months) by the Kaplan-Meier method.  211 

 212 

The raw revision rate reported in our series is higher than the 13.8% reported for linked 213 

prostheses in a systematic review of TEA failure, though the weighted mean follow-up of this 214 

study was shorter by 2 years making direct comparison difficult23. It is however similar to the 215 
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8-year revision rate of 18% reported in a large Australian registry study26. Though our 216 

reported survival is also lower than the 85.5% at 7.8 years across all semi-constrained TEAs 217 

in a recent systematic review, our clinical results compare favorably27. Our series reports 218 

greater flexion (140 degrees vs 128), pronosupination (75-75 vs 69-67), and MEPS (95 vs 219 

85.6)27. This is despite a relatively high incidence of radiolucent lines at final radiographs, of 220 

which 77.3% demonstrate slow progression over a median 5 years but only infrequently 221 

progress to frank loosening.   222 

 223 

Taking a 5-year survivorship figure allows for comparison with shorter-term studies 224 

pertaining specifically to the DES implant. Five-year Kaplan-Meier survivorship in our study 225 

was 89.6%, comparable to series describing 90% survival at 4.5 years19 and 91.3% at 4.1 226 

years12 but slightly lower than the 95.6% reported elsewhere10 and 95.4% described in a 227 

registry study including 190 Discovery elbows15. A small series of cementless DES 228 

arthroplasty has also reported 100% survivorship at mean 5 years6. 229 

 230 

The most common indications for revision of TEA in contemporary practice are aseptic 231 

loosening, followed by infection, then periprosthetic fracture23,29. This relationship is upheld 232 

in our own series. Of note however, our series reports a relatively high revision rate for 233 

infection of 7.5%. We have not been able to identify a unifying explanation or etiology, and 234 

recognize that this may simply be a function of the relatively small sample size amplifying 235 

small changes in the number of infections with respect to a percentage figure.  236 

 237 

Multiple technical factors influence revision rates and implant survival. These can be 238 

considered as implant and surgical factors. Surgical factors include technical considerations 239 
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such as implant positioning, quality of cementation and adequacy of soft tissue balancing5. 240 

Implant factors comprise the implant design and wear properties of the materials used. One 241 

key consideration is constraint: as aforementioned, modern implants utilize a semi-242 

constrained design which allows a degree of out-of-plane motion. Wear and failure at the 243 

polyethylene bushing is consequently common7. This underpinned the hemispherical bearing 244 

design of the Discovery, which both allows simple bearing exchange where required and 245 

increases articular congruence under load12,14. The papers by Hastings give a thorough review 246 

of the design features which we have not repeated in full11-12. 247 

 248 

In addition to the implant and surgical factors a number of patient-associated factors have 249 

been associated with poorer outcomes from TEA, including diabetes, obesity, age, instability, 250 

preoperative deformity, smoking status, and underlying diagnosis3,8,21,24-25. A putative 251 

association with activity level is also described. This is thought to underlie the improved 252 

survival described in patients undergoing revision for inflammatory arthritis, who are 253 

typically low-demand. Though intuitively linked to increased activity, to our knowledge an 254 

association between hand dominance and implant survivorship had not been formally 255 

demonstrated prior to this study.  256 

 257 

There are a number of limitations to our study. The data is a retrospectively analyzed case 258 

series, though the prospective maintenance of the database ameliorates the resultant risk of 259 

bias to an extent. The series is small to support formal statistical analysis, though remains to 260 

our knowledge the largest single-center series of the DES at such follow-up. We were also 261 

unable to correct for confounding comorbid conditions. This imparts a degree of fragility to 262 

our statistical analyses and necessitates caution in comparing our results to much larger series 263 
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from other designs, or to pooled data. It also prevents us from adjusting for covariates such as 264 

age, indication for surgery, and gender when describing our observed association with hand 265 

dominance and failure rate. Though dominance remains the only significant covariate in a 266 

binary logistic regression model including age, indication, gender and hand dominance with 267 

revision as the end point (odds ratio 6.0, 95% CI 1.2-31.3, p=0.031), concerns about the 268 

validity and robustness of such a model prevent us from including this in our formal analysis. 269 

Finally, as patient-reported scores were a later addition to our registry, limited preoperative 270 

scores are available to support paired analysis. We nonetheless describe our clinical results at 271 

final follow-up for the purposes of comparison to pooled similar data, or future inclusion in 272 

the same.  273 

 274 

Conclusion 275 

 276 

We present a dedicated mid-long term survivorship study of the Discovery total elbow 277 

arthroplasty at between 5 and 12 years follow-up, demonstrating 76.8% survival at 119 278 

months by the Kaplan-Meier method. We believe this to be the longest term, most 279 

heterogenous study of its type. Range of motion and patient reported outcome scores at a 280 

minimum 5 years follow-up are also reported and compare favorably to the literature. Inferior 281 

implant survivorship is demonstrated in TEA of the dominant versus non-dominant elbow, 282 

which confers a 4.5-fold relative risk of revision. 283 

 284 

References 285 

1.  Alizadehkhaiyat O, Al Mandhari A, Sinopidis C, Wood A, Frostick S. Total elbow 286 

arthroplasty: a prospective clinical outcome study of Discovery Elbow  System with a 287 

Jo
urn

al 
Pre-

pro
of

Downloaded for Vicki McDonagh (vicki.mcdonagh@burtonh-tr.wmids.nhs.uk) at Derby Teaching Hospitals NHS Foundation Trust from ClinicalKey.com by Elsevier on February 02, 2021.
For personal use only. No other uses without permission. Copyright ©2021. Elsevier Inc. All rights reserved.



Survivorship of the Discovery elbow prosthesis 

14 

 

4-year mean follow-up. J. shoulder Elbow Surg. 2015 Jan;24(1):52–59. 288 

doi:10.1016/j.jse.2014.08.013 289 

2.  Alonso-Llames M. Bilaterotricipital Approach to the Elbow: Its Application in the 290 

Osteosynthesis of Supracondylar Fractures of the Humerus in Children. Acta Orthop. 291 

Scand. 1972 Jan 1;43(6):479–490. 292 

3.  Celli A, Morrey BF. Total elbow arthroplasty in patients forty years of age or less. J. 293 

Bone Joint Surg. Am. 2009 Jun;91(6):1414–1418. doi:10.2106/JBJS.G.00329 294 

4.  Egidy CC, Cross MB, Nam D, Figgie MP, Jost B. Total Elbow Arthroplasty: 295 

Outcomes Driving the Evolution of Implant Design. JBJS Rev. 2019 May;7(5):e8. 296 

doi:10.2106/JBJS.RVW.18.00127 297 

5.  Figgie MP, Wright TM, Drinkwater D. What design and material factors impact the 298 

wear and corrosion performance in total  elbow arthroplasties? Clin. Orthop. Relat. 299 

Res. 2014 Dec;472(12):3770–3776. doi:10.1007/s11999-014-3781-9 300 

6.  Frostick SP, Elsheikh AA, Mohammed AA, Wood A. Results of cementless total 301 

elbow arthroplasty using the Discovery elbow system at a  mean follow-up of 61.8 302 

months. J. shoulder Elbow Surg. 2017 Aug;26(8):1348–1354. 303 

doi:10.1016/j.jse.2017.03.025 304 

7.  Goldberg SH, Urban RM, Jacobs JJ, King GJW, O’Driscoll SW, Cohen MS. Modes of 305 

wear after semiconstrained total elbow arthroplasty. J. Bone Joint Surg. Am. 2008 306 

Mar;90(3):609–619. doi:10.2106/JBJS.F.01286 307 

8.  Griffin JW, Werner BC, Gwathmey FW, Chhabra AB. Obesity is associated with 308 

increased postoperative complications after total elbow  arthroplasty. J. shoulder 309 

Elbow Surg. 2015 Oct;24(10):1594–1601. doi:10.1016/j.jse.2015.06.016 310 

9.  Gschwend N. Our operative approach to the elbow joint. Arch. Orthop. Trauma. 311 

surgery. Arch. fur orthopadische und  Unfall-Chirurgie. 1981;98(2):143–146. 312 

10.  Hänninen P, Niinimäki T, Flinkkilä T, Niinimäki J, Ohtonen P, Yli-Luukko S, et al. 313 

Discovery Elbow System: clinical and radiological results after 2- to 10-year  follow-314 

up. Eur. J. Orthop. Surg. Traumatol. 2017 Oct;27(7):901–907. doi:10.1007/s00590-315 

017-1954-4 316 

11.  Hastings H 2nd. Minimally constrained elbow implant arthroplasty: the discovery 317 

Jo
urn

al 
Pre-

pro
of

Downloaded for Vicki McDonagh (vicki.mcdonagh@burtonh-tr.wmids.nhs.uk) at Derby Teaching Hospitals NHS Foundation Trust from ClinicalKey.com by Elsevier on February 02, 2021.
For personal use only. No other uses without permission. Copyright ©2021. Elsevier Inc. All rights reserved.



Survivorship of the Discovery elbow prosthesis 

15 

 

elbow system. Tech. Hand Up. Extrem. Surg. 2004 Mar;8(1):34–50. 318 

doi:10.1097/00130911-200403000-00008 319 

12.  Hastings H 2nd, Lee DH, Pietrzak WS. A prospective multicenter clinical study of the 320 

Discovery elbow. J. shoulder Elbow Surg. 2014 May;23(5):e95–e107. 321 

doi:10.1016/j.jse.2013.12.033 322 

13.  Kaufmann RA, D’Auria JL, Schneppendahl J. Total Elbow Arthroplasty: Elbow 323 

Biomechanics and Failure. J. Hand Surg. Am. 2019 Aug;44(8):687–692. 324 

doi:10.1016/j.jhsa.2018.11.020 325 

14.  King EA, Favre P, Eldemerdash A, Bischoff JE, Palmer M, Lawton JN. Physiological 326 

Loading of the Coonrad/Morrey, Nexel, and Discovery Elbow Systems:  Evaluation by 327 

Finite Element Analysis. J. Hand Surg. Am. 2019 Jan;44(1):61.e1-61.e9. 328 

doi:10.1016/j.jhsa.2018.04.022 329 

15.  Krukhaug Y, Hallan G, Dybvik E, Lie SA, Furnes ON. A survivorship study of 838 330 

total elbow replacements: a report from the Norwegian  Arthroplasty Register 1994-331 

2016. J. shoulder Elbow Surg. 2018 Feb;27(2):260–269. doi:10.1016/j.jse.2017.10.018 332 

16.  Large R, Tambe A, Cresswell T, Espag M, Clark DI. Medium-term clinical results of a 333 

linked total elbow replacement system. Bone Joint J. 2014 Oct;96-B(10):1359–1365. 334 

doi:10.1302/0301-620X.96B10.33815 335 

17.  Macken AA, Prkic A, Kodde IF, Lans J, Chen NC, Eygendaal D. Global trends in 336 

indications for total elbow arthroplasty: a systematic review of  national registries. 337 

EFORT open Rev. 2020 Apr;5(4):215–220. doi:10.1302/2058-5241.5.190036 338 

18.  Morrey BF, Sanchez-Sotelo J. Approaches for elbow arthroplasty: how to handle the 339 

triceps. J. shoulder Elbow Surg. 2011 Mar;20(2 Suppl):S90-6. 340 

doi:10.1016/j.jse.2010.12.004 341 

19.  Mukka S, Berg G, Hassany HRH, Koye AK, Sjödén G, Sayed-Noor AS. 342 

Semiconstrained total elbow arthroplasty for rheumatoid arthritis patients: clinical  and 343 

radiological results of 1-8 years follow-up. Arch. Orthop. Trauma Surg. 2015 344 

May;135(5):595–600. doi:10.1007/s00402-015-2191-0 345 

20.  Pocock SJ, Clayton TC, Altman DG. Survival plots of time-to-event outcomes in 346 

clinical trials: good practice and  pitfalls. Lancet (London, England). 2002 347 

Jo
urn

al 
Pre-

pro
of

Downloaded for Vicki McDonagh (vicki.mcdonagh@burtonh-tr.wmids.nhs.uk) at Derby Teaching Hospitals NHS Foundation Trust from ClinicalKey.com by Elsevier on February 02, 2021.
For personal use only. No other uses without permission. Copyright ©2021. Elsevier Inc. All rights reserved.



Survivorship of the Discovery elbow prosthesis 

16 

 

May;359(9318):1686–1689. doi:10.1016/S0140-6736(02)08594-X 348 

21.  Pope D, Scaife SL, Tzeng TH, Vasdev S, Saleh KJ. Impact of diabetes on early 349 

postoperative outcomes after total elbow arthroplasty. J. shoulder Elbow Surg. 2015 350 

Mar;24(3):348–352. doi:10.1016/j.jse.2014.10.008 351 

22.  Prkić A, van Bergen CJ, The B, Eygendaal D. Total elbow arthroplasty is moving 352 

forward: Review on past, present and future. World J. Orthop.2016 Jan 18;7(1):44–49. 353 

doi:10.5312/wjo.v7.i1.44 354 

23.  Prkic A, Welsink C, The B, van den Bekerom MPJ, Eygendaal D. Why does total 355 

elbow arthroplasty fail today? A systematic review of recent  literature. Arch. Orthop. 356 

Trauma Surg. 2017 Jun;137(6):761–769. doi:10.1007/s00402-017-2687-x 357 

24.  Siala M, Laumonerie P, Hedjoudje A, Delclaux S, Bonnevialle N, Mansat P. Outcomes 358 

of semiconstrained total elbow arthroplasty performed for arthritis in  patients under 55 359 

years old. J. shoulder Elbow Surg. 2020 Apr;29(4):859–866. 360 

doi:10.1016/j.jse.2019.08.006 361 

25.  Somerson JS, Boylan MR, Hug KT, Naziri Q, Paulino CB, Huang JI. Risk factors 362 

associated with periprosthetic joint infection after total elbow  arthroplasty. Shoulder 363 

Elbow 2019 Apr;11(2):116–120. doi:10.1177/1758573217741318 364 

26.  Viveen J, van den Bekerom MPJ, Doornberg JN, Hatton A, Page R, Koenraadt KLM, 365 

et al. Use and outcome of 1,220 primary total elbow arthroplasties from the Australian  366 

Orthopaedic Association National Joint Arthroplasty Replacement Registry 2008-367 

2018. Acta Orthop. 2019 Dec;90(6):511–516. doi:10.1080/17453674.2019.1657342 368 

27.  Welsink CL, Lambers KTA, van Deurzen DFP, Eygendaal D, van den Bekerom MPJ. 369 

Total Elbow Arthroplasty: A Systematic Review. JBJS Rev. 2017 Jul;5(7):e4. 370 

doi:10.2106/JBJS.RVW.16.00089 371 

28.  Zhang D, Chen N. Total Elbow Arthroplasty. J. Hand Surg. Am. 2019 Jun;44(6):487–372 

495. doi:10.1016/j.jhsa.2018.11.005 373 

29.  16th Annual Report of the National Joint Registry for England, Wales, Northern 374 

Ireland and the Isle of Man 2019. 375 

https://reports.njrcentre.org.uk/Portals/0/PDFdownloads/NJR%2016th%20Annual%20Report376 

%202019.pdf (last accessed July 2020). 377 

Jo
urn

al 
Pre-

pro
of

Downloaded for Vicki McDonagh (vicki.mcdonagh@burtonh-tr.wmids.nhs.uk) at Derby Teaching Hospitals NHS Foundation Trust from ClinicalKey.com by Elsevier on February 02, 2021.
For personal use only. No other uses without permission. Copyright ©2021. Elsevier Inc. All rights reserved.



Survivorship of the Discovery elbow prosthesis 

17 

 

 378 

Table and Figure Legends 379 

Table I: Descriptive summary of revision indication and baseline demographics.  380 

 381 

Table II: Survival characteristics of the implant survivorship and theoretical worst-case 382 

scenarios, calculated using the Kaplan-Meier method. 383 

 384 

Table III: Baseline demographics between the smaller ‘clinical’ cohort and the full cohort. a- 385 

Mann-Whitney test, b- Chi Square test. IQR = interquartile range. 386 

 387 

Table IV: Range of motion values at a mean 6.5 years follow-up versus preoperatively. a – 388 

Related Samples Wilcoxon Signed Rank test. IQR = interquartile range. 389 

 390 

Figure 1: Kaplan-Meier survival curve of implant survivorship at a mean 8.2 years from 391 

surgery, with worst-case scenario assuming all patients lost to follow-up were revised at the 392 

date of last contact also presented 393 

 394 

Figure 2: Kaplan-Meier analysis demonstrating significant difference in survivorship between 395 

dominant and non-dominant elbows. 396 

 397 
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Table I: 
Revision 
Number 

Age at 
primary 
(years) 

Gender Time to 
revision 
(months) 

Indication for 
revision 

Organism 
 

1 59 F 8 Infection (2 
stage) 

Staph. 
Epidermidis 

2 61 F 19 Aseptic 
Loosening 

n/a 

3 67 M 21 Aseptic 
Loosening 

n/a 

4 74 F 21 Infection (2 
stage) 

Staph. 
Epidermidis 

5 68 F 45 Periprosthetic 
Fracture 

n/a 

6 51 F 45 Aseptic 
Loosening 

n/a 

7 60 F 50 Infection (2 
stage) 

P. Acnes 

8 69 M 63 Component 
Failure 

n/a 

9 66 F 64 Infection (2 
stage) 

Staph. 
Epidermidis 

10 25 M 65 Aseptic 
Loosening 

n/a 

11 57 M 68 Aseptic 
Loosening 

n/a 

12 74 F 74 Infection (2 
stage) 

Staph. 
Epidermidis 

13 63 M 90 Aseptic 
Loosening 

n/a 

14 63 M 92 Aseptic 
Loosening 

n/a 

Table I: Descriptive summary of revision indication and baseline demographics.  
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Table II: 
 
 Number 

of cases 
Number of 
events 
(revisions) 

Number 
censored  

Mean Implant 
survivorship (months 
[95% Confidence 
intervals]) 

Implant Survivorship 67 14 53 (79.1%) 121.1 (111.7-130.6) 

Theoretical ‘Worst-
case’ Scenario 

67 18 49 (73.1%) 115.1 (105.1-125.1) 

Table II: Survival characteristics of the implant survivorship and worst-case revision 
scenario, calculated using the Kaplan-Meier method. 
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Table III: 

Demographic Clinical Cohort Full Cohort Significance 
Age (years, median [IQR]) 66 (54-70) 65.5 (52-70) p=0.91 a 
Dominance (non-dominant:dominant) 16:19 27:36 p=0.79 b 
Body Mass Index (median [IQR]) 27 (21-29) 27 (22-31) p=0.50 a 
Gender (F:M) 24:15 42:25 p=0.91 b 
Indication (Inflammatory arthropathy: 
Osteoarthritis: posttraumatic arthritis) 

24:12:3 43:17:7 p=0.78b 

Table III: Baseline demographics between the smaller ‘clinical’ cohort and the full cohort. a- 
Mann-Whitney test, b- Chi Square test. IQR = interquartile range. 
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Table IV: 

 Range of motion at minimum 
5-year follow-up (degrees; 
median [IQR]) 

Pre-operative range of 
motion (degrees; median 
[IQR]) 

Significance 

Flexion 140 (140-150) 120 (110-135) p<0.001 a 
Extension -25 (-15 - -30) -40 (-40 - -30) p=0.002 a 
Supination 75 (65-80) 65 (45-80) p=0.01 a 
Pronation 75 (65-80) 75 (45-80) p=0.30 a 
Table IV: Range of motion values at a mean 6.5 years follow up versus preoperatively. a – 
Related Samples Wilcoxon Signed Rank test. IQR = interquartile range. 
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