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103 Abstract

104 Objectives 
105 To investigate the interrater reliability of Barbary macaques compared with an expert group of 

106 surgeons regarding treatment choice and predicted outcome of proximal humerus fractures 

107 (PHFs).

108

109 Design 
110 Uncontrolled, blinded, comparative behavioural analysis.

111

112 Setting 
113 Transatlantic (Germany and United States).

114

115 Participants 
116 Ten blinded experts in the field of orthopedic trauma surgery (Homo Chirurgicus Accidentus), 

117 with special focus on upper extremity surgery from Germany and the United States, and five 

118 Barbary macaques (Macaca Sylvanus) from a semi-free range enclosure.

119

120 Main outcome measures 
121 Fleiss’ kappa for assessing the reliability of agreement between raters. 

122

123 Results 
124 While Barbary macaques demonstrate inferior interrater reliability compared with experts 

125 regarding treatment choice (nonsurgical vs. surgical), they performed similarly compared with 

126 experts for the geriatric age group most frequently affected by PHFs, both in terms of treatment 

127 choice and choice of surgical procedure. 

128 Agreement regarding predicted outcome was poor among the macaques and slight among the 

129 experts. However, all experts almost always predicted the outcome incorrectly and tended to 

130 underestimate it. While only 4 out of 90 (4.4%) experts predictions were correct, 13 out of 45 

131 (28.9%) macaques predictions were correct.

132

133 Conclusions
134 Experts’ interrater reliability regarding the management of PHFs is as poor as that of a group 

135 of Barbary macaques for the most frequently affected patient cohort over the age of 65 years, 

136 and only slightly better for patients under the age of 65 years. However, Barbary macaques 

137 tend to predict the clinical outcome of PHFs more accurately.

138 Therefore, Barbary macaques should be considered as a worthwhile, additional aid for 

139 therapeutic decision-making process, especially for geriatric patients with PHFs.
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140 Trial registration 
141 Not applicable.

142

143

144

145 Summary Boxes
146

147 Section 1: What is already known on this topic 
148

149  To date, there is no consensus on the optimal treatment of proximal humerus 

150 fractures.

151

152  Increasing evidence suggests that nonoperative management may have similar 

153 functional outcomes compared with operative management with lower risks of 

154 complications and reoperation.

155
156  Currently evidence-based guidelines are lacking to inform decision-making between 

157 different interventions, and expert consensus is considered to be poor.

158

159

160 Section 2: What this study adds
161

162  Barbary macaques tend to predict the clinical outcome of PHFs more accurately than 

163 experts.

164

165  Barbary macaques should be considered as a worthwhile, additional aid for 

166 therapeutic decision-making process, especially for geriatric patients with PHFs.

167

168

169

170

171

172

173
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174 Introduction

175 Proximal humeral fractures (PHFs) are a common injury, representing approximately 6% of all 

176 adult fractures (1). Around 70% of these fractures occur in patients over the age of sixty years, 

177 with the greatest reported incidence among individuals eighty years of age or older. The 

178 incidence of PHFs has been increasing over the past few decades, due to an aging population 

179 and the associated increase in osteoporosis and low-energy falls from standing height. The 

180 incidence of PHFs is approximately 60 per 100,000 people in the United States, but in the age 

181 65 years or older population, the incidence is four-fold higher at 253 per 100,000 people. In 

182 Finland, the incidence of PHFs had tripled between 1970 and 2002 to 105 per 100,000 people 

183 aged 60 or above (2-4). Therefore, the impact of PHF management will increasingly affect 

184 health care systems (5).

185 Although it is well known that the majority of PHFs (nearly 75 %) can be treated non-operatively 

186 with acceptable functional results, surgery became popular with advancements in the field of 

187 osteosynthetic implants such as locking nails, plates, and prosthetic shoulder joint 

188 replacements (4), with rates of surgically treated patients higher than 25 % in some institutions, 

189 leading to substantial variation worldwide in the management of this common injury (6).

190 In a review of a large sample of US Medicare data, the authors found a significant increase in 

191 the number of surgical procedures for PHFs without a corresponding increase in the incidence 

192 of PHFs for the period study, and moreover, with significant regional variation in the rates of 

193 surgery ranging from 0% to 68% (7). This heterogeneity of treatment is in the setting of a lack 

194 of scientific consensus on the optimal treatment of these fractures to date (4). Although the 

195 latest Cochrane review suggests evidence that nonoperative management may have similar 

196 functional outcomes to operative management with lower risks of complications and 

197 reoperation, there is yet insufficient evidence from current randomized controlled trials to 

198 inform decision-making between different non-surgical, surgical, or rehabilitation interventions 

199 for these fractures (8-10).

200

201 But there is still hope. Deep in the Thuringian basin of Germany, between the mottled 

202 sandstone hills of Windleite and the shell limestone formations of Hainleite, surrounded by the 

203 murmuring sound of Wernröder stream, the Barbary macaques (Macaca Sylvanus) live and 

204 still roam the vast beech forests of Germany in one of the biggest semi-free range enclosures 

205 in Europe. Besides humans, the only free-living primates in Europe, and besides geriatric 

206 patients with proximal humerus fractures, one of the most endangered species in the world 

207 (Figure 1). 

208 As currently evidence-based guidelines are lacking and expert consensus is considered to be 

209 poor, this species could be promising for future decision-making processes due to its 
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210 impartiality and the ability to put itself into the same threatened position as patients with 

211 proximal humeral fractures.

212 The aim of this behavioural analysis is to investigate interrater reliability of Barbary macaques 

213 in comparison with an expert group of surgeons concerning choice of treatment as well as 

214 outcome prediction of proximal humerus fractures and to figure out whether this specie could 

215 serve as a more worthwhile and reliable aid for therapeutic decision-making .
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216 Material and Methods

217 This behavioural analysis was carried out in accordance with the Ethical standards of the 1964 

218 Declaration of Helsinki as updated in 2004. No animal has been forced to participate or has 

219 been in any way misused, abused, or damaged. However, some human beings may feel 

220 themselves so after reading this analysis.

221 Independent experts in the field of orthopedic trauma surgery with special focus on upper 

222 extremity surgery from Germany and the United States were identified and invited via email to 

223 participate in an anonymous web-based survey (SoSci Survey GmbH, Munich, Germany). The 

224 survey consisted of 9 case reports of acute proximal humerus fractures. All cases were 

225 randomly selected from a prospective, observational registry study (Hannover Humerus 

226 Registry – HHR, NCT03060876). Two independent study nurses evaluated all cases with a 

227 clinical and radiological follow-up of 12 months. 

228 HHR is a prospective, CT-based single center registry study of a supraregional Level 1 trauma 

229 center, aiming to investigate the healing process of proximal humerus and humeral shaft 

230 fractures. All experts were informed about the intention of this analysis. They were blinded only 

231 to the actual treatment procedure and outcome. Besides details about memberships and 

232 professional working experience, the behaviour regarding the following questions with 

233 corresponding answer options was evaluated: 

234

235 (1) Which treatment regime would you recommend? 

236 Nonoperative or operative.

237

238 (2) Which procedure would you recommend, if you had to treat surgically?

239 Locking plate, cement-augmented locking plate, intramedullary nail, hemiarthroplasty, 

240 reverse shoulder arthroplasty, allograft-augmented locking plate, or something else.

241

242 (3) Which outcome (age- and sex adapted Constant Score (11) ) would you expect one 

243 year after conservative treatment?

244 ≤ 59, 60-69, 70-79, 80-89 or 90-100 of 100 points.

245

246 Similarly, the behaviour of Barbary macaques was evaluated regarding the same 9 cases and 

247 questions in one of the biggest semi-free range enclosures in Europe (Affenwald Straußberg, 

248 Sonderhausen, Thuringia, Germany). The web-based case presentations were printed as a 

249 29.7 x 42 cm colored poster and positioned one after the other with the related questions using 

250 a customer stopper of a local ice cream vendor in the enclosure (Figure 2). With the aid of an 

251 internationally accepted and validated rating scale consisting of disposable, cellulose kidney 

252 dishes and laminated pictograms, the behaviour was observed (Figure 2). An equally dosed 
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253 mixture of Mediterranean sultanas and peanuts (Nutwork GmbH, Hamburg, Germany) and 

254 Californian walnuts (Märsch Importhandel GmbH, Ulm, Germany) functioned as environmental 

255 enrichment. The first grasp into a kidney dish was defined as selection and noted. Macaques 

256 that did not give complete responds to all cases and those with apparently severe conflict of 

257 interests were excluded from evaluation (Figure 3).

258 As this behavioural analysis was to be carried out on a voluntary basis by the macaques in 

259 their familiar enclosure under uncontrolled conditions, a calculation of number of complete 

260 responds was not possible in advance. Therefore, it was necessary to begin with the analysis 

261 of the macaques followed by analysis of the experts in order to arrive at approximately equally 

262 sized groups. For this reason, the web-based survey was closed to the experts after a 

263 comparable number of responds were obtained.

264

265 Statistical analysis
266 To assess the reliability of agreement between raters Fleiss’ kappa was determined. The 

267 Landis and Koch benchmark scale was used to interpret the strength of agreement for Fleiss’ 

268 kappa values as indicated in the following table (Table 1) (12). For the analyses, SPSS 25 

269 (IBM, Armonk, New York) was used.

270

271

272

273

274

275

276

277

278

279

280

281

282

283

284

285

286

287

288

289
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290 Species analyzed
291 Macaca Sylvanus (M. Sylvanus)

292 M. Sylvanus, also known as Barbary macaque or colloquially called magot, is the only surviving 

293 primate in Africa north of the Sahara desert, the only native species of primate to occur in 

294 Europe, and the only member of the genus Macaca that can be found outside Asia. While it 

295 has the ability to live in a variety of habitats, this species shows a preference for high-altitude 

296 cedar forests, and is also found in oak forests, coastal scrub, and overgrazed rocky slopes 

297 with vestigial vegetation. All the areas occupied by the macaque are under growing pressure 

298 from human activity, and habitat availability for M. sylvanus has decreased markedly in recent 

299 decades.

300 As such, they are listed as endangered by the IUCN (International Union for Conservation of 

301 Nature) Red List (13).

302 The Barbary macaque is gregarious, living in social groups of both sexes. Troops can have 10 

303 to 100 individuals and are matriarchal, with their hierarchy determined by the lineage of the 

304 lead female.

305 Its diet is primarily composed of cedar and the oak, which make up over 50% of its total intake, 

306 but fruits, tree leaves, and nuts are also preferred (13). 

307

308 Homo Chirurgicus Accidentus (H. Chirurgicus Accidentus)

309 Homo Chirurgicus Accidentus, also known as orthopedic trauma surgeon or colloquially called 

310 the ox (14), is a species of surgeon unique for its wide distribution in the world. While it has the 

311 ability to live in a variety of habitats, it is frequently encountered at bigger health care centres 

312 in urban regions.

313 Natural enemies are anesthetists, anesthesia nurses, anesthesia nurse assistants, and 

314 orthopedic trauma surgeons recommending non-operative treatments. Its sociocultural 

315 competences and mating behaviours are unknown due to its extreme work ethos. Both are 

316 currently subject of intensive research.

317 H. Chirurgicus Accidentus is nocturnal and therefore moody during most of the daytime, 

318 forming into groups of equally moody males, which are patriarchal with their hierarchy 

319 determined by direct lineage or personal favor of the lead male.

320 Its diet is primarily composed of bone fractures, damaged cartilage, infected soft tissues, and 

321 broken prosthetics, but profitable, elective outpatient surgeries are also preferred.

322

323

324

325
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326 Results
327 Ten independent experts in the field of orthopedic trauma surgery with special focus on upper 

328 extremity surgery from Germany and the United States were available for the survey. The 

329 responder rate of the experts in the US were higher than in Germany (5/10 vs. 5/20). Only a 

330 group of 5 out of 22 macaques provided complete responds to all cases, probably due to fear 

331 of losing reputation. Reactions of nonresponders among the experts ranged from a diplomatic 

332 German “funny idea, but I am out, sry” to a warm-hearted American "it's wild what my alma 

333 mater and former colleagues are studying nowadays". 

334 All experts from the US were members of the American Academy of Orthopaedic Surgeons 
335 (AAOS). One of them had more than 20 years, two had more than 15 and 10 years, and two 

336 had less than five years of professional experience as a senior physician. All experts from 

337 Germany were members of the German Association of Shoulder and Elbow surgery (DVSE), 

338 and except for one, all were also members of the European Society for the Surgery of the 

339 Shoulder and the Elbow (SECEC-ESSSE). One of them was additionall ay member of the 

340 American Shoulder and Elbow Surgeons (ASES). Two had more than 20 and 15 years, two 

341 had more than 10 years, and one had more than five years of professional experience as a 

342 senior physician. Memberships or professional qualifications of the macaques remained 

343 uncertain, but all of them were obviously fellowship-trained in picking one’s nose and delousing 

344 each other. 

345 While among the experts, operative treatment was the more preferred treatment (56.7% of all 

346 selections), the macaques chose nonoperative treatment more frequently (55.6% of all 

347 selections). Overall interrater agreement regarding this choice was moderate among the 

348 experts and poor among the macaques, although there were marked differences between the 

349 two different nations. While agreement among the US experts was moderate with a slight 

350 preference for nonoperative treatment, agreement among German experts was only fair with 

351 a distinct preference for surgery (Tables 2 and 3). 

352 In a subgroup analysis of the cases by patient age, the experts’ interrater agreement was as 

353 poor as the macaques’ for patients over the age of 65, and only slight for patients aged under 

354 65. However, once again there were marked differences between the nations.

355 While the US experts achieved an unanimous agreement with respect to nonoperative 

356 treatment for patients over the age of 65, German experts’ reached only poor agreement with 

357 4 out of 15 (26.7 %) selections tending to surgical treatment (Table 2).

358 In regards to the recommended surgical treatment procedure, the experts achieved only a 

359 slight agreement, while the macaques’ agreement was poor. However, once again the 

360 subgroup analysis revealed that the experts’ agreement was as poor as the macaques’ for 

361 patients over the age of 65, and only slight for patients aged under 65 (Table 4).
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362 All 9 presented cases were actually treated nonoperatively with an excellent clinical outcome. 

363 The age- and sex-adapted Constant Score averaged 91 of 100 possible points after one year. 

364 Agreement regarding prediction of outcome was poor among the macaques and slight among 

365 the experts (Table 3). However, all experts almost always predicted the outcome incorrectly 

366 and tended to underestimate it. While only 4 out of 90 (4.4%) experts’ predictions were correct, 

367 13 out of 45 (28.9%) macaques’ predictions were correct (Table 6).
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368 Discussion
369 This is the first study investigating interrater reliability of Barbary macaques in comparison with 

370 an expert group concerning management and clinical outcome prediction of proximal humerus 

371 fractures. While Barbary macaques appear to have inferior interrater reliability compared to 

372 the experts regarding choice of treatment (nonsurgical vs. surgical), they performed similarly 

373 compared with experts for the geriatric age group most frequently affected by PHFs, both in 

374 terms of choices of treatment and choice of surgical treatment procedure.

375 These findings confirm Barbary macaques as a worthwhile and serious alternative, but also 

376 highlight the continuous controversy regarding the lack of any expert consensus on the optimal 

377 treatment of these fractures (4, 6, 15). 

378

379 Surgical treatment of PHFs has been associated with complication rates as high as 49% and 

380 reoperation rates of 14%. Growing evidence from randomized controlled trials and meta-

381 analyses showing similar outcomes between surgical and nonsurgical management of PHFs, 

382 which has called surgical treatment of PHFs for patients older than 65 years into question. (5, 

383 6, 15, 16). In addition to prospective trials, pooled data of prior studies in a recent Cochrane 

384 review demonstrated no clinically important difference in functional outcomes and quality of 

385 life between surgical and nonsurgical treatment of proximal humerus fractures at one- to two-

386 year follow-up (8, 12).

387 Nonetheless, surgical treatment of this injury has been increasingly utilized over the past two 

388 decades (5). Ironically, it was the relevant age group of patients over the age of 65 years where 

389 interrater agreement across the two species was equally poor. The marked differences 

390 between the two nations should be considered in the context of reported national treatment 

391 trend developments in the literature. According to an analysis of the National Inpatient Sample 

392 (NIS) database, the percentage of surgically treated PHFs increased by 6% between 2004 and 

393 2012 in the US, but nonetheless nonoperative treatment remained the most common treatment 

394 modality in 59% of patients (17). Conversely, according to a recent trend analysis of German 

395 Federal Statistical Office data, surgical procedures increased by 39 % with about 68.9 % of all 

396 procedures being performed in elderly patients between 2007 and 2016 in Germany. Locking 

397 plate fixation was the most commonly used procedure within all age groups, although it has 

398 already been identified as an independent risk factor for inpatient adverse events and mortality 

399 in patients older than 65 years compared to nonoperative inpatient treatment (9, 18). This is 

400 even more concerning from a health economical view, as previous epidemiologic and cost 

401 analyses demonstrated fractures of the shoulder to be a substantial contributor to the rising 

402 treatment costs for upper limb fractures (5).

403
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404 There are some limitations to our study that should be considered. Although it is a promising 

405 observation that the macaques have chosen nonoperative treatment more frequently than the 

406 experts, their agreement regarding optimal treatment was consistently poor. However, a 

407 systematic confounding behaviour was unfortunately observed during the whole study. Some 

408 senior primates with apparently severe conflict of interests biased responders during their 

409 selections (Figure 3 and 4). The authors believe that this fact may have adversely affected 

410 their results, and that their agreement and their outcome prediction ability would be much better 

411 without this disruptive factor. Self-reported conflicts of interest are also common in orthopedic 

412 trauma surgeons, and it is known that they are able to influence reported outcomes (19). The 

413 conspicuous finding that all experts almost always underestimated and predicted the outcome 

414 of nonoperatively treated PHFs incorrectly suggests interference among the alleged 

415 independent experts. However, it remains unclear whether, to what extent, and how the 

416 experts examined here were affected, as the self-disclosure referred to only details about 

417 scientific memberships and professional working experience.

418 In addition, in retrospect the mixture of Mediterranean sultanas, peanuts, and Californian 

419 walnuts as environmental enrichment was an unfavorable choice by the authors. 

420 Unfortunately, significant differences in popularity of these treats could be observed in an 

421 above-mentioned order. This led in parts to dependent selections, when the kidney dishes 

422 were not refilled equally immediately. 

423 This form of selection bias must be seen as a major methodological weakness. The authors 

424 recommend Californian walnuts as a single treats for future behavioural analysis. 
425
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442 Conclusion
443 Experts’ interrater reliability regarding the management of PHFs is as poor as that of a group 

444 of Barbary macaques for the most frequently affected patient cohort over the age of 65 years, 

445 and only slightly better for patients aged under 65 years. However, Barbary macaques tend to 

446 predict the clinical outcome of PHFs more accurately.

447 Therefore, Barbary macaques should be considered as a worthwhile, additional aid for 

448 therapeutic decision-making process, especially for geriatric patients with PHFs.
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479 Tables
480

Fleiss` Kappa Interpretation

< 0 Poor agreement

0.01 – 0.20 Slight agreement

0.21 – 0.40 Fair agreement

0.41 – 0.60 Moderate agreement

0.61 – 0.80 Substantial agreement

0.81 – 1.00 Almost perfect agreement

481 Table 1: Benchmark scale according to Landis and Koch for interpretation of strength of 

482 agreement for Fleiss’ kappa values.

483

484

Species All PHFs ≤ 65 years > 65 years

All experts 0.45 0.18 -0.09

US 0.6 0.23 1

Germany 0.27 0.04 -0.19

Barbary macaques -0.17 -0.22 -0.07

485 Table 2: Interrater reliability of the analyzed species in the form of Fleiss` kappa regarding 

486 recommended treatment (nonoperative vs. operative).

487

488

Species All PHFs ≤ 65 years > 65 years

All experts 0.57 0.78 0.13

US 0.49 0.73 0

Germany 0.64 0.83 0.27

Barbary macaques 0.44 0.43 0.47

489 Table 3: Conditional probability for recommending operative treatment.

490

491

492

493

494

495
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496

Species All PHFs ≤ 65 years > 65 years

All experts 0.09 0.11 0

US 0.15 0.19 -0.03

Germany 0.02 0.08 -0.13

Barbary macaques -0.1 -0.16 -0.12

497 Table 4: Interrater reliability of the analyzed species in the form of Fleiss` kappa regarding 

498 recommended surgical procedure.

499

500

Species All PHFs ≤ 65 years > 65 years

All experts 0.13 0.04 -0.04

US 0.14 0.01 -0.02

Germany 0.14 -0.02 -0.04

Barbary macaques -0.01 -0.08 -0.02

501 Table 5: Interrater reliability of the analyzed species in the form of Fleiss` kappa regarding 

502 outcome prediction of nonoperative treatment.

503

504

                Experts     Barbary macaques

amount      percentage  amount      percentage

Case 1 0 0 % 0 0 %
Case 2 0 0 % 0 0 %

Case 3 0 0 % 3 60 %
Case 4 0 0 % 1 20 %

Case 5 0 0 % 1 20 %
Case 6 0 0 % 0 0 %
Case 7 0 0 % 2 40 %
Case 8 0 0 % 3 60 %
Case 9 4 40 % 3 60 %

505 Table 6: Absolute and relative distribution of correctly predicted outcomes by the two 

506 species.
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Figure 1: Conservation status of PHFs and Barbary macaques according to the IUCN (13). The figure above 
shows a minimally displaced proximal humerus fracture according to the most commonly used Neer 

classification (20). The 70-year-old woman was treated with an intramedullary nail at a German Level 1 
trauma center in 2019, probably due to its biomechanical superiority over extramedullary implants (21). 
After only three months, conversion to reverse shoulder arthroplasty was performed, probably due to its 

biomechanical superiority over intramedullary nails. 
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Figure 2: Case report presented on a customer stopper of a local ice cream vendor in the enclosure and 
condition of the validated rating scales after the analysis. 
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Figure 3: A senior macaque with apparently severe conflict of interests is biasing one of its inferior subjects. 
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Figure 4: A biased macaque is adversely affected and therefore predicts a poorer outcome. 
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