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Title 1 

A Prospective, Non-Randomized, Consecutive Series, Multicentre, Observational Study to 2 

Evaluate The Clinical Outcome of Ceramic-On-Ceramic Hip Resurfacing Arthroplasty Using 3 

The Ceramic, Non-Porous, Non-Cemented H1 Hip Resurfacing Arthroplasty 4 
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Mariam Al-Laith1 (MAL), Susannah Clarke1,2 (SC), Camilla Halewood2 (CH), Rob 6 

Wozencroft2 (RW), Brogan Guest1 (BG), Catherine Van Der Straeten1 (CVDS), Francesca 7 

Fiorentino3 (FF), Justin Cobb1 (JC). 8 

1 The MSk Lab, Imperial College London 9 

2 Embody Orthopaedic Limited 10 

3 Imperial College Clinical Trials Unit 11 

Abstract (350 words) 12 

Background: Advantages of hip resurfacing arthroplasty over total hip arthroplasty include 13 

the preservation of the thigh bone, reduction in the risk of dislocation due to the large size 14 

of the ball, revision surgery being easier, and higher activity level in younger participants. 15 

However, metal-on-metal hip resurfacings has been shown to cause higher metal ion levels 16 

and some participants reported progressive pain leading to early revision. By exchanging 17 

the metal material of the bearing with BIOLOX®delta ceramic, the main cause of early 18 

revision is removed. The H1 Implant is innovative both in its anatomical shape and in its 19 

materials as there is currently no all-ceramic, completely cementless hip resurfacing implant 20 

in clinical use.  21 

Methods: This is a multicentre, prospective, non-randomized, observational study to 22 

evaluate the clinical outcome of the H1 System, which consists of the H1 Implant and the 23 

H1 Instruments. The intended application of the H1 Implant is to replace the diseased areas 24 
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of the articular surface and restore joint function. The aim is to recruit 250 participants. Adult 25 

participants up to the age of 70 years will be recruited and followed-up for 10 years from the 26 

date of surgery. All operative complications, both intraoperative and postoperative through 27 

discharge will be collected. Any complication, whether device-related, surgery related or 28 

otherwise, will be collected and reported where applicable. The assessment of the safety 29 

and performance characteristics as well as establish the superiority of the ceramic-on-30 

ceramic bearing couple of the H1 Implant will be evaluated and compared to metal-on-metal 31 

hip resurfacings in the literature. 32 

Discussion: This study protocol describes the H1 Clinical Investigation. The protocol was 33 

designed by clinicians, experienced trialists and patients, in order to test the safety and 34 

performance of The H1 System.  35 

Trial registration: ISRCTN registry with study ID ISRCTN91554748 36 

Keywords: H1 Hip resurfacing arthroplasty, ceramic-on-ceramic, H1 System, disease-37 

damaged hip. 38 
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Administrative information 39 

Title {1} A prospective, non-randomized, consecutive series, 
multicentre, observational study to evaluate the clinical 
outcome of ceramic-on-ceramic hip resurfacing 
arthroplasty using the ceramic, non-porous, non-
cemented H1 Hip Resurfacing Arthroplasty 

Trial registration {2a and 2b} ISRCTN registry with study ID ISRCTN91554748 

Protocol version {3} Version 11 Dated 25/08/2021 

Funding {4} Embody Orthopaedic Limited 

Author details {5a} Mariam Al-Laith, Susannah Clarke, Camilla Halewood, 
Rob Wozencroft, Brogan Guest, Catherine Van Der 
Straeten, Dr Francesca Fiorentino, Justin Cobb  

Name and contact 
information for the trial 
sponsor {5b} 

Embody Orthopaedic Limited 
Sir Michael Uren Hub 
86 Wood Lane 
London W12 0BZ 

Role of sponsor {5c} The role of the study sponsor and funder is to oversee the 
safety and the performance of the device, and report any 
adverse events device related or not device related to the 
MHRA.  
The sponsor contributes to, the management, analyses, 
interpretation of the data, writing of the reports to the 
MHRA and the decision to submit the protocol for 
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Introduction 40 

Background and rationale {6a} 41 

Total hip arthroplasty 42 

Total Hip Arthroplasty (THA) provides significant pain relief and improvement of hip function 43 

and mobility [1]. THA patients, even elderly people, are more active, have a better quality of 44 

life, fewer comorbidities and a longer life expectancy than in the population generally [2]. In 45 

this elderly and less active patient population, THA can be considered a lifelong solution, 46 

while, both implant survivorship and clinical performance are poorer in young and active 47 

people [3]. In this demanding patient group, revision rates are higher. The Orthopaedic 48 
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Device Evaluation Panel (ODEP) sets a benchmark revision rate of 5% at 10 years for an 49 

‘A*’ rating. This benchmark is not met by conventional THA in young and active patients 50 

according to national joint registry figures, where young women experience an even higher 51 

revision rate [4, 5]. 52 

Hip resurfacing arthroplasty 53 

Modern hip resurfacing arthroplasty (HRA) was introduced in the 1990s to address the 54 

inferior implant survivorship and unsatisfactory clinical results with THA in young and active 55 

patients [2, 6]. Metal-on-Metal (MoM) hip resurfacings have been shown to be safe and 56 

effective in younger patients over the longer term [7-11]. These patients have superior 57 

clinical function over patients with total hip replacements, with little or no wear at the bearing 58 

surface in comparison to hard on soft bearings [12]. The two most serious complications 59 

following hip surgery are death and infection. Both of these are substantially rarer after hip 60 

resurfacing when compared to patients with a cemented total hip arthroplasty, which is often 61 

presented as the gold standard of hip replacement [13-15]. However, patients (especially 62 

females) with poorly positioned HRAs, poorly designed HRA implants and smaller sizes 63 

have reported progressive pain leading to early revision [16-18]. This pain is commonly 64 

caused by one of two problems: either metal ion particles generated by excessive wear 65 

associated with adverse local tissue reactions (ALTRs) to metal debris or soft tissue 66 

impingement on the hard metal edges of the components. Despite these two problems, 67 

national registry data continues to report significantly lower all-cause long-term mortality of 68 

HRA compared with age and gender matched THA [5, 13]. 69 

The H1 Implant 70 

The H1 Implant is ceramic-on-ceramic (CoC), cementless HRA (Figure 1). By exchanging 71 

the metal material of the bearing with BIOLOX®delta ceramic (CeramTec, Germany), a 72 

better wearing and more inert material, the positive clinical performance aspects of MoM hip 73 

resurfacings are retained, while the main cause of early revision is removed. Thus, the H1 74 
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Implant could be used for wider indications than the currently restricted group of large men 75 

that applies to MoM HRAs. Patients with smaller head sizes, females and patients with metal 76 

sensitivity may all be H1 Implant candidates. BIOLOX®delta is a zirconia toughened alumina 77 

(ZTA). This ceramic has an 18-year history of worldwide use in hip arthroplasty, with an 78 

excellent track record. CoC bearings consist of the hardest material with the lowest wear 79 

rate of all bearing couples used in hip arthroplasty [19]. The very low volume of inert ceramic 80 

nanoparticles and the absence of elevated cobalt (Co) and chromium (Cr) ion levels in the 81 

bloodstream [20] virtually abolishes the risk of ALTR, allergic reactions and systemic cobalt 82 

toxicity. The fracture risk of BIOLOX®delta is much reduced compared to earlier generations 83 

of ceramic and in the arthroplasty registries and as assessed by CeramTec the fracture rate 84 

is now estimated at <0.001%. The use of BIOLOX®delta bearings also reduces the risk of 85 

periprosthetic infection due to a significant reduction in biofilm formation and adherence to 86 

ceramic surfaces compared to metal and polyethylene [4, 5, 21]. In a review of over 600,000 87 

patients, infection rate was significantly reduced in patients with ceramic-on-ceramic 88 

bearings, in comparison with other forms of THA [22]. Toxicity related to release of ions from 89 

BIOLOX®delta has not been reported, despite the use of this material in millions of patients 90 

over 18 years. The cementless fixation of the H1 Implant is not novel, employing a rough 91 

coating of plasma sprayed titanium and hydroxyapatite applied by a leading implant coating 92 

specialist (Medicoat, Switzerland). Acetabular and femoral components using these 93 

coatings have been safe and effective products for more than 30 years [4, 5, 23]. 94 

Cementless MoM HRAs using this coating type have also been demonstrated to be safe 95 

and effective in large clinical series [24, 25]. Titanium sensitivity is very rare, but has been 96 

described, particularly in the dental literature related to large volumes of wear particles [26]. 97 

It has not been described in relation to ion release from coatings. 98 
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Objectives {7} 99 

Primary Objective  100 

The primary objective is to confirm the safety and performance of the H1 Implant, implanted 101 

using the H1 Instruments (Figure 2), by demonstrating non-inferiority of the cumulative 102 

percent success compared to a literature reference rate of 97.7%, 96.4% and 92.4% 103 

cumulative survivorship of the Birmingham hip resurfacing (BHR) at 3, 5 and 10 years (the 104 

BHR is the best performing and most used HRA in the National Joint Registry 17th Annual 105 

Report 2020 [27]).  106 

Secondary Objectives 107 

Preliminary Safety Study 108 

In the first cohort of 20 patients (Cohort 1A), the safety of the H1 Implant, implanted using 109 

the H1 Instruments, will be determined via assessment of complication rate, toxicology and 110 

CT assessment. The secondary objective is to demonstrate superiority of the H1 Implant, 111 

implanted using the H1 Instruments, compared to MoM HRA in the absence of metal ion 112 

release at 2 years. 113 

Second Safety Study 114 

In a second cohort of 46 patients (Cohort 1B), the safety of the H1 Implant, implanted using 115 

the H1 Instruments, will be determined via assessment of complication rate, toxicology (first 116 

14 patients only) and CT assessment. The secondary objective is to demonstrate superiority 117 

of the H1 Implant, implanted using the H1 Instruments, compared to MoM hip resurfacing in 118 

the absence of metal ion release at 2 years. 119 

Safety and Performance Study 120 

Additional goals are to compare the H1 Implant, implanted using the H1 Instruments, to 121 

other hip resurfacings and total hip arthroplasty with regard to patient reported outcome 122 

measures, objective clinical and functional outcomes, and radiological assessment at each 123 

follow up visit. 124 
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CE Marking Study  125 

Additional objectives are included for conformity assessment: 126 

1. Overall safety and effectiveness of the H1 Implant, implanted using the H1 127 

Instruments, by matching the Orthopaedic Data Evaluation Panel’s “ODEP A” 128 

benchmark at 3 years follow-up. 129 

2. Stable fixation of the H1 Implant, implanted using the H1 Instruments, via 130 

measurement of component migration. 131 

3. Improvement in patient reported outcome measures (PROMS) and objective clinical 132 

outcomes compared to pre-operative values. 133 

Trial design {8} 134 

The H1 Clinical Investigation is a multi-centre, prospective, non-randomised, observational 135 

study to evaluate the safety and clinical outcome of the H1 System which consists of the H1 136 

Implant and the H1 Instruments (designed to implant the H1 Implant). In order to evaluate 137 

the safety of the H1 System, the study will be subdivided in a short-term safety study and a 138 

long-term safety and performance study. The safety study (Cohort 1A – 20 participants) will 139 

record complication rate, toxicology and radiological assessment. Due to the observation of 140 

femoral crush fractures in the first cases (Cohort 1A), a second safety cohort was introduced 141 

– Cohort 1B. Cohort 1B will consist of a further 46 participants. Cohort 2 will consist of the 142 

remaining participants out of the 250-procedure cohort. The study design is shown in the 143 

flow diagrams in Tables 3 to 5. 144 
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Methods: Participants, interventions and outcomes {9} 145 

Adult participants up to the age of 70 years old, suitable for HRA, are approached in the out-146 

patient clinics from five hospital sites in England and invited to take part in the H1 Clinical 147 

Investigation instead of receiving a THA or MoM HRA.  148 

Eligibility criteria {10} 149 

Study centres and surgeons selected to participate in this study, have a longstanding 150 

experience with hip resurfacing implants and their implantation. Only surgeons who have 151 

received appropriate training and are familiar with the H1 System, surgical technique, patient 152 

indications and contra-indications, adverse events and risks will use the H1 System and 153 

become investigators. 154 

The H1 System is intended for use in participants requiring primary hip resurfacing 155 

arthroplasty due to primary osteoarthritis or osteoarthritis secondary to e.g., trauma, 156 

avascular necrosis, developmental hip dysplasia or other self-limiting conditions and who 157 

meet the inclusion criteria.  158 

Inclusion criteria:  159 

 Patient requires primary hip arthroplasty due to degenerative joint disease (primary 160 

osteoarthritis, posttraumatic osteoarthritis, avascular necrosis, developmental hip 161 

dysplasia) 162 

 Participants femoral bone stock is adequate for hip resurfacing on plain radiographs. 163 

 Patient is between 18 and 70 years old. 164 

 Patient is willing to comply with study requirements.  165 

 Patient plans to be available throughout the ten (10) years postoperative follow-up. 166 

 Patient can understand the native language of the country where their procedure is 167 

taking place. 168 
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Exclusion criteria: 169 

 Patient has a BMI greater than 40. 170 

 Patient suffers from an active inflammatory joint disorder. 171 

 Patient has an active infection or sepsis (treated or untreated) 172 

 Patient has insufficient bone stock at the hip (>1/3 necrosis of the femoral head) 173 

 Patient has severe osteopenia or osteoporosis, defined using DXA by T-score of <-174 

2.5 (if T-score does not meet the criteria, please confirm with coordinating site (ICL) 175 

for participant eligibility)  176 

 Patient has large and multiple cysts in the femoral head (participants with cysts to be 177 

reviewed by coordinating site (ICL) for participant eligibility) 178 

 At the time of enrolment, patient has one or more of the following arthroplasties that 179 

have been implanted less than 6 months before the current hip arthroplasty: 180 

o Contralateral primary total hip arthroplasty or hip resurfacing arthroplasty. 181 

o Ipsilateral or contralateral primary total knee or unicondylar knee 182 

arthroplasty. 183 

 Patient takes medications which potentially affect the bone such as corticosteroids 184 

and antimitotic medications.  185 

 Patient has a condition that may interfere with the hip arthroplasty survival or outcome 186 

(i.e., Paget’s or Charcot’s disease, vascular insufficiency, muscular atrophy, 187 

uncontrolled diabetes, moderate to severe renal insufficiency or neuromuscular 188 

disease) 189 

 Patient has a known alcohol or drug abuse. 190 

 Patient has an immunosuppressive disorder. 191 

 Patient has a malignant tumour, metastatic, or neoplastic disease. 192 

 Patient has severe comorbidities or a limited life expectancy.  193 

 Patient lacks capacity to consent.  194 
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 Patient has an emotional or neurological condition that would pre-empt his/her ability 195 

or willingness to participate in the study. 196 

 Patient is not willing or able to sign an informed consent form. 197 

 Patient pregnant or breast feeding  198 

 Patient is not able or willing to come to follow-up visits. 199 

 Any other clinical reason, which the investigator considers would make the patient 200 

unsuitable for the trial. 201 

 Implant size unavailable. 202 

Who will take informed consent? {26a} 203 

All participants will be given both verbal and written explanations of the study by an 204 

experienced and informed clinician. If participants wish to take part, they will be asked to 205 

sign the study informed consent form. A separate consent form will be signed for each hip 206 

for participants undergoing bilateral H1 HRAs (either simultaneous or staggered). 207 
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Interventions 208 

Explanation for the choice of comparators {6b} 209 

The H1 Clinical Investigation is a single-arm study with a single investigational device, the 210 

H1 System. 211 

Preoperative Procedures 212 

1. Demographic information will include age at surgery, height (in cm) and weight (in kg), 213 

measured at the preoperative assessment visit. 214 

2. Medical history will be obtained and will include: 215 

 Significant comorbidities (HEENT, respiratory, blood/lymphatic, cardiovascular, 216 

digestive, endocrine/metabolic, musculoskeletal, integumentary, genitourinary, other) 217 

 Primary diagnosis prompting hip arthroplasty (primary osteoarthritis, post-traumatic 218 

arthritis, avascular necrosis, developmental dysplasia) 219 

 Previous surgeries on the affected hip (none, fracture fixation, arthroscopy, AVN 220 

treatment) 221 

 Joint involvement status of the contralateral hip and knee, and the ipsilateral knee 222 

(currently not symptomatic, currently symptomatic, previously replaced) 223 

 Tobacco use (Never Smoked, Past Smoker, or Current Smoker) 224 

 Alcoholic beverage intake (Never Drinks Alcohol, Occasional or Social Drinker, Only 225 

Drinks on Weekend, or Daily Drinker) 226 

3. Clinical evaluation: 227 

 Harris Hip Score  228 

 Patient Reported Outcome Measures (OHS, EQ5D) 229 

 Radiographic data: preoperative standard AP pelvis and lateral hip radiographs, 230 

performed with a calibration to allow calculation of magnification, and size of implants 231 

required. 232 

 Gait analysis on treadmill (optional) 233 
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 Preoperative CT scan. 234 

 Bloods (metal ion testing) and Metal ion exposure questionnaires – Cohort 1A and 235 

first 14 patients of Cohort 1B 236 

 All Adverse Events and Serious Adverse Events must be reported. 237 

 Relevent concomitant medication recorded. 238 

Operative Procedures 239 

Intra-operative information for each subject will include: 240 

 Surgical time (time from skin open to skin closure, defined as the number of minutes 241 

between start and end of the surgery) 242 

 Surgical approach (posterior, posterolateral, anterior, anterolateral, other) 243 

 Acetabular and femoral component sizes 244 

 Lot and catalogue numbers of the acetabular and femoral component  245 

 Patient record stickers for the device components used are to be adhered to a page 246 

within the record and one set for the H1 Implant only is to be affixed to the Patient 247 

Implant Card for the patient to keep. 248 

Discharge Procedures 249 

All operative complications, both intraoperative and postoperative through discharge will be 250 

collected. Any complication whether device-related, surgery related or otherwise will be 251 

collected and reported where applicable. Post discharge information will include: 252 

 Radiological Assessment  253 

 Date of discharge 254 

 Prophylactic antibiotics (yes, no) 255 

 DVT prophylaxis (yes, no) 256 

 Blood transfusion (yes, no; if yes specify amount in Packed RBC units) 257 

 In case of clinical symptoms an AE form should be completed 258 



Page 13 of 13

Follow-up Procedures 259 

All patients will be seen immediately postoperatively (2days) at 6 weeks (standard 260 

postoperative visits), 6 months, 1, 2, 3, 5, 7 and 10 years following surgery. Cohort 1A will 261 

be seen additionally at 3 months, 4, 6, 8 and 9 years. Cohort 1B will be seen additionally at 262 

3, 9 months, 4, 6, 8 and 9 years. Tables 3-5 263 

The following data points will be collected at the scheduled postoperative visits: 264 

 All Adverse Events and Serious Adverse Events. 265 

 Concomitant medication. 266 

 Harris Hip Score. 267 

 Patient Reported Outcome Measures: 268 

o JointPRO (OHS, EQ5D, Imperial Hip Score (IHS)) or paper based questionnaires  269 

(OHS, EQ5D). 270 

 Radiological Assessment. 271 

 Gait analysis on treadmill (optional assessment, year 1 and 5 only). 272 

In Cohort 1A the following additional investigations will be performed: 273 

 Postoperative low or ultralow dose CT scans immediately postoperatively (2 days), 6 274 

weeks, 3, 6, 12, 24 months to evaluate implant migration. 275 

 Metal ion measurements in whole blood. 276 

In Cohort 1B the following additional investigations will be performed: 277 

 Postoperative ultralow dose CT scans immediately postoperatively (2 days), 6 weeks, 278 

3, 6, 9, 12, 24 months to evaluate implant migration. 279 

 Metal ion measurements in whole blood for the first 14 patients only. 280 

Follow-up Procedures – remote visits 281 

All effort will be made to ensure patients attend their follow up visits. However, if a patient is 282 

unable to attend for a particular reason, they will be followed up remotely (phone, skype 283 
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and/or email) so that no data is missed. If the patient has an imaging scan locally and is able 284 

to get a copy of this data, a copy should be retained and used as part of this scheduled visit 285 

point. If no imaging scan has been taken, then this will be noted down as a missed data 286 

collection point. 287 

The following data points will be collected  288 

 All Adverse Events and Serious Adverse Events must be reported.  289 

 Concomitant medication recorded. 290 

 Modified Harris Hip Score will be collected in place of Harris Hip Score 291 

 Patient Reported Outcome Measures: 292 

o JointPRO (OHS, EQ5D, IHS) or paper based questionnaires over 293 

skype/phone/email (OHS, EQ5D) 294 

Provisions for post-trial care {30} 295 

There are no arrangements for taking care of the subjects after their participation in the 296 

clinical investigation has ended, because such additional care is not necessary as a result 297 

of the subjects' participation in the clinical investigation, and it does not differ from that 298 

normally expected for patients being treated with either a THA or HRA.299 

Outcomes {12} 300 

The outcome measures and endpoints for the study is summarised in Error! Reference 301 

source not found.302 

Participant timeline {13} 303 

All participants will be seen postoperatively (2 days) at 6 weeks (standard postoperative 304 

visits), 6 months, 1, 2, 3, 5, 7 and 10 years following surgery. Cohort 1A will be seen 305 

additionally at 3 months, 4, 6, 8 and 9 years. Cohort 1B will be seen additionally at 3, 9 306 

months, 4, 6, 8 and 9 years. 307 
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Sample size {14} 308 

For the performance study, the sample size is calculated based on the non-inferiority of the 309 

H1 Implant in terms of the well-documented metric of implant survival, reported using 310 

Kaplan-Meier survival estimates, compared to a benchmark. The following hypotheses will 311 

be tested to establish the difference in survival of the H1 Implant with the benchmark, non-312 

inferiority margin 𝛿 > 0: 313 

𝐻0: 𝜇0 − 𝜇 ≥ 𝛿314 

𝐻I: 𝜇0 − 𝜇 < 𝛿315 

Where 𝜇  is survival of the H1 Implant and 𝜇0  is the benchmark survival. For these 316 

hypotheses, rejection of the null hypotheses will imply non-inferiority of the H1 Implant in 317 

terms of survival compared to the benchmark. Using the case of large n to achieve a fixed 318 

value for the control group, the general formula for determining sample size in non-inferiority 319 

trials can be specified with given 𝛼 risk and power (1 − 𝛽) as [42]: 320 

𝑛 = (𝑧1−𝛼 + 𝑧1−𝛽)2(𝜇(1 − 𝜇))
(𝜇0 − 𝜇 − 𝛿)2321 

The success rate for the H1 Implant is unknown for this population but there is no reason to 322 

believe that it would be less than 10 year survival rate of the BHR of 92.4% [38]. Therefore, 323 

a conservative success rate of 92.4% of the H1 Implant is used for the 10 year follow-up 324 

timepoint. Including an allowance for patients lost to follow up by the end of 10 years, and 325 

using δ=5%, 250 subjects are required to achieve 80% power to demonstrate non-inferiority 326 

at the significance level of α = 2.5%. 327 

For the safety study, the sample size is calculated based on the superiority of the H1 Implant 328 

compared to MoM HRAs in terms of cobalt (Co) and chromium (Cr) metal ion release. The 329 

following hypotheses will be tested to establish the difference in metal ion release of the H1 330 

Implant with a benchmark, superiority margin 𝛿 < 0: 331 
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𝐻0: 𝜇 − 𝜇0 > 𝛿332 

𝐻1: 𝜇 − 𝜇0 ≤ 𝛿333 

Where 𝜇 is the metal ion release of the H1 Implant and 𝜇0 is a benchmark metal ion release 334 

level. For these hypotheses, rejection of the null hypotheses will imply superiority of the H1 335 

Implant compared to the benchmark. For the above hypotheses, the sample size for a 336 

specified 𝛼 and power (1 − 𝛽) is given by: 337 

𝑛 = (𝜎 𝑧1−𝛼 + 𝑧1−𝛽𝜇 − 𝜇0 − 𝛿 )2
338 

Previous research investigating metal ion measurements from well-functioning MoM 339 

unilateral HRAs (n = 251) found mean Co levels of 1.8 µg/L (SD 1.2) and mean Cr levels of 340 

2.0 µg/L (SD 1.5) [19]. Studies have demonstrated that hip replacements using ceramic 341 

bearings are not associated with metal ion release (levels below detection limits of most 342 

labs, < 0.5 µg/L [43]), therefore the Co and Cr levels of the H1 Implant are both expected to 343 

be < 0.5 µg/L.  344 

Using the benchmark values of mean chromium levels, a superiority margin of 𝛿 =345 −0.05 and including an allowance for patients lost to follow up by the end of 2 years, 20 346 

subjects are required to achieve 80% power to demonstrate superiority at the significance 347 

level of α = 2.5%. 348 

The ODEP A Rating at 3 years stipulates the following sample sizes: 349 

 Minimum number of centres and surgeons: 3 350 

 Minimum total cohort: 150 351 

 Minimum implants at risk at 3 years: 72 352 
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Recruitment {15} 353 

Participants suitable for hip resurfacing arthroplasty will be identified from the clinic list and 354 

theatre waiting list. Those participants meeting the inclusion/exclusion criteria will be given 355 

the option to take part. All participants will be given both verbal and written explanation of 356 

the study by an experienced and informed clinician. No pressure will be placed on 357 

participants, nor time pressure imposed to make a quick decision. A minimum of twenty-358 

four-hours will be required before a decision to participate will be accepted. The patients will 359 

be given the opportunity to ask questions and highlight any concerns they may have. 360 

Participants will be told they are free to withdraw at any time. If a participant wishes to take 361 

part, they will be asked to sign the study informed consent form. Women of child-bearing 362 

age will be asked about their method of contraception, which will be noted in the concomitant 363 

medications (conmed) section prior to inclusion in the study and prior to every imaging (X-364 

ray or CT scan) as usual. If a female participant does become pregnant during the study, 365 

imaging will be postponed until after the childbirth but questionnaires will be performed as 366 

planned. 367 
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Data collection and management 368 

Plans for assessment and collection of outcomes  369 

All participants (Cohort 1A, Cohort 1B, Cohort 2) 370 

Baseline Data 371 

Following screening, all participants will undergo baseline study visits. Baseline data 372 

collection will include imaging, clinical questionnaires, demographical data, medical history 373 

and data related to the surgery and the implant used. All participants in the study will 374 

undergo hip resurfacing with the H1 Implant, implanted using the H1 Instruments. Operative 375 

data, including any complications or adverse events relating to the H1 Instruments, will be 376 

collected along with discharge information.  377 

Patient reported outcome measures and objective outcomes 378 

Data that will be collected as part of the clinical follow-up will include x-rays and subjective 379 

hip and general health clinical evaluation including Patient Reported Outcome Measures 380 

(PROMs), and the Harris Hip Score (HHS). PROMs used will be the Oxford Hip Score (OHS) 381 

[30] and  EQ-5D questionnaire [31]. Patient satisfaction, expectations and a self-assessment 382 

of the physical outcome will also be done according to the new Imperial Score evaluating 383 

pain, function and fulfilment of preoperative aspirations after hip arthroplasty. The Imperial 384 

Score can only be collected online. 385 

Radiological Assessment  386 

Radiological evaluation at the scheduled follow-up intervals will include standard 387 

anteroposterior (AP) pelvis and lateral hip radiographs, or 3D CT-scans where available. 388 

Gait analysis  389 

A gait analysis on a treadmill will be performed on patients who have given permission as 390 

per the study consent form, pre-operatively and postoperatively at 1 and 5 years. The gait 391 

analysis will take place at the MSk Lab using an instrumented treadmill (h/p/cosmos Gaitway 392 
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II S), equipped with 2 calibrated force plates. The gait parameters will be assessed for each 393 

side (prosthetic and non-operated), at a treadmill speed starting from 3 or 4 km/h and then 394 

increasing in 0.5 km/h increments to the maximum walking speed of the patient and will 395 

include walking on a flat surface and walking on an incline. Leg length measurements will 396 

be taken. Patient will be free to terminate the session at any time.  397 

Cohort 1A Only 398 

CT Assessment 399 

Cohort 1A (20 participants) will undergo a low dose CT scan preoperatively and post-400 

operatively at 6 months and an ultra-low dose CT scan at the following time points: 401 

immediately postoperatively (2 days), 6 weeks, 3 months, 1 year and 2 years. This will be 402 

used to evaluate the interfaces between implants and bone to assess possible migration of 403 

the acetabular and femoral components based on tantalum markers. 404 

Toxicology 405 

Metal ion exposure questionnaires will be collected pre-operatively only. Metal ion testing 406 

(whole blood Cobalt (Co), chromium (Cr), and Titanium (Ti) concentrations) will be 407 

performed in all Cohort 1A participants. Co ion testing is performed as a confirmation of the 408 

absence of Co as opposed to the standard metal-on-metal hip resurfacings. Cr ions are 409 

expected to remain below the detection limit as outlined above. Ti ions may be present as 410 

part of the bone on growth process of the non-cemented components but are not associated 411 

with toxic reactions. Since previous studies have demonstrated that CoC bearings are not 412 

associated with adverse metal ion release it is not deemed necessary to subject all 413 

participants to metal ion testing provided the results from the Cohort 1A participants confirm 414 

the absence of metal ions release at 3, 6, 12 and 24 months postoperatively. With well-415 

functioning metal-on-metal hip resurfacing a characteristic 9–12-month run-in phase of 416 
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metal ion release is followed by a steady-state phase of much lower and decreasing metal 417 

ion release. 418 

Cohort 1B Only 419 

CT Assessment 420 

Cohort 1B (46 patients) will undergo a low dose CT scan preoperatively and an ultra-low 421 

dose CT scan at the following time points: immediately postoperatively (2 days), 6 weeks, 422 

3 months, 6 months, 9 months, 1 year and 2 years. This will be used to evaluate the 423 

interfaces between implants and bone to assess possible migration of the acetabular and 424 

femoral components based on tantalum markers. 425 

Toxicology 426 

Metal ion exposure questionnaires and metal ion testing, as described in Cohort 1A 427 

toxicology section, will be performed only in the first 14 participants.  428 

Data management {19} 429 

To eliminate the potential for selection bias, investigators will consecutively screen all their 430 

participants who could be eligible for an H1 Implant. Participants meeting the eligibility 431 

criteria will be approached for informed consent and subsequent enrolment in the 432 

investigation. Screening assessment data will be entered by sites onto a web-based Castor 433 

Electronic Data Capture (EDC) system hosted on a dedicated secure web site using only 434 

the participant’s initials and date of birth as identifiers. The EDC system will automatically 435 

assign a unique participant identification number (PIN) to each participant as they are 436 

registered onto the EDC system. Only participants who consent and subsequently had their 437 

operation will be recorded in the EDC system. 438 

Confidentiality {27} 439 

All study data will be kept secure and in accordance with the terms of the Data Protection 440 

Act 2018 (GDPR), and participant confidentiality will always be maintained. The study 441 
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analysis will take place at the Sir Michael Uren Hub by the coordinating centre, Imperial 442 

College London (ICL), MSk Lab. All data will be anonymized at point of consent. A signed 443 

copy of the patient consent form will be sent to the coordinating site clinical project 444 

manager’s NHS account. All consent forms and any other identifiable participant information 445 

at each site will be stored separately in a locked filing cabinet within a secure office, 446 

restricted to the research team only. Each site will be responsible for transcribing and 447 

uploading the anonymized data to the EDC database. The EDC database meets all relevant 448 

regulations such as ICH E6 Good Clinical Practice, GDPR, HIPAA, FDA 21 CRF Part 11, 449 

ISO 27001 and ISO 9001. Appropriate levels of user access will be granted to the 450 

participating sites by the coordinating centre ensuring there is no data protection breach.451 
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Statistical methods 452 

Statistical methods for primary and secondary outcomes {20a} 453 

Survivorship data with the endpoint as ‘revision for any reason’ will be determined for the 454 

whole cohort, at all reporting time points. Data will be presented in both life tables and 455 

Kaplan–Meier implant survival curves with 95% confidence intervals. The results will be 456 

compared with the following cumulative implant survivorship data of the BHR (revision for 457 

any reason) from the National Joint Registry to demonstrate non-inferiority. 458 

Toxicology data will be presented as plots only. Since metal ion levels are not normally 459 

distributed, box and whisker plots will be used for graphical representation of medians and 460 

distribution of the results. If a measured sample does not register a measurable amount, a 461 

value of half the reference rate seen in the normal population shall be used to calculate a 462 

substitute value for the data point.  Cr and Co ion data at 12 and 24 months will be compared 463 

to published ion levels in unilateral MoM HRA patients with well-functioning implants to 464 

demonstrate superiority.  465 

OHS and HHS data will be presented in tables and plots. Descriptive statistics (mean, 466 

standard deviation, median, range) shall be reported. Since outcome scores data may not 467 

be normally distributed, box and whisker plots will be used for graphical representation of 468 

the medians and distribution of the results. 469 

Subgroups shall be compared using a two-sided t-test if data are shown to be normal, and 470 

a Wilcoxon rank-sum test otherwise. α = 0.05. 471 

Interim analyses {21b} 472 

The interim analyses shall be independently reviewed by the Karolinska Institute in 473 

Stockholm, Sweden up to the 2-year interval. The interim analyses are summarised in Table 474 

2  475 
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Methods for additional analyses (e.g., subgroup analyses) {20b} 476 

The following pre-defined subgroups will be analysed: 477 

 Female Patients. 478 

 Patients implanted with a small femoral head diameter (Size 46 and below) 479 

 Patients operated on pre- and post- the design upgrade. 480 

Methods in analysis to handle protocol non-adherence and any statistical methods 481 

to handle missing data {20c} 482 

In order to evaluate the potential impact of interim and final analyses, the reason of 483 

uncompleted Patient Reported Outcome Measures Forms, or Radiographic Evaluation will 484 

be provided in the analysis reports. A complete accountability report, along with the 485 

explanation for lost-to-follow-up, death, revision, and withdrawn patients, will be provided in 486 

the interim and final study analyses. 487 

Plans to give access to the full protocol, participant level-data and statistical code 488 

{31c} 489 

The planned reports are described in Error! Reference source not found.. These reporting 490 

time points are the minimum datasets to be produced by Imperial College London – the 491 

Sponsor may request data at other time points for clinical evaluation purposes.492 
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Oversight and monitoring 493 

Adverse event reporting and harms {22} 494 

Any untoward medical occurrence, unintended disease or injury, or unexpected clinical 495 

signs (including abnormal laboratory findings) in participants, whether related to the 496 

investigational medical device or to the surgery, anticipated or unanticipated, will be 497 

investigated and the severity of each adverse event will be assessed as mild, moderate, or 498 

severe. This includes events related to the investigational medical device and events related 499 

to the procedures. 500 

Frequency and plans for auditing trial conduct {23} 501 

The investigation manager will be responsible for centralised monitoring, which can indicate 502 

problems and can be used to efficiently direct monitoring activities to those sites requiring 503 

further investigation and/or additional training support.  504 

A Risk Based Monitoring (RBM) approach will be used, which will focus on triggered 505 

monitoring visits to identify potential issues. RBM will focus on risk assessments highlighted 506 

as part of the study that will have high potential impact to patient safety and data quality. 507 

However, the coordinating centre retains the rights to increase on-site monitoring in case of 508 

issues or problems and if deemed necessary. The principal investigator (PI) and local teams 509 

will be provided with a monitoring report including action items.  510 

Plans for communicating important protocol amendments to relevant parties (e.g., 511 

trial participants, ethical committees) {25} 512 

Once the protocol has been approved by the main Research Ethics Committees (REC) and 513 

the Medicines and Healthcare products Regulatory Agency (MHRA), no changes may be 514 

made without the agreement of both the Chief Investigator and the sponsor. The chief 515 

investigator will ensure that the Sponsor, MHRA, main REC and HRA are informed of urgent 516 

amendments. Any amendment made to the device will be notified to MHRA. Once approval 517 
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is issued by the MHRA, a copy of the approval letter will be provided to the main REC. Any 518 

substantial amendments will be submitted to main REC. A copy of the REC opinion letter 519 

will be sent to MHRA. The coordinating site will notify all participating sites of the substantial 520 

amendment and facilitate, hospital permission before the substantial amendment can be 521 

released.  522 

Dissemination plans {31a} 523 

The investigators and sponsor plan to communicate trial results to participants, healthcare 524 

professionals, the public, and other relevant groups once the trial is concluded. The 525 

publication includes the CE Marking for H1 Implant and H1 Instruments. The Clinical 526 

Evaluation Report (CER) and a Summary of Safety and Clinical Performance (SSCP) will 527 

be sent to the manufacturer’s Notified Body as part of technical documentation to receive 528 

CE marking. Once CE marking is achieved, for both the H1 implant and H1 instruments, 529 

Periodic Safety Update Reports (PSUR), SSCP and post-market clinical follow-up (PMCF) 530 

reports shall be sent to the Notified Body on an annual basis, as well as the CER if it has 531 

been updated. 532 
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Discussion 533 

This study protocol describes the H1 Clinical Investigation. The protocol was designed by 534 

clinicians, experienced trialists and patients, in order to test the safety and efficacy of The 535 

H1 System.  536 

To evaluate the safety of the H1 System, the study initially was subdivided in a short-term 537 

safety study and a long-term safety and efficacy study. The safety study (Cohort 1A, 20 538 

participants) to record complication rate, toxicology, and radiological assessment. Cohort 2 539 

consists of the remaining participants out of the 250-procedure cohort.  540 

A high occurrence of femoral crush-fractures was observed in Cohorts 1A and 2. Cohort 1A 541 

was followed up and recruitment of Cohort 2 commenced after the gateway safety analysis. 542 

The gateway safety analysis did not indicate any safety issues, but the 6-month safety data 543 

showed unexplained movement of the femoral head. As per procedure, recruitment for 544 

Cohort 2 was suspended and an investigation was launched into the observed movement. 545 

The movement was found to be because of a femoral crush fracture. A thorough 546 

investigation was undertaken which concluded that the root cause of the fracture was 547 

surgical technique, in particular post-operative femoral head centre. Upgrades have been 548 

made to the instrumented technique to eliminate these errors and the contoured rim of the 549 

femoral head implant has been modified to be more forgiving to implant placement error. 550 

Following this observation, a second safety cohort was introduced; Cohort 1B. Cohort 1B 551 

consisted of a further 46 participants.  552 

The data from the study will be used to compile a report for submission to the manufacturer’s 553 

notified body to obtain an MDR CE marking for the H1 Implant and H1 Instruments. If the 554 

H1 Implant receives a CE mark during the Clinical Investigation, an amendment will be 555 

placed to the main REC and the competent authority to continue with the study as a post-556 

market surveillance of a CE marked device as per assessments listed in the schedule of 557 
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procedures. If the CE marking is not obtained, the study will continue as per protocol. If the 558 

H1 Instruments receive a CE mark during the Clinical Investigation, the Clinical Investigation 559 

will carry on without amendment. 560 

Data collected during this study may also be used for other orthopaedic research into the 561 

genesis of disease and the effectiveness of treatments in the MSk Lab at Imperial College 562 

London. 563 

Trial status 564 

The H1 study trial received ethical approval on 12 September 2017. The first study 565 

participant was recruited on 26 September 2017. Recruitment is estimated to be completed 566 

by the end of 2021. 567 
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Abbreviations 568 

AE  Adverse Event  

AVN Avascular Necrosis 

BHR Birmingham hip resurfacing 

CI  Chief Investigator 

CER Clinical Evaluation Report  

DVT Deep vein thrombosis 

EDC Electronic Data Capture  

ED Essential Document 

FDA Food and Drug Administration  

GCP  Good Clinical Practice  

GDPR General Data Protection Regulation 

HHS Harris Hip Score

HIPAA Health Insurance Portability and Accountability Act  

HRA Hip Resurfacing Arthroplasty 

ICF  Informed Consent Form  

ICH International Conference on Harmonisation 

ISO International Organization for Standardization 

JointPRO Joint Patient Reported Outcomes  

MoM Metal-on-Metal 

MHRA  Medicines and Healthcare products Regulatory Agency  

MSk Musculoskeletal 

OHS Oxford Hip Score  

OA Osteoarthritis  

PI  Principal Investigator,  

PIS  Patient Information Sheet  

PMCF Post-market clinical follow-up  

PSUR Periodic Safety Update Reports  

REC  Research Ethics Committee  

RBM Risk Based Monitoring 

SAE  Serious Adverse Event  

THA Total Hip Arthroplasty 

TiAlV Titanium-aluminium-vanadium  

TiO2 Titanium dioxide 
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Table 1. Outcome measures and endpoints 

Study Cohort(s) Endpoint Outcome measure Timepoint(s) 

Safety & Performance All Survivorship Revision for any reason† 3Y,5Y,10Y 

CE Marking All Survivorship Revision for any reason† 3Y 

Safety & Performance All Pain and function Oxford Hip Score 6W,3M*,6M,9M**,1Y,2Y,3Y,4Y*,5Y,6Y*,7Y,8Y*,9Y*,10Y 

CE Marking All Pain and function Oxford Hip Score 6W,3M*,6M,9M**,1Y,2Y,3Y 

Safety & Performance All Pain and function Imperial Score 6W,3M*,6M,9M**,1Y,2Y,3Y,4Y*,5Y,6Y*,7Y,8Y*,9Y*,10Y 

Safety & Performance All Pain and function EQ-5D 6W,3M*,6M,9M**,1Y,2Y,3Y,4Y*,5Y,6Y*,7Y,8Y*,9Y*,10Y 

CE Marking All Pain and function EQ-5D 6W,3M*,6M,9M**,1Y,2Y,3Y 

Safety & Performance All Pain and function Harris Hip Score 6W,3M*,6M,9M**,1Y,2Y,3Y,4Y*,5Y,6Y*,7Y,8Y*,9Y*,10Y 

CE Marking All Pain and function Harris Hip Score 6W,3M*,6M,9M**,1Y,2Y,3Y 

Safety & Performance All Function Gait Analysis†† 1Y, 5Y 

Safety & Performance All Implant orientation Radiograph/CT scan 2D 

Safety & Performance All Implant osseointegration Radiograph/CT scan 6W,3M*,6M,9M**,1Y,2Y,3Y,5Y ,10Y 

Safety All Complication rate All adverse events† 1Y,3Y,5Y,7Y,10Y 

Safety 1A, 1B Toxicology Blood metal ion measurements 3M,6M,1Y,2Y 

Safety 1A, 1B Implant migration CT-based spatial analysis (CTSA) 2D,6W,3M,6M,9M**,1Y,2Y 

CE marking 1A, 1B Implant migration CT-based spatial analysis (CTSA) 2D,6W,3M,6M,9M**,1Y,2Y 

*Cohorts 1A and 1B only 

** Cohort 1B only 

†Calculated at these timepoints but recorded as soon as they take place and in the case of serious adverse events, reported appropriately 

††Optional assessment 

 



Table 1. Reporting time-points. The time point must have been reached by all the patients in the relevant cohort(s). 

Report Title Time point Cohort(s) 
Independent 

Review? 
Data 

Data ready 

(estimated) 

Gateway Safety Analysis 1 2 days 1A Yes Complication rate, Radiological Assessment February 2018 

Safety Evaluation 6 weeks 6 weeks 1A Yes Complication rate, Functional Outcomes, Radiological Assessment April 2018 

Safety Evaluation 3 months 3 months 1A Yes Complication rate, Functional Outcomes, CT Assessment, Toxicology June 2018 

Safety Evaluation 6 months 6 months 1A Yes Complication rate, Functional Outcomes, CT Assessment, Toxicology September 2018 

Gateway Safety Analysis 2 6 months 1B Yes Complication rate, Functional Outcomes, CT Assessment, Toxicology November 2021 

Interim Analysis 6 months 6 months 1A,1B,2 Yes 
Complication rate, Functional Outcomes, CT Assessment (Cohort 1A and 1B only), 

Toxicology (Cohort 1A only), PROMS, Survivorship 
June 2022 

Safety Evaluation 1 year  1 year  1B Yes Complication rate, Functional Outcomes, CT Assessment, Toxicology May 2022 

Interim Analysis 1 year 1 year 1A,2 Yes 
Complication rate, Radiological Assessment, Functional Outcomes, CT Assessment 

(Cohort 1A and 1B only), Toxicology (Cohort 1A only), PROMS, Survivorship 
December 2022 

Interim Analysis 2 years 2 years 1A,1B,2 Yes 
Complication rate, Radiological Assessment, Functional Outcomes, CT Assessment 

(Cohort 1A and 1B only), Toxicology (Cohort 1A only), PROMS, Survivorship 
December 2023 

MDR Clinical Evaluation 

Report 
3 years 1A,1B,2 Yes 

Clinical evaluation report for at least 150 patients in total with at least 72 patients at 3 

years follow-up 
October 2021 

Interim Analysis 3 years 3 years 1A,1B,2 No 
Complication rate, Radiological Assessment, Functional Outcomes, PROMS, 

Survivorship 
December 2024 

Interim Analysis 4 years 4 years 1A,1B No Complication rate, PROMS, Survivorship May 2025 

Interim Analysis 5 years 5 years 1A,1B,2 No 
Complication rate, Radiological Assessment, Functional Outcomes, PROMS, 

Survivorship 
December 2026 

Interim Analysis 6 years 6 years 1A,1B No Complication rate, PROMS, Survivorship May 2027 

Interim Analysis 7 years 7 years 1A,1B,2 No Complication rate, Functional Outcomes, PROMS, Survivorship December 2028 

Interim Analysis 8 years 8 years 1A,1B No Complication rate, PROMS, Survivorship May 2029 

Interim Analysis 9 years 9 years 1A,1B No Complication rate, PROMS, Survivorship May 2030 

Final Analysis 10 years 10 years 1A,1B,2 No 
Complication rate, Radiological Assessment, Functional Outcomes, PROMS, 

Survivorship 
December 2031 
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Informed consent ✓               
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Patient registration 
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Operative data  ✓              

Treadmill gait ✓      ✓    ✓     

Harris Hip Score  
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  ✓ 
✓ ✓ ✓ ✓ ✓  ✓  ✓  ✓ 

Oxford Hip score 
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Imperial Hip Score 
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Radiographs 
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Low dose CT scan 

Ultralow dose CT scan 
✓  ✓ ✓ ✓ ✓ ✓ ✓        

Metal ions 

questionnaire 
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Metal Ions bloods 
✓ 

   ✓ ✓ ✓ ✓        

Conmed questions ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

Record Adverse Event 
✓ ✓ 

✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

 

Figure 1. Schedule of procedures: Cohort 1A 
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Imperial Hip Score ✓   ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

EQ-5D ✓   ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

AP & Lateral 

Radiographs 

✓≤12 
mos prior 

 ✓       ✓  ✓    ✓ 

Low dose CT scan 

Ultralow dose CT scan 
✓  ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

       

Metal ions 

questionnaire* 
✓  

       
 

    
  

Metal Ions bloods* ✓    ✓ ✓  ✓ ✓        

Conmed questions ✓ ✓ ✓ ✓ ✓ 
✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

Record Adverse Event ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

*Metal ions questionnaire and bloods only taken for the first 14 patients in Cohort 1B 

Figure 1. Schedule of procedures: Cohort 1B 



 

Date Pre-op 
Op 

day 

Post-op 

2 days 6 weeks 6 months 1 year 2 years 3 years 5 years 7 years 10 years 

Deviation window 
≤4 mos 

prior 
0 

-2days / 

+1day 
±2 weeks ±2 weeks ±2 weeks ±4 weeks ±4weeks ±3 months ±3 months ±3 months 

A
ss

e
ss

m
e

n
t 

Informed consent ✓           

Inclusions/exclusions ✓           

Patient registration ✓           

DXA Scan 
✓ ≤12 

mos prior 
          

Medical history ✓           

Operative data  ✓          

Treadmill gait* ✓*     ✓*   ✓*   

Harris Hip Score ✓   ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

Oxford Hip score ✓   ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

Imperial Hip Score** ✓**   ✓** ✓** ✓** ✓** ✓** ✓** ✓** ✓** 

EQ-5D ✓   ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

AP & Lateral Radiographs 

 

Low dose CT scan* 

✓ 

✓* ≤12 
mos prior 

 

✓ 

 

 

✓ 

 

 

 

✓ 

 

 

✓ 

 

 

✓ 

 

 

✓ 

 

 

 

✓ 

 

 

Conmed questions ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

Record Adverse Event(s) ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

 

Figure 1. Schedule of procedures: Cohort 2  

* Optional  

** Questionnaire is online only 



 

 

 Figure 1  The H1 Implant 



  

(Tray 1) 

 

 

(Tray 2) 

 

 

(Tray 3) 

 

Figure 2. The H1 Instruments (top to bottom: Tray 1, Tray 2, Tray 3) 

 



Supplementary Files

This is a list of supplementary �les associated with this preprint. Click to download.

SPIRITFillablechecklist15Aug2013H1study.doc

Appendix1Cohort2UKsitesPatientConsentFormV8Clean.pdf

Appendix2Cohort2UKSitesPISV8CLEAN.pdf

Appendix3AdditionalInformation.pdf

https://assets.researchsquare.com/files/rs-1111418/v1/da495f899a67030456095829.doc
https://assets.researchsquare.com/files/rs-1111418/v1/791207be133ed6c40f553846.pdf
https://assets.researchsquare.com/files/rs-1111418/v1/b5ce496d3baa8c43d817646e.pdf
https://assets.researchsquare.com/files/rs-1111418/v1/84d8495bb0a43d0f64996472.pdf

	Binder1
	H1ProtocolPaperMA16.11.21Clean
	Table1
	Table2
	Table3Cohort1A
	Table4Cohort1B
	Table5Cohort2

	Figure1
	Figure2

