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Abstract 42 

Background 43 

The aim was to describe temporal changes and associated changes in patient 44 

demographics and surgical variables, revision rate and factors associated with revision 45 

of primary hinge knee arthroplasty (HKA) in the UK.  46 

Methods 47 

National Joint Registry data for England, Wales, Northern Ireland and Isle of Mann 48 

was used to examine the temporal trends in patient demographics, surgical factors 49 

and indications for primary HKA usage over a 16-year (2003 to 2018) period and 50 

associated risk factors for revision.  51 

Results 52 

There were 4921 patient episodes with a median follow up of 5.5 (range 0to16.3) 53 

years. The median age was 75-years, and the majority were female (72.9%). There 54 

was a tenfold increase in the use of HKA(p<0.001), with an increasing relative usage 55 

in female patients(p=0.010), but no significant changes in age (p=0.484) or BMI 56 

(p=0.781). There were 227 revisions performed at a median of 695-days. The overall 57 

unadjusted probabilities of revision at 1, 5 and 10 years were 1.5% (95% confidence 58 

intervals (CI) 1.1to1.8), 4.4% (95%CI 3.7to5.0) and 6.4% (95%CI 5.5to7.3), 59 

respectively. Cox proportional hazard analysis demonstrated younger age (p<0.01), 60 

male sex (hazard ratio (HR) 1.43, p<0.01), morbid obesity (HR 2.31, p=0.022) or 61 

previous trauma as the indication (HR 1.48, p=0.025) were associated with an 62 

increased risk of revision.  63 

  64 



 

 

Conclusion 65 

There was an increase in the use of HKA with increased uptake among female 66 

patients. The revision rate was a 6.4% at 10 years, however, younger age, male sex, 67 

morbid obesity or previous trauma were associated with an increased risk of revision. 68 

Level of Evidence: III Retrospective study 69 

Key words: hinge, knee, arthroplasty, primary, survival, epidemiology  70 



 

 

1. Introduction 71 

Hinged knee arthroplasty (HKA) is infrequently used in UK practice as a primary 72 

implant and is generally employed in a salvage procedure.1 HKA represents a highly 73 

constrained device where the torsional load is transmitted to the bone implant interface 74 

and historically is associated with early loosening and increased risk of revision.2, 3 75 

Analysis of demographic data for primary hinge knee practice inevitably excludes 76 

infected cases, yet there remains a wide range of indications where the clinician is 77 

required to match the level of construct constraint with associated soft tissue 78 

deficiency.4  79 

Institutional data for the use of primary HKA suggests that the principal 80 

indications are significant deformity and gross instability in patients with post traumatic 81 

arthritis where there is loss of supporting tibial or femoral substructure.5 Single centre 82 

units, often with small numbers, report promising early survival rates but there remains 83 

limited information for medium term outcome.6, 7  In contrast, Petrou et al8 reported a 84 

high complication and revision rate of more than 10% at 1 year. One of the largest 85 

multicentre reports evaluated 112 primary HKA cases, that demonstrated a revision 86 

incidence of 10% and a 25% complication rate at 7 years.9 However, the authors are 87 

not aware of a published study identifying risk factors associated with revision after 88 

primary HKA, which may influence surgeon decision to use such an implant in higher 89 

risk patients or at least aid the consent process regarding individual risk of revision. 90 

The number of patients undergoing knee arthroplasty is expected to rise 91 

exponentially over the next decade.10 Given that the median age of the population is 92 

increasing11, with a greater burden of frail osteoporotic patients presenting for surgery, 93 

it may be expected that there will be an increase in the numbers of HKA being 94 

implanted. There remains a paucity of information on the demographics of HKA use in 95 



 

 

the primary setting.12 The majority of the literature is confined to the outcomes for 96 

revision procedures with heterogeneous case mixes.13 Extrapolation of such 97 

information may fail to inform current UK practice. For infrequently used implants such 98 

as HKA, registry data offers the opportunity to review large numbers of cases over 99 

sequential years.14  100 

To address the deficiencies in the current literature, National Joint Registry 101 

(NJR) data was used to determine demographics and outcomes associated with 102 

primary HKA over a 15-year period. The primary aim of this study was to describe the 103 

temporal changes of the utilisation of HKA in the UK and the associated changes in 104 

patient demographics and surgical variables. The secondary aims were to describe 105 

the survival of HKA and factors that were associated with revision. 106 

2. Patients and methods 107 

2.1 Data access 108 

Analysis was conducted on data provided by the NJR for England Wales, Northern 109 

Ireland and the Isle of Mann. Using the standard NJR research request process 110 

access, the research team was granted to data held by the NJR for all hinged knee 111 

arthroplasties used in a primary setting. The use in a primary setting was determined 112 

by the completion of a NJR ‘K1’ primary knee arthroplasty minimum dataset record 113 

form. Since 1st April 2011 completion of a NJR K1 form has been mandatory for all 114 

publicly financed primary knee replacement performed in England, Wales, Northern 115 

Ireland and the Isle of Man. Since 2008 the compliance with NJR submission for 116 

primary knee replacement has been >95%. Data was extracted for 4921 patient 117 

episodes between 08/04/2003 and 21/12/2018.   118 



 

 

2.2 Dataset 119 

The dataset contained all information reported on the K1 form at the time of surgery. 120 

This included patient demographic data (age, gender, body mass index (BMI), ASA 121 

grade), operative data (surgeons and operating unit code, year of surgery, lead 122 

surgeon grade, indication for surgery, surgical approach) and implant data (brand of 123 

hinged implant, component details). In addition, details of subsequent revisions 124 

undertaken before the censor date (02/08/2019) were provided allowing implants to 125 

be classified as unrevised or revised at the time of censoring and providing data on 126 

the time to revision for those implants that were revised. For the revised group 127 

information about the mode of failure was also available.  128 

Prior to analysis the details of all implant constructs within the dataset were 129 

reviewed and classified in to two groups depending on the degree of rotational 130 

freedom within the hinge mechanism. Fixed hinges (e.g. Endolink Hinge) were 131 

constructs that had no/minimal rotational freedom through the hinge mechanism 132 

whereas rotating hinges (e.g. Zimmer Rotating Hinge Knee, Stryker Modular Rotating 133 

Hinge) allowed rotational freedom throughout the arc of movement. This process was 134 

done after consultation with operation techniques and manufacturers for the relevant 135 

implants. Where uncertainty existed, the implant was classified as ‘unknown’.  136 

2.3 Statistical analysis 137 

Categorical variables were analysed using chi squared tests and continuous variables 138 

were analysed using Wilcoxon rank sum tests as the distributions of the variables were 139 

asymmetric. Unadjusted Kaplan Meier plots were used to display time to revision and 140 

calculate the percentage of unrevised HTA (revision rate was calculated as one minus 141 

the unrevised rate). Cox proportional hazards was used to assess which explanatory 142 

variables affected time to revision. All the analysis was in R version 3.5.3.   143 



 

 

2.4 Approvals 144 

This project was approved by the NJR research Committee. It fulfilled the Health 145 

Regulatory Authority requirements for service evaluation and as such did not require 146 

formal ethical approval.  147 

3 Results  148 

3.1 Patient demographics, indications, and surgical variables 149 

Overall, there were 4921 patient episodes analysed with a median age of 75 150 

(interquartile range 65 to 82) at time of surgery, of which the majority were female 151 

(72.9%) (Table 1). The majority (54.3%) of patients were ASA grade II and the 152 

predominant indication for a HKA was osteoarthritis (73.0%). The majority of the 153 

procedures were performed by a consultant surgeon (91.2%), through a medial 154 

parapatellar approach (90.4%) using a rotating HKA (58.8%) (Table 1).  155 

3.2 Temporal changes during study period 156 

There were only 35 HKA recorded in 2003. However, from that point, there was a year-157 

on-year increase that reached a peak of 509 implantations in 2017 (Figure 1). Since 158 

2011, when NJR recording became mandatory, there was a 66% increase in use of 159 

HKA up to 2017. There was a trend towards a decreased use of HKA in male patients 160 

(p=0.010), decreasing from approximately 30% at the beginning to 25% by the end of 161 

study period. There were no significant changes in the median age (p=0.484) of the 162 

patient or mean BMI (p=0.781) during the study period. There were significant changes 163 

in the trends during the study period for all indications except avascular necrosis which 164 

remained approximately constant at 2.6% of cases. The proportion of patients 165 

undergoing hinge knee arthroplasty surgery for the indication of ‘osteoarthritis’ 166 

(p<0.0001) or ‘inflammatory arthritis’ (p=0.005) both declined between 2003 and 2018, 167 



 

 

where, conversely, the proportions performed for ‘previous trauma’ (p<0.0001) and 168 

‘other indications’ (p<0.0001) increased (Figure 2).  169 

During the study period the most frequently used implant / manufacturer was 170 

the Endolink HKA (Waldemar Link) (29.5%, n=1452/4921) followed by the Stryker 171 

Modular rotating HKA (9.4%, n=461/4921). However, there was a significant fall in 172 

their proportion use from 45% and 27% of all implants in 2003 to only 22% and <5% 173 

in 2018 (p<0.001), respectively (Figure 3). These decreases in proportion were due to 174 

an increase in use of the Zimmer (24.6%, n=1210/4921) and Stanmore (12.5%, 175 

n=61/4921) hinged implants over the same period (p<0.001) (Figure 3). DePuy (9.3%, 176 

n=458/4921) hinged implants showed a small increase over the period (p=0.002). The 177 

use of implants manufactured by Smith and Nephew (9.9%, n=486/4921), and ‘other’ 178 

(4.9%, n=239/4921) remained static over the period of observation. Fixed hinges knee 179 

arthroplasty reduced from 51% to 25% between 2003 and 2018 with an increase in 180 

the use of rotating hinge systems from 46% to 69% (p<0.001) (Figure 4).  181 

3.3 Revision 182 

The median follow-up for the study cohort (n=4921) was 5.5 years (range 0 to 16.3 183 

years). During the study period there were 227 revisions performed at a median follow 184 

up of 695 (range 1 to 4376) days. Patients in the revised group were younger (median 185 

age 67 years versus 75 years in unrevised group, p<0.001), were more likely to be 186 

male (40.1% of cases versus 26.5%, p<0.001), with a greater BMI (p=0.020) and had 187 

surgery performed for an indication of ‘previous trauma’ (17.6% of cases versus 188 

12.0%, p=0.02) (Table 1). The overall unadjusted probability of revision for all HKA at 189 

1, 5 and 10 years after surgery was 1.5% (95% confidence interval (CI) 1.1 to 1.8), 190 

4.4% (95%CI 3.7 to 5.0) and 6.4% (95%CI 5.5 to 7.3), respectively (Figure 5). Cox 191 

proportional hazard analysis demonstrated younger age, male sex, morbid obesity 192 



 

 

(BMI>40kg/m2) or previous trauma as the indication for HKA were significantly 193 

associated with an increased risk of revision (Table 2). The grade of surgeon, surgical 194 

approach and implant design were not associated with revision risk (Table 2). More 195 

specifically the probability of revision was 6.2% (95%CI 4.8 to 7.5) and 6.6% (95%CI 196 

5.4 to 7.9) at 10 years, which was not significantly different before (p=0.100) or after 197 

adjusting for confounding (p=0.464).  The additive effect of younger age and male sex 198 

resulted in a 10 year probability of revision of greater than 10% for males under 64 199 

years of age (Figure 6), whereas a probability of revision of greater than 10% at 10 200 

years was only observed in females less than 55 years old (Figure 7).  201 

4 Discussion 202 

This study has demonstrated an increase in the use of HKA as a primary implant in 203 

the UK over the 16-year period examined. There were changes in gender, indication, 204 

implant brand and design during the study period. The overall unadjusted 10-year 205 

probability of revision following HKA was 6.4%, but this was shown to be influenced 206 

by age, sex, BMI and indication for the surgery.  207 

 A major limitation of the study is the absence of reporting the associated 208 

mortality rate of the cohort, which was not available from the NJR data. This is the 209 

case for all revision rates reporting by the NJR, being implant revision rates and not 210 

implant survival rates as those whom are deceased are not known. In the case of the 211 

current study the mortality rate is likely to be high, with Neri et al9 reporting an 18% 212 

mortality rate at 7 years following HKA. As the denominator decreases, due to death, 213 

this would subsequently result in a lower implant survival rate for a given number of 214 

revisions. Whereas compared to the probability of revision that is presented in the 215 

current study of 6.4% may suggest the survival rate is the converse of this i.e. 93.6%, 216 

but this is not the case when accounting for those that have died and therefore the 217 



 

 

survival rate is actually less this. Another limitation of the study is the indication of the 218 

revision, aseptic versus septic, was not assessed. This was due to the indication not 219 

always being available and was therefore not thought to be a reliable assessment of 220 

reason for revision. 221 

Comparison of the primary HKA subgroup reported in the current study with 222 

data for all primary total knee arthroplasties (TKA) reported within the NJR group 223 

highlights differences in demographics and indication. The HKA subgroup had an older 224 

median age (75 versus 70 years) and a greater proportion of female patients (73% 225 

versus 60%).15 There are recognised differences with indications for primary hinge 226 

surgery with emergent surgery for trauma or severe deformity, previous non 227 

arthroplasty surgery, and multi-ligamentous inadequacy necessitating a higher level 228 

of constraint.13, 16, 17    This is a reflection of a selection bias for implant choice based 229 

on surgical indication. A key indication for HKA use in the primary setting is the 230 

unstable valgus knee with incompetence of the medial ligament constraint.13 Poor 231 

bone quality in the osteoporotic elderly female is often found in association with 232 

insufficiency fractures and is often associated with soft tissue envelope inadequacy. 233 

This combination necessitates HKA use and may explain the increased age and 234 

female sex predominance demonstrated in the current study. The HKA population 235 

were also found to have a higher for ASA grade, with 40% of patients recorded as 236 

grade 3 or worse compared to less than 20% in the standard primary TKA population.15 237 

No further information was available on Charlson comorbidity index albeit smaller 238 

series support the contention that the hinge is frequently used in patients with 239 

coincidental significant comorbidity.3, 8    240 

As the numbers entered into the NJR dataset have improved due to enhanced 241 

compliance supports the reliability of the current study to detect a change in the type 242 



 

 

of implant being used. There was a consistent trend towards mobile rather than fixed 243 

bearing (improved anteroposterior control, condylar design, bone preserving, 244 

pistoning) design which allows for some degree of longitudinal or pistoning laxity (the 245 

fourth degree of motion).18 This less constrained design is believed to reduce early 246 

failure through implant host bone / cement debonding and share torsional load across 247 

the entirety of the construct.13 The current study did not however support this, as no 248 

difference was found in the revision rates between fixed and mobile bearing HKA. 249 

However, for both the males and females there was a consistently greater risk of early 250 

revision with the younger age at the time of surgery. 251 

Historically there has been caution around the use of HKA due to concerns 252 

about early failure with bone loss which can make subsequent revision surgery 253 

challenging.  These cases necessitate the involvement of senior staff and intense 254 

monitoring in a patient group that are elderly and frail.17, 19  The incidence of ‘trauma’ 255 

associated indications increased over the period of observation. Primary hinge 256 

implantation for peri-articular knee fracture is akin to hemiarthroplasty in the hip with 257 

a similar early mortality risk.20 Given the associated risk it is to be expected that a 258 

senior arthroplasty surgeon would perform the procedure to minimise the operative 259 

time and optimise survival. The current study found that 91% of the procedures were 260 

performed by a consultant is in contrast to 74% for primary TKA from an earlier NJR 261 

dataset.21   262 

HKA is associated with higher rates of loosening and failure, higher post 263 

operative complications, longer surgical time, higher prosthetic costs, and a greater 264 

level of technical proficiency.19 With larger surface area of implant and surgical 265 

dissection space there is a theoretically higher risk of haematogenous secondary 266 

infection.22, 23 Greater scrutiny of the primary hinge subgroup and in particular the 267 



 

 

younger age subgroup may be required to ensure that desired outcome is achieved 268 

and simple reliance of revision as a marker of function should be supported by detailed 269 

clinical and radiological follow up.  270 

The use of a primary HKA has classically represented a small percentage of 271 

overall use in UK and European practice.15 Concerns around increased constraint and 272 

early failure have limited the application of HKA as a primary implant.4  However, with 273 

the increasing age and activity levels of the population undergoing surgery, combined 274 

with improvements in perioperative care it may be anticipated that the use of HKA as 275 

a primary implant will increase. The rate of revision after HKA ranges from 7.5% to 276 

49% at 10 years which is likely related to the mixture of indication, primary or revision, 277 

and other case mix variables.13 Data from the Norwegian registry for 197 primary HKA 278 

demonstrated a 5 years revision rate of 14%24, which is double that observed in the 279 

current study of 6.4%.  This difference may be due to the lower median age (5 years) 280 

and greater proportion of those requiring a primary HKA following trauma (14%) in 281 

their cohort24, as these two factors were demonstrated to be associated with increased 282 

risk of revision in the current study. The increased risk of revision associated with 283 

trauma as an indication may relate to an increased risk of postoperative infection 284 

relative to other indications. Furthermore, male sex and morbid obesity were shown to 285 

be associated with an increased risk of revision. Brown et al6 have previously shown 286 

male sex to be associated with an increased risk of revision, reporting a HR of 1.75 287 

which is greater than the HR of 1.45 reported in the current study, but they only 288 

reported on 100 implants consisting of both primary and revision procedures. Morbid 289 

BMI was also shown to be associated with an increased revision risk which is novel 290 

for HKA, but is supported from data primary unconstrained TKA.25 The most 291 

contrasting revision risks were those associated with sex and age, with males less the 292 



 

 

65 years and females less than 55 years having a 10 year revision rate of greater than 293 

10% and surgeons may therefore consider an alternative implant design, if possible, 294 

and could counsel the patient as to their risk of revision prior surgery.  295 

In conclusion, there was a tenfold increase in the use of hinged knee 296 

arthroplasty recorded during the study period which may be explained, in part, by 297 

improved reporting compliance. Overall, 6.4% of patients undergoing primary HKA 298 

were revised at 10 years. Younger age, male sex, morbid obesity or previous trauma 299 

as the indication were associated with an increased risk of revision, and these should 300 

be acknowledged when considering a hinged knee arthroplasty as a primary implant. 301 

Specifically, males less than 65 years and females less than 55 years had an 302 

associated revision rate of more than 10% at 10 years. 303 

304 
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Tables 389 
Table 1. Details of the primary hinged knee arthroplasty cohort 390 

Demographic  Overall 
(n=4921) 

Unrevised 
(n=4694) 

Revised 
(n=227) 

p-value 

Patient variable     
Age group, n(%) 
- <55 years 
- 55-64 years 
- 65-74 years 
- 75-84 years 
- >84 years 
Median Age (Q1, Q3)  

 
414(8.4) 
730(14.8) 

1239(25.2) 
1684(34.2) 
854(17.4) 

75 (65, 82) 

 
370(7.9) 
685(14.6) 

1167(24.9) 
1632(34.8) 
840(17.9) 

75 (66, 82) 

 
44(19.4) 
45(19.8) 
72(31.7) 
52(22.9) 
14(6.2) 

67 (58, 76) 

 
<0.001* 

 
 
 
 

<0.001† 
Gender, n(%) 
- Male 
- Female 

 
1334(27.1) 
3587(72.9) 

 
1243(26.5) 
3451(73.5) 

 
91(40.1) 
136(59.9) 

 
<0.001* 

BMI group (%) 
- <25 kg/m2 
- 25-30 kg/m2 
- 31-40 kg/m2 
- >40 kg/m2 
Median BMI (Q1,Q3) 

(n=2618) 
648(24.8) 

1026(39.2) 
798(30.5) 
146(5.6) 

28 (25, 33) 

(n=2500) 
628(25.1) 
976(39.0) 
763(30.5) 
133(5.3) 

28 (24, 33) 

(n=118) 
20(16.9) 
50(42.4) 
35(29.7) 
13(11.0) 

29 (26, 34) 

 
0.02* 

 
 
 

0.02† 
ASA grade n,(%) 
- ASA1 
- ASA2 
- ASA3 
- ASA4&5 

 
269(5.5) 

2672(54.3) 
1856(37.7) 
124(2.5) 

 
253(5.4) 

2541(54.1) 
1779(37.9) 
121(2.6) 

 
16(7.0) 

131(57.7) 
77(33.9) 
3(1.3) 

 
0.28* 

Surgical variable     
Lead surgeon grade, n(%) 
- Consultant 
- Other grade 

 
4489(91.2) 
432(8.8)  

 
4278(91.1) 
416(8.9) 

 
211(93.0) 
16(7.0) 

 
0.41* 

Indication for surgery‡,n(%) 
- Osteoarthritis 
- AVN 
- Previous Trauma 
- Inflammatory arthritis / RA 
- Other 

 
3591(73.0) 
130(2.6) 
602(12.2) 
457(9.3) 
656(13.3) 

 
3434(73.2) 
121(2.6) 
562(12.0) 
438(9.3) 
622(13.3) 

 
157(69.2) 

9(4.0) 
40(17.6) 
19(8.4) 

34(15.0) 

 
0.21* 
0.29* 
0.02* 
0.71* 
0.52* 

Surgical approach, n(%) 
- Medial Parapatellar 
- Lateral Parapatellar 
- Other 

 
4449(90.4) 
151(3.1) 
321(6.5) 

 
4247(90.5) 
144(3.1) 
303(6.5) 

 
202(89.0) 

7(3.1) 
18(7.9) 

0.68* 

Hinge Type, n(%) 
- Fixed 
- Rotating 
- Unknown 

 
1824(37.1) 
2895(58.8) 
202(4.1) 

 
1734(36.9) 
2765(58.9) 
195(4.2) 

 
90(39.6) 
130(57.3) 

7(3.1) 

0.57* 

*comparison between unrevised and revised group using Chi Squared  391 
† comparison between unrevised and revised group using Wilcoxon rank sum tests 392 



 

 

‡ more than 1 indication for revision can be selected to each indication was classified and present 393 
Y/N. Patients with indication presented out of entire cohort presented for clarity 394 
 395 
Table 2. Cox regression analysis for variables associated with revision after hinge 396 
knee arthroplasty for the study cohort (n=4923) with a median follow up of 695 days. 397 
Variable  Hazard ratio 95% CI p-value 
Age (years) <55 Reference   
 55 to 64 0.57 0.37 to 0.86 <0.01 
 65 to 74 0.58 0.40 to 0.84 <0.01 
 75 to 84 0.31 0.20 to 0.46 <0.001 
 >84 0.17 0.09 to 0.31 <0.001 
Sex Female Reference   
 Male 1.43  1.09 to 1.88 <0.01 
BMI  <25 kg/m2 Reference   
 25-30 kg/m2 1.37 0.81 to 2.32 0.233 
 31-40 kg/m2 1.18 0.68 to 2.05 0.561 
 >40 kg/m2 2.31 1.13 to 4.71 0.022 
ASA Grade I Reference   
 II 1.32 0.78 to 2.25 0.300 
 III 1.47 0.84 to 2.58 0.177 
 IV and V 1.00 0.29 to 3.48 0.999 
Surgical Variables    
Surgeon Consultant Reference   
 Other 0.79 0.48 to 1.32 0.376 
Indication* OA 0.94 0.62 to 1.42 0.763 
 Trauma 1.48 1.05 to 2.09 0.025 
 AVN 1.45 0.73 to 2.86 0.286 
 Inflammatory 0.77 0.44 to 1.36 0.371 
 Other 1.17 0.76 to 1.82 0.477 
Surgical  Medial 1.02 0.48 to 2.17 0.964 
Approach Lateral Reference   
 Other 1.19 0.50 to 2.86 0.696 
Hinge Type Fixed Reference   
 Rotating 0.90 0.69 to 1.19 0.464 
 Unknown 0.60 0.28 to 1.31 0.204 

*Hazard ratio calculated relative to not having that indication 398 
 399 
  400 



 

 

Figure Legends 401 
Figure 1: Primary hinged knee operations by year (2003-2018) 402 
Figure 2: Proportion of cases selected for each indication for surgery 2003-2018.  403 
Figure 3: Use of different hinged knee replacement manufacturers (2003-2018) 404 
Figure 4: Use of fixed versus rotating hinged knee implants (2003-2018). Key: 405 
Red=fixed, green=rotating, blue is unknown. 406 
Figure 5: Kaplan Meier plot for the probability of being unrevised with 95%CIs 407 
Figure 6: Probability of male patients remaining unrevised dependent upon age 408 
group 409 
Figure 7: Probability of female patients remaining unrevised dependent upon age 410 
group 411 



 

 

Temporal trends of primary hinge knee arthroplasty and risk factors 1 

associated with revision:  2 

National Joint Registry data from 2003 to 2018 for 4921 patients 3 
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Abstract 42 

Background 43 

The aim was to describe temporal changes and associated changes in patient 44 

demographics and surgical variables, revision rate and factors associated with revision 45 

of primary hinge knee arthroplasty (HKA) in the UK.  46 

Methods 47 

National Joint Registry data for England, Wales, Northern Ireland and Isle of Mann 48 

was used to examine the temporal trends in patient demographics, surgical factors 49 

and indications for primary HKA usage over a 16-year (2003 to 2018) period and 50 

associated risk factors for revision.  51 

Results 52 

There were 4921 patient episodes with a median follow up of 5.5 (range 0to16.3) 53 

years. The median age was 75-years, and the majority were female (72.9%). There 54 

was a tenfold increase in the use of HKA(p<0.001), with an increasing relative usage 55 

in female patients(p=0.010), but no significant changes in age (p=0.484) or BMI 56 

(p=0.781). There were 227 revisions performed at a median of 695-days. The overall 57 

unadjusted probabilities of revision at 1, 5 and 10 years were 1.5% (95% confidence 58 

intervals (CI) 1.1to1.8), 4.4% (95%CI 3.7to5.0) and 6.4% (95%CI 5.5to7.3), 59 

respectively. Cox proportional hazard analysis demonstrated younger age (p<0.01), 60 

male sex (hazard ratio (HR) 1.43, p<0.01), morbid obesity (HR 2.31, p=0.022) or 61 

previous trauma as the indication (HR 1.48, p=0.025) were associated with an 62 

increased risk of revision.  63 

  64 



 

 

Conclusion 65 

There was an increase in the use of HKA with increased uptake among female 66 

patients. The revision rate was a 6.4% at 10 years, however, younger age, male sex, 67 

morbid obesity or previous trauma were associated with an increased risk of revision. 68 

Level of Evidence: III Retrospective study 69 

Key words: hinge, knee, arthroplasty, primary, survival, epidemiology  70 



 

 

1. Introduction 71 

Hinged knee arthroplasty (HKA) is infrequently used in UK practice as a primary 72 

implant and is generally employed in a salvage procedure.1 HKA represents a highly 73 

constrained device where the torsional load is transmitted to the bone implant interface 74 

and historically is associated with early loosening and increased risk of revision.2, 3 75 

Analysis of demographic data for primary hinge knee practice inevitably excludes 76 

infected cases, yet there remains a wide range of indications where the clinician is 77 

required to match the level of construct constraint with associated soft tissue 78 

deficiency.4  79 

Institutional data for the use of primary HKA suggests that the principal 80 

indications are significant deformity and gross instability in patients with post traumatic 81 

arthritis where there is loss of supporting tibial or femoral substructure.5 Single centre 82 

units, often with small numbers, report promising early survival rates but there remains 83 

limited information for medium term outcome.6, 7  In contrast, Petrou et al8 reported a 84 

high complication and revision rate of more than 10% at 1 year. One of the largest 85 

single centremulticentre reports evaluated 408 non-oncologic112 primary HKA cases, 86 

demostratedthat demonstrated a cumulative revision incidence of 9.7% at 2 years10% 87 

and 22.5%a 25% complication rate at 107 years.9 However, the authors are not aware 88 

of a published study identifying risk factors associated with revision after primary HKA, 89 

which may influence surgeon decision to use such an implant in higher risk patients 90 

or at least aid the consent process regarding individual risk of revision. 91 

The number of patients undergoing knee arthroplasty is expected to rise 92 

exponentially over the next decade.10 Given that the median age of the population is 93 

increasing11, with a greater burden of frail osteoporotic patients presenting for surgery, 94 

it may be expected that there will be an increase in the numbers of HKA being 95 



 

 

implanted. There remains a paucity of information on the demographics of HKA use in 96 

the primary setting.12 The majority of the literature is confined to the outcomes for 97 

revision procedures with heterogeneous case mixes.13 Extrapolation of such 98 

information may fail to inform current UK practice. For infrequently used implants such 99 

as HKA, registry data offers the opportunity to review large numbers of cases over 100 

sequential years.14  101 

To address the deficiencies in the current literature, National Joint Registry 102 

(NJR) data was used to determine demographics and outcomes associated with 103 

primary HKA over a 15-year period. The primary aim of this study was to describe the 104 

temporal changes of the utilisation of HKA in the UK and the associated changes in 105 

patient demographics and surgical variables. The secondary aims were to describe 106 

the survival of HKA and factors that were associated with revision. 107 

2. Patients and methods 108 

2.1 Data access 109 

Analysis was conducted on data provided by the NJR for England Wales, Northern 110 

Ireland and the Isle of Mann. Using the standard NJR research request process 111 

access, the research team was granted to data held by the NJR for all hinged knee 112 

arthroplasties used in a primary setting. The use in a primary setting was determined 113 

by the completion of a NJR ‘K1’ primary knee arthroplasty minimum dataset record 114 

form. Since 1st April 2011 completion of a NJR K1 form has been mandatory for all 115 

publicly financed primary knee replacement performed in England, Wales, Northern 116 

Ireland and the Isle of Man. Since 2008 the compliance with NJR submission for 117 

primary knee replacement has been >95%. Data was extracted for 4921 patient 118 

episodes between 08/04/2003 and 21/12/2018.   119 



 

 

2.2 Dataset 120 

The dataset contained all information reported on the K1 form at the time of surgery. 121 

This included patient demographic data (age, gender, body mass index (BMI), ASA 122 

grade), operative data (surgeons and operating unit code, year of surgery, lead 123 

surgeon grade, indication for surgery, surgical approach) and implant data (brand of 124 

hinged implant, component details). In addition, details of subsequent revisions 125 

undertaken before the censor date (02/08/2019) were provided allowing implants to 126 

be classified as unrevised or revised at the time of censoring and providing data on 127 

the time to revision for those implants that were revised. For the revised group 128 

information about the mode of failure was also available.  129 

Prior to analysis the details of all implant constructs within the dataset were 130 

reviewed and classified in to two groups depending on the degree of rotational 131 

freedom within the hinge mechanism. Fixed hinges (e.g. Endolink Hinge) were 132 

constructs that had no/minimal rotational freedom through the hinge mechanism 133 

whereas rotating hinges (e.g. Zimmer Rotating Hinge Knee, Stryker Modular Rotating 134 

Hinge) allowed rotational freedom throughout the arc of movement. This process was 135 

done after consultation with operation techniques and manufacturers for the relevant 136 

implants. Where uncertainty existed, the implant was classified as ‘unknown’.  137 

2.3 Statistical analysis 138 

Categorical variables were analysed using chi squared tests and continuous variables 139 

were analysed using Wilcoxon rank sum tests as the distributions of the variables were 140 

asymmetric. Unadjusted Kaplan Meier plots were used to display time to revision and 141 

calculate the percentage of unrevised HTA (revision rate was calculated as one minus 142 

the unrevised rate). Cox proportional hazards was used to assess which explanatory 143 

variables affected time to revision. All the analysis was in R version 3.5.3.   144 



 

 

2.4 Approvals 145 

This project was approved by the NJR research Committee. It fulfilled the Health 146 

Regulatory Authority requirements for service evaluation and as such did not require 147 

formal ethical approval.  148 

3 Results  149 

3.1 Patient demographics, indications, and surgical variables 150 

Overall, there were 4921 patient episodes analysed with a median age of 75 151 

(interquartile range 65 to 82) at time of surgery, of which the majority were female 152 

(72.9%) (Table 1). The majority (54.3%) of patients were ASA grade II and the 153 

predominant indication for a HKA was osteoarthritis (73.0%). The majority of the 154 

procedures were performed by a consultant surgeon (91.2%), through a medial 155 

parapatellar approach (90.4%) using a rotating HKA (58.8%) (Table 1).  156 

3.2 Temporal changes during study period 157 

There were only 35 HKA recorded in 2003. However, from that point, there was a year-158 

on-year increase that reached a peak of 509 implantations in 2017 (Figure 1). Since 159 

2011, when NJR recording became mandatory, there was a 66% increase in use of 160 

HKA up to 2017. There was a trend towards a decreased use of HKA in male patients 161 

(p=0.010), decreasing from approximately 30% at the beginning to 25% by the end of 162 

study period. There were no significant changes in the median age (p=0.484) of the 163 

patient or mean BMI (p=0.781) during the study period. There were significant changes 164 

in the trends during the study period for all indications except avascular necrosis which 165 

remained approximately constant at 2.6% of cases. The proportion of patients 166 

undergoing hinge knee arthroplasty surgery for the indication of ‘osteoarthritis’ 167 

(p<0.0001) or ‘inflammatory arthritis’ (p=0.005) both declined between 2003 and 2018, 168 



 

 

where, conversely, the proportions performed for ‘previous trauma’ (p<0.0001) and 169 

‘other indications’ (p<0.0001) increased (Figure 2).  170 

During the study period the most frequently used implant / manufacturer was 171 

the Endolink HKA (Waldemar Link) (29.5%, n=1452/4921) followed by the Stryker 172 

Modular rotating HKA (9.4%, n=461/4921). However, there was a significant fall in 173 

their proportion use from 45% and 27% of all implants in 2003 to only 22% and <5% 174 

in 2018 (p<0.001), respectively (Figure 3). These decreases in proportion were due to 175 

an increase in use of the Zimmer (24.6%, n=1210/4921) and Stanmore (12.5%, 176 

n=61/4921) hinged implants over the same period (p<0.001) (Figure 3). DePuy (9.3%, 177 

n=458/4921) hinged implants showed a small increase over the period (p=0.002). The 178 

use of implants manufactured by Smith and Nephew (9.9%, n=486/4921), and ‘other’ 179 

(4.9%, n=239/4921) remained static over the period of observation. Fixed hinges knee 180 

arthroplasty reduced from 51% to 25% between 2003 and 2018 with an increase in 181 

the use of rotating hinge systems from 46% to 69% (p<0.001) (Figure 4).  182 

3.3 Revision 183 

The median follow-up for the study cohort (n=4921) was 5.5 years (range 0 to 16.3 184 

years). During the study period there were 227 revisions performed at a median follow 185 

up of 695 (range 1 to 4376) days. Patients in the revised group were younger (median 186 

age 67 years versus 75 years in unrevised group, p<0.001), were more likely to be 187 

male (40.1% of cases versus 26.5%, p<0.001), with a greater BMI (p=0.020) and had 188 

surgery performed for an indication of ‘previous trauma’ (17.6% of cases versus 189 

12.0%, p=0.02) (Table 1). The overall unadjusted probability of revision for all HKA at 190 

1, 5 and 10 years after surgery was 1.5% (95% confidence interval (CI) 1.1 to 1.8), 191 

4.4% (95%CI 3.7 to 5.0) and 6.4% (95%CI 5.5 to 7.3), respectively (Figure 5). Cox 192 

proportional hazard analysis demonstrated younger age, male sex, morbid obesity 193 



 

 

(BMI>40kg/m2) or previous trauma as the indication for HKA were significantly 194 

associated with an increased risk of revision (Table 2). The grade of surgeon, surgical 195 

approach and implant design were not associated with revision risk (Table 2). More 196 

specifically the probability of revision was 6.2% (95%CI 4.8 to 7.5) and 6.6% (95%CI 197 

5.4 to 7.9) at 10 years, which was not significantly different before (p=0.100) or after 198 

adjusting for confounding (p=0.464).  The additive effect of younger age and male sex 199 

resulted in a 10 year probability of revision of greater than 10% for males under 64 200 

years of age (Figure 6), whereas a probability of revision of greater than 10% at 10 201 

years was only observed in females less than 55 years old (Figure 7).  202 

4 Discussion 203 

This study has demonstrated an increase in the use of HKA as a primary implant in 204 

the UK over the 16-year period examined. There were changes in gender, indication, 205 

implant brand and design during the study period. The overall unadjusted 10-year 206 

probability of revision following HKA was 6.4%, but this was shown to be influenced 207 

by age, sex, BMI and indication for the surgery.  208 

   A major limitation of the study is the absence of reporting the associated 209 

mortality rate of the cohort, which was not available from the NJR data. This is the 210 

case for all revision rates reporting by the NJR, being implant revision rates and not 211 

implant survival rates as those whom are deceased are not known. In the case of the 212 

current study the mortality rate is likely to be high, with Neri et al9 reporting an 18% 213 

mortality rate at 7 years following HKA. As the denominator decreases, due to death, 214 

this would subsequently result in a lower implant survival rate for a given number of 215 

revisions. Whereas compared to the probability of revision that is presented in the 216 

current study of 6.4% may suggest the survival rate is the converse of this i.e. 93.6%, 217 

but this is not the case when accounting for those that have died and therefore the 218 



 

 

survival rate is actually less this. Another limitation of the study is the indication of the 219 

revision, aseptic versus septic, was not assessed. This was due to the indication not 220 

always being available and was therefore not thought to be a reliable assessment of 221 

reason for revision. 222 

Comparison of the primary HKA subgroup reported in the current study with 223 

data for all primary total knee arthroplasties (TKA) reported within the NJR group 224 

highlights differences in demographics and indication. The HKA subgroup had an older 225 

median age (75 versus 70 years) and a greater proportion of female patients (73% 226 

versus 60%).15 There are recognised differences with indications for primary hinge 227 

surgery with emergent surgery for trauma or severe deformity, previous non 228 

arthroplasty surgery, and multi-ligamentous inadequacy necessitating a higher level 229 

of constraint.13, 16, 17    This is a reflection of a selection bias for implant choice based 230 

on surgical indication. A key indication for HKA use in the primary setting is the 231 

unstable valgus knee with incompetence of the medial ligament constraint.13 Poor 232 

bone quality in the osteoporotic elderly female is often found in association with 233 

insufficiency fractures and is often associated with soft tissue envelope inadequacy. 234 

This combination necessitates HKA use and may explain the increased age and 235 

female sex predominance demonstrated in the current study. The HKA population 236 

were also found to have a higher for ASA grade, with 40% of patients recorded as 237 

grade 3 or worse compared to less than 20% in the standard primary TKA population.15 238 

No further information was available on Charlson comorbidity index albeit smaller 239 

series support the contention that the hinge is frequently used in patients with 240 

coincidental significant comorbidity.3, 8    241 

As the numbers entered into the NJR dataset have improved due to enhanced 242 

compliance supports the reliability of the current study to detect a change in the type 243 



 

 

of implant being used. There was a consistent trend towards mobile rather than fixed 244 

bearing (improved anteroposterior control, condylar design, bone preserving, 245 

pistoning) design which allows for some degree of longitudinal or pistoning laxity (the 246 

fourth degree of motion).18 This less constrained design is believed to reduce early 247 

failure through implant host bone / cement debonding and share torsional load across 248 

the entirety of the construct.13 The current study did not however support this, as no 249 

difference was found in the revision rates between fixed and mobile bearing HKA. 250 

However, for both the males and females there was a consistently greater risk of early 251 

revision with the younger age at the time of surgery. 252 

Historically there has been caution around the use of HKA due to concerns 253 

about early failure with bone loss which can make subsequent revision surgery 254 

challenging.  These cases necessitate the involvement of senior staff and intense 255 

monitoring in a patient group that are elderly and frail.17, 19  The incidence of ‘trauma’ 256 

associated indications increased over the period of observation. Primary hinge 257 

implantation for peri-articular knee fracture is akin to hemiarthroplasty in the hip with 258 

a similar early mortality risk.20 Given the associated risk it is to be expected that a 259 

senior arthroplasty surgeon would perform the procedure to minimise the operative 260 

time and optimise survival. The current study found that 91% of the procedures were 261 

performed by a consultant is in contrast to 74% for primary TKA from an earlier NJR 262 

dataset.21   263 

HKA is associated with higher rates of loosening and failure, higher post 264 

operative complications, longer surgical time, higher prosthetic costs, and a greater 265 

level of technical proficiency.19 With larger surface area of implant and surgical 266 

dissection space there is a theoretically higher risk of haematogenous secondary 267 

infection.22, 23 Greater scrutiny of the primary hinge subgroup and in particular the 268 



 

 

younger age subgroup may be required to ensure that desired outcome is achieved 269 

and simple reliance of revision as a marker of function should be supported by detailed 270 

clinical and radiological follow up.  271 

The use of a primary HKA has classically represented a small percentage of 272 

overall use in UK and European practice.15 Concerns around increased constraint and 273 

early failure have limited the application of HKA as a primary implant.4  However, with 274 

the increasing age and activity levels of the population undergoing surgery, combined 275 

with improvements in perioperative care it may be anticipated that the use of HKA as 276 

a primary implant will increase. The rate of revision after HKA ranges from 7.5% to 277 

49% at 10 years which is likely related to the mixture of indication, primary or revision, 278 

and other case mix variables.13 Data from the Norwegian registry for 197 primary HKA 279 

demonstrated a 5 years revision rate of 14%24, which is double that observed in the 280 

current study of 6.4%.  This difference may be due to the lower median age (5 years) 281 

and greater proportion of those requiring a primary HKA following trauma (14%) in 282 

their cohort24, as these two factors were demonstrated to be associated with increased 283 

risk of revision in the current study. The increased risk of revision associated with 284 

trauma as an indication may relate to an increased risk of postoperative infection 285 

relative to other indications. Furthermore, male sex and morbid obesity were shown to 286 

be associated with an increased risk of revision. Brown et al6 have previously shown 287 

male sex to be associated with an increased risk of revision, reporting a HR of 1.75 288 

which is greater than the HR of 1.45 reported in the current study, but they only 289 

reported on 100 implants consisting of both primary and revision procedures. Morbid 290 

BMI was also shown to be associated with an increased revision risk which is novel 291 

for HKA, but is supported from data primary unconstrained TKA.25 The most 292 

contrasting revision risks were those associated with sex and age, with males less the 293 



 

 

65 years and females less than 55 years having a 10 year revision rate of greater than 294 

10% and surgeons may therefore consider an alternative implant design, if possible, 295 

and could counsel the patient as to their risk of revision prior surgery.  296 

In conclusion, there was a tenfold increase in the use of hinged knee 297 

arthroplasty recorded during the study period which may be explained, in part, by 298 

improved reporting compliance. Overall, 6.4% of patients undergoing primary HKA 299 

were revised at 10 years. Younger age, male sex, morbid obesity or previous trauma 300 

as the indication were associated with an increased risk of revision, and these should 301 

be acknowledged when considering a hinged knee arthroplasty as a primary implant. 302 

Specifically, males less than 65 years and females less than 55 years had an 303 

associated revision rate of more than 10% at 10 years. 304 

305 
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Tables 393 
Table 1. Details of the primary hinged knee arthroplasty cohort 394 

Demographic  Overall 
(n=4921) 

Unrevised 
(n=4694) 

Revised 
(n=227) 

p-value 

Patient variable     
Age group, n(%) 
- <55 years 
- 55-64 years 
- 65-74 years 
- 75-84 years 
- >84 years 
Median Age (Q1, Q3)  

 
414(8.4) 
730(14.8) 

1239(25.2) 
1684(34.2) 
854(17.4) 

75 (65, 82) 

 
370(7.9) 
685(14.6) 

1167(24.9) 
1632(34.8) 
840(17.9) 

75 (66, 82) 

 
44(19.4) 
45(19.8) 
72(31.7) 
52(22.9) 
14(6.2) 

67 (58, 76) 

 
<0.001* 

 
 
 
 

<0.001† 
Gender, n(%) 
- Male 
- Female 

 
1334(27.1) 
3587(72.9) 

 
1243(26.5) 
3451(73.5) 

 
91(40.1) 
136(59.9) 

 
<0.001* 

BMI group (%) 
- <25 kg/m2 
- 25-30 kg/m2 
- 31-40 kg/m2 
- >40 kg/m2 
Median BMI (Q1,Q3) 

(n=2618) 
648(24.8) 

1026(39.2) 
798(30.5) 
146(5.6) 

28 (25, 33) 

(n=2500) 
628(25.1) 
976(39.0) 
763(30.5) 
133(5.3) 

28 (24, 33) 

(n=118) 
20(16.9) 
50(42.4) 
35(29.7) 
13(11.0) 

29 (26, 34) 

 
0.02* 

 
 
 

0.02† 
ASA grade n,(%) 
- ASA1 
- ASA2 
- ASA3 
- ASA4&5 

 
269(5.5) 

2672(54.3) 
1856(37.7) 
124(2.5) 

 
253(5.4) 

2541(54.1) 
1779(37.9) 
121(2.6) 

 
16(7.0) 

131(57.7) 
77(33.9) 
3(1.3) 

 
0.28* 

Surgical variable     
Lead surgeon grade, n(%) 
- Consultant 
- Other grade 

 
4489(91.2) 
432(8.8)  

 
4278(91.1) 
416(8.9) 

 
211(93.0) 
16(7.0) 

 
0.41* 

Indication for surgery‡,n(%) 
- Osteoarthritis 
- AVN 
- Previous Trauma 
- Inflammatory arthritis / RA 
- Other 

 
3591(73.0) 
130(2.6) 
602(12.2) 
457(9.3) 
656(13.3) 

 
3434(73.2) 
121(2.6) 
562(12.0) 
438(9.3) 
622(13.3) 

 
157(69.2) 

9(4.0) 
40(17.6) 
19(8.4) 

34(15.0) 

 
0.21* 
0.29* 
0.02* 
0.71* 
0.52* 

Surgical approach, n(%) 
- Medial Parapatellar 
- Lateral Parapatellar 
- Other 

 
4449(90.4) 
151(3.1) 
321(6.5) 

 
4247(90.5) 
144(3.1) 
303(6.5) 

 
202(89.0) 

7(3.1) 
18(7.9) 

0.68* 

Hinge Type, n(%) 
- Fixed 
- Rotating 
- Unknown 

 
1824(37.1) 
2895(58.8) 
202(4.1) 

 
1734(36.9) 
2765(58.9) 
195(4.2) 

 
90(39.6) 
130(57.3) 

7(3.1) 

0.57* 

*comparison between unrevised and revised group using Chi Squared  395 
† comparison between unrevised and revised group using Wilcoxon rank sum tests 396 



 

 

‡ more than 1 indication for revision can be selected to each indication was classified and present 397 
Y/N. Patients with indication presented out of entire cohort presented for clarity 398 
 399 
Table 2. Cox regression analysis for variables associated with revision after hinge 400 
knee arthroplasty for the study cohort (n=4923) with a median follow up of 695 days. 401 
Variable  Hazard ratio 95% CI p-value 
Age (years) <55 Reference   
 55 to 64 0.57 0.37 to 0.86 <0.01 
 65 to 74 0.58 0.40 to 0.84 <0.01 
 75 to 84 0.31 0.20 to 0.46 <0.001 
 >84 0.17 0.09 to 0.31 <0.001 
Sex Female Reference   
 Male 1.43  1.09 to 1.88 <0.01 
BMI  <25 kg/m2 Reference   
 25-30 kg/m2 1.37 0.81 to 2.32 0.233 
 31-40 kg/m2 1.18 0.68 to 2.05 0.561 
 >40 kg/m2 2.31 1.13 to 4.71 0.022 
ASA Grade I Reference   
 II 1.32 0.78 to 2.25 0.300 
 III 1.47 0.84 to 2.58 0.177 
 IV and V 1.00 0.29 to 3.48 0.999 
Surgical Variables    
Surgeon Consultant Reference   
 Other 0.79 0.48 to 1.32 0.376 
Indication* OA 0.94 0.62 to 1.42 0.763 
 Trauma 1.48 1.05 to 2.09 0.025 
 AVN 1.45 0.73 to 2.86 0.286 
 Inflammatory 0.77 0.44 to 1.36 0.371 
 Other 1.17 0.76 to 1.82 0.477 
Surgical  Medial 1.02 0.48 to 2.17 0.964 
Approach Lateral Reference   
 Other 1.19 0.50 to 2.86 0.696 
Hinge Type Fixed Reference   
 Rotating 0.90 0.69 to 1.19 0.464 
 Unknown 0.60 0.28 to 1.31 0.204 

*Hazard ratio calculated relative to not having that indication 402 
 403 
  404 



 

 

Figure Legends 405 
Figure 1: Primary hinged knee operations by year (2003-2018) 406 
Figure 2: Proportion of cases selected for each indication for surgery 2003-2018.  407 
Figure 3: Use of different hinged knee replacement manufacturers (2003-2018) 408 
Figure 4: Use of fixed versus rotating hinged knee implants (2003-2018). Key: 409 
Red=fixed, green=rotating, blue is unknown. 410 
Figure 5: Kaplan Meier plot for the probability of being unrevised with 95%CIs 411 
Figure 6: Probability of male patients remaining unrevised dependent upon age 412 
group 413 
Figure 7: Probability of female patients remaining unrevised dependent upon age 414 
group 415 
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