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Abstract

Aims
To describe the demographics of patients that sustain a femoral periprosthetic fracture (PPF), the epidemiology of PPFs, PPF characteristics and the predictors of PPF types in the United Kingdom population.

Methods
Multicentre retrospective cohort study including adult patients presenting to hospital with a new PPF between 01/01/2018 and 31/12/2018. Data collected included: patient demographics, co-morbidities, anti-coagulant use, social circumstances, level of mobility, fracture characteristics, UCFP type, and details of the original implant. Descriptive analysis by fracture location was performed and predictors of PPF type were assessed using mixed-effects logistic regression models. 

Results
720 femoral PPFs from 27 NHS sites were included. PPF patients were typically elderly (mean 79.9 years, SD 10.6 years), female (n=455, 63.2%), had at least one comorbidity (n=670, 93.1%), and were reliant on walking aids or bed/chair bound prior to admission (n=419, 61.7%). The study population included 539 (74.9%) hip PPFs, 151 (21.0%) knee PPFs and 30 (4.2%) dividing type PPFs. For hip (n=407, 75.5%) and knee (n=88, 58.3%) arthroplasty UCPF B type fractures were most common. Overall, 556 (86.2%) were treated in the presenting hospital and 89 (13.8%) required transfer for treatment. Female gender was the only significant predictor of fracture type (A/B1/C type versus B2/B3) for femoral hip PPFs (OR 0.61; 95% CI: 0.41 to 0.91; p=0.01). Gender, residence type, primary versus revision implant PPF, implant fixation and time between joint replacement and PPF were not found to predict fracture type for hip PPFs.

Conclusions
This multicentre analysis describes patient and injury factors for patients presenting with femoral PPFs to centres across the UK. These patients are generally elderly and frail, comparable to those sustaining a hip fracture. This data can be useful in planning future services and clinical trials.



Introduction

The demand for arthroplasty is increasing, with over 200,000 primary arthroplasties being performed in the UK in 2020. (1,2) Due to improvements in implant design and surgical technique the longevity of the joints implanted has increased significantly over the last 20 years. (3,4) This observation, alongside increases in life expectancy and the incidence of comorbidities such as osteoporosis, has led to an increased incidence of femoral periprosthetic fractures (PPFs). (5) This trend is expected to continue, with the prevalence of femoral PPFs predicted to increase by 13.8% over the next 30 years. (6,7) Data from the National Joint Registry (NJR) also demonstrates that the prevalence of revision surgery for PPFs is increasing, rising from 9.5% in 2015 to 11.5% in 2020. (1) 

Despite the significant burden posed by femoral PPFs, there is a paucity of existing evidence examining the demographics of this patient group and the types of injuries they sustain. The current literature is dominated by single centre studies reporting on a narrow spectrum of treatment modalities (8–12), and studies that rely on data from registries. (13,14) Whilst registries and national datasets provide valuable information these resources have significant limitations as they do not adequately classify fractures and may under estimate the true burden of PPFs as subsets of the PPF patient population are omitted. (15) For example, the NJR reports only on PPFs resulting in revision and Hospital Episode Statistics (HES) reports only on inpatient episodes. This makes it difficult to truly understand the disease burden posed by PPFs, which is essential to planning regional and national management strategies, and informing future clinical trials in this poorly studied field.

The COMPOSE (Characteristics, Outcomes and Management of PeriprOsthetic fractures: Service Evaluation) study was undertaken with the aim of providing information about the population of patients who sustain PPFs in the United Kingdom (UK). The analysis presented in this paper describes the demographic characteristics of the population of patients that sustain a femoral PPF, the epidemiology of PPF occurrence, PPF characteristics and the predictors of PPF types. It supplements our associated paper reporting the management and outcomes of this patient cohort.



Methods

COMPOSE was a multicentre retrospective cohort study that followed a prospective study protocol and analysis plan. Data were collected from a consecutive series of patients that presented to participating hospitals in the UK with a new PPF between 1st January 2018 and 31st December 2018. Data collection ran from 1st July 2020 to 31st January 2021. From the entire PPF cohort (n=788) a subset of eligible patients sustaining a femoral PPF (n=720) were selected for inclusion in this analysis (Figure 1, Table 1)

All patients, aged 18 or over, presenting to the participating site with a new PPF were eligible for inclusion irrespective of the joint involved, fracture type or method of treatment (non-operative, fixation, revision). Patients were excluded if they had sustained a concurrent injury to another body part e.g. polytrauma patients, presented to hospital more than 4 weeks from injury or had sustained a previous PPF of the same bone or joint.

We aimed to involve as many hospitals treating PPFs as possible to enable broad geographical spread and ensure that the data collected was representative of current UK practice and included the management of PPFs around different implant types (e.g., cemented and uncemented femoral stems). Site recruitment was coordinated through the trainee-led Collaborative Orthopaedic Research NETwork (CORNET) and the project was managed by South Tees Hospitals NHS Foundation Trust. The study was delivered by regional trainee research groups, with oversight at each site by a consultant supervisor. 

Data collection

Anonymised data were collected from multiple data sources at each site including patient or theatre records, operation notes, discharge letters and electronic routine data collection systems. A pragmatic approach to data collection was taken, with the optimal strategy at each site determined by the site leads. Data were collated centrally using the REDCap data entry system. The REDCap system was housed on secure servers at the South Tees Hospitals NHS Foundation Trust. No patient identifiable data were collected. Local service evaluation approval was obtained from all participating sites along with signed REDCap user registration and data sharing agreements before sites were provided access to the REDCap system. 

Data collected relating to the epidemiology and characteristics of people with PPFs included: patient demographics, co-morbidities, anti-coagulant use, social circumstances, level of mobility, hospital presentation, fracture characteristics, and details of the implant around which the PPF occurred. All fractures were classified via the Unified Classification System (UCFP) classification system for PPFs. (16) Fracture classification was based on local records such as clinical notes, letters and/or operation notes. Where not specified the classification was determined by interpretation of the available imagining by the local trainee and consultant site lead. Additionally, management and outcome data on all patients were collected and this is presented in an associated paper. A full list of data fields collected can be found in the Appendix.


Ethics and study regulation

The COMPOSE study was performed as a service evaluation as it was collecting retrospective, anonymised information about care that had previously been delivered. All patients received standard care as per their treating centre and their surgeon’s usual practice. There was no requirement for ethical approval or patient consent as checked against the Health Research Authority criteria. (17) The study was registered locally at each site as a service evaluation prior to data collection. 

Analysis

Descriptive summaries
Patient demographics, fracture characteristics and treatment were summarised descriptively by whether the femoral PPF was located around a hip replacement, knee replacement or was a dividing (D type) fracture between a hip and knee replacement. The monthly incidence of femoral PPFs was summarised graphically by location of the fracture. 

Candidate predictors of periprosthetic fracture type 
Femoral PPFs were grouped into two categories based on whether the underlying joint replacement remained fixed to the bone or not. Category 1 comprised type A, B1 and C fractures (implant fixed to bone following PPF and therefore potentially suitable for fixation), while Category 2 comprised B2 and B3 fractures (implant not fixed to bone following PPF and therefore likely to require revision). Candidate predictors of fracture type in hip femoral PPFs were summarised descriptively by whether the fracture was A/B1/C or B2/B3. A mixed-effects logistic regression model with fracture type as the dependent variable was implemented, controlling for the candidate predictors as fixed effects and site as a random effect. The candidate predictors were age, gender, residence type (own home, supported living, residential care, nursing care), whether the fracture was around a primary or revision implant, implant fixation (cemented or uncemented) and time between joint replacement and PPF (Early ≤1 year; Intermediate 1-10 years; Late >10 years). Candidate predictors were chosen using prior clinical knowledge. The impact of sparse data bias on the model estimates for binary outcomes was assessed using Firth logistic regression. The analysis was repeated for femoral PPFs related to knee replacements.


Results

In total, 720 eligible patients from 27 NHS sites across England and Scotland, that had sustained a femoral PPFs (around a hip replacement, knee replacement or dividing between both) were included in this analysis. 

Patient demographics

In total, there were 539 femoral PPFs around a hip replacement, 151 femoral PPFs around a knee replacement and 30 dividing femoral PPFs (Figure 1). Table 2 presents information on patient demographics for each of these fracture types. While the majority of patients lived in their own home (n=570, 79.4%), they were typically elderly (mean age 79.9 years, SD 10.6 years) and frail with at least one comorbidity (n=670, 93.1%) and reliant on walking aids or bed/chair bound (n=419, 61.7%). Only 395 (58.3%) were mobile outside of the house prior to their PPF and 196 (37.0%) had an abbreviated mental test score (AMTS) of <10. The knee group had a greater proportion of females (n=127, 84.1%) compared to the hip group (n=310, 57.5%). Compared to the knee group, the hip group had a greater proportion of patients that were independent for all ADLs (Hip 294 (71.0%); Knee 66 (61.7%)), a greater proportion of patients that were independently mobile outside of the home (Hip 315 (61.3%); Knee 67 (49.3%)) and a greater proportion of patients with an AMTS of 10 (Hip 266 (64.4%); Knee 59 (59.0%)), suggesting the hip group were less dependent and frail than the knee group. 
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There was no observed seasonal variation in the number of femoral PPFs across 2018, but we observed that the highest numbers presented in January and the lowest in September (Figure 2). 

Periprosthetic fracture characteristics

The characteristics for each of the femoral PPFs, dependent on the anatomical site, are presented in Table 3. Overall, 556 (86.2%) were treated in the presenting hospital and 89 (13.8%) had to be transferred to a different site to receive treatment. For the hip group, B type fractures were predominant (A type: 61 (11.3%); B type: 407 (75.5%); C type: 69 (12.8%)) and the same was seen for the knee group (A type: 10 (6.6%); B type: 88 (58.3%); C type: 53 (35.1%)). The knee group had the greatest proportion of C type fractures. The majority of femoral PPFs occurred around cemented implants with knee PPFs almost exclusively related to cemented implants. Only 96 (15.6%) femoral PPFs occurred within the first year after surgery and the overall median time from implantation to PPF occurrence was 6.75 years (IQR:2.41 to 11.33). 


Predictors of periprosthetic fracture type

Complete data was available for 475 (88.5%) hip and 111 (73.5%) knee femoral PPFs which were included in the models for candidate predictors of PPF type. Descriptive information on the candidate predictors for patients with sufficient data to be included in the models, presented by where the fracture was located and whether the fracture was classified as A/B1/C ‘implant fixed’ or B2/B3 ‘implant loose’ is presented in table 4. A greater proportion of A/B1/C fractures was observed in the knee group (n=78, 70.3%) when compared to the hip group (n=216, 45.5%). The age of patients was similar between the groups for both hip and knee PPFs, however, in both the hip and knee group the proportion of female patients was higher in the A/B1/C group compared to the B2/B3 group.

Due to sparse data for some candidate predictors, implausibly large odds ratios were found for patients with knee femoral PPFs, and this issue could not be rectified using a Firth logistic regression model. Therefore, the model was only run for patients with femoral hip PPFs. Figure 3 presents the forest plot of odds ratios resulting from the model to assess candidate predictors of fracture type in patients with femoral hip PPFs. Female gender was the only significant predictor of fracture type for femoral hip PPFs (OR=0.61; 95% CI:0.41 to 0.91; p=0.01). While there was a trend toward cemented implants being more likely to sustain a B2/B3 type PPFs in which the implant is defined as loose compared to the cementless implants this association did not reach significance (OR=1.53; 95% CI:0.97 to 2.41; p=0.07).
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Discussion

COMPOSE is the largest multicentre evaluation of femoral PPFs and provides a comprehensive description of the patient and fracture characteristics for this patient group from 27 sites covering England and Scotland. It captured data on all femoral PPFs fractures irrespective of management strategy (non-operative or operative). It found that these fractures occur in people who are older, frail and have comorbidities. 

Previous UK Hospital Episode Statistics (HES) analyses have attempted to quantify the burden of PPFs presenting to health services. (18) These data demonstrate that most PPFs occur in female patients over the age of 65. The median age of our cohort was 79.5 years for hip femoral PPFs and 81.1 years for knee femoral PPFs, and overall the lower age quartile was 74 years. This suggests that while there is a wide age range of patients sustaining these injuries the majority of patients are elderly, similar to patients sustaining a neck of femur fracture (median age 82 years). (19) We also observed a variation in gender distribution dependent upon fracture type which was similar to other studies. (20,21) The NJR reports that 60% (THR) and 56% (TKR) of primary arthroplasties are performed in females. This contrasts with a female proportion of 58% and 84% for hip and knee femoral PPFs respectively suggesting that gender is variably associated with the risk of a femoral PPFs dependent upon the joint involved. Similar to our cohort, data from Sweden demonstrates that PPF patients are typically elderly and frail with high levels of social dependence and sustain fractures resulting from low energy mechanisms, such as a fall from standing height. (13,14) 

COMPOSE found that patients sustaining femoral PPFs are more likely to live in their own home pre-injury (75-80%) when compared to those sustaining a neck of femur fracture (63-73%). (30) However, despite this they remain a frail group that are similarly dependant on walking aids and carers, and they have similar levels of cognitive impairment as those sustaining a hip fracture. (19) Seasonal variation in the presentation of hip fractures has previously been reported with 8% more patients presenting in the winter months compared to the summer and an associated 30% higher mortality. (22) The COMPOSE data identified January as the busiest month but we did not identify any seasonal trends which is important for planning future service requirements.

The Unified Classification System for Periprosthetic Fractures (UCPF) was introduced in 2014 and aimed to act as a means to discuss the management of the different PPF subtypes. (16) The classification has been subsequently validated (23) although its validity and reliability in differentiating loose from fixed cemented polished taper stem has been questioned. (24) The COMPOSE femoral PPF cohort was predominantly UCPF Type B, 76% hip and 58% knee, in-keeping with previous published series of PPFs around hip arthroplasty where the reported incidence of B type fractures ranged from 70 to 78% (25,26) and Swedish registry data (86%). (14) Type A fractures are often under-reported or excluded from cohort studies examining PPFs as they may be treated non-operatively and/or be managed in an outpatient setting. (27) The Swedish registry reported the incidence of type A fractures as 4%, between 1979 and 2000. (14) In the same study, Type C fractures were identified in only 10% of cases. In COMPOSE, the incidence of hip femoral Type A and C fractures was higher for both of these fracture types (11% and 13% respectively) and, due to the nature of the data collection, may represent a more accurate picture of the true incidence of these fractures.  

Cement is currently used for femoral fixation in 56% of primary hip replacements in the United Kingdom. (1) COMPOSE found weak evidence that the femoral hip implant was more likely to be classified as ‘loose’ (UCPF B2/3) when the implant was cemented when compared to it being uncemented, although this result was not statistically significant. Unfortunately we do not have further information on the overall incidence and rates of PPFs for cemented and uncemented implants. However, this finding does suggest a potentially different mode and pattern of failure dependent upon the method of primary fixation.  Berend et al, reported a higher incidence (6.4%) of fractures in uncemented THRs when compared to cemented THRs, although the specific fracture type was not identified. (28) In contrast, the observational study by Jain et al, reported that 85.1% of the PPFs in their series occurred around cemented polished taper stems. (21) Other series have reported that fractures around uncemented implants mainly occur intra-operatively (29) and Miettinen et al. suggested cementless fixation was an independent risk factor for PPF. (30) The observed differences between these studies is probably a function of the different populations studied and merits further investigation to help surgeons understand the modes of failure with differing implants designs and fixation methods. 

COMPOSE captured data on the transfer of patients for management between units. Transfer rates for the hip and knee cohorts were 13.5% and 9.3%, respectively. The requirement for transfer may be linked to the availability of surgeons and their skillset. A survey of Orthopaedic Trauma Association members revealed that the training background the surgeon had undertaken affected their surgical plan, with trauma surgeons favouring fixation over revision compared to arthroplasty colleagues. (31) Variation in surgical capability and capacity may be driving patient flow alongside the changes in trauma provision due to the advent of major trauma centres and trauma networks. 

We found the majority (93.1%) of patients had at least one comorbidity (Table 2), and overall, comorbidity rates were comparable to other patient groups, such as hip fracture patients, where multi-disciplinary care pathways are well established (19). In 2020, the NHFD announced that their database would expand to include all femoral fractures from April 2020 and that in the future, the Best Practice Tariff (BPT) will include femoral PPFs. (32) The introduction of BPT has improved 30-day and 1-year mortality in hip fracture patients (33,34). Given the similar age and comorbidity profile, patients sustaining femoral PPF’s may benefit from similar multi-disciplinary care, as encouraged by the expansion of BPT. However, as shown by the wide range of ages observed in this study not all PPF patients are elderly, and some younger are likely to have different rehabilitation requirements. This potentially has implications when considering the approach to management.

Our study was limited by its retrospective nature and use of multiple data sources at individual sites to access patient data which may have potentially introduced bias. For example, our approach to fracture classification using the UCPF based on clinical records and/or interpretation of imaging may have impacted the reproducibility and reliability of classification. However, sites were encouraged to use all available information including operative notes when classifying fractures in conjunction with local arthroplasty consultant leads. In addition, we were able to capture 95% of the data fields intended from our prospective study protocol and the data collection was gathered from 27 Trusts across England and Scotland, improving the generalisability of our results to other UK NHS Trusts. In addition, whilst extensive data were captured on comorbidities, it was not possible to calculate the Charlson Comorbidity Index, which may have further aided population comparisons (35). COMPOSE was delivered and co-ordinated by the CORNET trainee research collaborative. The design of the study and its electronic data collection system meant that the study could be rapidly implemented and adopted by trainees at multiple sites simultaneously helping to harness trainee engagement and maximise data capture. This success of COMPOSE highlights the value of this type of trainee-led collaborative approach to delivering impactful projects effectively. 

Conclusion

This multicentre analysis is the largest of its kind to describe patient and injury factors for patients presenting with femoral PPF to centres across England and Scotland. PPF patients are generally elderly and frail, comparable to those sustaining a hip fracture. The data from this study can be useful in planning future services and helps to define the population of patients that should be included in any future clinic trials examining the management of PPFs.
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Tables and figures

[bookmark: _1fob9te]Table 1: Location of periprosthetic fractures from the entire COMPOSE cohort (n=785) during the year 2018 (3 patients excluded as not during the year 2018) 

	
	Periprosthetic fractures (n=785)

	Hip, n (%)
	562 (71.6)

	    Femur
    Pelvis
    Acetabulum
    Acetabulum and femur
	539 (95.9)
2 (0.4)
20 (3.6)
1 (0.2)

	Knee, n (%)
	162 (20.6)

	    Femur
    Patella
    Tibia
	151 (93.2)
1 (0.6)
10 (6.2)

	Hip and knee (dividing), n (%)
	30 (3.8)

	    Femur
	30 (100)

	Other, n (%)
	31 (4.0%)

	    Ankle
    Shoulder
    Elbow
    Wrist
	4 (0.5)
16 (2.1)
7 (0.9)
4 (0.5)





Table 2: Patient demographics presented by femoral fracture type (percentages calculated based on those with non-missing data).

	
	Hip
 (n=539)
	Knee 
(n=151)
	Dividing (n=30)
	Overall
(n=720)

	Age, years
    Mean (SD)
    Median (IQR)
    Min, Max
	
79.5 (10.6)
81 (73, 87)
19, 102
	
81.1 (10.3)
84 (75, 89)
49, 99
	
82.2 (10.3)
83 (77, 89)
52, 98
	
79.9 (10.6)
82 (74, 87)
19, 102

	Gender, n (%)
    Female
    Male
	
310 (57.5)
229 (42.5)
	
127 (84.1)
24 (15.9)
	
18 (60.0)
12 (40.0)
	
455 (63.2)
265 (36.8)

	Residence type pre-periprosthetic fracture, n (%)
    Own home
    Supported living
    Residential care
    Nursing care
	

431 (80.3)
20 (3.7)
30 (30)
56 (10.4)
	

114 (75.5)
9 (6.0)
14 (9.3)
14 (9.3)
	

25 (83.3)
1 (3.3)
2 (6.7)
2 (6.7)
	

570 (79.4)
30 (4.2)
46 (6.4)
72 (10.0)

	Level of social support pre-injury, n (% of those who live in own home)
    Independent for all ADLs
    Assistance of family for care needs
    1-2 carer visits per day
    3-4 carer visits per day
	

294 (71.0)
86 (20.8)
23 (5.6)
11 (2.7)
	

66 (61.7)
22 (20.6)
12 (11.2)
7 (6.5)
	

8 (36.4)
8 (36.4)
3 (13.6)
3 (13.6)
	

368 (67.8)
116 (21.4)
38 (7.0)
21 (3.9)

	Use of walking aids pre-injury, n (%)
    Independent/unaided
    One stick
    Two sticks
    Frame
    Bed/chair bound
	
201 (39.2)
138 (26.9)
27 (5.3)
134 (26.1)
13 (2.5)
	
52 (37.4)
35 (25.2)
6 (4.3)
38 (27.3)
8 (5.8)
	
7 (25.9)
5 (18.5)
3 (11.1)
10 (37.0)
2 (7.4)
	
260 (38.3)
178 (26.2)
36 (5.3)
182 (26.8)
23 (3.4)

	Uses a walking aid or bed/chair bound, n (%)
    Yes
    No
	
312 (60.8)
201 (39.2)
	
87 (62.6)
52 (37.4)
	
20 (74.1)
7 (25.9)
	
419 (61.7)
260 (38.3)

	Independently mobile outside of the home pre-injury, n (%)
    Yes
    No
	

315 (61.3)
199 (38.7)
	

67 (49.3)
69 (50.7)
	

13 (48.1)
14 (51.9)
	

395 (58.3)
282 (41.7)

	At least one comorbidity, n (%)
    Yes
    No
	
499 (92.6)
40 (7.4)
	
142 (94.0)
9 (6.0)
	
29 (96.7)
1 (3.3)
	
670 (93.1)
50 (6.9)

	Comorbidities, n (%)
    COPD/asthma
    Ischaemic heart disease
    Hypertension
    Previous MI
    AF/arrhythmia
    CVA/stroke
    Diabetes
    Kidney disease
    Liver disease
    Cancer diagnosis
    Alcohol excess (>16 units per week)
    Dementia
    Rheumatoid arthritis
    Hypothyroidism
    Other
	
65 (12.1)
107 (19.9)
247 (45.8)
41 (7.6)
103 (19.1)
64 (11.9)
78 (14.5)
47 (8.7)
4 (0.7)
68 (12.6)
13 (2.4)
95 (17.6)
21 (3.9)
27 (5.0)
224 (41.6)
	
18 (11.9)
24 (15.9)
70 (46.4)
6 (4.0)
23 (15.2)
19 (12.6)
24 (15.9)
16 (10.6)
2 (1.3)
15 (9.9)
5 (3.3)
30 (19.9)
17 (11.3)
9 (6.0)
59 (39.1)
	
7 (23.3)
8 (26.7)
19 (63.3)
1 (3.3)
6 (20.0)
7 (23.3)
4 (13.3)
3 (10.0)
0 (0)
4 (13.3)
0 (0)
7 (23.3)
5 (16.7)
1 (3.3)
9 (30.0)
	
90 (12.5)
139 (19.3)
336 (46.7)
48 (6.7)
132 (18.3)
90 (12.5)
106 (14.7)
66 (9.2)
6 (0.8)
87 (12.1)
18 (2.5)
132 (18.3)
43 (6.0)
37 (5.1)
292 (40.6)

	On anticoagulant admission on admission, n (%)
    Yes
    No
	

130 (24.5)
400 (75.5)
	

33 (22.4)
114 (77.6)
	

8 (27.6)
21 (72.4)
	

171 (24.2)
535 (75.8)

	AMTS, n (%)
    Full capacity (10)
    Reduced capacity (7-9)
    Lacking capacity (0-6)
	
266 (64.4)
70 (16.9)
77 (18.6)
	
59 (59.0)
18 (18.0)
23 (23.0)
	
9 (52.9)
4 (23.5)
4 (23.5)
	
334 (63.0)
92 (17.4)
104 (19.6)
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Table 3: Femoral periprosthetic fracture details by location (percentages calculated based on those with non-missing data).

	
	Hip 
(n=539)
	Knee 
(n=151)
	Dividing
(n=30)
	Overall
(n=720)

	Hospital patient first presented with fracture at, n (%)
    Same hospital
    Other hospital
	

410 (84.9)
73 (15.1)
	

120 (89.6)
14 (10.4)
	

26 (92.9)
2 (7.1)
	

556 (86.2)
89 (13.8)

	Side of fracture, n (%)
    Left
    Right
	
227 (42.1)
312 (57.9)
	
82 (54.3)
69 (45.7)
	
15 (50.0)
15 (50.0)
	
324 (45.0)
396 (55.0)

	Energy of fracture, n (%)
    Low energy
    High energy
	
507 (94.8)
28 (5.2)
	
142 (94.0)
9 (6.0)
	
28 (93.3)
2 (6.7)
	
677 (94.6)
39 (5.4)

	Fracture open or 
closed, n (%)
    Open
    Closed
	

8 (1.5)
531 (98.5)
	

2 (1.3)
149 (98.7)
	

0 (0)
30 (100)
	

10 (1.4)
710 (98.6)

	Type of fracture, n (%)
    A1
    A2
    B1
    B2
    B3
    C
    D
    E
    F
	
37 (6.9)
24 (4.5)
118 (21.9)
250 (46.4)
39 (7.2)
69 (12.8)
NA
0 (0)
2 (0.4)
	
6 (4.0)
4 (2.6)
44 (29.1)
28 (18.5)
16 (10.6)
53 (35.1)
NA
0 (0)
0 (0)
	
NA
NA
NA
NA
NA
NA
30 (100)
NA
NA
	
NA
NA
NA
NA
NA
NA
NA
NA
NA

	Fracture around primary or revision joint replacement, n (%)
    Primary
    Revision
	

468 (86.8)
71 (13.2)
	

145 (96.7)
5 (3.3)
	

26 (86.7)
4 (13.3)
	

639 (88.9)
80 (11.1)

	Method of implant fixation around which periprosthetic fracture occurred, n (%)
    Cemented
    Uncemented
	


387 (71.8)
152 (28.2)
	


141 (94.0)
9 (6.0)
	


26 (86.7)
4 (13.3)
	


554 (77.1)
165 (22.9)

	Time between joint replacement and periprosthetic fracture, years, n (%)
    Early (≤1 year)
    Intermediate (1-10 years)
    Late (>10 years)
	


82 (17.2)
243 (50.8)
153 (32.0)
	


14 (12.6)
55 (49.5)
42 (37.8)
	


0 (0)
19 (76.0)
6 (24.0)
	


96 (15.6)
317 (51.6)
201 (32.7)

	Time between joint replacement and periprosthetic fracture, years
    n (%)
    Mean (SD)
    Median (IQR)
    Min, Max
	

478 (88.7)
7.60 (6.44)
6.60 (2.05, 11.33)
0, 28.09
	

111 (73.5)
8.22 (5.82)
7.48 (3.76, 11.96)
0, 25.10
	

25 (83.3)
6.47 (3.54)
6.35 (3.86, 9.26)
1.16, 13.50
	

614 (85.3)
7.67 (6.24)
6.75 (2.41, 11.33)
0, 29.09





Table 4: Patient characteristics presented by fracture location and whether periprosthetic fracture was classified as A/B1/C ‘implant fixed’ or B2/B3 ‘implant loose’.

	
	Hip
(n=475)
	Knee
(n=111)

	
	A/B1/C
(n=216)
	B2/B3
(n=259)
	A/B1/C
(n=78)
	B2/B3
(n=33)

	Age, years
    n (%)
    Mean (SD)
	
216 (100)
79.5 (10.1)
	
259 (100)
78.7 (11.3)
	
78 (100)
80.3 (11.0)
	
33 (100)
83.8 (8.6)

	Gender, n (%)
    Female
    Male
	
139 (64.4)
77 (35.6)
	
134 (51.7)
125 (48.3)
	
65 (83.3)
13 (16.7)
	
24 (72.7)
9 (27.3)

	Residence type pre-periprosthetic fracture, n (%)
    Own home
    Supported living
    Residential care
    Nursing care
	

171 (79.2)
9 (4.2)
17 (7.9)
19 (8.8)
	

217 (83.8)
9 (3.5)
11 (4.2)
22 (8.5)
	

61 (78.2)
5 (6.4)
7 (9.0)
5 (6.4)
	

25 (75.8)
2 (6.1)
1 (3.0)
5 (15.2)

	Fracture around primary or revision joint 
replacement, n (%)
    Primary
    Revision
	


185 (85.6)
31 (14.4)
	


227 (87.6)
32 (12.4)
	


76 (97.4)
2 (2.6)
	


30 (90.9)
3 (9.1)

	Method of implant fixation around which periprosthetic fracture occurred, n (%)
    Cemented
    Uncemented
	


147 (68.1)
69 (31.9)
	


198 (76.4)
61 (23.6)
	


70 (89.7)
8 (10.3)
	


33 (100)
0 (0)

	Time between joint replacement and periprosthetic fracture, years, n (%)
    Early (≤1 year)
    Intermediate (1-10 years)
    Late (>10 years)
	


44 (20.4)
102 (47.2)
70 (32.4)
	


38 (14.7)
139 (53.7)
82 (31.778)
	


11 (14.1)
36 (46.2)
31 (39.7)
	


3 (9.1)
19 (57.6)
11 (33.3)
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Figure 1: Flowchart of participants within the COMPOSE study analysis
[image: ]
Figure 2: Occurrence of femoral periprosthetic hip, knee and dividing fractures throughout the year 2018.
[image: ]

Figure 3: Predictors of fracture type in patients with a femoral hip periprosthetic fracture; 1Reference category males; 2Reference category living in own home; 3Reference category PPF around primary implant; 4Reference category original implant uncemented; 5Reference category early PPF.
[image: ]





Appendices

Appendix A

Pre-operative data collection 
· BASELINE DEMOGRAPHICS
· Local patient record number
· Age
· Gender
· Place of residence pre-injury
· Use of walking aids pre-injury
· Social support pre-injury
· Exercise tolerance / Walking distance pre-injury
· Co-morbidities
· Anti-coagulant medication
· Smoking
· Alcohol consumption
· AMTS
· FRACTURE CHARACTERISTICS
· Date of fracture
· Mechanism of fracture
· Hip, Knee, Ankle, Shoulder, Elbow or Wrist replacement
· Primary or Revision joint replacement
· Fracture classification (AO Universal classification)
· Type of implant around which the periprosthetic fracture occurred (e.g. cemented / uncemented)
· Open or Closed Injury
· SURGICAL CHARACTERISTICS	
· Date of Surgery
· Grade of lead surgeon
· Grade of second surgeon
· Surgical approach
· Surgical strategy (e.g. fix / replace or both)
· Operative duration
· Requirement for HDU/ITU admission
· DVT prophylaxis
· Operative findings and information

Post-operative data collection
· Length of stay (primary and subsequent admissions)
· Discharge destination - home versus elsewhere
· Post-operative complications before discharge (VTE, infection, pressure sores)
· Re-admission to hospital
· Re-operation on operated limb
· Mortality
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