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Overview of the PhD 

 

 

Figure 1. The blue arrow represents the timeline of a periprosthetic knee fracture 

patient from total knee arthroplasty to five years post-fracture. Study 4 has 

overlapping timepoints with Studies 2 and 3. 

PPKF; periprosthetic knee fracture. 
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Background and aims 

Total Knee Arthroplasty (TKA) is a well-established procedure for treating 

osteoarthritis (OA) and other knee disorders by replacing the knee joint. 

While TKA has high success rates, complications can still occur. One of the 

most serious complications or injuries after a TKA is a periprosthetic knee 

fracture (PPKF), a fracture near or associated with the TKA implant, affecting 

the femur, patella, or tibia. Though rare, PPKFs are disabling for patients, and 

treatment often requires advanced surgical skills. Despite their clinical 

significance, little is known about PPKFs. 
This thesis aims to fill these gaps using mixed-method research to investigate 

PPKF risks, identify associated factors, and evaluate clinical and patient-

reported outcomes to improve care for affected patients. 

Studies 

In the register based study 1 we analyzed the risk and risk factors for PPKF in 

standard primary TKA patients with OA who had minimally (cruciate retaining 

without a femoral box cut) or posterior stabilized TKA. We found a 10-year risk 

of 1.7%, with 1.5% in the femur, 0.2% in the patella, and 0.2% in the tibia. 

Significant risk factors included ipsilateral hip arthroplasty, female sex, 

osteoporosis, age 80+, uncemented TKA, and Charlson Comorbidity Index 

score Ó3.  

 

In the exploratory qualitative study 2 we investigated patients' experiences after 

surgical treatment of a distal femur PPKF through interviews. We identified 

three key themes of important experiences to the patients: (1) Patient 

expectations of recovery, (2) Patient concernsðleading to a desire for follow-up 

and information, and (3) The impact of recovery on independence and social 

life, each explored through subthemes. The study highlights the prolonged and 

challenging recovery, often causing frustration and isolation. Addressing these 

issues requires clear communication and realistic expectation-setting for 

patients. 

 

02 English summary 



 

 

 

11 

s
d
u
.d

k
 

#
s
d
u
d
k
 

 

In the questionnaire based study 3 we assessed patient-reported outcomes 

(PRO) on knee function, quality of life, pain, and treatment satisfaction 1ï4 

years after PPKF and compared it to a matched control group of uncomplicated 

TKA patients. The PPKF patients reported a worse scores across all 

parameters compared to the control group. The patients completing the 

questionnaires 3-4 years after their PPKF reported better scores compared to 

those completing the questionnaires 1-2 years after the PPKF, indicating a 

prolonged recovery. Operatively treated PPKF patients had worse PRO scores 

than those treated non-operatively, particularly after patellar PPKFs, likely 

reflecting fracture severity rather than treatment effects.  

 

In the register-based study 4 we examined the reoperation risk after initial 

treatment of the PPKF according to fracture site and treatment approach. The 

overall two-year reoperation risk was 20%. Operatively treated PPKFs had a 

higher reoperation risk across all fracture locations. The highest risks were 

observed in operatively treated patellar and tibial PPKFs, with reoperation rates 

of 46% and 36%, respectively, while the lowest risk was seen in non-operatively 

managed patellar PPKFs at 9%. 

Conclusions 

PPKF is a rare but serious complication following primary TKA. Although it 

occurs in just 1.7% of cases within 10 years, it greatly impacts the lives of those 

affected. Both qualitative interviews and PRO scores show that recovery from 

PPKF is prolonged. Operatively treated PPKFs have poor outcomes, with low 

PRO scores and a high reoperation risk, especially operatively treated patella 

PPKFs. As fracture severity is not accounted for in the studies, this thesis is 

more explorative and aims to enhance understanding and patient expectation 

management, rather than recommend specific treatment approaches for 

PPKFs. 
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Baggrund of formål 

Total knæalloplastik (TKA) er en veletableret procedure, der effektivt behandler 

slidgigt eller andre knælidelser ved at udskifte knæleddet. En af de mest 

alvorlige komplikationer efter en TKA er en periprostetisk knæfraktur (PPKF). 

Dette er en fraktur nær eller i forbindelse med TKA-protesen, der kan opstå i 

lårbensknoglen (femur), knæskallen (patella) eller skinnebenet (tibia). Selvom 

PPKFôer er sjÞldne, er de invaliderende og krÞver ofte hßjt specialiseret 

behandling. På trods af deres kliniske betydning er der begrænset viden om 

PPKF. Denne afhandling har til formål at udfylde disse huller i den nuværende 

viden ved at undersøge risikoen for PPKF, identificere risikofaktorer og evaluere 

både kliniske og patientrapporterede resultater. 

Studier 

I det registerbaserede studie 1 analyserede vi risikoen og risikofaktorerne for en 

PPKF hos standard TKA-patienter med slidgigt og en typisk TKA-protese 

(minimalt- eller posterior-stabiliseret TKA). Vi fandt en 10-års risiko for PPKF på 

1,7% ï 1,5% i femur, 0,2% i patella og 0,2% i tibia. Risikofaktorer for PPKF var 

samsidig hofteprotese, kvindeligt køn, osteoporose, alder 80+, ucementeret 

TKA og en Charlson Comorbidity Index score Ó3. 

 

I det explorative kvalitative studie 2 var formålet at forstå patienters oplevelser 

3-4 måneder efter kirurgisk behandling af PPKF i lårbensknoglen gennem 

interviews. Vi identificerede tre centrale temaer: (1) Patienters forventninger til 

rehabiliteringsprocessen, (2) Patienters bekymringer ï et ønske om opfølgning 

og information, og (3) Rehabiliteringens påvirkning af uafhængighed og 

patientens sociale liv. Hvert tema blev yderligere belyst gennem undertemaer. 

Studiet fremhæver også den langvarige rehabilitering. For at imødekomme 

disse udfordringer er det nødvendigt med klar kommunikation og sætte 

realistiske forventninger. 
 

I det spørgeskema baserede studie 3 undersøgte vi patient rapporteret outcome 

(PRO) i forhold til knæfunktion, livskvalitet, smerte og tilfredshed med 

behandlingen mellem 1 og 4 år efter en PPKF og sammenlignede dem med en 

kontrolgruppe af TKA-patienter uden komplikationer. Patienterne med en PPKF 

rapporterede dårligere scores end kontrolgruppen på tværs af alle 

03 Dansk resumé  
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spørgeskemaer. Patienterne, der svarede på spørgeskemaer 3-4 år efter PPKF, 

rapporterede bedre scores sammenlignet med dem, der udfyldte dem 1ï2 år 

efter deres PPKF, hvilket tyder på en langsommelig rehabilitering. Kirurgisk 

behandlede PPKF-patienter havde dårligere scores end de patienter, der blev 

behandlet konservativt, specielt efter en PPKF i knæskallen. Dette afspejler nok 

nærmere frakturens sværhedsgrad snarere end resultatet af behandlingen. 

 

I det register baserede studie 4 undersøgte vi risikoen for reoperation ud fra 

fraktursted og behandlingsmetode efter en PPKF. Risikoen for reoperation 

indenfor to år var 20%. Operativt behandlede PPKFôer havde en hßjere 

reoperationsrisiko på tværs af alle fraktursteder. Den højeste risiko for 

reoperation var efter kirurgisk behandlede patellare og tibiale PPKF'er på 

henholdsvis 46% og 36%, mens den laveste risiko var ved konservativt 

behandlede patellare PPKF'er med 9%. 

Konklusion 

PPKF er en sjælden, men alvorlig komplikation efter primær TKA. Selvom den 

kun forekommer i 1,7% af tilfældene efter 10 år, påvirker den livskvaliteten 

væsentligt. Både kvalitative interviews og PROs viser, at rehabilitering efter 

PPKF er langvarig. Kirurgisk behandlede PPKFôer klarede sig dårligt med lave 

patient rapporterede scores og en høj reoperations risiko, særligt kirurgisk 

behandlede patella PPKFôer. Da frakturens sværhedsgrad ikke tages højde for i 

studierne, er denne afhandling mere undersøgende og har til formål at forbedre 

forståelsen af PPKF. Den skal primært bruges til at rådgive og afstemme 

patienternes forventninger, frem for at anbefale specifikke behandlingsmetoder 

for PPKF. 
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Total Knee Arthroplasties 

Total knee arthroplasty (TKA), is a well-established and cost-effective surgical 

procedure for treating knee pain and stiffness due to a damaged knee joint (1). 

It involves replacing the damaged or diseased knee joint with an artificial 

prosthesis to alleviate pain and restore function (1, 2). TKA is primarily indicated 

for severe knee osteoarthritis (OA), including both primary OA and secondary 

OA (resulting from previous knee injuries), particularly when non-surgical 

treatments fail to provide adequate relief (1, 2). Additionally, TKA is indicated for 

other conditions affecting the knee joint, such as rheumatoid arthritis, 

osteonecrosis, and tumors (1-3). There has been an increase in TKA 

procedures in many countries and 9,600 primary TKA was performed in 

Denmark in 2023 (3-6). Projections estimate a 25% global increase in TKA 

procedures over five years following 2020 (7). The most commonly used 

prostheses are cruciate-retaining (CR) and posterior-stabilized (PS) TKA. CR 

retains the posterior cruciate ligament (PCL) and its kinematic function in the 

knee, whereas PS sacrifices the PCL but provides stability through its design 

(8). Other TKA designs include condylar-constrained knee (CCK), and hinged 

TKA (rotating or fixed) (9). CCK and hinged TKAs are primarily used for revision 

TKA (rTKA), but may also be used in rare cases for indications other than OA 

(9). The patella can either be left as the native bone or resurfaced (10). In 

Denmark, approximately 76% of primary TKA involved patella resurfacing 

during the study period of this thesis (11). 

 

Periprosthetic Knee Fractures 

Periprosthetic means around a prosthesis, thus periprosthetic knee fracture 

(PPKF) is a fracture in relation to a knee prosthesis, thus PPKFs can occur in 

the femur, the patella and the tibia (12). In this thesis we focus only on fractures 

in relation to primary TKA. PPKFs can occur due to intraoperative technical 

issues, such as stress risers, excessive bone resection, and cortical 

perforations (13). They may also result from trauma or be pathological fractures 

secondary to osteolysis or osteopenia (13). A nationwide study from Scotland, 

including 44,511 primary TKAs performed between 1997 and 2008, reported a 

PPKF risk of 0.6% at 5 years and 1.3% at 10 years (14). Similarly, a study from 

04 Introduction 
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the Mayo Clinic (USA), involving 17,633 primary TKAs from 1987 to 2008, 

reported a PPKF risk of 1.1% with a mean follow-up of 6.2 years (15). Both 

studies concluded in 2008 and did not differentiate between TKA prosthesis 

types nor do they report fracture location. Although the overall sample sizes 

were large, the number of PPKFs was relatively small (263 and 188 PPKFs, 

respectively), making the results potentially sensitive to elevated fracture rates 

in specific prosthesis types. This limits the interpretability of the findings for the 

typical TKA patient with OA and a CR or PS implant. The risk of location-

specific fractures (femur, patella, and tibia) primarily provides estimates based 

on historical data or small sample sizes, with wide variations (12, 16). PPKFs in 

the distal femur has been reported in 0.2-1.8% cases after primary TKA (12), 

with data derived from two references published before 2000 and one study 

from 2016, involving fewer than 5,000 primary TKAs (17-19). Patella PPKFs 

have been reported in 0.2-21% of primary TKAs, estimated from studies 

published before 2006 (12, 16) with one large study reporting a risk of 0.7% 

after 12,464 TKAs, but with data from 1985-1998 (20). Tibial PPKFs have been 

reported in 0.07-0.1% after primary TKAs (12, 16), primarily estimated from one 

large study with over 17,000 TKAs, but published before 2000 (21). These wide 

ranges, coupled with relatively small sample sizes and/or the reliance on 

historical data, highlight the need for a large, contemporary study to more 

accurately assess the risk for each fracture site. Surgical risk factors for PPKFs 

include patella resurfacing and possibly femoral notching, however, the data is 

historical and conflicting (22, 23). The relationship between prosthesis 

constraint and the risk of PPKF has not been investigated, but pooled all 

prosthesis types together as previously mentioned. Potential nonsurgical risk 

factors for PPKF include age, female sex, osteoporosis, steroid therapy, and 

possibly diabetes but further research is needed to firmly establish these 

associations (14, 15, 24). The association between underlying knee disorders 

and the risk of fracture has been examined; however, greater statistical power 

was needed to establish a definitive association (15).   
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Classifications of Fractures 

Femoral PPKF can be classified using several systems (25-27) , with the Lewis-

Rorabeck classification being the most common, classifying according to 

displacement of fracture and stability of prosthesis (Figure 2) (12, 26). 

  

Patella PPKF is most commonly classified using the Ortiguera and Berry 

classification, which considers implant stability and extensor mechanism 

function (Figure 3) (12, 28).  

 

 

 

Figure 2 Lewis-Rorabeck classification of periprosthetic knee fractures in the femur. 

Type I; Non-displaced fracture with stable prosthesis, Type II; Displaced fracture with 

stable prosthesis, Type III; Displaced or non-displaced fracture with a loose prosthesis. 

 

Figure 3 Ortiguera and Berry classification of periprosthetic knee fractures in the 

patella. Type I; stable implant and intact extensor mechanism, Type II; disruption of 

the extensor mechanism with or without implant loosening, Type III; loose implant 

with intact extensor mechanism (IIIa; good bone stock, IIIb; poor bone stock). 
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Tibial PPKF is commonly classified using the Felix classification (Figure 4), 

which categorizes fractures by location around a knee implant (21). Subclasses 

A, B, and C indicate a stable prosthesis, loose prosthesis, or intraoperative 

fracture. 

 

Treatment Modalities and Reoperation 

Current treatment options for PPKF include plating, intramedullary nailing (IMN), 

other internal fixation (oIF), rTKA, and non-surgical approaches (23, 29-32). The 

selection of treatment may differ based on the location and type of the fracture 

(12). Femoral PPKFs are primarily treated with plate fixation, IMN, and rTKA 

(29, 30). Studies involving 12 to 97 femoral PPKFs report reoperation rates from 

9% to 16%, with no significant differences observed between treatment 

methods (29-31). Patella PPKFs are typically treated non-operatively or with 

oIF. Most studies on patella fractures involve fewer than 20 patients (range 5-

177) (23, 33). Non-operative treatment is preferred when the prosthesis is 

stable as operatively treated has very high non-union rates (up to 92%) (23). 

Tibial PPKFs are the least common type of PPKF, resulting in limited available 

research. A scoping review by Shukla et al. (32) included 21 studies 

encompassing a total of 260 tibial PPKF cases. These fractures are primarily 

treated with plate fixation, while rTKA is recommended for loose prostheses 

 

Figure 4 Felix classification of periprosthetic knee fractures in the tibia. Type I; 

fracture involving the tibial plateau, Type II; fracture just below the plateau near the 

stem, Type III; fracture distal to the stem, Type IV; fracture involving the tibial tubercle 

(subclass A; stable prosthesis, B; loose prosthesis, C; intraoperative fracture). 
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(32). Unfortunately there is a scarcity of data on reoperation after initial 

treatment of tibial PPKF. 

 

Patient Perspective 

In recent years, Patient-Reported Outcomes (PRO) have become an essential 

part of orthopaedic research, providing valuable information directly from 

patients without external interpretation (34). Information on PROs after PPKFs 

has, however, only been vaguely examined (35-37). A few studies (32, 35-37) 

have reported postoperative Oxford knee score (OKS) 2 to 6 years after 

treatment with ORIF for femoral PPKFs, showing OKS values ranging from 27 

to 37 (n=26ï40). For patients with femoral PPKFs treated with rTKA, OKS 

scores also ranged from 27 to 37 over similar follow-up periods (n=6ï21) (35-

37). In tibial PPKFs, OKS values following ORIF have been reported between 

32 and 41, with follow-up durations ranging from 6 months to 10 years (n=4-6) 

(32, 37). Another emerging trend in healthcare research is the growing use of 

qualitative research (38). Qualitative methods are used to explore individuals' 

beliefs, experiences, attitudes, behaviours, and interactions, while quantitative 

research relies on numerical data and objective methods that can be replicated 

by other researchers (39). Although qualitative research has been increasingly 

recognized as a valuable complement to quantitative research in addressing 

complex patient care questions, there is a lack of qualitative studies within the 

orthopaedic field (40). This gap is clear in the case of PPKFs, where no 

qualitative research has been done. 

Motivation for this thesis 

As the global prevalence of TKA continues to rise, more patients will be at risk 

of developing a PPKF. Unfortunately, the fundamental knowledge surrounding 

PPKFs remains limited, likely due to the rarity of this complication. Much of the 

existing literature on PPKFs is either contradictory or based on small sample 

sizes, making it challenging to draw reliable conclusions or compare results 

across studies (29). Therefore, basic exploratory research is needed. We 

believe this mixed-methods thesis could improve understanding, patient 

management, and potentially pave the way for further research. 
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Overall PhD aim 

The aim of this thesis was to investigate periprosthetic knee fractures, thereby 

improving clinical understanding and patient information, and potentially laying 

the groundwork for future research. The aims for each study are reused from 

the published papers. 

Study 1 

The aim of study 1 was to investigate the risk of PPKF in standard TKA 

patients, identify the risk factors associated with PPKFs following a standard 

TKA, and explore the risk of PPKFs in patients with underlying knee disorders 

other than OA and/or those with a higher level of constraint in the primary TKA. 

Study 2 

The aim of study 1 was to explore patients' experiences 3-4 months after 

surgically treated PPKFs in the distal femur. 

Study 3 

The aim of study 3 was to compare PROs 1 to 4 years after PPKFs and a 

matched control group of uncomplicated primary TKA. A secondary aim was to 

present PROs after a PPKF based on fracture site and treatment type 

(operative vs non-operative). 

Study 4 

The aim of study 4 was to investigate the risks of reoperations after initial 

treatment of PPKFs based on fracture site and treatment, and to identify the 

types of reoperations required. 

  

05 Aim 
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Study designs 

Study 1 and Study 4 were retrospective cohort studies based on nationwide 

collected data. The studies adheres to the REporting of studies Conducted 

using Observational Routinely-collected Data (RECORD) guidelines (41). 

Study 2 was a qualitative exploratory study with a phenomenological 

hermeneutic approach (42), using individual open-ended, semi-structured 

interviews to explore patients' experiences after a PPKF in the distal femur (42). 

The Consolidated Criteria for Reporting Qualitative Research (COREQ-32) 

checklist was used in reporting this qualitative study (43). 

Study 3 was a retrospective nationwide cross-sectional matched study 

comparing PROs after a PPKF to those of patients with an uncomplicated TKA. 

The study was conducted in accordance with the Strengthening the Reporting 

of Observational Studies in Epidemiology (STROBE) guidelines for 

observational studies (44). 

Ethical considerations 

The project was approved by the data-responsible authority, the Region of 

Southern Denmark (reference no. 22/17275). All studies complied with the 

Helsinki Declaration (45) and were non-interventional. Study 1 and Study 4 did 

not involve active patient participation and required no further approval. For 

Study 2, the patients received both oral and written information about the study 

and provided written consent for participation. For Study 3, patient contact 

information was provided by the Danish Health Data Authority. Permission to 

access The Danish National Patient Register (DNPR) data after completion of 

patient reported outcome measures (PROM) was obtained from all participants. 

All data were managed on secure servers. 

Registers 

The Civil Registration System  

The Civil Registration System (CRS) in Denmark assigns a unique Central 

Person Register (CPR) number to all individuals born in the country or those 

legally residing for more than three months (46). This number is used in national 

registries, allowing for the linking of individuals across them (46-48). The CRS 

06 Methods 
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also documents key demographic events, including births, marital status, 

emigration, and deaths, ensuring comprehensive population registration (46). 

In this thesis, the CRS was used to obtain data on age, sex, emigration, marital 

status, and death. 

 

The Danish National Patient Register  

The DNPR has collected nationwide data on all somatic hospital admissions 

since 1977, and since 1995 data on outpatients and emergency patients have 

been included as well with a high completeness (49). It includes clinical data 

such as procedure codes (Nordic Medico-Statistical Committee (NOMESCO) 

Classification of Surgical Procedures (NCSP)) (50) and diagnosis codes 

(International Classification of Diseases (ICD)-10) (51). In this thesis, the DNPR 

was used to identify primary TKAs and subsequent PPKFs, determine 

censoring and competing risk procedures, classify fracture treatments and 

reoperations, and define comorbidities, all based on diagnosis and procedure 

codes. 

 

The Danish Knee Arthroplasty Register  

The Danish Knee Arthroplasty Register (DKR), established in 1997, is a 

national clinical quality database that tracks the epidemiology and treatment 

quality of knee arthroplasties in Denmark (52). The DKR contains data on 

factors such as the underlying knee disorder, prosthesis type, level of 

prosthesis constraint, fixation method, and revision procedures, along with their 

indications. Since 2009, the register has maintained a registration completeness 

of over 95% for primary procedures (3). In this thesis, the DKR was used to 

identify primary TKAs, retrieve data on prosthesis characteristics and underlying 

knee disorders, and identify reoperations involving rTKA. 

 

The Danish National Prescription Registry  

The Danish National Prescription Registry (NPR) is a nationwide database that 

has been collecting information on all prescriptions for administrative purposes 

in Denmark since 1995, offering high completeness and validity (53). In this 

thesis, the NPR was used to identify comorbidities based on prescription 

records, supplementing diagnostic data from the DNPR. 

 

Study population 

For details on the study population and flowchart for each study, see the 

respective study sections.  
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Included patients 

Study 1 included all primary TKAs recorded in the DNPR and/or DKR from 

1997 to 2022. TKAs were excluded if multiple procedures were registered for 

the same knee or if side specifications were missing or discrepant between the 

registries. Patients who underwent bilateral knee arthroplasty were included, 

with separate follow-ups for each knee. This resulted in 143,269 TKAs, divided 

into two groups: standard TKA patients with OA who had minimally or posterior-

stabilized TKA (n=120,642), and those with other knee disorders and/or 

different prosthesis constraints (n=22,624). 

Study 2 recruited patients from Odense University Hospital and Lillebaelt 

Hospital Kolding in the region of Southern Denmark from January 2023 to 

March 2024. Surgeons identified eligible patients with a periprosthetic femoral 

fracture during hospitalization or follow-up visits. All eligible patients were 

included using consecutive sampling (54). The number of participants was 

determined by the point at which subsequent interviews no longer produced 

new information (55). Nine patients were identified and contacted by phone to 

provide study details and arrange interviews, all of whom chose to participate. 

Study 3  identified 378 eligible primary TKA patients with a PPKF from 2019-

2022, matched to a control group of 878 unilateral, uncomplicated TKA patients 

based on sex, age, and time since TKA. These patients received electronic 

questionnaires covering knee function, quality of life, and satisfaction. The 

PPKF group was analysed as a whole and further divided into subgroups based 

on fracture site and operative vs. non-operative treatment. In an additional 

analysis, the PPKF group was also categorized according to the time from 

PPKF to questionnaire completion. Since Danish legislation classifies DKR data 

as personal information, it cannot be accessed prior to extracting contact 

information; therefore, the study population was based solely on DNPR data. 

Exclusion criteria included missing side information, two primary TKAs on the 

same side, a PPKF prior to 2019, other TKA complications, or if the patient had 

emigrated or was deceased. 

Study 4 followed a similar cohort selection process as Study 1 but included only 

patients with a CR or PS prosthesis who later developed a PPKF, resulting in 

1,931 patients. As prosthesis type is only registered in the DKR, The DKR 

formed the index cohort was enriched with data from the DNPR. Patients with 

PPKF in both knees were counted separately, with distinct follow-up for each 

knee. Patients with multiple fractures were included for each site (n=4). This 

cohort was analyzed as a whole and further divided into three subgroups based 

on fracture site and according to treatment for the PPKFs. The treatment was 

identified using NOMESCO procedure codes (for details see article 3): rTKA 

(secondary insertion of any component of the knee prosthesis, not including 
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polyethylene exchange procedures), IMN, plate fixation, and oIF. Only 

procedure codes registered 30 days after PPKF was considered the primary 

treatment. If no procedure code were registered within 30 days, it was 

categorized as non-operative treatment. 

Data collection 

For study 1 and 4, data was collected purely from the registers. Data from 

January 1997 to October 2022 from CVR, DNPR, and NPR was applied for and 

provided by the Danish Health Data Authority, while the data from DKR was 

applied for and provided by the Danish Clinical Quality Program ï National 

Clinical Registries (RKKP). All data was stored on a secure IT platform, 

ñForskermaskinenò with an external gatekeeper responsible for approving the 

extraction of results or figures. 

For Study 2, data were collected through individual, open-ended, semi-

structured interviews using an interview guide. The guide was developed based 

on previous qualitative research on both TKA (56-60) and acute leg fractures 

(61-64). To ensure its relevance, it was reviewed by a physiotherapist 

experienced with PPKF patients, a nurse specializing in qualitative research, 

and two patients from an orthopaedic patient panel. It included both primary and 

follow-up questions, ensuring consistency across interviews while allowing 

flexibility to explore topics in depth based on participants' responses. All 

interviews were conducted in the patients' homes three to four months after 

sugery, audio-recorded, and transcribed verbatim by the first author. 

For study 3 the data was collected through standardized PROMs, and, in 

addition, supplementary questions regarding knee pain and satisfaction after a 

PPKF. All participants received access to electronic PROMs and additional 

questions via a secure digital mailbox linked to their CPR number. Patients with 

incomplete PROMs received reminders after 10, 20, and 60 days. Patients who 

had partially completed the questionnaires received a reminder after 60 days. 

Patients without a digital mailbox received the PROMs and additional 

questionnaires by traditional mail. Data were included if at least one PROM was 

completed and the data was managed using the REDCap tool in collaboration 

with the Odense Patient Data Explorative Network (OPEN), Denmark (65). 

Variables 

For specific codes used to identify variables in study 1, 3 and 4, I refer to the 

articles. 
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Study 1 examined PPKF as an outcome after primary TKA, and examined 

potential risk factors.  

The outcome variable was therefore fractures in the femur, patella or tibia after 

a primary TKA. Fractures were initially identified using diagnosis codes in the 

DNPR. However, after observing a PPKF surgery where the patient had a 

diagnosis code for "contusion of the leg," we realized this coding problem and 

consequently, we expanded our criteria to include fracture-specific procedure 

codes to improve sensitivity. Fractures without a specified side were likely 

PPKFs but were excluded due to uncertainty. Another challenge was if femoral 

and tibial shaft fractures should be considered PPKFs as PPKFs are typically 

defined as occurring within 15 cm of the joint line (22). We chose to include the 

corpus fractures, reasoning that the presence of a prosthesis would complicate 

the fracture and potentially the treatment.  

Risk factors or covariates analyzed as potential risk factors was the second 

outcome, some of which was chosen from previous research: age, female sex, 

osteoporosis, steroid therapy, and possibly diabetes (14, 15, 24). Additionally 

we wished to examine comorbidity using Charlson Comorbidity Index (CCI), 

marital status and ipsilateral hip arthroplasty as our hypothesis was that these 

influenced the risk of a PPKF, we chose age 80+ years as our cut off value for 

age. The examined covariates was identified from the registries and ipsilateral 

hip arthroplasty was treated as a time-dependent variable due to its anticipated 

significance, while the other covariates were assessed at time of the primary 

TKA. Patients were censored at emigration, rTKA, removal of a prosthesis, or 

reoperation because of tumors or infection. Competing risks were amputation 

proximal to the knee or death.  

 

Study 2 explored patient experiences. Themes and sub-themes were identified 

using Braun and Clarkeôs six-phase thematic approach (66).  

 

Study 3 examined PROs as the primary outcome. PROMs and supplementary 

questions were collected 1 to 4 years after a PPKF, with a control group of 

patients who had uncomplicated TKA. To reduce bias and allow a fair 

comparison, we used direct matching based on sex, age, and time since TKA. 

These covariates were chosen due to their clinical relevance and availability, 

and to avoid overfitting by limiting the number of matching variables. Covariates 

included in the baseline characteristics to compare the groups were selected 

based on their expected impact on PROs and included osteoporosis, CCI, and 

indication for TKA. All covariates were identified from the DNPR. 

 

Study 4 examined reoperation after a PPKF, with additional analysis of 

infection risk and conversion to rTKA after other initial treatment. Hence, the 

outcome variables was reoperations were categorized by procedure codes in 
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the DNPR: rTKA (including polyethylene exchange), re-osteosynthesis, 

hardware or prosthesis removal, soft tissue revision, and amputation. For the 

additional analysis postoperative infections were identified using diagnosis 

codes for infection and/or NOMESCO procedure codes for operative infection 

treatment and the two-year conversion rate to rTKA following other initial 

treatment of the PPKF was identified, notably only total revisions, including the 

exchange of both femoral and tibial components, were considered in measuring 

conversion rates. Covariates used in the regression analysis were the risk 

factors for PPKF identified in study 1: osteoporosis, sex, age 80+ years, 

diabetes, the CCI, and ipsilateral hip arthroplasty. Competing risk was death, 

and patients were censored at the time of emigration. 

Patient reported outcome measures 

In Study 3, we used standardized and validated PROMs to assess patient 

outcomes following a periprosthetic knee fracture. The selected PROMs were 

chosen to investigate multiple dimensions of recovery, including knee-specific 

function, joint awareness, and health-related quality of life. In addition, 

supplementary questions were included to evaluate knee pain and satisfaction 

with the surgical outcome. Descriptions of PROMs and methods in this section 

are adapted from study 3 (67). 

  

Oxford Knee Score (OKS) is designed to assess knee function and pain 

following knee replacement surgery, but it can also be used for general knee 

conditions. It consists of 12 questions, each scored on a 5-point Likert scale (0 

to 4), resulting in a total score ranging from 0 to 48, with 48 representing the 

best possible score (68). OKS has been translated and validated into Danish 

(69). The OKS score was calculated according to the developers' 

recommendations (68).  

Forgotten Joint Score (FJS) was designed to assess how often a patient is 

aware of their joint during daily activities (70). A higher score indicates better 

outcomes, meaning the patient "forgets" about their joint, suggesting a 

successful joint replacement. The FJS includes 12 items on a 5-point Likert 

scale, with a total score ranging from 0 to 100. A higher score indicates a 

greater degree of "forgetting" the artificial knee joint. The FJS has been 

translated into Danish, and the score was calculated using the developers' 

recommendations (70, 71).  

EQ-5D-5L used to assess health-related quality of life. It consists of two 

components: the EQ-5D-5L Index and the EQ Visual analogue score (VAS) 

(72). The EQ-5D-5L Index evaluates five dimensions of health: mobility, self-
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care, usual activities, pain/discomfort, and anxiety/depression. Each dimension 

is rated on five levels, ranging from no problems to extreme problems. These 

responses are then converted into a single index score ranging from 0 to 1, 

where 1 represents full health and 0 represents death. The EQ VAS measures 

a person's self-perceived overall health on a scale from 0 to 100, with 0 

representing the worst imaginable health state and 100 representing the best. 

Both the EQ-5D-5L and VAS have been validated in Danish, and the Danish 

utility scores were used to calculate the EQ-5D-5L scores (73, 74).  

Copenhagen Knee Range of Motion Scale (CKRS) designed to estimate 

knee range of motion using a two-item scale (75). The first item evaluates knee 

extension using five illustrations, with scores ranging from 0 to 5. A score of 5 

indicates full extension, while scores from 0 to 3 reflect an extension deficit, with 

passive extension worse than 10°. The second item estimates knee flexion 

using six illustrations, with scores ranging from 0 to 6. A score of 6 represents 

full flexion, while scores from 0 to 4 indicate a flexion deficiency, with passive 

flexion worse than 100° (75). 

Pain 

We asked the patients about their level of knee pain. ñWhat was your average 

level of knee pain in the last monthò. The answers were reported on a numeric 

rating scale (NRS) scale 0-100 (0=no pain, 100=worst pain imaginable). 

Satisfaction 

We asked about the satisfaction with the knee surgery. ñHow satisfied are you 

with the result after your knee surgeryò. The answers were reported on a NRS 

scale 0-100 (0=very satisfied, 100=not satisfied).ò 

And 

ñAre you overall satisfied with the result of your knee surgery?  (Yes or No)ò 

 

Data analysis and statistics 

A significance threshold of p < 0.05 was applied for all statistical evaluations. 

Data analysis for Studies 1, 3, and 4 was conducted using Stata version 18.0 

(StataCorp LLC, College Station, TX, USA).  

 

Study 1. As all available primary TKA cases in Denmark from 1997 to 2022 

were included, no sample size calculation was performed. Cumulative 

proportions for the risk of PPKFs and each fracture site at 2, 5, and 10 years 

were calculated with 95% confidence intervals (CI) to quantify the risk at specific 

time points. The cumulative hazard of PPKF was visualized using a Nelson-

Aalen graph to illustrate how the hazard evolves over time. The Fine and Gray 
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competing risk model was used to assess hazard ratios for covariates in the 

standard TKA population, accounting for competing events (76). To account for 

clustered data from bilateral knee arthroplasties, the marginal proportional 

hazards method was applied (77, 78). The proportional hazards assumption 

was tested using the proportional hazards test along with an evaluation of 

Schoenfeld residuals (79). Due to its suspected importance, ipsilateral hip 

arthroplasty was treated as a time-dependent variable in the analysis. Three 

subgroups were categorized based on the hazard ratios to assess the risk of 

patients with and without risk factors: (1) men and women under 80 years 

without ipsilateral hip arthroplasty, (2) men and women under 80 years with 

ipsilateral hip arthroplasty, and (3) women aged 80 years or older. The 10-year 

cumulative proportion of PPKF for these subgroups was calculated and the 

hazard visualized using a Nelson-Aalen graph. 
A sensitivity analysis was conducted, excluding femoral diaphysis fractures in 

patients with ipsilateral hip arthroplasty, as these may be classified as 

periprosthetic hip fractures. Additionally, the cumulative proportion of patients 

with other knee disorders and/or prosthesis constraints was calculated and 

presented with 95% CI. 

 

Study 2. An inductive approach was employed to remain receptive to emerging 

themes and areas relevant to patients (66). The interviews were analyzed by two 

researchers: the first author (SR) and a co-author (CA), a nurse with expertise in 

qualitative research. Following Braun and Clarkeôs thematic approach, the 

analysis proceeded through six phases (66). 1) SR repeatedly read the 

transcripts to become deeply familiar with the content, while CA repeatedly 

listened to the audio recordings, a technique often associated with abductive 

reasoning (80). 2) The semantic content of the interviews was coded. 3) These 

codes were analysed and grouped into overarching subthemes and themes. 4) 

SR and CA independently identified themes, then compared and discussed their 

findings to reach a consensus. 5) They finalized and named the subthemes and 

themes. 6) All authors collaboratively completed the final analysis and write-up. 

 

Study 3. All patients with a PPKF following a TKA February 2019 to October 

2022 were included nationwide, thus no sample size was calculated. Missing 

items for each PROM were handled according to the developers 

recommendations when calculating the scores (68, 70, 74). 

Baseline characteristics are presented as means with standard deviations (SD) 

or counts with percentages to describe the study population, and standardized 

differences were calculated to facilitate group comparisons and assess potential 

imbalance. The questionnaire responses were non-normally distributed and 
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skewed due to floor or ceiling effects. However, with large group sizes, the 

central limit theorem was applied (81). The data were presented as crude and 

adjusted means with SD to provide both unadjusted and covariate-adjusted 

outcome estimates. Adjusted means were estimated using models appropriate 

to each variable type: ordinary least squares regression for continuous 

outcomes, generalized linear models for categorical outcomes, and logistic 

regression for binary variables. Adjustments were made for osteoporosis and 

CCI to minimize their influence on the outcome estimates. Differences between 

groups were derived from the adjusted means and reported with 95% CIs. 

Subgroups were based on fracture site and treatment type (operative, including 

rTKA within 30 days, vs. non-operative), but were too small for statistical 

comparison. 

In an additional analysis, PPKF patients were grouped based on the completion 

of PROMs either 1 to 2 years or 3 to 4 years after their PPKF. Distributions of 

OKS, FJS, and pain scores were illustrated using Kernel density curves for both 

the PPKF and control groups, as well as between the two time-based PPKF 

subgroups. 

 

Study 4. All cruciate-retaining and posterior-stabilized primary TKA cases with a 

PPKF in Denmark from 1997 to 2022 were included, and thus no sample size 

was calculation.  

Cumulative risk of reoperation for fracture sites and treatments was calculated 

using Fine and Gray competing risk analysis to account for competing events 

(death), with adjustment for covariates (76). Proportional hazard assumptions 

were tested using a proportional hazard test. Cumulative reoperation risks at 2 

and 5 years were reported as percentages with 95% CI. Reoperation types 

were summarized as percentages by fracture site and initial treatment to 

highlight differences in patterns across treatment strategies within each fracture 

site. An additional analysis compared operative and non-operative treatments, 

visualized using a forest plot to display two-year cumulative reoperation risks. A 

sensitivity analysis examined the two-year conversion rate to rTKA following 

osteosynthesis (plating, IMN, oIF) or non-operative treatment using Fine and 

Gray regression, with rTKA as the outcome. Only total revisions, defined as the 

exchange of both femoral and tibial components, were included in conversion 

rate calculations. Finally, infections following initial PPKF treatment were 

counted and presented for each fracture site. 
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Key methodological considerations 

Every step in the methods section of a study involves choices and 

considerations, which I have tried to illustrate throughout this chapter. However, 

some decisions required more reflection and were more open to debate. 

Therefore, this section is dedicated to discussing the methodological choices 

that were most debated within each study type included in this thesis. 

 

Register studies: Register studies allow for the examination of rare events in 

large populations, making them well-suited for this thesis on a rare complication 

of TKA (82). In both Study 1 and Study 4, we performed survival analysis, and 

when doing so, it is essential to consider whether competing risks should be 

included. To ensure a thorough understanding of this aspect, we carefully 

reviewed a relevant article on the subject, which serves as a reference for the 

following paragraph (83). 

A competing risk is an event that prevents the occurrence of the outcome of 

interest. In this case, amputation or death eliminates the possibility of a PPKF, 

while death also eliminates the possibility of a subsequent reoperation. 

In Study 1, competing risks were not included when estimating the cumulative 

proportion of PPKF but were considered when assessing hazard ratios. This 

means we analyzed the proportion of PPKFs occurring over time, and only 

censored at time of amputation or death. 

In Study 4, we included competing risks and adjusted for covariates when 

evaluating the risk of reoperation. This approach accounts for the possibility that 

some patients may die, preventing reoperation, and thus provides a more 

accurate risk assessment of a population. 

Excluding competing risks makes results more intuitive for clinicians and 

patients, as it reflects the risk while the patient is alive. However, this approach 

may overestimate event risk since it assumes all patients remains at risk. 

Including competing risks is more appropriate for comparing outcomes or 

assessing the true risk of reoperations, as it adjusts for patients who can no 

longer experience reoperation. 

                                              

Qualitative study: When conducting qualitative studies, researchers must 

decide whether to adopt an inductive or deductive approach. In qualitative 

research, the inductive approach involves developing theories from data, 

allowing patterns and themes to emerge naturally, while the deductive approach 

starts with an existing theory and tests it against collected data (84, 85). Since 

little to no data existed on patient experiences after PPKF, a deductive 

approach would have required relying on findings from acute fractures, TKAs, or 
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rTKAs. In our view, this would not have been appropriate, so we chose an 

inductive approach to explore patient experiences without bias. However, a 

common risk in inductive studies is the unconscious shift toward a deductive 

approach. This happens when theories or hypotheses begin to emerge early in 

data collection, leading researchers to impose these ideas onto subsequent 

data instead of allowing themes to develop organically (84). This shift can 

compromise the exploratory nature of inductive research and limit the discovery 

of new insights. To prevent this, we focused on remaining reflective and 

critically aware throughout the analytical process, ensuring that findings were 

shaped by the entirety of the data rather than being disproportionately 

influenced by the initial analyses. 

 

PROM study: In Study 3, we aimed to compare the PROs between patients 

with PPKFs and a control group. One way to reduce bias and ensure a fair 

comparison between groups is through matching (86, 87). However, several 

considerations must be made, such as the type of matching to use (direct 

matching or propensity score matching) and how many covariates to include in 

the matching process. Balancing the number of variables matched is crucial, as 

matching on too few variables may leave residual confounding, while matching 

on too many can increase the risk of overfitting or overcontrolling. Overfitting 

happens when too many variables are included, leading to overly complex 

models with greater uncertainty in the estimates, making them less reliable (88). 

Overcontrolling refers to adjusting for variables that are affected by the 

treatment, which can obscure the true treatment effect (89).  

Residual confounding occurs when important confounders are left out in the 

matching process, leading to inaccurate results (89). In our study, the large 

control population alleviated concerns about losing statistical power, allowing us 

to use direct matching on selected variables instead of propensity score 

matching. Direct matching is simpler to interpret and reduces the risk of model 

specification errors but can be difficult to apply when many variables need to be 

included. Propensity score matching can handle more variables, but it requires 

assumptions about how the covariates affect the treatment and outcome, and 

the results are highly sensitive to model misspecification (88, 89). In our study 

the patients were matched directly using only a few covariates (sex, age and 

time with TKA), this allowed us to balance the outcome while not overfitting or 

making a model for propensity score matching, which we did not have sufficient 

knowledge to do. Residual confounding still remained as there must likely be 

unknown confounders and also some known confounders not matched 

(Osteoporosis and CCI), which was addressed in the adjusted analysis. 
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For all four studies, the most essential results has been selected and presented 

in this section. For further detail including additional figures and tables, I refer to 

the specific papers. All results, tables and figures presented in this results 

section are reused with permission from the original papers by Risager et al. 

(Studies 1, 3, and 4) (48, 67, 90). 

Study 1 

Of the 120,642 standard primary TKAs included in the study, 1,659 PPKFs were 

identified resulting in a 10 year cumulated proportion of 1.7% (95% CI 1.6-1.8) 

(Table 1). In standard TKA patients, risk factors for PPKF included female sex 

(hazard ratio 2.1 [95% CI: 1.8ï2.4]), osteoporosis (1.4 [1.2ï1.7]), age Ó80 years 

(1.4 [1.3ï1.6]), CCI 3+ (1.4 [1.1ï1.8]), uncemented TKA (1.3 [1.1ï1.5]), and 

ipsilateral hip arthroplasty (2.3 [2.0ï2.6]) (Table 3). Conversely, being married 

(0.8 [0.7ï0.8]) was associated with a protective effect against PPKFs. 

 

The additional analysis conducted on the three subgroups categorized based 

on risk factors associated with PPKF assessed the risk of PPKF in groups with 

and without increased risk (Figure 5). The 10 year cumulative proportion of 

PPKF was 1.3% (1.2ï1.4) for subgroup 1 (men or women under 80 years 

without ipsilateral hip arthroplasty), 2.9% (2.5ï3.3) for subgroup 2 (men or 

women under 80 years with ipsilateral hip arthroplasty), and 4.6% (4.0ï5.3) for 

subgroup 3 (women aged 80+ years).  

07 Results 

 
Table 1 

Cumulated proportion of all periprosthetic knee fractures 2, 5, and 10 years after TKA for 
patients who have arthrosis as underlying knee disorder and minimally or posterior 
stabilized prosthesis n=120,642 
Values are counts and percentages (95% CI) 

Location Fractures 2 years 5 years 10 years 

All 1,659 .38 (.34-.41) .78 (.73-.84) 1.69 (1.59-1.79) 

Femur 1,307 .25 (.22-.28) .55 (.51-.60) 1.34 (1.25-1.43) 

Patella 185 .07 (.05-.09) .12 (.10-.14) .18 (.15-.21) 

Tibia 167 .06 (.05-.07) .11 (.09-.13) .17 (.14-.20) 

TKA; total knee arthroplasty, CI; Confidence interval 
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Figure 5 Nelson Aalen cumulated hazards for periprosthetic knee fractures.  

Subgroup 1: Men or women under 80 who do not have ipsilateral hip arthroplasty. N=100,204  

Subgroup 2: Men or women under 80 who have ipsilateral hip arthroplasty. N=10,811 

Subgroup 3: Women 80+ years who do or do not have ipsilateral hip arthroplasty. N=9,627 
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Study 2 

A total of nine patients with a PPKF in the distal femur following primary TKA 

were interviewed, including seven women and two men, ranging in age from 52 

to 92 years. Among them, six were married, one lived with her children, and two 

lived alone. Their treatments varied: four patients underwent open reduction 

and internal fixation with locking compression plates, four received 

intramedullary nailing, and one underwent revision TKA. Notably, all patients we 

approached agreed to participate in the study. 
The analysis identified three major themes, derived from six subthemes, all of 

which are presented in Table 2. 

 

Table 2: Themes and subthemes In study 2 

T
h

e
m

e
s
 

Patient expectations of 

the recovery process 

 Patient concerns ï a 

resulting desire for 

follow-up and 

information 

 The impact of recovery 

on independence and 

social life 

S
u
b
th

e
m

e
s
 

Initial expectations ï 

comparison to previous 

elective course 

 Patient concerns about 

symptoms and long-

term disability 

 Mixed feelings ï 

gratitude for help yet 

frustration with being 

dependent 

Actual experiences - a 

lengthy recovery 

process 

Patients desire for 

follow-up visits and 

information 

Impact on their Social 

Life 
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Study 3 

For study 3, the response rate of the questionnaires was 48% (41% in the 

PPKF group and 51% in the control group), with response from 596 of the 1,245 

included patients. The groups were similar across the matching criteriaôs and 

indications for TKA, however, the PPKF group had a higher number of 

participants with osteoporosis and a higher CCI.  

Knee Function 

Mean OKS were 30 (SD 11) in the PPKF group vs 37 (11) in the control group 

and FJS were 50 (30) in the PPKF group vs 63 (30) in the control group (Figure 

6A-B). For PPKF patients completing the questionnaires 1-2 years after the 

PPKF the OKS were 27 (12) vs 32 (12) for those completing them 3-4 years 

after the PPKF and the FJS were 43 (32) vs 55 (32). All differences being 

statistically significant. 

 

Fig. 6A. Kernel density score for oxford knee score in 153 patients with a PPKF and 

439 patients with uncomplicated TKA. The y-axis shows data concentration, with the 

total curve area equal to 1, and areas between points representing data proportions. 

The PPKF group were further divided into 71 patients with PPKF 1-2 years ago and 

82 patients 3-4 years ago 

PPKF, Periprosthetic Knee Fracture; TKA, Total Knee Arthroplasty.  
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Health status, pain and satisfaction 

Mean EQ-5D-5L Index scores were 0.68 (SD 0.25) in the PPKF group and 0.85 

(0.25) in the control group, while EQ VAS scores were 57 (27) and 67 (26), 

respectively. Mean pain scores (0ï100, with 0 = no pain) were 34 (27) in the 

PPKF group versus 21 (27) in the control group. Overall, 59% of PPKF patients 

were satisfied with their treatment, compared to 80% of those with 

uncomplicated TKAs. All differences were statistically significant. Additionally, 

patients with a PPKF 1-2 years before completing PROMs had worse scores 

across all parameters than those who had a PPKF 3-4 years prior to the 

completion. 

  

 
Fig. 6B. Kernel density score for forgotten joint score in 134 patients with a PPKF and 

432 patients with uncomplicated TKA. The y-axis shows data concentration, with the 

total curve area equal to 1, and areas between points representing data proportions. 

The PPKF group were further divided into 63 patients with PPKF 1-2 years ago and 

71 patients 3-4 years ago. 

PPKF, Periprosthetic Knee Fracture; TKA, Total Knee Arthroplasty 
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Study 4 

 

In total, 1,494 femoral PPKFs, 207 patellar PPKFs, and 230 tibial PPKFs were 

analyzed. The overall two-year reoperation risk across all fracture sites and 

treatment options was 20% (95% CI: 18ï23). 

For femoral PPKFs, the two-year cumulative reoperation risk was 20% (17ï

23). Non-operatively managed cases had a 16% risk (12ï22), while operatively 

managed cases had a 21% risk (18ï24) (Figure 7). 

For patellar PPKFs, the two-year cumulative reoperation risk was 20% (14ï28). 

Non-operative cases had a 9% risk (5ï17), whereas operative cases had a 

significantly higher risk of 46% (30ï69) (Figure 7). 

For tibial PPKFs, the two-year cumulative reoperation risk was 25% (19ï34). 

The risk was 17% (11ï27) for non-operative cases and 36% (25ï53) for 

operative cases (Figure 7). 

  

  
Figure 7 Reoperation rate two years after initial treatment of PPKF divided according to fracture 
site and operatively vs non-operatively treated PPKFs. Presented as percentages with 95% CI. 
N=1,931 
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Risk and epidemiology 

The 10-year cumulative proportion of PPKF of 1.7% following primary standard 

TKA in Study 1 aligns with the findings from two large registry studies by Singh 

et al. and Meek et al. (14, 15). This estimate was based exclusively on standard 

TKA patients, with OA as underlying knee disorder and CR or PS knee 

prosthesis, providing a more precise and clinically relevant assessment of PPKF 

risk in this group representing the vast majority of TKA patients. Additionally, we 

calculated the risk for each specific fracture site. Previous research on location-

specific PPKFs is based primarily on historic data (prior to the year 2002) or 

from smaller studies (n<5.000 TKAs) and has shown considerable variation 

(12). In our study, the femur was the most common fracture site with 1.3% after 

10 years, followed by the patella and then the tibia both with 0.2% after 10 

years. Our findings are based on recent registry data with high completeness 

and a substantially larger study population, 120,642 standard primary TKAs, 

compared to previous studies (5,000 for femoral, 12,000 for patellar, and 17,000 

for tibial PPKFs). We therefore believe the risks reported in study 1 are likely to 

reflect the true risk of PPKF. Additionally estimates of periprosthetic patella 

fracture risk have varied widelyð100-fold, ranging from 0.2% to 21%, with 

many estimates based on publications prior to 2006 (16). Patella resurfacing 

has been identified as a risk factor for PPKFs, and in our cohort, approximately 

76% of patients underwent patella resurfacing (11). Given this, we believe the 

true risk for resurfaced patellae is closer to the 0.2% observed in our study. 

 

Ipsilateral hip arthroplasty was a significant risk factor for PPKFs in standard 

TKA patients, likely due to bone vulnerability between two metallic implants. 

However, fractures in the femoral diaphysis create classification ambiguity 

between hip and knee periprosthetic fractures. A Fine and Gray sensitivity 

analysis, excluding fractures in the diaphysis, confirmed ipsilateral hip 

arthroplasty as a risk factor, though its impact was less prominent. Similar to 

earlier studies, we observed a significantly higher risk of PPKFs among females 

and older individuals, both of whom are more prone to fractures due to reduced 

bone density (91). This finding aligns with osteoporosis also being a contributing 

factor, as all three factors suggest an overall compromised bone structure (14, 

24).  

08 Discussion 
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Unlike previous research, our study did not find an increased risk of PPKFs 

among patients with diabetes or those receiving systemic steroid treatment. 

Earlier studies had suggested that a higher likelihood of falls in diabetic 

individuals and weakened bone structure due to steroid use could contribute to 

an elevated PPKF risk (24). However, our findings may differ due to a more 

comprehensive analysis of potential confounding factors, including age, CCI, 

osteoporosis, and sex. Adjusting for these variables appears to have negated 

the previously assumed association with increased PPKF risk. 
On the other hand, being married was associated with a protective effect, likely 

due to the availability of assistance at home, which may help reduce fall-related 

injuries. To our knowledge, this factor has not been thoroughly examined in 

previous research. 

Our additional analysis of the three subgroups revealed an increased 10-year 

risk of periprosthetic tibial fracture in patients under 80 years of age with 

ipsilateral hip arthroplasty (2.9%) and in females over 80 years (4.6%). In 

contrast, for patients under 80 years without ipsilateral hip arthroplasty, the 10-

year risk decreased from 1.7% to 1.3%. 

We believe that the risk estimates and identified risk factors for standard TKA 

patients and the three specific subgroups analysed in our study provide 

valuable insights for surgeons. These findings can aid in informing patients 

about their individual risks of a PPKF before receiving a TKA.  

 

Operative treatment and non-operative treatment 

In studies 3 and 4, patients with PPKFs were analysed by operative vs. non-

operative treatment, allowing comparison of reoperation rates and PRO scores 

between the two groups. However, fracture classification and severity were 

unknown in both studies. As more severe fractures often require surgery (22) 

we believe the outcomes likely reflect fracture severity rather than the treatment 

effect. Therefore, this thesis should not serve as a guideline for treatment 

decisions but rather as a source of information for patients with a PPKF. 

 

The overall reoperation rate after operatively treated femoral PPKFs was 21%, 

exceeding previously reported rates of 9ï16% (29-31). This higher rate may be 

due to the high completeness of the Danish registries (49), capturing nearly all 

reoperations. However, the findings in study 4 indicated no significant difference 

in reoperation or infection rates between operative and non-operative treatment 

for femoral PPKFs.  

In contrast, operatively treated patellar PPKFs had a markedly high reoperation 
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rate (46%), while non-operative treatment carried a much lower risk (9%), 

consistent with prior research (23). These findings highlight the challenges of 

managing patellar fractures in TKA patients. Similarly, study 3 showed that 

operatively treated patellar PPKF patients, despite a small sample size (8 

patients), reported very poor knee function and PRO scores overall. 

Tibial PPKFs treated operatively were also associated with a high reoperation 

risk. Although specific reoperation rates are limited in the literature, Shukla et al. 

(32) (260 fractures across 21 studies) and Ebraheim et al. (92) (144 fractures 

across 13 articles) reported high complication rates after tibial PPKF treatment. 

Ebraheim et al. (92) also suggested that both treatment choice and complication 

risk may be influenced by fracture type. This could explain the relatively low 

reoperation risk seen in study 3 after non-operative treatment, likely reflecting 

less severe fractures in that group.  

Across fracture locations and treatment types, sample sizes were too small to 

draw definitive conclusions from the PRO scores. However, operatively treated 

PPKFs were consistently associated with worse PRO scores than non-

operatively treated cases, suggesting that fractures requiring surgery may 

generally be more severe and harder to recover from. 

Recovery process 

The recovery process after a PPKF is difficult to assess clinically, and very little 

was known about it prior to this thesis. Clinicians and physiotherapists typically 

reported that the last consultation occurred around 3 months after PPKF 

treatment, with rehabilitation usually ending 12-16 weeks post-treatment. 

Therefore, the findings of this study were somewhat unexpected. In Study 2, 

patients indicated that their recovery was much slower than anticipated, 

especially when compared to the recovery from a TKA. Despite interviews being 

conducted 3-4 months post-surgery, most patients still reported poor knee 

function, with slow improvement over time. While clinicians may not have been 

surprised that recovery wasnôt complete within this timeframe, it highlights the 

importance of managing patient expectations to avoid frustration. What was 

particularly striking was the comparison of PRO scores 1-2 years after PPKF 

versus 3-4 years post-injury. We expected recovery to be nearly complete by 1-

2 years, yet the FJS and OKS scores were better in the group that completed 

the PROs 3-4 years after the PPKF. This suggests that knee function may take 

years to fully recover. 
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Strengths and limitations 

Studies 1 and 4 are nationwide register-based studies, offering large, 

unselected cohorts with extensive follow-up. Our study populations are the 

largest to date analysing the risk of PPKF after primary TKA and reoperations 

following PPKF treatment. The use of multiple linked registers ensures 

comprehensive coverage of TKA patients in Denmark since 1997, strengthening 

study validity and representativeness (82). 

A key limitation is reliance on accurate clinical coding in busy emergency 

rooms, which can also vary across hospitals and over time, leading to 

misclassification bias (82). Non-operatively treated PPKFs which does not have 

a procedure code, are likely underreported. Procedure codes, are essential for 

financial reimbursement, and thus the risk of missing operations in the registers 

are minimal. Therefore, both studies supplemented diagnosis codes with 

fracture-specific procedure codes, identifying 17-20% additional PPKFs 

otherwise missed. However, non-operatively treated PPKFs may be 

underreported, as they require a diagnosis code to be identified. Similarly rTKA 

is not fracture-specific procedure unless a fracture diagnosis is registered or a 

surgeon provide fracture as indication in free text, and PPKFs treated with rTKA 

might also be underreported. 

Non-specific fracture codes for the femur and tibia were excluded to improve 

PPKF specificity, but this may have missed true PPKF cases.  

A further limitation is the lack of clinical details, such as imaging, fracture 

classification, soft-tissue injuries, or patient-level data like functional status. This 

prevents both studies from assessing treatment choices or comparing outcomes 

across fracture types. As a result, neither study can offer treatment 

recommendations or predict individual patient risks but instead provide 

population-level estimates of risk of PPKF and reoperation risk following PPKFs. 

In Study 2, we focused on the most common type of PPKF, occurring in the distal 

femur (as identified in Study 1), and included only patients who were treated 

operatively. Patients with other types of PPKFs were not included, their 

experiences are not represented in this study. While a larger sample might have 

provided more insights (55), sampling ended once additional interviews yielded 

no new information, indicating further insights would likely have been minimal. 

Recall bias is a concern in interview studies (93). To minimize this, interviews 

were conducted 3-4 months post-surgery, capturing experiences with 

rehabilitation and recovery. However, this timing may have introduced recall 

bias, particularly regarding early-stage experiences like surgery and discharge. 
Moreover, some patients may have altered their responses because the 

interviewer was a doctor. To reduce this bias, interviews were held in patients' 
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homes to create a comfortable setting, and patients were encouraged to share 

both positive and negative experiences. Lastly the data was analyzed by two 

researchers with different professional backgrounds, including one with 

expertise in qualitative research. This approach enhances the credibility of the 

analysis by providing diverse perspectives and increased reflexivity in 

interpreting the data. 

Study 3 benefits from the nationwide setting, offering a large sample that 

reflects the broader population affected by PPKFs, something that is unique for 

this study. However, uncertainty regarding the true representation of the PPKF 

population was introduced due to the 48% response rate and missing data. 

Despite the low response rate, the study is still one of the largest studies 

analysing PROs after PPKFs .Statistical analysis assumes that the missing data 

are 'Missing Completely At Random' (MCAR) (94). Nevertheless, the non-

participation of 47 patients due to factors such as dementia, Parkinsonôs 

disease, immobilization, grief, technical issues, and recent death may lead to 

bias, potentially influencing the observed PRO scores. 

Another limitation of the study is the absence of both minimal clinically important 

difference (MCID) thresholds and baseline PRO scores prior to the PPKFs. 

Without established MCID values, it is difficult to determine the clinical 

relevance of the observed differences, and the lack of baseline data limits 

interpretation of changes within the PPKF group. As in the register studies, 

fracture classification, prosthesis stability, and the condition of the extensor 

apparatus were not recorded. Therefore, caution should be exercised when 

interpreting the results, as the study offers only general estimates of PROs.  
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The conclusions were adapted from the original published papers for study 1, 3 

and 4 (48, 67, 90). 

Study 1 

The cumulated proportion of PPKF after 10 years was 1.7 and 1.3% in the 

femur, 0.2% in the patella, and 0.2% in the tibia. Women, osteoporosis, 

advanced age, high CCI, not being married, uncemented TKA and ipsilateral hip 

arthroplasty were risk factors for PPKF. We observed higher risks of PPKF in 

patients who have an underlying knee disorder other than arthrosis and in 

patients who have a primary TKA with a higher level of constraint.  

Study 2 

This study underscores the multifaceted challenges faced by patients 

recovering from PPKFs of the distal femur, including physical pain, 

psychological stress, and social disruption. Unlike elective primary TKAs, 

PPKFs appear sudden and unpredictable, leaving patients unprepared for the 

lengthy and uncertain recovery process. The slower-than-expected progress, 

coupled with a lack of clear guidance, exacerbates feelings of frustration and 

isolation. Patients often rely heavily on family support for daily tasks, which, 

while appreciated, can leave them feeling like a burden. To enhance patientsô 

recovery experiences and outcomes, clear communication and realistic 

expectations are essential in addressing these issues. 

Study 3 

Patients following PPKF reported worse knee function, more pain, lower 

satisfaction, and poorer quality of life compared with matched patients with 

uncomplicated TKA. The PPKF patients who completed questionnaires 3ï4 

years after their PPKF reported better knee function and greater satisfaction 

than those who completed them 1ï2 years after, suggesting a lengthy recovery 

process for many patients. Operatively treated PPKF patients had worse PRO 

scores than those treated non-operatively, particularly after patella PPKFs. This 

difference likely reflects fracture severity more than the treatment itself. The 

information in this study should be used to manage patient expectations rather 

than to guide choice of treatment. 

09 Conclusion 
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Study 4 

The overall 2 year reoperation risk were 20% (18-23). Operative treated PPKFs 

had a higher risk of reoperation across all fracture locations. The highest 

reoperation risk was found after operative treated patella and tibial PPKFs (46% 

and 36%) and the lowest reoperation risk was found after non-operative treated 

patella PPKFs (9%). The conversion rate to rTKA after operative treatment was 

low in femoral PPKFs (4%) compared to patellar PPKFs (21%) and tibial PPKFs 

(11%). 

Overall conclusions 

PPKF is a rare but serious complication following primary TKA. Although it 

occurs in just 1.7% of cases after 10 years, it greatly impacts the lives of those 

affected. Both qualitative interviews and PRO scores show that recovery from 

PPKF is prolonged. Operatively treated PPKFs have poor outcomes, with low 

PRO scores and a high reoperation risk, especially operatively treated patella 

PPKFs. As fracture severity is not accounted for in the studies, this thesis is 

more explorative and aims to enhance understanding and patient expectation 

management, rather than recommend specific treatment approaches for 

PPKFs. 
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This thesis, although consisting of three different methods was mainly 

explorative due to the limited research on this subject. I believe that we have 

produced new knowledge on this subject which allows the clinicians to better 

understand PPKF as a whole. The results of the studies does not give cause to 

alter the choice of patient for TKA, nor should it guide the choice of treatment 

for a PPKF. Instead I believe this exploratory thesis should be used to inform 

the patients suffering from a PPKF on what to expect in their treatment and 

prepare them for the recovery process. The high reoperation rate also 

underscores the complexity of these fractures, highlighting the need for 

specialized departments and surgeons to ensure the best outcomes for 

patients. 

This thesis, does lay grounds for further studies, and hopefully randomized 

controlled trials (RCT) on the choice of treatment and outcome. However, 

although the number of TKA procedures are increasing, the incidence of PPKFs 

are still low and makes this type of studies difficult. 

Another interesting note is the new trend of medial unicompartmental knee 

arthroplasties (mUKA), which accounted for 30% or primary knee arthroplasties 

in 2023 in Denmark (3). These prosthesis presents new challenges in regards 

to PPKFs, particularly in the tibia as the plateau is vulnerable under 

implementation and the risk of surgically related fracture a concern (95). Thus 

large register research on PPKFs after mUKA could be very interesting. 

 

10 Perspectives 
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Patient experiences after surgically 
treated periprosthetic knee fracture in the 
distal femur ï an explorative qualitative 
study 

S.K. Risager1, T.A. Pedersen2, B. Viberg1, A. Odgaard3, M. Lindberg-Larsen1, C. 

Abrahamsen4 

1; Department of Orthopaedic and traumatology, Odense University Hospital, Odense 

Denmark. 2; Department of Orthopaedic Surgery, Lillebaelt Hospital - Vejle, University 

Hospital of Southern Denmark, Vejle, Denmark. 3; Department of Orthopaedic Surgery 

and Traumatology, Rigshospitalet, University Hospital Copenhagen, Denmark 4; 

Department of Orthopaedic Surgery and Traumatology, Hospital Lillebaelt, University 

Hospital of Southern Denmark, Kolding Denmark. 

Abstract 

Background: Periprosthetic knee fractures (PPKF) following total knee 

arthroplasty (TKA) are rare but represents a potentially devastating 

complication. A significant gap in understanding patient experiences related to 

the surgical treatment and recovery process remains.  

Objective: The aim of the study was to explore patients' experiences 3-4 

months after surgical treatment of a PPKF in the distal femur. 

Method: This exploratory qualitative study employed semi-structured, open-

ended interviews with patients who had undergone surgical treatment for PPKF 

in the distal femur. Patients were recruited during hospitalization or at follow-up 

visits, with all approached individuals consenting to participate. Interviews were 

conducted three to four months post-surgery and data were analyzed 

thematically.  

Results: Nine patients were interviewed between spring 2023 and spring 2024. 

The analysis yielded three themes: 1) Patient expectations of the recovery 

process, 2) Patient concerns ï and consequently a desire for follow-up and 

information, and 3) The impact of recovery on independence and social life. 

Each theme was further illuminated with subthemes. 

Conclusion: This study highlights the major challenges of recovering from 

PPKFs in the distal femur, including physical pain, psychological stress, and 

social disruption. Unlike elective TKAs, the sudden nature of PPKFs leaves 

patients unprepared for the lengthy recovery process, which often leads to 

frustration and isolation. Dependence on family for daily tasks can intensify the 

feeling of being a burden. To enhance patientsô recovery experiences and 
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outcomes, clear communication and realistic expectations are essential in 

addressing these issues. 

Key Words: Periprosthetic knee fracture, Recovery, Patient experience, 

Qualitative research. 

1. Introduction 

Total knee arthroplasty (TKA) is one of the most commonly performed 

orthopaedic surgeries, with patient satisfaction rates of about 90% (1). 

Periprosthetic knee fractures (PPKFs) following TKA represents a rare, but 

potentially devastating complication, occurring in approximately 1.7% of primary 

TKA cases within the first 10 postoperative years, with 1.3% being in the distal 

femur. (2, 3). Treatment for PPKF in the distal femur is often complex and 

frequently necessitates reoperations (4).  

While quantitative studies have assessed patient-reported outcomes (PRO), 

indicating compromised knee function following PPKF treatment (5, 6) there 

remains a significant gap in understanding patient experiences related to the 

surgical treatment and recovery process. 

Although no qualitative studies specifically addressing experiences after PPKFs 

exist, several studies have explored patient experiences following elective 

primary TKA (7-11) and acute fractures in the leg (12-15). These studies 

collectively represent the prior surgical experience of all PPKF patients (elective 

TKA) and provide the closest available insights into patient experiences of acute 

lower leg fracture recovery. Studies on patient experiences following elective 

primary TKA have highlighted several key factors valued by patients: receiving 

sufficient information about the surgery, understanding postoperative care and 

treatment, feeling prepared for discharge and independent functioning, 

maintaining quality sleep during hospitalization, and developing effective post-

operative coping strategies (8, 10). While postoperative pain was generally 

expected and therefore widely accepted, pain that persisted later in the recovery 

process became a significant source of dissatisfaction (7, 9, 11).  

Qualitative studies on patient experiences following acute fractures in the leg 

have highlighted the challenges related to insufficient communication and 

managing patient expectations in an acute phase. These studies also 

emphasized that the patients are often fearful of prolonged disability (12-14). 

Another study on patient experiences seven years after acute tibial fractures 

found that while nearly all patients reported ongoing functional limitations and/or 

pain, a majority (60-80%) expressed satisfaction with their treatment and 

postoperative quality of life (15).  
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Given that an acute PPKF relates to, but still differs from an elective TKA and 

from a ñtypicalò acute fractureðprimarily due to the added complexity of treating 

around a prosthesisðpatient experiences are likely to differ as well. By 

understanding patientsô experiences of the treatment and the period after 

discharge, the future care, treatment, and rehabilitation can be planned and 

delivered according to their priorities when managing a PPKF in the distal femur. 

Therefore, the objective of this study was to explore patients' experiences 3-4 

months after surgically treated PPKFs in the distal femur. 

2. Methods 

2.1 Design 

This qualitative exploratory study employed a phenomenological hermeneutic 

approach (16), using individual open-ended, semi-structured interviews to 

explore patients' experiences after a PPKF in the distal femur (16). This design 

and approach enabled patients to express the aspects of their experience that 

were most important to them (16). The COnsiladted criteria for Reporting 

Qualitative research (COREQ-32) checklist was used  in reporting this qualitative 

study (Supplementary table 1) (17). 

2.2 Treatment course  

In Denmark, when a patient experiences a PPKF, they either arrive at the 

accident and emergency (A&E) on their own or are transported by paramedics, 

where they are then examined by a doctor. In most cases, the diagnosis is 

confirmed after an X-ray, with an additional CT scan for surgical preparation. In 

cases where PPKF surgery is required, the procedure is performed as soon as 

possible. For uncomplicated PPKF, patients begin initial rehabilitation in the 

hospital and are discharged when appropriate. Most return home and formal in-

home care is provided free of charge by the municipalities (18). Patients who are 

not fit to return directly home, or unable to return home at all are discharged to 

physical rehabilitation in nursing homes or residential care homes. Patients are 

booked for follow-up appointments at the hospital six and twelve weeks after 

treatment, respectively. Rehabilitation is usually completed within three months if 

the PPKF was uncomplicated. 
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2.3 Sampling and patients 

Patients were recruited from Odense University Hospital and Lillebaelt Hospital 

Koldingða university hospital and a regional hospitalðin the region of Southern 

Denmark, either during their hospitalization or at their follow-up visits. The 

number of participants was determined by the point at which subsequent 

interviews no longer produced new information, which was expected to occur 

between 8 and 12 patients (19). Surgeons at both hospitals identified eligible 

patients, and the first author (SR) then contacted them by phone to arrange the 

interviews. 

2.4 Data collection  

All interviews were conducted between spring 2023 and spring 2024 by a male 

medical doctor (SR), currently working as a PhD student and un-involved in their 

treatment. To explore the patients' experience of surgery, and the period after 

discharge, the interviews were conducted three to four months post-surgery. 

Patients had the option to conduct the interview at the hospital or in their own 

home, with all choosing to be interviewed in the comfort of their own home. 

A semi-structured, open-ended interview guide was used with the possibility of 

patients to share their experiences and elaborate on topics they found relevant 

(20). The initial draft of the interview guide was developed using insights from 

prior qualitative research on both TKA and acute fractures in the leg (7-15). To 

ensure the interview guide included relevant topics and questions, it was 

reviewed by a physiotherapist experienced with PPKF patients, a nurse 

specializing in qualitative research, and two patients from an orthopaedic patient 

panel. Minor revisions were incorporated based on their feedback, resulting in the 

completion of the final interview guide.  

At the beginning of each interview, the interviewer introduced himself as a 

medical doctor and PhD student specializing in the field, along with an 

explanation of the study's purpose: to understand and potentially improve patient 

experiences after PPKFs in the distal femur. This introduction was followed by a 

general opening question to encourage the patients to elaborate on their 

experiences: "Can you describe how the injury happened?ò The interview guide, 

containing both interview questions and follow-up questions, was then used to 

ensure consistency across interviews while allowing flexibility to further explore 

topics in depth based on participants' responses (Supplementary table 2).  

The duration of the interviews ranged from 17 to 32 minutes, with an average 

length of 26 minutes. All interviews were audio-recorded and transcribed verbatim 

by the first author. 
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2.5 Data analysis 

An inductive approach was used to stay open to emerging areas and themes 

important to the patients (21). The interviews were analyzed by two researchers: 

the first author (SR), and a co-author (CA), a nurse and an expert in qualitative 

research. The analysis followed the Braun and Clarkeôs thematic approach  (21), 

with an example provided in Table 1, and consisted of the following six phases: 

1) SR read the transcripts repeatedly to become deeply familiar with the content, 

while CA listened to the audio files repeatedly, a step often used in abductive 

reasoning (22). 2) The semantic content of the interviews was transformed into 

codes. 3) Codes were analyzed and grouped into overarching subthemes and 

themes. 4) SR and CA compared and discussed the themes they had identified 

individually, reaching consensus on the final themes. 5) SR and CA agreed on 

the final set of subthemes and themes, and named them accordingly. 6) The final 

analyses and write-up of the subthemes and themes were performed by all the 

authors. 

 

Table 1: Example of coding, from quote to theme. 

Quote Code Subtheme Theme 

"And then you're back 

home, and it's my wife who 

has to handle it all, you 

know, and itôs tough on her 

too. I mean, I canôt do 

anything, right?" (P 6) 

Dependent 

on support 

from the 

spouse. 

Mixed feelings ï 

gratitude for help 

yet frustration 

with being 

dependent 

The impact of 

recovery on 

independence and 

social life 

ñI think I have been lonely, 

because Iôve been so 

limited. In the first six 

weeks, I didnôt really get out 

much. So, yes, I feel that 

way. I hardly went out at 

all.ò (P 8) 

Homebound Impact on their 

social life 

The impact of 

recovery on 

independence and 

social life 

 

 

2.6 Ethics 

In compliance with the Helsinki Declaration, patients received both oral and 

written information about the study and provided written consent (23). This 

information included assurances regarding the confidentiality of the interviews 
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and the guarantee that citations would be anonymized. We ensured that all 

patients understood that participation was voluntary and that they could withdraw 

at any time before the publication of the study without any consequences, 

additionally the patients were informed that the interviewer had no part in 

treatment of their injury. According to Danish legislation, this study did not require 

ethical approval from the National Committee on Health Research Ethics §14, 2 

(ñCommittee on Health Research Ethics (2011). It was registered with the 

Registry of Southern Denmark (registration number. 22/17275) and the data were 

stored on a secure server only accessible to the researchers. In accordance with 

the principles of good research practice for patient and public involvement (24), 

the study was endorsed by a panel of patients and relatives from Odense 

University Hospital. This work was supported by Odense University Hospital 

[R138-A5616], University of Southern Denmark [2138], Rigshospitalet [R123-

A5056], and the Danish Rheumatism Association [R209-A7523]. 

 

3. Findings 

In total, nine patients with a PPFK in the distal femur following primary TKA were 

interviewed; seven women and two men between 52 and 92 years. Among them, 

six were married, one lived with her children and two lived alone. Moreover, their 

treatment varied: four patients underwent open reduction and internal fixation with 

locking compression plates, four received intramedullary nailing, and one had a 

revision TKA. None of the patients we approached declined to participate in the 

study. 

The analyses revealed three major themes, derived from six subthemes, all of 

which are presented in Table 2. 
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Table 2: Themes and subthemes 
T

h
e
m

e
s Patient expectations 

of the recovery 

process 

 Patient concerns ς a 

resulting desire for 

follow-up and 

information 

 The impact of 

recovery on 

independence and 

social life 

S
u

b
th

e
m

e
s 

Initial expectations ς 

comparison to 

previous elective 

course 

 Patient concerns 

about symptoms and 

long-term disability 

 Mixed feelings ς 

gratitude for help yet 

frustration with being 

dependent 

Actual experiences - a 

lengthy recovery 

process 

Patients desire for 

follow-up visits and 

information 

Impact on their Social 

Life 

 

3.1 Patient expectations of the recovery process 

The patients had not given much thought to the surgery or recovery beforehand, 

as they expressed confidence in the surgeonsô skills. However, after the surgery, 

they compared the course to that previously experienced following the elective 

TKA surgery. The patients then voiced that recovering from a PPKF in the distal 

femur was very different from elective knee surgery, as it was a very long process 

that demanded patience and determination.  

3.1.1 Initial expectations ï comparison to previous 

elective course 

The patients compared their acute PPKF in the distal femur to their previous 

experiences in surgery, which for all was the elective primary TKA, expecting the 

same mobility or disability. ñWhen I got my knee, I could move around with 

crutches, I expected something similar, but that was not the case at allò (P1). 

Furthermore, they articulated pain and pain management being very different 

from their TKA. ñI was actually dependent on painkillers, which was not the case 

after my arthroplastyò (P8). Another difference they highlighted between the acute 

PPKF in the distal femur and elective TKA was that the latter allowed for better 

preparation. ñThe thing about being disabled after surgery, it was something 
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completely different when it was planned, because then I could plan for it. I mean, 

now it's about food and washing and stuff like that" (P7). Their initial expectations 

regarding knee function and pain were shaped by their experience with elective 

TKA. However, these expectations were disrupted by the unexpected nature of 

acute PPKF and the lack of preparation time. 

3.1.2 Actual experiences - a lengthy recovery process 

Although patients reported steady improvement in their recovery, they also 

emphasized the prolonged and, for some, frustrating nature of the process. For 

instance, one patient expressed: òI canôt even walk yet, or I can walk, but only 

with assistive devices, there is a long road ahead. I am doing rehabilitation twice 

a week nowò (P5) and another one said òIt could be better, the recovery is too 

damn slow, I have been at it for four months nowò (P3).   

Conversely, other patients understood the lengthy recovery process and that 

initial pain and slow progress were part of the expected recovery process. One 

patient explained that recovery isn't always a straight path, but staying 

determined helped her moving forward, even during hard times.  ñDonôt lose hope, 

because it will get better. It will take some time, but eventually, everything will be 

okayò (P4). When patients were asked at the end of each interview, what advice 

they would give to future patients with a PPKF in the distal femur, they often 

responded with the simple yet profound advice: ñBe patientò.  

 

3.2 Patient concerns ï a resulting desire for follow-up 

and information 

Given the severity of their symptoms, patients expressed concerns about future 

knee function and the risk of prolonged disability. These concerns were further 

intensified by uncertainty regarding their recovery course. Compounding these 

concerns the patients expressed a wish for additional follow-ups and 

information.  

3.2.1 Patient concerns about symptoms and long-term 

disability  

Initially, concerns centered on the symptoms (pain, stiffness and swelling of the 

knee), ñThe knee is very swollen and I have a lot of pain, if I sit too long, it gets 

very stiff as wellò (P8). The patients also expressed uncertainty about whether 

the symptoms were normal after a PPKF in the distal femur; ñWhat is normal, and 
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what isnôt? The knee was very swollen, and it hurt so much. The concern was 

whether the prosthesis was intact, was there something wrong with it?ò (P7).  

However, over time, their primary concern shifted to the risk of long-term disability 

or whether everything would return to normal.  One saying "I think it's probably 

fear and hope. You can't really understand what's going on, whether they can fix 

it, or if you'll be able to walk again" (P5). And another patient said: "It's almost 

unavoidable when you're lying there, not knowing how you'll turn out. Whether 

you will be able to manage. And it's been on my mind a bitðwhether you'll ever 

get to live a normal life again" (P4).  

Along concerns for prolonged disability, the patients expressed hope for 

normalization; "The main focus is on regaining my function and being able to do 

things myself. I would like to be 25 again, which I wonôt be, but if only I could just 

do the same as I could before the injury" (P7). 

 

3.2.2 Patients desire for follow-up visits and 

information  

The patients expressed a desire for more information about the treatment, care 

and recovery process. One patient said ñNo one told me anything; they just put 

the patient information leaflet in the envelope and sent me homeò (P5) and 

another one "To the healthcare personnelôs, I would definitely say that keeping 

people informed is important because it's different when something is planned. 

It's a completely different situation when something acute happens, and you 

also have the artificial knee." (P7). Patients emphasized that more thorough 

information from healthcare professionals could have alleviated some of their 

concerns. 

Moreover, patients expressed a desire for more consistent and earlier follow-ups 

or additional opportunities to consult with the surgeon who performed their 

operation and other healthcare professionals experienced in treating this type of 

injury. One saying:  ñI think six weeks is too long between follow-up appointments, 

you start to worry whether your symptoms are alarming and additional follow-ups 

would be wiseò (P8).  
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3.3 The impact of recovery on independence and social 

life 

During recovery, patients found themselves needing assistance from others to 

manage everyday challenges. However, while grateful for support from family 

and friends, many felt frustrated by their loss of independence. Furthermore, 

their social lives were disrupted, leaving them feeling isolated. Patients strived 

to restore knee function, and reengage in meaningful activities to improve their 

quality of life. 

 

3.3.1 Mixed feelings ï gratitude for help yet frustration 

with being dependent 

At the beginning of their recovery, patients expressed a need for assistance with 

e.g. mobility, cleaning, and personal hygiene, even though they preferred to 

manage these tasks themselves. One patient expressed it this way: ñMy children 

could help me with the daily challenges, I was very fortunate to not live by myself, 

I donôt see how I could have managed if I lived by myself.ò (P1) 

 While the patients were very grateful for the help they received from both family 

and friends and/or the municipalities, many also expressed being frustrated that 

they were so dependent on others; ñYou canôt carry anything, so you are greatly 

dependent on help. It was very irritating not to be independent and I felt like such 

a burden to my surroundings.ò (P8). And another saying; ñAnd when you get 

home, it is the wife who has to pull your weight, which is also very hard for her, I 

canôt do anything.ò (P3) 

3.3.2 Impact on their Social Life 

In the course following a PPKF in the distal femur, patients describe a disrupted 

social life, feeling isolated despite having visitors or living with relatives. One 

said: ñAs an example, I cannot go to work, I cannot drive, and my kids cannot 

have playdates at home. I do not have a large social life under normal 

circumstances anywayéI feel a certain sadness and I feel isolatedò (P1).  

Their inability to transport themselves, visit others, go for a walk, or attend their 

usual social events deprived them of the social interactions they were used to. ñI 

was feeling a bit more down, and thatôs understandable. Itôs everything from 

colleagues to, well, all sorts of thingsðmeeting people, running around to this 

or that, and just being out in the bustling life and so on.ò (P7). They still missed 

the regular interactions with others that had been a part of their daily routine. 



 

 

 

75 

s
d
u
.d

k
 

#
s
d
u
d
k
 

 

3. Discussion 

The overall essence of the findings was that a PPKF in the femur was a painful 

and disruptive injury with a lengthy recovery process. The patients compared the 

course after their PPKF to that experienced after their TKA. Unlike elective 

surgeries, where expectations are clearly communicated, PPKF patients often 

lack guidance, leading to concerns and uncertainty about their recovery. The 

prolonged disability during the recovery process left patients feeling dependent 

on others and isolated from social arrangements creating a strong desire to 

regain their independence and social life after recovery.  

Symptoms 

The patients in this study experienced pain, stiffness and swelling as symptoms 

after their PPKF in the distal femur. As all of these patients have previously 

experienced an elective TKA, they are the best reference for difference between 

a TKA and a PPKF in the distal femur. The level and longevity of pain and 

stiffness were especially highlighted as the main difference in symptoms between 

TKA and PPKF in the distal femur. The patientsô experienced continued 

improvement in symptoms and knee function, consistent with recovery patterns 

observed in similar non-periprosthetic leg fractures (14, 15). A similar trend was 

observed in patient-reported knee function, pain and quality of life, which 

improved three to four years after PPKF compared to one to two years post-PPKF 

(25). 

Expectations 

When interviewing patients after a TKA, a key factor in their satisfaction is their 

pre-surgery expectations about the recovery, pain and knee function (8, 9). 

Patients in this study were uncertain about what to expect regarding the 

treatment, symptoms and recovery before undergoing their surgical treatment of 

the PPKF in the distal femur. After the surgery the patients could not help but 

compare the recovery to that after elective TKA, setting an unrealistic expectation 

to the recovery. As previously mentioned, the symptoms and recovery is similar 

to that after non-periprosthetic leg fractures and this underscores the importance 

of enhancing patientsô understanding of both the injury and the recovery process. 

By setting realistic expectations, healthcare professionals can help reduce 

patients' frustration and improve their mental and emotional adjustment 

throughout their recovery (8-10). 

Isolation and feeling lonely 

The psychological burden of PPKF in the distal femur is heightened by the sudden 

loss of knee function, and through that, the inability to engage in social activities. 

Many patients faced isolation during their recovery, and even the patients with a 

robust social network reported feelings of solitude. The feeling stemmed from a 
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sense of disconnection from their routines and broader community as they could 

not participate in regular activities, such as work or social events. Similar 

experiences have been reported in patients with non-periprosthetic leg fractures 

(14, 15). Patients expressed a strong desire to reclaim independence and 

reengage in activities they used to do prior to their PPKF. 

Independence 

The majority of patients faced challenges in everyday life and things such as 

household chores became a concern. Limited mobility meant they were 

dependent on others for practical tasks. Despite Denmarkôs comprehensive 

healthcare system, which offers universal free healthcare and formal care 

services through local municipalities (26, 27), patients expressed a great 

gratitude towards the help they received from family and friends. Sometimes the 

need for assistance also made the patients feel like a burden to their relatives 

and this increased their wish to regain independence. This aligns with findings 

from previous studies, such as Rowland et al. (28) who noted a similar reliance 

on family support following periprosthetic joint infections. 

Information 

The wish/need for more or better information from healthcare professionals is 

seen in other acute injuries, such as ankle fractures, where the acute setting 

makes communication difficult and information hard to process (12). Better and 

more information could help patients understand their injury better and feel more 

secure in their recovery process. Thus, by giving patients clearer information 

about common symptoms and typical recovery patterns, healthcare providers 

could help prepare the patients, ease some of their mental strain and help them 

feel more supported during their recovery. 

Lack of evidence 

One reason patients may not receive thorough information before and after 

surgery for their PPKFs in the distal femur, is that this type of injury is both rare 

and under-researched (4). As PPKFs are uncommon, health care professionals 

rely on empirical knowledge or case-based experience rather than formalized 

guidelines, which can lead to inconsistencies when informing the patients. In 

addition to this, patients experiencing acute injuries are often unable to 

remember information given in the acute setting (12). Our study's findings 

highlight this gap, suggesting that research like ours, along with future 

quantitative studies, could help fill these knowledge gaps. By expanding the 

evidence base, we can aid in developing better informational resources, 

ultimately preparing patients more effectively for the recovery process and 

potential challenges following a PPKF in the distal femur.  
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3.4 Strengths and limitations 

Patients in this study are representing the population of patients with PPFK in the 

distal femur in Denmark (3). We have focused on the most common PPKF, which 

occurs in the distal femur, and only on those treated operatively. Since we have 

not examined patients with other PPKFs, this study does not reflect their 

experiences. While a larger sample might have offered additional insights (19), 

sampling was stopped once further interviews yielded no new information, 

suggesting that any further insights would likely have been minimal. 

Given that recall bias is a general concern in interview studies (29), we conducted 

interviews 3-4 months post-surgery to capture experiences with initial 

rehabilitation and recovery. However, this timing may have introduced recall bias 

regarding early-stage experiences, particularly about surgery and discharge.  

Some patients may have altered their responses because the interviewer was a 

doctor. To minimize this, the interviews were conducted at patients' homes to 

ensure a comfortable environment and mentioned that we were interested in both 

positive and negative experiences to improve the course for future patients with 

a PPKF in the distal femur. There was no prefixed time limit for the interviews and 

the interviews were continued until there was no further topics of interest from the 

patients to explore.  

An experienced researcher supervised the interview guide, and both 

researchers analysed the data, bringing diverse medical and nursing 

perspectives. 

All patients were treated at two hospitals within the same Danish region, and all 

were of Scandinavian descent; experiences may differ for patients from other 

cultures or countries with different healthcare structures. 

 Conclusion 

This study underscores the multifaceted challenges faced by patients 

recovering from PPKFs of the distal femur, including physical pain, 

psychological stress, and social disruption. Unlike elective TKAs, PPKFs are 

sudden and unpredictable, leaving patients unprepared for the lengthy and 

uncertain recovery process. The slower-than-expected progress, coupled with a 

lack of clear guidance, exacerbates feelings of frustration and isolation. Patients 

often rely heavily on family support for daily tasks, which, while appreciated, can 

leave them feeling like a burden. To enhance patientsô recovery experiences 

and outcomes, clear communication and realistic expectations are essential in 

addressing these issues. 
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Supplementary table 1: The COnsiladted criteria for Reporting Qualitative 

research (COREQ-32) checklist 

Domain 1: Research team and 

reflexivity  

 

Personal Characteristics  

1. Which author/s conducted the 

interview or focus group? 

Stefan Risager (SR) 

2. What were the researcher's 

credentials? E.g. PhD, MD 

MD 

3. What was their occupation at the time 

of the study? 

PhD student 

4. Was the researcher male or female? Male 

5. What experience or training did the 

researcher have? 

A novice in qualitative research 

Relationship with participants  

6. Was a relationship established prior to 

study commencement? 

The interviews were scheduled 

over the phone.  

7. What did the participants know about 

the researcher? e.g. personal goals, 

reasons for doing the research 

The patients were informed that 

the interviewer was a medical 

doctor conducting a Ph.D. 

project on their injury. A brief 

explanation of the study and that 

it hoped to understand and 

improve patient experience after 

PPKFs.  

8. What characteristics were reported 

about the interviewer/facilitator? 

e.g. Bias, assumptions, reasons and 

interests in the research topic 

Patients were informed that the 

PhD student and medical doctor 

specialized in the field, but was 

not involved in their treatment.  

Domain 2: study design  

Theoretical framework  

9. What methodological orientation was 

stated to underpin the study? e.g. 

grounded theory, discourse analysis, 

This exploratory qualitative 

study employed a 

phenomenological hermeneutic 

approach 
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ethnography, phenomenology, content 

analysis 

Participant selection  

10. How were participants selected? e.g. 

purposive, convenience, consecutive, 

snowball 

A purposive convenience 

sampling method was applied. 

11. How were participants approached? 

e.g. face-to-face, telephone, mail, 

email 

Face to face or by telephone. 

12. How many participants were in the 

study? 

Nine 

13. How many people refused to 

participate or dropped out? Reasons? 

Zero 

Setting  

14. Where was the data collected? e.g. 

home, clinic, workplace 

At the patients home. 

15. Was anyone else present besides the 

participants and researchers? 

It was optional for patient to 

have someone else present, and 

in some cases, spouses or other 

relatives attended. 

16. What are the important characteristics 

of the sample? e.g. demographic data, 

date 

PPKF patients of different age, 

gender, marital status, and 

treatment type participated. 

Data collection  

17. Were questions, prompts, guides 

provided by the authors? Was it pilot 

tested? 

The initial interview guide was 

drafted based on insights from 

previous qualitative research on 

TKA and tibial fractures. To 

ensure relevance, it was 

reviewed by a physiotherapist 

experienced with PPKF patients, 

a nurse specializing in 

qualitative research, and a panel 

of patients and their relatives. 

Their feedback led to minor 
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revisions, resulting in the final 

version of the guide. 

18. Were repeat interviews carried out? If 

yes, how many? 

No 

19. Did the research use audio or visual 

recording to collect the data? 

Audio recording stored on a 

protected server. 

20. Were field notes made during and/or 

after the interview or focus group? 

No field notes was performed. 

21. What was the duration of the 

interviews or focus group? 

Between 17 and 36 minutes. Ain 

average 26 minutes. 

22. Was data saturation discussed? Yes: 

While a larger sample might 

have offered additional insights, 

sampling was stopped once 

further interviews yielded no 

new information, suggesting that 

any further insights would likely 

have been minimal. 

23. Were transcripts returned to 

participants for comment and/or 

correction? 

No. 

Domain 3: analysis and 

findings 

 

Data analysis  

24. How many data coders coded the data? Two persons 

25. Did authors provide a description of 

the coding tree? 

Yes (table 2) 

26. Were themes identified in advance or 

derived from the data? 

The themes were derived from 

the data. 

27. What software, if applicable, was used 

to manage the data? 

Windows media player, excel 

and word. All on a secure 

server. 

28. Did participants provide feedback on 

the findings? 

No 

Reporting  
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29. Were participant quotations presented 

to illustrate the themes / findings? Was 

each quotation identified? e.g. 

participant number 

Yes 

30. Was there consistency between the 

data presented and the findings? 

Yes 

31. Were major themes clearly presented 

in the findings? 

Yes (Table 1) 

32. Is there a description of diverse cases 

or discussion of minor themes? 

Yes, each theme was further 

illuminated through subthemes. 
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Supplementary table 2: Interview guide used for the conducted interviews, 

translated from Danish. 

Interview Question Follow-up Questions 

Before we get started, I 

would like to ask you some 

basic information about 

yourself: 

¶ How old are you? 

¶ Do you live by yourself or together with 
others?  

¶ Do you have osteoporosis?  

¶ How well were you able to walk before you 
fractured the area around your artificial 
knee? 

¶ For how long had you had the artificial 
knee joint before the fracture? 

Can you tell me how the 

injury happened?  

What thoughts, if any, did 

you have before the 

surgery? 

¶ Can you elaborate on that?  

¶ If not, why do you think you did not have 
any thoughts? 

How did you experience 

the period immediately 

after your surgery, 

specifically the first few 

weeks? 

¶ How did you experience the discharge? 
Please elaborate.  

¶ What happened between surgery and time 
of discharge?  

¶ What was especially important to you 
when you were discharged? 

¶ How did you feel about returning home?  

¶ What worked well/poorly? 

¶ How did you experience the pain?  

¶ How did the pain affect your daily life? 

Have you attended 

rehabilitation?  

If yes, how did you 

experience it?  

If not, why not? 

¶ What worked well?  

¶ What worked less well?  

¶ What did you find especially important 
during the process? 

How do you experience the 

period from a few weeks 

after discharge until now? 

¶ How do you feel your knee is functioning?  

¶ What changes do you notice from before 
the injury?  

¶ How does your situation compare to what 
you expected before surgery? 

¶ How are you managing your everyday 
life? 

¶ Has your mood been affected? 

¶ Has this affected your social life?  

What is most important to 

you in a process like this ï 

both in the early recovery 

¶ What do you wish had been different?  

¶ Is there anything you would have 
preferred more of?  
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phase and moving 

forward? 

¶ What advice can you give other patients 
and/or healthcare professionals regarding 
a periprosthetic knee fracture? 
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