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Abstract
Background Knee fractures may lead to post-traumatic
knee osteoarthritis and subsequent TKA in some patients.
However, absolute risk estimates and risk factors for TKA
in patients with knee fractures compared with those of the
general population remain largely unknown. Such knowl-
edge would help establish the treatment burden and direct
patient counseling after a knee fracture is sustained.

Questions/purposes (1) What is the short-term risk of
TKA after knee fracture? (2) What is the long-term risk
of TKA after knee fracture? (3)What are the risk factors for
TKA in patients with knee fractures?
Methods A nationwide 20-year, matched-case compari-
son cohort study of prospectively collected data from the
Danish National Patient Registry included all patients at
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least 15 years old with International Classification of
Diseases, 10th revision codes DS724, DS820, or DS821
(knee fractures) on the date their knee fracture was reg-
istered. Each patient with a knee fracture was matched (by
sex and age) to five people without knee fractures from the
general Danish population on the date the knee fracture
patient’s knee fracture was registered (population con-
trols). Patients with knee fractures and people in the
population control group were followed from the date the
knee fracture patient’s knee fracture was registered to the
date of TKA, amputation, knee fusion, emigration, death,
or end of follow-up in April 2018. TKA risks for patients
with knee fractures versus those for population controls
and TKA risk factors in patients with knee fractures were
estimated using hazard ratios (HRs) with 95% CIs. A total
of 48,791 patients with knee fractures (median age 58
years [interquartile range 41-73]; 58% were female) were
matched to 263,593 people in the population control
group.
Results The HR for TKA in patients with knee fractures
compared with population controls was 3.74 (95% CI 3.44
to 4.07; p < 0.01) in the first 3 years after knee fracture.
Among knee fracture patients, the risk of undergoing TKA
was 2% (967 of 48,791) compared with 0.5% (1280 of
263,593) of people in the population control group. After
the first 3 years, the HRwas 1.59 (95%CI 1.46 to 1.71) and
the number of patients with knee fractures with TKA
events divided by the number at risk was 2% (849 of
36,272), compared with 1% (2395 of 180,418) of pop-
ulation controls. During the 20-year study period, 4% of
patients with knee fractures underwent TKA compared
with 1% of population controls. Risk factors for TKA in
patients with knee fractures were: primary knee osteoar-
thritis (OA) versus no primary knee OA (HR 9.57 [95% CI
5.39 to 16.98]), surgical treatment with external fixation
versus open reduction and internal fixation and reduction
only (HR 1.92 [95 % CI 1.01 to 3.66]), proximal tibia
fracture versus patellar fracture (HR 1.75 [95 % CI 1.30 to
2.36]), and distal femur fracture versus patellar fracture
(HR 1.68 [95 % CI 1.08 to 2.64]). Surgical treatment of
knee fractures was also a risk factor for TKA. The HRs for
TKA in patients with knee fractures who were surgically
treated versus those who were treated non-surgically were
2.05 (95% CI 1.83 to 2.30) in the first 5 years after knee
fracture and 1.19 (95% CI 1.01 to 1.41) after 5 years.
Conclusions Patients with knee fractures have a 3.7 times
greater risk of TKA in the first 3 years after knee fracture,
and the risk remains 1.6 times greater after 3 years and
throughout their lifetimes. Primary knee OA, surgical
treatment of knee fractures, external fixation, proximal
tibia fractures, and distal femur fractures are TKA risk
factors. These risk estimates and risk factors highlight the
treatment burden of knee fractures, building a foundation
for future studies to further counsel patients on their risk of

undergoing TKA based on patient-, fracture-, and
treatment-specific factors.
Level of Evidence Level III, prognostic study.

Introduction

Knee injuries play a part in the rising rates of TKA
procedures, which cannot be explained by increases in
population size, longevity, and obesity rates alone [14].
Fractures of the distal femur, proximal tibia, and patella
represent a substantial proportion of these injuries (in-
cidence rate in the United States: 9 per 100,000 per year)
[10], and often result in lower functional outcomes [1, 3,
13, 27], lower work performance [23, 27], lower health-
related quality of life [13, 23, 27], and post-traumatic
knee osteoarthritis (OA) [7, 13, 16, 17, 20, 24, 26] with
subsequent TKA in some patients [7, 17, 24, 26]. To
date, secondary TKA for post-traumatic OA after knee
fracture has had less successful results compared with
primary TKA for primary knee OA in terms of functional
outcomes [15, 26], complication rates [8, 26], reopera-
tions [8, 20], and survival rates [15].

Actual risk estimates of [12, 29] and risk factors for [29]
TKA in patients with knee fractures compared with those
of the general population remain largely unknown. Such
knowledge would help establish the treatment burden and
direct patient counseling after a patient sustains a knee
fracture.

Therefore, in this study, we asked: (1) What is the
short-term risk of TKA after knee fracture? (2) What is
the long-term risk of TKA after knee fracture? (3) What
are the risk factors for TKA in patients with knee
fractures?

Patients and Methods

Study Design and Setting

The study was designed as a nationwide, matched-case
comparison cohort study of prospectively collected
data from the following population-based data sources:
the Danish Civil Registration System [21] and the
Danish National Patient Registry [22], which covers the
entire population of Denmark of approximately 5.7
million residents [25]. The study was approved by the
Danish Data Protection Agency, record number REG-
085-2017. No institutional review board approval was
needed because the study is a registry study of pro-
spectively collected data. The study was conducted
according to the Strengthening the Reporting of
Observational studies in Epidemiology (STROBE)
guidelines [28].
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Participants

We used the World Health Organization’s 10th revision of
International Classification of Diseases (ICD-10) [31] to
identify the study population in the Danish National Patient
Registry. The study population consisted of all patients at
least 15 years old registered in the Danish National Patient
Registry from January 1, 1998 to April 30, 2018, with
hospital encounters with ICD-10 codes DS724, DS820, or
DS821 (knee fractures), with or without subsequent knee
surgery codes (see Supplemental Digital Content 1, http://
links.lww.com/CORR/A286). Only 3% of knee fracture
patients were registered with multiple knee fractures,
making the comparison with patients with only one knee
fracture and the interpretation of different multiple fractures
imprecise; consequently, they were removed from the
analysis. Each patient with a knee fracture was matched
according to sex and age (same birth year) with five people
from the general Danish population without a knee fracture
on the date the knee fracture patient’s injury was registered
(population controls). Patients with knee fractures and
participants in the population control group were followed
from the date the patient’s knee fracture was registered to the
date of TKA, amputation, knee fusion, emigration, death, or
end of follow-up on April 30, 2018. A total of 48,791
patients with knee fractures (median age 58 years [inter-
quartile range 41-73]; 58% were female) were matched to
263,593 population controls (median age 59 [42-74]; 59%
were female) (Table 1). For participants in both groups, the
mean observation period to TKA was 7 years.

Description of Experiment, Treatment, or Surgery

Because a unique Danish Civil Personal Register number is
assigned to individuals at birth or at immigration, an un-
ambiguous individual-level link between clinical and ad-
ministrative databases is possible [21]. The Danish Civil
Registration System contains complete information on date
of birth, sex, residency, and immigration and is updated
daily with an individual’s vital status. Every person legally
residing in Denmark is registered in the database. The
Danish National Patient Registry contains information on all
public hospital admissions and emergency department vis-
its. Reporting to the Danish National Patient Registry is
mandatory and is used for reimbursement by public and
private hospitals [22]. However, private hospitals do not
treat patients with knee fractures, and private-paid TKA is
rare. The Danish National Patient Registry contains in-
formation on date of admission, Civil Personal Register
number, age, sex, ICD-10 classification [31], and the Danish
version of the Nordic Medico-Statistical Committee
Classification of Surgical Procedures (NOMESCO classifi-
cation) [18].

Variables, Outcome Measures, Data Sources, and Bias

The current NOMESCO classification [18] was imple-
mented in 1996; therefore, we excluded all years before
1996 to reduce surgery code bias. We also excluded years
1996 and 1997 to exclude a potential backlog of already
prevalent knee fractures in patients with hospital follow-
up. We used the updated version of the Charlson comor-
bidity index [2, 19] to evaluate comorbidities in patients
with knee fractures and population controls. The Charlson
comorbidity index could not be calculated in 19% of
population controls because they lacked hospital admis-
sions or were not registered with diagnoses used to calcu-
late the Charlson comorbidity index. For these patients, the
value was thus set at 0. Primary knee OA was defined as
pre-existing knee OA registered at the time of knee fracture
(see Supplemental Digital Content 1, http://links.lww.
com/CORR/A286). Surgical treatment was divided into
external fixation, open reduction internal fixation (ORIF),
and reduction. External fixation, ORIF, and reduction
procedures were defined by the index procedure, and
because we did not have access to medical records, the true
proportion of conversions from external fixation to ORIF
was unknown. Consequently, to avoid inaccurate
assumptions, patients registered with external fixation
were allocated to the external fixation group.

Statistical Analysis, Study Size

Descriptive measures are presented as the median and
interquartile range or as frequencies and percentages.

Table 1.Demographic data of patients with knee fractures and
population controls

Variable
Patients with
knee fractures

Population
controls p value

Number of patients 48,791 263,593

Age (years) < 0.01a

Median
(interquartile range)

58 (41-73) 59 (42-74)

Sex < 0.01b

Female (%) 28,221 (58) 154,733 (59)

Male (%) 20,570 (42) 108,860 (41)

Charlson comorbidity
index (%)

< 0.01b

0 36,297 (74) 210,506 (80)

1 3920 (8) 15,544 (6)

2 4915 (10) 23,196 (9)

$ 3 3659 (8) 14,347 (5)

aThe p value calculated using Wilcoxon’s rank sum test.
bThe p value calculated using Pearson’s chi-square test.
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Based on QQ-plots, the data did not follow a normal
distribution, thus we calculated the p value for age in
patients with knee fractures and population controls
using the Wilcoxon’s rank sum test. We calculated the p
value for sex and Charlson comorbidity index in patients
with knee fractures and population controls using
Pearson’s chi-square test. To answer the first and second
research questions, we analyzed the short-term and long-
term risk of TKA for patients with knee fractures versus
that of population controls with Cox proportional hazard
models. Amputation, knee fusion, emigration, and death
were considered competing events for TKA, and risk
times were therefore censored at these events. Based on
an evaluation of the Schoenfeld residuals, the pro-
portional hazard assumption was not satisfied for com-
paring patients with knee fractures to population
controls for the 20-year follow-up; when considering the
relationship between knee fracture patients and pop-
ulation controls, the hazard ratio (HR), did not appear to
be constant across all 20 years. Because the Cox pro-
portional hazards model assumes this constant HR, this
model did not fit our data. The model was therefore split
into two separate models, the first fitted to the first 3
years of follow-up, with all non-event observations
censured at 3 years; and the second model following
observations from 3 years onward. Patients with knee
fractures and patients in the population control group
were only included in the second model if they did not
have any event within the first 3 years, and if they had a
follow-up interval of 3 years or longer. Evaluation of the
Schoenfeld residuals suggested the proportional hazard
could be assumed in these models, that is, a constant HR
could be assumed within each model. Estimates from the
models are presented as HRs with 95% CIs and p values.
Adjusted HRs for patients with knee fractures versus
patients in the population control are presented and
interpreted for both models. To answer the third research
question, when evaluating risk factors for TKA in
patients with knee fractures, we could assume pro-
portionality for the entire follow-up period; therefore,
risk factors were estimated from a model for the entire
20-year study period. To further answer the third re-
search question, we analyzed the risk factor of TKA in
individuals with surgically treated knee fractures versus
non-surgically treated fractures with a similar Cox pro-
portional hazards model. A similar issue with the pro-
portionality assumption was present in the model
comparing patients with knee fractures to population
controls; thus, we used two separate models: the first in
the first 5 years after knee fracture and the second from 5
years onward. All analyses were performed in in the
statistical software R 3.4.2 (R Foundation for Statistical
Computing, Vienna, Austria). A p value < 0.05 was
considered statistically significant.

Results

What Is the Short-term Risk of TKA After
Knee Fracture?

Patients who sustained knee fractures were 3.7 times more
likely to undergo TKA within 3 years than patients in the
comparable control group (Fig. 1). After adjusting for in-
creasing age per year, sex, and Charlson comorbidity in-
dex, the HR for TKA in individuals with knee fractures
versus patients in the population control group was 3.74
(95%CI 3.44 to 4.07; p < 0.01) in the first 3 years after knee
fracture (Table 2). Within the first 3 years after knee frac-
ture, 2% of patients (967 of 48,791) with knee fractures
underwent TKA compared with 0.5% of patients (1280 of
263,593) in the control population.

What Is the Long-term Risk of TKA After
Knee Fracture?

Patients with knee fractures were 1.6 times more likely to
undergo TKA at 3 years or more after their injury than the
comparable patients in the control population (Fig. 1).
After adjusting for increasing age per year, sex, and
Charlson comorbidity index, the HR for TKA in individ-
uals with knee fractures versus population controls was
1.59 (95% CI 1.46 to 1.71; p < 0.01) after the first 3 years
after knee fracture (Table 2). After the first 3 years after
knee fracture, 2% (849 of 36,272) of patients with knee
fractures underwent TKA compared with 1% of patients
(2395 of 180,418) in the control population (Table 2).
During the 20-year period, 4% (1816 of 48,791) of patients
with knee fractures underwent TKA compared with 1%
(3675 of 263,593) among patients in the population control
group.

What Are the Risk Factors of TKA in Patients with
Knee Fractures?

When examining independent risk factors, we found that
primary knee OA, surgical treatment of knee fracture, ex-
ternal fixation, proximal tibia fracture, and distal femur
fracture were all risk factors for treatment with TKA in
patients with knee fractures during the 20-year period
(Table 3). After adjusting for surgically treated versus non-
surgically treated knee fractures, increasing age per year,
and Charlson comorbidity index, the HR for TKA in
individuals with primary knee OA and knee fracture versus
patients with no primary knee OA and knee fracture was
9.57 (95% CI 5.39 to 16.98; p < 0.01) during the 20-year
period (Table 3). During the 20-year period, 26% (494 of
1899) of patients with knee fractures and primary knee OA
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underwent TKA compared with 3% (1322 of 46,892) of
patients with knee fractures and no primary knee OA
(Table 3). After adjusting for surgically treated versus non-
surgically treated knee fractures, increasing age per year,
and Charlson comorbidity index, the HR for TKA in
individuals with proximal tibia fractures versus patella
fractures was 1.75 (95% CI 1.30 to 2.36; p < 0.01) during
the 20-year period (Table 3). During the 20-year period,
4% (1013 of 22,988) of patients with proximal tibia frac-
tures underwent TKA compared with 3% (455 of 17,205)
of patients with patella fractures (Table 3). After adjusting

for surgically treated versus non-surgically treated knee
fractures, increasing age per year, and Charlson comor-
bidity index, the HR for TKA in individuals with distal
femur fracture versus patella fracture was 1.68 (95% CI
1.08 to 2.64; p = 0.02) during the 20-year period (Table 3).
During the 20-year period, 4% (268 of 7135) of patients
with distal femur fracture underwent TKA (Table 3). The
HR of TKA and female versus male sex was 1.21 (95% CI
0.92 to 1.60; p = 0.17) during the 20-year period (Table 3).
During the 20-year period, 4% (1181 of 28,221) of female
patients with knee fractures underwent TKA, and 3% (635

Fig. 1 This graph shows the cumulative incidence of TKA probability in patients with knee frac-
tures and patients in the population control group during the 20-year study period with 95% CIs.

Table 2. Cox proportional hazards model with short-term and long-term hazard ratios for TKA in patients with knee fractures versus
population controls

0-3 years from inclusion More than 3 years from inclusion

Variable
Hazard ratio
(95% CI) p value

Number of
events/number

at risk (%)
Hazard ratio
(95% CI) p value

Number of
events/number

at risk (%)

Population controls 1 1280/263,593 (0.5) 1 2395/180,418 (1)

Patients with knee
fractures vs population
controlsa

3.74 (3.44 to 4.07) < 0.01 967/48,791 (2) 1.59 (1.46 to 1.71) < 0.01 849/36,272 (2)

aAdjusted for increasing age per year, sex, and Charlson comorbidity index.
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of 20,570) of male patients with knee fractures underwent
TKA (Table 3). The HR of TKA with increasing age per
year in patients with knee fractures was 1.02 (95% CI 1.02
to 1.02; p < 0.01) during the 20-year period (Table 3). After
adjusting for increasing age per year, Charlson comorbidity
index, sex, primary knee OA versus no primary knee OA,
and single fracture (distal femur fracture versus patella
fracture and proximal tibia fracture versus patella fracture),
the HR of TKA and surgical treatment with external fixa-
tion versus ORIF and reduction only was 1.92 (95% CI
1.01 to 3.66; p = 0.05) during the 20-year period (Table 3).
During the 20-year period, 9% (141 of 1518) of patients
with knee fractures were treated with external fixation
compared with 35% (1675 of 47,273) of patients with knee
fractures treated with ORIF and reduction only. After
adjusting for primary knee OA versus no primary knee OA,
increasing age per year, sex, and Charlson comorbidity
index, the HR of TKA in patients with knee fractures
treated surgically versus that of patients treated non-
surgically was also a risk factor in the first 5 years (HR 2.05
[95%CI 1.83 to 2.30]; p < 0.01) as well as after 5 years (HR
1.19 [95%CI 1.01 to 1.41]; p = 0.04) (Table 4). In the first 5

years after knee fracture, 4% (728 of 17,636) of patients
with surgically treated knee fracture underwent TKA
compared with 2% (508 of 31,155) of patients with knee
fractures who were treated non-surgically (Table 4). After
the first 5 years after knee fracture, 3% (258 of 10,321) of
patients with knee fracture treated surgically underwent
TKA while 2% (322 of 17,583) of patients with knee
fractures treated non-surgically underwent TKA (Table 4).

Discussion

Background and Rationale

Knee injuries play a part in the rising rates of TKA pro-
cedures, which cannot be explained by increases in pop-
ulation size, longevity, and obesity rates alone [14].
Fractures of the distal femur, proximal tibia, and patella
represent a substantial proportion of these injuries [10],
often resulting in lower functional outcome [1, 3, 13, 27],
lower work performance [23, 27], lower health-related
quality of life [13, 23, 27], and post-traumatic knee

Table 3. Cox proportional hazardsmodel with hazard ratios for risk factors for TKA in patients with knee fractures during the 20-year
study period

Variable
Hazard ratio
(95% CI) p value

Number of events/number
at risk (%)

Increasing age per yeara 1.02 (1.02 to 1.02) < 0.01

CCI 0 1 1322/36,297 (4)

CCI 1 versus 0a 1.09 (0.93 to 1.29) 0.28 181/3920 (5)

CCI 2 versus 0a 0.78 (0.65 to 0.93) 0.01 155/4915 (3)

CCI $ 3 versus 0a 0.92 (0.76 to 1.10) 0.34 158/3659 (4)

Male sex 1 635/20,570 (3)

Female sex versus male sexb 1.21 (0.92 to 1.60) 0.17 1181/28,221 (4)

No primary knee OA 1 1322/46,892 (3)

Primary knee OA versus
no primary knee OAb

9.57 (5.39 to 16.98) < 0.01 494/1899 (26)

Patella fracture 1 455/17,205 (3)

Proximal tibia fracture
versus patella fractureb

1.75 (1.30 to 2.36) < 0.01 1013/22,988 (4)

Distal femur fracture
versus patella fractureb

1.68 (1.08 to 2.64) 0.02 268/7135 (4)

Proximal tibia fracture
versus distal femur fractureb

1.04 (0.68 to 1.60) 0.85

ORIF and reduction only 1 1675/47,273 (35)

External fixation versus
ORIF and reduction onlyc

1.92 (1.01 to 3.66) 0.05 141/1518 (9)

aChange per age in years, adjusted for surgically treated versus non-surgically treated knee fracture, sex, primary knee OA versus no
primary knee OA, and single fracture.
bAdjusted for surgically treated versus non-surgically treated knee fracture, increasing age per year, and CCI.
cModel is based on surgically treated knee fractures, adjusted for increasing age per year, CCI, sex, primary knee OA versus no primary
knee OA, and single fracture; CCI = Charlson comorbidity index. Primary knee OA= primary knee osteoarthritis. ORIF = open reduction
internal fixation. Single fracture = distal femur fracture versus patella fracture and proximal tibia fracture versus patella fracture.
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osteoarthritis [7, 13, 16, 17, 20, 24, 26] with subsequent
TKA in some patients [7, 17, 24, 26]. To date, secondary
TKA for post-traumatic OA after knee fracture has been
shown to have less successful results compared with pri-
mary TKA for primary knee OA in terms of functional
outcome [15, 26], complication rates [8, 26], reoperations
[8, 20], and survival rates [15]. Actual risk estimates of [12,
29] and risk factors for [29] TKA in patients with knee
fractures compared with those of the general population
remain largely unknown. Such knowledge would help es-
tablish the treatment burden and direct patient counseling
after a patient sustains a knee fracture. We found that
patients with knee fractures have a 3.7 times greater risk of
TKA in the first 3 years after knee fracture, and the risk
remains 1.6 times greater after 3 years and throughout their
lifetimes. We found several independent risk factors that
increased the chances of undergoing TKA over and above
the risks posed by a history of knee fracture, including
primary knee OA, surgical treatment of knee fractures,
external fixation, proximal tibia fracture, and distal femur
fracture.

This study has a number of limitations: First, there are
the well-known limitations of administrative data, with
potential incorrect use of diagnosis codes and in-
complete registration of surgery codes. Second, there are
no specific surgery codes for conversion of surgery to
treat knee fractures to TKA, and because the study is a
registry study, we did not have access to medical records.
However, data in the Danish National Patient Registry
are high quality, and the highest positive predictive
value is found in orthopaedic diagnoses [22]. Third,
laterality of knee fracture, TKA, amputation, and knee
fusion were insufficiently registered in the Danish
National Patient Registry and thus could not be used,
possibly producing overestimations or underestimations
of procedure rates as procedures could have been per-
formed on the contralateral knee. Fourth, data on fracture
severity, that is, ABC extensions of ICD-10 codes, and
injury severity, such as trauma type, were incompletely

registered; only a small percentage of the study pop-
ulation was registered with ABC extensions and trauma
type, thus distributions of knee fracture sub-
classifications and trauma type could not be described
[22]. Consequently, it was not possible to, for instance,
differentiate between a high-energy comminuted proxi-
mal tibia fractures with intra-articular involvement and a
low-energy simple fractures of the patella, possibly
confounding the risk estimates presented. However, we
still believe that this study provides insight into what a
knee fracture entails in forms of both short-term and
long-term TKA risk. It also provides insight into which
general anatomic region of the knee is most vulnerable to
undergoing TKA when fractured, including risk esti-
mates of how much primary knee OA, surgical treatment
versus non-surgical treatment of knee fracture, and ex-
ternal fixation are associated with TKA risk. Fifth,
although a 20-year follow-up for the older proportion of
patients in the study population would likely be suffi-
cient, it may not be enough for the younger proportion of
patients. Because our population consists of both age
groups, we believe we have captured a high proportion
of TKA events for the older population but may have
captured a smaller proportion of TKA events for the
younger population. However, given that we found a
higher HR within the first 3 years after knee fracture
and a lower HR in the remaining follow-up time, we
assume it is unlikely that a HR beyond 20 years would
drastically deviate from the long-term HR presented in
our study, even for younger patients. In summary, the
accumulated data comprised a large, representative na-
tionwide sample during a 20-year study period from a
relatively homogenous population, increasing external
validity and thus providing results with high validity and
generalizability with regards to Scandinavian countries.
Of note is that international generalizability of the study
results can only be assumed because the potential con-
founder of TKA accessibility in different healthcare
systems could not be accounted for in our data analysis.

Table 4. Cox proportional hazardsmodel with hazard ratios for TKA in surgically treated versus non-surgically treated knee fractures

0-5 years from inclusion More than 5 years from inclusion

Variable
Hazard ratio
(95% CI) p value

Number of
TKAs/number

at risk
Hazard ratio
(95% CI) p value

Number of
TKAs/number

at risk

Nonsurgically
treated knee fracture

1 508/31,155 (2%) 1 322/17,583 (2%)

Surgically treated
versus non-surgically
treated knee fracturea

2.05
(1.83 to 2.30)

< 0.01 728/17,636 (4%) 1.19
(1.01 to 1.41)

0.04 258/10,321 (3%)

aAdjusted for primary knee OA versus no primary knee OA, increasing age per year, sex, and CCI. Primary knee OA = primary knee
osteoarthritis.
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What Is the Short-term Risk of TKA After
Knee Fracture?

We found that within the first 3 years after injury, patients
with a knee fracture underwent TKA with much greater
frequency than the control population. Larsen et al. [12]
found an HR for TKA of 3.02 (95% CI 2.26 to 4.03) from
0 to 5 years after patella fracture compared with that of a
matched cohort. This is comparable to the HR of 3.74 (95
% CI 3.44 to 4.07) in the first 3 years following knee
fracture in our study. The results of Larsen et al. [12] can
only be roughly compared with ours because they included
only patellar fractures in patients from a single region in
Denmark; however, their study described similar risk
trends as our study, in which the critical TKA risk can be
seen in the first few years after knee fracture.

What Is the Long-term Risk of TKA After
Knee Fracture?

We found that the increased risk of subsequently un-
dergoing TKA remained even after 3 years and in the long
term, with a substantially higher proportion of patients
with a history of knee fracture undergoing TKA surgery
than patients in the matched control group, suggesting that
the risk of secondary TKA for posttraumatic OA, pain,
reduced function, and other complications after knee
fracture is lifelong. Larsen et al. [12], found anHR for TKA
of 1.56 [95% CI 1.17 to 2.07] at 5 to 10 years after patella
fracture compared with that of a matched cohort. Because
of differences in study design as discussed above, this can
to some extent be compared with our results (HR 1.59 [95
%CI 1.46 to 1.71] after the first 3 years after knee fracture).
Wasserstein et al. [29] compared the HR for TKA in
patients with ORIF-treated tibial plateau fractures with that
of a matched cohort without ORIF-treated tibial plateau
fractures. During the 14-year study period, the
comorbidity-adjusted HR for TKA in ORIF-treated tibial
plateau fractures was 5.29 (95% CI 4.58 to 6.11), whereas
in our study, the increasing age per year-, sex-, and
Charlson comorbidity index-adjusted HR for TKA in
patients with knee fractures versus that of population
controls was 1.59 (95% CI 1.46 to 1.71) after the first 3
years and in the long-term. A total of 7% of patients with
ORIF-treated tibial plateau fractures and 2% of patients in
the matched cohort underwent TKA after 10 years in the
study by Wasserstein et al. [29]. During the 20-year period
in our study, 4% of patients with knee fractures and 1% of
matched population controls underwent TKA, while 4% of
patients with proximal tibia fracture underwent TKA. The
variance in results might be explained by differences in
knee fracture types, treatment types, comorbidity measures
(use of aggregated diagnosis groups versus Charlson

comorbidity index), data sources, inclusion and exclusion
criteria, group matching criteria, coding systems, pop-
ulations and length of the study period.

What Are the Risk Factors of TKA in Patients with
Knee Fractures?

We found several independent risk factors that increased
the chances of undergoing TKA over and above the risks
posed by a history of knee fracture. Wasserstein et al. [29]
found an HR of 1.25 (p = 0.029) for female sex versus male
sex in patients with ORIF-treated tibial plateau fractures
during their 14-year study period compared with a female
sex versus male sex and knee fracture HR of 1.21 (p = 0.17)
during our 20-year study of patients with knee fractures
(Table 3). In their study, increasing age per year had an HR
of 1.03 (p < 0.01) [29], which is comparable to the results
of our study (HR 1.02; p < 0.01) (Table 3). Our results
showed an association between external fixation versus
ORIF and reduction only, with an HR for TKA of 1.92 (p =
0.05), and Wasserstein et al. [29] calculated an HR of 1.56
(p < 0.20) in preoperative external fixation in patients with
ORIF-treated tibial plateau fractures. The studies are only
partly comparable as Wasserstein et al. [29] studied con-
version surgery in tibial plateau fractures whereas we
studied external fixation, ORIF, and reduction index pro-
cedures. In other studies, TKA was found to be more
prevalent in females and those with increasing age [9], and
knee fractures were more prevalent in females and in those
with increasing age [4, 5, 6, 11, 30]. Our HRs of 1.21 and
1.02 in patients with knee fractures mimic these findings,
although the HR for female sex versus male sex was no
different in our study (p = 0.17) and the increased HR for
increasing age per year was only 1.02 in our study. TKA
for primary knee OA is a well-established procedure;
hence, the high HR in patients with knee fractures and
primary knee OA is unsurprising. However, the HR of 9.57
provides insight into the level of hazard involved. The high
HRs for TKA in patients with knee fractures that were
surgically treated versus those that were non-surgically
treated (2.05 in the first 5 years and 1.19 after 5 years) in
our study indicate that because most surgically treated knee
fractures are more complex than non-surgically treated
knee fractures, the higher HR for TKA in patients with
surgically treated knee fractures is to be expected. The high
HRs for TKA in patients with knee fractures with the
above-mentioned risk factors illustrate the importance of
focusing research on further defining patient-, fracture-,
and treatment-specific risk factors during the initial and
long-term treatment of knee fractures. Focus should be
placed on proximal tibia fractures because our 20-year
study showed that proximal tibia fracture had the highest
HR for TKA (1.75).
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We found that patients with knee fractures have a 3.7
times greater risk of TKA in the first 3 years after knee
fracture, and the risk remains 1.6 times greater after 3 years
and throughout their lifetimes. Primary knee OA, surgical
treatment of knee fractures, external fixation, proximal
tibia fractures, and distal femur fractures are risk factors of
TKA. This is important because these risk estimates and
risk factors highlight the treatment burden of knee frac-
tures, building a foundation for future studies to further
counsel patients on their risk of undergoing TKA based on
patient-, fracture-, and treatment-specific factors.
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