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Abstract
Background: Total Joint Replacement (TJR) is the most effective treatment for patients with end-stage
joint pathologies, such as osteoarthritis (OA). However, this procedure can result in prosthesis failure,
consequently requiring an early revision. These revision surgeries come at a high cost to the healthcare
system and increase morbidity to patients. Therefore, it is crucial to identify factors associated with
revisions to inform surgical decision-making.

Methods: This study was a nested-case control study utilizing participants recruited in the he
Newfoundland Osteoarthritis Study (NFOAS), initiated in 2011. Study participants were patients who
underwent TJR (hip/knee) due to various pathologies, with OA accounting for a large proportion of cases.
Revision status was collected through a chart review on the Eastern Health Meditech Health Care
Information System. Seventy-two variables collected by general health questionnaires and medical
reports were examined for associations with revisions.

Results: A total of 1086 patients were recruited in the study; 810 patients were included (41.5% hip and
58.5% knee) in the �nal analysis; 30 of them underwent revision surgery. Seven factors were identi�ed to
be associated with revision status (number of live births, hysterectomy, hypertension, lateral epicondylitis,
back pain that radiates to legs, more than �ve comorbidities, and the surgeon; all p<0.05). Of these
variables, patients requiring revisions were more likely to have had lateral epicondylitis or their primary
surgery conducted by the surgeon coded E5. In contrast, non-revision patients were associated with more
live births, more than �ve comorbidities, hysterectomy, hypertension, or back pain that radiated to their
legs.

Conclusions: Our data suggested that surgeon and patients' health factors were associated with the odds
of requiring revision surgery. Therefore, patients' risk of revision surgery could theoretically be calculated
prior to TJR, better informing patient treatment decisions.

Background
Total hip and knee replacement surgery resides as two of the most common inpatient surgeries
conducted in Canada and worldwide(1, 2). With over 130,000 hip and knee surgeries performed in
Canada during 2018–2019, the demand of these procedures increased over 20% in the past �ve years
resulting in a 1.4 billion dollar cost nationally(3). This trend is multifactorial. Firstly, TJR has become a
safe and effective treatment for highly debilitating joint pathologies such as osteoarthritis (OA). This is in
part due to evolving technologies for implants, fellowship programs dedicated to hip and knee
arthroplasty, and national registries providing evidence for quality improvement(4). Secondly,
demographic factors such as a growing older population and increasing prevalence of obesity are risk
factors that contribute to the growing incidence of OA(5).

Ideally, these arthroplasties should last 15–20 years before requiring a revision, however, early prosthetic
revision is a well-recognized complication of these procedures(6, 7). An early revision can be de�ned as
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any prosthetic replacement that takes place before the estimated longevity of the prosthetic. The interval
of time used to de�ne an early revision is highly variable, depending on the joint registry or report one
subscribes to. Early hip and knee revision surgery has been reported to occur in 2.2% and 1.9% of patients
respectively, when early is de�ned as before 2-years(1). These surgeries not only represents a large
expense to the healthcare system, costing 1.4–1.6 times more than the primary procedures, but also
imposes increased morbidity and risk to the patients that endure them(1).

As the number of total joint replacements (TJR) performed annually continue to increase, the number of
revisions required and their cost to the healthcare system will grow as well. Therefore, it is crucial that the
utilization of these procedures is guided by an evidence-based approach. Identi�cation of patient factors
that contribute to the risk of requiring an early revision will allow clinicians to appropriately inform
patients of risk, optimize surgical decisions, and monitor patients postoperatively. Therefore, the aim of
this study was to examine the epidemiological factors of TJR revision surgery in a well-established TJR
patient cohort.

Methods

Study Participants
This study was a retrospective nested case-control study conducted as part of the Newfoundland
Osteoarthritis Study (NFOAS), which was initiated in 2011(8). Participants were recruited from those
undergoing TJR at St. Clare’s Mercy Hospital and Health Science Centre General Hospital in St. John’s,
Newfoundland and Labrador (NL), Canada. The study recruited 1086 patients who underwent total knee
or hip replacement surgeries between November 2011 and September 2017 largely due to OA with a
small number of patients due to other joint diseases. Patients of all disease aetiologies were included in
the current study. Joint revision was de�ned as requiring a staged or full replacement of the prosthetic
after undergoing total joint replacement. Revision status was collected through a chart review of patients
on the Eastern Health Meditech Health Care Information System. The accuracy of revision status was
valid up to and including June 7th, 2021. The study was approved by the Health Research Ethics
Authority of Newfoundland and Labrador (HREB # 2011.311), and written informed consent was
obtained from all participants. All methods were performed in accordance with the relevant guidelines
and regulations of this authority.

When enrolled into the NFOAS, patients were requested to �ll out an extensive general health
questionnaire pre-surgery. The questionnaire was split into �ve sections which included demographics,
occupation, medical history, nodal status, and family history of OA. This questionnaire included 84
questions of which some had multiple parts. Questionnaire data was self-reported and converted into
electronic format from hard copy and con�rmed by a second researcher. For questions regarding medical
history patients were instructed to only report conditions that were given by a doctor or other health
professional. Information on patients’ multisite musculoskeletal pain (MSMP) was collected using a
simple questionnaire where patients were asked to circle sites of pain on a manikin (Supplementary
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Fig. 1), and the total number of pain sites was summed. Patients were considered to have MSMP if they
had seven or more sites of pain, consistent with other studies(9, 10). Patients’ age, height, and weight at
surgery were collected from electronic medical records. In cases where TJR was indicated due to trauma,
weight and height were not consistently measured pre-operatively. In these cases BMI were either left
blank or a measurement close to the surgical date was reported.

Statistical Methods
Data underwent a quality control procedure prior to �nal analysis. Patients were excluded from analysis if
they did not complete the questionnaire or surgical data (revision status, surgeon, or type of implant
used) was missing or incomplete. Questions were excluded from analysis if the answer was not
categorical or numerical (i.e. if the answer was a text box), as analysis of those variables was not
possible. As many of the reported cancers and cardiovascular disease were reported in low numbers, two
merged variables, cancer (breast cancer, colon cancer, melanoma, basal cell carcinoma, squamous cell
carcinoma, and other reported cancers) and cardiovascular disease (congenital heart disease, coronary
heart disease, myocardial infarction, angina, stroke, deep vein thrombosis, and varicose veins) were
created. For quantifying co-morbidities all diseases reported in the general questionnaire were included in
this analysis (Supplementary Table 1). For individual variables, patients were excluded from analysis if
they left a question blank or reported the variable as unknown. Patients were also excluded from the
analysis for factors that were not relevant to them (male patients were excluded from exclusively female
questions such as menopause, and patients who did not suffer from back pain were excluded from the
analysis of back pain that radiated to either leg).

Associations between each variable and revision status was assessed utilizing the appropriate
univariable statistical test. Given some variables had one category with a large proportion of patients
(reason from primary, hip prosthesis type, and knee prosthesis type), for these variables the category with
highest proportion of revisions was compared to the others to give the highest probability of detecting a
signi�cant difference. When analysing the variable of surgeons who conducted the primary replacement,
surgeon E6 and E5 both had high incidence of revisions and were compared separately to the other
surgeons’ revision proportions. Normality of distribution for continuous variables was tested with the
Shapiro-Wilk test. The Mann-Whitney U test was used to compare non-normally distributed continuous
variables. Chi-Squared or Fisher’s exact test were used to test categorical variables. All results were
analyzed using IBM SPSS Statistics Version 27 with a signi�cance level de�ned as α = 0.05. No correction
for multiple comparison was used as all factors included in this analysis are not random but instead are
observations in nature; thus, not using a multiple testing correction would lead to fewer interpretation
errors and open up more potential for important �ndings(11).

Results

Descriptive Statistics
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A total of 1086 patients were recruited in the study, 276 were excluded because of missing data on
general questionnaire or revision status. 810 patients were included in the �nal analysis (41.5% hip and
58.5% knee), of which 30 (40.0% hip and 60.0% knee) were �agged for requiring a revision surgery
(Fig. 1). Mean time elapsed between surgeries for the revision group was 2.5 ± 2.2 years (Table 1). The
primary reason for revision surgery was infection (33.3%), followed by persistent pain (26.7%), aseptic
loosening (13.3%), periprosthetic fracture (6.7%), and others (20%) (Table 2). Patients not requiring
revision surgery (n = 780) acted as the control group and were not found to signi�cantly differ in age, sex,
or BMI from revision patients (Table 1). While our sample was composed of slightly more female patients
(56.9%), this was not statistically signi�cant (Table 1). The majority of the patients suffered from OA
(82.1%), the remaining aetiologies included fracture (9.4%), in�ammatory arthritis (4.1%), osteonecrosis
(4.0%), and others (0.5%) (Table 1). We found no signi�cant difference between revision groups when
comparing OA to all other aetiologies combined (Table 1).

Table 1
Overview of study sample demographics and group comparisons, n = 810.

Demographics Revisions (n = 
30)

Non-revisions (n = 
780)

P-
Value

Mean Age Years (± SD) 63.3 ± 9.1 65.8 ± 10.2 0.220

Sex (% for females) 56.7 56.9 0.952

Mean BMI (kg/m2 ,±SD) 33.7 ± 6.3 32.8 ± 7.3 0.608

Mean Time Elapsed Between Surgeries (± 
SD)

2.5 ± 2.2 N/A N/A

Reason For Primary      

Osteoarthritis 25 640 0.793*

Osteonecrosis 3 29  

Fracture 1 75  

In�ammatory Arthritis 1 32  

Other 0 4  

*When compared to all combined other aetiologies.
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Table 2
Reasons for TJR revision surgery.

Reason For Revision Frequency Percentage

Infection 10 33.3%

Persistent Pain 8 26.7%

Aseptic Loosening 4 13.3%

Fracture 2 6.7%

Other 6 20.0%

Factors Associated with Revision Surgery
We tested seventy-two variables (full list of the variables is provided in Supplementary Table 2) for
association with the requirement of patients to undergo an early revision surgery. Of these variables
seven factors were found to be signi�cantly associated with revision surgery (Tables 3). Patients having
hypertension, more than �ve comorbidities, back pain that radiates to either leg, greater number of live
births, and hysterectomy were associated with less likelihood of undergoing an early revision surgery
whereas patients having lateral epicondylitis and receiving the primary surgery by surgeon E5 were
associated with a higher risk of requiring revision surgery (Table 3; all p < 0.05).
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Table 3
Factors found to be signi�cantly associated with revision status (p < 0.05).

Variable Groups Compared OR CI P-
value

  Revisions1 Non-revisions2      

Number of live births* 1.73 (CI 0.70–
2.77)

2.90 (CI 2.70–
3.11)

N/A N/A 0.007

Hysterectomy# 17.6% 44.5% 0.269 0.076–
0.948

0.029

Lateral epicondylitis ## 29.6% 9.9% 3.845 1.622–
9.116

0.005

Hypertension# 37.0% 58.3% 0.420 0.190–
0.931

0.028

Back Pain That Radiates to
Either Leg##

16.7% 65.6% 0.105 0.023–
0.486

0.001

More Than Five Comorbidities# 7.4% 24.8% 0.242 0.057–
1.034

0.038

Surgeon E53,## 36.0% 18.3% 2.507 1.083–
5.802

0.036

Other Surgeons (Excluding F6)4 72.7% 81.7% Reference

Statistic methods included Mann-Whitney U-test (*), Chi-Squared test (#), and Fisher’s exact test
where appropriate (##). OR, Odd ratio; CI, 95% Con�dence interval.

1n = 12–27, 2n = 323–689, 3n = 134, 4n=573.

Given the expected association between number of live births and hysterectomy, we tested and found
that a greater number of live births were signi�cantly associated with having a hysterectomy in our data
(p = 0.001). To elucidate any difference within the revision group (n = 30) sex, age, and BMI were
compared between hip vs knee patients with no signi�cance between joint site found. Sub-group analysis
was also preformed between the top two reasons (representing 60%) for revision surgery (infection vs
pain), with no signi�cance found for sex, age, or BMI. Lastly, we found no signi�cance for sex, age, BMI,
or reason for revision surgery when comparing very early revisions (< 2 years; 56.6%) to revisions
occurring at 2 years or later (43.3%).

Discussion
The literature is constantly growing on the association between patient, surgical, and healthcare factors
in relation to hip and knee revisions. Since most of these studies have been conducted utilizing joint
registry data, they are restricted to variables recorded in registries. These registries rarely track patient
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characteristics, while other studies have limited patient-focused variables in favour of surgical and
prosthetic variables. Our study evaluated seventy-two variables, most of which focused on patient
lifestyle and healthcare factors. This allowed for a broad analysis of the in�uence of patient
characteristics on early TJR revisions, representing an important addition to the existing literature.

In this study, we found that the primary reason for revision surgery was prosthetic joint infection. This
�nding was consistent with national reports that showed over 30% of total joint revisions were due to
infection(1). The demographics of our study also matched closely to what was observed in national
reports. Where females represented 53.7% and 60.2% of hip and knee replacements respectively, and the
median age ranged from 67–68 years(1). Surprisingly, we found BMI was not associated with revision in
our study, whereas other studies have reported a relationship between elevated BMI and early revisions(2,
12, 13). One explanation for this could be that our sample population had an higher mean BMI (over 30
kg/m2) with less variability compared to other studies(2, 12, 13). Furthermore, our study found that age
was not associated with increased odds of a patient having to undergo revision surgery. Current literature
is inconsistent on the impact of age on revisions status. In one Canadian report, age was found not to
differ between early revisions and non-revision groups for hip and knee(1). However, two large registry
studies in the UK found that younger patients were more likely to require a revision due to infection(12,
13). This may suggest a population speci�c association. The fact that our study population was younger
than the UK studies(12, 13) might be another explanation.

Our data indicated that both the number of live births and hysterectomy were associated with reducing
risk of undergoing revision surgery. Interestingly, our data also showed that the likelihood of a
hysterectomy increased with more live births. This is not surprising given that emergency hysterectomies
are performed to manage life-threatening hemorrhage after a caesarean or vaginal delivery. One
systematic review found that multiparity accounted for 87% of emergency peripartum hysterectomies
worldwide (14). Thus, our observation in the current study might represent the same potential
mechanism. However, the negative association with TJR revision surgery necessitates further
investigation.

Our study found that patients having hypertension, back pain that radiates to either leg, or more than �ve
co-morbidities were less likely to undergo revision surgery. This represented an interesting �nding given
the overwhelming evidence that co-morbidities are a risk factor for revision surgery(1, 15). Patients with
co-morbidities are complex and high-risk surgical candidates, having longer lengths of stay in hospital,
higher risk of readmission, and increased risk of mortality(16). Combined with the advanced age of our
study population, this may have represented a relative contraindication for revision surgery in our study
and explain the reduced revision rate. However, we recognized that this is a complex variable to interpret
and highly dependent on the co-morbidities incorporated into the analysis.

Back pain that radiates to either leg represents a non-speci�c variable for sciatica and chronic pain.
Therefore, it could be postulated that these patients were managed with pharmacologic therapy for their
chronic pain and were unlikely to report pain after TJR. Given pain is a clinical indication of a failed
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prosthetic, this may explain its association with non-revisions. Furthermore, a large meta-analysis
discovered hypertension was not associated with the risk of periprosthetic joint infection(2). While our
study and others report infection as the leading cause of revisions, it does not account for over 60% of
indications for revision(1). Our study included all indications for revision surgery which may explain the
difference.

While patient activity level was not collected in this study, lateral epicondylitis can be interpreted as a
surrogate variable for activity. Patients that reported lateral epicondylitis are likely to have manually
intensive occupations or increased athletic activity(17). Therefore, this �nding could suggest a link
between activity level and revision rates. We found that one surgeon coded E5 had a high volume (16.5%)
of TJR and a statistically higher proportion of revisions compared to other surgeons. This is in contrast to
previous reports that higher surgery volume contributes to lower or no difference of revision rates (3, 12,
14). This �nding can likely be attributed to the individual surgeon’s practice and not a generalizable
association.

Observational cohort studies such as this come with inherent bias and limitations. However, when
analysing cases of TJR revisions that occur infrequently; these studies provide important insight for
further research. One limitation of this study is the low power due to a limited number of revisions. Given
the low rate of revision surgery, large recruitment of TJR patients is needed to obtain more revision cases.
However, due to logistical reasons this typically means fewer variables are collected on patients.
Additionally, hip and knee replacements were combined in our analysis to boast the quantity of revisions
and while they are similar, they also have differences. For example the second common reason for hip
revision is periprosthetic fracture, while for knee it is prosthetic instability(1). However, on subsequent
analysis we did not �nd a difference in the demographics of revisions when comparing hip to knee.

In summary, to our knowledge, this is the most extensive study examining patient factors associated with
revision surgery for knee or hip arthroplasty. For which we found seven out of seventy-two factors to be
associated with revision status. Additionally, our case group was found to be homogenous with no
distinct differences found within revision patients. It is key to note that the variables found to be non-
signi�cant also provide value to existing literature. While some of these variables may have been
underpowered in our analysis, indicated by their signi�cance reported in other studies. They still provide
evidence of factors that are unlikely to be associated with early TJR revisions.

Conclusions
To conclude, our �ndings suggest that patients' health factors are associated with the odds of requiring
revision surgery and are largely consistent with the existing literature. Therefore, patients' risk of revision
surgery could theoretically be calculated prior to TJR, better informing patient treatment decisions. Given
the rare occurrence of TJR revisions, retrospective studies such as this one are critical for ascertaining
what patient, surgical, and healthcare factors are associated with negative outcomes. Future large-scale
prospective studies are needed to determine if these factors are predictive of TJR outcomes.
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Figure 1

Flow chart for sample selection. 
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