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A B S T R A C T

Objectives: Falls occur frequently in patients with impaired ambulation and may
dramatically affect the elderly population. Aim was to document the incidence of falls in knee osteoarthritis (OA) patients undergoing total knee arthroplasty (TKA),
and to identify factors and treatments that may influence the risk of falls.
Methods: A systematic literature search was conducted on three medical electronic databases, PubMed, PeDRO, and Cochrane Collaboration. The Preferred Reporting
Items for Systematic Reviews and Meta-analysis guidelines were used. Risk of bias analysis and best evidence synthesis were performed. The main aspects related to
falls were analyzed: prevalence, risk factors, correlation with clinical outcome, effect of treatments.
Results: The systematic review identified 11 papers on 1237 patients. Pre-operative fall prevalence ranged from 23% to 63%, while post-operative values ranged from
12% to 38%. Moderate evidence was found on no influence of clinical scales, no BMI differences between “faller” and “non-faller”, and on influence of limited pre-
operative range of motion. Conflicting evidence was found for sex, history of previous falls, age, kyphosis, muscle weakness, fear of falling, depression, balance, gait
impairment. No evidence was found for the effectiveness of surgical or rehabilitative strategies on falls reduction.
Conclusions: OA patients undergoing TKA are at high risk of falls, which is reduced but still present after surgery. Although some risk factors were identified, there are
no studies demonstrating the possibility of reducing the incidence of this deleterious event, which warrants further research efforts to better manage this fragile
population of elderly patients.

1. Introduction

Knee osteoarthritis (OA) is a common and debilitating chronic
condition with a rapidly increasing prevalence, due to active lifestyle
and the increasing life expectancy.1 Total knee arthroplasty (TKA) is a
frequent and effective procedure usually performed in patients with
end-stage knee OA.2 Significant advances in the type and quality of
current implants allowed many patients to benefit from knee ar-
throplasty resurfacing, especially the aging population.3 It has been
estimated that the demand for TKA will rise by 673%, reaching 3.48
million procedures by 2030 only in the United States. Analogously,
revision TKA is estimated to increase by 601%.

Joint replacement generally provides pain relief, improves physical
function and quality of life. Conversely, the effect on the risk of falls is
not well established, especially in elderly patients with functional gait
impairments.4 Falls may dramatically affect elderly patients, with a
significant impact on life expectancy.5 TKA affects proprioceptors,
neuromuscular control, and joint-related stability, which may influence

dynamic stability and risk of falls.
A crucial factor in ambulation is balance, a complex function

regulated different integrated systems, such as sensory inputs from
somato-sensory (proprioception), visual, and vestibular systems6 as
well as by muscles response capacity. Balance deficit has been identi-
fied as one of the key elements affecting activities in daily living.7 It has
been also found to be responsible for poor mobility and increased risk of
falls in knee OA patients, with more than 40% of all patients and 64% of
female patients reporting falls within a year.8 In this patients balance is
also influenced by knee instability, estimated in 60–80% of these pa-
tients.9 Moreover, OA patients undergoing TKA may present further loss
of balance control due to surgical tissue replacement but this might be
counteracted by an improvement in symptoms and joint function.10 In
this light, TKA impact on OA falling patients remains to be determined.
Since falls have the potential for serious morbidity and mortality in the
elderly population, it is important to determine how TKA influences
such deleterious events.11

Aim of this systematic review was to analyze the available literature
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on the prevalence of falls after prosthetic resurfacing, investigating
evidence quality on risk factors and treatments that may influence falls
in knee OA patients undergoing TKA.

2. Methods

A systematic review of the literature was conducted using the fol-
lowing string on three medical electronic databases, PubMed, PeDRO,
and Cochrane Collaboration: ((knee arthroplasty) OR (knee replace-
ment)) AND ((proprioception) OR (sensorimotor) OR (postural control)
OR (balance control) OR (falls) OR (risk of falls) OR (giving way)). The
Preferred Reporting Items for Systematic Reviews and Meta-analysis
(PRISMA) guidelines were used12 (Fig. 1).

First, articles were screened by title and abstract. The initial
screening was conducted using the following inclusion criteria: clinical
reports of any level of evidence, written in English language, with no
time limitation, on the occurrence of falls in patients affected by knee
OA undergoing TKA. In particular, falls were defined as unintentionally
coming to rest on the ground, or at some other lower level, and not the
result of a major intrinsic event such as a faint, stroke, or seizure, nor of
an overwhelming external hazard such as a hit by a vehicle.13 Exclusion
criteria were: reports written in languages other than English, non-
clinical studies, reviews, case reports, studies focusing on anesthe-
siology related falls. In the second step, the full texts of the selected
articles were screened to verify further exclusion criteria, according to
those previously described. Reference lists from selected papers were
also screened. Relevant data (type of study, n° of patients and

demographics, pre-post incidence of falls, follow-up, fall influencing
factors, correlation with clinical outcome, balance assessment, and in-
fluence of pre/post rehabilitation programs) were extracted and col-
lected in a unique database to be analyzed according to the aim of the
present study. Two independent authors performed the screening pro-
cess, study analysis, and data tabulation separately, and a final sum-
mary was obtained by consensus, with discrepancies resolved by dis-
cussion with a third reviewer (GdLF, DG, AF). The main aspects related
to falls in OA patients undergoing TKA were analyzed: prevalence, risk
factors, correlation with functional level, and effect of treatments.

2.1. Risk of bias assessment and evidence

Risk of bias was studied according to Cochrane Collaboration's tool
[REF] and Eijgenraam et al.14 two reviewers independently scored all
the selected articles with a list including two questions concerning se-
lection bias, four questions concerning information bias, and two
questions concerning confounding bias; they discussed their findings
and, if needed, asked a third reviewer for consensus. A low risk of bias
was defined as ‘yes’ to at least six out of eight questions and at least one
time ‘yes’ in each risk category (selection, information, and con-
founding bias). A moderate risk of bias was defined as ‘yes’ to at least
five out of eight questions and at least one time ‘yes’ in two of the risk of
bias categories. All other cases were considered as high risk of bias.

Finally a best evidence synthesis was performed using the algorithm
developed by van Tulder et al.15 and Eijgenraam et al.14 in order to
provide conclusions based on the best available evidence, since a meta-
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Fig. 1. The Preferred Reporting Items for Systematic Reviews and Meta-analysis (PRISMA) guidelines. Flow diagram explaining the process of identification,
screening, eligibility and inclusion of the studies.
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analysis could not be performed due to a lack of methodological
homogeneity. The following ranking of evidence levels was used: strong
evidence with two or more studies with low risk of bias and generally
consistent findings in all studies (≥75% reporting consistent findings),
moderate evidence with one low risk of bias study and two or more
moderate/high risk of bias studies or with two or more moderate/high
risk of bias and generally consistent findings in all studies (≥75%),
limited evidence with one or more moderate/high risk of bias studies or
one low risk of bias studies study and generally consistent findings
(≥75%), conflicting evidence with conflicting findings (< 75% of the
studies reporting consistent findings) (Fig. 2).

3. Results

The systematic review of the literature revealed a low number of
papers studying the correlation between OA patients undergoing TKA
and falls, with a growing interest in the last 5 years, when more than
two third of the articles were published.

The databases search identified 552 articles. After screening and
selecting abstracts according to inclusion/exclusion criteria, a total of
15 full-text articles were assessed for eligibility: 4 articles did not match
the inclusion criteria and were further excluded, resulting in a total of
11 papers used for the analysis. The selected articles analyzed a po-
pulation of 1237 patients, including 345 females and 716 males (in 2
studies sex was not specified), with age ranging from 43 to 88 years.
Study analysis showed heterogeneous evaluation approaches, with pa-
tient characteristics assessed with several clinical scales (WOMAC, GDS,
MEFS, JKOM, PASE, CES-D, SF-36, HFRM II) and different clinical tests
(TUG, ABC, ROM, gait analysis). Details of the included studies are
summarized in Table 1, while the main aspects related to falls in OA
patients undergoing TKA are reported and summarized in the following
paragraphs.

3.1. Falls prevalence in OA patients undergoing TKA

Falls rate was quantified in 10 out of 11 studies5,16–24; pre-op-
erative prevalence ranged from 23% to 63% while post-operative va-
lues ranged from 12% to 38%. Furthermore, 3 out of these 9

studies18,20,22 investigated the effect of TKA on both pre and post-sur-
gery rate of falls; only 1 study found a statistical correlation between
surgery and changes in falls rate, with 41% of patients considered
“fallers” who stopped falling after TKA. On the other hand, 10% of
“non-faller” patients became “frequent-faller” after surgery.22 Falls rate
was also evaluated over time post-operatively in 2 studies: the study of
Swinkles et al. recorded a higher fall rate in the first quarter of the first
year after surgery22; the study Riddle et al. reported a consistent fall
rate up to 9 years post-surgery, with a prevalence ranging from 15% to
23% for females and from 8% to 13% for males.17

3.2. Risk factors of falls for TKA patients

Factors influencing patients' falls after TKA were explored in 7 out
of 11 studies. These identified a statistical correlation with a higher risk
of falls in 6 out of 7 papers.5,18,20,22,25 History of previous falls before
surgical intervention and functional impairment were the most frequent
elements influencing patients' falls post-surgery. In fact, in 2 studies
authors noted a higher rate of falls after TKA significantly correlated to
a higher pre-operative rate of falls,18,22 and to a limited pre-operative
range of motion in other 2 studies.5,21 Other mentioned risk factors
were: demographic characteristics (advanced age), personal factors (the
fear of falling), and the presence of comorbidities (diabetes, heart dis-
ease, sight impairment, gait impairment and kyphosis).

3.3. Correlation with functional level

Functional assessment was used in 4 articles to identify further risk
factors. Among these, only 1 study found a statistical correlation,
showing that patients with a lower pre-operative WOMAC score fell
more frequently than those with better pre-operative scores. Patient
balance was investigated in 3 out of 11 studies with different assess-
ment methods like ABC, TUG, MFES, BBS, and single leg standing test.
Among these, only 1 study showed a correlation between lower pre-
operative ABC score and a higher rate of falls after surgery.

No articles were found investigating treatments to address the
number of falls in knee OA patients undergoing TKA.

Group Determinants N° of 
studies

Significant 
associa on

No significant 
associa on

Best evidence 
synthesis

Pa ent-related 
factors Female sex 2 LR[22] HR[17] Conflic ng 

evidence

BMI(fallers/non-fallers) 2 HR[21]           

MR[18]
Moderate
evidence

Older age 3 MR[18]

LR[22] HR[17] Conflic ng 
evidence

History of falls 3 MR[18]

LR[22] MR[17] Conflic ng 
evidence

Func onal 
status Kyphosis 2 MR[5] HR[21] Conflic ng 

evidence

Balance 3 LR[22] HR[21]

MR[20]
Conflic ng 
evidence

Muscle weackness 2 MR[18] HR[21] Conflic ng 
evidence

FOF (fear of falling) 2 MR[18] MR[5] Conflic ng 
evidence

Depression scales (GSD) 2 LR[22] HR[21] Conflic ng 
evidence

ROM ( range of mo on) 2
HR[21] 

MR[5]
Moderate 
evidence

Gait impairment 2 MR[25] HR[21] Conflic ng 
evidence

Clinical scales 5 LR[22] HR[5;17;21] 

MR[20]
Moderate 
evidence

Fig. 2. Risk of bias and a best evidence synthesis based on the algorithm developed by van Tulder et al. and Eijgenraam et al.
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3.4. Risk of bias and best evidence assessment

The 7 papers studying falls correlated factors in patients undergoing
TKA were also qualitatively evaluated. More in detail, 57% of the stu-
dies showed a medium risk of bias related to selection, information and
confounding bias, while 29% showed a high risk of bias mostly related
to selection and information, and 14% a low risk of bias related to se-
lection bias.

Evident heterogeneity of the studied population and of the outcome
measures was not appropriate to conduct a meta-analysis. Thus, qua-
litative analysis was performed, according to the best evidence synth-
esis principle. No strong evidence was found. Moderate evidence was
found for the influence of limited pre-operative ROM on falls, on no
BMI differences between “faller” and “non-faller” patients and for no
influence of worse clinical scales on falls. Conflicting evidence was
found for sex, history of previous falls, age, kyphosis, muscle weakness,
fear of falling, depression, balance and gait impairment. No evidence
was found for the effectiveness of surgical or rehabilitative strategies in
terms of reduction in the number of falls, with an agreement of 100%
between the two reviewers.

4. Discussion

The main finding of this systematic review is that OA patients un-
dergoing TKA are at high risk of falls, which decreases but is still per-
sistent after surgery. Moderate evidence was found on no influence of
clinical scales, on no BMI differences between “faller” and “non-faller”
patients, and on the influence of limited pre-operative range of motion
on falls after TKA. Although some factors influencing the risk of falls

were identified, there are no studies demonstrating the possibility to
reduce the incidence of this important event after TKA.

TKA is a valid end stage OA treatment aiming at avoiding pain and
restoring function. However, while symptoms are improved, little is
known about the recovery of proprioception, neuromuscular control,
and joint-related stability. Patients frequently present a loss of balance
control and proprioceptive ability that can be followed by a lack of
confidence after surgical intervention.10 Moreover, asymmetric gait
patterns, postural sway, and augmented forward trunk movement can
be associated with increased balance difficulties and risk of falls,
especially in the early post-operative period.26 During TKA, the re-
placed knee is deprived of a variety of proprioceptors, which are re-
sected (ligaments, menisci, etc.). Therefore, in the replaced knee pos-
tural control regulated by oscillation of the joint cannot be able to reach
a threshold detectable by sensory receptors.27 Residual functional def-
icit has been observed up to 7 years after TKA, with remarkable im-
pairments (i.e. postural stability, walking speed, stair ascent/des-
cent).28 Moreover, decreased muscle strength and compensatory
movement strategies after surgery can negatively influence sensory and
mechanical function of the joint. These factors contribute to cause a
high risk of falls, with a significant impact on society, especially in the
ageing population. On the other hand, TKA reduces symptomatology
and increases the overall function, which could counteract the in-
creased risk of falls. In this light, balance control and patient stability
should be considered as key aspects of OA patients undergoing TKA.

To this regard, this systematic review underlined interesting find-
ings. While the overall failure rate was reported to decrease after sur-
gery, falls remain a frequent and dramatic event. The early recovery of
mobility and the compensation of the extra-capsular proprioceptors are

Table 1
Table summarising structural details of the included studies.

Article Type of study No. pts
Sex
Age, mean
(range)

Follow-up
(months)

Falls prevalence
Pre-Post

Risk factors Correlation with functional
level

Webster K
J Aging Phys Act 200623

N.S. 36
20M, 16 F
72

N.S. 13% N.S. N.S. N.S.

Swinkels A
AgeAgeing 200922

Prospective 118
46M, 73 F
73 (69–78)

12 24% 12% Gender (F > M)
Age
History of falls pre-op
GDS (higher score)

ABC (lower score)
WOMAC (lower score)

Yakhdani HR
Clin Biomech 201025

N.S. 16
5M, 11f
62

12 N.S. N.S Gait impairment N.S.

Matsumoto H
AOTS 201221

Prospective 74
8M, 66 F
76 (60–88)

12 33% N.S. Eyes problems, diabetes, cardiac
disease,
ROM deficit (knee and ankle)

N.S.

Swinkels A
Physio Theory Pract
201320

Observational 22
6M, 16 F
75

9 23% 17% N.S. N.S.

Matsumoto H
Yonago Acta Med 20145

Retrospective 81
7M, 74 F
79

N.S. N.S. 38% Kiphosys
ROM deficit (knee)

N.S.

Smith TO AOTS 201619 N.S. 165
69M, 96 F
68

12 26% N.S. N.S. N.S.

Tsonga T
Open Orthop J 201618

Prospective 68
11M, 57 F
73

12 63% 22% FOF (pre op), Age (> 65 years)
History of falls pre-op
Muscle weakness

N.S.

Tsonga T
J Ortho Surg 201624

N.S. 68
11M, 57 F
73

N.S. 63% N.S. N.S. N.S.

Riddle DL
Age Ageing 201617

Prospective 413
162M, 251 F
64 (45–79)

108 32% N.S. N.S. N.S.

Levinger P
Arch Orth Trauma 201716

Prospective 176
115M, 128 F
68

12 34% N.S. N.S. N.S.
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inadequate to abolish the risk of falls,29 as shown by the results of this
systematic review. Moreover, new falls were observed in people pre-
viously considered as non-faller.22 This makes the identification of
specific populations and factors, which may expose TKA patients to the
risk of falls, of paramount importance.

The analysis of the available literature highlighted different aspects
influencing patients' falls. Some of the reasons believed to be re-
sponsible were: demographic aspects (i.e. age), clinical impairment (i.e.
eyes problem, cardiac disease, or diabetes), and functional impairment
(i.e. muscle weakness, reduced ROM, gait impairment, and balance
control). On the other hand, the best evidence synthesis analysis could
identify mainly conflicting or limited evidence findings and could just
preliminary highlight specific populations that may be exposed to a
higher risk of falls. Moderate evidence was found on no influence of
clinical scales and on the influence of limited pre-operative range of
motion, on no BMI differences between “faller” and “non-faller” pa-
tients. Despite functional improvement and pain relief provided by
TKA, especially in patients with the aforementioned risk factors, falls
and the risk of tremendous consequences like periprosthetic fractures
and death remain a major problem. To this regard, many aspects remain
unsolved and controversial, such as the lack of proper scores or scales
with predictive values for identifying subjects at risk of falling.30

Falls are the consequence of many different factors and the proper
strategy to avoid them is still missing. Several authors addressed the
influence of the surgical technique without focusing directly on the
correlation with the number of falls, but rather on proprioception im-
pairment. Some authors stated that reloading of lax collateral tissues at
the time of surgery can adequately restore joint alignment and ‘joint
space height’, improving the sense of position.31 Moreover, soft tissue
balance has been shown to be a crucial factor, in fact, differences in the
tension of the medial and lateral collateral structures could be per-
ceived as varus or valgus movement of the leg that could lead to an
antagonistic and corrective action from hamstring and quadriceps
muscles, hence affecting knee post-operative proprioception.32 Dif-
ferent types of surgical approaches (posterior stabilization versus pos-
terior cruciate ligament retained), nor the addition of a patellar (pros-
thetic) component showed contradictory findings on their influence on
balance, proprioception, and risk of falls.10,33 Other authors have in-
vestigated the influence of rehabilitation that could play a key role for
lowering the risk of falls by implementing balance control. Training
programs usually contemplate both static and dynamic tasks addressed
at muscular strengthening, improvement of proprioception and bal-
ance34 for the achievement of movement and weight distribution
symmetry, also via the use of biofeedback.35 While these elements are
common in many rehabilitative treatments, no standard protocol or
evidence are currently available on falls prevention exercises after TKA.

Literature presents important limitations that need to be addressed,
including the low number of studies, the low quality of their design, and
the small number of patients. Moreover, it is not possible to draw a
clear conclusion due to the heterogeneity of the methods for patient's
evaluation and many different aspects about patients' balance control
and risk of falls have yet to be understood. Despite the aforementioned
limitations, hampering the feasibility of a meta-analysis, important in-
dications are still offered. By acquiring reliable and comparable results
with clearly stated eligibility criteria and by summarising findings in a
standardized way, conclusions based on the best available evidence
could still be drawn. Different factors have been suggested to affect
patients' falls, highlighting that knee OA in patients undergoing TKA
has to be considered not merely as a joint related disease but as a whole
in its functional and clinical impairment and its interplay with visual
and vestibular components. On the other hand, by taking risk of bias
into account, a best evidence synthesis underlined mainly conflicting
evidence for prognostic factors, showing that different scales are
needed, since the existing ones are not specific to predict or prevent
falls. Further research is needed to identify specific risk factors and
treatments for patients' management before and after surgery in order

to minimize the risk of falls and deleterious consequences, in this fragile
population of elderly OA patients undergoing TKA.

5. Conclusions

The systematic review of the literature documented that OA patients
undergoing TKA are at high risk of falls, which is reduced but still
present after surgery. Although some risk factors were identified, taking
risk of bias into account a best evidence synthesis underlined mainly
conflicting evidence for prognostic factors, and there are no studies
demonstrating the possibility of reducing the incidence of this dele-
terious event. This warrants further research efforts to better manage
this fragile population of elderly patients.
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