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* The study investigated the existing guidelines on the quality and frequency of the follow-up
visits after total hip replacement surgery and assessed the level of evidence of these

recommendations.

* The review process was carried out according to the Preferred Reporting Items for
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Systematic Reviews and Meta-Analyses guidelines. Additional works were retrieved by direct
investigation of the available guidelines of the most important orthopedic societies and

regulatory agencies.

e The current systematic review of the literature resulted in zero original papers, four
guidelines for routine follow-up and three guidelines for special cases. Concerning the
quality of evidence behind them, these guidelines were not evidence based but drafted

from expert consensus.

* The most important finding of this review is the large variation of recommendations in the
follow-up schedule after total hip arthroplasty and the lack of evidence-based indications.

Indeed, all the above-reported guidelines are the result of a consensus among experts in
the field (level of recommendation class D ‘very low’) and not based on clinical studies.
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Introduction

Total hip arthroplasty (THA) is one of the most frequent
and successful surgeries performed in the orthopedic
field, nevertheless, a clear consensus on post-surgical
management still lacks (1). The need to define a clear
protocol to manage patients after THA stems from a number
of reasons such as the early identification of complications
and the assessment of the right timing for a possible
revision surgery. The latter aspect ensues due to the fact
that prosthetic hip implants have a limited lifespan, which
a recent review by Evans et al. has estimated to be around
20 years for 75% of patients and 25 years for 56% (2).

The gap of knowledge that the present review attempts
to fill resides in the lack of clear indications regarding
the follow-up visits schedule after THA. Indeed, this
heterogeneity in terms of timing, number and nature
of the visits following the discharge from the hospital
still nowadays is not aligned with clear, evidence-based
indications (3).

The main aim of the follow-up visits is to detect the
asymptomatic failure of the hip prosthesis. The diagnosis

of asymptomatic failure can prevent extensive surgery
such as the full revision of the acetabular component
instead of the liner exchange to manage the wear and
complications such as periprosthetic fractures due to
severe bone reabsorption and/or gross loosening. If the
THA failure presents symptomatically, the patient either
self-refers (45%) or is referred by the general practitioner
(19%) or is referred from other hospitals (16%) or from
the emergency room (7.5%) (4). On the other hand, only
routine follow-up is able to identify the asymptomatic
failures and these account for 9% of the total amount of
failures (5). According to these data, the vast majority of
current revisions are late surgeries. However, early THA
revision surgeries (e.g. only revision of a worn-down liner)
can provide better outcomes with lower complication
rates because they can be a less extensive and non-acute
procedure. In fact, complex revisions of THA have been
found to cost up to 1.5 times more than the hospital
and physician resources of routine revisions (5). Another
reason behind performing routine follow-up is that the
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latter is able to identify not only asymptomatic failure but
also slightly symptomatic patients, which symptoms are
often not promptly correlated with the prosthetic implant.
In addition, the traditional follow-up with scheduled
outpatient visits represents an issue not only from the cost-
effectiveness point of view but also for patient compliance.
Indeed, only 61% of patients show up at follow-up visits at
1 year after surgery and that number drops even more at
2 years reaching 36% (6). This balance between the need
to identify asymptomatic (radiographic) failures of THA (i.e.
preventing more extensive revision surgery) and a cost-
effective medical practice results in a vast heterogeneity
regarding the proper schedule of follow-up visits after THA.

Materials and methods

The review process was conducted according to the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines (flow chart in Fig. 1)
(7). Literature research was carried out by two independent
authors (M Land F M G) through August 2020 on PubMed,
Google Scholar and Scopus databases with the following
Medical Subject Headings: follow-up and total hip
replacement. Additional information was retrieved from
most recent publicly available guidelines of orthopedic
societies and regulatory agencies such as the Food and
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Figure 1

PRISMA chart flow depicting the studies inclusion process after
careful literature review.
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Drug Administration (FDA), the Arthroplasty Society of
Australia (ASA), Scientific Committee on Emerging and
Newly Identified Health Risk (SCENIHR), British Orthopedic
Association (BOA), Medicines and Healthcare Products
Regulatory Agency (MHRA) and the National Institute of
Health 1997 (NIH), Netherlands Orthopaedic Association
2018, American Association of Hip and Knee Surgeons
(AAHKS) 2019 and the American Academy of Orthopedic
Surgeons 2017 (AAOS). In order to judge the relevance
of a study, the following inclusion criteria were adopted:
information from original papers, an orthopedic society
guideline or a regulatory agency recommendation, the
inclusion of information on duration and frequency of the
follow-up visits after THA and information in either English,
German or Italian language. As the systematic review of the
literature did not find any original paper, no quantitative
or qualitative assessment could be performed. Therefore,
only a qualitative analysis of guidelines retrieved from
orthopedic societies and regulatory agencies’ websites
was carried out. The latter was performed by means of the
Grading of Recommendations Assessment, Development
and Evaluation (GRADE).

Results

The current systematic review of the literature resulted in
zero original papers, four guidelines for routine follow-up
(8,9, 10, 11) and three guidelines for special cases such as
metal-on-metal (MoM) THA or small head size (5, 12, 13).
Concerning the quality of evidence behind them, these
guidelines were not evidence based but drafted from
expert consensus. Therefore, the level of recommendation
according to GRADE was of Class D (i.e. ‘very low’) (14).

Definition and content of follow-up

The typical surveillance program for THA includes
follow-up visits composed of an interview with an
orthopedic surgeon that performs a clinical assessment
and, by means of an imaging tool, also a radiological
assessment.

The inclusion of radiographic imaging during a routine
follow-up visit after THA has been a matter of debate since
it adds cost to the surveillance program. On one side, since
the use of patient-reported outcomes alone is not able to
assess a hip prosthesis state during a routine follow-up
visit, the hip X-ray is suggested (15). On the other side,
concerns on the ability of conventional radiographic
imaging to effectively recognize THA failure have been
raised (16). But even if plain radiography has some intrinsic
limitations for the diagnosis of THA failure, it remains the
first-step imaging technique and when inconclusive or
doubtful, it can be followed by a more accurate tool such
as a CT scan (17).
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A further aspect to be acknowledged concerns the
first visit after a THA procedure, since some guidelines
(11) define the latter as the first meeting between the
patient and the surgeon after the procedure typically
occurring after a few weeks when the wound check
and a general assessment are performed. Whereas other
guidelines (9, 10) do not include this meeting as part of
the follow-up schedule.

Current guidelines for routine follow-up

The systematic review of the literature and the content
of orthopedic societies websites demonstrated only
five clearly described recommended schedules of THA
follow-up visits. Large variability on the recommendation
forfrequency and duration of follow-up is present (Table 1).
For that matter, some guidelines only state that regular
follow-up visits are important but do not specify frequency
and duration during follow-up: the NIH consensus 1997
(18) and the AAOS guidelines 2017 (19).

Furthermore, three orthopedic societies recommend
a follow-up schedule based on a first visit within the
first year after the operation, followed by a second visit
around the seventh year and then a visit every 3-5 years.
These recommendations are from the BOA guidelines
2012 (10), the Netherlands Orthopaedic Association
2018 (9) and the Arthroplasty Society of Australia 2019
(8). The guidelines of the BOA are justified since the
majority of revision occurs 7 years after the first implant
and early detection of aseptic loosening may prevent
periprosthetic fracture. The latter has increased mortality
and costs associated with revision surgery in an acute
situation (20). Instead, the Netherlands Orthopaedic
Association guidelines present a similar rationale behind
their schedule of follow-up by underlining the risk of
missing asymptomatic silent osteolysis or loss of function,
which increases the risk of periprosthetic fracture
after an in-house fall with devastating consequences.
Finally, the Arthroplasty Society of Australia gives a
similar justification of their recommendation warning
orthopedic surgeons to be aware that despite most
aseptic loosening being symptomatic, some may
present with an insidious development, hence the need
for a clinical and radiological review of all THA in an

Table 1 Current guidelines for routine follow-up after THA.
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attempt to identify these ‘silent problems’ allows timely
intervention.

The AAHKS 2019 (11) suggests a similar protocol
compared to the three mentioned above, with a further
recommended visit at the fifth year from surgery.

Current guidelines for follow-up in special cases

In some guidelines, a general schedule of follow-up visits
(both frequency and duration) is missing, although precise
recommendations on radiographic follow-up exist for
high-risk patients (Table 2). This risk assessment is based
on both patient-specific and implant-specific factors.

For example, the FDA guidelines (21) suggest regular
follow-up visits (i.e. every 1-2 years) for MoM hip
implants with certain risk factors (i.e. bilateral implants,
the presence of small femoral heads (<44 mm), female
sex, patients receiving high doses of corticosteroids, with
evidence of renal insufficiency, with immunosuppression,
with suboptimal alignment of device components, with
suspected metal sensitivity, BMI >40 and patients with
high levels of physical activity).

While SCENIHR in 2014 (12) has released a statement
suggesting yearly follow-up visits for all patients with
MoM prostheses, small femoral head size and female
gender, in addition, it recommends performing blood
cobalt measurements (normal value range 2—7 ug/L) at
follow-up visits.

In the United Kingdom, the annual report of MHRA
2017 (13) recommends the need for a more stringent
follow-up schedule for MoM implants, younger patients
and more active patients. Even more, for these patients, it
is recommended to have an annual follow-up for the first
5 years then every 2 years until the tenth year and every
3 years thereafter.

As per the ASA guidelines (8), high-risk patients are
defined as all patients with newly designed implants with
limited long-term clinical results, younger patients, those
with MoM articulation and total hip implants with small
head sizes (<36 mm) (22). For these patients, follow-up is
recommended at yearly intervals with radiographs.

As for the latter, concerning new prosthetic implants,
most guidelines also suggest a more stringent schedule
of follow-up visits.: the BOA also recommends yearly

Source 1st visit 2nd visit 3rd visit 4th visit 5th visit 6th visit 7th visit
AAHKS 2019 (11) 2-3 weeks 6 weeks 3-6 months 1 year 5 years 10 years Every year
AOA 2006 (38) 3 months 1-2 years 10 years Every 2 years

ASA 2019 (8) 1-2 years 7-10 years Every 3-5 years

BOA 2012 (10) <1 years 7 years Every 3 years

NOA 2018 (9) 6 weeks 12 weeks 5 years

AAHKS, American Association of Hip and Knee Surgeons; AOA, Australian orthopaedic association; ASA, Arthroplasty Society of Australia; BOA, British orthopedic

association; NOA, Netherlands Orthopedic Association.
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Table 2 Distribution of patient- and implant-specific factors in the
current guidelines.

FDA ASA
1 2019(8) (12

SCENIHR  BOA MHRA
2012 (10) 2017 (13)

Patient-specific factors
Young X X
Female sex
Obesity
Sport
Corticosteroids
CKD
Immunosuppression
Metal sensitivity
Implant-specific factors

X X X X X X X

Metal-on-Metal X X X X
New prothesis X X
Small head size X X X

ASA, Arthroplasty Society of Australia; BOA, British Orthopedic Association;
CKD, chronic kidney disease; FDA, Food and Drug Administration; MHRA,
Medicines and Healthcare Products Regulatory Agency; SCENIHR, Scientific
Committee on Emerging and Newly Identified Health Risk.

radiographic follow-ups until the fifth year then every
2 years until the tenth year and then every 3 years.

Discussion

The most important finding of this review is the
large variation of recommendations on the follow-up
schedule after THA as well as the lack of evidence-based
recommendations of these follow-ups. Although, all
reported guidelines are the result of a consensus among
experts in the field (level of recommendation class D ‘very
low”) with a rationale on the recommendation but not
based on evidence from clinical studies.

Current guidelines do not recommend more than one
follow-up visit (including radiographs) within the first year
and one follow-up visit (including radiographs) between
2 and 10 years after surgery. Nevertheless, the assessment
of atemporal sequence of radiographs plays a critical role in
the early (asymptomatic) detection of failure of an implant.
Although the pathophysiology of aseptic loosening is not
completely understood, the main underlying mechanism
is represented at radiographs by periprosthetic osteolysis
induced by implant particles (e.g. liner wear). The latter
usually have a diameter ranging from 0.2 to 10 um (23),
which induces an inflammatory process involving a variety
of cells, eventually leading to aseptic loosening of the
implant. This process results in visible radiological signs
that the trained orthopedic surgeon can promptly identify
at a radiograph. The identification of these radiological
signs is facilitated when a temporal sequence of
radiographs of the patient (e.g. hip etc) are present. Hence,
the need of performing a schedule of regular follow-ups
including radiological imaging is needed to detect subtle
radiological changes. In particular, the temporal sequence
of radiographs is most important during the first 2 years
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after hip prothesis implantation, since most implant
migration occurs in this time window (24). This concept
is supported by Mjoberg who in his ‘theory of early
loosening of hip prothesis’ states that loosening is likely
to begin at an early stage due to either insufficient initial
fixation or an early loss of fixation (25). It should be noted
that migration at radiographs is measured with an (in)
accuracy of 4-12 mm. For that matter, radiostereometric
analysis (RSA) is a highly accurate method to determine
migration and wear of the prosthetic implant, with an
accuracy of 0.1 mm in three dimensions (26, 27). The
advantage of the highly accurate RSA technique is that
implants which are at risk for late failure can be detected
within 1-2 years of follow-up (28, 29, 30). Data from
these RSA studies on prosthesis migration within the first
2 years may support performing sequential radiographs
during this time window, in order to detect early aseptic
loosening. Nevertheless, further studies evaluating
evidence of the use of normal radiographs, preferably
using machine learning algorithms, are needed to support
the importance of sequential series of hip radiographies
for early detection of implant fixation problems.

Another interesting finding of this review is that a
more stringent follow-up was recommended in high-
risk patients, although each guideline defined ‘high-risk’
patients differently, making comparison difficult. The
latter may be responsible for some of the large variation
on the recommendation of follow-up visits after THA.
Patient-related variables which determine to some extent
timing of follow-up visits are younger age, female sex and
high activity sport level. Indeed, according to the ASA and
MHRA guidelines (8, 13), younger patients require a more
stringent follow-up, consisting of a yearly visit. While
implant-specific variables which are associated with the
timing of follow-up are the use of MoM prosthesis, the use
of new prosthesis and the small size of the femoral head.

The large variation of recommendations in the
follow-up schedule after THA observed by the current
study is reflected by the lack of recommendations among
the most relevant worldwide regulatory agencies in the
medical field. Indeed FDA (21), the European Medicines
Agencies (31) and the National Institute of Health and
Care Excellence (32) only stress the importance of
follow-up after THA without specifying its exact duration
and frequency.

In addition, the frequency of follow-ups after a THA
intervention is a matter that concerns the medical area
as well as the socio-economic one. Indeed, in order to
improve the efficiency of national healthcare systems, a
cost-effectiveness analysis strictly depends on regional,
economic and social aspects (33) therefore contributing
to the heterogeneity observed in the current study.

Already in late 90’, an attempt was made to improve
the cost-effectiveness of the radiographic follow-up
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visits for patients who had hip replacement surgery. It
was theorized that a system in which trained medical
staff would review routine radiographs in order to
decide if a face-to-face visit was needed. This system
would have allocated outpatient follow-up visits only
to patients at risk of THA failure. More recently, this
concept has been further developed in what has been
defined as the ‘virtual clinic’. This system determines
who should be offered a face-to-face appointment
based on routine radiographs and questionnaires
(Oxford hip or knee score), reviewed by a consultant
orthopedic surgeon (34).

To investigate the efficacy of the virtual clinic to detect
potential implant failure, a recent study compared
the traditional outpatient visits with radiographs and
questionnaires related to revision symptoms without
patient contact. The results showed a substantial
agreement between the two, especially for TKA (81%)
and to a lower extent also for THA (69%) suggesting
that the virtual clinic is a valid alternative to face-to-face
visits (35). A similar study that randomized THA patients
to either the traditional follow-up system based on
routine outpatient visits (including radiographs) or to a
questionnaire- and radiograph-based remote follow-up
found that no patients who had a potential failure were
missed by the remote follow-up (36). Recently during
the coronavirus disease 2019 pandemic, some surgeons
of BOA employed virtual follow-ups by using telephone
consultations for patients unable to attend their routine
THA postoperative visits. Although 63% of patients were
satisfied by the ‘virtual’ appointment, 75% of patients
would prefer to have their next appointments face-to-
face. The latter may be related to the population of 70
years and older and the unfamiliarity with technology
like electronic questionnaires. Although this may also
be related to accessibility and internet density, which
can be different between countries (37), it could not
be related to the confidence a physical examination
and face-to-face explanation give to a patient. The
latter also stresses the importance of general guidelines
which have to be patient specific. The main limitations
of this review are represented by the limited number of
guidelines and no clinical studies which report on the
topic of recommendation of radiographic follow-up
and the ambiguity of the definition of post-surgical
follow-up. For that matter, most guidelines do not
include the first visit after surgery as part of the schedule
of visits, which is in our opinion important in order
to compare subsequent future radiographs. Another
limitation stems from the study design of the current
review. In fact, after performing a systematic review of
the literature and retrieving zero original papers, we
could only analyze guidelines from orthopedic societies
and regulatory agencies.

Variations in FU schedule after 73 204
THA

Conclusions

* The follow-up schedule after THA is nowadays arbitrary
organized based on consensus among experts and not
on evidence.

e Current guidelines do not recommend more than two
radiographs 10 years after surgery.

* In certain guidelines, more stringent follow-up was
recommended in high-risk patients, but the definition
of ‘high risk” was very heterogeneous among them.

* Thereis a clear need to develop data-based recommen-
dations for clinical and radiographic follow-up after hip
replacement.
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