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Abstract

Purpose: total joint replacement is one of  the most
successful procedures in medicine and cost reimburse-
ments to hospitals for the joint arthroplasty diagnosis-
related group are among the largest payments made by
a Regional Health service. Despite the popularity of
these procedures, there are few high-quality cost-
effectiveness studies on this topic. this study evalua-
tes the cost of  total joint arthroplasty performed in a
district hospital. 
Methods: direct and indirect costs have been measu-
red and patient procedure pathway was analyzed sub-
divided into three stages: surgical procedure, inpatient
care and outpatient clinic. 
Results: the cost of  the surgical procedure stage was
calculated as 3,798 euros, while that of  the inpatient
stage was 2,924 euros. the mean hospital costs per
procedure amounted to 6,952 euros. 
Conclusions: although the Health service tariffs fully
reimburse the cost of  providing a joint replacement,
our data contribute to point out the role of  hospital
staff ’s organization to support sustainable improve-
ments on health care for joint replacement surgery.
Level of  evidence: Level Vi, single economic evalua-
tion.

Keywords: joint, arthroplasty, finance, hospital, disea-
se-related groups.

Introduction

Arthroplasties for the management of  hip and knee
arthritis are highly successful procedures (1). Patients
report pain relief  and improvements in function after
total joint arthroplasty (tJA) and the demand for tJA
is expected to increased substantially in the coming
years (2, 3). tJA is associated with costs to the health
system and utilization rates have been found to differ
between regions (4). Understanding the costs and
value of  care has become a focal issue for healthcare
providers (5, 6). it has been suggested,  in the Patient
Protection and Affordable Care Act (UsA, 2011), and
by some economists, that cost-effectiveness analysis
(CEA) may be an appropriate methodology for re -
source allocation (7, 8). CEA seeks to evaluate the
economics of  a healthcare intervention from the per-
spective not only of  extending life, but also of  impro-
ving its quality. However, financial analysis of  a proce-
dure has to be considered the first step, and the hypo-
thesis investigated in the present study was that reim-
bursement by the public Regional Health service
(RHs) can cover the entire hospital cost of   tJA in an
italian district hospital.

Methods

the costs and workload generated by primary joint
replacement were evaluated at the orthopedics and
trauma Department of  the  Fondazione san Raffaele
Giglio Hospital (HsRG). the following parameters
were measured in relation to yearly activity: personnel,
instruments, operating theater, implants, management
and financial costs. in detail, the gross costs of  tJA
(primary hip or knee replacement) were analyzed and
classified with reference to the patient procedure
pathway (PPP). the PPP comprises four stages: pre-
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admission clinic (PA), surgical procedure (sP), inpa-
tient care (iP) and outpatient clinic (oP). times,
equipment and costs were measured for the entire
pathway. the items taken into account in the different
stages were the following:
PA - orthopedic surgeon and physician evaluations,
chest X-ray and knee or hip joint X-ray examinations,
blood and urine tests, consultation with an anesthetist,
consent and clinical notes (any specialist consultations
and diagnostic tests performed following the detec-
tion of  co-morbidities were considered separately). 
sP - operating theatre sessions and surgical procedure,
prosthesis or implant, anesthesiologist treatments and
recovery.
iP - hospital admission, prophylactic drugs and chro-
nic pharmaceutical treatments, postoperative period,
start of  rehabilitation program and hospital discharge.
oP - clinical evaluation within two to five weeks of  the
surgery, X-ray within five weeks and prophylactic anti-
thromboembolic drugs for four weeks after surgery. 
in the financial analysis of  the PPP, costs were measu-
red in euros. the hospital pharmacy, which keeps a
register of  drugs and disposables, provided a list of  all
the equipment needed for tJA procedures. the hospi-
tal finance department’s supply office indicated the
prices of  drugs and medical devices, while the costs
for medical staff, nurses, administrative and technical
personnel were measured by the hospital finance
department’s personnel office. overall cost reports
were produced by the hospital finance department.
Direct and indirect costs of  general hospital supplies
were related to tJA procedures and analyzed for a 12-
month period. the orthopedic department prospecti-
vely measured costs and surgical activity for tJA pro-
cedures over a three-month period. the results were
evaluated in order to measure the average cost of  one
procedure within a hospital unit performing more
than 300 tJAs per year. Reimbursement by the RHs
for the code number 544, primary hip and knee joint
replacement, during the analyzed period was 8861.77
euros per procedure.

Results

the costs for drugs and disposables during the three
months of  the study related to 86 primary procedures:
40 hips and 46 knees. the surgical procedures were

performed by a single surgeon in a single operating
theatre. All the patients were evaluated in the PA. the
patients took an average of  3.7 hours in our outpatient
clinic to complete the PA stage. All received orthope-
dic surgeon, anesthesiologist and nurse consultations.
X-rays and ECG examinations were performed and
blood and urine samples were collected. no drugs
were administered. Fifteen patients presented co-mor-
bidities – vascular disease (n=4), cardiac disease (n=6),
diabetes (n=3) and respiratory disease (n=2) – and
required specific evaluations. the costs of  PA, relating
to clinical evaluations, note taking, tests and indirect
costs, were evaluated to be 115 euros per patient.
Patients were admitted to hospital in the afternoon of
the day before the operation and prepared for surgery.
the sP stage began the morning of  the operating
theatre session and was measured from the patient’s
arrival in theatre to the time he/she was sent back to
the ward. Patients were prepared with antibiotic pro-
phylaxis, vein lines and urinary catheters. Epidural
anesthesia was administered to all the patients. surgery
was performed by an experienced surgeon and it took
from 45 to 115 minutes, skin to skin, with an average
time per surgical procedure of  75 minutes. in all cases,
the patients were sent back to the ward, awake, within
45 minutes of  the end of  the operation. the sP stage
took from 120 to 210 minutes (average:140 minutes).
Wraps, gowns and equipment were packed in a single
kit containing instruments regularly used by the surgi-
cal team: this kit cost 35 euros per procedure. the cost
of  drugs, needles, catheters, drains, fluids and the
patient’s gown was calculated as 27 euros, while the
cost of  bone cement, surgical lavage, power bone saw
and surgical drains was calculated as 185 euros. the
surgical team comprised two surgeons, an anesthesio-
logist, scrub and runner nurses and an anesthesiologist
nurse. the cost of  the operating theatre sessions was
analyzed by the finance and personnel departments of
the HsRG and measured as: 880 euros per hour of
surgical procedure and 450 euros for the admission
and recovery stages. the cost of  the prosthesis was
calculated as 1,850 euros for the knee, and 2,175 euros
for the hip. the average price of  implants, calculated
considering the 86 implants evaluated in this study,
was 2,001 euros per implanted prosthesis. the gross
costs of  the sP stage were calculated as 3,798 euros
per patient. the aspects taken into account when eva-
luating the iP stage were clinical assessments, fluids
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and drugs. one unit of  blood was transfused in 11
cases. An average of  three blood tests per patient, two
ECGs, one X-ray of  the operated joint, two surgical
site dressings, three changes of  bed sheets and 18
meals were provided during the iP stage, which lasted
an average of  six days. overall costs for 86 patients
have been measured in 3,341 euros for pharmacy
(drugs and disposables), with an average of  38.84
euros per person. Meals have been measured with an
average of  113 euros for each patient; average logistic
and administrative costs were 27.68 euros and average
laboratory tests costs were 107.02 euros per person.
overall costs supported by the hospital for physicians,
nurses, health personnel and physical therapy have
been measured to be 226,722 euros (average, 2,637 per
patient). the cost iP stage was calculated as 2,924
euro per patient. the oP stage at 2 and 5 weeks after
surgery for removal of  stitches, clinical evaluations
and joint X-ray at 5 weeks, takes 15 minutes per
patient per follow-up visit and anti-thromboembolic
prophylaxis drugs for 5 weeks were calculated to have
an average cost of  115 euros per patient. 
the overall cost of  tJA procedure at HsRG was esti-
mated to be 6,952 euros, in front of  8861.77 euro of
reimbursement. the sP was found to account for
more than 55% of  all the costs (Fig. 1). Personnel
accounts for more than 50% of  the total amount (Fig.
2). Equipment and instruments cost 2,650 euros and
the prosthesis accounting for about 70% of  the all lot
(Fig. 3). the cost of  personnel was found to be 4,297
euros (Fig. 4).

Fig. 1. Costs of the different stages in the patient procedure pathway
in euros. The surgical procedure accounts for more than 50% of the
costs of the entire joint arthroplasty pathway. 

Fig. 2. Costs of reimbursement for staff, equipment and others as
percentages of the cost of the joint arthroplasty procedure.
Personnel accounts for near than 50% of the total amount. 

Fig. 4. Cost of staff and personnel in euros relating to the workload
for one patient procedure pathway. The inpatient stage accounts for
nearly 2/3 of the entire cost of staffing. 

Fig. 3. Cost of equipment and instruments in euros for one patient
procedure pathway. The cost of the implant accounts for 76% of the
total amount.
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Discussion

in the context of  measuring the value of  clinical path-
ways for tJA, costs should be considered across the
full continuum of  care, from patient referral to an
orthopedic surgeon through surgery, recovery, and
rehabilitation which takes nearly 12 weeks (9). the
costs we have analyzed rely on the 6 weeks after sur-
gery. Bumpass et al. (10) reported QUALY measure-
ment in hip and knee replacement patients by captu-
ring all the meaningful differences in costs and outco-
mes between the intervention and comparators and
described the procedure as of  great value for patients
and healthcare system.
in the study by Pasdera (11) for the società italiana
ortopedia e traumatologia, costs related to tJA were
reported to be significantly higher than those found in
our study. However, health resources should be trac-
ked in detail and discrepancies in cost assessments
should be assessed according to the differences in the
local healthcare systems. Readers should be aware that
a limitation of  our study is that we considered only
two clinical pathways: primary total hip and  primary
total knee replacement. 
We have illustrated some of  the key principles for the
economic evaluation of  the surgical orthopedic inter-
ventions and we have captured costs from the sur-
geons viewpoint. ideally, all elements of  the care pro-
cess should be tracked, but this is not always practical
in a public health system given the array of  elements
in the care process and the complex system of  care
delivery. Moreover, it should be underlined the signifi-
cant role of  the staff  and related activities in the
saving cost management plan (12). the length of
hospital stay, a parameter commonly used to measure
hospital performances and financial effort, may chan-
ge costs of  the procedure for 7% per day. it can makes
differences among quality of  care. 
the price of  tJA prostheses has remained substantial-
ly stable over the last decade and manufacturers gain
market shares through design and innovation.
Faulkner et al. created a cost-effectiveness model for
the British national Health service to justify increased
implant costs (13). they found implant cost, hospital
cost and revision rate to be the main variables deter-
mining costs, and they underlined that a theoretical
new hip prosthesis with 0% revision rate should cost

no more than twice the cost of  a cemented Charnley
hip to maintain equivalent cost effectiveness. Gillespie
et al. fixed the guideline for assessing the new implants
cost (14). Development of  national Registries and the
Registro Italiano Artroprotesi (RiAP) support the stan-
dardization of  implant selection (15). our RHs provi-
des more than 12000 implants per year and if  purcha-
ses operate in equipment as a network, rather than sin-
gle hospital needed, further saving are possible. our
results showed the average gross cost of  the implant
to be 2001 euros, an amount which represents the
22% of  the entire reimbursement. With the conti-
nuing economic downturn and health budgets being
cut, more effort are needed to compensate the need of
innovation and saving should contain the new pressu-
re on already strained finances (16). 
in examining costs along the continuum of  care, it is
important to differentiate between variability in
resource use that occurs because of  patient variables
or patient outcomes. this would suggest that a stan-
dardized clinical pathway can reduce costs overall.
Even if  financial analysis reveals only minor differen-
ces between hospitals, on a larger scale it can save a lot
of  money. our results highlighted the considerable
economic resources needed for personnel involved in
the PPP. Consequently, initiatives such as fast-track
surgery, enhanced rehabilitation programs, multidisci-
plinary clinical pathways and standardized clinical care
allow hospital cost reductions of  nearly 20% (17,18).
the hospital volume is also a significant parameter
and the break point to be efficient could be fixed at
100 implant per year (19, 20). the fee-for-service pay-
ment model has increased utilization of  services and
healthcare stakeholders should focus on the value of
the procedure and payment for care modifications
should be considered (21, 22). 
in conclusion, inpatient resources are the most impor-
tant cost item in relation to a tJA, representing nearly
the 60% of  the entire reimbursement. the cost of  the
implant affects the QUALY of  the procedure. 
in order to cut this cost, RHss should consider pur-
chasing in network rather than individual hospital or
single orthopedic surgeons. High-quality prospective
data are essential to drive resource allocation and
robust methodologies should be used to improve the
PPP.
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