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Abstract
Background: Metal on Metal (MoM) total hip arthroplasty (THA) has been largely abandoned in the United
States secondary to high failure rates. Many of the failures
are attributed to adverse local tissue reactions (ALTR).
Therefore, patients that have a MoM THA are routinely
screened by checking serum metal ion levels every two
years, as was recommended by the FDA. However, there
is limited data on the costs of current screening protocols.
Materials and Methods: 318 consecutive patients who
underwent a MoM THA at a single institution were retrospectively enrolled. The average follow-up was 8.2 years.
Clinical data, metal ion levels, revision and reoperation
rates were prospectively collected. The costs of clinical
screening for this patient population was calculated and
compared to the cost of an annual screening protocol.
Results: 12 patients had either an elevated Co or Cr
level (>4.5 ppb). Eight patients were revised secondary to
ALTR. The total cost of screening during the study was
$612,250. Additionally, if annual screening had been performed, total screening costs would be approximately
$1,719,200.
Discussion: Eight patients in the following study were
revised secondary to ALTR with a total cost of screening of
$612,500. These costs are substantially less than the cost
of annual screening ($1,719,200). Due to the considerable costs of screening asymptomatic MoM THA patients,
we recommend both optimizing the frequency of screen-

ing and evaluating the specific risk of the implant being
screened.

Background
Metal on metal (MoM) total hip arthroplasty (THA) has
largely been abandoned as a bearing surface as numerous
studies have demonstrated adverse local tissue reactions
secondary to the implant bearing [1–4]. The exact number of patients implanted with a MoM THA has been estimated to be over 1,000,000. It is believed that there remain hundreds of thousands of asymptomatic patients with
these implants that still require follow-up. There is currently no consensus on how to screen this patient population to
avoid complications associated with adverse local tissue
reaction [5,6]. Some international screening protocols require annual follow-up with serum or whole blood cobalt
and chromium metal ion levels. “Elevated” levels (which
may range from 4.5 to 7.5 ppb) commonly require cross
sectional imaging including a Metal Artifact Reduction Sequence Magnetic Resonance Imaging (MARS MRI) or an
ultrasound [7–9].
Metal ion values have not demonstrated a clear relationKeywords: metal on metal; total hip replacements; screening
protocols; cost savings
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ship in the diagnosis of adverse local tissue reaction [10].
The actual metal ion value that is considered “elevated”
varies, and may not directly correlate with adverse local
tissue reaction [11,12]. Additionally, the timing for obtaining metal ion levels and the time interval between screenings is not uniform. In the United Kingdom, the Medicines
and Healthcare products Regulatory Agency (MHRA) currently recommends annual screening for all patients with
a MoM THA with a femoral head 36 mm or larger [13].
However, Kiran et. al. noted that metal ion levels remained
stable after seven years and had no significant elevation.
Therefore, they suggested that annual screening may not
be necessary [12]. Additionally, there is a paucity of data
available on the costs of screening this patient population.
Beginning in 2010, we adopted a protocol of monitoring metal ion levels every two years in asymptomatic
MoM THA patients. Prior to this, routine screening was
not utilized for asymptomatic patients. Revision THA secondary to adverse local tissue reaction has been minimal at
our institution; therefore, there remains a substantial cost
for screening this asymptomatic patient population. Consequently, the following study was designed to determine
the costs of our current surveillance program on asymptomatic MoM THA patients and to compare these with
the potential costs of annual screening. Additionally, we
sought to determine the cost per patient to identify a single
case of an adverse local tissue reaction.

Materials and Methods
After obtaining institutional review board approval, the
following study was performed retrospectively. 318 consecutive patients underwent primary THA. All THAs were
performed by the senior author, a fellowship trained arthroplasty surgeon, through a posterior approach. A Pinnacle (DePuy; Warsaw, IN) acetabular component with an
Ultamet metal liner was utilized in each case. 98% of cases
were performed with the S-ROM stem (DePuy; Warsaw,
IN) and 2% were performed with an AML stem (DePuy;
Warsaw, IN).
Patient Demographics
The patient cohort included 318 patients with 457 MoM
THAs identified. The average age at the time of surgery
was 55 years (20-78 years). The average time in situ was
8.2 yrs. The median femoral head size was 36 mm and the
median cup angle was 40 degrees.
Screening Protocol
Routine monitoring for patients with asymptomatic

MoM THA included a physical examination, AP pelvis and
lateral radiograph of the involved hip, and cobalt and chromium metal ion levels. However, there was not a standardized time between physical examination/screens. Starting
in 2010, patients were routinely screened every two years.
The screening period coincided with the widespread availability of cobalt and chromium metal ion labs. Prior to this
time, only a few centers had the ability to measure serum/
whole blood metal ion levels. Sidaginamale et. al. [15]
previously noted that a Co level of 4.5 ppb was highly sensitive and specific for the detection of abnormal wear of a
MoM THA. While other cutoff values have been evaluated, we chose 4.5 ppb as a more sensitive screening level. Therefore, any metal ion level over 4.5 ppb was considered elevated by the senior author and the patient was
then scheduled to undergo a MARS MRI. Fluid collections
suggestive of adverse local tissue reaction in the setting
of elevated metal ions were considered to be diagnostic
for a failed metal on metal total hip arthroplasty and were
subsequently revised. Therefore, we calculated the costs of
screening based on 1) actual follow-up, 2) desired followup (every 2-years), 3) annual follow-up, and 4) every fouryears with the assumption that the same number of ALTR
were identified in each screening protocol. A multivariate
analysis was performed on our patient population to determine if any patient demographics were associated with an
increased risk of ALTR.
Costs of Screening
Costs of screening metal ion levels are not uniform and
have changed throughout the duration of the study. The
costs as of 2014 were approximately $300, but have decreased to around $124 as of 2018 for one laboratory. It
should be noted that screening evaluations will likely continue to become more cost-effective with decreasing lab
costs. However, in order to simplify the calculations, the
costs of each screening modality are approximated. The
table below demonstrates the approximate costs for each
exam/test (Table 1).
Table 1

Exam/Test

Cost of Exam (dollars)

Metal Ion Levels

300

Clinical Exam/X-rays
MARS MRI

350

2000

Patients were followed with serial clinical examination, x-rays, and metal ion levels. If an elevated metal ion
level was identified, the patient underwent a MARS MRI.
All patients that had a positive MRI (large fluid collections, soft tissue masses, etc.) and a clinical examination
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concerning for mechanical symptoms or increasing pain
underwent revision for ALTR. The total costs of routine
screening as well as MRI evaluation for those with elevated metal ion levels were calculated for this patient population. Additionally, the theoretical screening costs were
then calculated utilizing both planned screening as well as
annual serial screening protocols. It was assumed that the
same number of elevated metal ion levels would be identified as well as the same number of ALTR.

Exam/Test

We identified 18 elevated cobalt and or chromium levels in 12 patients of the 318 (3.8%). The median cobalt and
chromium level on lab draw one was 1.3 ppb and 1.1 ppb
and on lab draw 2 was 1.4 ppb and 1.3 ppb, respectively.
Of the 12 patients that underwent MARS MRI for elevated metal ion levels, eight patients (2.5%) had confirmed
cases of ALTR and were subsequently revised. Of these
eight patients, two had groin pain concerning for an ALTR,
one patient had radiating low back pain, and the other five
patients were minimally symptomatic. The only risk factor associated with ALTR was the time in situ (p=0.0008).
Age, gender, cup abduction angle, and femoral head size
were not statistically associated with an increased risk of
ALTR.
Total Cost of Current Screening
The costs for the clinical evaluations and x-rays for this
cohort was $316,750. The cost of screening patients with
metal ion levels was $271,500. The costs of the MARS
MRIs on 12 patients were approximately $24,000. Therefore, the total cost of screening for this study was $612,250
(Table 2). The cost therefore was $1,925 per patient.
Table 2

Exam/Test

Number of
Exams (n)

Clinical
905
Exam/X-rays
Metal Ion
Levels

MARS MRI
Total

Costs of Planned Screening Protocol (every two years)
Utilizing the planned screening protocol every two
years, the cost of clinical exams and x-rays would be
$456,750. The cost of screening the entire cohort of patients with metal ion levels would be $391,200. The costs
of the MRI evaluations would also be $24,000. The total costs of screening utilizing this protocol would be
$871,950, or $2,742 per patient. Additionally, the cost of
this theoretical screening protocol would be approximately
$108,994 per ALTR (Table 3).
Table 3

Results

Cost per exam Total cost
(dollars)
(dollars)
350

316,750

905

300

271,500

12

2000

24,000

612,250

Cost per ALTR
Eight patients in this study were revised secondary to an
ALTR which was confirmed on the pre-operative MARS
MRI and intraoperatively. Therefore, our current screening
protocol has a cost of $76,531 per ALTR identified.

33

Number of
Exams (n)

Cost per exam
(dollars)

Total cost
(dollars)

1304

300

391,200

12

2000

24,000

Clinical Exam/ 1304
X-rays
Metal Ion
Levels

MARS MRI
Total

350

456,750

871,950

Costs of Theoretical Screening Protocol (annual)
Utilizing an annual screening protocol, the cost of clinical exams and x-rays would be $912,800. The cost of
screening the entire cohort of patients with metal ion levels would be $782,400. The costs of the MRI evaluations
would also be $24,000. The total costs of screening utilizing this protocol would be $1,719,200, or $5,406 per patient. Additionally, the cost of this theoretical screening
protocol would be approximately $214,900 per ALTR (Table 4).
Table 4

Exam/Test

Number of
Exams (n)

Cost per exam
(dollars)

Total cost
(dollars)

2608

300

782,400

12

2000

24,000

Clinical Exam/ 2608
X-rays
Metal Ion
Levels

MARS MRI
Total

350

912,800

1,719,200

Comparison of Theoretical Screening Protocol (fouryears)
Utilizing a protocol to screen every four-years, the cost
of clinical exams and x-rays would be $228,200. The cost
of screening the entire cohort of patients with metal ion
levels would be $195,600. The costs of the MRI evaluations would also be $24,000. The total costs of screening
utilizing this protocol would be $447,800, or $1,408 per
patient. Additionally, the cost of this theoretical screening
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protocol would be approximately $55,975 per ALTR (Table 5). The following table compares the screening costs
amongst the various durations of screening (Table 6).
Table 5

Exam/Test
Clinical Exam/
X-rays
Metal Ion
Levels

MARS MRI
Total

Table 6

Protocol
Total Costs
(dollars)

Costs/Patient
(dollars)

Number of
Exams (n)

Cost per exam
(dollars)

Total cost
(dollars)

652

300

195,600

12

2000

24,000

652

350

Current
Screening

Annual

612,250

1,719,200

1,925

Costs/100 Patients 192,500
(dollars)

228,200

447,800
Twoyears

Fouryears

5,406

2,742

1,408

540,600

274,200

140,800

871,950

447,800

Discussion
Current screening protocols for monitoring patients
with metal on metal total hip arthroplasties are not uniform [14,16–18]. In the United Kingdom, annual screenings with metal ion levels are required. However, in the
United States, starting in 2010 the FDA mandated ion level
screening every two years for asymptomatic MoM THA.
This mandate is no longer required but is still generally followed. One recent study has demonstrated that metal ion
levels appear to remain stable over time and annual metal
ion levels are likely not necessary [14]. This led us to reevaluate our current screening process. There is a substantial cost for screening patients, and more frequent screens
will continue to increase costs. However, to our knowledge, no study has evaluated the costs of screening protocols in asymptomatic patients with MoM THA. Therefore,
the following study was designed to evaluate theoretical
and actual costs of screening this patient population.
Utilizing a less stringent screening protocol than what
the MHRA recommends in the UK (screening every year),
we identified a total cost of screening for this study of
$612,250 over an 8.2 year time period. These screening
costs are relatively high. However, these costs are substantially less than what may be observed with annual screening protocols. Our results demonstrate an approximately

three-fold increase in the costs of screening utilizing annual protocols. As was previously discussed and demonstrated in our study, metal ion levels appear to remain fairly
constant with repeat lab evaluation [14]. It should be noted that the true incidence of ALTR was not known in our
study. We have made the assumption that all cases of ALTR
were identified with the current screening protocol. While
it is intuitive that more frequent screening would lead to increasing costs, it is not certain if more frequent screening
will identify more patients with an ALTR. MARS MRI has
been noted to identify fluid collections in well-functioning
ceramic on polyethylene and metal on polyethylene THAs
[19,20]. The two main screening tools for identifying an
ALTR (metal ion levels and MARS MRI) do not necessarily confirm the diagnosis of ALTR. Therefore, there does
not appear to be a nonsurgical method for defining the true
incidence of ALTR.
As was demonstrated in this study, screening asymptomatic MoM THA patients is expensive. Further research
is necessary to more accurately define at risk patients for
an ALTR. In this study, all patients were implanted with
the Pinnacle MoM acetabular component. This implant has
been associated with statistically significantly lower metal
ion levels than other MoM implant designs [21]. Smith et.
al. noted the Median Co levels were 2.8 and 3.3 μg/l in the
Durom and Birmingham groups, respectively, compared to
only 0.52 μg/l in the Pinnacle group (p < 0.001). They also
noted that the median Cr levels were 2 and 2.2 μg/l in the
Durom and Birmingham groups, respectively, compared to
only 1.2 μg/l in the Pinnacle group (p < 0.001). Only eight
patients (<3%) had confirmed cases of ALTR in our study.
It is possible that implant specific screening may result in
increased efficiency of identifying ALTR as well as decreasing the costs of screening. Matharu et. al. previously
identified implant specific metal ion thresholds for detecting ALTR. This study evaluated the BHR and the Pinnacle
modular two piece acetabular component [22]. These implant specific cutoff values were then applied to an external
cohort of patients and were once again noted to improve
the detection of an ALTR [23]. However, there remains debate as to whether or not there are truly implant specific differences in metal ion levels [23]. Therefore, future
screening protocols may place an emphasis on the frequency of screening based on risk stratification [24]. Future
screening protocols might include implant design, abduction angle, head size, and symptoms.
It should be noted that screening tests in the medical
field are regularly utilized in order to identify conditions
with a high morbidity and or mortality such as cancer.
Screening tests are commonly highly sensitive and will be
associated with few false negative results. However, these
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tests may not necessarily be specific and often times require a confirmatory test to rule in or out the disease process. An example of this would be the prostate specific
antigen (PSA) which is obtained to screen for prostate cancer. An elevated PSA (>4.0 ng/mL) will require a biopsy
to confirm the diagnosis. Ideal screening tests are highly
sensitive and have a low cost, and in the case of prostate
cancer, the frequency and threshold of screening has been
improved over time. Although an ALTR is not cancer, the
associated morbidity can be devastating. For this reason,
we still advocate screening asymptomatic patients with
MoM THA. However, it is important to consider the costs
of screening and potentially optimize the screening protocols to maximize sensitivity and decrease costs.
While the data was prospectively collected, the study
design was retrospectively performed (retrospectively analyzing metal ions in a prospective cohort of MoM THA
patients) and therefore has limitations. First, the screening
protocol utilized in this study was not standardized. Serial clinical examinations, radiographs, and metal ion levels are now obtained every two years. During the majority
of the study, routine screening protocols were not utilized.
There is recent data that shows that serial metal ion levels
may not be necessary in this asymptomatic patient population. Second, there are several limitations in the calculation of annual screening costs. It is possible that metal ion
levels fluctuate day to day, or with activity, and therefore
more frequent screening may increase the number of elevated metal ion levels obtained and potentially more ALTR
identified. This has been simplified only to demonstrate
the substantial cost differences noted when more frequent
screening protocols are utilized. Third, metal ion labs have
continued to decrease in costs. In 2014, cobalt and chromium ion levels cost approximately $300, however current
costs have dropped to $124. Clearly, the cost-effectiveness
will improve with decreasing costs of the test. Finally, the
true incidence of ALTR is not known for the patient population in this study. Eight patients were revised with confirmed intraoperative ALTR identified. Only 12 patients
underwent a MARS MRI and therefore 306 patients were
not imaged. It is possible that a subset of these patients
may have an ALTR with normal metal ion levels and therefore we note this as a limitation.

$612,250. Due to the low incidence of ALTR in this patient population (n=8), the cost of screening per ALTR was
$76,531. While more frequent screening may potentially
increase the identification of ALTR, annual screening was
associated with approximately a three-fold increase in the
costs. Screening asymptomatic patients with MoM THA
is necessary, but an emphasis should be placed on increasing the sensitivity of screening while decreasing the costs.

Conclusion

15. Sidaginamale RP, Joyce TJ, Lord JK, et al. Blood metal ion testing is an effectivescreening tool to identify poorly performing metal-on-metal bearingsurfaces.
Bone Joint Res. 2013;2(5):84-95. doi:10.1302/2046-3758.25.2000148.

ALTR is a potentially devastating complication associated with MoM THA. Unfortunately, screening protocols are not uniform and rates of ALTR are low. The costs
of screening asymptomatic patients in this study were
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